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0.2.3 EENESRRINRIEMR
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A DA 25 32, DAST 25, AREmig
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2.0 EFEREEmxill

922 BFiBHERMER
9.2.3 MENE

AENERAFEETE GitHub 2, fE 0-3 fizx, TS A MG, n—#T,
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https://github.com/krahets/hello-algo

N
BOE AIS www.hello-algo.com 6
* 2 hello-algo O Qo
@ EXPLORER <o @ myheap.py X D~ O © ® m -
~ HELLO-ALGO codes > python > chapter_heap > @ my_heap.py > ...
> I it """Driver Code"""
> ¥ .github if __name__ = "__main__": =
v & codes # AIRATERIAME 3
>mc max_heap = MaxHeap([9, 8, 6, 6, 7, 5, 2, 1, 4, 3, 6, 2])
> ™ cpp print("\niEAJIRFEHEF")
> M csharp max_heap.print() &
> dart
> ™ go # IREUETATTR =
> I java peek = max_heap.peek() —]
> e javascript 118 print(f"\n#MmHHN {peek}")
v @ python
> chapter_array_and_linkedlist PORTS GITLENS PROBLEMS OUTPUT DEBUG CONSOLE TERMINAL ~ +-+ Blzsh +v M @ - ~ X
> chapter_backtracking
> B chapter_computational_complexity ~/Dow/hello-algo main > || Py base 18:18:47
> chapter_divide_and_conquer
> B chapter_dynamic_programming
> W chapter_graph
> chapter_greedy
> B8 chapter_hashing
~ chapter_heap
>
& heap.py

& my_heap.py
& top_k.py
> chapter_searching
(R > chapter_sorting
‘ o > chapler,slack,and,queue
> OUTLINE
> TIMELINE

X Pman< I LOtests ®OAO WO GitGraph Ln118,Col 20 Spaces:4 UTF-8 LF (} Python 3.10.13 (base:conda) @ () Prettier [

0-3 HUTEEEGRHA]
HUTHE IS AIRTE TIEFZE A=
F— RAMRARGEE, 2 RN RAURIZET 2%k, WREREE, NIATPhE e,
B ekl MRS B, B0 GitHub &, REARE Git, 7ATDUEME DA R v e B 8 o :

git clone https://github.com/krahets/hello-algo.git

EIR, URtA] DATERE 0-4 Iz B, BiE “Download ZIP” #%8H Bz NEUFEUIEMRAR T, RIBTEA iR
HIET

O krahets | hello-algo

> Code ), n Security

# hello-algo Unpin Unwatch 312 ~ - | ¥ stared 5ik

main - | F7b >6 Go to file Add file <> Code ~

ocal
krahets i

B clone
github

HTTPS SSH  GitHub CLI

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

@
g
2
3

[ Open with GitHub Desktop

Open with Visual Studio

[ Download ZIP

Releases ‘&
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SN EREE BRI IRAZ ISR RS, RSN SR m] — ST, B BOIREN AL ZEAI BRI, SRIRAES ST

= 72 ZXWBH G W Q Q) o
Eﬂﬁlﬁﬁﬁgm Code Issues M Pull requests 10

Python C++ JV# Go Swift JS >
binary_tree_bfs.py

def level order(root: TreeNode | None) -> list[int]:
# ARSI, MAIRTR 5 krahets
queue: deque[TreeNode] = deque()
queue.append(root)
# Miatt—1 IR, BTFREFEHFT
res = []
while queue:
node: TreeNode = queue.popleft() # PABILIBA
res.append(node.val) # RiFTiAME s
if node.left is not None: 0 A 9
queue.append(node.left) # EFTHENK OIS |
if node.right is not None: ﬂmﬁﬂm;
queue.append(node.right) # HFTEAR
return res

chapter_tree

array_binary_tree.py

binary_search_tree.py
binary_tree.py
[ binary_tree_bfs.py

binary_tree_dfs.py

0-5 FErE L Bl 3 e ) JiA U I 58
PR T AHHUTRE S, #EMUESSR Python BsUBSIIBIEMEBIT (BR pythontutor HH) . A& 0-6

R, VRATDARSERE KRS S R O7 9 “HLEL B T” APk, B BRI TiaRs; thal DURGE “4
FREIE", DUETS Ear IR B SR,

ax 0 0®:

(2 o krah hello-als
% K Q Em (;T;;i' “wsn v
Hello |3 [-:- TET "] A%
HoE W >
P s eython 8.1 Prin output (drag lower right comerto resize)
2 mom wnEoH N res = (0] * (len(nums) B nums = [1.3.2. 5. 41
# FEBEPHAETRENT
b WIE MEEH >
g E . - for i in range(len(nums %%EF?
B EaE MASHE v resti] = nuns(i] Frames Objects 7
a1 e # BN REMNA Global frame fonction
4.2 @& 1 return res extend(nums, enlarg
P extend

""*Driver Code""" nums

p
44 WESER © e matn o ORI RIERIERE SRR
45 T omerma xtend /‘ 1]3]2]5|4 413 WARDER

& WEE BSHI > nums = [1, 3, 2, 5, 4]

B OBeE MEE > print ("8 nums =", nur nums e s e

Awon n > Y ErE G 3/"‘1‘325[0‘
res

& wem ? nums = extend(nums, 3) i3

B EOR @ > print (HBAKESBE 8

T R0E B > : —

L ENE HF >

e WRE B >

RN >

B wee wmsny > [<Prev] [Next>

@ EBBE T > Step 17 of 22

@ E6E MR 5 Visualized with pythontutor.com

BEXR

)& 2EBE

0-6 Python FXEHIRRMAHIT
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RFEFFE, RmEkRmlor, MEEERARNEE, 5—77m, WRFRREMRBIHEE LA NS HARE, 2
ORI AR, BBt D,

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%
=l BNE AF
e ENE R
13 Bz E EH
B2 #azm sy
® FB5E AL
@ BeE KB >

sEE o

LIEN K Aa

ELiH
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0.2.5 ERZBERR

fesase B, FRMAT DRSS B R RS B B A AR AR E 0 2 = MR B

1.

BEE—: WRIAAM, RMFTEABSEERSMARRNE, 2EAREEEER, fifE, g
FIRERSETT HII N A

BB —: WIS, ARRIEAAFTE H BRI, SR E/D 100 EEH, PGB FRAEEERE, #IUm]
RRE, “HISIES" ATRER — PR, HERD, ERRIEFK, TR PAZIE “CEmInE s 2k
HEEH, EEEET 3~5 MAVEER, StREHAREE D, HERAEEMRES 5 Rt GitHub
B,

BB —: IEEAGRMR. 2R, I DRSS EIASRCCE, RENESTE IR, DA
SR AREE AR, ERIET T, FTDAE SR AERS R RS, I, R, 2%,
BRI R 1 AT DATE A AL R

quiE 0-8 AR, AEWAETEME “FEE—", BERBIRE SRR B R B =12,


https://github.com/krahets/LeetCode-Book
https://github.com/krahets/LeetCode-Book
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H
(]
{1t
=
ol

PR — PR — RER=
SR ERENFT {RF R EENRER

WA

EEGENFIE RIRRER RRRRIESR
EEEER

ERATEEIRR EEMBEE

FREL B 2 R Rl —iBRE MERNE, FRRR
TR RS IE I AR IR ERTENNMER

# 0-8 {HERIASE AR

0.3 /&

© AENEEZFREEEOEE, WRIRCAH &, AERERHBIRRRBEEEEN, &hiEE
AT PERy “RIE THEE" EH],

- ERFNAEZEQRRERE AT, EREERAEEIA =R, R TR 1,

- BRNERIEH T, EVRREREM AN EERER, A DUEFF S E R,

- HEBYE E R E RS AR, PIRUAE R, A TSN A E B R,

- BEYEERRRG AR, MU TIRRE R B AR S,

- AREHERRA AT EE RO P, BODRERE > = R RE R R,
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Abstract
—N/ DL RIS, BRI AR AE i, AR I A AR e,
QB GEURILSE, GERERMAIP AR, BN FO T i i LSS R T A TR
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1.1 BREZEERTE

ERMEER R EEER, REAMEHEEE, RMER L, SFF2EEERLAYMERSE, m2
R A S, TG AR TR B TS R R R R

TEIEXIRRHEAIR Z 0, B —EABNEEEEDS: WEKEANARDREG TRF2HEE, WEEFE
FEMSIA AR T, TSGR BRI H 7 ARKEE EE —H.

Bil—: &, i, SEETESE-EIE, iR oS T RIETHI, R REE
sl AP E RS r Y, 8 EIIRE 1-1 Fosry )y sUEEL,

1. BRI — PR EE, MRZENE TR E, REETR m.
2. HRTEPFE FRERS r L m 1%, FRDHERR ATy, ERRFE A DEIRFEE D,
3. NEEENER 1. FIPER 2., EERIIPHEE TR r WEHIER 1L,

FRERHEFEROAFHT

EFRER: HIEE—EHSETER r BF —HERE

EFHASR:

1. BHAFRAE—ERE, ¥REFSE n
2. B r 7 m %8, FiHEREFE8S

Step 1 Step 2
—HREER —HRAEER

EFRSR: EFRSR:

1. BHFRNGBIN—FRER, ¥REFER t 1. BHFARNGHINFRER, EREFHL p

2. B r fE t A08, FiHRREREESS 2. HR r £ p %8, FICHREIFEES
Step 3 Step 4

e
—¥EHE
EFHRSR:

1. HFFARGHIN—VERE, ¥REFER r
2. BRIEFES r NF, TRES

Step 5

i 1-1 &Rk
S/ NN HEGE, BRE EMREEAN “SoEs” WL EREEAAE, IR EET
R —EEHRFR [, EHEEERAE, TR DU bR il — R “—iEa”,

Bl REBRBERE, WAMESTIG, BRAHEBEM TR, RGNS, EHRAREME 1-2 Fr
Ro
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LRBEaE % R R IR Moy, MREIGIRGE Nk 1 R EAEE .
2. P —REE I, AEHFEORIEEAE, SRR 2 RERCERT,
3. NENEEWER 2., Bl sk IR A AP, HEETHSEMEH T,

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 BErHEp P ER

AR TEAE R AT R, e EE N RRRREER Mk w2 AR aGE S Rk
R AR AP R &

Pl=: B %F, BERFFHEBETIEE 7 69 JThRh, 4 TBERE 100 7T, RBEREHZHIRM 31 7.
GIR B AR SE AN 1-3 FrRrIEE,

AEEE L 31 st EE/NER, S 17T, 57t 10 7T, 20 g,
ferEEP R AR 20 7T, #ER 31 — 20 = 11 7T,
ERERAEEP E AR AR 10 7T, ®ER 11 — 10 = 1 75,
ERERANEEPELRRN 17T, #®Ek 1l —1 =07t

FRRE, 7TEA204+ 10+ 1 = 3175

ok wn e
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BiEtH 31 L2 11 = 1 =» 0

HEHB -20 -10 -1

 1-3 HEFEHRZEE
LS ERS, BV PER R ATE R RIS (ERTRERRIEEEN), S EE] 7 aITHHE TS
o CEFHEMEERIANAEE, BEEAE LR "8 WAL,

INEREE—IER, REVEPEUT, RPArARERRRABEARRE R, St BB E SR MIRESE B
EEHIF RS R R (AL IR, [FRs R USITA CPU F1 GPU BUTTHERE, B2k, BIMutaE
TGRSR R A b, DA S R SRR A R TR

Tip
GRIRIRET DRI, TR, BRI S SMSEE —HEE, sEEET TRE, AEFTIE
RGBS ARkt B T L 725 1) R

1.2 BRERMHE
1.2.1 BEEES

wmEE (algorithm) JB1EA IR N AR E MR — AT S B REP B, B RA LU,

- FERRARERT, 05T I En A\ e 2R
- BARTY, REMI7EAIRAER. IR M e,
- BLBEATWEH SR, EAHRREMARBITRET, fWHaaArE,

1.2.2 BHEEES

BRERE (data structure) ZHHMMEFERIVTN, HMEERNE, B ZHBEGRMERRIEE, R
AL R,
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- SRS HEED, DS AR,
- BRI REDUE, MEE RN, BT, MBR, EHE.
- RUEERIEREOREEE N, DUEEEIREHIT,

BRI E R — M e RE B R AN RARER T ISR, EEREAES — T R 2 . T AR

a5

- BEESERSMEURRES, TEERLETH RO PRI L ENERE, (HREYE TR DR,
- AR EEAL A, ROt T E R AGEE A, (RS E R R R S .

1.2.3 BRGIBRETEIENRE

GniE 1-4 FoR, BRI ETA S AR, BEASS, BEERBELL N =@/,

- BRETRREEIAE N, BRI RTAR A VAR RER, DUIREERIR T,
- EEIRS BRSNS, BRI S ERMAERE, SEERIEA REMIRRTE M,
- HETREE A DA AR R E DL, HBUTRERATREMERA, BHES BN E RS2 RSE.

BE—RIUREES

eSS L
BN ‘ RELE with
 —
input algorithm output
HEESE

data structure

RESERLHEEFNER
BN MR ERHRIES &

1-4 BRI BT BIARIR (R

BRSO ANE 1-5 FURIIPEAR, — &K, RTESFE TN, B RS

Fo BMLMEHRNE DD R0E, PR TR IR,
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B 1-5 PR

Wi R AT E R RN R 1-1 AR,

*® 1-1 R BRI L 2 PR

BRASMEEETL PR

LN =¢ RPFERAIFEA

BERH MAMSIEK, BRIER. R, #ERT755E
[LACRES TRRDE K AR BB — R B

i R TR

EfFRARE, EREMREREERREZNERGE SN, BRI, AEGDUIRHERZEEXESNE
B,

HIE B PR TG
FEEPERT R, FINEE R “ErREREEER" iR R, ST AR LeetCode i
RIREH, B RIS AR A T RE W 7 T R

1.3 &

- HRIEEHFEARPEEANE, WAREANI MR, BRE, ROCRENIARP2E T
ZHER, HURRRAETE R/ NFEE,
- BT TS AR 8, TS EEIAEE T 2 imia 2 A E B ATA A,
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- BEPEBE O RE R B AP RIAAER L, MAHEEERE S HE MU R,

- HWHENPBRAE EREBHEE, 5 PWRIE B AR RTFIERE,

- TEERRAE A PRI R 9 AR DR R o P RE A — A TR S BB B, T RS A 2 S SR AE AT fakh 7 S
757K

- ERHER B RN R A, BRI R BRI, MERA S B REA LW,

- FfFI AT DURFE R A BT B LE A DR RRE R, BRAARER, BRRE RS SRR B R A
R, PREREARH D BRI T IR,

1. Q&A

Q: TEZ—2fEmtathn, AL AW LIEPIEORHEERRBHE, W HEERSEEGESERET, B
EARATLA Y ; SR A ERERM TP RI R A PR TR E IR AR L ?

GRS AR TAERRELLER I “HE30" BURS, AREEMRERHEZEGZE "W,

TR 2 WA (N EMERR ) WERARENE LEHREFERE, ME2ARZEINRE, ERR
I REIRF RE S 1 HH R SO MBI B, (et LAFRU R E B, BB (e v, SrEESHNE T
pETbaw

- RTINS A SRR E RS, IR EEME R, BRIMTTREAERE TR E M T, BUT
NEWG, REEARSS, B ERIMRA M ERE,

- EARENEEEE, MG HE AT R EEREE R O(nlogn) ; MR ERERZ
[ o B RR . (BTN E25%) , AR ERM Wt v DURRCR B iy SR8 A, R R R e 25
O(nk), Hrk 2l EERHERTOCR, &8 HARISITIRMEEANERAMEE (AR, #
BREEIFE) o

fE LRI, KEMERHUESIREME), PN “EAZ” R, HENHEREE—TT
T AR R REA B ML, 59— 75 T R LA R RE R Rt 1. A\ BRI SE M, S8Rz, o #r
IR &R, LR R TR 1 B AR
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Abstract
P AT A T B A T P R S R,
EAFEIRAMAE R B2 RS P A S _EIRAIRER, SIREEHENER TR,
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2.1 EHEMETL

FEMREIRRGE R, BRI ARIESR DT v 8 i ) 5 A

1. IREUBIEMRE - [ RIATR E AT H 0 A\ FEIE Py T SRR 1S R4 ) IE AR
2. sREBRE: [F—ERERTREF A2 AERE, MR BRI ] RE AR TR,

Wt Ea, EREFIMRIRMERIATE T, BEIRMCROEN A EHEAES N EETEEE, CuE I HifE
HERE

- IR EEERTRERIE,
- ARERCR: ERAMG AR R R,

fifimn s <, WM EERSRE “BRE” MERIAREEEIE, AR RRNCR =R EE, F
HEER, FMA R SRR RE T, EmEEEE ARG LR B,

RERGHE AT R oy i EEHIEL PR LR

2.1.1 EZAR

(REF MBI A AR A MIEETE B, EMETREMRIRFE —ME, BUEREH IEMEBREIRIER, RER
Rk — 2t BN, JUTEmMEEER, B eMisiTR GRS, S
RES SR EL BRI, (HBAA BRI RIR .

—J5E, HEDAHEERMEAEREE TN R, AR B e B RARRRER L, N —EE R AR AT R =,
B EMEEASE 2% CPU LT, —EHEFERNLIEEREES, B ElE S eEi i LR &
Hf, Wt EEREARES LRSI ATRERA B, EREWE M T E A LT
W, #atFEIReR, mERAHRER.,

77, JRAeRENEAER eI, M AR RS, ARG RILARRINER, Fl, e
NERHEBUNG, HETR A FBITRH LR B &, MM AR RHERORR, ARARATeREHER. K
I, & TEEESIR RS, OISR AR, SRR R R R,

2.1.2 IPHEE

HR EFRAE A BRI RRRYE, R AT DA A% 68 — L5t H ARG T BRI AR, B G T R
&SR E S (asymptotic complexity analysis), FRBEHE D,

R HEIE S0 T BE St RSB TE R TR WU T P 75 OB P AN 23 P TR i N R R/ N TR R el v R A\ EOR)
R/NEBE, ERTEPI TR R 2 RN R 8IS, ISR AL O, BATA] DR 73 25 = (8 SR AP
e,

- CRERIANZERTEIRT 0 BIBERREMSE (time complexity) FIZRI%EHE (space complexity).

- “REE BRI NN IR A R e R TR B \ R i R BRI R

- CRERIFI S MR RS RN AT B R AR U TR R S A s R B, R R e
WER “ig”,

BEHERE St s il o EEREIIA Ty TR i, BEERAE DA A8 7
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- BERERTEN, B OEHRE,
- CEBNIRHIERERSE, ARSI AT A T,
- BRI DAEERAFE R R THERIRRCR, THRERERHE P HE B IRREE.

Tip
GRERIRAT B AR SRR BN 2R, ZEIE 0, R EERE =G4,

HRHEIE 34T 2 AR S T — R SRR AT "R, (EFRAFT AT DA B U T A8 8 S il 7 B R T A 2
IR, B AR Z HRReR,

B R AECRS, BRPRE rIRELL R, SR AR, EmEE, ERE T AIREAK
T AR BIEMARINE. 2RI, B BRIMTE s EOR S M e R TR RO RERG IRy, S DR S B AT H T i
s I F 5

R LPTR, ERRIRER NS E ERS M BE RIE A, e BHEME R o o LD IR, DA RE S 52 K B
EICRERINEF 31 TS

2.2 EELEE

AL, EEPTEEEHRRE RR, SRR AT R (R, 75745 AR R AN 23
W20, e T e R BB E R TERS, RIMTEEE AR Ui IR AR, B,

2.2.1 #%

&R (iteration) & —MEEPITREER I HIAERE, IR, BNEENL —ERIRA FEEPITRHEE
FeaHS, EENSMER AR,

1. foriEBE

for JE[E 2 i RANEIERZ —, EEERERIE R BIREEH]

PURBRTIE for SMEEB 7TRM 1 + 2 4 - +n, KMGREFABEEY res siik, HFETERZ, Python
H range(a, b) ¥IERERE “ZPAART 1Y, HERGESRES a,a +1,...,0—1:

// === File: 1iteration.java ===

/* for @E */
int forLoop(int n) {
int res = 0;
// EEXM 1, 2, ..., n-1, n
for (int 1 = 1; 1 <= n; 1++) {
res += i;
}

return res;
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I 2-1 2 %R E A TR [

=2l

i+

#
=1

i 2-1 KA PR A REAE

i=1
K
%

IHESRAT R SR BR A R B AR/ o IRE R, sREFR “SRERIRT, B L, RS2

igfiEl “HRPERMR”. BN A EE N —HiTEEA A

2. whilei@E

5 for JEFALL, while MR tHZ ~FEEINERAITE, £ while BEF, EASWAGREMRM, WRIK

AR, RIEERT, SRIBASHRERE,
THEFMA while BEREHRKM L +2 4+ -+ n:

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

/* while 1@FE =/
int whileLoop(int n) {
int res = 0;

int 1= 1; // ABMIEEEY

// BERA 1, 2, ..., n-1, n
while ('L <= n) {

res += i;

1e+; /] BIIGRMEES
}

return res;

while JHE Lt for MR H S HE S, 76 while SR, FRATATDAB o R G (28 B 9 4R AL T BT 40
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ITE DL AR, (PRS0 M TR, DTS A AT B for SRR
// === File: iteration.java ===

/* while BE (MXEH) */
int whileLoopII(int n) {
int res = 0;
int 1= 1; // ¥IRIRMEEE
// EEXRM 1, 4, 10, ...
while (1 <= n) {

res += i;

/] EIGEEE
Warrg

i *= 2;

}

return res;

KA, for JMRERIREAISTEMERTE, white EIEMEETS, MiHHASRT AEBNANAE, BRI —EE
AR A R A 75 SR AR E o

3. EiaE
AP AT DATE — {1 e P A5 N SRR 5 — (B Rl A5, T TED DA For 32 B 2 1)
// === File: iteration.java ===

/* EB for EE */
String nestedForLoop(int n) {
StringBuilder res = new StringBuilder();
// @B i=1, 2, ..., n-1, n
for (int 1 = 1; 1 <= n; 1++) {
// 8@ j=1,2, ..., n-1, n
for (int j = 1; j <= n; j++) {

res.append("(" + 1+ ", "+ 3+ "), ");

}

return res.toString();

2-2 2 2 HLIR I ) A e R A [ o
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i 2-2  BEARIE Rl A A REAE

RSN, WU R RS n? BB, SR RTEEIAH TR IR AR AN n B “PITRRR

T ] DAAESTHTHE SRR, &R EGRAR — R “THE”, e ERREMER SR SRR TRy
BIR”, DAKHIME

2.2.2 E@

E@ (recursion) Jg—TE{EFIEHNG, ZiB I B B AMRRHE, €3 EUSREREE,

1. &: REURER AR 5, WEEEANENSCER 28, BREES] “KIERE",
2. 78 figgk “HAEMRET &, REFAIEREE AR BRI IR M, RS R,

MEERNAES, BEEABEEGS = %R,

1. RabAEE: FRDGEBR RS “E” 3 “E”,
2. JEEREN: B GE”, BRI E S, @A NSRRI 2
3. IBIIESR: HE W7, A5 E RTEE RS FOR A =k,

B DA RS, BMAFTIEME K recur(n) , BEATRAZERR 1 + 2 + -+ + n BIEHE:
// === File: recursion.java ===

[* BT */
int recur(int n) {
/] #ELEEE
if (n == 1)
return 1;
/] I EEEAY

int res = recur(n - 1);
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// 18 R[ELER

return n + res;

2-3 Jeor T kR A AR B AR

AT ‘& Rt “@”
recur(n) return n + ((n=-1)+.+2+1)
| /‘ ‘
recur(n-1) return (n-1) + ((n=2) +..+2+1)
recur(4) return 4 + (3+2+1j
recur(3) return 3 + (2+15
} A
recur(2) ESEE return 2 + (1)
l KRR —/
recur(1) return 1

2-3 SRAIAAIEEERE

HERIEET S A, ISR AT AR B RIA0AS R, eI 1 MRS A A1 A4 R TR B A9 i
E2v8

- B TETTWE” HURIREE, (ERIEMERPERB LG, ARANEEESREMGESER, RN,
- IR B _RWRT MR, IR A /N, B AR R B A MR
AR T AR e 2 BN TR, EEIEAERRE L (BEARRRRZE EAED.

DA ESRSRAIE A, 328 f(n) =142+ +n.

LR fERBEE AR, 7 1R 0, SREUTRRRE, BIRTRE f(n) .
ORI HSRIBEAME A TR f(n) = n+ f(n—1), B CRIEH) S8 F 2%, EREARR f(1) = 1
B L

1. MROYifeE

N PR AF ORI B BrIRe,  ZRSUER & 2 W7 BT R S e RC I e,  DARE I rs By, iU b F At B AR
o ISR /T AR

- BB I CE R A ERE 2y “HEBIAS [T AR RS, EEERFORERA GHRR. Fit,
MR B LEIE A MFE E e i 2 il
- RO R PG AR R MG DR PR U T b P I R AR AR
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QN 2-4 FoR, EMIRAALIRIERT, FIRFAE n FERIREFGERE K, BEHRES n .

AT ‘& mE “

@

recur(n)

|

recur(n-1)

|
|

BERE recur(4)
! }
recur(3)

!

recur(2) ESRE
} -G
recur(1)

2-4 R IR

FEERT, BEXFES RFFIRE R R A R, BIRAEE A] REELEH B i 85 ER,

2. RiE@

HEBATE, WSRPAAEIR M AT B R — DA TR, A% R Un] DAt sy sl R dn i (E ML, (FHE
R EEGEREE, SRR RIEE (tail recursion),

- R EROREE BRI, FEEEPITEE, Nt RRFEME LR
e

- IR JEE IR R FOR B AR R R — (R, EERE R R R, BRI THA
Bk, RIERSEARF LR LT

DUEHEE 1+ 2+ -+ 1 o0, TUPTATDUSAE A res AERSY, ETESBRE:
// === File: recursion.java ===

[* BIEE */
int tailRecur(int n, int res) {
/] #ELEEE
if (n == 0)
return res;
/] EiEErEy
return tailRecur(n - 1, res + n);

JEIRE B TIBREANE 2-5 FR, ¥ HLE @R IR, w5 B SRAERER TR R AN F Y,
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© OB SRFBRERAE T ABRETEITH), SRR EREE BRI T ORI,

- RIEE: SRAHRIERAE BT RERETHITR, T rEERRE IR R,

AT “&

recur(n,

recur(n-1, n)

recur(3,

recur(2,

recur(1,

recur(a,

)

}
}
}

w+5+4)

|

wt5+4+3)

|

w+5+L+3+2)

|

A5 +L+3+2+1)

MSEIL
LR

]

mL “

return n+..

f

return n+..

f

return n+..

f

return n+..

f

return n+..

f

return n+..

f

return n+..

& 2-5 FEIRIEiEE

+5+4+3+2+1

+5+4+3+2+1

+5+4+3+2+1

+5+4+3+2+1

+5+4+3+2+1

+5+4+3+2+1

+5+4+3+2+1

Tip

FRTERL, T2 Mine s B ELRE ax A A SR IR AR HEfL, 14N, Python FARA SR RIEME R EL,
BN EE R R RRIRIE I, (/55K AT AE €l 2 HE B it 7 A,

3. iEiEH

BB “oiR” MHRARVEEIR MR, EEET AR EREINEE, EXmENSE, L B

8" %l

Question

e —EEBOREES 0,1,1,2,3,5,8,13, ..., KexBEINE n @8,

R EPIRELEENIE n WETF 2 f(n) , DEWELR.

 BEIRNTRTERE S f(1) = 01 £(2) = 1.

WIS ERTT AR, B f(n) = f(n— 1)+ f(n—2).
VTR R TEENEIN | R E S 2o K e, AT 2 AR, I Fib(n) BTRT/S 5120

RSB n (A8

// === File: recursion.java

[* BIRARRHT: EE */
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int fib(int n) {
/] BIEMESE f(1) = 0, f(2) = 1
if (n==1 ]| n==2)
return n - 1;
/] EEIEDY f(n) = f(n-1) + f(n-2)
int res = fib(n - 1) + fib(n - 2);
/] BREER f(n)

return res;

B DL EAEEHS, BRAMLE R PR IE RN T A E R X, iE B — R AR WA 232, diiE 2-6
iR, BAEAENEEMEI X, R EE —EEES n IEER (recursion tree),

f(n)

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

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

f(n-5) f(n-6)

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

E 2-6 B IR EA AR A

WAE LE, BT WSS T NTFRE EEHR, SRR EMET,
C RHEEAEE, M5 Hy. B, 4A. BhAERIEISE T L w i R B R B e e TS AE
BT,
RSN IEE, R KRS RS BT, B E AR, R A TS e A
1753475
2.2.3 MmEHL
HGEDL FINE, W 2-1 FR, OEAFDEE/E SR, SGERE A A AR,

K 2-1 IRAEEIE ARG L
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IER TEE

BEY  HESER PRI B &

X

RPfIRR AR, el Ny B TR pR XTI 8 € 7 AE B B

OIEES  EE A EE RN EL RS S SR B TN AT B fuf F OR R A HE A M =

i

WA ERRMEEREEE, EXAREE. v EARTRES R, o B ova. [FEE, RS,

i de TH

Tip

NSRRI AR IN &, R DAERTSE “HER” EEIRAEAREE,

AR, IEAANEE BA (B NAERBE? DA ERRE 26, SKEBREEREE) " EEOET, EE%
B AL B R U LR B AR e ARCHORANIRAERY, ISR LAERHI SRR “Jo AR IR Rk ) 1,

FEL, PR R HEBIEET ISRIEEMTE CARRR TR B R DIRR.

LR BRI, RGEE TPINHER" b2 ax R o ORI HERIE, ARG A7 R SR IR R

B, 28 REIEFER,

2. 38 ERFSERETIDR MR, BRI EHAE TR RRRR, IR AT A TR,

RIt,  BRAT AT DA — i B HE AR U HE B 1T 2, TETAS IR (L 2Rk AU K

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

[* EREAREHEDR */

int forLoopRecur(int n) {

/] ER—ERENAHE S SRR R AT 0L &
Stack<Integer> stack = new Stack<>();
int res = 0;
/] B SEEE
for (int 1 =n; 1> 0; 1--) {
/] FEE CNEBIRE R T
stack.push(i);
}
// T REGER
while (!stack.isEmpty()) {
/] B HEERE S Al
res += stack.pop();
}
// res = 14243+...+n

return res;
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B DL ERESHS, EERE DR, BAESEIER T, @EIRRNEEAERZHEIN ] A A
e, EA—EEFENRI, A LCNmEREE,

- ELRAVRESCHE AT RESEINEEDABEE, AR 2,
- BPRFEEERRE, BRI B RIAT 2% AT REE R IR

Mz, BERGRRBRBDUR R RIENTEE . ERERET BT, R RS AR R S R 5
OpIRP e

2.3 BFRIEHE

PUTIRE ] AT DL EL e AR S MU SRR RORCR . QSR IRMAB e TR — AR KIS BT IR ], TR AN 0
We?

1. MR T, SREEEREE. B, RARESE, BEREAGZEEAIEHITRE,
2. sHG SRR VEFT TR AT R, BIA0EIRE + RE 1 ns, RIERME » FE 10 ns, HIEIHEE
print() & 5ns &,

3. AR P ST RERE, A A IR ERTHUTIR SR, MG S TR,
fande LR, WABRAN S n

/] EEHITEET
vold algorithm(int n) {
inta=2; // 1ns
a=a+1; // 1ns
a=a*2; // 10 ns
// EE n X
for (int 1 = 0; 1 <n; i++) { // 1 ns
System.out.println(0); // 5 ns
}
}

MR LT57%, I DUSSNE LR BU TR 2 (6n + 12) ns

141410+ (1+45) xn=6n+12

HEREE, SaHBARPITRERASBMABRE ., &%, RMAFERAMGRMNPUT P28, B
HREREESMEARR T2 BT, HR, BMRESENSEIRERRITRRE, SHETEMEEMN AR TR
ARSI

2.3.1 HEtERERiEE

R R e A At s A AT TR TN ], R TR A T IR TR 5 R R SR A 198 1R e 34

“IRFREIG R SIS Eee i %, FAME B — G TS DARERR, RERE AN ERI AN n, 5T = (EEE
A BFIC:
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/] EEE A NEEEME: B8
void algorithm_A(int n) {
System.out.println(0);
}
/] BEE B MKREIEME: R
vold algorithm_B(int n) {
for (int 1 = 0; 1 < n; i++) {
System.out.println(0);
}
}
/] EBEE ¢ NEBEME: B8
void algorithm_C(int n) {
for (int 1 = 0; 1 < 1000000; i++) {
System.out.println(0);
}

2-7 e 7 DAL =T SR R A IR R R

- EEIR ARG 1 ESIENERCE, EERPITIREARES n B R, MR R AR R R E R 2
“HERE

- AT B PRYFIEMRIETR ZIERE n R, FEEEPUTIRMBER n HREAMEE R, HEBAIRARHAE M

- TEEIR C RRIBIENR/ERR 23 E 1000000 X, EABUTRIMRE, (HEiEAERR/N n R, Fit
C AORFREIERERERT A AHITR], (52 “HEBIFE™,

WEE ¢ - HER
1000000

WEE B — fRIER

HEERITRR 10
5 /Mﬂﬁ
/]

] 1 2 3 4 5 6 7 8 9

BNBEEKN
n

fEl 2-7 AR AL B C IR R85

MBS EHEA R HE SRR TR, 5 R R A TR R G ?

- IS RES ARG TRERCR, Flin, AR 8 (OPUTIRM BN R, £ n > 1 FHEER
A1, f£n > 1000000 KeELiETE c 18, FEH E, RE@MABERIUNn BIR, HEED “HE#
BE” ROTESIR B AR MRS, BRI RS,
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- B R HER DR E M, BOR, BT T ERIE AR AR BT S AT IR R A R R S
K| A B R R FEE A v, AP P DA BRI P A S R RS TIR R 2R AR R “BRALIRERE, AT
HCFHEBREUTIR AR R “RHRIRFEESET, B AR AR RRER T,

- IR A AR fIan, R TERE A R0 C RO RIEREEEARTR], (BRI TIR R Z IR
Ko [FIRR, MEEEIE 8 MRHEMEL &, EEMABRA/N n BUNR, R 8 BIEENEEE
Co BRIMIRTETL, TR HE USRS R A B s AR . B, BEFAE LR,
TR AT TR A R RCR i A R R T 1%

2.3.2 HIUEnA 5
e —MER AR /N o R RE

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

AT RN R E R R — R AR n X, 528 T(n), RIDALEXERIFEE R

T(n)=3+2n

T(n) B—REAR, SREAHBITIR A RS AR, R e AR P R R AR TR

PSR RS R IR RC A O(n) , BIEBERFHBAK O 25% (big-O notation), FREX T'(n) 1Y
ik E5 (asymptotic upper bound),

IR T AR RS “BERE T (n)” MOiNE BR, ©EEIHRNESR TR,
EiFav U

FAEIEEM ¢ FIEW ny , EEERFENR R > ny, 398 T(n) < c- f(n), HARS f(n) &
HT T(n) M—EHRE LR, 3% T(n) = O(f(n)) .

aniE 2-8 fw, sHEHNL LR SFR—MEERX f(n), F5E n @AREERR, T(n) f f(n) EBHRHERA
AU -RAH, EARZE AR EUH c BIREEG
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c-f(n)
T(n)

izt e

4._.——”‘*-”’—"——7

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

B no>n, B, %BEE c-f(n) 2 T(n),
Eitaz3% f(n) 2 T(n) W—EHMELR,
z24 T(n) = 0(f(n))

2-8 HEARHHE ER

2.3.3 #EGE

ML B R RBERIR A RE, TURIRERRR A2, REEE O, KM DUREIRERTTE, AN
HEE, ST DO s HEBER R,

RIBER, WE f(n) 218, TMETSIIRHEEE O(f(n)) . MEIAIHEEEL LR f(n) We? 42885
WL ECHEHREEER, REAETNL L5,

1. -9 GsHRFHE

SHEFREES, BT LEIREIERIAT, R, BB LR e f(n) PREBIE ¢ FTMBUEER/D, BRI
2T (n) WIS REREL ORI DURNE, ARPRILIRI, A DRSS I DU s s,

L. 20 T (n) PR EOE, HaeMars n e, B ERRIEMEE A EL R 2,

2. HWEFTARE. BN, R 2n X, Sn + 1IRSE, #RRTDARILEL S n iR, %y n BT REE R RHEE
MERAETE,

3. JERE BRI RIE . AR SR A5 A A A P9 e R A B R o A, 5 — T (R 24 ] A
B 1. BNE 2. BT,

s — MRS, FRAMAT DU B3R B skt 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);
}

PARARRBR 7 A EIREITRTEIGEHER, W R % O(n?) .

T(n)=2n(n+1)+ (5n+1)+2 ekt ()
=224+ Tn+3
T(n)=n*+n fh%Er (0.0)

2. BT HEREHEESR

RIS T () s BE IR DUE ., 18R A TE n MRS K, e PR IER B T 8IE A, Hift
THASZ 2R AT DA

£ 22 R T—HHIT, Hrh— SRR TR “RUEEBBIEI S —R, % n RIS,
R R I,

R 2-2 AR RSB AR R

AR T (n) BRI 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 EREN

REABR AN n, H RRRREEREERINE 2-9 frs GEIRIERESRIERHED .

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
HHRE < B < GUPERE < SAEBEEE < FI5RE < FREE < RESRRE
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feHFE o(2n)

TR 0(n2) f,rﬁ
FHEIRIERE 51EME o(n) g
T(n) i
HEME 0(logn) i
2=
#

HYURE o(1)

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

2-9 s RLAIRE A e )

1. BHEEO(1)

R AR E R B N RN n R, BIVRRES n HUSE (LT AR (L,
FEDUFERA, S RIFRE size WREMRK, (HARHBUR AR/, n SR, RIER R 2 O(1)

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

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

return count;

2. 4R O(n)
SMERE AR E AT 0 DRI 0 DA RIS , SR 3 B B e e

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

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

return count;
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SERBIIE A5 S S R RN RN RE 2 O(n) | Hr n JoBBlI o i eI o
/] === File: time_complexity.java ===

[* ARMERE GEspRES)  */

int arrayTraversal(int[] nums) {
int count = 0;
/] EEREER Y| REMIELL
for (int num : nums) {

count++;

}

return count;

ERFERRZ, WA n SRR A SRR R RMEE . LLanESs — 8RBT, S8 n HmAE
RN, S ZAERBI, HAIRE n HERIN,

3. EHKEO(n?)

S5 W ARV OB RR AR I o DA AR . T2 77 B B B SRR e, 4 A T P
TR R % O(n) , FILABIRRIERE 2 O(n?) :

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

[* FEFHEE */
int quadratic(int n) {
int count = 0;
/] EEREERERKN n BTEHERER
for (int 1 = 0; 1 < n; i++) {
for (int j = 0; j < n; j++) {
count++;
}
}

return count;

2-10 BHEL T RS, ARMERE R 7 R = AR A
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EE n R
@E n /'A—'
1R E
BSROAESERT BEROMESRE B ROIRSRE
HHME 0(1) 1B o(n) EAB 0(n2)

(] RE—fEasmme

[ 2-10 HERE, ARVEREAIST 75 R B9 Rr I R

DA R 205, SMBEBEGT 0 — 1%, NEEE®RT — 1 n—2. .. 20 1%, FEAn/2 K,
WIS O((n — 1)n/2) = O(n?) :

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

[* FHEE CEAHRE) */
int bubbleSort(int[] nums) {
int count = 0; // =tEiE%
/] MEE: REFFEER [0, 1]
for (int 1 = nums.length - 1; 1 > 0; 1--) {
/] NEE: #RHFFEM [0, 1] PHEATERMEZEBNRGIRK
for (int j =0; j < i; j++) {
if (nums[j] > nums[j + 1]) {
[/ 33 nums[j] £ nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
count += 3; // TEXIREE 3 EETIRE

}

return count;

4. $EBEEO(2")

VR TR BRI EOEN R AV T WIAAIRRES 1 IAMINE, ORI 2 fH, RWRIE
B2y A fH, DAUKENE, 2% n WwEHE 2" @A,
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[ 2-11 F1DAFREISAEE T A RANERE, FRMIRER O(27) . §HER, WA n R Rime, &H

B count FRIRAE S ZLIREL,

// === File: time_complexity.java
[* 1EEAFE (REEIR) */
int exponential(int n) {

int count = 0, base = 1;

/] HEEHm—SA—, RE5 1, 2, 4, 8, ...

for (int 1 = 0; 1 < n; i++) {
for (int j = 0;
count++;
}
base *= 2;
}
// count =1 + 2+ 4+ 8+ ..

return count;

, 28(n-1)

j < base; j++) {

+ 2°(n-1) = 2*n - 1

EEN
RS

BB
BE—7AZ

0 .
5 .

B

-

. [:] . [:] . [:J...[:j . [:] e [:] 201
SHRIRIEAEE (ANEERIEENRSARED) EFRE
20 + 21 + 22 + . + 201 = 2n-1 IEHRE o(2n)

[ 2-11 5 BPE AR A L

A
/

FEEPERAT, TEEEH HERIEE A, FlnfE U RIS, gt —n2 =, &

F1k:
// === File: time_complexity.java ===

[* EHME (EREIR) */
int expRecur(int n) {
if (n == 1)
return 1;

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

TR RARR IR, AL (BOEE, BE) FHEE R, BRERERERIRNE, fE8FEEAN
FIFRRZHY, TR TR B A8 A S AT TR SR AR R

5. HHKE O(logn)

RSB, BRI T “SiRaRe—" BT, SAERIUNS n, HRESRGERE—F,
I R BUR log, n, B 2™ YRR

1 2-12 FIDA RSB T “EEAARIRE] 4 (OBEE, FERIEREREZ Ollog, n) , W% O(logn) -
// === File: time_complexity.java ===

/> HYME (DEER) */
int logarithmic(int n) {
int count = 0;
while (n > 1) {
n=n/2;
count++;

}

return count;

EINEFIRER n sEas 1 @

FIRRETI A SEMH— HERE

s

B lE PSSR
logon +1 HHR 0(logn)

~

N

[

2-12  EHEURE AR M

BRLFSERRAALL, SRR BRI R, PURAR NS T — BRI 2y log, o ALY :
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// === File: time_complexity.java ===

/> BHYME (BERQEIR) */
int logRecur(int n) {
if (n <= 1)
return 0;

return logRecur(n / 2) + 1;

B R HBURER IR REEERT, BT 002" M CEGET MERIREE, eRRER,
T HE B P B AR IR P A A

O(logn) MIKEU2Z/D?
HEREACRE, “—5r Ry m” BRI R O(log, n) . MIEEBHEBIRAN, RIMAIUFEIARAE
AREEE HEE AR RS

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

WHTER, JKE m A DIEANZEEME AR MR, KR MEE @ERE m, HEEREER
#% O(logn) o

6. #REHEM O(nlogn)
SRPEE B B ST BRI, LR IR TR 4512 O(log n) M1 O(n) o MM RIELIF:
// === File: time_complexity.java ===

[* ARMEEEIE +/
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 T AR R EROT e T — IR AT Ry n, B log, n + 18, Kt
BIHEHE A O(nlogn) o
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EEAIRIEAEN
nx1z=n
Zx2=n
## log,n+1 B
%x[.:n

BRI (EARE
nx (log,n +1)

B RRAERE

0(nlogn)
P

i 2-13 ARk AR R

1R

&

[
=
n

=3

l

&

F i ETER R R EE R & O(nlogn) , BlanPuEHEy. SO0HER. HERHITE,

7. BEEEO(n!)

FESRFEEEEE B “2Hp” M, AE n MEAERNITE, KEARTRERHIITT R, 7TREER:

nl=nxn—1)x(n—2)x-x2x1

FESRIEH (AR BB, wlE 2-14 MCARREXIOR, $—EoRtn @, F-EoHtn — 1, Dt
JHHE, HEE n ERELR:

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

[* BERRE (EEHTIR) */
int factorialRecur(int n) {
if (n == 0)
return 1;
int count = 0;
/] 7 1 E5EE n @
for (int 1 = 0; 1 < n; i++) {
count += factorialRecur(n - 1);
}

return count;
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EEH EEH
DEYE HEEHE
n n
n-1 n(n-1)
n-2 n(n-1)(n-2) - £ n B
1 n!
2HTINA RS (AIRKENERSE) R
nx (n-1) x (n-2) x .. x 2 x 1 = n! B3P Oo(n!)

2-14  PETRPEHIRF R EE

AR, HAEn > 4RAE n! > 27, FTDARESREE LIS B RISER, 1 n SRR A AT,

2.3.5 RE. RE. FYSMEHRE

HETARIN EBCR R EIE R, i Sl A BRI i B Bk A — MR E S n BIMEES] nuns ,
Honuns FHIE 1 2 n BB, SEEBT BB X ECRIEF2REETELR, (5 ERIREDTER 1
HIZR51, Tl RT DATSH DU 455w

© Hooums = [?7, 7, ..., 1], HIEREITER 1N, FECBEEDMEY], EIRZERBEBEE O(n) .
- Hooums = [1, 2, 2, ..., BVEEMETRR LR, HERIEY 2 RENTEEGUET, ERmtERRHE
M Q1)

“ERZEREEREE" SRR AENE R, AR O 9oR. Mg, “BERF R e e TR,
HI € GBRRIR:

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

[* ER—EREY, TES {1, 2, ..., n }, [EFEWITEL */
int[] randomNumbers(int n) {

Integer[] nums = new Integer[n];

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

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

nums[i] = 1 + 1;

}

/] FEHFTELFES TR

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

// Integer[] -> int[]

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

return res;

}

/* EHEY] nums FEF 1 FRERS| */
int findOne(int[] nums) {
for (int 1 = 0; 1 < nums.length; i1++) {
/] BtE 1 TEfEYIEEERE, ZERRERREEEE 0(1)
/] BtE 1 EEYIERE, ZIRERREEEE o(n)
if (nums[i] == 1)
return i;

}

return -1;

EFHRIANE, RIMEERHRDEHRERBEREE, KA GERIMERTAREES], rIREEHAK
—ERRRENE, MR AR E TN, BAseR Y —EBeR g2, SRR DO EE
%o

T EIRRGIRT B, 22 I B AT B (IR AT M S BN “RE KRRV BRI M, I8 21 DU B R
ATREARVD, S AREE B R WHE R BTRCR, ML, PR T AR B S L e b A\ OR)
TRPITRCR, H O A9k ER,

ARSI, TRIAT AR RLMRE S B ROR 5 RGN, Hn L3RR, i A 52 T
AL, TEE 1 BRSO AR RATSERY, RSN T3 W R 51 R R —f /2
| PR S ©(n/2) = O(n) .

HENRE A MR RTR, SHRCP IR R R A LU N, (R 2 AR AT (A R M T AR R
B, AT, T8 G0 R R MR 2 R AR R HIR

LAHERL RS © Rk
FTREFI O FFSB@MEIR_E T, BRI 3 AR Fom AR i, (e 2% Lo, o
FEMORA R BT, 7EA TR T, FEEIL TR O(n)” MR, MiFH L
BER O (n) .

2.4 ZTHIEHE

TRIEHE (space complexity) FIFH & E R EAM AR 2 MRE = E R R ERR AN RS, IS amtid
IR MEE AR R R, RS “HUTIReR” Bz SRR,
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2.4.1 BEEERZTME

T RTATE U TIE AR P T A RC e s ] 2 UG DU AL
- WA AR EEIRATE A B R
- B AR EEREIAEPUTERT A, W WL TIEEER,
- PR PR R T SRR R R
—REILS, SHERERSEHRER “E T ik s
Ytz a] DOE— 25813 2 =EE8 77
- BRI EERIETERE RS B, BB M
- MESEAER] PR GEE U R AT _E RSO R, ARBETE BRI AL bR IR 1 A TE R A T — (A M A

e, PRIZRIEIE, B & R
R AR R AAERIE <, fEBRRAETE R RIS,

FE T — BAE R ARy, SRME I SRt B A7 ORt, SBe s P BORE =37y, anlE 2-15 iR,

BEER TSR EN TS E

AL

s N
PN EEEM Wi
BMAEFR YEEY wHEY
R

BT

lE 2-15 TSR A RIAHRE =

Gl ESa N I

[* FER */
class Node {

int val;

Node next;

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

[* RT */
int function() {
/] BITELRE. ..

return 0;
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int algorithm(int n) { /] BINEF
final int a = 0; /] BEER ()
int b = 0; /] BEER (B)
Node node = new Node(0); // BE&ER ()

int ¢ = function();

/] HEEETRE (FER )

return a + b + c; /] BHER

2.4.2 #EEE

PR BRI DR B BRSO, ARSI PE e SRR 2 “REIRAON,
TSR A BRI 2, R BT 2 S P AT . S R ot B e TR R, TRl
S RAE TSI A YR TG RS0 ST S R T
B PR, REEIRERY L GWES%.
1. DURZB VRS 2 n < 1085, SRIEES O(1) ; 108 n > 10 B, PHALKES] nuns {4
A O(n) 230, FHEEEMERES O(n) .
2. DABTEEBTHIOIE TR e I, FERAEBTIE T 280, 15 O(1) Z20; 21t (L]
nuns B, FRRGA O(n) 230, FILEESMERES O(n) ,

vold algorithm(int n) {

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

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

TR P, TEERSEHE B, B U RS

int function() {
/] BUTELARME
return 0;
}
[* BEMN=EEMES 0(1) */
void loop(int n) {
for (int 1 = 0; 1 < n; i++) {
function();
}
}
[* IREN=EEMESR o(n) */
void recur(int n) {
if (n == 1) return;

return recur(n - 1);
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B83X Loop() Fl recur() MIRFRIMEMEEE A O(n) , H=FEHEE AR,

- R loop() fEEE ALY T n X function() , ST function() APIR [EINEREARR T HE M IE 2 [,
s EEREE 2 O(1) o
- JEER I recur () EHUTIBREFGFREE n BEAIRE recur (), EMGH O(n) FEBIEZSM,

243 BEREAH

REAERIR N 0, 8 2-16 R T H RS HERERE R (=D o

O(1) < O(logn) < O(n) < O(n?) < O(2")
HHIRE < B < SR < POIRE < FRE0E

faHPE o(2m)

T35 0(n?) ,Iﬁ
soiRiE= A/ 45188 0(n) 5
- HYM 0(logn) gﬁ
/ ﬁ
= HERK o(1) g
1 2 3 4 5 6 7 8 9 10 11 12 13 14
PN =t VNN

n

E 2-16 % GLAY S R B RE R 5]

1. BEEO(1)

R RN B B N R n SRRV E R, B I

FEERNR, TEEER YIS F R A RS, 7R T B e, R R e
SRE AR, RS O(1) :

// === File: space_complexity.java ===

[* BETL */

int function() {
/] HATHELARE
return 0;

}

[* BHE +/

void constant(int n) {
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/] B EH. MHEA o(1) =M

final int a = 0;

int b = 0;

int[] nums = new int[10000];

ListNode node = new ListNode(0);

/] EEFNEHEA 0(1) =M

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

}

/] EEFRNEREA o(1) =M

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

function();

2. 1R O(n)

ARVEREH R TTREER B n BRUE LRI, SEAS R, HER,

// === File: space_complexity.java ===

[* ARIERE */

voild linear(int n) {
/] RE# n BIEFIEA o(n) =M
int[] nums = new int[n];

/] RE# n BEBFIER o(n) =H

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

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

}
/] RE# n BEEERIGA o(n) =M

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

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

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

715

GniE 2-17 R, R KHNEERE S n, BIRIZLE n EARIZER 1inear_recur() B, fH O(n) K/h

FIC) R M 2 ] -

// === File: space_complexity.java ===

[* AR (BREIR) */

void linearRecur(int n) {

System.out.println(" #EE n = " + n);



H2E HEESH www.hello-algo.com

46

if (n == 1)
return;

linearRecur(n - 1);

ﬁT “ﬁ!l ra]r ((@)’
linear_recur(n) return @
linear_recur(n-1) return 0

T | 1
linear_recur(2) return @

BEg

1 R T
linear_recur(1) return @
RIEETIERES n SRIRME
HEA 0(n) BIEEII=R f2MERE o(n)

2-17 R bR 2 A A AR R s P

3. EAKO(n?)
SETTREE RRERAIE, JTREER n MO TR
// === File: space_complexity.java ===

[* FHPE */
void quadratic(int n) {
/] FEFE(LF 0(n~2) =
int[ ][] numMatrix = new int[n][n];
/] ZHERIMER o(nr2) =R
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);

qnlE 2-18 A, % PRNANEIERE S n, EEEE R HEOIGE 7 — @S, RESHZ n. n— 1,

L0 1, EHRRESN/2, FLAHEEE O(n?) 2
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// === File: space_complexity.java ===

[* FHEE (EEER) */
int quadraticRecur(int n) {
if (n <= 0)
return 0;
// %5 nums RE% n, n-1, ..., 2, 1
int[] nums = new int[n];
System.out.println(" JEE n = " + n + " B nums BE = " + nums.length);
return quadraticRecur(n - 1);

5 nums RE AT “S§” At “@”
( n ~——+ quadratic_recur(n) return @
n-1 ~———+ quadratic_recur(n-1) return @

" | 1
2 —— quadratic_recur(2) ERiEE return @

1 g lmiiEs 1
L 1 ~——+ quadratic_recur(1) return @
EEERDXPHBRL T —EMEY, BRES SRS
1+2+ ..+ (n-1) + n = n(n+1)/2 E5H 0(n2)

2-18 U3 bR 3 A - 75 I s AR

4. f5BME O(2")
FREREH RA Zoohl, BlgtE 2-19, BHA n i ook NEEBES 2" — 1, 5H O(2") =M:
/] === File: space_complexity.java ===

[* HEEME (EIirmioE) */
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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EEAEIRE LAY
Zﬂ
21
N\ N\
22 - Haa B
SN LN N TN
anl
i R E SRIEHE
20 + 21 4 22 4 ... 4 201 = 2naq EBME o(2")

2-19 i — oA A A RITE B S T M R

5. H#m O(logn)
BRI G, P& 0HER, WARESR n B, SRSy e B R E ) W, B
R 2 log n WIEIERS, #H O(logn) HEBIEZS[H,

BN BT 2 R, B —EIER® n , ERE log, n) +1, MIEEFHERES [log,,n|+1
, BEERES O(log,,n + 1) = O(logn) .

2.4.4 FEEEFRI SR
FAREI R, TR A SR R A R S R P RN 2 T A P R R R R 1B, RTIE BRI, [FIRE AR (L
T T T 2 P 0 PR D 1 DR

B AV i) B2 PR B 5 7 22 DASR T 2 B E E 2 AU, R 2R TIPSR RO R e 2 A A F T HB SR R U T
Ry “ DA HRIRER™; ez, RIREZ “ DURFR i,

JESEMAE BB BRI A B EIME T, ERZEIEN T, Rt EEE, Rt DI SRR 8
HREFHARK, ER, EERRRAIENT, SHlaMEmEhiEEZ,

2.5 I

1. EXERE
HRTRCRGTH

- IRE IR A S PR R i R SRR B 2 B i 8 T AP A
- AT DUEE E R E G ERRCR, (HEDIHRARRENRE, HEREREEEH,
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- WHERE A AT DATH PRE BRI R, oA A SRIE R A A TP, I HRES IR R IR A R E
FHERE T BIRR,

L ] 2

< I T P A M R SR DA B TR P B R R3S, mT DU MG A T B0, (A Rt E
NRTRESR,  ANAEH AR N el s R MR A AT, SRS R LT SRR B 55

- RERMEEEER R O FF90R, BIERMNA 5, RME n @aEmER, BERE T (n) 1
W RAR,

- EER R S WD, EeEHRERE, AEHETNL A,

- H R EEEEHESE O(1). O(logn). O(n). O(nlogn). O(n?). O(2™) 1 O(n!) %,

- R BEERR R E AR EE, W AR AR, IR E S R, R SFYRRE
MERE, BRI AT A, R 2l N\ R — e e 22 e B I 1 A R B SR (R I T

+ PRSI R A P S W SR TECE B R N TR TRICR, e BRI AT BRE R RE . BT
F5JURE T A6 A P T At i N R M DA SR S TR B

2 I RE

- SRR R VE R R CUAR R, PR M s SR P RO R A R I R B R Y R A0 3,

- EERPUTIERP IR SRR A ST BESME. W, EBEER T, @ASEA
NS EIEREEE R L, A7 S AT 25 A R, B S RIS s, EL PP = i R
B B X P R S AR

- FRfEE R RS A, RISEHE AR B 22 A\ BRI B ZZ S TR R T B2 R R

- H REEEEEREEHESE O(1). O(logn). O(n). O(n?) f10O(27) %,

2. Q&A

Q: RIEEMZ MBI R O(1) 152

FGm b, RIEERRAZHEEME A DURELE O(1) . NBRARZLEFRERGES (B0 Java, Python, C++,
Go. C# %) ASCRHBIRMALERE, FHEHZRH=MERER O(n) .

Q: BRIFURITS TRIE W flE AT s A et 1) 2 AR
Rz (function) A DABENZBIT, FrA28EDABAREIE, 757% (method) BL—{EPIERAME, wba{HiEsn
WEINE R, RESBE AR BITE L & BB R TR,
N DA RLAORE IR S 2 B AR A
- Crtm RERFAERAKGES, RAVMMFERRS, ArDULERI E3RIF AT DUZ 8 37 45 1 i
(struct) AMEEEYIFEFIFEEER!, Bl BAH BRI 09 R Ut B R HAAAE GE 5 PRy 75 %,
- Java il C# BYFERERGES, BRXWBH O5%) EREIELIEERR 0, BT AT
DURERR, B2 RS ERER L, ARERTARE R BITEER R,
- C++ #l Python BESZRiEF ARG (K30, BHrrEmiEaGgt Ok,
Q: [EfE “H RA S RIBEERIR" SR A2 A 2 R AR /N2
ANE, ZERRREEEERE, HRME R RS, AR M RIREE RN,
st n = 8, fRATREE B MRIARAE S K S EA b, 1SRN RIRARAE S — R B0, R
{48 ] R e 21— {452 B A R ) A I P
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FEEREF, RARMEF ARTERHE AR “HE0E” WREEZ /D, FrbA— Bk e AOEE n = 8
Z NI, BEH n = 8° MRUAER T, ERMREBOAETET,
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Abstract
Bkl as AN R — SRS E 2 AR PIHEZE,
EAERIE FHMTR AL TEEE, EEIAS AR AR,
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3.1 BRlEEsE

AR R IR, SRS AR, HEE, (TP, MEER, B HERE. [, EfMATDAE @A 1 Y
BRASHE" MIEAE T 0,

3.1.1 EIRAEIE. AFEERIERE

A RHER 1 RORC R Z WIRERBR . 7ERSIRISEAE RS, ERHEIR — 2 IEPHES, #E T ER
AURRPERA (R, TfER TR, BORMETHERA R RHES, Rt “fHoe” 8 R ZEIRAERGR; @6
FITRRIEREAR, Sl T HERER 4 RS BR R

GniE 3-1 Fow, HEEASHERI > “AUMET A0 CHRARMET MIRMH, ARIEASRLLRES, fREREEERR LR
ARUEHES; ARRIEASRERAIMA S, SARSRIERRS

- BAPERDRIAGHE: BEZI, SEAGERSI, HEE, (78], MERR, TRZMHERE—HREFRR.
- AESRYERRIANRE: B, MERA. [, BEER

FEARPE B R Sl R DA — 25 8170 2o R T A RN AR A5 1

- BHEARE: B ERE HERR, STRZMERE -BZMER.
- HIRARE: [, TRZMEZHZHRER,

SIEERSE AR E RS
w51 B & a
array tree P s
L] &) —ED)—ED—
linked list —
push I/I \
ey . graph o /
stack -
pop
e &
1751 MR
queue — heap ¥\
pop push

hash table value

nAR {k” L w}

3-1 #PEER GRS EAR ML RS A

3.1.2 ¥IBGEIE. EERSH

EHRAR PTG, IEAEEPEAROR R A e iR, [ 3-2 ROR T —EEH ARSIk, Hrh A
BT S — AL IR R S . BT A] DURFRE IR AR G — B ER Y Excel 3RA%,  Hrr 48 BELTTAR# AT DA
[l —E R NITE R
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FAE AR ARG B BATRORE. G 3-2 FoR, SHRMARIRR 2 I 2 A P A B8 BT 70
FeAw SR, FECREHERCIER S MEE AR AL, A T, BFER DR R R AR,

00 @1 02 @63 04 @5 06 07

0x0000

0x0010
0x0020 n

0x0030

0x0040

TSR SRRtEREL 0x0012 i%%llﬁﬁ

. BRSBTS 0x0024 , %ﬁllﬁ*ﬂn

M 3-2 FotEfelk. Aol aciefgizit

Tip
EfF IR, AFALIBRE LI Excel M2 —MEMLAVRELL, BRECIRRA TIEMEH LLREm, Wk
frhb=e i, FEISRE R, PRI, R Ry B R S,

LEREATA AR =GR, EAEMRC R AR U Ry, AE R R AR KRR 7 Rk
FERORHIRE B RS, AoleiR e R R, i, EEERATG A s iR R (A
EE R AR R RIS, QPR DGR BRI RE ISR S, AR AT IS I R RS 8 0 RE S0 6 17 72 70 IR
AL A N

aniE 3-3 Fir, PIBRASRE R 7 RORHESH S MEC ISP A ( 7 3, W REs s R (S o Eas
I GEAEERY), VSRR IRE T ORIAEIRE . ST, S EROE /05, WREY A R AR R R AR
2 ISR T3 T 2 B ) EL A AR

HATRET SRS T

fEEFETIRDERT M EEREN Eea el ER e R P

aaaan

R WEEME | s
B wemnmiemnemn peremEm | PUCEIEER
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3-3 AT B S R (7

ERHIIRE, i BRI RS, SASHRIeR —H A S BN, BN, ey 2] A
PEZIEE, Al DACESEAS ARSI, TR R 09 BB a] RE RN L S T8 RISt A 71

- FORBEFIRTEBL: HER, (7F). MERR. M R [, JERL SRE GEE > 3 RS 5
- LRGSR BB R, (7Y MR B R ESE

SAS RPEAT IR AR, 7] DIER ST S B R ST, Rt tfs “BiReERlaimg”, FSITErIn
B REARSE, KitthfE SRR, EETENZ, MAIE@ER IR ERRES L, 7
MM —ER “BEr",

Tip

QNSRPR R B E BE AR A TR, R N — &, RREREAHNA,

3.2 BFEHES

Eo T EM P RERIR, RMERESCT. B A, e, 3D BASREE, @EELEERRH
e E, EEMER S REARR AR,

HABPRIRE CPU nf LHFGEATERIR, AREIAHERW N, FEUEN R,

- EEPOUA byte, short. int, long.

- TFEEUUR float. double, FHRAFRT/INEL

- TRl char , AUAFRRESEGE S TR, T IREERIERIE,

- AAMREIR] bool , FIRFR 27 B R HER,
LR RPN PA NI R e st Rk b, — B ARG RN 2 1 T, ERRKSEIRIEXRST,
1 fz7ed (byte) 8 fiyt (bit) AHMG
FEARE LAY I A B 3 [ B iR A S =S RN RTHE A Java Zfil,

- BRI byte f5F 1 AT = 8 AT, AIDAFETR 28 (A,

- BBAIRI int G 4 AITTA = 32 figE, ATDATER 232 fEET.
7 3-1 58T Java AR R RIRG A=, BUEE B TERE, RS MZES T, RECRMAD
A], TRERER] DA B &R AR R,

% 3-1 FEABRIAURBI (G 2 A0 G

AR FT9 (=M &/AME BKE THRH
=B byte 1f7cs —27 (—128) 27 —1(127)
short 2 fiosH —215 215 1 0

int 4fesl —231 231 —1 0
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bl FF fHZE R/ME RAE THRE
long 8 fiiyta —263 263 1 0

PR float 4fi# 1.175 x 10738 3.403 x 1038 0.0f
double 8t 2.225 x 107398 1.798 x 10308 0.0

FIT char 2furtd# 0 216 -1 0

itk bool 1fiocdH  false true false

FATERL, R 3-1 $HEHYR Java IEA BRI, SEEAGESHE S ANERAREEER, efMriEH
23 [ A O TR AR B AT RE & 6 P AN [l

- {£ Python /1, EHIUAI int AJDUREREAR/DN, HZMRATT IR, FEE float 2K E 64 f;
%A char BRI, BEFTERE LERES 1 T str,

- CHI C++ REAMEREREAGRAIRI R/, THRERMEER R, £ 3-1 8§ LPe4 &risrl HHR
fAIHE Linux f1 macOS fENY Unix 64 NAEER#.

© FJC char FIR/ME C #l Cr+ iy 1 Aca, 7ERZBUREGE S P BURAREE N Feamis 7%, A
“FICHRIE" Ef,

- BMERRMEMET 1467 (05K 1), iR EENHEES 1 AoH, BRRNABREIEE CPU
TEEAF 1 AT E AR NVEIRL RS BT,

AR, FEAERIA G B RS A R E? RIMTAE, BRI AR ST B b B 17 R 75
Ko BAEERIEER "S5 Mk “ER,

RAEFOR “—HEEET, M E RGBS, 182 K 2 FEA R AR MRS A ] AR B A 6 BE R AN IR
JFRR, ERREERNARER int, /M float BZFIT char , HIBL “EPRIERE" MR,

HAgEhE, RARRPGIRAL 7 RORHN “P R, RS AR At ORI A7, Bl PO AR
i, WFTHMHRIRE RS (B3] REEF RN A REAB RS, 45 int, float, char, bool &%,

/] ERZBERERERIRAE LT
int[] numbers = new int[5];
float[] decimals = new float[5];
char[] characters = new char[5];

boolean[] bools = new boolean[5];

3.3 HFHRS*

Tip
TEAZS, EEEA * AR REE R, IRIRR R A RSURZI B RN, FTReBkE, e
A E IR RSO,


https://en.cppreference.com/w/cpp/language/types#Properties
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3.3.1 [RiE., —HEM_HE

£ E—HiR RS H M IEE, A BEEAIRES Ron iy B BER L 8 —{E, $140 byte HYBUEHIE 2
[—128,127) . BERRHBRER, CRINTERRYRER, —fhE, e 8emmE.
BT IR, BBl O rIBREAER RN, SRR 2 B, Eess =
TEFro

- B RS ECT B EMHIFRRR R SR AR, Hrh 0 RoRIER, 1 FRRAE, HERFRTRE

FHIE,
© R IEEE B REAR], BB — R B RS PRI SR AL SN A LU
© O IEEE BRSSO AR R B 1

3-4 JEoR T RS, — w0 B B R R ik,

+0 +5 #F -0 -28

0000 0000 0000 0101 517 1000 0000 1001 1100
PRAFER{I S,
HHRFE IR

0000 0000 0000 0101 —Hs 1111 1111 1110 0011
E—HEaEREm 1

0000 0000 0000 0101 -t - 0000 0000 1110 0100

ESMERE. —HE8. —Hsas BHNERE. —Hl. —HNEEER

[ 3-4 RS, — B A A A L R

S (sign-magnitude) BESAREM, (E7FfE—Le(RIRIE, —77iE, EUBMINRSRAEERATIES, BInte
BETRE 1+ (—2), HEIETEE —3, EEAR RN,

1+ (—2)

— 0000 0001 + 1000 0010
= 1000 0011

— =3

2 TIRRICRTE, SHEMSINT —#E (1 scomplement), GNSRFMMICHRIEEHGR 2 —H%L, WAE—E
TR 1 4 (—2), BB R — g R e RS, HIrS8 e R —1 .,
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1+ (-2)

— 0000 0001 (J5H5) + 1000 0010 ()

= 0000 0001 (—#H%) + 1111 1101 (—H%0)
= 1111 1110 (—#i%R)

= 1000 0001 (J5H5)

— —1

S—77H, BFEREBEGA +0 A —0 R, R BT HE W E AR R 0 A ARES, ErT
REE WAL TR, CLANfEMRIEHIE D, WRRAESEFMAE, An]REEESCHEAR TS, iR
FREIEFMEFEFR, ARSI NBEIMOAERIE, 5] RE & G RAER R,

-+0 — 0000 0000
—0 — 1000 0000

HFE—, —MEmEELEAaTHRME, RLFEMSE—P5IANT Z#8 (2° scomplement), FfM5E
R —TNAaFNENE, —f8. mBEiiaiE:

—0 — 1000 0000 (J5H5)
= 1111 1111 (—HH#EY)
=1 0000 0000 (—fH&L)

TEA TR — BN L 1 &EA R, 1H byte MBIKRERA 8 7, KILEIAIZIE O (AT 1 GHiszE. I
siEs, AFH S 0000 0000, SUEFK _#BHR, EEWEE _MEBF R FE-A%F, EA
TR 2R,

BRI E—HEEE: byte BUBIREUEERZ [—128, 127], ZHARMN—EAE —128 ZUUASFRIME? &
MERR, B [—127, +127]) NERTEREEA BRI RS, — s —ahie, M ERAESR s AT
DA AHE R,

AT, KR 1000 0000 J& MBS, ©U A BRENRRS, RE s, R s 2
0000 0000 ., JEEARTFIEN, FAXEBRTNT 0, S0 HRIREE S, RS R
%1000 0000 183 —128 , B L, (—1) + (—127) £ % RIS Rte —128

(—127) + (—1)

— 1111 1111 (&#E) + 1000 0001 (J57E)

= 1000 0000 (—#fi#) + 1111 1110 (—#H%)
= 1000 0001 (%) + 1111 1111 (%)
= 1000 0000 (—Hi#)

— —128

IRATRECASHB T, EIRFrARIEMRINERES, ERE —EEEREE: sHREN R ER e i
MR RSEG Y, 182 R A MZRE AR HMER (FLansrik, PRIZAIRGE) K, MBI AR E
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B, HEAGETHATER, EREEER,

AR, B AEIRE A RN, B IR e AR RS S, MR RES B RE LAl
AR, BN, SHRIRIE o — b AT AR S EINTE o + (—b) 5 stRSRIERIBRIE AT IR 255t R 2
AR,

BIEFRAT AT DARRAS AT A E A B SR R BN R, RHRMRT DU R BR A SB B AR (AR R P IE
B BEINTE, AT ERERIPRIERE R A R B, i HLARZERE Al T 1 B T AR, @K
LT RERE G, TR TERROR,

CHEHEREHERE Y, FRERGRRMET ERNEE, Eaa R E IR AR,

3.3.2 FREBURES

AOHIIRATREG 3B int M float RIEMF, #B2 4 Ay, HAHE float FEUERIEIE KN int ? 18
FEHRER, HAIEHH float WEFT/NY, HUEFREZE NA$,

HEE L, ERM M float SR T ARIKIFRTT e 51 32 AT R AR 7 HIl 8% :
b31630b29 b2b1b0

4% IEEE 754 ¥2#E, 32-bit REW float H AN =AEEE 2 5K,

CORRRES 1516, A by, .
: *Eﬁ'fﬁ E: {ljj 8 'fj, %“?E b30b29 ces b23 o
: %@1ﬁ N . 'fljj 23 'fﬁ, %EI‘EE b22b21 bO o

THERIHIE Float BHIEEMYE R4 %:
val = (—1)bs1 x 2(bsob20-023)5 7127 5 (1 b0 by . by),
L] ISR A
val = (—1)% x 257127 x (1 + N)
Hrh A IHA B A R 2 -
s€{0,1}, E€{L1,2,..,254}

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

L S 158l E S8 N
DBBeB800C A
b31 b3 b,3b,s by
HRULERR, 5% 1R48 IEEE 754 154, ZnfISENSFS
5=0 val = (-1)Sx 267127 x (1 +N)

E
N

124
22+273 = 0.375

1x0.125x%x1.375
0.171875

& 3-5 IEEE 754 f22#E R float BIEHE R

BgeE 35, A ERAIERS=0, E=124, N=2"2+23=0.375, HIf:

val = (—1)° x 2124127 » (1 40.375) = 0.171875
BAEFRAM AT DA S 90IKIRIRE . Float 16777 VAL SHRME:, SFOLIRIREIIE AR int . ABELA L3EET,
Float MIZRIIEAIEM S 22547127 (2 — 2723) & 3.4 x 1038, JHTRRAEATASIE N E WL,

TR Float iR 1 HUIEFER, (HICEIFEHRRRYE VR, BRI int 25 32 TN ERET,
BB AR TS BIRAETE, TREEEL float MOBUEBLK, HHAAR M IE S < IR Z2(E i & bk
Ko

% 3-2 iR, AL E = O f1 E = 255 HARRE R, MR RE, MR, NaN 3,

* 32 EEAIEER

TEHOL E SEHIN =0 SEBIN £ 0 aHEAR

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

{EASFERIARZ, RIEAR R AR T T TR B BURS 1%, S/ NE AR 27120 ) BN 27126 x 2723

o

EEFEE double ERFHBHLUR float MIFRIRTTIE, TEMAMER,
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3.4 FitHwiS ™

FEEtEMT, FrAERHEE DRI B AR, FC char UGN, % 7R IT, BMFRZEE
—E TR, SESETION MRS MK ——HERR. AT TR R, sHREER DUERER
SERK I B T TR R,

3.4.1 ASCIl &

ASCI RS2 i R BN Z PR, H42f % American Standard Code for Information Interchange (3E[E
R AR S ) . BAEA 7 7 RIS (—EATHEIR 7 6) Ron—EF7T, RZREHFR 128 A
ANRFTC, WNE 3-6 fir, ASCII BEEAERE TR A/NE. BT 0~ 9, —LEASRERTak, DI —2E45sil
7T (ANBATRASEERTT)

il i FT a8 R e — i) FT s i) FT R i - FIT
'] 0000 0000 NUL BET 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001  SOH EE 34 0010 0010 C 66 0100 0010 B 98 0110 0010 b
2 0000 0010 STX IESChsS 35 0010 0011 L] 67 0100 0011 C 99 0110 0011 c
3 0000 0011 ETX EXkER 36 0010 0100 $ 68 0100 0100 D 100 0110 0100 d
& 0000 0100 EOT {SihE® 37 0010 0101 % 69 0100 0101 E 101 0110 o101 e
5 0000 0101 ENQ £33 38 0010 0110 & 70 0100 0110 F 102 0110 o110 f
6 0000 0110 ACK W EE5E 39 0010 0111 ' 71 0100 0111 G 103 0110 0111 g
7 0000 0111  BEL e 40 0010 1000 ( 72 0100 1000 H 104 0110 1000 h
8 0000 1000 BS BAE 41 0010 1001 ) 73 0100 1001 I 105 0110 1001 i
9 0000 1001 HT TRFRURTT 42 0010 1010 * 74 0100 1010 J 106 0110 1010 j
10 0000 1010  LF e 43 0010 1011 + 75 0100 1011 K 107 0110 1011 k
11 0000 1011 vT SHURT bhb 0010 1100 . 76 0100 1100 L 108 0110 1100 1
12 0000 1100 FF MEE 45 0010 1101 - 77 0100 1101 L 109 0110 1101 m
13 0000 1101 CR [SET 46 o00le 1110 . 78 0100 1110 N 110 o110 1110 n
14 0000 1110 S0 FHR 47 0010 1111 / 79 0100 1111 0 111 0110 1111 o
15 0000 1111 SI I54:: 1250 48 0011 0000 L] 80 0101 0000 P 112 0111 oeeo0 P
16 0001 0000 DLE  EE{RMES 49 0011 0001 1 81 0101 0001 Q 113 0111 0ol q
17 0001 0001 bC1 RS 50 0011 0010 2 82 0101 0010 R 114 0111 o010 r
18 0001 0010 Dc2 FEEEH2 51 0011 @011 3 83 0101 0011 5 115 0111 0011 s
19 o000l 0011  DC3 RS 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 0001 0100 DC& ERITH 53 0011 @101 5 85 0101 0101 u 117 0111 0101 u
21 0001 0101 NAK it g 54 0011 0110 6 86 0101 0110 v 118 0111 o110 v
22 000l 0110  SYN EHSH 55 0011 9111 7 87 0101 0111 W 119 0111 o111 W
23 0001 0111 ETB EREHR 56 0011 1000 8 88 0101 1000 X 120 0111 1000 x
24 0001 1000 CAN i} 57 0011 1001 9 89 0101 1001 Y 121 0111 1e01 vy
25 0001 1001  EM iR 58 0011 1010 z 90 0101 1010 z 122 0111 1010 z
26 0001 1010 suB T 59 0011 1011 H 91 0101 1011 [ 123 0111 1011 {
27 0001 1011 ESC (L) 60 0011 1100 < 92 0101 1100 \ 124 0111 1100 |
28 00l 1100  Fs RS 61 0011 1101 = 93 o101 1101 1 125 0111 1101 H
29 0001 1101 GS SRS 62 0011 1110 > 94 0101 1110 ~ 126 0111 1110 ~
30 0001 1110 RS SCERDPRIT 63 0011 1111 ? 95 0101 1111 - 127 0111 1111 DEL
31 o0l 1111 U R 64 0100 0000 a 96 0110 0000 :

32 0010 0000 sP =23

3-6 ASCII i

SR, ASCII BEfERES PRI, FEEFHEMMN 2ERIL, 4 T —EREM R R ZE S M EASCH F/FE, &
1£ ASCII /1y 7 (i EeiE FHERER 8 7, REFFRIR 256 M ARFRIFIT,

et R EE N, R T —HOE R AR E ) EASCIT R, B RN 128 M7 —5
ASCII 15, 1% 128 A7 IcEE AR, PUBENFEGRES TR,

3.4.2 GBK ¥f{&

BARNFEEB, EASCII BRI FF 25l S BUR R, HanBEwAia 8, JeH % /A
BETE, TEBEFGEMARR 1980 FRELE T GB2312 T4, HIGR T 6763 T, EANE 7 EFH
AR R T 2,

SRTT, GB2312 SEAIEFLAL Y F R A M T, GBK TAFRZETE GB2312 MM BRI RIN, BIUR T
21886 fEE¥ . £ GBK A9 /754, ASCIL FoLfE —EATAFRR, BT EAMEMITHER,



B3 BRI www.hello-algo.com 61

3.4.3 Unicode &

W RN AP R, AT R IR REATE A R, TSR TR R, —JTmH, TR R
HERTREHES T, EAESESRE NEW LE. 5H—7im, F—EES A ESETFRERE, 0
SRR AR AN FE RS AEAREEE,  HIE & SR AR p & H B ELAS,

ARMERARIRT SN B AEAE : QSRHE IS — 8 R e B R T 4R, A% I S I D9 9 A 56 5 AT SRR B ik S
vh, SRl BARDRESEE S BRI AELISRTE v fEISRARARIEEE) R, —ERTM 2R T4 Unicode EET
4,

Unicode MIHsc &M 2y “Hi—i%7, Biah LAEAAN 100 2 BET T, BRI RIREE NN TFITMASR —
MrrrsRe, fRAt— B R FAF R AR BEANBUR A AEE 5507, T IR 2% A TS AR T8 AN ] T2 2 O LA )
o

H 1991 £ PAZK, Unicode REME7EHTVGE S B0, #2 2022 4£ 9 A, Unicode E&HLE 149186
T, EESHEESNTIT. FHEEERERYE, £ KN Unicode #REH, #AMTICMA 2 (it
4H, ATl 3 MocHESR 4 focsH,

Unicode B—MEEM 7114, AE LRGEMETITO —E4mE (RN “WE"), (HeMA e
i feig S oo @, WM AZERM: EZMERERN Unicode MERSRIN HBIFE —E 7, AT
fiEtroe? Bl e —ERER 2 AT, R eR—ME 2 Mot FoTiE R mE 1 Aoch
HIFIe?

BN DA BRI, — R ERRRIRIR YT SO ITE FoChf£¢ 25 RAMRS, W 3-7 FoR, “Hello” HHYEHET
TCfF 1 AocA, “TEENRT FEEHETITG A 2 Ao, FRAMATDUEE & ALE 0 4% “Hello HRE" FRIAT
AT TTHE ISR 2 VTR, BRI A DU 2 AT —E 5T, WEEEEENNE T,

T Unicode
H 00000000 01001000
e 00000000 01100101
REA 1 U EXFT
1 00000000 01101100 g
(H{IiE 0)

1 00000000 01101100
0 00000000 01101111
] 01111011 10010111 . _

- REA 2 NP XFT
iE 01101100 11010101

3-7 Unicode #m& R4
SR ASCIT HEE AL FRAFTRERH, SmiBoi e HFE 1 ook, B3R RS ER, SOz NS & 2
ASCII #wfi5 RUMIFE, JEFIRERCEE M, Hit, FMFE—FEE IR Unicode #nfls 71k,
3.4.4 UTF-8 4{Rt5

Hifi, UTF-8 T AR i &z Unicode 4l5 /5%, ©R—MnEEEN&EE, #/H 13 4 6T
AR E R —HFTT, WIEFETHEREMETSE, ASCII Fo R 1 Aycé, T FEFRIA IR REEE 2 AT,



B3 BRI www.hello-algo.com 62

HRRAPSCF TR E 3 e, HAR—2E Ry ITRE 4 AT,
UTF-8 Hyw s RIS AHRE, 53 2% DA RiAE A

C BN RER LT IT, BEREAsER 0, HER 7 5%E & Unicode 535, HIFTEENE,
ASCII “#7tfE Unicode FRFEHMETE T 1 128 fEREES, tpt2s, UTF-8 %iflin] LAk %A ASCII
W5, ERREIRNTAT DA UTF-8 AT EAUAER) ASCII 5 X,

- BRREZR n At (Hhn > D, #EEMTHENE n AEBCER 1, Hn + 1 VB0ER
0; 788 —Mafcabs, REEATHR S 2 AEECE R 10 ; HERFTAALHINEFE 7T Unicode
F#ho

3-8 JER T “Hello EIR” BB UTF-8 #ifis, BISHEB, Wil n EBOER 1, BILRSA LIS
B AL 1 BB T TR RE S n o

B2 B R A AT @ 2 METRRE 2y 10 WE? BRI, 138 10 sesiC 2IRBarrrIfE . R ARst
Re—MEFFRI N CAHBRAMENT S T, ALoCAHBERRIY 10 RESE B R s B 525

ZFTCAE 10 HIERBRTT, BRI & E UTF-8 MEHRIT, AalsEa v rhRmmiise 10 . JEfFEssa] LU
[eaiEATE: R ehRmmase 10, SHZTITRIRER 1, B ASCII#. M ASCII i
e O, BURERT &,

FIT Unicode UTF-8

H 00000000 01001000 01001000
e 00000000 01100101 01100101
1 00000000 01101100 01101100
1 00000000 01101100 01101100
(+] 00000000 01101111 01101111
=) 01111011 10010111 11100111 10101110 10010111

& 01101100 11010101 11100110 10110011 10010101

BEE 3 RES 1 %E%fﬁﬁﬂ%ﬁ&’ﬂ%‘ 2 fi
RERFTRES 3 {itd ®ER 10

3-8 UTF-8 4§l

BRT UTE-8 Z4b, H RAARNS 75 R AL DU M,

- UTF-16 #ills: £/ 2 8 4 Ao ARFOR 85I, FraRT ASCIL Frohl i AR e, #H 2
Me AR, DB RFREME 4 AoTHRR, B 2 Mot FoT, UTE-16 4fE Unicode f§3Y
HE,

- UTF-32 %ills: SEFCEEM 4 7o, SRk UTF-32 btk UTF-8 #1 UTF-16 BEALHZSMH, KAl
BN ASCIL FrTfl L &S I,

RS R AESR, (HH UTF-8 R Itibi @, HaeER 1 0ood; [ UTF-16 4S5
egoeyon (Blinds) EEMER, WAeHs 2 ook, m UTF-8 AlaEw 2 3 fiycal.

WA fMESR, UTF-8 (MMt E, #FF2 LHMBEELSHT UTF-8,
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3.4.5 BEXBSHNF RS

BN DMERRZEIERGES, BRAPUTHR 7R UTF-16 s( UTF-32 @ FRAMG, fEFRMIET,
BATR] DU 7 ER B RIS AR, ISR B A DL MR,

- b UTF-16 Sli5H97 Bra] DURA 7 S TRataitl. UTFE-8 22—t Rawi5, ZARIKEISH ¢ 18
Fou, BMFERTBRIFRRAETDIE « f5oT, BRE O(n) WKH,

- FouEtE: BBEMEIRTEM, St UTE-16 ST HMRENRE O(1) Mg, (E2, &5 UTF-8
A TS 1) B ) R JEE R A A R A

- IR (£ UTF-16 SR 55 L, RZBTHIRE QNoHE. MR, A MRS ERZET, £
UTF-8 #fisH 7 b, MEATIS SR Rl R ZASMIA SR, DAMECRA & & A 500 UTF-8 4fis.

HFE L, BRGESH oGy Bt —EREBIEE, WAFZHEER,

- Java B9 String B4 A UTF-16 #fl, SEFITAGH 2 At ERAA Java s 5 aat 291, AM
RAy 16 A AFRRITA TREN FIT. A1, B2 —E AN EMRHAE, %K Unicode Hl#it#ES] T
8 16 iz, ARTPA Java HHIYFICHAErTREH — ¥t 16 MAUE (FBz “fREHE”) RoR

- JavaScript 1 TypeScript FJ= A UTF-16 #iSAYJH K B Java B, & 1995 4F Netscape A H]
B JavaScript @B F I, Unicode BENR IR T, ANRHEMSAH 16 MAAmISHLE ARRATA 1
Unicode FIT T,

- C# i UTF-16 #i5, FEERA.NET F2=2H Microsoft g&HHY, M Microsoft FIRZHffT (U
& Windows 1EER4E) #REEIZHEH UTF-16 il

A DA A2 3 CRE & BT R ARG, BTSSRI “REES” (977 R KRB 16 7 R R Unicode
FIL, e EMIERHZMER R, —J7m, WESESH,, —Eval s 2 focek 4 A7
JOH, MR T RMASHIESY, 55—y, FRE RS R ZRIME e, SiEe 7Rt ik
PERPREEHERE

HIR A BIRE, #8 AR e S 1R H T — AR RIS /7 %o

- Python H str f/ Unicode #fls, Wik H —MEENFHEIR, MENTITREBIAF R REK
) Unicode %5, &7z ASCIH Fot, Rz oA 1 Ao, tREF ol 7 ASCIT
#iE, HEMERAZLESYE (BMP) W, BBz 2 focd; aRABHE BMP T, Hi
HEFICE 4 fotas

-+ Go gBEE M string BURIFENER(EH UTF-8 4l Go 58 5 IBTEHL T rune B, ‘B HAFRREE Unicode
5 &,

- Rust sBS MY str Al string B FITE N EH# H UTF-8 #mfB, Rust 4L T char BRI, AR TR REE
Unicode fiBE,

TETERENE, DL RF BRSSP ET X, M H e S b il 7 s e A v 4
RAFREE, (e EmD, RNER G RmiES UTF-8 /85, DUER|IREMHEAEMEMS
Fﬁﬁék%o
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3.5 &g

1. ERNORE

- R ] DA R A R A A o AR I T 0 M, EIRAS NI T R T R 2 IR R R,
Y)IRAERERIAR T ERME SRR R P R T

- RIERAMEIEENE. BRI, BERMIRIREREE RSN 28t (], S
HI. HEE, (7)) FAEARE (B, [, HERE) Wik, HERRIET R REFR A S B RS R A AR
Bl AL,

- EREXHUTER, BRI A SRR, SEEIRRE S M A B ER R, EXEEE
e G AR LR = g

- VIPRAENS 2Ly LB SR (BB Mok (B ERYD . FrA B RS 2 Y], G
S ER BB E A S BT

- BHEME PR EAE R B O FEEEE byte. short. int. long, TFEHEX float. double, FJT char FIff
K bool o "EXAM Y E {1 # [l B R A F 25 I AR/ TR AR 7

- RIS, — BRI SRR B P AR IBE T =R TR, B2 R AT DA B, B RS A R
AR, HERA ZREFAIE,

- BB R R BN HEEN, EWEBEORT, sHEETDUS E BRI S BRI nE—
1=, AREABZER RIS B, I B AR IE AT E R E,

© TPREEROARASE 1 ALAFIRAL. 8 NAFREAIAD 23 ML BUNIAE R, HHIATETERSRUAL, A b A Y B
EEARREE, ERRE TR,

- ASCII @i R B8, RIEA 1 Aocs, sk 127 57T, GBK AR F A+
FRFER, U B 2T, Unicode BURTRME— 72BN FAF SR AR SE, ISRt B L& EE S
T, VMR AT TR 77 AN — S S BLIS R,

- UTF-8 BHEXZEINH Unicode #lls /712, WBHAMIEELT., BR2—EERNMIEE, BEARENHERE
M, BREET T EES SR, UTF-16 #1 UTF-32 BE R4S /15, ESmiEH xR, UTF-16
SIS E L UTF-8 /), Java F1 C# FFEGE S THRR(H A UTF-16 4mif,

2. Q&A

Q: AT EMERER AR S E B R AR EAR M RS A

MR 2, T 7RO E R, WIMTTREE A "R (RS “MERER" BEEEE): M
S ERfE R —ESEAS Y, ARSI R R —ERIER, SORTREREL A OB AARED.,

EREFRIMAEARE, MRERARERMED, Hrhe MmO TRt & —EE, WrIRet & — (ks s
—PRE. Bk, MERRATRERIR SRt B RAs N (Fy1), SEESERS)) MRS RIS ().

Q: char BB RERZ 1 fCaHE?

char BURI R [E HFEEE S SR VAR IS 77 15008, ilan, Java, JavaScript, TypeScript. C# #i#¢FH UTF-16
4mhs (1% Unicode WEEE), Rt char BUFIRES 2 f1oc4H,

Q: FAMF| EHRIVEREEA LR “FFRERER B0 BN AT DU T B A B SRE, 8
LERRIERR R “EhRET [,
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HEBTEE A I BB BRI ERHRE, HERESHIRR " (REARE) 1, @EENEESH R G
A D B BT s ERT R, EeEMivEEREEH, MREREBEH 7 E2 BN, i E L —
AT SE R IRHEA], - SIT 1 5 Bek 1) ) PN AR S E g B 1) v

Q: fERSEHEE (T BIRR, RIFEERRD, RAEEMZ “FFEERAHE E?

RS T, WMEAN LT (1770 Nona R, EETERERNEEEIZER. B, Java
A9 ArrayList RIRHIARRIER 25 10, 75h, HARMEHREBEEBN, AR “By" =5,

Q: JFHSHE BRI AR SRR 17, IR O A R “SER 1 AR, T A
JEIS L —AR AT DUEE “SEBURARIN 17 158, SR ENE?

T2 R 20 SR A A A EL R B R R R AOE AR, BT ER: Bsta +b=c,
ARBELATRE a 72 b 2 c (e, RABRE b2 a 2 ¢ FIHEL.

ME M n = 4 A RER ZEMHIE 0010, SRS EETEEREE ORBERAD, IEER
TEW el &N 17 155

0010 — 1101 — 1110
Mg, A —AEEIATZ2 001041110 = 10000, thgit/ds, —% 1110 2/5RE 0010 £/ 10000
1 “HIEL ISR LR “SelUREm 17 B LREHRE] 10000 RRREEEL,
AREE, —#% 1110 2 10000 B “HEC 22 /00e? FMRARRTDUH “JelUigin 17 [e:

1110 — 0001 — 0010
et JESH AR 2B E] 10000 B9 “HIBC, FIL “BEREE MBS R iR RS Al LU
RN GRBUREN 1) B,

B, BT AR B AR e 1110 RS, B “JEi 1 AU

1110 — 1101 — 0010

REREACE, “OEBURARIN 17 A USRI 1 IR IEmEIE R AR E] 10000 AURHE, EFREFEER.

AREEE, "W BEERERRE 1111 e (RAEE RIS + —f8 = 1111); ME B L
1S 2R R, w22 10000 BIHEG

EIRBAn = 4 25, FATH R AR B AL
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F 45 MEYIEGEE ST

¥
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Abstract
BRI AERE R T L0 R — 38 R E RIS,
R (IR R RS AR HE A, I LY, SEAS RV > B R, JEARAVERE B AR A A 2~
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4.1 [E5)

5 (array) 2 —REARPEECRIGERE, HiFAHRIRIBIR TR SRR H T, WIS TRERS |+
(IR E R 2% T RIIZRE | (index), [ 4-1 7R T BEAI T 2R EAIGE777 70

fAfFiEs By E R ae = R R A

P2
element
FEZY
array
;ﬁgl e 1 2 3 4
index
scteRg (it

00 04 08 12 16
memory location

EEESEa

- pap sl Al DERTEE el

4-1 [sIE A7 753K

4.1.1 [FE5IERRE
1. #sakmrEs

PATR] AR RS A AR AR FTR LT 30 SEOIAAME. IR E. TERTEENHRERTEI T, K-
FEFGEE 5 S PESITTROIAA LR O

// === File: array.java ===
[* ¥sa1rES */

int[] arr = new int[5]; // { 0, 0, 6, 0, 0 }
int[] nums = { 1, 3, 2, 5, 4 };

2. iFMITE
BT E M A EEN RS, EREWESIERY T EWEIRENIEERE R S, AE YRR

it (ETCRAEEmAIE) FIEETTRIIRG], BT DUERE 4-2 Frosi) XGRS 2ot RrRC iR A,
T EREFI %t R,
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FEz

TE®Sl o 1 2 3 &4

otEREME o0 04 08 12 16

TTRRE -4

RCERE - EYREERL + TRRE « TRERSI

(BrroE i) (iHHEBE)

Tl REFIRS| 3 EETRAVEIEE I
012 = 000 + & x 3

4-2 [HTRAC RO R

BIERIE 4-2, BMRBESIEEITRIORG1% 0, BPFAERER, RAi 1A EEEER, B
HETEARNAEE, KIIAE LRSI WE R, HETROMIEHEER 0, BIERNRTIR0
EAT,

fEREB R E R C R AR mR, FRAMATDATE O(1) WRERE Py b3 R B R A — T2
/] === File: array.java ===

/* BEt&shiETER */
int randomAccess(int[] nums) {
// EER [0, nums.length) ARREIEIHEN—EEE
int randomIndex = ThreadLocalRandom.current().nextInt(0, nums.length);
/] TERILIR BIFEH T2
int randomNum = nums[randomIndex];

return randomNum;

3. fATE

M TRIEERE TR “BREN, EMZ MRS HEERERE R, WE 4-3 For, HRAEERS R
BA—ETR, RIFRERZTR BRI AITRERBE L, BRETRMESZRI.
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MFIRERTENE -
8000 Eﬂil%:r_cﬁﬂib it '

:

EEEEC

nums[4] =m5[3]

HETTRIEA

E I [2]s5]5] 4]
HEBFIRE| 1 BIEATE 3 1 nums[37—= nums[2]
3E

N

nums[2] = nums[1]

:

(3 W1 ]s]2]5] ﬁ@ﬁiz’ﬁ 0 B

nums[1] = 3

4-3 [5IHE A TR

ERERNE, HRESINREZEEN, FtfMA—ETRee @S8R “BK" FFEHE

BRI fER T R BETE “H3” BEHEihEtE,
/] === File: array.java ===

/* TEFEFIANZRS| index BRIEANITTE num */
vold insert(int[] nums, int num, int index) {
/] BZE5| index UKRZEWPIETEREBE—(IL
for (int 1 = nums.length - 1; 1 > index; i--) {
nums[i] = nums[i - 1];
}
/] #& num BR4E index ERRYTTER
nums[index] = num;

4. MiBRTE

IR, nfE 4-4 FOR, HRMERRS] ¢ BAITR, HIRELERG] ¢ ZBRITREAFTEE —NL,
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felipRTER

88000

nums[l] nums[2]

M TTERMER

il AT B —{i
TEREFIFMERZRS] 1 REITER *
nums nums[3]

nums[3] nums[4&]

seRMERR, EIERTRUER 1 ,
KETE 4 BESER, BENEEN

& 4-4  FEAIIPR TR =B
AR, MBRTRZEMR, FAeRBRTRES “BER 7, URMBEERERELRE,

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

/* MIBRZES| index BEHITTE */
void remove(int[] nums, int index) {
/] 1BFR35| index ZEBMFIATTREMRIBE—II
for (int 1 = index; i1 < nums.length - 1; i++) {
nums[i1] = nums[i + 1];

}

RENAE, MBI i A B ER RV DA N8R,

- IR RS BRSO AFOMBRA TR AR L 2 O(n) , Horb n 25 R,
- RIOTR: HRESIREARE, RILERAGTRRE, BHEYREREN TR EER,
- RCHERERER . T DAIan e — 8 L R ARSI, SRR —#R 7y, JERTERABRIRE, ERIARETT
REE “HEERT K, (HIERMEERE RS IR,
5. EHET

ERZEREGES T, WMBEA] PUEBBRGIEFRES, tha] DIEREF SIS R ETR
// === File: array.java ===

[* FEFAREF */

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

/] BEBZR5|IEAET

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

}

/] BEEEFEITER

for (int num : nums) {

count += num;

6. EHfIxE

TERS R & RHEE LR TR ZE A M, BT RER G, VTR EERS
K 7 FE R AR R R A, P AR R E e 2 “ARIEEReT,

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

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

}

return -1;

7. EAET

FERHER RIS, FETCE DLOR Y 2 R A RO IR s A2 PTG, 1T T 22 e i Fre 8 5
FERZERENXE ST, MEIRRER A TSR,

QIR B A, AR ST L — E RS, SRR S T R AR TS, B2

O(n) H#fE, 1ERFIRRIEN NEFERER, XIS FAR:
// === File: array.java ===

[* IREMEYIRE */
int[] extend(int[] nums, int enlarge) {
/] et —EERRERES
int[] res = new int[nums.length + enlarge];
/] RS RBFRA T RE R RIS
for (int 1 = 0; 1 < nums.length; i++) {

res[i1] = nums[i];

A1t

—
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3
/] REHEREEZAES

return res;

4.1.2 FEFIREEERERYE

PEZ AR R R IR R e Py, EoTRABIHEE, SRR SEEREREN, REn] DFIHELE g
A A RS R R IR,

- ERRCRR: YR SRR, AR NI AR BA S

- SZFEREREEI: S RFFE O(1) RN SRR IT R,

- PRI EARESTRR, sHEEAMEGRA Y, 1B & PRIBCLE R R AER, MR EiE
RS THR SRR TR

SR - E IR, HAFEDAMRRMT.

- FAABUNERRCRIR: BRI hOTRE SR, AR RS ERE R ERTTR,
- REARIEE: HEGHIACRREMERE T, BAMIEEEIH G RHE RG], BASRA,
- BRTREL AR LR R/ NVEB IR, IR RS RBIRE 1,

4.1.3 [E5I|HBIFER

Pzl 2 — AR EL Y AR, BURSE MR E R T, WAl RN E B R R A,

- BRI G SRIRFVEBEM I — LA, IR AT ARSI A7, AR R —MERER S, HRIRRSIEH
(et 51ii e N

- o FARHEP AN S EETARE B REN, tstir, Sty ZoEsSMEEE
Bz b 3EEA T

- AR B E PR RS EER R, A DUERIRESIE R AR, (RN E B v IrE
ASCII WAL, HIIRT BARF 7 7CH) ASCIT BE{EEZ RS, EHERITTER A A BB E.

- BRARVERE . MR TP REMN TR, R, SREZHEMAREREBIER, EEERIECZ IR
RERER, P12 A AR A o AR o s i o S A

- ERHSRREBL: AR DU E IR, (TH, MERR, HERE. ESERRIAENE, BN, R ERE R
TNERR bRl e

4.2 iEEERY

LR SR ARERNALER, £ -EEENRFEPITERET, SRR MR s
P FRARE, il (7 AT RC IR 2 A ZE R TR, T PSR ORI, RO IR m] RESEE AR A AN R Ay e
AU, RS ARSI A RS P S R B AR T

#8455 (linked list) B —MEARME RIS, HAARSETTRSZ —E@EYF, SEHSEES 510" M
AR, Sl HELER T T AR RCIRES AL, EIE T AT DA E B E R R — 8 FiE,
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S AG ER A et (E A A M HTRE A] DAy B (A e R IR A5 e, B MRYRC IR B o SO

A et VR s 1 ()
figiE=T

linked list

—s —a e —3{ —> None
e M TEERGAY J
8 318 GEm B
Bk RIEER s
node

B eomrE | s
s paiiy | PORCEET

[ 4-5 Sk ERAE FR B A7 73X
B 4-5, SEASHRYIVHKEAZEE (node) WIff, SEMBHAIUSWIHER: HEK “E" MHHEAT
—HiRE “5IH7,

- RS ERYINE E SRR A “THETRY, R (AR A R,
- EHEEEAAE 27, BAf Java, C++ fll Python H43BI#%E 4 null, nullptr I None o
© £ C. C++, Go fl Rust HFXFHEEMFESH, Lk “SIH” ByEws “f6i,

MPAPREAREATR, SEALERSIHIES ListNode BR T RIEHHE, EHREIMHEF M5 (51D EILEMRER
BT, AT LRG3 % i s iR =

[* SEAEERTERREERR */
class ListNode {
int val; /] ENELE

ListNode next; // }EMET—EIRLEEYS|H
ListNode(int x) { val = x; } // EBtEF

4.2.1 $ELERTIEBIRE
1. YafvsEsE RS

BRSSP RIS R, SRR R RIS HBAR. WA e IR,
T n] DATES A5 AR 2 A SHERRG 4%, 3B 5| RITE next MRIKH IR A B,

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

[* ¥IAEEAERS] 1 -> 3 -> 2 -> 5 -> 4 %/
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/] M EEER,

ListNode n@ = new ListNode(1);
ListNode n1 = new ListNode(3);
ListNode n2 = new ListNode(2);
ListNode n3 = new ListNode(5);
ListNode n4 = new ListNode(4);
/] tEEERZEN5IA

n0.next = ni;

nl.next = n2;

n2.next = n3;

n3.next = n4;

REE %I R S — AL, ERAn P nums B 5 JT2R nums[0] A nums[1] 55, Tis4s 8827112 B 2 (8 N7 A BT L 1
AR, BRI 551 SE B B VRS shAIRACRE,  Lhan DA_E A2 XIS b i 4 eR 2 T BC AR SEAS B2 1) no

2. {ENEDES

FESEE R PR A TR AR B . WIE 4-6 PR, (Bt RIS RI A 8 68 no A1 n1 2 R A\ — (&
Bip, WHESEENAERG I GEED Bal, RREEEES O(1) .

M2, fERFIHREASTRNRFEREES O(n) , ERERHER TRREREIK,

P.next = ni
EI% P 5@ nl

ERUEETIEES n0 A nl ZASEAEES P " m

nd.next = P
B4 no 3E@E P

4-6 LS ER Y N SRR
// === File: linked_list.java ===
[* TESEAEERTIAVENSE no ZRIENEIRS P */

void insert(ListNode n@, ListNode P) {

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

n0.next = P;

3. MIBRERES

qniE 4-7 FoR, ESERSE SR IMPRERG thAER T8, T a5 (e B,

AR, B EMPRIERIESE SRR ENRS P U5 1, (HERR FES AT RS CAIARI M P, BRI
P B IR AL B 51 T

nd.next = nl

= B4 no 3@ nl

TEaRAE R TIRRIPRERE P

MIPREARR, B8R P {H7A1EM nl ,
B RTIBEHEEHME P,
HLEEMRRER P B

4-7  SHALHRA T R R
// === File: linked_list.java ===

/* MbREEAERHINETRE no ZEBRIVEEERE */
void remove(ListNode n0) {
if (n@.next == null)
return;
// n® -> P ->n1
ListNode P = n@.next;
ListNode n1 = P.next;

n0.next = ni;

4. :HRIENES

TEGRES ERFIP R E R I RCRBAR. 1 L —&imA, eI DAIE O(1) Kefd RRrfRsIrh e TR, s
AR, TR, BEARES, ARSI B, a2, HcERsIneE
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AR R e « — 1, RREHES O(n).
// === File: linked_list.java ===

[* shfESEAEERFIPERS|% index HIEARL */
ListNode access(ListNode head, int index) {
for (int 1 = 0; 1 < index; i++) {
if (head == null)
return null;
head = head.next;

}

return head;

5. EHEIES

FERTEASH, EAHAER target RUHTR:, @HZERESASBSIPIRS], HBEBERGIEER, 2

5N R
// === File: linked_list.java ===

[* TESRAEERYIFREAES target NE{ERRE */
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 [ vs. fiEsE RS

R 4-1 MRS T BRI SEAS B3 51 B S SRR IE 6 L T R ERCR FRR AP ER WA S O ot /7 SR, IRt 25 A

(R (Y ESITE =S Tk S AVAINES S

& 4-1 5 BLGEAS FR A RCR B L

fei31]

SRS

770 AR

) BRC R 3 ]
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5] sk 5]
ARBE  RAATE AR R
Rl ERGATEED. HURESE RGeS
wrEE  O(1) O(n)
wiE  O(n) 0(1)
MpiE  O(n) 0(1)

4.2.3 FRuEERTIER

GniE 4-8 Fiow, H SRS AL ER A I (A =,

- FEEGRAS A BRI AR A IE SRS RS A SRS ER S RO ERS L S E AT TR A N — HIREA 5 | T RIE

Bkt FRAPIHS B ERRE 2 ARG, SRR R (EETRRE RS, FEEIESEMZE None o

- BUBSEEEHS: RIS BRI gEAS B S R R E R EAISEETR (B RMRR), RISE—EBE el # 5,

TERRESEAS BRp v, AR TR ERGHER AT DARI AR ER E R

- BRGEAS IR B ARSI, B RRAE B AIRCER T RIE T AT . EEIASEAS HR S B R 3R
[l S T RAE RS (N — (R FnTBEERE (L—EERD AI5IH (1R, MBI E skl 41,

B G A I B E, AT DA R 75 0 E A A FR A, (EURE PR th 5 A B 2 e R e A

[* ErRiEiERTIERER */

class ListNode {
int val; /] ERELE
ListNode next; // IEMBHEEIELHISIA
ListNode prev; // iEMAISEEIREAIS|FA
ListNode(int x) { val = x; } // E#EF

EmiEsss

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

IRREES R

circular linked list

0-0-0-0-0

EmiEsR

doubly linked list

o — @@ Q@—Q—Q "

I 4-8 GRS H SRR
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4.2.4 §E4ERY|HEIFER

B[a GRS R E T N EIHER, (781, MERREFERAE .

- HEBBUTE: EAE MBS R A0 — U TR, ERBIVRIE AR, HERE, B
TANBRCEAESEAS B HIA— I T, MPRERIEAESRAE RIS —ImiE(T, ERBINR R e, HHE
1751,

- MEER: SECAIER MR E RN BRI R —, EIRET, FrAERITTERAS GBI — a5
R,

- M RSB AR A T3, R 9 TR H— (8 S S ER S R, A AR A A
TEER AR S TE R AR Do ) LA TE R

B s Al FR A1 B DI TR S PRI S AT — (B 12— ET R A 5t

- ERERORIATNE: LLANTEALRRE, B P, BT A HIERA QR 1ER] DUBIEEEIRG P — (e e
ARG S | AR E T, JRPUR B sl #351),

- BISEAREL EEERIE AT, B AP ADERNE SRR LR, B AR TR SN A e A A — 1
g — a4 H, BB gl BB 51 R A I AR R A AR 15 1 B

- LRU #i8k: fEPREEIK (LRU) BEZES, RWMFEEREKRE R R D EHRER, PSR iR
HOERIMIPRERG . I8 e (o A B el ER Sl TE B 58

BV HEAS B SR RN TR 2B I B R, LU E R A TR HERE

- A REHERR L . RSP, R A E R AR R A CPU A, EF
TR T, SEREE R T —ER R f, BRI A SR, CPU UHREI N — @7, &
FEE [ $5R 'R PT DA S BRI S BB 51| A B B

- RORMRM: ERER R OER T, WrIREe MRS R, EE . R RIEs T,
BERHA AT RE & 15000 B AR E T N — (E BT S A3 51, DAE BB A AR K

4.3 #H7%

87 (list) 2—EMRIEREEBEES, ERRTRAERFES, RTTRIMH. B ¥, MERFE
HPRE, BZAMEHE S EARRSIAORE, B8 A] DIEE A SEAS 8 51| sl fHi51 BB,

- PEESERSIRIRR] IEE— A RS, HEGRTR g A R, i H T DASR TS B R A
- ST RTRE M AN, HBREREAAE, Rt REEE—EEE RERGIRIES,

EE A ER BN, REAENTEE @EBERINEMTERL, S2 RS BRI R
2/ DER, EmEELIER BRI RAIRE, GREE/D, QRAEEERNEEMFRR, HREGBXK, Rl
BiE LIRS TR

FfRDUILRTRE, TR DAEFHBhRERES (dynamic array) SREBIERS, BHEK T YIS IAEES, 3 B AP
TERE TR IE TR B A

HEE L, #F2 GRS PR By R SR B RS EBIN, BI40 Python FEJ list . Java HIfY
ArrayList . C++ FFHJ vector Ml C# Y List 55, 1EA% TR R, FIVKEE “HH1" F1 “BhEmEs]” 17
7 A I,
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4.3.1 BYIERIRE

1. #aMLER

TMNEREH “HHAE" N “EEIRE" EMETIGRILTTE:

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

[* #IBKERT */
/] EaE

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

/] BHBE CEREFINTRERES int[] BIEIELER Integer[])
Integer[] numbers = new Integer[] { 1, 3, 2, 5, 4 };

List<Integer> nums = new ArraylList<>(Arrays.asList(numbers));

2. sHMTE

AR 2R, FIATATE O(1) RERNFIRIRTEERTR, SR RE,

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

/* ShRTTE */

int num = nums.get(1); //

[* EFTTE */

FMEE3| 1 BHITER

nums.set(1, 0); // ®¥EFR3| 1 BRTEEH®A 0

3. EAEMFRTE

MRS, EFI AT LE st B ERoC R, 1 ERSI R AR C R AR AR 2 O(1) , E4 AFIHER
TERHIRCRI SRS, REREREES O(n) o

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

[+ EEaE */

nums.clear();

[* EREFFIEITER *+/
nums.add(1);
nums.add(3);
nums.add(2);
nums.add(5);
nums.add(4);
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/* TERREIEATE */
nums.add(3, 6); // TEZE5| 3 RIEANEF 6

/* MIBRTTE */
nums.remove(3); // MIBRZERS| 3 BEHITR

4. EzHERY
HRHZI—R, YR DR RS ES, WAl DIEEET &R,
/] === File: list.java ===
[* EBERS|EFHBY */
int count = 0;
for (int 1 = 0; 1 < nums.size(); i++) {
count += nums.get(i);
}
[* BEEFBIITE */

for (int num : nums) {

count += num;

5. HHEH7

s —(EFr S nums1 , Pl AT DURFEPHEEI R B AT R AR
/] === File: list.java ===

/* BHETESRT) */

List<Integer> numsl = new ArraylList<>(Arrays.asList(new Integer[] { 6, 8, 7, 10, 9 }));
nums.addAll(nums1); // #%E88% nums1 HHEZ nums Z1&

6. HiF=H7!
SERCEAIHET 5, TRIPHERT DA 7E MBI SR A R B A < AMEET R B WO
// === File: list.java ===

/* HeF &y */
Collections.sort(nums); // HEF&, BIITER/NIIAHET!
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4.3.2 BIITHR

AP BEAESNE T HY, a0 Java, C++, Python %%, BMAVEBI LM, SESHBRE LIRS
5, Plneia AR, EAEEEE. ROLEBREEE Al DA R R IR T,

7 VINGRE A TR R e, RME R EH - ReRs, iR = (A SRt

© PARA R ERESENESIIIA AR, EAOREIT, FFIEE 10 (ERPIAE R,
- WERCER: B B size, AURNECRBSIERTTREE, WHEETTRBAMMPREREH., RE

R, MR DUE R ERSIRRR, DANHIETR & T Z A

- PRAHH: EEAOTRNBEIARCN, AIFEETES, SRR SRR EE RIS, A

B RIS T TR B RS, ARG, BAFTHE BRI = AT 2 %

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

[* EBFEER] */

class

MyList {

private int[] arr; // &%) ((A7FER57TxH)

private int capacity = 10; // BIIB=

private int size = 0; // BIIRE (EFitREHE)
private int extendRatio = 2; // ERBFIESHIEE

[* BiEF */
public MyList() {

}

arr = new int[capacity];

[* BREIRE (BRixtRE#E) */
public int size() {

}

return size;

[* EEETIEE */
public int capacity() {

}

return capacity;

[* FhfEiTTE */
public int get(int index) {

}

/] REIMRHR, WEBEE, TH
if (index < 0 || index >= size)
throw new IndexOutOfBoundsException(" Z3[#EFR");

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;

[* TERERFIE TR */
public void add(int num) {
/] TEHEBEAER, BEHESHEE
if (size == capacity())
extendCapacity();
arr[size] = num;
/] EFTEHE

size++;

[* TEPREHEANTTER */
public void insert(int index, int num) {
if (index < 0 || index >= size)
throw new IndexOutOfBoundsException(" ZE5|#HR");
/] TEH=EBEAER, BEHESHE
if (size == capacity())
extendCapacity();
/] ®ZFR5| index UKRZENTEIBAELE—U
for (int j = size - 1; j >= index; j--) {
arr[j + 1] = arr[j];
}
arr[index] = num;
/] BFTERHE

size++;

[* BIFRTTE */
public int remove(int index) {
if (index < 0 || index >= size)
throw new IndexOutOfBoundsException(" ZE3|#R");
int num = arr[index];
/] BHEZRE| index ZEBNTHREMFIHBE—IIL

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

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

/] ERERMERE TR

return num;

[* BIHER */
public voild extendCapacity() {
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/] FE—EREREMY] extendRatio {ZRIFIPES, Wii%/R a1 EIFHTES
arr = Arrays.copyOf(arr, capacity() * extendRatio);

/] EFBTIEE

capacity = arr.length;

}

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

return arr;

4.4 GCiSRESAIREY

TEARSRIRTM TS, TR T REFFISEAS 8 51E AR LR B B A Bk, EMRIRaER T “HafEE”
Bl MR PEAS A,

HEE L, PBRASHEAEORRRE EDUE 7 R UBC ISR R I B R0, T 2 B SR A N B B A RE

4.4.1 tHREHTEFRE

AR R =R R 5 E . B8RR (hard disk). 521888 (random-access memory, RAM), tREX (cache
memory), & 4-2 J&/R T EMEEH B ARG PR A G AIREER B,

® 42 EHEMAREFRE

(TES e iR P

Mg RIGEFER, WA EERA BRI R ERTTRURERAIE  RIERESIMERIES, W) CPU
R, HERE TEpR BRI R A C TR AR A B

Sk BERERAEER BERERGEL BERERGER

15

wEOBK, TB#HA B, GB # FEH /N, MB #l

HE e, ZEEIET MB/s Bk, %+ GB/s FEF R, 2 E GB/s

Eks B, ZEH%T/GB Wi, &+FEET/GB EHH, b8 CPU fTHuEHE
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T ] DUt AR A7 R R 2l 4-9 FRAIE T HEARE, ST & T IE MM AR EREE A, &
BN, AR, SRR BEEIRER, TR AR S TR AEE R R A4S R

- TERRER AP, B, RIREIEREEER G EL, NI EREARBsEER; HIX,
RO RS A R R I 205, B ES CEHEN B E Y K,

- PREUC R RAIEEE DS, FEE L1, L2, L3 PR AERZRS A, HYMR ST &8k, B CPU
oD Z YRR @ s, WmESCERHERER N, STERFIEEE R, EEEN R, Z2ER
IR AS RS R A R, TR AR 2 [ e A -

CPU

n

" EE BB

FEfR HDD/SSD

[ 4-9 R R

Tip
AT R RS R T, A EARA = IR T, B L, SRR R AR
AT T3, B RIBAHEA R BB MIRR ] 2 RS e -

RERAREE, REREATRR RV R BROR),  se i AR IR i £ AN BT AR R BRI RORE, i DRI T2 (ol
ARSI RORIG 2, DMEEIESITRCR, =FHHFEGIE, WA RS AHUT.

aniE 4-10 R, EREBUTER, BRMEEMR A YEIRE IR, f#t CPU sHEMH, IR EAEE CPU
—ak7r, EEBE SRR RER, 4 CPU Rt e R, 1emea R HE U HUTRCR,
TR/ D S e R AR A

| ¥
Of — 7 — _’

[ 4-10 BERE, ACIRESANPRIC MR RHAUE
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4.4.2 BRHEHERCISEEME

TERCIS RS R 75T, FRFIRTEAS 8512 B B AA B SBARIR T,

— T, AR, FL— SRR RRERE S RIS, IR SR R 20 (T R st
FIFIZ, WSRO T LD, R TN A 7 S5 EB SIS TIR B ) (FED), PR o
B SATI, SITE e/ N AR R, TR SGR RS, BESA R B
BRI, ML, SEEREIL “His” B RANE I R BRI, 05T B AR,

75, EREETR, BEE R W G BRI, IR AR AR Rk, fEmE BT
TRRRAA ORI, FS RSG5, SRS ESEIRER A, Mk, SEEHSIRITR
TR, TESHEHE A\ BLMPRR(E T, EA 5 SR EC R A,

4.4.3 BHEGIBRVIRENE

TREUHEAE A B B/ VARIEH, EEiiirG 2, ERTHE L E EREENEMN. mR
PREAARAIR, HRERT —/ MR AEH R R, KILE CPU B alahMA BRI R:, & %%
A IREXKEH (cache miss), Itk CPU AME AR EENERTLIRRE H BT E AL,

BASR, “PREURARR” Wb, CPU SRBRHIRCRER, BrCUREtRtRer, i CPU 1t )&
HUE RHK EEBIRS 25 IREXE = (cache hit rate), TS fEFEIEIE & FH A B REXRCE,

7 T BRREERE mAURCR, PG R CL N B A

- PRIAT: PRIBASZ B AT BN R, TR DAPRIRAT 2 AL, AR EERR BRI e A A (e, PR
AT ek,

- TRIBEH: pEHLES G B STEN B R RS (BIANNERER., e RBERIMSE), AR E X
MRS H, fEmir a2,

- R R EEBERREA R, AR EHRLRE R ] REL I S, K, PREERAR B
FHRE, tha s AHIHERER, PURmahR,

- IR, AR AR, BB EAE AR AR AR A REFHR B, PRIRMI IS — B, &l
TRE LA B A R SE man

B L, BgTRgRES RS EHR AR R AR, 288 DA {7,

- PR BERSERSDTR AT RIS M E 2, EEEPEANERER R E D,

- PRIAT: SEAS SR BUERCIE RS AR, MIIRIUZ AT 1Y, RIE SR R EL B 58 =,
- TRIBUBKH: P57 Eesd kR SRR AT IR B “RITERINE”, RNARSTE A 515 R SRR R
- IR P R R RC IR RS S R, RN BRI Y e S A P RE R T o

AEpm S, FSRAE SRR, R ERIERCR LB ERaAS R, SIS ERIRIERIARE
IRe, RS BB R R s SZ B
TETFERE, mPRBEERIEAEWRE BT DU BN SEAT RS, TR I A AR ISR AR Bk A6l A,
VERR PR BBGRRRATIE, BN, FSIRIGEAS R AT A DIEEL “HEB” BRlai (P —=E&sMns), Hel
18 PR ANF 5o
- FEMIERTRRER, B G AR EE RN S EBIA R, K2 TR T AR R A BE A T
HIRET), RUEMER T Z IR B —E R RC iR S
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CAEREREARR R, BEMRE. HEBATENIONGE DAL EE, ARG Ak R 27 BB A HE R B N S R
SEAS ER S RS R R BURE A R RC IR AR RIRR 73, SIf ELigE S 7 PeiLA7 108 2 2 2R A RE S NBA B

4.5 IS

1. ERSEIEE

- [BIRNSEAL FR Y2 AR R, o BICGRE R E R B R P RO R R A 7 5 AR
R R, W ARG B B AR,

- FFISZREREREI ., G HTRCIRESEL D ERAFIMBRTRICRI, B RRE AR,

- PEASERYIEMENSG I (GBI EBSAAERGTE A BMER, Hal SRR, (HERGEHReR
%, (R, RAYSESS RS R G CAE B Mgl B 41, BUPsas By, B atas fsl,

- BYIEESRHE N E KRR TR A RS, ARG ER, CRYE T ESINES, [FRAT DI
BRI,

- HRAIRHBURIESE & 1 AR E A, (HAlRE RS sl iR s IR &,

- BERBUTR, B ERE AR, YA A A RLIR R S R, TS B A DI AL I A
AN

- PRIBOEEPREAT,  THIOMEH DAR 2 [T s R AR ] [ S S R A, %% CPU 1R At PRI BRI ],
BER TR ST TRCR,

- HRARSEA E AP ar R, IR R LSS RS S A, (SRR RS, BRI AR K
R S 1A

2. Q&A

Q: FEYFEFIEHEE DRI b, BRSNS MR 2 O A w2
EAFEHEE EFNHERE E PR ER B e A A BB L IR e N, BRMRERCREEAR —5, A, HEBFHEREE
B BRES, REmER LA F S,
1. ECHTRERGCR : HEE 2 — iy NURCIESE, 2ECHAnsEsy HEI5ER; ML RS E R, ATRAE
AR EIE L, FABWER L, K, HERE LAY ECRRE IR R LL S R,
2. K/NBRHI: HEBGCIRREAE BN, HERER R/ IN— 2 PR AT FRC IR RS, IR MG HEAE 5 DI0E & ol 17 R TR,
3. FEIEME: HEE LIRSV B S e R E,  TERE_E RS A R INa] DAFE R TIRF B B Al E
Q: At MRS ERARIRIAIRITCR,  MESESS FR 21 A2 A SR AH R R Al e ?
G4k B Y B AR AR, HE MEES I (P62 AR, SR R] AREFE AR BIRE R, #1140 int, double,
string, object %,
¥, Y TRRSEZMHERIZIBIN, BREAGEEAG B IR EREECE B TEMNE, i, | FE R
& int 1 long WFERL R, BEE TR BUSH 4 MocsEM 8 s, R ARER A R ARG EImEE T, |’
AR S T “TTEREE,

# sTRCIERME = BRI (BxRaERuL) + tZRE *» TRERS
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Q: MHRRHI p 1%, /I p.next ¥2 None IE?
R ponext AT, (ERGEEESIIFER, HOMBENSRMMCAREBE p 7, BHKEHL:
EAGHEGE A BIRNER T, SRS p ASI IR @ B A ) A 8,

PR BRI (W08 MR, ABBIZERIR, N B R R T, (R
fOIEE, BB A, EEE A, ERE, IR R R T, T 6 R
B AR,

Q: TEGELEERFIPE A\FI MR IR LR R IR 2 O(1) o (BRI AT O(n) MK RIAHTE, T
BB AR O(n) 12

R RSeAseR, BMERTER, REERERER O(n) . A, SEEBIH O(1) MM AT DIEHE
A EREIREEL, flan, EBafrE S A Ry EE, WHEE — (IR BUa famEaiRs, R
B, O BRI O(1) o

Q: [E “SEAfERyE I 7K"Y, B ORI R TEIR A ] — SRR A N ? SRR A E R E S
fli—=FMe?

2N EURENROR, EREFRHEERBEEREIOET 20T,

- ANFEIZAIR EREGEAS B2 2 NIRRT, EEAN int. long. double MIBITEPIFFSE,

- TERREEEUG A R RE IR RS R R MRAR T (E AR S R At M m BRI T E, K% %y 8 foaHek 4 fiyTi,
Q: TEBRFIREHI TREERRZIZIE R O(1) ?

T TR RS R, BRI AR SRR, AR R SRR, LI SR
TEMBEE, SRR EE On) .

Q: “HRFIAY BRI A R T IR ME, (AT AR 2 S b A PR A, T A 2 R R
RSB A R, B, AT (0D RS2

SRR R B AW SR /i, S eRE - EREE, RAF - EREREES; B
P9, A THIEEEEE, WA RERU—MEY, <15, Bk, hWamBResc, RIS
BRI,

Q: £ Python H¥llfe n = [1, 2, 3115, J& 3 HCEMIRHEEADER, HEMGK N = [2, 1, 3] B35
TP IEERA id ARG, TR o PRI, S TR R ARG, AV m 8 RHSE?

BRan{EER ST R AL R A EES n = [n1, n2, n3, n4, n5], WEHEEN FIE 5 EEHEYEH S BEEEER
TEHER R, A, € —MEBEFIRG], FHMIARRTIE O(1) K N EEE RS OIRBE AIhE, A 2 2 e
AIETRE, SRR 2 s REAF R EIRERY S ], TARERRA

BlFF 2555 A, Python HAVEF DY, BHIPRMENAZRTAL, MEHBTH5IH,
e, A BB I RS R AR R A R — M id, Sif HOG LB A RC iR A A ik EEE A

Q: C++STL AT std: : list CASEE 7 Bagsiehsl, (HiH G EEAEE EAEBRERENE, 24
R 7 A T ERIRENE?

—J5H, WAEEE SR EREEE, MR E A R RY, EEAmEER,

- B HREEICEFEMEEIMNYIEE (—EBARET—ETE, —EHARE—FETR), A
std::list BE L std: :vector BEAEHAZ M,
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- REURRY: HIRERRN AT, Rl std: s Tist BHREEYHR]H REgE, —RIE0 T, std: :vector
HIRNRE & B 4F

BT, BB RE N R oA E, BT e ARG S RN stack A
queue , TMIEGHEASHF,
Q: #fEres = [[0]] * n BT —RE 45, Hb&G—E (o] &2BIZAINE?

AR, MRS, FTER [0] BER LR —EMAFRSIH. aERBMABESHS—ETR, G35
FITE BT TR AR & e 2 P

QIR B —HE RS R EE (0] HRRMELAY, AIPAGEA res = [[0] for
AIIRERAAAIL T n (E8ENZHY [0] HREIITT.

Q: #fEres = [0] * n M T —E&ES, Hrpg—{E%E, 0 # 2 BILINE?

FERZHHIR, A8 0 #UZ R —EPFRISI M. B8R EZ Python ¥/NVEE GEHFZ -5 £ 256) $RH 7k
WGt  DUERARMYIHER, TEMiRTHRLRE.

HEREMHERA R @Y, (ERFUAR DI ER BRI EETTR, G2 %A Python RIEEIE “AF]
YT, ERMEUSSEETTRR, R ERUIRS S —EWFNSIH, TARSEEEWEARS,

SR, EERSITTRE ATV N (BIanEY, FHeERIGIES), BUOEETTR & BRI A S,
TR 5 PR e R Al & A L R B

in range(n)] 2REH, B
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Abstract
HeBONFEIBSES, TGS HEK
P o3 AR R e AN 18 RIS N\ S HH Y R B 1R
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5.1 &

W& (stack) 2—HEDEMEE AR HIBEATR M RHERE,

BATR] DA HE B L 2 S B RO — B 7, WSRABEH R 7, AIFREIoR Emp 8 T RaxesE, M
TR R AR TR (W, 7o, WIS, IS 2] 7 i E R,

e 5-1 FoR, FRPHEHERETRA TR 2y “HEBTH”, JRERESy “HEMR”, KT SR 2 e T £
TERME “NHER”, MHFRHEBTETTRAGRIEME “HHER",

i NEE NHEE iR HEE
stack push(5) push(4) pop() pop()

- S i/

R

5-1 HEBAYE AR HAER

5.1.1 ST BIRE

MBI E FRE R 5-1 R, BB AL FEERERGEHNERGES KT, Eik, TRIMAE R
push(). pop(). peek() fins4zfl,

*® 5-1 HEBRIBRIERCR

kR B ST A
push() TCEANME FEEHBE) O(1)
pop()  HEMBTETTEH M O(1)
peek() HIMIHEBTHTER 0(1)

WHEAEY, BT IERE AR RGE S WA, AT, LA S al el A SR AHEERER, 8
IRFERAMT AT A%t S 1 “FA” B “SRAS RS EEHEBAR G, SRR FCREE L 20 e R SR 1
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// === File: stack.java ===

[* RS *

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

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

[* shfERIETTER +/
int peek = stack.peek();

[* TTERHEE */
int pop = stack.pop();

[* BEUEENRE */

int size = stack.size();

/* FIETR R AT */
boolean isEmpty = stack.isEmpty();

5.1.2 HEMNER

7 T RN HE BRI THE, BRIRE R B BB —(EHEE R,

HEBROE e AR AR, AR e AR HE B TET I B MIBR TR, SR,  BeRAIRISE Ak R T a] DATEAE R AL
EHIEFIMERTTER, RIEHER ] DA 2y — RS2 BRI BB sREE &G R 5, #fuatar, FRITATLL MR fes sk
S RS ER o SRR TR AR, (EECS NIRRT S HER AR,

1. BtiiERyINER

(I SEAS B S B BRIy, AP R DURFSE 465 R 2 SRR RG AR 2 HE AR TH, R EREI RHER IR,

QN 5-2 R, BN AHEERIRIE, MRFTRTRE NGRS BB, IS ETRHE AT A A BT,
TR HHE B, RIS E AL a S 3 51 M ERED ]
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SRR

am ||| e s

R

(-I-T-T-]

BB
| Step 1 |

[ Step 3

o

RERRZMERT
HbRBEAER o
o

Step 2

i
pop()

men ()

a L2

a EERRREERT

. HIMRIRAE o\
3

a o @

push(4)

a‘

EERRRESSHET
HIMRRAREE

MIPREREDRS

[l 5-2 7RGk ER 2| B E B P N A AR R

DA 2 B RS A5 H 51 B B R ) s B A S

// === File: linkedlist_stack.java ===

[* BERiEERIIBIREE «
class LinkedListStack {

private ListNode stackPeek; // #GEEENEL{EAMERTE
private int stkSize = 0; // HEBMNRE

public LinkedListStack() {
stackPeek = null;

[* BEUEENRE */
public int size() {

return stkSize;

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

J* N+
public voild push(int num) {

TRERY
R

N

[
A4

HEERs &
A B 5ITRED
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ListNode node = new ListNode(num);
node.next = stackPeek;
stackPeek = node;

stkSize++;

[* WS */

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

return num;

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

return stackPeek.val;

/* #& List EA Array dHR[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. BEIINER

(56 P P2 BB A, AP T UK s ) RE BB A 2 HEAR TH, QNI 5-3 AR, AR B H HE B 0E 70 I B 1E
WS AT TCR IR TR, KM% O(1) o

push(4)

®

L)1)

- SR
A*ll ]mal

RTR &
G ERETIEER

EERRRES
HbRRANEE

RERRZET
HINRRAREE

[-[-T-T]
[-I-[-[-[]

I BEE
Step 1 \ Step 2
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pop()

MEREEZIR TR

ERRRZMET]
HMRRRER

[-[-]-]-]

‘ Step 3

W 5-3  HLHR RS B E AR (1 A SR L A AR

H AR ANHEB AT SR A] RE & IRTE B in, DRI BT n] DUE R ENRERES, ISARmEAEZE B 1T iR BR 81 i 2
DA Z R Bl 2K :

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

[+ BREERIEE «
class ArrayStack {

private ArraylList<Integer> stack;

public ArrayStack() {
/] ¥sakEs| (FhrekES)

stack = new ArrayList<>();

[* BEUEENRE */
public int size() {

return stack.size();

[* FlERERRER/T */
public boolean isEmpty() {

return size() == 0;

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

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

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

}

/* #& List 8 Array IHR[E */
public Object[] toArray() {
return stack.toArray();

3

5.1.3 MESRYEHL

FHRE

A B B AR SR B E SR A A TR, RS EBTRRSN SR RE I, (RIS T T HEB A E s, Kt
—AEHIE

RV ES

TEES ARSI A B B rh, A\ HEB AN L HE B R (E R 7E T S0 0 FL AP 1O A T AR Tt (T, BB TRIF I PR EUA HO 1,
RIHRCR B . AT, WSRAHEERHE L S A&, SRR ah], SRR UON AR (R 5 4 i i
#0(n),

RN GEAS YR EB A, SRS RS BAIER S, A7AE LIRS R R RCR AR, (2, AHE
BIRETR OGRS B AEE, FISCRAHEER, A, WRAHEEBTTRA SR @R,
JERT DA RO BR, e @Rk,

o LR, B NHER S HE B IR R TR R A RIAIR, (140 int B double , FRIFATATS i DA A

- SLRERSIE B AR A R R AR G IRR, (R R IARE, IR R,
- BLRGEAS AR S B B HE R AT DASR B IR O RR AR,

R
(ENVICEI, REE BTN WIEHR", BARTAEBMERT R, W H, BRI RIS
efieR (I 2 ) TN, BB RIE BRSBTS, DRI, JERBRSTEEBUTHE B ek
MR

AT, PGS H PR SRS R R, KL RO RSO I 2 LB B

Gk, TRIPLRAERT AR IR AN 648 R, T BB UL (T 57,

0

5.1.4 MERMAFER

. ﬁ]ﬁ%ﬁﬂﬁﬂ’J&LEﬂﬁu@ R PR LR e, B EIRMBARCHTRIE E, BT Sl & E—EA EH
TINHER, SRR AT DOEIB ROBRIE M 2] E— (4 B, RIBRIEERR LR EIITHIES, MR
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I SCRFRIB AR, IO e 2 7 8] A A &5 B 35
- PSRRI R, ORI R, RATER G EHE B TR — EHE BN, AR AR (BRSO
FERRE R AR, 1) R HERS B & BT AR ROE, e L B0 B & AN BT T R,

5.2 {75

175 (queue) 2—HHENEL AJCHIRRIRIARME B RIS, BAEEE, (ToIBHRE THERKEIS, RERE A&
IONATBREEE, AL T 5 SE R NI A BB o

GniE 5-4 Fow, BFTIIERERE R “THIET, RERA TR, RHTRIMASIRRIRERZ “A5,
TR 72 & TR A ERAERE 2y “HiF7

751 H3 H3l
queue pop() pop()

518 f /
51 |

A |
A

15

N N5l
push(5) push(4)

5-4 ATHIRISE NSRRI

5.2.1 TSR

(THIRYH RER(EINR 5-2 iR, TEEERZE, ARERGESH7TESMAREGHT AR, JIEL R
HEBM R R T5 TR a4,

® 5-2 ATHHRIERER

TiiE% R T ] R JEE

push() TCEAF, HUSTEFMEMIE  O(1)
pop()  (THIETLE A O(1)
peek() HIUTHIEITTR O(1)



F5E HUBETY www.hello-algo.com 97

PR DA 8 AR5 e B 5
// === File: queue.java ===

/* #IEKITHI */

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

[* TTERENG */

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

[* SAEMTIIETER */

int peek = queue.peek();

[* TTEREY] */
int pop = queue.poll();

[* BEUTIINRE */

int size = queue.size();

[* FIEHTYIBER/T */
boolean isEmpty = queue.isEmpty();

5.2.2 {FHIEHR

2 TEBUTY, BIMTEE MR, FTDE i eR, MES —umiMBRITE, SEKSARSIRIR AR
BEX,

1. Bii#ERyInER

aniE 5-5 Fow, BATA] DURSEAS FRBIR “ERERRE” A0 CREHTEET 2 BIRRA “THIET 1 rSIRET, BUETS
R R R, (78 E (2 AT I ER ARG,

TRERE &

IR ERERTIE
A3l P
— TR Q plsh(k) W Q
| 1
o | a (-] [ ] (=)
8 py 8 &
a ERRRE S 2 ) a ERRREMEE @
o HIMERAT) } o HIMERBES 1
)\gu] =4:6 ° e
= (] T
31 o (@

Step 1 Step 2
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Hl

pop() MIPRTEEIRS
won ()

a ERRRRGRERT @

o HIERAITT l\

8 e
R dg

{ Step 3

M 5-5 E:HRGEAS RS E BT AL SR E
DA 2 S J A B R 7 91 A s

// === File: linkedlist_queue.java ===

/* BEREGEBRIEIRNTY */
class LinkedListQueue {
private ListNode front, rear; // ZHEIZL front , EEEIEY rear

private int queSize = 0;

public LinkedListQueue() {
front = null;

rear = null;

/* BEUTHINRE */
public int size() {

return queSize;

/* HIERTIIRE /T */
public boolean isEmpty() {

return size() == 0;

[* NF */
public void push(int num) {
/] EREIELEHIE num
ListNode node = new ListNode(num);
/] MRTHIRET, AISHE. BERERTSRZERS
if (front == null) {
front = node;
rear = node;
/] RTHIARAT, BIFZERILE EERE
} else {
rear.next = node;
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rear = node;

}
queSize++;
}
[* B */

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

}

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

}

[* WEHEERTIENA Array MHRE] */
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. BRETINER
TERRF MR S TR AR & O(n) , IEEESHFIRIERCREUR. A, AT DARA L R 275
A LIS (8

FAM ] DAfE FH — (E 22 8L front $8MTHIE L E MRS, i 4EE — B size HIRRBTIIRE, ©&R
rear = front + size, EBEARFEEM rear FEFEUTHIEICEZ B N —EN &,

Htsgst, MAbh S e RN RRB % [front, rear - 1], SEIEIEREIR A EWE 5-6 iR,

NFIRE: R N TCRIRMESS rear RTIHE, Wid¥ size 8Eh0 1,
HFIRE: HFTHE front 80 1, W size D 1o

A DAEERI, AFIFIH SRR T T — R R E, RREMESS O(1) .
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front iEATHIETR 1. 5tHRIER rear
rear EEFFIBTR + 1 2. WTRHIEE rear K
rear = front + size 3. size i1
N7 KR
75 push(4)
front > front »
5 I g FIIREE g 1FHIRE
size = 4 size = 5
u EEERZET a EEERZMET
a HIMRRBITTI a HIMRRHBTT
A5 I rear > rear >
73R
Step 1 Step 2
1.4 front B 1
2.4 size B 1
H3

FHIRE

size = 4

front >

RERERZMET

a
g BIMRRRTT

‘ Step 3 J

fE 5-6 FERFESIE B THIH A RE

IRATRE 32 B0 —MERRE . 7ERBNE T ASIFIHZIAERED, front 1 rear HIEFAEE), WEMENEHS]E
TR AR B 1, A T RTRICRIE, BT AT DR RRA Ly AR R “ERTE RS

BIRERIEIS, BT EE front B rear TERUBMHY AT, EE (RIS SHATAESUE S, EREHIMERA
FIDAZE “EERRIET REB, XIS ATR:

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

[* BRIRFEEHIBIRTY] */

class ArrayQueue {
private int[] nums; // FARGEFETIITREIET
private int front; // {THIEIEE, EEITHIETER
private int queSize; // {THIERE

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

front = queSize = 0;

[* BEUTHINBE */
public int capacity() {

return nums.length;

}

[* EBUTHINRE */
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public int size() {

return queSize;

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

[* N5 */
public voild push(int num) {
if (queSize == capacity()) {
System.out.println(" {FFIEH");
return;
}
/] STEITTIRIER, EmfTyIBRSl + 1
/] BEBEERR(EEIR rear HIAMEYEEREEIZIZESD
int rear = (front + queSize) % capacity();
/] #& nun FIEETHIE
nums[rear] = num;

queSize++;

[* HF */
public int pop() {
int num = peek();
/] P EEEREEE 1, SHaES, RREFESI5EE
front = (front + 1) % capacity();
queSize--;

return num;

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

return nums[front];

[* R[EIFES */
public int[] toArray() {
/] EERERRERENNSTITER
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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DAEBEBATANIRBARIRYE: R ATEE, AT, ISR ARSI, TRl AT DA R8I 25 Bl B et
I, Mg I NEAHS], A RERREE A VB BT EEL,

PRE BB T LA S B R — 5, RN,
5.2.3 {rF5IHEBERA
- WEETHL, Y TR, STERMASISIR, RERERERIRIET EHRTIIHRETE, 81—
i, JERFRIN G ELFRATE, SRR TR E RSO,

© BRI, ETTREER oK IRERIS R, BITENRERIES T, R TS,
(TS L35 5 Al DA S5 A R R BRI

5.3 €m{T7l

FEATHIH, FRMEREMIPREAE TR BT TR, i 5-7 iR, #mir5) (double-ended queue) 12
7 ERAEENE, SRR R E T TC R AT B PR R

Eriryl GRIIEPRT {FHIEHSY
deque push_first(1) pop_first()
fF5IE \ /

H3 T l AFI
2o {170 |

[ \

THIEAT THIRHTI
push_last(4) pop_last()

fF5IE

& 5-7 ErEfTHIRERIE

5.3.1 £RTHIERIRE

BT AR FHEREANER 5-3 Fivw,  ELRBAY T 1544 R o AR AT (8 A B AR = K



]

\

&
w

=TS www.hello-algo.com

103

% 5-3 BETHIRIERR

Voge <2 iR IRF I A
push_first() MFCEHMEMTTIE  O(1)
push_last()  MFCEHMEMTTIE  O(1)
pop_first()  MERITHIEITTER o(1)
pop_last() MERIT5I IR 0(1)
peek_first() #FHTHIEITR 0(1)
peek_last()  #ifTHIEILE 0(1)

A, FeMTrT AE AR GE S T e E B AT
// === File: deque.java ===

[* IR ERITE */

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

[* TTENYI */

deque.offerLast(2); // FEE(TFIE
deque.offerLast(5);
deque.offerLast(4);
deque.offerFirst(3); // HEETHIE
deque.offerFirst(1);

/* FHETE */
int peekFirst = deque.peekFirst(); // 1THIETE
int peekLast = deque.peeklast(); /] T5IETE

/* TEHG */
int popFirst = deque.pollFirst(); // {THIETELTY!
int poplLast = deque.polllast(); /] 1FHIERTELT

[* BRERTIINRE */

int size = deque.size();

/* FIEERTIIRE AT */
boolean isEmpty = deque.isEmpty();

5.3.2 €mfryIER*

(T AR BB T YRR, A] DOSE GRS FR 2 sl 410 2 IR R At A
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1. BpREmiggsyInER

[IRE b —Hi 7, AV IE S A G RS AR E BT, B2 e ] DAY (M PREA SR (B 5130
FITE RS RO BT ER: CEHBASIERE)

BN ETHIT S, SRR AT ARSI, Aass, s =2 85 —Es
AR, Zitt, FRMERA “SErsdsieRs]” 1% a2 R ERHAE .

QniE 5-8 P, TR RE [ S AR 51 B SR B R A BTRGAR 2 B E T SR S E AN TS R, TR B A P S
AR F AL A ZhEE

1FHIENT TR 4
R push_last(4) S RTIRS
50 50 mon () mon ()
1 l A3 N o ﬂ/
ERRTRS AR @ B cERRRSmRESs) a)
a IR BT je\ a HIMRBR AT /1L
15 175IR EER () (
A5 I l 131 A u \ 4
3R R (tﬁg
Step 1 Step 2
HEHRE 1
YR R IR TBREEERRE
_ I
Tf_ e awn (@) ﬁ?ﬁa:g() wwn ()
& i
a % [+ ] f?
8
B EEERRtEmEss) [e B =EERRumEGEs) @
] HIMRR SRR N ] HIMRRA AT ﬂ
@ REE a/\
RERS 6
Step 3 Step 4
FHIE ST
pop_first() MBREEEES
moe ()
i
ERRTRS AR L°
o SHIMRBA BAIT j
N @
| Step 5
@ 5-8 ELRGAS B 1 B I AT 51 A B4R
B NAUR:
=== File: linkedlist_deque.java ===
// ile: linkedli d j

[* EmiEERTIER */
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class ListNode {
int val; // Eig4(E
ListNode next; // &AEEIZLS|F
ListNode prev; // HiBREIRLS|F

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

prev = next = null;

[* BERERBEAERIBRNERTY */

class LinkedListDeque {
private ListNode front, rear; // ZEHEIZL front , EEIEY rear
private int queSize = 0; // ERETIINEE

public LinkedListDeque() {

front = rear = null;

[* EREBTIINRE */
public int size() {

return queSize;

[* HEREEETIR A */
public boolean isEmpty() {

return size() == 0;

[* NFUEAE */
private voild push(int num, boolean isFront) {
ListNode node = new ListNode(num);
/] EfgsERTIAS, Bl front A rear #BIEM node
if (isEmpty())
front = rear = node;
Y BGRZI=PNEE
else if (isFront) {
/] #& node ¥i%ZEE4ERTIFEED
front.prev = node;
node.next = front;
front = node; // EFTEEENEL
/] 1TFIRNT R
} else {
/] #& node ¥MIEEHELRTIEEL
rear.next = node;

node.prev = rear;
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rear = node; // EHEEEL
}
queSize++; [/ BHITHIRE

[* ATHIENG */
public voild pushFirst(int num) {

push(num, true);

[* ATFIENT */
public voild pushLast(int num) {

push(num, false);

[* HIHRIE */
private int pop(boolean isFront) {
if (isEmpty())
throw new IndexOutOfBoundsException();
int val;
/] 5B R
if (isFront) {
val = front.val; // B7FEEEIEE
/] MIERERERRG
ListNode fNext = front.next;
if (fNext !'= null) {
fNext.prev = null;
front.next = null;
}
front = fNext; // EFEEEIES
/] TFIRHFRME
} else {
val = rear.val; // BEFEHIE
/] MIBREEEARE
ListNode rPrev = rear.prev;
if (rPrev !'= null) {
rPrev.next = null;
rear.prev = null;
}
rear = rPrev; // EIEEIEY
}
queSize--; // BHITIIRE

return val;

[* THIELS */
public int popFirst() {
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return pop(true);

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

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

return front.val;

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

return rear.val;

[* REIETIRERTIED */
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. EEIINER

GniE 5-9 Frow, BAELRRESE B AL, TR RT DUE R R R AR B B T,
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front iEEFHIETR
rear #EEFFIRTR + 1

rear = front + size

1. sHHRIER rear
2. RTEMPE rear &
3.1 size B} 1

{FHIENFI
175 push_last(4)
fﬁg“ﬁ I l ﬁg\ug front > FHIRE fPRE
size = 3 size = 4
a ERERZDEES a EEERZEEET
a HIPRRHERTTI a RIPRBAHERTT
73R 1 l f75IR
A5 5l rear >
75
[ Step 1 ] Step 2
1. front B 1
2. TR E front B R
3.0 size B 1 1. 4§ size Bl 1
1FFIENT frHIRHFI
push_first(1) pop_last()
1 1
. FHIRE - FHIRE
a size = 5 size = 4
a EERREEEES n EERRZEERET]
n HPRRERRETT] B HIMRB ARSI
©
l Step 3 ] Step 4
1.4#% front i 1
2.1 size B 1
frHIEHEI

pop_first()

front >
a8

EERRRTEES
WPRRHRETT]

| step 5

FHIRE

size = 3

M 5-9 E ks EELEE A7 81 B NS 5% E

TEATHIREBIELRE b, (EFRIEI “TFIE NS 0 ATFIRHAN 77ik:

// === File: array_deque.java

[* BERIREEFIERNERITY] */

class ArrayDeque {
private int[] nums; // ARGEEFEERTITRAET
private int front; // {THIEIEE, fEMITIIE TR
private int queSize; // ERTIIRE

[* BiEF */
public ArrayDeque(int capacity) {
this.nums = new int[capacity];

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

[* BRERTIINRE */
public int size() {
return queSize;

}

[* HETERTIRE AT */
public boolean isEmpty() {

return queSize == 0;

[* STRIRFESIZRS| */
private int index(int i) {
/] EEEEMRFEIRMEY B RS
/] B i BBEYEEE, EIFEES
/] B 1 #BEY|ESR, ERES
return (i + capacity()) % capacity();
}

[* ATFIENT */
public voild pushFirst(int num) {
if (queSize == capacity()) {
System.out.println(" E@ETHIER");
return;
}
/] fFYEfEEmABE— 11
/] BEBEERREEIR front HIBEYIEEIFERREIZIESE
front = index(front - 1);
/] #& nun FOEETHIE
nums[front] = num;
queSize++;

}

[* ATFIBANT */
public void pushLast(int num) {
if (queSize == capacity()) {
System.out.println(" E@ETHIER");
return;
}
/] stEITHIEIER, ERTFIERS + 1
int rear = index(front + queSize);

/] #& num FIEE(THIE
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nums[rear] = num;

queSize++;

[* THIEWS */

public int popFirst() {
int num = peekFirst();
/] fFYEEEREEE— 11
front = index(front + 1);
queSize--;

return num;

[* (THIEBHSI */

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

return num;

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

return nums[front];

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

return nums[last];

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

return res;
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5.3.3 EmT7IER

ATy AR S THIAER, Kb en EBUEME A NG R, RIRREE wr E g,

TAVALE, TREGAT W ShEEE (B AL RO RHIXESAR(E push 2R, ARRIZE pop B
B, 2R, HBEIRABEIRIIIRG], SEnE s GIREEEE 8 (BIAnfEearfs 50 22), EHEBIR
JEiE 50 IR, AT LRI ((T71E) PUTMERERME, [HHERIGEEBISIGE, RSy
GIAAEACHER, FETER, “HEHT R0 DER I ROE BRI SE ARG, FUR B AT A RE S SN EE T
Bl — LRI N,

5.4 /MF

1. EB4[OEE

- HEERJE R E AR R R RS, n] I Y S AR A AR E B,

- FERFEIRCR T T, HEBARES BB EAEEAPIRCR, EEEAERET, BOO\HEB R R R
EEHNEO(n) . LT, HEMAGELS Ry B EA E R TE R R,

- AEZERRCRTTH, YRR BB RS E RS MR, (HREERNR, SEE SR
EISER =Y il 2 e G5 bave Y0NS

- ATHIR A A e R AR R GRS, [RIAR AT DUEIE Y el s As ARSI AR BB, IRF I R A 23
RCRHVEIEE b, 751 B Al S iR HE A O A5 SRR DL

- BT REA S H AT, B RRTEmET TIT R AT AR,

2. Q&A

Q: BIESRMANEIRIRE G2 B MG AS Ry EHBL?

BITTERAUATERIBIREAE B2 “HB” AURSEL, BRI — 0k By, % Em & o2 HgE, &
P RERIR LS, % H i G EH B TEGR M, (E B r81 ] DU B B — L RSN, I8 fEE "8
T51” EHIH R,

Q: FEHHMEERR, AT EREMHHE R R

SRR EE A R, ARG, H2RATENE], Java Ml python 555 = A HE)
B A, R AT E T EIRGLIERE; /£ N G iR E TR GEIR .

Q: BAfrFHG R MBI 7 i, ERMRMHE?

BTyt G R BT IR S el (EHE B PHE T, ERBIREHEE + (T2IHEEE, KRl AR B
BETHIRFTAEM, M H NS,

Q: #F (undo) FRHHEH (redo) EBSZUMAEIAY?
S I A A FHRREN, HE8 B FH R SRS,

1. BEMERAZERT R, RS EIRERAREE A, METHEE B,
2. BRPHUT “HEET W, EHER A OB BOL IR, AR HEBE AR B .
3. BHPHUT “IBEH” W, (CHEE B R RIE AR, WAFHBEAHRER A
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F6E HER

helle=algo.com

Abstract
TERT B RS HERNE—REENEEEHE,
MRBEAMIFHERESE, Cma] DAPEERE H A E
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6.1 HER

&R (hashtable), XMEEPIR, EEBEH key BYE value ZAVEIE, BE&MATREN, B
5, BMERERDEA—EH ey, AIRTDE O(1) RN EECEEAIE value o

i 6-1 FR, #5E n A4, SESBARE a7 M RS mIEER. RUOBRMAEER ‘WA —E
258, IREIEERTER” FE#IIEE, R DA E 6-1 FRATHER RACEE,

MER
hash table
85 key s | | |
ez value

BA—ES5 key, EHHMEMESE value
BARRPEMIRENRREEER 0(1)

6-1 MERBIIMRIR

PREEZRASN, FERGEAS R tha] I A INRE, EMARERB R 6-1 Fr,

- OBRCER: (EREOTRIIY RS (GRS MR, A O(1) KR,
- A RS GEESERS) REUFE, RLFEETGHEPNATCR, 8 O(n) K,
- WMBRCE: FELEMIITR, FHARES] (RSB PR, EH O(n) RiHE,

* 6-1 TLREIRHLL

PeHZl SEAGERY MEER

#mEE O(n) Om)  O(1)
FtE O(1) O(1)  O(1)
Mgk O(n) Om)  O(1)

BIsREE B, TEMEERE TN A SR SRR O(1) , IR

6.1.1 MERTHIRE

MERARAVE RAR(EES: OIiaf, el BrgsEsmnmiRe (s s, REREEIT:
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// === File: hash_map.java ===

[* FIBHRER */

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

[* FIGIRIE */

/] EHERPIIEEREE (key, value)
map.put(12836, " /\FE");

map.put (15937, " /NE");
map.put(16750, " /NE");
map.put(13276, " /VE");
map.put(10583, " /N\ER");

[* EHIRIE */
[/ EFERTEANE key , 2EIE value
String name = map.get(15937);

/* MIBRIRIE */
/] EHEERTPMIFRRESR (key, value)
map.remove(10583);

MERRA —MEERNET X ERES. ERRAESRE, AR TR
// === File: hash_map.java ===

[* EFMRER */

/] TEHRER key->value

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

}

/| EBYEEFRR key

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

}

/] E¥EEHE value

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

6.1.2 MERMESR
B B RN, M R B B R, TERER T, FRAMIIEBEA) b 15 23 (o BB 24
(bucket), EHEMATEEGE—ERES, FI, 2RI RE key BEAIRE, MAEMHHER value .

HREE, QT ELRR key SEAZEHERIANE? 1SR ZEEMZR (hash function) BB, HEZEKNHICER 2K —E
TR N\ 23 T 2 — (R Nt S . fERER R, MASHRIA key, Hithz=RHZAER (5
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K51 HAEEH, WA —ME key , FRIFINTLOZBHER I 2 key BIEAISEEEHE RS P47 00 B
TN key , HEEE AU EIEIED 25 LR M

1. BEBFEEMEREETL hash() 5HRASEIREEE,
2. MHERESMEE (MYIRE) capacity B, EMERE% key ¥HERIMESIZR T index o

index = hash(key) % capacity

batx, FMIREATCARIA index TEMER R A RIFIBIEAIMG, FEMER value .

%A FE capacity = 100, FEETHEEE hash(key) = key, SISHEZEMR IS key % 100 . [E 6-2 DA key 22
SRA0 value PS4 A0, JE/R T HEER 0 TAEFRIE,

B key =5 (517 B value

key value

37 15937 | “/hig"

ERE '
— 50 —{REFETARINN S VI i
W key % 100 ) -

“per

l I. “.
J

— 76 —(Ekr¥l

m_/ 83 10583

(SERENREE—ERES)

B 6-2 HEZER N TIERE
D RREREEEH T — AL, Hh, TP key Fl value B35 — (I Patr , IAFORERMTE.
// === File: array_hash_map.java ===

[* BEEH */

class Pair {
public int key;
public String val;

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

this.val = val;
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[* BREY|ERNMEER */
class ArrayHashMap {

private List<Pair> buckets;

public ArrayHashMap() {
/] aES, G 100 {EHF
buckets = new ArraylList<>();
for (int 1 = 0; 1 < 100; i++) {
buckets.add(null);

[* HEERT +/
private int hashFunc(int key) {
int index = key % 100;

return index;

[* EERIE */
public String get(int key) {
int index = hashFunc(key);
Pair pair = buckets.get(index);
if (pair == null)
return null;

return pair.val;

[* FRIGIRLE */

public void put(int key, String val) {
Pair pair = new Pair(key, val);
int index = hashFunc(key);

buckets.set(index, pair);

[* MIBRIRIE */

public voild remove(int key) {
int index = hashFunc(key);
/] B null , KFEMIBR

buckets.set(index, null);

[* EEFREREY */
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;

[* EEFRE# */
public List<Integer> keySet() {
List<Integer> keySet = new ArraylList<>();
for (Pair pair : buckets) {
if (pair != null)
keySet.add(pair.key);
}

return keySet;

/* EEFREE */
public List<String> valueSet() {
List<String> valueSet = new ArraylList<>();
for (Pair pair : buckets) {
if (pair != null)
valueSet.add(pair.val);
}

return valueSet;

}

[* FIENFEER */
public void print() {
for (Pair kv : pairSet()) {
System.out.println(kv.key + " -> " + kv.val);

6.1.3 MiEEFREIER

WARE EE, BERXPERZIEITE key W RN A 2 [ B2 51 A A 225 RS R 2308, g Az
MR AR 2, Kk, B E—e e 20 A\ BEMHE MRS BN

BHA EIRREIR R HEER R, B8N key BWINIAHEIRE, MEZEE XA HAE SRR, flan, EiaE25Es
12836 F1 20336 HIMIfEL2ARE, FrMIS2:

12836 % 100
20336 % 100

36
36

WiE 6-3 Fir, MifEZSRiE TR —Ed%, BERE AR, BRI ERE 2 MEm A\ S ER — 6 A R
A ER (hash collision),
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AL %3l 5 Wit value
B key value
_;S—» 36 —I
m”/ 37 15937 | “/pnm@” \w

76 13276 | “INE"

." I ."

83 10583 | “/hi&"

s
- .

6-3 HEREERTRA

AR, MERRER n R, 2 key HBCEIR —EAEH AR HUERIR, E2RED, Kitk, e
IEERA R ARV MR R

nE 6-4 FiR, JEARTHES (136, A) fll (236, D) /LM, WABERHLK,
BEREE - 100 MERIRE 2 & WEREE - 200

MRE key % 100 ‘ mEN key % 200
&3l key value | key value

36 236

- | CIER

i
- w e .
()]
I
w
=
eee e e
s

- | e

Ll

183 783

oee . ae

6-4 HEERER

RS, MERRIEATRATERERE R RER EERR, IEHFER,; I HARRERRAR
capacity K%, HMTEEEMREZRENERTARESOMEMVE, EE PN TEEERENE
i, Zuitt, MFESER GHE M ARNMERE R, AR EA,

&#EF (load factor) BHEAERN —~HEZEMS, HERMSMRRITTRBERDUMEE, HREENES
RIVEREAEE, WHIELAMRRIAIMRIRIE. BIAI1E Java b, EEEF T 0.75 K, REERKMZ
RIEEZFITH 2 %
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6.2 HEEER
bR, DL R S R R R, KR R E SR AR A, Een,
S 2 R, WS RS R RN, RIAA 2 (B E R — RS
RERER GEBEMAIRINR, REMERRRIATAM. & T RRZEE, SEIESMRERR, T
ETHRERIEE, EEERNRS L, BTEHEHEEEER, ERERKR, RAMRREAHRZEE TR
AR B R BRI, 2 THRTIRCR, TR DASR A DA T Sl

1. R RMERREORAES, AP nT DU R BUHE T [ 5 IE 3 A%

2. {EAELE, BVEMEAERIEEER, A PITIHRARIE,

BRI BT E R RS SR f CBICEL,
6.2.1 $ET{idk
TERGaMEER T, G SRR F — RS, S8V (separate chaining) 1B 7T 2t 2 sk HR %)

AR (ELET RSl Al FR GRS, AT E 2 AR R A A SR R A AE R — S R AR, [ 6-5 o 1 —fls =XAr
HERER R BIT

=3l E17] ARy (AR ES)
00 — —

i@t 37 L], L [

SEMFEE—(AEEET,

HTaOSmEERxE .

HERI key % 100 76

BRMAAERN key

EREREER o

6-5 HEUALAERERR

ER A B B R R ARIE T TR AL T DU L,

- AR WA key, AOEMEREFGEIMRS], RIRTEIRHIGEAS RETHETRS, RBAE IS B S E b
key PAZER H ARSE(EET,
- WL ECEBMERR A A R AT, ARG ERG GRER) BrigRsas sy h,
- MHBRTCE : ARIRMEDR bR A0S TR ISEAS FR S SHET, 5 el At ER 27 DA R F ARG MR LB R
s AL £ DA RIR

- AHEERNR A R S ERNTERR, e LRSI SRR B R IR 2
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ARRBCRRE: R 2T B M E R A HR Y A A R B TR
DA IS4G T S A IR R AV B, R,

ER Y] (B O HEAS RS, emfdEng, EeM&E T, MER () WS 2E,
TpfEtmEr 2 —E A5,
TN EB O SHEARMA IS, AN TS 2 0, RIEGEERBE TN 2 £

// === File: hash_map_chaining.java ===

/* SERHEEER +/

class HashMapChaining {
int size; // REHEE
int capacity; // HMERBE
double loadThres; // MEEZBEARNEHEFRIE
int extendRatio; // ERZEX
List<List<Pair>> buckets; // 1&FE5!

[* BB */
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<>());

[* BEEET */
int hashFunc(int key) {
return key % capacity;

}

[* BEETF */
double loadFactor() {
return (double) size / capacity;

[* EERMF */
String get(int key) {
int index = hashFunc(key);
List<Pair> bucket = buckets.get(index);
/] FEHIE, ERE key , BIREIHE val
for (Pair pair : bucket) {
if (pair.key == key) {
return pair.val;
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}
/] BERIEZE] key , BIRME null

return null;

[* FIBIRLE */
void put(int key, String val) {
/] EEBETFEERER, JITHES
if (loadFactor() > loadThres) {
extend();
}
int index = hashFunc(key);
List<Pair> bucket = buckets.get(index);
/] FEsHIE, BEBEBETE key , BIEIFHHFE val WiR[E
for (Pair pair : bucket) {
if (pair.key == key) {
pair.val = val;

return;

}

/] EEZ key , BiGREHIIEERES
Pair pair = new Pair(key, val);
bucket.add(pair);

size++;

[* BIBRIRIE */
voild remove(int key) {
int index = hashFunc(key);
List<Pair> bucket = buckets.get(index);
/] EHtE, PmERRES
for (Pair pair : bucket) {
if (pair.key == key) {
bucket.remove(pair);
size--;

break;

[* BERMER */

voild extend() {
/] EEREER
List<List<Pair>> bucketsTmp = buckets;
/] R MESERAFMRR

capacity *= extendRatio;
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buckets = new ArraylList<>(capacity);
for (int 1 = 0; 1 < capacity; i++) {

buckets.add(new ArraylList<>());
}

size = 0;
/] BREBRERERREZHMER
for (List<Pair> bucket : bucketsTmp) {
for (Pair pair : bucket) {
put(pair.key, pair.val);
}

3

/* BIENFEER */
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);

(EERIR, HHESEIIRER, SRR O(n) R, HIFTISMES TSRS “AVL B 5“4
B, QTSR R IR B O(logn) -

6.2.2 FIRELE

BIRMELE (open addressing) RE| NEESMUERHERS, TH2BIE “SUURR” RgrmizEs, HmllsRE
SRR, RTINS,

N DA IR 200, N ERBRICE N A R TR,

1. GiERE

ARMER AR B E P R AV R S AGEI TR, HaR By IR B @ MR R A P AN

- BATTR: BEMERERANAGEMRS, SRBEMNCATR, AEERMEARRMES PRERES
1), BEEKEZM, RooRmAHH,

- AR HRBMEER, MRS RARETRMGER, BERIKEIBETR, &E value HI
A WSRIEEISA, R EETTRAEREERS, IR[E None .

6-6 Jron T FCE L (BRIPERE) MERRAISHER M, RIBEREEEK, BEMAHFR key #REHEET
BREERIAIA. TTEBSIEIRE, EMBURIREE AR LU Z TR,



Hom MER www.hello-algo.com 123

#al 37
00 <

FRENE o

02

(5| [N
=3 K=
!H

BRMERR, PRS 1

w

S
!
e

E

76 <
MEERT key % 100 77

EmEER key
B R ER

ol o
~N
R

N
~
N

(=)

~

L=
.o

78

~
~
L2

i 6-6 BABCENL (BRMERE) MERRIVSESB

AT, ARPERER S AL “REBIR”, BEUREL, ESAEATS A B R, (G B R RS
REJATREMERUR, (EmiE— e BRREREA R, PACEIREE, RECESOEMESIRIEBCR AL,

ERERNE, BRIMAREFEBIRBOEHEME R R BB e, SR K 2 M ERTCER & £ 51 Py AL — 823
None , TEAFITERIE, AMEREZZEMMEIRE], RitEZe e SHyTREEARRERHE], &Xa
RERRANGLETTRAALE, AIE 6-7 AR,

=3l (= 27|

00 <
01

02

76 <
RiscE | | 24,

REEEHIEZ THTRT

(=) [ (5} N
~ S S S
o

78

& 6-7 TEBABCEHE A MIPR T RS E ) A

B 7 fRUSZE, T DAER I BEMIES (lazy deletion) #Hl: B AREEMHEERPERRICE, mAMH—M
%L TOMBSTONE RIS RCIE A, 7Es%HEHI T, None F1 TOMBSTONE HRANFRZSAH, #ErT DU B SE(E Y, (ERF
&, MMEIRES TOMBSTONE RAEZABSEERN, [RAH Y NrlREE fE e E Y,
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SR, PHIER T E & MR R AAREIRIL, T2 A2 BHR MRS EET & 2 A —(EMIBRERRD, & TOMBSTONE
Husgin, ekt Egm, KA IERETRER ZPkiE 218 ToMBSTONE A REFRE| HIFLR,

Al FEAEVERE PRS2 E ToMBSTONE FYZR S|, MRHE S 2/ B ST R BLi% TOMBSTONE A #fis
B, SRR R IR E R ETH T RN, TR G B RN E GRIEGE) EILAA, #®E

i AL B FRR,

DATAEARS B 7 — S WM ERAIBABCE I GRIERE) MERR. 2 T Emser tE MR R A=, &

MAFHERREE—E “BIPRE”, ERuskEs| R, (82 E .

// === File:

hash_map_open_addressing. java ===

/* FABGENREER */
class HashMapOpenAddressing {

private
private
private
private
private

private

int size; // RELHEHE

int capacity = 4; // HERRE

final double loadThres = 2.0 / 3.0; // MEEBERNEHEFRE
final int extendRatio = 2; // BEMEH

Pair[] buckets; // f@FE%I

final Pair TOMBSTONE = new Pair(-1, "-1"); // MIERIZE:E

[* BHEF */
public HashMapOpenAddressing() {

size = 0;

buckets = new Pailr[capacity];

[* FERERT */

private

int hashFunc(int key) {

return key % capacity;

[* BEEF */

private

double loadFactor() {

return (double) size / capacity;

}

[* S key HEMERS| */

private
int

int

int findBucket(int key) {
index = hashFunc(key);

firstTombstone = -1;

/] BHERE, 2B
while (buckets[index] !'= null) {

/] EBEF key , REHEHIEHERSI

if (buckets[index].key == key) {
/] BEZEEE T MERERE, BSREHEEMEZRIE
if (firstTombstone != -1) {

buckets[firstTombstone] = buckets[index];
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buckets[index] = TOMBSTONE;
return firstTombstone; // REIFZHHNEIIFERSI
}
return index; // R[EIHHZES]
}
// B E R EERBRMES
if (firstTombstone == -1 && buckets[index] == TOMBSTONE) {
firstTombstone = index;
}
/] STERES|, HiEEIRREEEER

index = (index + 1) % capacity;

}
/] & key F1ETE, ALREIFIERRIZES]
return firstTombstone == -1 ? index : firstTombstone;

[+ EHHRIE */
public String get(int key) {
/] 8 key HERBESI
int index = findBucket(key);
/] EREIRES, BIREHE val
if (buckets[index] != null && buckets[index] != TOMBSTONE) {
return buckets[index].val;
}
/] BREHREFE, BIRE null

return null;

[* FIGIRIE */
public void put(int key, String val) {
/] EEHETFEBREER, ITES
if (loadFactor() > loadThres) {
extend();
}
/] BE key HENFHRSI
int index = findBucket(key);
/] BXFREH, AEE val TR[E
if (buckets[index] != null && buckets[index] != TOMBSTONE) {
buckets[index].val = val;
return;
}
/] EREHAFE, AimEZREY
buckets[index] = new Pair(key, val);

size++;

[* RBRIRIE */
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public void remove(int key) {
/] BE key HENFERSI
int index = findBucket(key);
/] BEXRERESY, ABRMRELERE
if (buckets[index] != null && buckets[index] != TOMBSTONE) {
buckets[index] = TOMBSTONE;

size--;
}

[* BEMER */
private void extend() {
/] BEFE#ER
Pair[] bucketsTmp = buckets;
/] MR HIERBIFMER
capacity *= extendRatio;
buckets = new Pair[capacity];
size = 0;
/] BREBERRERREZHER
for (Pair pair : bucketsTmp) {
if (pair != null && pair != TOMBSTONE) {
put(pair.key, pair.val);

}

[* BUENFEER */
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. FFHIFR

EIT R B AR PE IR AR, FRR BT IR RS 2 —, IR, PO BBk —
SERPEL, TEBNE HREIRERTTT PR, B, 4,9, .. 8

FHRIEEEA L MES,
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- P RE B BRI BT 7T R R, S SRR AR TE IR E R R,
- CFRRIEEOE E R SRS B, AR RS E N A

M, PO IR AR SE SRR,

- RFEREHSR, RN E LM B E A PSR
© RPN, PR REA G IR RER R, BRWENEERRP AN, PR Al RE
HEIRFIHEIE,

3. ZhiEE

B EFE, UGB RERZMEREER [ (2). fo(z). fa(z). .. TR,
- BATEE: HHEREN f (o) HEER, HIER fo(r), DUHERE, B3HREEASEATE,
- FHCE: EAFEREEERIEY PR, EEREEETEMER; BRI S Me O s rE i
BN, RORERDAREEZTE, HBEM None .
B MR AL, UG R G E R, (DS (R g A AN R

Tip
AR, FEat (GPERE. PRI Z R MERAGEE “NeEERMERTR” IR,

6.2.3 IENESHEIE

HAEREGE 5 BRI T RNRIRRER RE IR, NS s] 1

- Python HRHBIHECE L, T8l dict (F A AREMEOETIRAL,

- Java RGN AL, B JDK 1.8 PAZK, & HashMap WIS REIES] 64 HIlAS B 5IREET] 8 R, Sk
FRA R R KL R DR T & RS RE

- Go $RASEANNE, Go MUE BHEMIRZMHF 8 B EY, B A RAHA RO, ERAME2
IRF, EPUT—IRRRIE B AR, DIRECRRLAE,

6.3 MEERZE

AP B4 T RER R A AR AR RS SR R BT 76, JRT s 2 B oE kg 2 g stk e RECR
MER R ] DAE B E SN IE R AR, TR R R 3

IARMERERENHE, MERIMEE GRS, WHE 6-8 R, ¥R MRS, AR TH#

EBIS G MTE SR, ERIREERRR, REEN TITE R DR — @, R
= O(n)
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sET bR R
R{EER:
T BENTYDHERERSD
BSRIESEE 0(1)
REER:
BEHNSIIHEEEES
BERAMEREE 0(n)

M 6-8 MR R REMIIRERN
BB DR E A, EEERR R R BR, SRt RERE, MHREDR ER:

index = hash(key) % capacity

BIRU EAK, EMREAR capacity BTN, MEEHRIA hash() D& VHE, EMUE T EBER
BRI iE D

EERE, 2V RERREEREEMR, RFEEERNEPERREET hash() FGE L

6.3.1 MREFEZNER

A TEB CBRET RRERRERAER, MEREETRE R DU TR R,

- et BMREREA, EREEIREGAEE AN gL, SR REMRER R TR,
©ORRE: AHEMERERBREZ RS, SRR, HERRAE AR,
- A EREETRE SR AR S A RERR T, MRS, FERER AR,

B L, MERERIARR T AT AN EEMRR, BRI R A,

- WG & T REMAEEBNL S, REERE AT ERHFENENISCER, TR HFEmHE
BH, ERPmAER, RS EMARESR RNERE, AR IR EEI TR, WRMH
DLEC, R WA 2 IERE,

- ROREREPERRE: BRHMENX DT A] DASH SRR RO HE R (E R EL— (R B0 10T R DA a R IR Y
EORIAHER(E, I SRR AR EDET L, WRWEILAE, AR R 2 e,

BNETS AR, 2 7RI RE S A R S LA, MR IR TR A SR L
EFRHE,

- R ERREEMERE SO B A BRI T A



HFoE MRERK

2
GIE]

= 3

E=,

- PibEEYE: EEMEHEI R EARERA, F SRR EMR,
- OB - A DN R A B Y RO R LR AT THI L

Ao B “PiRpRTE” R AR RONES, W E A M A—E E TihE Y, flin, TERER
WA key T, MEZHI key % 100 A DUEESI S il it AMazMREERBNEE, RS
i) key BRI ESAEIR], (K EFRAMT AT DAR A 5 AR B A AT Y key ,  TETI RS RES

6.3.2 MEEEERRE

RN AR AR E S BT 2 HRAEMRAE, RAmEIREE SRR, BITHAER

i B AR PR T LT

- OMEEER: EE AR EHE TR ASCIT BEEATARNN, SR AARANE R MR E,

ORI FIRSRIERCNHBEYE, SRR AR, A5 ETITH ASCII i REEHERET,

- HRFEGER: i AERBESETTRIER I SRR RS AR E T,

- JEEHERR R A TR ASCIL S BRI — AR EY, SFIRERTE ATHR & B R EE T heER k.

// === File: simple_hash.java ===

[* IEREE */
int addHash(String key) {

}

long hash = 0;

final int MODULUS = 1000000007;

for (char c : key.toCharArray()) {
hash = (hash + (int) c) % MODULUS;

}

return (int) hash;

[* FTEHEE */
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;

[* BERTHEE */
int xorHash(String key) {

int hash = 0;

final int MODULUS = 1000000007;

for (char c : key.toCharArray()) {
hash *= (int) c;

}

www.hello-algo.com



How MER www.hello-algo.com 130

return hash & MODULUS;
}

[* TRERHE */
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;

B, SEMEREERNRE —PERE A 1000000007 BUE, DIREARMEHZELESEEE PN, 8
FEFHR, ARG E R, s o & U S 2 E? J8 e — (A eIk,
JeBEbaSER: SERIRHBE B, ol DU R REEMER AR 2 St [R5 B BN B B 7 (7 A2 A4
B, AT DAJR/D R USSR VR T A2 AT IVERRK,  fRETmle S R 1 2%

BEGIT, BEIRMERE ST F2R B, e DI 3 BERBR, REERTA AT DAY 3 FERRIY key # & #EILE] O,
3. 618 =MEHEEE,

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, ... }

GIEREN key 04T L IEREFZBSIRE R MG, IREMERE & B RHERE, EmnERERER, BT,
{EEEH% modulus B BB 13, MR key Hl modulus Z I RTELEAKIEL, R AR R (E Y1 2 1 &
RATET

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,... }

ERHIRE, WIRAEHILREE key EREWLII S MR, HENEEEBEE SBIEAREERATL, EMAaEH
HE A MRIRER(E, THE key FIMATFERADEMIMER;, BB ER S HBRETREZ,

MImE 2, RMEFERESEAEEY, I BEMEBERI A, DUEAREMPREMMERR, fETHEzR
RIRRIRS R,

6.3.3 ERMEERZ
TREEFET DA R A B R RS L “IESS7, EOEIR A R A R R B, Bilan, B

RN el R s, DRI ANTE MR A 5 sl MR SR 18 0 P A AR RHELIE AN R 52 Ha, 3 A RE & s
BER, Ashit—fr e,



How MER www.hello-algo.com 131

EERE, TR & ] — e s B filan MD5. SHA-1. SHA-2 #1 SHA-3 %%, ‘BfMa] DUKHE=
F FE 1 N\ R 2116 = FE R (L

IE—EHAC AR, MRS RE ARG T R L R AL NERE D, —S R N B S R AR EIA K RE,
H—WaHRANBREZEREB R SR EEEN T2, R 6-2 B/R T E BRI F R AHEZRH
Bk
- MD5 1 SHA-1 EE2RRIN I, Kt EeMusEL e ERZER,
- SHA-2 Z5|H) SHA-256 B ZEMMREELEZ —, TIARHBIRIINBERZEG], NitEHESEE
2 B iR
- SHA-3 #H# SHA-2 FEHFHEM. s5IEXEES, HEREHBEZEAL SHA-2 R,

* 6-2 W RAHEREEL

MD5 SHA-1 SHA-2 SHA-3

HEH 1992 1995 2002 2008

il

R 128 bit 160 bit 256/512 bit 224/256/384/512

& bit

W L& 2 0% R R

%

eE 1k, ERRINHE K, EBINK & =

# 7

JEE FH EWEA, MAREREREEN B BB S5E,. BF%sa ARSI SHA-2
% &

6.3.4 BHGEEERE

BATRIE, MERR key ATDUREEEL, /NEELTHFERA, F23GE S EE § A5 BRI AR AN ER
HORHAE, FURGEHAMEER TR, DA Python 2, T ] DAREAY hash() BRI AEH LA FE R I
AOHER E

- BRI MR ERER A S,

- TR T RO R ERH R, A RSB REEE R BT,

- TCHARERER BT RETHEE, ARFSEEREHSER, SEIHE—HRE,
- P RORERER N HEC R O A R, BIRE SRR TR, A EBER N AL R,

Tip
R, AFEERGE S N E R R XA E FN AR,

// === File: built_in_hash. java ===
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int num = 3;
int hashNum = Integer.hashCode(num);

/] B 3 BHEES 3

boolean bol = true;
int hashBol = Boolean.hashCode(bol);
/] FBHE true WEEEES 1231

double dec = 3.14159;
int hashDec = Double.hashCode(dec);
[/ NEX 3.14159 HIFEEEZ -1340954729

String str = "Hello ;EE%";
int hashStr = str.hashCode();
/] FEB “Hello EEX" HHZEES -727081396

Object[] arr = { 12836, " /N\IR" };
int hashTup = Arrays.hashCode(arr);
// FE% [12836, /\IR] EVBEEESR 1151158

ListNode obj = new ListNode(0);
int hashObj = obj.hashCode();
/] ENEEYIME utils.ListNode@7dcSe7b4 BYGEE({EZ 2110121908

fERFLEAGE S, RAATEYIEA 2R R key o RINFRIVIFERS] (BHEREZ)) 157 key , E R

SIRIN A ALy, ERIRERENRE K5, RIFBERERNERHERFEILH value T,

R EE Y (PLansiss sy EnRs) AR BB PR v E ), HERATREER. ERE AR

ARG E R, REEYIRRI N AR TR, [HERRCIRR IR, MR ET RN,

ALDAIRATREREBIE AR E TR, @R ER AR, 82K % Python HARRERFIREL
B, ARG 2y AR UM —MEBEERIEE (salt) {H. SREMIERT LA 1L HashDoS K%, 1271 #i%

HEEN 2 2,

6.4 /&5

1. ERHORE

- A key , MERRAEHMIE O(1) RHINERIE value, RCERIEH .
- W RRER R IR, RTINS, MEREEERIE SRR R,
© MERTIUE key BIMTPHAIZRS], SETT & B EAR I IEI value .

- WEARIEI key AIRETEACBMEZ R ARG RIMRIATRESIR S|, ERAMG R, EEIR BN

RER,

C MEERRAREKR, MRERIOMERIT, FIATDUEE A RER R AR R @S, B A

L, MERRBARERIBEHIR A,
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- AR T ERAMRRPTREEIRDMEE, JUTEREROEERE, BAEERERRER
IS

- GEEUATHEEE I BT R L A S RS, TR ERTT R R R — (AR fR g h, JRT, Sk RS
B R G RERAERRCR, AT DA — R Sl Ak 5 518 5 2 AL R R AR R R

- BABCEAEIER 2 R R AR B R, MR EEHEE SR, SRR AREMERCR, BASELER
o ZURREZ T 2R MU TIRN, MESRIEIRE E AR A RS, H2EMERR G 7 EHR
Ho

- ANERERFE SR T ANFEREREER, fIan, Java 9 Hashmap fEASENALE, T Python i) Dict £%
FHBRARCE AL

- AR, MR EMEEEEAAWRE, SRR GRS, fERmET, MREERE
VERZ B AR AN S AU

© MEREEREE R KE B, DR IRERERE G 0, MR ER,

W RAEERRE A RS MDS, SHA-1, SHA-2 f1 SHA-3 5, MD5 # ARS8k, SHA-2 &
PRI 22 2 8 P B ko

- EAEEEE LB R ER, ARGHERERRP MRS BEERT, AR
Y IF R AT RER R,

2. Q&A

Q: MMM REE(HETE I T2 O(n) ?

ERERE S L R E R, MARNEEREGIRMLE O(n) . ERZEEAZEHE KR, ARZT K
AR, EEBCER, REEHRER O(1) . FMERRGES WEMRRRR, WER AR EEHE R
O(l) o

Q: AftENMIAMZEERX f(r) =« WE? BRMAGHERT,

7E f(z) = o BB, SEFCREERE RG], SHRMESIEE, A, 8IS RN
il (FESIREE), MR R RRE PR B EY R, RaEG, MERRN R —EEoRr
AR e T — E NS, R O(1) ERRR,

Q: MERIEEBUZMEY, SEBY, oo, B BReRE] e E mle?
B, MRRNRRBCRES, ESMEPEREIRT, MREAMHE R RERE,

Hik, HBERE SR R ERCREE S T Q1R —ME I RERES 75 AH R A IR ] 46 E 2 T 6 FH Pei 271 el g A 5
SIEEL, ARESEE LUK E R, SR ARG R TR, e M BOHE R,

15, HEERIF I ATRESS A S, BIATERERGrIErR, BRPTERER (E A 8 5 o AT LR AT 2 3
fE, IBRAEIRILE O(n) BRIER.

Q: ZRFEEA NREEFEMBRITRAVERIEIE? AR 2% CLHERAY 2 & RE R R E IS ?

ZUCHER B BACE LR — R, BRBCEHETAEA AN REE R MIPR TR ARG, FEEIBLMER, e EmpR
Az T DARHRBE . BT sRim AR AR, I H OB @ iR s R 2 CMPRAO A B iRy, %A B AT DA
BOFTTCRE M. IERRIMELRE LR MER RIIR I A EE, RERAEMER R A SR R,

Q: AftEL EMRES, EaTRAVRHE & HBTREE @R 0E?

A AR IR 2@ A 72 bR SR B S B R A S (B, 32 key AILED, EMLICGRARRER, Rk, HIERE
EENRIETECRUE NP RARIRE &, SRS MRS A A s R 2 1
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Q: ZfT MR RIE A RESAR R 7

MR A RE P EERBESIRE n B (RED), EEHEEREMNYIRSEEN; EHAR, MR
& n AL, T key BERIRFBAIRERAEZML, JFUTEIER — M Z 8 key , FEIARATREE B
£ B A (0 L S TN Bk £ 3 S TN g N
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Abstract
SRR FMAEM ), RIREK, 7Rk,
TABMER TERIMEIEEEEE,
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7.1 =i

—7okd (binary tree) 2—MEIRARMEERIAGR, AR " B R ZMRIREREFR, 8BRT “—0%
=7 W inE, BSEAEERYIREL, “UTEREARITRER, SEERTESE,. £ RS G TR
ElLiER

[* ZITIEREERR */

class TreeNode {
int val; /] EREL(E
TreeNode left; // AEFHIEES|A
TreeNode right; // BFEIR45|H
TreeNode(int x) { val = x; }

HEHEEAMES I (51, 2 AfEAEFEE (left-child node) Fl1#HEF&i% (right-child node), #ZHHZ,
WeRm 2y i T ER BN R EEE (parent node), HE&AE—E —JTRIRVETIRERE, FRMAFSZ B A T R H
PUR EiBS T B R & 2 B £ F48 (left subtree), FIFERIISHAFH (right subtree),

fEekh, BRIEEEGSE, FAbPTA @R e S FERRES i, aiE 7-1 For, WERAE HRG 2”7 AR
iR, AIEEFERGG FETR A CHTRE 47 F0 “HiRG 57, TR “HIRG 4 S DUNEIRTE A,
AFEHE “HiR 5 MH DU ERTE AR

=i SLERE

binary tree

\
E?;W ﬁm&

T aFH

ANV
ivivi

Ml 7-1 HiEE FHiRG T8

7.1.1 ZiEE RAEE
— TR FATEANE 7-2 BT,
- IRENEE (rootnode): MR ITHITEERVEEL, BB KHiEL,
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- EHEE (leafnode): A FHIBGHIENRS, HEEIEEEIFEA None o

- 8 (edge): HEARMIEMIRGHIAREL, HEIRGSIH (EFD.

- HIESFTERIE (level): ETHEOEN, WRERFEES 1.

- HIBSHIE (degree): ENBGHUTHIBGHVECR. £ —Jcfirh, ERIBUEEIERE 0. 1. 2,
- KRB (height): FERRENRGE RIS IE ERE T A B AR

- HIBSHREE (depth) : (AR GRS 2 5 6 RG T A I B 1Y B

- HIEHEE (height): {ERRREZENRG BOERISEHTREX SR B B R ER.

IRENRE

- 1 T T~
SN N A

= [ /)

¥

)
1]
[y

=B

& 7-2 —JokE AAE

Tip
FER, BIMEHER ST M R ERA “RERNBNEE", (HA%E M TR HE
B KBREBEE", EEEENS, SEMRERTEEMN 1,

7.1.2 ZoBBEREE

1. s

BAGEASERBIRRAML, EeOIan LRy, REMES I (.
// === File: binary_tree.java ===

/] #sALERRS

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);
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/] HBEEHRZEN5IA (5%
nl.left = n2;
nl.right = n3;
n2.left = n4;
n2.right = n5;

2. HENERMIBRERRS

BgAah R AR, (R TR P A\ BN ER SR ] DOZIB BB AR EH, [E 7-3 44t T — &R pl,

FRNEIE R ERRS
nl.left = P nl.left = n2
P.left = n2

& 7-3 £ b A S HER RS

// === File: binary_tree.java ===

TreeNode P = new TreeNode(0);
// T nl -> n2 HPREIENER P
nl.left = P;

P.left = n2;

/] MIBREREL P

nl.left = n2;

Tip
WEERRR, AR ATRE GO TR R R A R AR, T I R 9 e TR T Rk 7 A
e FRt. R, fE—Jofirh, MARMERER 2 H —EREL SR, UEIAERERIERE,
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7.1.3 ER_TEEE
1. EEZE
N 7-4 fiir, 527t (perfect binary tree) FTf 8 HOETBE BT HE o2 R HEN, 165226 —okirh, SEERBLARE

B0, HBATEEHBIES 2 HHOEES b, AESAEE 20 — 1, LEEENIEHERGR, K
BT B AR RRATIRE 2 RELE

Tip
FRTERL, TEFRSCHEBEA, 5838 TR i 1RE 2 — ol

SER i
perfect binary tree

(hiia R —Toh)

PR R RO ERREER AR A

& 7-4 523 okt

2. B2 H

aniE 7-5 iR, se2 =7k (complete binary tree) A RIEE N EIBARPHEN, ARCEHEHREREAH
o mEIER, SEEITRHLE—IRsER T ITR,

ST

complete binary tree

REEHRELIRT, EtEERR SN
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7-5 SEeJuhd

3. S

GnlE 7-6 AR, Sem_schd (full binary tree) FRTIEENEEZ AN, HERATH HiRGET A R E 1 HikG,

// \\ ]
full binary tree

FREENRERIER 0 =X 2

& 7-6  Seim okt

4. FH—oiE

GnlEl 7-7 FoR, T okt (balanced binary tree) HHETRENRLH /L T RIAIG T RIHY R 2 ZRVEEHEAE
1,

d=-1
O =T
d= 1/ d= 1/ \ balanced binary tree
d d-= d=
’ ’ ’ RO EFHBE - STHEE - d
/ \ Al oot a e RS ERmE [d] < 1
d=0 d=0

7-7 P ook

7.1.4 —THErEEk

7-8 R T e ERAR AL R EIR (LA M, B TRV B R ECOE NN, R “ER Tkt MiEAT
A HRE R — IR, —ITEHRLRy “SEASEAT,
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- SERTITRHEEENN, AIDAEr B I Toie” MBS
- SlESERSIRIE 5 —E, A TEBREEE R AR, RRTEREERLE O(n) .

4
N 9
[\ )\ /
4
M b, SBALAE
sl iR

[ 7-8 TR A B AL Bl i 2= A
R 7-1 R, (EREGHENREEMT, —IuMREEREER, MR SEFEIIAESNR]ME,

R 7-1 IR BRI R AN

SER I SRS
51 AR ERE R AR 1
FE A h B 28 1
Ry D R B R AR | h+1

HIRGARES n IOIATSE logy(n+1)—1 n—1

7.2 ZiiEiEss

TEVTHAS R AR, KR — TR BEAS ARSI RO BRGNS, I HOE R 77 sUR B B R (e T e R, AR
i, e —EEEAR RSN, IS ESE SR eSSl B S SEANERE, TR SRR E L,

el RIES R EIEE R ES . BiEES. PRESBEE %,
7.2.1 BIFED

GnlE 7-9 FiR, BREF (level-ordertraversal) fETHERFIRARZE LR — oo, WAEE—EIZRIEERIGH
JNE 7 7 i
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B EAYE FEREEBSES (breadth-first traversal), tEEEBELIES (breadth-first search, BFS),
THEET & “—E—ERIMER” B ET TR

REREED

/4’\\\
/_ REED (G5 @ M)

79 ZIRIE R ER

1. BERBER

B ERNE R FED “TH” AEBL, (TS “JoEh” A, TR A NG e
AORERN, mEERA SRR 2, TR

// === File: binary_tree_bfs.java ===

[* BFE */
List<Integer> levelOrder(TreeNode root) {
/] MEALTHI, INREGRS
Queue<TreeNode> queue = new LinkedList<>();
queue.add(root);
/] Ma—ESR, BREFEESRFS!
List<Integer> list = new ArraylList<>();
while (!queue.isEmpty()) {
TreeNode node = queue.poll(); // %I
list.add(node.val); /] HEFEELE
if (node.left != null)
queue.offer(node.left); // EFEIZENTI
if (node.right != null)
queue.offer(node.right); // BFEIEENTI

}

return list;
}
2. EHEDN

WIS 25 O(n) : FPA SR — R, M O(n) B, Hr n ZBee,
SRR S O(n) : EREWMNT, W~ oHrs, EHERRE 2, 5500 5% R
(n+ 1)/2 f6E%, 158 O(n) 22/,
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7.2.2 mifF. HFF. BFED

HE#, wiF. FRREFEREE RN RESRLES (depth-first traversal), HWFHRE@LES (depth-first
search, DFS), TCH#H 17— “JoERSHE, HRWEE” 1EH T

7-10 JoR 17 TR TR S E R 10 AR, IR BB RS R S R TR A —
W, fEREEREERE =(aE, 2hBERFEES. HRERNREET.

def dfs(root):
" TR RE B
A if root is None: return
k ® EEE AT H
dfs(root.left)

@ ENMAETFH, EgDREFE
dfs(root.right)

O EEFHIMELR, HEE

REWEED 0 O,

HiFFEDS (f @ RaARENE)
1, 2, 4, 5, 3, 6, 7
HREES (F @ BRI
4, 2,5, 1, 6, 3, 7
wEFES (f @ RHRER)
4,5, 2,6, 7,3, 1

[ 7-10 —IJCiSERIRTE. TP BFET

1. EXBER
IR B @ H R B
// === File: binary_tree_dfs.java ===

[* BIFFER */
voild preOrder(TreeNode root) {
if (root == null)
return;
/] FREBEIER: RETR -> AFE -> GFE
list.add(root.val);
preOrder(root.left);
preOrder(root.right);
}

/% REEER */
void inOrder(TreeNode root) {
if (root == null)

return;
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/] HEBEIER: £FE -> REE -> 5F8
inOrder(root.left);
list.add(root.val);
inOrder(root.right);
}

|* BREE */
void postOrder(TreeNode root) {
if (root == null)
return;
/] FREBEIER: EFE -> 5FE -> RER
postOrder(root.left);
postOrder(root.right);
list.add(root.val);

Tip

REES S MR DEOIENRED, A BEREE A DA T

7-11 J&/R 1 R E R U AR E AR, HalorZy IR A1 T WS A

1. “IB” FoRBHGTTE, RS T —E R,
2. " FoRRIRE], ARERTER AR HEER,

; B: mE
< @: BLEE
Q\ 7 MRS (@ EUMDHL)
1

6000

[ step 1 ] Step 2

B B TR
@: e

BIFFERS (1F @ FEIRIER)
1, 2, &

[ Step 3 ( Step 4

iB: AR
@: ) EE

HIFFER (F @ MR
1, 2

B TR
&: AL

HIFEN (£ @ Mk
1,2, 4
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B g
@: EEEH

HIFFER (1F @ MRIRIER)
1, 2, 4, 5

s

B: mTER
a: ke

HiFFERS (f @ MIRIER)
1, 2, 4,5, 3

[ step 7 | Step 8

& B TR
@: @ LEE#H

BIFFERS (F @ EERIENR)
1,2, 4,5,3,6

[Step9] step 10 |

& TR
a: e e

HIFES (@ M)
1,2,4,5,3,6,7

Step 11

7-11 HiFERH PR &

. EHESR

N

INFRIBEE R O(n) @ FTAHEEEEIR—R, A O(n) K.

iB&: TR
@: @ L

HIFED (£ @ maRiEEs)
1,2, 4,5

B AR
@: ke

HiFEES (F @ M)
1,2, 4,5,3,6

B TR
&: @

WIFFES (7F @ MR
1,2, 4,5, 3,6,7

THBGRER O(n) - EEREBIT, HENEMLAHASRIIR, WIEREES n, REEMH O(n) H

B,
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7.3 ZridfEYIRT

TESESE RPN T, —IrRIE7 BT 2 i8S TreeNode , HiRh 2 MIZIBIEEAHEAR, L —iM4E T AL B
TR NI ZTTR S IHE AR,

AR, FRARES FIMS AR —ektle? B2 HER.

7.3.1 RRFTEZTHE
ST — IR B, BT —MEIE TR, TR SRR I S R IE Y B — A, R
] B S R O — [ BB 223

IRVERE A ORI, FAF AT DR SR ER B R 5 | Bl T JiRE R 5 | Z IR "B A" HEEEENRS % 0,
WIRZEE FHBE RS2 20 + 1, A FHEIBRSI2 20 + 2, 8 7-12 R T A EHRER 5 | 2 FIRTH R
o

aﬁ%azjy ) \
//1\\ //2\\ MRS i

¥ swmes

PLUPLV L PL s

AFHRERS|: 2i+2

7 8 9 10 11 12 13 14
fEFARE% Foom — ot

HIRGERS| 0 12 3 456 7 8 91011121314
BRETFS

@ 7-12 Se3 —TrRIpEAIRR

B A A CREREEES YRR ERG DN GEED. AR R —E R, FRME] DOEE BN
AARFHEERE () FHiEh

7.3.2 RREETH

SE3E —IuitE —ERHE, £ TR s H A AERT 2 None o HHIRE 2 AE A7 AL AN B 5 TG 2 None , (A
I FRAM I TRAE IR 525 5 AR AR None VBB AN MG AL B, T BMRE A 1E 2 R oSSR AT & W@ 1y AL vl v
Fl,

qniE 7-13 FioR, S —PRAESESE T, RIS IR EAE R



COE ) www.hello-algo.com 147

ZFT (FEFl) foAM—tRRm = ok

pEFI&s] 0 1 2 3 4 56 7 8 9

| 35 l(1]2]3]4]6]7]8]9]12[15]

8 7-13 J& Rl 5B 2 A TR Rl e

P T MRDRIEIEIRE,  FRAPTAT DA R AERE AL 9 e S UM R W A None o 2111 7-14 DR, SHUETHR, &
e B A a] DAME— R — ook 1o RBIRRINHEATT :

/* ZITRIRREYIRR */
// A int BUEZESER Integer , FLBILMER null FRABSEZ=(U
Integer[] tree = { 1, 2, 3, 4, null, 6, 7, 8, 9, null, null, 12, null, null, 15 };

ZFT (7)) AME—#hRTIh = ok

EFIRSI 012 3 456 7 8 91011121314
BREEDF

=i

7-14 EERIR = o A R

EERINE, e oBHER B MR ESIRIOR ., FIFEEE T ER, None {HBIERIKE HEH
RINCE, BRIBEFTA None —i2 RBRAERG R LRl SR RS,

ISR (A SRR e 2 i, RTDAEISREE AT None , BRI, [ 7-15 & H T @K1+,
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ERESFT ()

ERTETH
AR TR

BRFESBFS ()

8880800000

7-15 584 IS FRR

AR E L 7 —BRIE RS ORI s, B45 DL R 2R A,

MESCHTES, BINERME. £ (B) FHiR KHiE,
i HPER . BEET. BPERT

// === File: array_binary_tree.java ===

/* FESIRR TR ZIiaigR */
class ArrayBinaryTree {

private List<Integer> tree;

/* BiEF */
public ArrayBinaryTree(List<Integer> arr) {

tree = new ArraylList<>(arr);

[* BIIBRE */
public int size() {
return tree.size();

}

[* BERS|% 1 EEAIE */
public Integer val(int i) {
/] BR5ER, BLERE null , RERE(L
if (1 <0 || 1>=size())
return null;

return tree.get(i);

[* EERFE5|A 1 BN AFEIRNERS] */
public Integer left(int i) {
return 2 * 1 + 1;
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[* RS A { HRNAFEIRMZRS] */
public Integer right(int i) {

return 2 * 1 + 2;

/* EEYES|A 1 BRMIRERNERS] */
public Integer parent(int i) {
return (1 - 1) / 2;

/* R */
public List<Integer> levelOrder() {
List<Integer> res = new ArraylList<>();
/] BEXEERRES
for (int 1 = 0; 1 < size(); i++) {
if (val(i) != null)
res.add(val(i));
}

return res;

[* REBSKES */
private void dfs(Integer i, String order, List<Integer> res) {
/] BRZ=AL, AlRE]
if (val(i) == null)
return;
/] BIFESR
if ("pre".equals(order))
res.add(val(i));
dfs(left(i), order, res);
/| RFEH
if ("in".equals(order))
res.add(val(i));
dfs(right(i), order, res);
/] #BFESF
if ("post".equals(order))
res.add(val(i));

/% B */

public List<Integer> preOrder() {
List<Integer> res = new ArraylList<>();
dfs(0, "pre", res);

return res;

[* R */
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public List<Integer> inOrder() {
List<Integer> res = new ArraylList<>();
dfs(0, "in", res);
return res;

}

[* BEFES */

public List<Integer> postOrder() {
List<Integer> res = new ArraylList<>();
dfs(0, "post", res);

return res;

7.3.3 BER{FERY

oA R R EA DL R

- AR RO R S T, BPPRIBCAAT, R B R R R
- AREGHFEE, s,
- SURFRER T TR

SR, FAFOR thF A — L2 fRIR

- PSR RO LR S R, R EANE & (6 7 BOR EB RO
- TN RS TR EOE I S A\ BB R R BB, R,
- E TR EAE KR None I, A LS HTERT R LMK, SRR,

7.4 —igsE

aniE 7-16 Fis, —ciEEt (binary search tree) i & DA N &fH,

1. BRARETRS, =B pra ERHE < REEHIE < G P ara HEiRRIME.
2. (EREBSHIE, AR —oria, RIFEBENRREMT 1. .
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ZiEan

binary search tree

@ 7-16 —orig st

7.4.1 ZiiESBRIRE

el et S 4 & —{E%E R BinarySearchTree , Wi'E & — AL E S E root , Fi&FI VAR HiEh,

1. EHEES

$eC HARENRGE num , AT DURSR e SRR M E AR &R, WE 7-17 o, BATES @R cor, /€T
FARAREES root tH3%, N LLIEIRS(E cur.val 1 num Z FRIHTR/NE R,

© ficur.val < num, RAABEIEEIBSTE cur G R, REEHAT cur = cur.right,
© ficur.val > num, RBABEEEIBSTE cur B PRI, BRIHAT cur = cur.left,
© A cur.val = num, FEAATRE|EFEETES, Bk R IR [ E% RS,

E=aanrEnng (@) E-mgsurEnng (@)

Step 1 Step 2




BT7E M www.hello-algo.com 152

EZ RSN IR EZ RS RN ER

90 AT

M 7-17 s E R Rel

— T SR A AR Y SR TR 5, AR . R % T
R, 4 TeITERE, 5 O(logn) B, mEIESREEL T

// === File: bilnary_search_tree.java ===

[* EHENRL */
TreeNode search(int num) {
TreeNode cur = root;
/] EEEH, HEEMRENkEY
while (cur != null) {
/] BiZEEEE cur MAEFEH
if (cur.val < num)
cur = cur.right;
// BEIEERE cur EFREF
else if (cur.val > num)
cur = cur.left;
/] HREBIRER, PHEE
else
break;
}
/] BREIBIRER

return cur;

2. HENEDES

S —EFEATCE nun, A TR JTESE F T8 < IR < AT BHE, HmARERENE
7-18 Fliro

1. AEHHHEAGCE: BAEREREC, ORERHEE, RIRERTEEMER num FAONRFREE R s, J
FIHOBZEEES GEFIZE None ) IRFBEHIIEFE,
2. TEEN EIAGIRS: FIGILEIES num , IFRZEIESE R None MU E,
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E-resHmENDE @

M 7-18 1E— i B rhim AR

FEREABEE Y, TEERLL N mE

“ni SRR AR EEER, SRRERHEER, B, SREmASRBERTCRE, AT
A, HIZR[E,
- Zy T EBIAEES, BT EREBNENRS pre (7 L —EmHERIENRG, ISHAEETIE None IR, TR A
JEHREFLAQENRG, TETm S i R AR Ao

// === File: binary_search_tree.java ===

[* HRNEARL */
void insert(int num) {
/] B, RIMRAIRER,
if (root == null) {
root = new TreeNode(num);
return;
}
TreeNode cur = root, pre = null;
/] BEEH, HAEEkL
while (cur != null) {
/] HREEEER, HEHRE
if (cur.val == num)
return;
pre = cur;
/] ENUEE cur BIGEFHEA
if (cur.val < num)
cur = cur.right;
/] BNUETE cur BIAEFHEH

else
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cur = cur.left;
}
/] HENEES
TreeNode node = new TreeNode(num);
if (pre.val < num)
pre.right = node;
else

pre.left = node;

—

BTSRRI, GRS O(logn) Wik,

3. MIBRERES

JelE e R AR EARENRS, FRARENER, B ERECL, RMTERBEMRR KR, —os
B "oy < AREES <A TR BOMEEDAINE, Blit, IR BRI FHiREE, 20, 12 =
REIEDL, BT BB ERE R R

GniE 7-19 Fiow, ERFMERERGAIE S O K, FoRazEnBi2 R, o] IEEmPR,

et LY T )

00000000
cur
) BB cur 89 . BRI
1. BRI cur FEEmE - 0 ’ i}lﬁmpre c{':ftﬂm s

7-19 el Erh PR (2% 0)

aniE 7-20 FivR, ERFMIBRETESAVE R 1 IE, ARIBR 60T RS 2 4 2 HoF E B R ]



HIE M

www.hello-algo.com

155

E-RamnRDE ©

1. ZHRHMPREES cur

v Hi%S cur 09
FHRHYE = 1

2. # cur BRAHTHS
1T pre.left = cur.right

@ 7-20 £ ciE=mrhmBREE B4 1)

ERHMPRETRAIRE S 2 Ky, MR ERMPRE,

E-esmErmREl (O

1. EWEREREDE cur

l Step 1 ‘

1. EWSRHIIRER cur

v EiR cur WFHEME - 2

2. MIRRERRS cur HAR=YH:
(1) & cur ERFEDHHRRBIE nex
(2) FEZTHRTRERFREE nex

Step 3 |

T (0 P — (TR Rk R, PR R T st
ETR < ARETE < AT BIME,  RIkiE (8 T DURAS 7RG B R el 1 B K

(R AR TR R/ NG (PP B R R — 6,

1. BREFMEREESE “HPERI A" R —(E R,
2. tmp AOEFE ZERFIEREIREAOME, 16 FE R POgE B M BRERTRS tmp o

HIfHBREERAR a0 & 7-21 PR,
A4 tmp o

EoEaETIsEs 0

1. EWEHEREHRE cur
v g cur MFHIRHE - 2

2. MFRESES cur BR=D:
(1) & cur ERFEHNRBE nex

Step 2

Step &

1. EHFEBIBRER cur
v HiE cur WFHEHE - 2

2. MFREDES cur RR=Y:

(1) &H cur EPFEDHRBEDE nex
(2) HEZFTHTETHEREDE nex

(3) #6HEH%: nex EFRAHEES cur

00000

7-21 tEuiaEh PR (% 2)
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TR O(logn) Kif, Hrb&#AMEREHRTE O(logn) KM, EEHF ERZEHR
FE O(logn) Wi, REIFEHEELT:

// === File: binary_search_tree.java ===

[* MIBRERRL */
void remove(int num) {
/] BRRE, BEREINHRE
if (root == null)
return;
TreeNode cur = root, pre = null;
/] BEEH, HBEMRENN
while (cur != null) {
/] HREERIERETRS, BiiEE
if (cur.val == num)
break;
pre = cur;
/] EMIBRERBETE cur BB TR
if (cur.val < num)
cur = cur.right;
/] FFMIBRERRETE cur B9 TR
else
cur = cur.left;
}
/] HEGRIFRER, BIEEHRE
if (cur == null)
return;
/] FEORLEIE = 0 or 1
if (cur.left == null || cur.right == null) {
/] EFEREE =0 / 1 B, child = null / ZFEIR
TreeNode child = cur.left != null ? cur.left : cur.right;
/] MIBRERRL cur
if (cur != root) {
if (pre.left == cur)
pre.left = child;
else
pre.right = child;
} else {
/] ERBRERELZAIRETRL, HIEMEERETR,
root = child;
}
}
/] FEIELEIE = 2
else {
/] EEHFEESHF cur BT —EER
TreeNode tmp = cur.right;
while (tmp.left != null) {
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tmp = tmp.left;
}
/] ECRFRERFE tmp
remove(tmp.val);
/] B tmp BE cur

cur.val = tmp.val;

4. PEFEHEF
GniE 7-22 fioR, oo ERSTENE L — IR — A7 BESIIER, Mo TiESsNE i <R
i < A THIET BOR/NER,

ERWEE oS Mg TR ESIR, RZGEIOEN TR/, S EEEE o
B ERi R THE .

AR ES TR AEE, FME oSS ERE FERMER O(n) K, SZEETEINOHETRIE,

FEH =L

/! .‘\
K
1
“ & '~ ‘\
L 5’ \\ Seo _ -
g S, = TR
K 7
' 1.2 H
’,' 9 ' A AW 2, 4, 6, 8, 10, 12, 14
K ’f’ -\‘ ‘\\ 'l 'c"“l X ;
; 0y ! \‘ ‘/ H : ‘\‘ )
XY\ .\ TURFARE
' H H "y H N
H '
~. R \s_.!," .~_._ _____ . -
REFERE,

ENRETE @ EEAREHR]

@ 7-22 i ER T

7.4.2 ZiESEnNE
e —HHER, FIAME RS o SRR, BIERR 7-2, TR S A AR O AR R A
EEERE, BEREEHSMIREE. eSS, (EERMRERAERET, R oSk

?EI_JO

R 7-2 [H B S R R L
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i3 07—t E Y
##eE  O(n) O(logn)
mATE O(1) O(logn)
MiExT®E  O(n) O(logn)

FEHAARBITS, —ooisfhE EET B9, EREAT DAE log n Sl 9 & s R TR

SRI, ARBAE TS B AN Bb i AFIIHPRENRS, n]REEB TR 7-23 Frnysdsi s, 18
AR IR E A R &R 2 O(n) o

4
O P!
[\ /0 /
4
TR e B 4 BRI STIESH

& 7-23 o =R

7.4.3 i SEERER

- AERSHIZ RS, EEERER, WA HEREE,
- VER R S I RR R RS B R
- HREEFER, CARFFEEAFIRE,

7.5 AVL §# *

15 “ItIgBE EERRIMES, ESURATIMRIRIES, It SRR AR R, (SRR
WUF, FPEHRERR RIS O(logn) 2% O(n) .

GniE 7-24 FoR, AEEMRIMERERHRCE, SR TS BHE & IR (L A SR AG RS,
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[\ / /

MEXEEES 5 MIFRERR: 3

[\ [\ /

i o 58 = o EEEY

7-24  AVL RH7EMHERERG R 3% 4B L

N, fEE 7-25 FroRiysesE oo i A EERGR, B EREE M A ER, BRI RS thhE
%1k,

[\ [\ [\

NG 2 BAEE 1

/ /

B By
S Fi—shl B

7-25 AVL RH7ER A\ Hidh R34 B

1962  G. M. Adelson-Velsky #1 E. M. Landis 7 i X “An algorithm for the organization of
information” F{gH T AVL 8. SSCHERAIRNER T —RYIERME, FERIERERTE IR, AVL SR
iRk, M SAERERR R RRE O(logn) M., AIEER, 16T ZSREEIT M &S RE
AR, AVL BSREMRAORFS e B R R RE, BRI IE A E(E,

7.5.1 AVL BiE R#yEE

AVL e —ooiady, 2 Pl ook, FRmeSmBE TR atE, Ritbe —Erg s

(balanced binary search tree),
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HIR AVL R AAHRR TR Z IR = i, [R5 2 25 BT MY height SEHL:

/* AVL FEIEREEEER] */

class TreeNode {
public int val; /] ENEL(E
public int height; /] EEE
public TreeNode left; // AFEIEL
public TreeNode right; // &FEIEL
public TreeNode(int x) { val = x; }

“HIR ST BRI AR RIS EER MR, RIATAGER BT BE, FERAIEENE, EH
A2 O, TZSHIBRIEER —1 o TPz w8 THEE, 7l FH 8 BOR 58 7 6 B A v

/] === File: avl_tree.java ===

[* EREEREE */
int height(TreeNode node) {
/] EEHEES -1, EHNMEES 0

return node == null ? -1 : node.height;

[* EHFEREE */
void updateHeight(TreeNode node) {
/] BHEEEREESFEEE + 1
node.height = Math.max(height(node.left), height(node.right)) + 1;

2. ERRETBIEF

HiRHTFEEF (balance factor) A HIR A RN EREG TRINTEE, [FIRE S HRE iR 1
75 0o FRARIRASE R R T K RIS REBHR AR 3, 77 ERSE :

// === File: avl_tree.java ===

[* EECEEERERTF */
int balanceFactor(TreeNode node) {
/] ZEHTEEFS 0
if (node == null)
return 0;
/] BEFEERTF = EFERE - EFEEE
return height(node.left) - height(node.right);
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Tip
ROPEA T2y f , AI—#R AVL BROE R EERA PR B e -1 < f < 1.

7.5.2 AVL iihEEs
AVL BB el $R0E, DREMTE R eI R R E S I RTIE R, et e By e BTk
5, MATEER, HOEMRCEUEREORER “ TSR MVEE, WAMERENEL R TR,

TR A EHE > 1 BOHTRRE 2 “RHTHTRET, MURETRAHT ORI,  DEEHR R A A A HE.
TElE. SehlER e, SelEBeR G, N AT AR IS L e R

1. Bk

qniE 7-26 AR, RGN R PR T TEURETRE, oMb EEAMERE “HiRG 37, BB DA
FRG R AR ETRE TR, S RZHTRERC 2 node , HATFHIBGECA child, BT “Hle” #fF. sellbheR, ¥
PRI, A BATPACRE: — et S rI 1R

iR / 2 \ / \
BAEAGNT

ode WIREEEEA node
WEFELRES child

g ‘°=\

Step 1 Step 2
N\ R R / N R R
EHRETE ‘10/‘
1. Bl child %R, #& node MGHEH h;; 1. Bl child %RE, #& node BHGIEH
i

o 2. A child BRLAT node MR
0 L]

/[h;h)\ ; LIRERE, BT HERRETY

node

Step 3 Step &

& 7-26 HHEERELER

W& 7-27 pion, EEIES child 54 THiBS (BU4 grand_child ) K, TFEEAHETHIE —D: ¥ grand_child
1E%5 node P/ T EiiBh,
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o =/
o

A
/ grand_child /

7-27 # grand_child f45 FEdg(E

“TEHEE” RMEERERERTE, B EREESREAERTEEARED, BN NR:
/] === File: avl_tree.java ===

[* GHER(E */

TreeNode rightRotate(TreeNode node) {
TreeNode child = node.left;
TreeNode grandChild = child.right;
/] VA child %JREE, #§ node MATEHE
child.right = node;
node.left = grandChild;

/] EFERSE
updateHeight(node);
updateHeight(child);

/] REIEEEF R RIARERS

return child;

2. EhE

M, GISRZ I IR iRy "R, RITREHITIE 7-28 Foni) “Zehe” 1#1E.
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@ 7-28 JelietlE

FH, ol 7-29 AR, EEiES child B A FHiRG (G074 grand_child ) K, FREIELEFHE—F: ¥
grand_child % node HY45 ik,

\
\ ) )

7-29 A grand_child M/ HERE

AT DABIE, A ReRe ek e e LR B, EM o IR MR B R DL R B, FEBRE
M, BOIRTRA R EREXBHRIER left B2 right, AFATER right RS left, RIRMSE]
FENERE B IS :

// === File: avl_tree.java ===

[* FEHERIE */

TreeNode leftRotate(TreeNode node) {
TreeNode child = node.right;
TreeNode grandChild = child.left;
// LA child A&IFEL, #& node M/Thess
child.left = node;
node.right = grandChild;
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/] EFERSE
updateHeight(node);
updateHeight(child);

/] R[EIFEEEFRBIRERRS

return child;

3. EEhEEARE

EHAE 7-30 R EES 3, (H 0 A AL HEEA HEAR A TR A S, R RS child BT “AEHE,
¥ node $UT “HlE”,

H child #iT @ # node #fT
EhE Al

@ 7-30 JCiEhEk e

4. FHBEEIHE

aniE 7-31 AR, BN ERKE ITRIRIBREE D, TESLH child $UT “HE7, ¥ node $UT “FEHE

@ 7-31 SefhER e
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5. NedSR0EE

I 7-32 Feon A PUREAR T T B IR GIREAE, oAl SR e, Seeieghahe. Jorek/iche. 7ohe

WA,

oA hE
#&ahE

FahE
&ihe

Al

7-32 AVL SR YR HEEE

GUNARFR, BT A B S 1 R - ] - DA R e v — (R - B RGP M ER A IE 198, i SR 1 e RG

J& TR E 7-32 F N WEREE T

*® 7-3 DUREHEEIAE DB R

KETERGHPHIR 7 FHIBSACFEIE T EERAREE TR
> 1 (Efmki) >0 filie

> 1 (i) <0 JeleeR A e

< —1 (ffwt) <0 FEle

< —1 (ffwt) >0 Jetiliets e

R TRERER, TR S —E 3 A TiaMeR, HMeEE SR DUE e, K

e E IR P, RIS T RTR:
// === File: avl_tree.java ===

[* BATHEEMRIE, R TFRERRETSE */
TreeNode rotate(TreeNode node) {

// TEBNERZL node HYFfEAF

int balanceFactor = balanceFactor(node);

/] At
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if (balanceFactor > 1) {
if (balanceFactor(node.left) >= 0) {
/| e
return rightRotate(node);
} else {
/] FEIEERGRE
node.left = leftRotate(node.left);
return rightRotate(node);
}
}
/] GEfmE
if (balanceFactor < -1) {
if (balanceFactor(node.right) <= 0) {
/] Ehe
return leftRotate(node);
} else {
/] FaEREELR
node.right = rightRotate(node.right);
return leftRotate(node);

}
/] T, HEARE, RO

return node;

7.5.3 AVL B BIEE
1. FENENZ

AVL SRR ARV E I e s 88 LR, WE—RIELITER, £ AVL bl ABIRGR, fEaxaishz]
ARETRABE S L ATRE & B — AP MR, Bk, PTG, AR ERIThemiRee,
Fif Rt R P, A2 AN AR :

// === File: avl_tree.java ===

[* HENERE */
void insert(int val) {

root = insertHelper(root, val);

[* EEENER (EBIEE) */
TreeNode insertHelper(TreeNode node, int val) {
if (node == null)
return new TreeNode(val);

[* 1. EABANIELENERS */
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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; // EEEETHEN, HiZR[E
updateHeight(node); // EHMEIEE
[* 2. BUTHEEHR(E, ERTFRIENRETE */
node = rotate(node);
/] REIFHEAIARERR

return node;

2. HPRERES

R, £ oo BRI MERETR T TR ST b, TEICRETERIT e iR /E, MATH KA R TRIE -,
PRI N R :

// === File: avl_tree.java ===

/* RIBRERRL */
voild remove(int val) {

root = removeHelper(root, val);

[* ELRIPRERE (BN */
TreeNode removeHelper(TreeNode node, int val) {
if (node == null)
return null;
[* 1. EAERELMIER */
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;
/] FEAREE = 0 , EH#EMIFR node R[]
if (child == null)
return null;
/] FEIEEEE = 1 , EHiEMIFR node
else
node = child;
} else {
/] FERRLEIE = 2 , BIHREESFRNTESRMER, 1AZERERE R,

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); // EMEIEE
[* 2. BUTHEEHRIE, R TFRIENIRETE */
node = rotate(node);
/] REIFHAIARERR

return node;

3. EHENRS

AVL BRI ER A s R e S o s — 3, AL,

7.5.4 AVL fiigaBiFERR

- AR RTER, B AR, (RIS RS

- HRRERERE ARG R,

- ALRRRHR — R AT oS, MHEOR AVL B, ALRRROTET RO SRR, N BRI R AR
TR B RS /D,  E R R P R B

7.6 NG

1. ERHORE

- ook REARAR YRR, BEEL C R 9TRIERR. fRE TR ARG B — (A E DA R (e
I i [ =1 L B W e A i1

- BPRTITRITPROSLE RS, HAE () THIE N DUNE BB SRR () TR

- ZOCRAOMBNEE LIS ARG, BEETEE E. B B SENRES,

- ICKERIIARML,  ERRGTE AHTETRE IH ER I B A R A R 7T TR R

- WRIZITEARIRIE SR I, e ol SEm TN ook, SE3E TR s AR YR
&, THEASH YR IR LR AR ZERE,

- TR DURBRSIFROR, T7 IR E R E A L e AR A NE R HES, AR R A B R B R < TR
R EER R A E B,

- TR E e R R R ST, BT A SMER” (R EER T, IS
BfTHIRE D,

- R, . REESTEBERREERCES, EMEER T UERIEE, HRIWAES” rES TN, M
{6 R E AR B B
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- TSR e TR ARG RN, KA, HAMMBRRERRFEERES S O(logn) .
B TS R 2 SRS RS, RIERFRIEMEEE SEE O(n) -

- AVL B, RSPy o, ©IEI8 e R R A AN BT A M ERER B A 5 2R O -

- AVL BvhesaR et e, Zohe. Suhbesaie. Jo/ehemahe. A SMBRERTR, AVL &
TR TS THE MR, Rl BRI 1E -

2. Q&A

Q: BINHE AR Tk, KR ERRERIR AR 0 152

2, RZsmEMREEE EEE “RBrENEE",

Q: Tkt AR AN B HER — e i — EIRIERC S e, JEHR “—EHRE" feTENE? AT DABR 2 B IR 1
BTGB TR AN ?

FE ol BAER ], MPRERERIEE y —ERDURHE, HrP ORI T 28T 2 8D BRIV E R SR,
Q: Zft/E DFS Esi —soh G, . B=MHrF, 7HlAMHERE?

B FP RIS e E R AL, /i, Hr. Ry ESE =M IuES 7R, BT DU e M2 — ks

TENEFPHIE RIS R FIAE sy, HRETRAVNNE AFHRE < REE < EFHRME, Wit
BRI K — R — A7 BRI ER, wa] DUES A PRI ERT,

Q: HBIEHRIF 2B LIRS node. child, grand_child ZEIRIBHR, HE node M EIBLFI node 2R HHAR
ANTHEAHENS? HIetRFRENEHH T7?

A 77 BEAE IR 5945 A 28 E I M . A5 BE#F right_rotate(root) A KYE T BRI ARG, MR
return child JR[BIGE ZHY TR HURRERRG, R B MR BRI A HTRL R ARUR T2 R FUR AR 52 Y, A
& N e R A R

Q: £ C++ 1, pRNHE#E| 532 private fl public H, BEA AT EZEREW? AT height() KA
updateHeight() BRI\ 77 BIGLTE public F private HE?

FEEENME AR, QR EREENNITEH, IBEMEEr % private o HI40, F & BRI
updateHeight() EIR B EFEM, BHEMMA. MEREEFRI—P, M height() Eh B & E, BHLOUR
vector.size(), [KIHEEERK public PAMEREH,

Q: tnfaft—AaHEg N R — IR T =87 IREEINEER AR REE?

e, MEENTECE TS BRI build_tree() A& . RRIREIRAER, RMET S
A NG RHET, AERGHEICREAREE, FEEMAERIA T BT DA KRR O 55 8 11
o

Q: ffJavaH, FHHILER—EEH equals() /7iE?

£ Java i, BHREAERIA], == ARSI LR EEERER G, BRSARA, WAERT SRR TR
2 NGl

< == FREEEWEEECE SRR @Y, BleME R A A B R A,
-+ equals(): FZRELEMEMHFIER SHEE,
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H7E M

At GnEsRBE b E, FRAMIERZAER equals() » ZAMM, 1BEi@ String a = "hi"; String b = "hi"; FJIAILHY
FHREFEAEFREEE, effsmE—E Y, FEHeTPAH a == b 2R LB ME 7 H A

Q: BB ENHERIE N, (PR 2 2 15
2R, BIERE h = 2 e, RERAN =7, AREEBNE4 =2 = (n+1)/2.
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Abstract
HEREL G R Lk, EERR, TERRRA,
JRE R L UG IR BE T, T e e PN LL R A2 i S B N R
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8.1 iR

A (heap) 22— CREMRIFAIERICH, TEa]RmERI, E 8-1 Frr.

- \EHFE (min heap): EEHIEME < HTHIZEHOME,
- KIEMERE (max heap): LEHIENE > Hr#E0E,

N N
/NN SN SN

L] L))

£ ‘B2 B 2 ‘"ems” B
EEERNE <« HFEHRNE EEHINE = HFEHENE
INERR KIBER
min heap max heap

& 8-1 /NEHEFEHL A THHERS

HERAME 2 e 2 TR —ERs ], B DURReE.

- TG ETR SRR T, ELAE A R E A
- B TR RARERRERE Sy “HERRTE”, SRR RS A ERRE S MR,
- BRORTEMERE CNEHERD), HEMTEOTER OREED ERZRKR D) 1,

8.1.1 HIRRVE BIR(E

TERRHAE, F2RAESIRERNREETT (priority queue), JER IRV, ERLHEGHE

FelE R HER T4,

B L, HERGEE R EBIBETS, RIRHERRIE R TR BV IINES HFIR B3, E6E R f
HFE, FMATLAS “EIETH” f “HER” B EREREER, BRI, REHWE ALY, 5

“i&*ﬁlﬁf”o
HERRRO R I HRIE AR 8-1, J5 IR T BIREAE 3 \aE = A E

£ 81 HRIHEINE
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Tk ik I P R P22
push() JEEAMERE O(logn)
pop() HERETE T 2R i HERR O(logn)
peek() AIFHERETEICR CRTAK / /NTEHERE 2 Bl 2 e K [ /IMED 0(1)
size() SERURERAI TR R o(1)
isEmpty() HIETHERDR 5 24 O(1)

FEERERT, AT AE R AR E S TR R HERDE R (BB 8IEAD

FCUAHE PR “TENEIRHFN” 1 “REREVINHES”, AT LUE IR SE — 1B flag BUEPX Comparator
BB UNTEHERE" B CRTEMERE” R, RIS IR

// === File: heap.java ===

[* VIRIHERR */
/] st IE#ERE

Queue<Integer> minHeap

/] MR RIEREE (B

= new PriorityQueue<>();
lambda FTRRIVIECK Comparator EPA])

Queue<Integer> maxHeap = new PriorityQueue<>((a, b) -> b - a);

[* TTERERNHER */

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

/* EEUEREIETTE */
int peek = maxHeap.peek(); // 5

[* HRIETTRHMER */

/] HERTRE R —ERARNEFT

peek = maxHeap.poll(); // 5

peek = maxHeap.poll(); // 4

peek = maxHeap.poll(); // 3

peek = maxHeap.poll(); // 2

peek = maxHeap.poll(); // 1

[* TEEUETRA/N */

int size = maxHeap.size();

[* HIEERES AT
boolean isEmpty = maxHeap.isEmpty();

*/



COR www.hello-algo.com 174

[* NIRRT +/

minHeap = new PriorityQueue<>(Arrays.asList(1, 3, 2, 5, 4));

8.1.2 HIFEMEIR

NXEHIZATERERE, 75 SR HE RS NEERE, NTRATE A NE e T (B, & > B R
<)o RRELERAFE A DLEATEBL,

1. HRNAEFRRT
TR EHENE, e IrBHAFRIE S YRR, BRHEREIER e e ek, I ERAIE R A e
AR it 1 HER o

ERAESIFRR o, JTRAREME, RoMGRERE TR E, @ATEEERR AR
AREBL

nlE 8-2 fivR, #AERGI ¢, HEFERHNRTIA 20+ 1, GFERNRTIA 20+ 2, KERHRIA
(0 —1)/2 (MTHRR), HRTIBARRE, FRBHIBEHEAELE

RS HRIMESE (KBEHTE)
“HEE 2R “mei” £/ ‘I ®E el

#l © 1 2 3 4 5 6 7 8 9 10 11

= (3000000808008

(i-1)/2 i 2i+1 2i+2

 wm | T AT

SLERBS 25 AN
BB B EIR RS

fE 8-2 HEREHYFR B (T
BATA] DURFR 5 | B A KB R A K, 7 R A -
/] === File: my_heap.java ===
[* ERVEFERBRSG] */

int left(int 1) {
return 2 * 1 + 1;
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}

/* EEVGFEIREAIZRS| */
int right(int 1) {
return 2 * 1 + 2;

}

/* FEEYREREEIERS| */
int parent(int 1) {

return (1 - 1) / 2; // A TFERK
}

2. FARERRIETTER

HERRTE TR R 2% e RUIRERRS, that2 eRsIRyEEER:

// === File: my_heap.java ===

[* shEERRIETTER */
int peek() {
return maxHeap.get(0);

}

3. TENER

MAETCR val, BIME SRS RHERR, Bl 218, B val ATREARHEREHHAITR, HEREAI LRI
FIREC AR, XIBL T S AR A E RS B R AR 1 LI S MRS, IS (AR E 2R (heapify).

ARG, RORBHPITHERL, WIE 8-3 R, FRIMELEi AHRE S QBB A(E, IR
NEABGEE R, R ez, RRESPITIIR G, WRERBEHERAPISERR, HEBaRER=08

FIEZA S ERG A SR

SN |
/\ /\ Bk @ Nem
L

MR
e —C _T
ME5IRT

| Step 1

N |
VA
VIVe

)
“\ /)

[7] Step 2
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o8 @) e

1. 1GEE 7 PSR
2. WEETREITERWK (Sift Up)

8 @) N

1. EEEE 7 SEEMRME
2. REERETERK (Sift Up)

v EiB 5 < HE 7 v EBE 5 < EARS 7
o SHATEIR
3| (000000000000 step 4
ks @ Nem e @ g

1. HEE 7 FMEEHRE
2. WEETREITEREWK (Sift Up)

1. S 7 SMEEMBR
2. REERETHERL (Sift Up)

v HE 6 < HE 7 v HE 6 < Hil 7
- AR
[step s | 0000000 sten s |
% @ e 8 @ e

1. fSEES 7 PSSR
2. REZEBETERL (Sift Up)

1. feEEs 7 FMEEMRBR
2. REERETHML (Sift Up)
v HiEE 9 > HiES 7

v iR 9 > HiRs 7
~ FEITRR

=7 (000000000000 (s

% @ Mg

1. GEE 7 MEEHRER
2. WEEBEETERL (Sift Up)
TR, ATERNIEEERIEE

Step 9 ‘

e 8-3 JLR AR ER

IR 0, QIR O(logn) o HILATA], HERCERERERREERZ 4 O(logn) , JLRAHE
BRI B & O (logn) o FRWSA RAR:

// === File: my_heap.java ===

[* TTERENHERR */
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voild push(int val) {
/] FIEEnRL
maxHeap.add(val);
/] RERETEHFEL
siftUp(size() - 1);
}

[* TEERRL 1 BAtR, WREIEHERK */
void siftUp(int 1) {
while (true) {
/] TEENERRL 1 BUKEIR
int p = parent(i);
/] B “HBIRERY o “EiREARET K, AARHEEL
if (p < 0 || maxHeap.get(i) <= maxHeap.get(p))
break;
/] AR ERRG
swap(i, p);
/] EE R AL

i=p;

4. MRATETRLER

HERETE LR 2 —CUARENRS, RIASIEICR, WERBMTEREEHRSHMERE TR, AR ok ks
MRS LR, ISR RS R MR E T RGN, & TEEBOITTRRSIER), HFR
BN RIE B

1. ZRHERETECR LR ROT R AR TR B R A5 SE 6
2. ZZHRGEIR, FHERERICHSIRINER GER, mRCRes, KSR EMERERFEARHERTETR) .
3. MEAREIRRALG, REIHRICITHERIL,

QniE 8-4 Fw, “TETHECHEREIL” HFRIETT B “TERRETHMERAIL” MG, FRAPIASHR & RS (e B H o 8 1
BEAEMETLLRR, REERORH 7 B RG BAREITRG c i, IRRIE PG T IR 1, B2 B B Y i 21 S JH S R
ETRGIRA AL R

/\ SRR , \ S T

LA !

n a\ Step 1 B e

Step 2

,
L ° |
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SERRTR R

1. RERETRBERRTERR
2. BHERMEREETR

RRIRTRLER

1. REFERTRESFERTRZSR
2. BHEFNSEMETER

3. WEERETHMK (Sift Down)

v EEDEE 5, 8, 7 W, HiRS 8 MK
- SRR 5 SIERS 8

Step 5 ‘

SRR

1. RERETRBERRTRERR

2. BHENMEREETR

3. WEERETHEMEL (Sift Down)
v JEENEE 5, 6, 7, Eik 7 Bk
- RIAERS 5 SAENRE 7

2000000800 step 7 |

ERIETRLER

1. EEATRUERET R

2. BHERESERRTE

3. WRERETERK (Sift Down)
v EEDEE 5, 3, 6 W, Hilh 6 ®A
~ ZIGEIRS 5 SRS 6

080000800000 £

0LEFEEEEEEE

H - B 0aEanaEEE

[ 8-4 HERETETTR HHERP IR

SERIATR R

1. ERIATREERRTRRR

2. BHENMERETE

3. WEERETHEWL (Sift Down)
v {EHiB 5, 8, 7 , W% 8 BK

Step 4

ERIRTREER

1. RERRTRIVERRTRTR

2. WHENRERETE

3. WEERETERK (Sift Down)
v fEHIRE 5, 6, 7 W, HiR 7 BA

Step 6 J

SERIATREER

1. ERATREERRTRRR

2. BHENNERETE

3. WEERETHEWL (Sift Down)
~ 7EER%S 5, 3, 6 o, Hik 6 ®A

Step 8

ERTRTREER

1. EEBETREERERTRZINR
2. BHEFNBRETR
3. WEERETERK (Sift Down)

ERTRE, ATBERNMEESRIEE

Step 10 J

BT AR R EARAL, MR TE TR IR AR R 2 O(logn) » FESESAI RATR:

// === File: my_heap.java ===

/* TTEREERF */
int pop() {
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/] FI=RRIE
if (isEmpty())
throw new IndexOutOfBoundsException();
/] RIIRERR R AR GHRETRERTR)
swap(0, size() - 1);
/] MIBRERES
int val = maxHeap.remove(size() - 1);
/] RIEERHTEL
siftDown(0);
/] BREBEFRIETTE
return val;

}

[* WEETRS 1 BHA, RIEERHERN */
void siftDown(int i) {
while (true) {
/] FVERERES 1, 1, r PERAKVER, 55 ma
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;
/] EEEE 1 RAWES| 1, r #857, QSEBEERREK, B
if (ma == 1)

break;

/] AR EREE
swap(i, ma);
/] EER T HEREL

i = ma;

8.1.3 MIEMERER

ST R 2 B (T S R VORI RS, H IR SR R R AR FE R 2 O (log )
| TEMERHRES O(n) , JELERERIER B,

- MERHE: HE 0N, BelPTRT DA P (AR, SRR RETHIBT T R R, (e
Rk, AT, TRIEH o G — R ARy BBy, BER HEREE S,

- OFEHUR ORI K EIER: TR AR R, R RS, (AR A 10 (O
BRI, BB EAT 10 RORT RS,

8.2 EIETRIR(F

FERLEARILT, B R — 8RR TR AR — (A, ISEEREE S R,
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8.2.1 FEBINMIRIZIFEIR

WM E e — AR, RBGEF S, R RETTRIUT “AHERERE", MU SR R
i, FBITRPUT WREHE" HEREL,

BE TR AAERE, HERRESN — BRERGRIETESRAR SO i e, FitERE "8k
R R,

RITREE 2 n, BRI AHERIRIEMLH O(logn) IR, FItEZ AR AR EEHE 2 O(nlogn)

o

8.2.2 EBRESMRLEIR

EFE E, B a] DU B R 2% e R T 1R, o B,

L. ARSI A ORI E R ENT g SIHERA D, MR HERE RO M B RS 2T 2
2. IR HERE (P ERIRIRIR), MRUCEHHEAFREERTT “ETHE R,

TR R — MR, DARZETRG 2B RS R — M8 S TR HERE ., 1 R R R, R AR
2 “ENIMLE” R,

ZFLOEREFEY, REAISHAEMREE NN TR EERATEN THEM, SRR E TR
A RARHI,

EfFRIINE, HREHERA FE, RIEMRRMEGIAN FHER, JRMERIE. DI REITR,
R AR R R i R — ARG AR,  BMITECRRMAMEI R E & I THER (L :

// === File: my_heap.java ===

[* BIEF, RIBEMANRTEHER */
MaxHeap(List<Integer> nums) {
/] BEFTRRHRENIIGERR
maxHeap = new ArraylList<>(nums);
/] ERRBREEEIRL AN E PR B EIRS
for (int 1 = parent(size() - 1); 1 >= 0; i1--) {
siftDown(i);

}

8.2.3 RHESR

I, TG SIS AR A T TR A IR P R

- SRR TR 2 0, BISSEEOR S (n + 1)/2, Hrb / BFTFRR, FERERERTL
HORBR 2 (n — 1)/2.,
TR MR AR A S R B, RIS IR — T logn .
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1 LRMFE AT, SRR AR REREE S O(nlogn) o MHIGMHE A REARERE, K 23RA"%
A7 B8 1) O R e G 0 2 R TR R O

B NREATAGEST B R ERE IR 2 7RISR, Badas —MERBEL n . BES L 1Y "5ERT
TOR”, kRN G R R AL R IE R,

HERE EEMRNE
(BMERERAERRE)
h — 20
/ \ 1
- h-1 S— 2
SN N |
P | [ S —— 2
VIV IVE
e =3 S 23
T 2h-1
IR, ROMEES 0) 0 2h

8-5 e _IJTRIRIA/E HiRER

qniE 8-5 Fiw, HiRG “fETHE MR RIRAOEIRBEE N E S E RGO EERE, MisZEEREER iR
T, B, PR DA RERT IR < EIRG AT SRR, 192 EES R HERTLIZ AR B AR,

T(h) =200+ 2 (h —1) + 22(h —2) + - 4+ 2= x 1
R LA RS BSUAIN, oS T(h) ML 2, 950

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

SRR, IR 2T(h) Mk R T(h) , wfa:
2T(h) —T(h) = T(h) = —2°h + 2 + 22 4 ... 4 2h—1 4 2h

B b, BB T(h) 2—0ELEBS, ATEZERRMAR, S2IRRHEMEEZ:

1—2"
T(h) =2 —
(h) T b
:2h+1_h_2

= 0(2h)
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Wb, W h 52 TR R 2 n = 20— 1, SRR O(2) = O(n) o DL LS
H, WS R BRIE 2 O(n) , AERRIL

8.3 Top-k fiR&

Question

s —ERE R n (RS nums |, FHIREIFESI AR ECRRYT k (ETTER.

BIREZRAE, e WD LR E R, B ERCR S R HERR R

8.3.1 Hix—: EHEE

BAM ] DUEATIE 8-6 ARV k ks, 72 RIfESIRECE 1. 2. ... k KT, RKEEHRES O(nk) .
T BEFGEAR k< n BER, B&E k5 n inn, HEMEmEEmn O(n?), JERER,
nums EHESRATERE

B) = wumz 1 Anx

DB =-wuzz 2 x7=

DD #=wuzs s <7

8-6 EFI=IHEAN k HILR
Tip

Hk=nk, RMIERZEBNERFS, WRSER R R

8.3.2 FiEZ: HIF

Qe 8-7 i, TR DASCEIRES nums EATHEY, FIREIEAEH kTR, REEHREZ O(nlogn) .
R, woiik R ERUER T, RRAFRTHKHERK kTR, AT EHE HEATER,
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k=3

s [DEEEE
HESHETHE
28000
EEEA k BTE

000

& 8-7 Hir=E KM k ETE

8.3.3 FiE=: iR

FATAT DAFE R HERS SN = RO TR Top-k I, ifiAE4n [ 8-8 .

Rl —(E/NTESERE, HHERETETCR R/

Fel AR K ETTRARIRA SR,

e k + 1 E7CRptR, AERTTRANMMEIETTER, ANHERETECR B,  MORE RITCR AHERE,
ERNTEAR, HERAPRERIRLR R k ETER,

e

- @ o
~ 0008 ~ 0008 o

A :

i i

1. 80 k ERENER 1. 1880 k ETENER

=R =R
e — -
heap @ heap n
[ step 1 step 2 |
P
ks W?; ke ng%
nums 1|7 | nums 1(7
-~ 00008 P - 00008 @0
i i
1. 68 k EEENER o 1. #68 k ERENER o
s ;;;:im 2. kol BRI A ;;‘J:?"

v EAITR > BEETR

e (@00 v (@00

Step 3 Step &
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k=3

-~ (@000
:

i

1. a0 k ETENER

2. #5% k+l ETTHERBAHET
v EEITE > HETE
- RSERIETT R

~ (@000
:

i

1. & k ERENER
2. #W% k+l ETTHERBIAME
v EHITER < BMETR

=1

N/ lES N

// === File: top_k.java

SRR (:)
o

SRR
‘ L EFIRT

SRR (:)
o o0

‘ ZRHRT
MEFIRT

k=3

~ (2088

FERHTER, B[ heap EIAT

Step 9

k=3

— @000
;

1. ##0 k ETRNER

2. #% k+1 ErTERRHIE
v EEITE > EWRETR

PR
RERTRNER
[ step 6
k=3

— ([@0000
:

i

.

. AT k ETENER

. WE k+1 ETEBEHIE
v EEITE < BMETR
-~ BB

=D

~

TR ()
o o

ZRERT
‘ “i EFIRT

i 8-8 JEFHERE SR AR k TR

[* BRHEREHEPRAN k BxE +/

Queue<Integer> topKHeap(int[] nums, int k) {

/] RN IEERR

Queue<Integer> heap = new PriorityQueue<Integer>();
/] HEEFINE k ETENERE

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

heap.offer(nums[i]);

}

/] 1% k+1 BTERRRE, RIEFEBNRES k

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

/] EERTRANMRERTER, RIRERIETRLMER. ERixRi NHER

AT (:)
o o

ZRET
‘ g PR

R ()
o o

R
‘ w PR
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if (nums[i] > heap.peek()) {
heap.poll();
heap.offer(nums[i]);
}
}

return heap;

SUEIUTT n ORI, MRS R I S b, ISR 5 O(nlogk) » 0TI
B, M kBN, RS O(n) 5 %k BOKKE, ISRTSEE R @8 O(nlogn) .

SAh, ITIEEAR IR RHR R R ERBTINAKDRIRE, TR AT DA AR R T &R, 1Em &
Bl KRR K EoTRAYENRE T,

8.4 /&S

1. ERNORE

- OERR—MRSE R IR, MR T 5 e K TEE RV NERE R, K () TR R R R
K UM 1,

BRI B B PR (5751, 38 (P M RS B B,

R PR R L R R B (4 . TR O(log ). HMERATETE R HUERT O(log n)
HiRHERTEEE O(1) %,

- el TERHERE A AEIFOR, DR A G ) e Bl 17 HE R

SRR TN RO ML, 75 A SRR Hh e R e v P 1,

- n AT R R R R T DU L O(n) , JEH L

- Top-k J2—(EACHUFIIIEIE, T DA R MR VOR S MR RO, BSRIRERFE 2 O(nlog k)

2. Q&A

Q: BRI “HERE” BECIRREEER “HERT 2R (EMESNE?

W AR —EES, FUBREE “HERET, stEARSC R PR R BB R o i — ), X
TERATIRG A] DAGE A e AR A it R o] AR SR —E A HERRC IR, AR RE 7 0 PR s S5 M e A A
ElEEERAETRER, BATERRUEEER, DBERRERsk, M EC R, AR
EPRIE N TR R, (AN E ] RE S SR IR R R R AN FE AR SR
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Abstract
TEAmRIES, MG —EEEE, #EEEA RS HEE,
BRI, #R7EIERE RIAERS E - B N ERRFYENGD,
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9.1 [E

(graph) B—MEARIEERIAGHE, HTERE (vertex) FIiE (edge) M. F(MAILAFE G MR RS —
AHTER: V I —#i8 B RREG. DUVRBIRR T —EEE 5 [ETER 7 s rE,

vV =1{1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5), (4,5)}
G={V,E}

NGRS THRGE (RS, ANBE (FEARS ARSI GERD), BlFmta] DA% 5 (F — R e skt & S R A
AU RIS, Qi 9-1 Fos, AHEBIRGRPERAR GESSHSD) RsriaRR (B, MisEiR (8) KB bEE,

y
| /\ I
! / \\ ‘\\\\\‘////
: -

s3] ﬁ B

(1R (S332M1E) (HEEIRE)

ENEEEHERS, FAMtiRAEH

[ 9-1 HEAGERS, K, [E < FRIBR

9.1.1 EYERBRIEATEE

Rgg RS EA M, "5AERE (undirected graph) fIEME (directed graph), 4NME 9-2 AR,

- TESEEE T, BFORMIER R g EARRR, BIANRIEE QQ HHY “4F ABIR”.
- tEAmES, BEEAME, A — B A« B RS RE BN, FlanmieielE -
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FREE BHE
(B m) (BHAHM)

& 9-2 5[] [ Hil 4 ] ]

RIEFTA THEL R 788, 745 4&E @B (connected graph) AI3EE&E (disconnected graph), 4f&E 9-3 flf
o

- BREDEE, CRMETERHE, ATDAREH AR TR TERS.
- BRAEEEE, LT, B0 ETEREIRENE,

N

EiBE IEEEE
(FrETRA B EE) (FETRRAAE)

9-3  Ja i f Bl | i [

BAVERT DAZIB WY “REE” S2E, CMISEIANE 9-4 FRiUBEE (weighted graph). BIANTE (EHZENE)
HEFE, REGREHLREER MR R R < MR “BE ", SRR A n] DU A R E AR R,

@“@ .

SRAEE BiEE
(FrEB%E) (BERAEERT)




IO www.hello-algo.com 189

9-4 5 Hek [ LA [

I S A A 0 5 AR B AR RE

- #BiE (adjacency): EWIHBGZ ARSI, ROISTITERS “MHE", 12 9-4 i, THE 1 RUAFIETHRS
FTERG 2, 3. 5

- BBf® (path): {ETHES A 2ITHE: B KOBRNERRAIFIIBREZTE A 2 B B “BRIE", 1EMH 9-4 1, 1BFF
H1 1-5-2-4 J2THRG 1 2ITHRG 4 59— REETE,

- E (degree): —fATHMHEENNEH. HINAFIE, NE (in-degree) Fonf 2/ MRIETEFZIAE, HE
(out-degree) Fnf 2/ MRIEIEAIER TG,

9.1.2 EIMRT

W ) P AR 7 NELAE “HRHERE R A MR, DU A f e [ A T ER B

1. HpiEsERE
R E TR R & n, ARIZERERE (adjacency matrix) HF—{E n x n K/NHEERFRE, 8—17 ) 1R
F—ETEES, MEREOTENRERE, H 180 BRmIETER 2 RS E S,

W 9-5 Fim, SRS M, THEEERGIS V , IR M[i, j] = 1 oRIE Vi) 21 V()]
YRR, B2 M, j] = 0 FrmTas> i,

TRRsERTI

#E o0 1 2 3 &4

0 @ 1 1 0

\ 101 a 1 0 o

‘ ‘ / 2 1 @ 11
— 3 1 o0 1 B 1

HBiEAE R

graph adjacency matrix

9-5 [ AUMS A PR

HREE LR DU R,

- TEMEEE D, THRSNRESL B B, CERP R A AOTRIA B
- BRIErE, WETT NS, R R S A AR TR
R EERATTRIE 1A 0 B iR, RInT R AHERE,
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(RIS R R B, Bl A ECHE SR AT 2 DUEGE, DRI A B R RO R, SRR
it O(1) . 4RTH, KEREROZSRINEEERES O(n?) | SehB(G B,

2. #pER

AR (adjacency list) (] n (ESEASBRSAEIRIE, SALH DI ETREFRORTHRL, 58 4 (85 AS ER o E I THRS 4
, HAPAE 7 RZTER R T A AR TR, (B X TERAR IR A TR o 8] 9-6 Jeeom 17—l {5 A 12 R A 1 ) [ ) /s
1l

IRR  ERIRRSRENFTEIRR

™~
[ e« 2ole

R
graph adjaceney list
9-6 ERARERLR

MR AR BRGNS, TR AROE /A n? , NIbEEINE SR, A, EMERPREE
IR SEAL R A RIS, R LR RO AU e

BUSRIE 9-6 , MBHRATHIBUMER RPNy “GEsUONE” JEFAMCL,  DXIREERAP el CLER VBB 75 T2 SR B AL 3K
B, L E ARSI R, AT DA R 2%y AVL BHalAL R, MR RBIREERE O(n) R s
O(logn) ; &R DUEGESE ERFIEHR 2 MEE R, TEMFRRERERS O(1) .

9.1.3 EMVEREHR
% 9-1 FR, SF2BIE RS AT DA E A, A P Rt ] DASY AL 22 B 2 R R

®9-1 BIEAETH A E

HE & f = AR
HEEE RE KRR TEELT RCHERS

HhSRARES U it ] e BRE I SRS
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ENCES

9.2 EIRVEREEF

HE 2
B 2RENEAIIIEM

I &t R
ITREYIER

W SRR E T 0 2 3 187 AOTRCERIE “THRE” AURRME. /£ “HPREEM" A1 “MRR” WERRTIAT, '

B G,

9.2.1 ERHMIEEMENEIR

A — (TR R 2y n AOSEMIE], Rl AR BB 7 5NNl 9-7 P,
- WIERINRRIE . B MR B AR E AR RIRT, (A O(1) Refl. T d i 2 e, R 7

i SE T P 18 75 T

©OBTETERE: FERREERRR AT T4, i 0 BIET, [ O(n) R,

- RRTEEE: FEAREEE R bR TS, MR TSI RN, BRI (n — 1) fE
“Ffe LRSBY, FETEA O(n2) I,
C Wt A n (ETEES, WA RS n TEBEERY] vertices , M O(n) BERT; WML n x n K
AN R AR adiMat , BEFE O(n?) KR,

TRBsERT
=3l
)
EE— MaE
\\\\\\\ .
////// 2
.\ 3
4
E
Step 1
TRRGERT
=3l
0
1\ MigkE EH-
\ )
/ 2
3
4

Step 3

s r © R © ©

S kB & o ©

s & r & r B

S & r & e =~

B R e R e N

b S ke R
S kB B o ©

HpiEAERE ]

Step 2

bR e ke
b e ks koW
s kr r o e

ez ]

Step 4

TS
%3l

[}

s @)

\ 1
/ 2
3

4

TS

=3l

. 0

s @

1

2

3

o A

\ 4
5

S Rk B R e ©

®© o r B o o ©

S o B o B &

® o o rB o o =~

T N
B e ke kW

ABIEIERE

R N N T
®© kB & B o kB W

AbiErERE

S B B e o &

s s r B o & =

A
s o e o o|s u {§
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me 00000
#:w o 1 2 3 4
A - 0 o 1 1 0o o
@%@, msT: ©)
_ 11 0 1 1 o
\‘ °> 2 1.1 0 1 o
@ 3 0 1 1 0 o
4 o o @ o o
] FpiREERE

{ Step 5

W 9-7 APEIEMHAIMIAAIL, KIS, HEMHTERS
DA 2 B A 2 R P s [ (1 B B AR 2 -

// === File: graph_adjacency_matrix.java ===

[* BERANEREEERNERELER */

class GraphAdjMat {
List<Integer> vertices; // JER4EFI, THEAR “THEME", R5IMARK “TBRERS”
List<List<Integer>> adjMat; // #BZEFEME, 1T5IZR5|EHE “TBEES|”

[* EBTF */
public GraphAdjMat(int[] vertices, int[][] edges) {
this.vertices = new ArraylList<>();
this.adjMat = new ArraylList<>();
/] FIEIERS
for (int val : vertices) {
addVertex(val);
}
/] Figis
/] AR, edges TTRRRKRIEIZES|, BIEHFE vertices TTHERSI
for (int[] e : edges) {
addEdge(e[0], e[1]);

}

[* EEERHE */
public int size() {

return vertices.size();

[* FIEIREL */

public voild addVertex(int val) {
int n = size();
/] EIERLEFIR G IERLAYE
vertices.add(val);

/] EFMRIERERHIE—1T
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List<Integer> newRow = new ArraylList<>(n);

for (int j = 0; j < n; j++) {
newRow.add(0);

}

adjMat.add(newRow) ;

/] TEAREEREFEA TS —5

for (List<Integer> row : adjMat) {
row.add(0);

[* MIBRIERL */
public voild removeVertex(int index) {
if (index >= size())
throw new IndexOutOfBoundsException();
/] TETEBEERHIREIRERS| index HITHES
vertices.remove(index);
/] EAFEERERRIFRZRE] index BI1T
adjMat.remove(index);
/] TEFEMZEREMIFRZES] index EYFY
for (List<Integer> row : adjMat) {

row.remove(index);

[* FigE */
/] B8 1, i HFE vertices TTHEZERSI
public voild addEdge(int i, int j) {
/] R5IHBREHEERIE
if (<0 ] <0 || 1> size() || j>=size() || 1 ==13)
throw new IndexOutOfBoundsException();
/] EERET, AEEERNEHAKETE, BRE (1, ) == (J, 1)
adjMat.get(i).set(j, 1);
adjMat.get(j).set(i, 1);

/* MIBRE */
/] BE 1, j HEE vertices TREKSI
public voild removeEdge(int i, int j) {
/] R5IHREBERE
if (<0 ] J<0 ]| is>=size() || j>=size() || 1 ==13)
throw new IndexOutOfBoundsException();
adjMat.get(i).set(j, 0);
adjMat.get(j).set(i, 0);

/* BUENZREERERE */
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public void print() {
System.out.print(" TEELEF] = ");
System.out.println(vertices);
System.out.println(" #MEHEME =");
PrintUtil.printMatrix(adjMat);

9.2.2 ERNMERIEHR

AT [ Y TR R . BRIy m, RUIRTIRIRIE 9-8 AR T TR BB S 1,

WS TETERREESESS B SR RIS, O(1) Wi, B, A AR RRTY
AIE 7T T
- MNRRIE: (ETERGSE G S A S A G IR AR 38, O(m) Wi, AT, FEERHHERH

875 TET R i
W TERS: (EMREER T —ESEAE R, SRR TER R 2l R SHERNRS, A O(1) Wl

- WHBRTERS: FRESIRREMER, MERCESEEERNER, A O(n +m) R,
- VIR e R ST n (HTEESFD 2m K8, R O(n + m) R,

A\
[ ]

oo

B
Step 1
@ =)
0—0
@
4 4

Step 3

MaE

il
B

S TARARERIPTE TEE

)

)

\ 4

© D
0—-0-0-0
s

TERE  SRIRMARERRTETRES

o-0-0
-0
0—-0-0-0

R

Step 2

Step 4

e @-0

wiEes @)

BE  SERMRENFAETR

—0-0-0

Q

W,
\° e

©
éz/

HHRR

Rl SRERRRENFAETRY

D—-0-0-0
0—0-0

HHER
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RE  SRERMAENFATRY

—E0

— \ TR ©) I /_,j w
\\\\\W’////’ : 1f_*i N
B ER

Step 5

# 9-8 MPRARAIKIIAIL, HEMHIE. HEMH TERS

AN R R E s, BLeE 9-8, BRI LT AR,

7 175 I B ERTECR:, DA AR AHS, TRMER S5 (M) ARAEHEAH S,
EFMER R AR AR R, key ZTHBGBIIE, value A2 HESAAPRETEES RS (BlALH ),

5N, BFERRER P E Ver tex FRIAFORTER:, ERMAIIREAIZ: QREEEIERE —FE, FHAIRGIH
W ANRITERS, AR MRS 1% « RITERS, HITHERRRIEMRER, MATA AN RS2 1, X
IR TIANR A THREEZME—RY Vertex BIIH, MHFRE: —THRG AR MUEAL B HARTERS 17,

// === File: graph_adjacency_list.java ===

[* BRIMEREBRNERELER +/
class GraphAdjList {
/] #BEER, key: TERL, value: ZIBRLHIPREAFIZIER,

Map<Vertex, List<Vertex>> adjlList;

[* BIEF */
public GraphAdjList(Vertex[][] edges) {
this.adjList = new HashMap<>();
/] FEFRETRRANE
for (Vertex[] edge : edges) {
addVertex(edge[0]);
addVertex(edge[1]);
addEdge(edge[0], edge[1]);

}

[* EEIRRHE */
public int size() {
return adjlList.size();

}

[* HigiE */
public voild addEdge(Vertex vetl, Vertex vet2) {
if (!adjList.containsKey(vetl) || 'adjList.containsKey(vet2) || vetl == vet2)



Bow [ www.hello-algo.com

196

throw new IllegalArgumentException();
/] FAIEiE vetl - vet2
adjList.get(vetl).add(vet2);
adjList.get(vet2).add(vetl);

[* MIBRE */
public voild removeEdge(Vertex vetl, Vertex vet2) {
if (!adjList.containsKey(vetl) || 'adjList.containsKey(vet2) || vetl == vet2)
throw new IllegalArgumentException();
/] MBRIE vetl - vet2
adjList.get(vetl).remove(vet2);
adjList.get(vet2).remove(vetl);

[* FIBIERL */
public void addVertex(Vertex vet) {
if (adjList.containsKey(vet))
return;
/] TEAFERAETIE — (@RS BT
adjList.put(vet, new ArraylList<>());

[* RIBRIERL */
public voild removeVertex(Vertex vet) {
if (!adjList.containsKey(vet))
throw new IllegalArgumentException();
/] TERBEERRMIFRIERS vet HFERIHEASRT
adjList.remove(vet);
/] EFEMIERAVEEE RS, MEFMEEE vet B2
for (List<Vertex> list : adjList.values()) {

list.remove(vet);

[* FUEN#BIER */
public void print() {
System.out.println(" #MERXR =");
for (Map.Entry<Vertex, List<Vertex>> pair : adjList.entrySet()) {
List<Integer> tmp = new ArraylList<>();
for (Vertex vertex : pair.getValue())
tmp.add(vertex.val);

System.out.println(pair.getKey().val + + tmp + ",");
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9.2.3 XM=EHLL
SE A n ETERGH m 608, 22 9-2 BELL T AR AT TR R R R A AR RO,

R 9-2 BB R B L

sRPEERE  MRER GERSHS)) R (MR

HErRamsE  O(1) O(m) O(1)
i o1y  oQ) o(1)
B O(1) O(m) O(1)
i TELRG O(n) O(1) O(1)
T T O(n?)  O(n+m) O(n)
AfEEEEEE On?)  O(n+m) O(n+m)

BIAR 92, PUP#IER GERR) WRRBICRRZEBCRRE, HERL, EREERETREERReRE
=, SRS R ERERTR], &R0 2KE, #ERAEEREL T “DIsRe R R, AR
VA i Sl D)

9.3 ENE:H

BHRERRR “—H2” MEE, mENEAESNEBRE, ATUFRRNMERER “2EH2T BR. Eit, PR
ERTE VR A — R, HEOR, RRE G PR o b O i A — R B

V| 1 R e M PR R R TR AR E BUE A 13 E. BRIES 77 Nt ] 7 R Wit BB ESIREBEED,
9.3.1 FEERBKED
SR e AL Wit — R SRR T, TESLMAER B, eI G R TS, 3 — R g s

Plisk. 4N 9-9 AR, /e LATEBGNEE, BITERZIERRIPT AR IEIERS, RRES T —IETERS IR A %
PRTERE, DAHKEHE, BEEPrETERIME®E,

| EREEEkES (BFS)

I BATERE A,
MIERE. BRI IR

| EFTIA
e, 1, 3, 2, 4, 6, 5, 7, 8
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f 9-9 I A FEE MBS AE T

1. EBEEER
BFS i@ FEINTHIRED, FRAWEW TR, (THIEA e Aet” FIME, S8 BFS iy "Mk foE” fI8
e T

1. B7EFRIATERS startvet MAFIZ, A BHROERE,
2. {EIERE R EEIA R, B TYE TERG R R, AR X TERE A I A s R TR I A B T 51 2 R
3. WEDER 2., EEIFTETERGBGF 2 RIRAH,

7y TR BEAE R TER,, FRITR EREY —EMERE S visited AECIRIFL IR CHET .

Tip
MR AT ABE— L RETF key MAGETE value IUHEER, BERIE O(1) IReHEIEMEE NIETT key
ARSI A AR (B, ARTE key HUME—PE, MEESRSEE HNERREFSR,

// === File: graph_bfs.java ===

[* BEBKES */
/] ERAERRRTE, UEREUEEIRRRIFTA AEIRR,
List<Vertex> graphBFS(GraphAdjList graph, Vertex startVet) {
/] TEREERRFS!
List<Vertex> res = new ArraylList<>();
/] HRES, ARCHRERHEIENITER
Set<Vertex> visited = new HashSet<>();
visited.add(startVet);
/] fTFIBIEIR BFS
Queue<Vertex> que = new LinkedList<>();
que.offer(startVet);
/] VATERL vet AicE:, EEEZERETHABIES
while (!que.isEmpty()) {
Vertex vet = que.poll(); // {THIETEREH X
res.add(vet); /] sCEREARITEERL
/] EFZIEREFRE AN IETRR,
for (Vertex adjVet : graph.adjlList.get(vet)) {
if (visited.contains(adjVvet))
continue; // BRBERARERTES,
que.offer(adjvet); // BNFIFRARIHITEE,
visited.add(adjvet); // 1RECAIRREREAM
}
}
/] BREEREFFT!

return res;
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FEFISMHERNS, BB ARIE 9-10 AR,

s () w5, BRTUTHRE

1. REBEMAESFY res
2. REIRRSHIFTAAETRRST
A% que MA visited

g () 5, WRTUTRE

1. RETARINERFY res
2. HEIREHATEMEREERIT
A%l que IHN visited

g () 5, WRTUTIRE

1. HEREMAERFF res
2. HEIREHATE NIRRT
A%l que IHN visited

FEHFY res

5

MEES visited
e
Step 1

FEFHFY res

AT

mss () w51, BTUTIRME

J 1. REERMMAERFS res
2. WERTAMHOFTE BT

A% que AN visited

(00

175 que

000

[—

5l

MBEESE visited

(00000
Step 3 ]

EHFFI res

T () W5, BRTUTHRE

} 1. BEIBREMNESFS res
2. RERMNFTEERERT
A% que AN visited

(0000

000

75 que

000

P—

1)

BBEA visited

(0000000

it () w5, BRTUTHRE

} 1. WEREMAERFT res
2. EEIARHIPTE MIETREEAIT
A% que XM visited

FEHFFF) res
(000000 )
1751 que

00

BRIRE visited

(00000000

T () w5, BRTUTHRIE

} 1. HERMMAERFT res
2. EEIAMHIPTE MIEREERIT
A% que M visited

EHFT res
@
1551 que
(1]
-— -—
HE1 A3

HREE visited

(000 |
[step 2

(000 )

1751 que

000

-— -—

51 A3

BEES visited

(000000 |
[ster 4]

FEBFF] res
(00000 )
1751 que

000

BEWEL visited

(00000000 |
[step e

FEHFS) res
(0000000 |
1751 que

o0

BRES visited

(000000000
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FEHFS res EFS res
L1 L
—— = 75 que = —— 751 que
PN — — ’ ,| — —
—)— 5! AFY F— —C/\‘ ) N7

P _ HBRES visited s . HRRE visited
TR () W5, BRITEUTIRIE B TERS \(j) 5, PRITIATIRIE B

1. WEERMAESFI res o } S LIPS B { o
2. WHEMMFTEBEERT § 2. WHIBRHFTEEIERAT ’
A7l que AN visited step'® ‘ A5l que AN visited Step 10
FEHFY) res
‘ | ‘
) i {55 que
’ ’ |
L — 3 A
MEES visited
© 551 que B, (
-~ BREE, RRES

Step 11

[ 9-10 [ A8 LR ST E R P BR

IR B8 e A P B 2
R, e LB RO FONE A5, T2 I ) TELMG A P S
FERGHTL, DAE 9-10 %0, TEEE 1. 3 MOSRIEE AT, THES 2, 4. 6 UGB LA DUFERE 22
.,

2. EHESH

WERIMEERIE :  TEES S 6 AT IRk, B O(|V]) B8R, 169 ST AR R ph b v
RIS e 2 v, 6 O(2|E|) Wsh; it O(|V| + |E|) B,

DB B res, MEEES visited, 175 que MINTEREERZ A V], @/ O(|V]) =M.

9.3.2 REEBKRED

Wi —FEESIE, M aER PR ED TR, WE 9-11 FoR, 72 RAmTERHEE, S5
EATTHRGA LA RIS, EEERRERNRE, HESUEDFRENRE, DU, HETATERGER T
o
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@ @ EIREBLED (DFS)
wumss (@) B,
e Oo <® EREARE, BENEAER,
5 & U - BERRES
7

8

EHFTIR

@ e, 1, 2,5, 4, 6, 3

9-11 [EAIREEITER

1. BHZERER

ef “EFIRIEFIRET AHEEERAOE R BB AR E, B EEIEM, ERERETT, &

(LR EREB — (AR S visited ARLEREMAIFIRITERG, DUk E G A THRS,

// === File: graph_dfs.java ===

[* REBSEEDFHBRI */
void dfs(GraphAdjList graph, Set<Vertex> visited, List<Vertex> res, Vertex vet) {
res.add(vet); /] ECEkEHRTESRL
visited.add(vet); // 1RECHIEREW T
/] EFZIEREFREANETRR,
for (Vertex adjVet : graph.adjlList.get(vet)) {
if (visited.contains(adjVet))
continue; // BRIBEEHEBIIER,
/] TEEELE AR TE R
dfs(graph, visited, res, adjvet);

}

[* REBEES */
/] ER#ERRRTE, UEEBUETERRAIFTE A EIER,
List<Vertex> graphDFS(GraphAdjList graph, Vertex startVet) {
/] TEREEERFES
List<Vertex> res = new ArraylList<>();
/] WRES, BIEHREWHEBRNIERS
Set<Vertex> visited = new HashSet<>();
dfs(graph, visited, res, startVet);

return res;

IR E R TR TA TR AN E 9-12 FR,
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- AR IEHE, FORBHRCT — (BT AR 75 7 A [ TE R
- HERAMRR R _ LI, FORMER T ATANRE, BT BRI T IR E,

& VINIRERRE, AR 0-12 BAESISAS A, RS (BE R T B(E DFS 8, Wi
BRI 77 AR B, AT RRIR [

(@ ] (00 J
@ @ WRES visited HWEES visited
° ) (00 )
© 090
BHEREES BHEREER
() s ) :Z:: g gﬁ]ﬁﬁ
[ step 1 |
BT res EBIFD) res
(000 (0e00 |
HAKS visited WAES visited
(000 ) (o000 |
B BHRE:
e E) posmmss vt () s

v @) aewmms ©)

(00000 | (00000 |
MEES visited MEES visited
(00000 | (00000 |
BIPEER [EHPEER
—— T —e
FEWFS res EHFT res
(000000 | 000000
BEEE visited BREE visited
(000000 | (000000 |
TBHEREEL: [EIHPEER :
e () posmmss ms () wrasERTEsn

v ©) Bz, mnzms ©)
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S RS
&
@
— @) — WEES visited — @ HERS visited
R J | o
-
@
— (3]
! ‘ ¢ AR ! ’ ¢ AR
R () wramEEREEs s () somsimmmns
Rtk HEE, EHERER wewmmEs ©)

DU - RASEINETRR

Step 9 Step 10

FEHFY res

10
BRES visited
2 3 .

7 ‘ i ETHPER
B ) wREBEERSEs
Bt HEE, EHERES
Ee () p#tEE, M

Step 11

9-12 [l AR EE B Se At 3 4 B

TREEB e RN 51 75 M —2

SRS B E TR, IR TER IR ARME—/, %57 5ETER, JefEMRE 75 MR R AR A
PA, BISSHETEBSHINEFRS ] DUMERHTEL, #BRIREEIED.

DIHHER 2B, “MR — 7 = H" “E =R =6 E—=H - R 2hIEEF. BrF B&FE
&, MR T =HEBIERE, RiE=&MENREEET,

2. EHESH

WIS . A TERE @RI 1k, R O(|V]) B5R; FraSsassin 2k, 8 O(2|E|)
waE R O(|V| + |E|) s,

SARIBEEIE: 5 res | MEAHES visited FEMURR S V], EEREEAS V], EREH O(|V])

s

9.4 /Mg

1. ERHORE

- [ EHTERGANS AR, A DAFOR 27— A TERA — ISR R 5
- MEGAAERR (BEASES) FIoiamE (8D, #ER (H) BAESRE R, KimE e,
- BREFEEAT RN, EEE PR ERTER A, AR E RS AT SRR
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IR R ORE, BT ) ERETER, EEOTRERE, M 180 FormiETEE
MAIZeES, MEFERERG A SR IE LR R e, B HRZ,

- WA 2R AS FR A AR ORI, 5F d (ESEAL A S ST IETERS ¢, HrpfEF 1Rk TER R AT E AR TE R
HRER A RS R P S AN B e ], (EL TR OE R BEAS ER S AR RIS, (R IE IR SR B

-Hﬁ%ﬁ¢m&@$ﬂﬂéﬁ,Tu%ﬁ%ﬁ%ﬁﬂﬁﬁ%éﬁ,%ﬁ%ﬂéﬁﬁﬁo

- EEER AR A AT, MREREREREET T DA MR, RCREAREEE T DARFRE R

. Eﬂ%%h&%ﬁﬁ%%%,wﬁx%%\ﬂﬁ%%%o

- R A — AR, e R R R A E AT Y — R B

- EREEEE R LM, R RIS, EEETIE,

- ERREESER R EESERR, MR AER RIS, EREREE AR ED,

2. Q&A

Q: FIERERBTER IR RIBFHI?

HEREER AR S RARNERA R g “BER—EEFy”, mhsahid “BRISR—ETER
H1”, PARZ2%EXhIEX: In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.

TEASLH, BB R — BB, AR —ETER RS, 52K 2 Wi (8 TR AT REfA IR 2 RiEidaR, it
IRF BRI S S — RIS

Q: dREEE R & & H A E EIHR?

FEAREE E P, A TERG A, B0E (ATERMEIRE, R TR0 E 7 R 2 AR, DUERFE
AT A EIE 7 &

Q: TEMIER, TEHRSAHIE AR A TR RUTHRSIE P2 A 2R ?

A URERER, (B/EBPREM, AIRemZgiafae SRR, HAEIRIER RS Ay, BB LIRTE
BEERV NI, EHRE B PIEE R WA ERE ATER,
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Abstract
HEE—GARNE R, BRMEEFHEEREMENESE A, XaErn] DAPEEE B2,
EEGZBZIRY, F—RIREA ] GES 2| —ER G RN EZR,
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10.1 —HiEs

—9#8 (binary search) BN GRS AHE S AR, ENHERNERE, S —F s
filE, EEKFERTTRSIE AT Rk,

Question

M —ERE R n RIS nums , TTRIZIEDEIRIINERFHES AR, sHENRETTR target 1E
ZHBIF RS, HEPIAEEZITR, ARE —1 . /~EIE 10-1 Fir.

35
31
26
23

15
12

ERERERTRET]

nums

BANEFET] nums , EHERTE target = 6

10-1 =S RHIEOR

nlE 10-2 R, FMewbtattc = 0f j = n — 1, iR ETERMEITR, AEESEMH
0,n — 1] GEER, HERFRHEE, HOZBREES,

AR, MEEHITA R,
L GtERERT I m = [(i +j)/2], | | Fomm FEEE S,
2. HIEf nums[m] F target HYAR/NBAMR, 732 LPATS =FEEN,
1. & nums[m] < target ¥, #PH target fEIEM [m 4+ 1, 5] H, EHHITi =m+ 1,
2. Hnums[m] > target I, #AH target 7EMER [i,m — 1] H, WHHUTj=m — 1,
3. & nums[m] = target I, FRAAKE target, AIMIR[FIZRS]I m .

AR S HE TR, EaEMER R N e, HRERE -1,

wEi1 3

w1 3
#® 0 1 2 3 4 5 6 7 8 9
N N A

® 0 1 2 3 4 5 6 7 8 9
j j
EE=5188:
Mk i, j HREAETIETR. BTR 1. SEFE m = (i +j) /2
MERTHER [1, j]

Step 1 Step 2
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1
#l 0o 1 2 3 4 5 6 7 8 9
A Aoa
i iom
EE-5ie8:
1. HEFEE m = (i +3j) /2
2. ~ nums[m] > target
Step 3 4T 5 = M- 1 EESER Step 4
15
6
= anl
®l 0 1 2 3 4 5 6 7 8 9
Aoaa
m i j
EE—ER:
1. #AERE m = (1 +3j) /2
2. = nums[m] < target
Step 5 LSBT L= mo+ 1 SNMEBER Step 6
A | ‘ ‘

#w o0 1 2 3 4 5 6 7 8 9
A

EE—SHEE:

1. HERE m = (i +3j) /2

2. = nums[m] == target
Step 7 « EEIFRS| m

10-2 Zorisms

6 8

&1 3 i

o (= = i [I
#/l o 1 2 3 4 5 6 7 8 9

Aoa A

i m j

EE=ES:

1. stER m = (A +j) /2

®l 0 1 2 3 4 5 6 7 8 9
Aoa
im j
EE=EE:
1. stEHRE m = (i +3j) /2

EFEREACE, B j &R tnt 2UAI, BBk + 5 nTREEDEI int RUGIAGIUERIE, 7 7 ik s R BB,

BRI AR m = i + (j — 1) /2] Aatsirms,
BRI FHTR:

// === File: binary_search.java ===

[* ZHEs (ERAER) */
int binarySearch(int[] nums, int target) {
/] YR ERAERA [0, n-1]1 , BI 1, j 2RHEREYIETER. BnR
int 1 = 0, j = nums.length - 1;
/] BB, EESERASERE (B 1> j BAS
while (1 <= j) {
intm=1+(j -1)/ 2; /] stEHREES

if (nums[m] < target) // ItiEHERAE target EER [m+1, j] B

i=m+ 1;

else if (nums[m] > target) // ItiBEHEREE target TEER] [1, m-1] &
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j=m-1;
else // ¥EIBERE, REHZES|
return m;
}
/] RIZKFBERER, &E -1
return -1;

ML 25 O(logn)  TEoriafE, EREEERG/N—F, BIHEERES log, n .
BRBRER O(1) @ 1815 0 f j BN,

10.1.1 EFTRTEE

BT RBEERS, HRNENRREE AR B, E%5 [0,n), IOERESEY, HER
REEH Y, EZRRF, B[, )) i = j A%,

FefMeT AR R BB B A M DR — g SRk
// === File: binary_search.java ===

[* ZHEs (CRAARER) */
int binarySearchLCRO(int[] nums, int target) {
/] RN AERRERER [0, n) , Bl 1, j DREAMEIIETE. Btk +1
int 1 = 0, j = nums.length;
/] BB, EESERASERE (B 1= j BAD)
while (1 < j) {
intm=1+(j-1)/2; /] stEHREES n
if (nums[m] < target) // IbiBEHEREA target TEER] [m+1, j) H

i=m+ 1;
else if (nums[m] > target) // ItiBEWEREE target TEER [1, m) H
j=m
else // $#%EIBETER, REIHES|
return m;
}
/] RxFBEErR, &RE -1
return -1;

qniE 10-3 AR, fEMEEEIRT, oS EBERGaA, RGN AT AR,

MR “EEPAEM” RN AR A EOE R APAERE, RIE@ R ¢ FIHEE J AN R A1t 2 B R
Mo EREAR S S, Rt —REERRN SRR R,
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TE |
%3 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 10

i EGERNEsES j i EaEReEs8H KERFE88E  j

ERERN: @HERM [1, j] HEEMN: CHEREEM [1, j)
Miatkisi®E: i =0, j =n - 1 Mafkigi®: 1 = 0, j = n
EEEIERESF: 1 > ) TEERIERRAF: 1 2 j
SENERMEME: i =m+ 1, j=m- 1 MNERHRE: i =m+ 1, j =m

& 10-3 phfElE R e

10.1.2 EELE{EIRE

oy R AR IR TR A3 P T AT A AT B RKRE

: _éﬁ% R R ACR B0 FERRERHR T, SHIRE IR S R L RS B30, B0, RN = 220
, BMEATE 220 = 1048576 #ERE, i M 9SE log, 220 = 20 #HiEHE,
. géﬂﬁ P HERRSN S [ BN T ZRE SN MR SRR (Blaniizas#), o EmEe
e

R, s ARERRA AR, EEATRE,

- Do EERNERER. HWMABRHER, & THEH o RamErTETHY, SAMEK. KAk
PR RE B 2 O(nlogn) , A& S E S, BVAEHATRIER,
ARSI P, FERTRMAZREME, MHEERER O(n), WRIEESER,

- ZofEsEEARES, o Me RN QRESD) SIFTR, MERSS TRk
AORCRIGAI,  PRIMEANIES &5 1B P A S £ 71 e B R ER 1 ER B S RS

- NERET, SUEERSEEER, A EMERT, FRAE 1 OHERE, mE_ O ESF, {FEIR
A LIRBRIA. 1~ 3 UCHIETHRE, 1 ik (BTR), 3k 4 ~ 6 fEBITiRlE; Bk, EERE n BUNF,
S R AT 2 A i 2 SRS

10.2 Z“HHESEAE

s AMER NS AR, Ea AR SR, s B ETRIEA G E,
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10.2.1 EHETEMNER

Question

HE—MHEES n A TS nums F1—{EICE target , FFINFEHEEEILE, BiF target A
H nums W, AifRFFHA P, HREYIHOFEIETTER target, HFBAZRIE AT, sEIR A ALZ target
TEREFHR RS, REIanE 10-4 Fis,

nums

BAR ffiA target

nums

BMABEFEY| nuns , BIETE target = 6
Al target BUBARES|R 2

[ 10-4 — s ARRBIE R

GRERAR A E—#i0 i SRR CHS,  RIFRZE R DA mi(E R,
P —: EMEYITHHE target I, HABMIRIEGZZITTRNRI?

A HE R target HAZIMECEN AR, BREWEHHAL target i T HK target I E, HitE
i, WA target I, ﬁ)\%’jm%glﬂﬁﬁ target &5,

FIRE . E SR ATELE target K, AR EWMETENRS]?

E—HEE T HEIFERE: E nums[n] < target I ¢ BH), BEREMREIEE i FERIARER target T EEE
o A, F61 j tRETERVINASEIR target TR,

Rt = &SRR —E A ¢ FBAE KRR target BIICE, j IEAIERE/NA target FITE, HIFERYIALE
target I, HiAEKTI A i, EABW FPoR:

// === File: binary_search_insertion.java ===

[* ZHEBEAE (BERTR) */
int binarySearchInsertionSimple(int[] nums, int target) {
int 1 = 0, j = nums.length - 1; // ¥IPAILEERERI [0, n-1]
while (1 <= j) {
intm=1+(j-1)/2 // tEPHRS n
if (nums[m] < target) {
i=m+ 1; // target EEM [m+1, j] &
} else if (nums[m] > target) {
j=m-1; // target EER [1, m-1]
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} else {
return m; // %] target , REIENEL m
}
}
/] KEE target , REIEANES 1
return i;

10.2.2 FEEETENESR

Question
e L — A b, FEMSIrTRE S EE TR, HRAE,

LR ETE 2 AH target , HIEIE — S H AR B H A —{E target FIRS, MiMIAME LRI LR
MABEGE 2D target,

A HZRAS B TR A SR AR, AR B A sy i e —f target RIZRG], W12 &% i@ E 10-5
FrRH P BRE B

1. U —nils, [FEMEE M8 target MRS, LR ko
2. PER51 k s, MAEITARMGER], EIREIR/ACEA target FHR[AL,

target

— OB

x _.‘\ Py

1. F=BESEEE—E 6
2. BRUEHIIREEN 6

10-5 ARMEE s E TR AR ARG

BRI, (BECEL SRR, (RUBRSSHEIRIES O (n) o BEMBISIE (ERS TN target Y, 27
IR,

B IR MRS RATE, W 10-6 R, BMTTRGRRSE, SIEHTFNES m, FA target
il nums ] HOK/NHIE, 53720 FAEREIFR.

- B nums[m] < target B nums[m] > target [, FRPHIBIZEIKE| target , R EIE 0 #=004E
/N R, PEmAEFEAE « I j 1) target SEIA,

© H nums[m] == target I, PH/INVA target MITTRERM [(,m — 1] #, FMHRAH j = m — 1 K4
/NERE, PEMIfEFRER 7 VIV target RITER I,
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HESERER, @ fRAR/AIEN target , jHRAIEFE/NL target BT, KBLERS] @ SUZ AR,

15}

10

: 3
T | [

%3l

o 'Pr

Mt i, § HREERIIETE. BTE
MERTHAEE [1, j]

Step 1
15
12 []
10
6 6 6 6 6
= § 1 §
SCE R R | \
®l 0 1 2 3 4 5 6 7 8 9
A Aoa
i jom
EE=5E8
1. HERB N = (s §) /2
2. = nums[m] == target
Step 3 2 BIT § = m - 1 GIESER
15
12 []
10
is 6§ 6 6 6
7E 1 i
#l o 1 2 3 4 5 6 7 8 9
A A
m i j
EE=51E%:
1. #8RE m = (1 +3j) /2
2. = nums[m] < target
Step 5 LSBT L= m+ 1 BNMNEBER
15
12 []
10
6 6 6 6
I
7 1 }
=l o 3 4 5 6 7 8 9
Ao
j im
BEZ5EE:
1B = i+ ) /2
2. = nums[m] == target
Step 7 2 BIT j = m - 1 @IESER

10-6 —

BRI, HET9 nums[m] > target Fl nums[m] == target AYIRIEAHIE, [RILMi#E AT PAE O,

157
12 ;
10
6 6 6 6 6
gl
ninr |
#l o 1 2 3 4 5 6 7 8 9
A A A
i m j
EE—53EE:
1. stEHRE m = (i +3j) /2
Step 2
15
12 []
10
6 615 6 6
~alllf
s S |
SelCR BN |
#l o 1 2 3 4 5 6 7 8 9
Ao A
iom j
EE=HEE:
1. stEHR m = (i +3j) /2
Step 4
15
12 []
10
16 6%6 6 6
3
e |
#l o 1 2 3 4 5 6 7 8 9
Aa
im j
EE=HEE:
1. stEHR m = (i +3j) /2
Step 6
15
12 [
10
6 6 6 6 6
3
R \1\7
#l o 1 2 3 4 5 6 7 8 9
»
i
v FmeCEEs i < j
~ BRHT5YEME, EBEHS| i
Step 8

EETTRAVE ARG ER

RIELRIE, BAMHERRT DR HIBI ok (- ORI FEBA, TR 2 HORERE SENTRART,  ml s s 4T
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// === File: binary_search_1insertion.java ===

[* ZHESEAE (FEEERTR) */
int binarySearchInsertion(int[] nums, int target) {
int 1 = 0, j = nums.length - 1; // ¥IPALEERERT [0, n-1]
while (1 <= j) {
intm=1+(j-1)/2 // tEPHRS n
if (nums[m] < target) {
i=m+ 1; // target 7EEM [m+1, j] F
} else if (nums[m] > target) {
j=m-1; // target ZEER [1, m-1]
} else {
j=m- 1; // BENR target WTEEER [1, m-1] &
}
}
/] REFENEE 1

return i;

Tip
ARG “BPARM" ik, AEEBEE T BTER AR Bk

RHAE, ZofRsEERURMRTEE « M j rhlsce s AR, HEERTRER AR TR (Pl target ),
ATRER — AT REE (BIU/NR target KITTER),

FEARNETREE o, 4615 M1 j AZHNELFRCROE R H IR, B, EfE2IkEIE R, sz
FiRfE L,

10.3 —HiESER
10.3.1 EHEER

Question
fE —MERER n FEFPES nuns , HAFR[RERSEEBITR, sHIREIESF R A —HITER target AY
Kyl, HEFIPAEEZTER, ABRE -1,

MR = S4BT, M58 « fari /A —M target , KLEMABAHE LR EEMRA—M
target H‘J%‘?tlo

FEiE B ARN R ERER B R, 5ER, MY AREAEE target , EMEENATREEE LA NW
AR,

ARG @ BRFE,
JTE nums[1] H target ~MEE,
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ENBFIDL LSRR, ERORE —1 BIA], B R ATR:
// === File: binary_search_edge.java ===

[* ZHHESRE—E target */
int binarySearchLeftEdge(int[] nums, int target) {
/] HEBRE target HIIENEE
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 EHRER

ARG E RS —1E target WB? HEEN TN EBERAENE, BIRLE nums[m] == target [ NAFEIRELIL
MtRlE, FENISTELL AN, AEEAIEES A DAEITEL

TNTHTFRAM A 4 W A B EYS B 75

1. EREARER
BE b, BRI DA HERRATTRNRARERNRGTTR, B777ES: MRG0 target L2 #&
s A —1 target + 1,

fniE 10-7 Fow, EH5ERIR, F665 ¢ famm /A —ME target + 1 (WIRAFLE), 1M j f6AI&HRA —1# target,
BE3g Il 5 Bl

target = 6
« (000080
j i j i
ERniE—E
target+1
FH
TR TRt —E
target target

[ 10-7 &GS FE AR CE A
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i

AR, REIREARE ¢, BIWTREHEHRK 1, EmEs ;-

il

// === File: binary_search_edge.java ===

[* ZHHEES5RE—E target */
int binarySearchRightEdge(int[] nums, int target) {
/] BYAEHARE—E target + 1

int 1 = binary_search_insertion.binarySearchInsertion(nums, target + 1);
/] i EERERE—E target , 1 IEEEMEAKIR target HTH
int j =1 - 1;

/] KE target , E[ME -1

if (j == -1 || nums[j] !'= target) {
return -1;

}

// ¥% target , REIZE3| j

return j;

2. BUAEATE
BMFNE, EMEFIAEE target B, &4 M j GoaliEmE AR, /MR target FITTE,
[Rlte, GniE 10-8 Fraw, M A] DARGE — (@A TAEAER TR, HRER LS,

ER/E—( target : FILAMEL A2 target - 0.5, AREHEE
Al —fH target : AT DAEML 252550 target + 0.5, WIRMEFERE 5,

target = 6
w: (§E00000080
;i ;i
i) =
target - 0.5 target +0.5
%H| 4l |
EfRA—E EERA—E
target target

10-8 & A E L & #ITR

AW R AN, DU mEERTER,

M SIS/, TSR BT R DA iR B S O TR T
K727 155 INT/INEL, BT DATR 1% R P Y B target BT BGECAI (Python SEZHH)).
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10.4 FEERIEWIRIR
TEBEIEIE R, FRIPYH I AR 7 S 2 B P A S A U S AT T B S, TP 30— (139
AN BRAR,

Question

A E —ERE S nums FI—ME B ST target , SHIEFEFIHER “F17 2 target AMIMEITR, IR
FEMRIEAIRS], IREERE—EfERTA],

10.4.1 44EH: URMIRTHE

EEREREF A RRENAE S, WIE 10-9 fiR, FRMBEI—MEWEERE, 78 EBm AR 2 S 4
target, fire, HIRFEIEMWES],

target = 13
nums =
9 1317
18 22
26

EFFFEHEE, SBINA
target WAEAKHR(D

@ 10-9 &MEE KR

PN R
// === File: two_sum.java ===

[* FE— BHFIE */
int[] twoSumBruteForce(int[] nums, int target) {
int size = nums.length;
/] WMEEE, REEMESR 0(n"2)
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];

MR 2 O(n?) , SRS O(1), fERYRHE FARHHER,

10.4.2 iEEH: USRI

EEFE—EREER, SES A LS TTEMITRRS |, WEERMEY], FimEiTE 10-10 FRiyER,
1. HIETEUT target - nums[i] B EEMEZERF, HE, HIEBIRMEMETENRS,

2. AFSEY nums[1] FIRS] L BTz R,

target = 13

e - (EEOE
.
i

map =
value =3l

target = 13

s - (DDED
200
i

key 7 TR
map =
value 1 £

FEHHFES nums TEHES] nums
13 - 2 = 11 KFE map © 13 =7 = 6 T map
~ TR 2 e map ~ TR 7 FiE map
Step 1 Step 2
target = 13

ws - (@OOD
([ [

i
key 7 b
map =
value 1 =3l

FEHES) nums

w13 - 11 = 2 7£ map
~ BETREERS [0, 2]
Step 3

@l 10-10 BhHMEZER KRR B
BHEBN TR, #FEEEEERA
// === File: two_sum.java ===

[* FEZ EBMRR */

int[] twoSumHashTable(int[] nums, int target) {
int size = nums.length;
/] EBNMER, THEMESR o(n)
Map<Integer, Integer> dic = new HashMap<>();
/] EREEE, REEMER o(n)

for (int 1 = 0; 1 < size; i1++) {
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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];

W77 B SRR A AR R AL O(n?) BEE O(n) , KIBFRFHHITIER,

HIA T A — R M AR R, RIS O(n) o MWL, 307 RPN 22 355 0 A 11,
PRI & R AR B B AR,

10.5 ERIESEHZE

BEEEE (searchingalgorithm) FATEERIAERE (Blanfds), HEsseps), BekE) PR —Es—HmE
REEGRIITTE,

S EA R R IR E BRI 7 2 DL R i,

- BB TERISRGE A HETER, BIANRES, SERSESI, A I A E R
- PRI R s RORM S I el R, EBSPOTREN, fln— s, MR ool
Ao

AEEEH, SRR CAE AT R A AR, H SRR R AR AR A, &
FHFTEE AR ATIN, ERER SRR

10.5.1 &HiES

2B EE R RS ETT R ACE M TR,

- RIS EHR SRS R SE AR RSN, EICE R —ImbAds, BERIFDTR, HE
B BT REENE S — il A IE TR 21k,

- CREERSEST M REEERT RERIR I MEER RS, B A S AR 162 e
=, HOL ARG ETR, IR SR EnRGET, W R EOESIE, M E
i, EENERI TR A RS,

21 EE R E HIEAEL, SRR R RSB ARI MR AGRE
AT, MR IEREE 2y O(n) , Hrbn 2tREE, FIEEREBRARIIER FUREEZE,

10.5.2 BHiEfEES

HEEE SN HERR AR (GInEFth) ARetb s8R, 1EmEmsutE i HETR,
- CIoiET MAERIH R IEEREE R, (EE R,
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- HERAERT MR SRR B E R S B E R, T E B AR
- BT ERPERIRAERE (BN TSR H, ZERR LRI E A PR HEER B, (AL BT R,

AR RS R XCR B, ISR AT O(logn) % O(1) .

SR, MERANE S EIAE R HERhET HERL, fla, — s REECHEIETHY, MR
R BRI LR B RS ORI A, AR IE L DR R D R R NI IR R 2 1 B 8

Tip
A SRR T O A AR R, BRI R E B R R DOk R HEDT R,

10.5.3 €875 HEN

MERN n —HER, WIS, —ola, BEH, BRERFSENIEEHEREE
TeR. F AT AR AR ENE 10-11 iR,

aiESE o(n) FBETN 0(1)  #HA key THvalue

M YSEEST IS4

(2]5]3]2]4]7]e]o]e]5]

ANAAAA
fREEFHFET
=588 0(logn) #iZ:H 0(logn)
E-aESET
EHEEHRS
2888000800
SN N

RIEE At S S ER

10-11 ZfEfEa5E

IR IR AR ERCR BRI AN SR 10-1 B,

% 10-1 EMEERSCRE L

SR il o MR A
AFTTR O(n) O(logn) O(logn) O(1)
BATTR 0(1) O(n) O(logn) 0(1)
MHERTTZ= O(n) O(n) O(logn) 0(1)

HNas O(1) o(1) O(n) O(n)
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S —os e MR
BRI R P / Her O(nlogn) # O(nlogn) H#HEER O(n)
SRR BT Eiida g HIF HIF a2

ESEFRINERERUNE RS E, EaSMREEOR, BRI MR E RS,
R R

BTG, HAETEORITHER IR, (RUNFETR L KGR, IR A =177 TR R TR R B
HORe ] LAR P =2 AR DB R

- EAREEEVNTER, BTN R SRR RRCR BT,

- EARERERURRR &N R, WA AT ERNEI T TR MEE

il

- EARKERERNED, SeRRBRE, REREERES O(logn) .
- ERHERRERR, K2 7 RS T B A A R TR R S R
- NEAR S IR R, R A e RS R B B

M A

- EEHETREEE RIS G R, PRRREREES O(1) .

- NEEHEAFERSEREERNS R, RAfRREREEERNEFPIE.

- PR R SN RER 1 5 R BRI AU M s, A BORIIRRE S LR R

© NEEERBIBRIIEDN, F2MRETREEINS AR R &S, MRt R iER

(==
HEo

- EARERER, KRR 0 B R,

- EE T RS 7 E R e E AR R

- TERFENE M ERS B, ToTESBnTREAE AR, REEREESLE O(n) .

- EER AVL BIAL RS, RIS IEIRIERTE O(logn) RCE NREEHUT, (HAEEB 075 (F e s
SRR

10.6 /&E

C CAEBREERE R, BEEEESER LS ERAGEG N, TR, B
SO s A1 S B R

BRI R AT B, SR S MRS R, R (e S AR
BB ERR, OSBRI, MR TR, IR O(n) B,

- RS, BIEEA SR NE YR T, A ERRE R R P B R, TS
ok, IEIRIEATE Ologn) 3% O(1), (RIE%BEHBESNTRILEHE,

-, RMREEEERR, STk, R R RS T RO, RTRES
TGS T,
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- A S E AR N ESR R E TR, S E AR, HEERRRL MR A N AR
FREOR I e ELAE R A SRR R R A R0 P 7 R A N e A S i [ s R B R R
- MR AR A2 — R R AR BTN R RO SRS, AR RTEAREETE O(n) B2 O(1) .
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F11E #HF

Abstract
HEFP R an — R AL ARk e RO BE TR SR RL, ERAM AR DABE Sy 7y PR B iR R
e e N, BEREMN Y, HiralmBfMER T 'R SRR,
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11.1 HIFRHZ

HiFEEE (sorting algorithm) AIRS —HERHZ IR EIEFEITHY, HFEEEAERZIEN, B
ARrFERNER REHIPCE SRUt &R, o rHIERE,

GniE 11-1 R, HEFEEIRP R R AT DU BB, TRRGEL sl BRSE, HE ROHIETR I AT AR SRR 5K
ROE, R/, T ASCII SIER B H 2 #AAI,

BRBFXNHFEY

RIRFHAFHFFS

BRIEEESERAAFF S

Ml 11-1 BRI AIFDH B R AR B

11.1.1 HELHEE

BETReR . BRI RIAM R R R AL, HARRHR(ERERD (R P Ay BOEEE/N) o
BRREREEN, PUTHRBEILAEE,

APE: B, RMHEEREE Y ERRFEB Y, EAREBREIMNEBI S, (M A iR
i, WHBILN, Rt ErHRER D, SUTIER R EDR,

Rt BEHRFAZSHFR, METRERSTAHENER AL,

TEH B 2 S R BB, REFRM A —ERE PR RMARAS, 58 1 51 2 50 A2 4
ik, EIEMEBIT, IFREHFATREEEM AR A PR

# BANEREIRBHEHFITRY
# (name, age)
('A', 19)
('B', 18)
('c', 21)
'D', 19)
E', 23)

# BREPIFBEEHFEREFRERTFRT,
# #GRP ('D', 19) M ('A', 19) BAEH{IENRE,
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# BMANERHRERZHIFHEE R
('B', 18)
('D', 19)
('A', 19)
('c', 21)
('E', 23)

EUBRETE: £ EREHE R AR B SR D RO M D B, S s BRI, R
S A I M 5 R T R R M

RERIE: ERESWHFRBLEEE T (<. = >) JCHBCEIMEIER, R ),
SRR IR R 2 O (nlogn) o MIAEHCBHER A FLBOEE T, HERIMMEATE O(n) , (HEGEMIH
FEBE,

11.1.2 BEHIEEE X

AT, EHh, B, HEE, @G, BR, 1255 IEMARREIEA D EITERERNHEFEELE, R,
TEEEHE R EE R, TR B A& R R BRI 7 SR AR R E

R, BMigttm s S EE s, WA LIRS A S B A8 HE 7 18 A A B BB T 0 #T .

11.2 FZEHF

BIEHE (selection sort) HYLAERERAER M : FAM—EERE, SEICRHEF EEDERER/NITTER, KFHEK
FIEH P EFERARE,

RFEPINRER n, SR EERRENE 11-2 FiR,

. FIGIREER, FTETCRAMT, BIARHET (R5D B [0,n — 1],

CEEUER [0, — 1) B NTR, HHERS| 0 BRITRHR, sEkiz, IR 1 ETTRCHT.
IR [1,n — 1] PRR/NVTER, KHEBERS| 1 RITRSHR, 5EiE, I 2 ETRCHT.
. DARSEHE, #6080 — 1 SRR, MSIET n — 1 R e,

. ERE TR ERRATTR, AT, RIS e,

a A~ W N

FHFERM FAFERM

s D nums nm

i ok
# 1 WS %1 WEm
EMRHFER, EER/TE nuns[k] EHFRAFER, BER/NTE nuns[k]
ZR/eR nums[k] FRAFEMEMETE nums[i]

Step 1 Step 2
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KHFER

nums

% 2 mEE
EWRHFER, BBR/)TR nums[k]

Step 3 ] step 4 |
SHFER
- 990008
R .
i K

# 3 mEE
EWHRHFER, BBR)TE nums[k]

Step 6

Step 5 ]

KHFER

nums

B 4 WRE
EWHRHFER, FBR)TE nums[k]

Step 8

[ster 7]

RHFER

nums

# 5 WEE:
EHRHFER, FBR)TR nums[k]

[ Step 9 ] Step 10

KHFER

~ 0080

SERHF (RF—ETRRARF)

Step 11

RAFERN

B 2 WmEE
EHRAFERY, BBRTE nums[k]
TR nuns[k] FRAFEMEETR nums[i]

RHFER

- G080a8

B 3 WmEE
EHRAFERY, BBRTTE nums[k]
ZBTTR nuns[k] FRAFEMEETR nuns[i]

FHFER

—
nums .B Aj
-~

B 4 WEE
EHKRAFER, BEER/NTR nuns[k]
TR nuns[k] FRAFEMEETR nuns[i]

KHFER

I
- 000808

B 5 WmEE
EHRAFERY, BBRTE nums[k]
BTR nuns[k] FRAFEMEETR nums[i]

B 11-2 EEH DR

FEREESH, MM b ARECERARHE B N A RN TR
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// === File: selection_sort.java ===

[* BEEHE +/
voild selectionSort(int[] nums) {
int n = nums.length;
/] MEE: REFEES [1, n-1]
for (int 1 =0; 1 <n - 1; 1++) {
/] WEE: HFRFFERNNRNTERE
int k = 1;
for (int j =1+ 1; j <n; j++) {
if (nums[j] < nums[k])
k =3j; // sE&/NTENES
}
/] BEENTREREFEEBNEETERSR
int temp = nums[i];
nums[i] = nums[k];

nums[k] = temp;

11.2.1 EEZFH

BERIMEERE 2 O(n2). AFEDEMEHY: SUERSE 1 — 1 6, S RIRIEFERRRES 0, RE—h
HIRHEFF R RIS 2, EIEMINEBARIES n, n— 1. ... 3. 2 SpiBE, Rz Ot
- SRR O(1), HuHER:: HEEE 6 RO (8 PR MO NIAENER

- EEBEHDY: WIE 113 F0R, TEE nuns[1] AT RERC R SEASRAO TRV, R
WELF 45

RHFEM

oo
PITE—WEE

FHFER

eoa00a

TRE—WERE,
METE & AESMERET RS

11-3 EEH R ARRE R
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11.3 @%HiF

#BAHF (bubble sort) JZ @AM LR ESHRMR TR EBHT, IS IEBFEMRSIE R TH 2ITHR — 4%,

A5 2 1R

GRlE 11-4 FoR, B iREREA] DI TSR S e A msde : 1My | B e mBR A G B, MR EEBAH#TTER KR
N, AR ETER > AR SRR, ERISERIR, BORHITTR GBI Y R A .

ums °0°0°0

HEEEFIARME—H R
TEANTEEBBRIELL

~ DEEDEE

l Step 1 J

nums 09\0090

WEEEEHEMTE:
v EBTR > GETR
o ZEMIETE

Step 3

nuns 060°°0

WEEREHEMTE:
v EBTE < AETER
o ST

l Step 5 J

Step 7

11.3.1 BEZRE

nuns 9¢°9°°

WEEEEHEMTR:
v EBTE > AETR
o RIMEMBETE

Step 2

nuns Qeoaeo

WEZEEHEMTR:
v EBTER > BETR
- RHEMETE

Step 4

eaoeéb

WEEEEHEMTR:
v EBTE > AERTR
o RIMEMBETE

Step 6

IKIE IKE
nums oeoooe

WM n-1 EREERE

EHTERE,
BARERT HAE

11-4 FIHTTERZREREREER i

RESIRER n, (EIRHFEIDERANE 11-5 AR,
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1 B, ¥ n E7TRHUT “BilT, IFRSINERA TR IR IR E,

2. BN, BFEERn — 1 ETRPT “Eil”, FE IOTRRM BN E,
3. DAMCEHE, &l n — 1 “Hil2” &, Ain — 1 KECERARPE IR IEMA E,

4. RN — TR R R/ VR, SR, HIERSIHER 2.

Bk
BT E

- 000088
BiTE 1 WmER
0oDoBno o

BiTE 2 WES

- 0

BITE 3 ®KER

=
- a0 el
=l
=

HiTE « WEE

0800

BiTE 5 WEE

08000

TRHF (RiF—ExRREHF)

11-5 JEKRHEF AR

EN/iESa N I

// === File: bubble_sort.java ===

[* AERHRE */
voild bubbleSort(int[] nums) {
/] SMEBRE!: RHFERR [0, 1]
for (int 1 = nums.length - 1; 1 > 0; i1--) {
/] WEE: ERHFER [0, 1] PHRATERREZEBNREGH
for (int j = 0; j < i; j++) {
if (nums[j] > nums[j + 1]) {
// 33H2 nums[3] E2 nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 1];

nums[j + 1] = tmp;

SRHIFFER

[01

[o,

[o,

[01

[o,

[o,

5]

4]

3]

2]

1]

o]
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11.3.2 MEREK

B, WRK G “EIE” PRAPITEASR R, SRR EAEEH Y, TEZREER, Hit, A
DA N —{EREREAL flag ARESRISAETE N, — BHBIIZ AN,

SO AEML, TRHE MR R R R TR IR B 2 O(n?) 5 (HE A\ BFI52 2 RS, i
SRR O(n)

// === File: bubble_sort.java ===

[* EFRHE (FESsEl) */
void bubbleSortWithFlag(int[] nums) {
/] MEE: RFEES [0, 1]
for (int 1 = nums.length - 1; 1 > 0; i1--) {
boolean flag = false; // #IATKAZSH(L
/] NEE: #XRHFEM [0, 1] PHEATERMNEZEBNRGIR
for (int j = 0; j < 1; j++) {
if (nums[j] > nums[j + 1]) {
// 32 nums[j] £& nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
flag = true; // C&IMITR
}

}
if (!flag)
break; // Lt¥m “BE" RXIMEMTE, EIEBE

11.3.3 EEZFH

ORISR O(n?). EHEIEHDY: &6 “ENE” ESIMAIRERKSn — 1. n—2 ... 2 1,
RS (n— 1)n/2. TE5IN flag IFE(LTE, REERRIMEEATES) O(n) .

- SRR 2 O(1), JEHEERE: $5H 0 A j R RO MIAESN R,

- REHE BRME CEI PBEISERAH,

11.4 {ENHEF

EAHEE (insertion sort) 2 — M EAHEF S, B0 T/E R TR — R A EREIEE AL,

B, BRI MRS TR, ForR MHAREHP R TRZE— gD, A
ZICR M A FIERERIALE,

11-6 J&/R 7RI ATCRAVIRIERiIE, REMETTER S base , FMFFERME HIERT1E] base ZHRIFTETT
RAGBEI N, AR base MUER HIERS,
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nums[5] = nums[4]

& 3 EAE nums I N
. SRR
EHFERSERIE BEBH—{ ) 2 )2

nums[4] = nums[3]

BRTER [
wEEREs| |\

11-6  BEIRIRANIRME

11.4.1 EBEZRIE
SN 1R AR AN 11-7 FoR.

1. VGIRRET, FESIRYES 1 TR sedE .

2. BEEHFINIES 2 [EITRER base , AFHAMAZEREAER, PEFIRGN 2 ok CHbT.

3. BEHEE 3 (HITRIER base , FFHMATIEMIER, PEFIREG 3 R CHbT.

4. DULKEIE, 7ERB—RT, EEURIE —EICRIER base , I HMARIEMAER, FifixRICHT.

EHFER

[0, o]
[o, 1]
[0, 2]
[0, 3]
[o, 4]

[0, 51

11-7 f@AHEF AR

N/ ES N U
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// === File: insertion_sort.java ===

[* FANHEF */
vold insertionSort(int[] nums) {
// IMNEE: BHIFERS [0, 1-1]
for (int 1 = 1; 1 < nums.length; i++) {
int base = nums[i], j =1 - 1;
/] WIEE: & base HWAFIEHFERM [0, i-1] PHERMUE
while (j >= 0 && nums[j] > base) {
nums[j + 1] = nums[j]; // #& nums[j] EABE—I
3--3
}
nums[j + 1] = base; /] #% base RREZIIEMREMNE

11.4.2 EBEZISH

- R 2 O(n2). EVEMEHDY: {ERZEMI R, SIIEARESHREEE n — 1. n—2. ...
2. 1R, KAHEE) (n — 1)n/2, FHIREMIES O(n?) . EBSIERFYRE, ARG
Ik NS5 AT, A SRR R O (n) .

- SRR O(1). FUHERF: $51 6 F j MR MRS,

CREEHDY: EERMEEET, BT RIS S TENEN, AaSEEEIER.,

11.4.3 {HENHIFHES

FAHEF R A 2 O(n?) , MiFMETRERE Dot F IR R 2 O(nlogn) o REMAHET
AOiRe PRI EMERE S, (HAERDRHR UMD, WdAHE I E i,

TS 18 i BLAR VA SN — 0 1 S A0 A I LA AR DL, POl HEFE 8 O(n log n) ATE SRR B IR 4016
SRS HHE RS, A S 2 HUTE AR, TERRHREBUN, n? A1 nlogn MBUEHLESEE, i
JEAME BN, i ) BT R R B ROE MR A

HFEE, FF2EGES (B Java) RINEHFFERA THEANNY, RECERZS: BIRREDZ, SRAZER
SHAERMSHIH AR, flantigEdtr; BiERs, ERERBEATR.

BESRIETRHE R, B IEHE RS A F IR R 2 O(n?) , (EAEERSRENH, AT IR SR
RN IEARHE AR IR, 3 EADURER,

- RHF RN TTR AR E T, TERER AR, RPN 3 (E BT, MAHE R TR EE
B, {75 1 EEITRME Fitt, WD R E R Ll A HE 5,

COREHUF AT FOR RS O(n?) o WURESE ML A IFIEOR!, FAHDTIE S L%
PP BCR E .

- EESHEAMEE, ERERRZ T,
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REHE B RN M IGRIS P ERE, JUTERL, BRI,

PIEHE R ORI “THIE 2", HEER: BRI ETTRE R R, AFFTH /IR
RUTTRBEIHAR], MAREEERE TR RGN, BREAGR, THICE 2R RrEaE 11-8 For.

1. JERPEY iR Ao TR A BT, WAL RIEEAR L R0 5 2 BldE ) s R e i
2. woE—EEE, EmHER L G) 2hlE RS EHEREER () KR, RBHBEHETR.
3. T ER 2., HE UM §ANBRHELIE, AR RO S W 1 P 7 AR

(quick sort)

Step 1 BEY Step 2 BEH
left right left right
v v

-« (OE088

i

def partition(nums, left, right):

x
bl

nums

def partition(nums, left, right):

CERIS e
i, j = left, right # Bl nums[left] AEae i, j = left, right # B nums[left] ZERsy
while i < j: while i < j:
while i < j and nums[j] >= nums[left]: # #EEAREEMCEEBOTE while i < j and nums[j] >= nums[left]: # HHEMAREERELEBNTE
j-=1 j-=1
while i < j and nums[i] <= nums[left]: # WEEGREEANEEHNTE while i < j and nums[i] <= nums[left]: # ftEBEREEANREEHNTR
i4=1 i=1
nums[i], nums[j] = nums[j], nums[i] # REMETTR nums[i], nums[j] = nums[3], nums[i] # IERETE
nums[i], nums[left] = nums[left], nums[i]  # HERBHEMFRIINS R nums[i], nums[left] = nums[left], nums[i] # HERBEMERMFMIINIFR
return i # EEERHNRS| return i # EEEREHHRS|
Step 3 BEY Step 4 B
left right right

def partition(nums, left, right):

left
v

gn-nag

rtition(nums, left, right):

AR BTSSP
i, j = left, right # Bl nums[left] AEAEH j = left, right # L nums[left] ZAZasy
while i < j: while i < j:
while i < j and nums[j] >= nums[left]: # #EEAREEIMCELBNTE while i < j and nums[j] >= nums[left]: # HHEMAREENRELEHBNTE
j =1 j-=1
while i < j and nums[i] <= nums[left]: # WEMAREBEAREEHNTE while i < j and nums[i] <= nums[left]: # HWEMEREEANREEHNTER
i+4=1 i4=1
nums[i], nums[j] = nums[j], nums[i] # REMETR nums[i], nums[j] = nums[j], nums[i] # ZEmETE
nums[i], nums[left] = nums[left], nums[i] # WEEHZMERFEIINSRE nums[i], nums[left] = nums[left], nums[i] # WEEBRERFMIINS R
return i # EEEEHNRS| return i # EEBEHHRS|
Step 5 BEM Step 6 BEy
left right left right
v
- ~ @00080
‘ A
i g b
i

def partition(nums, left, right):

def partition(nums, left, right):

"UREEIS Bt
i, j = left, right # Bl nums[left] AE¥EH i, j = left, right # B nums[left] AEERH
while i < j: while i < j:
while i < j and nums[j] >= nums[left]: # #EMAREENEERNTE while i < j and nums[j] >= nums[left]: # #AEMEREENEEBNTE
j-=1 j-=1
while i < j and nums[i] <= nums[left]: # #EMEHREEAREERNTE while i < j and nums[i] <= nums[left]: # #AMEREEAREEHNTE
i4=1 i4=1
nums[i], nums[j] = nums[j], nums[i] # SEMIETER nums[i], nums[3] = nums[j], nums[i] # SHMEMIETE
nums[i], nums[left] = nums[left], nums[i] # KEFHREMFEIINSFES nums[i], nums[left] = nums[left], nums[i] # KEFFATHFEIING TR
return i # EEEEHNRS| return i # EEEEHMNRT|
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Step 7 BEY
left right

- 00008

J
i

def partition(nums, left, right):
"rUEEIS
i, j = left, right # 1L nums[left] AEEH
while i < j:
while i < j and nums[j] >= nums[leftl: # HEMAREEIMCEERNTRE

j=1
while i < j and nums[i] <= nums[left]: # fHAMEREBARSSRITE

i+=1

nums[i], nums[j] = nums[j], nums[i] # ZHGEMETR
nums[i], nums[left] = nums[left], nums[i] # KEEHTHREMFEIINSRE
return i # BEREHMRS|

Step 9
‘ BEH

Step 8
left HEH right

-
ol [ [-[-]-]]

J
i

def partition(nums, left, right):
RIS
i, j = left, right # BL nuns[left] AEE8K
while i < j:
while i < j and nums[j] >= nums[left]: # HEMAREEIEERTE

j-=1
while i < j and nums[i] <= nums[left]: # HEMAREEANERBNTE
i+=1

nums[i], nums[j] = nums[j], nums[i] # ZMERETE
nums[i], nums[left] = nums[left], nums[i] # KEEFREWMFEIINDFE
return i # BEEEHHRS|

nuns {aaa

EFES

“HRES FAE,

HFES

R TR

EFESIERTR < BEY < AFEIIERTR

11-8  MEIedl 720 Bk

W SeE e, JRBESIE R =Rk T RS, AR ATk, Hiwe A rESHEETR <&

< ATEAIEREITR". B, W TRATE

Ja T RS AT HE o

N S O B B A M R 27 T P o L A 1 25 7 Ml T P 471 T e R R

e
[ PR R 53 6 R

// === File: quick_sort.java ===

[* TTERI */

void swap(int[] nums, int i, int j) {
int tmp = nums[i];
nums[1] = nums[j];

nums[j] = tmp;

[* HESD */
int partition(int[] nums, int left, int right) {
// LA nums[left] AEZEE
int 1 = left, j = right;
while (1 < j) {
while (1 < j && nums[j] >= nums[left])

i-- /] REEEREENCEEHN TR

while (1 < j && nums[i] <= nums[left])

) /] REBAKREEAREEHNTER
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swap(nums, i, j); // MEMETE

}
swap(nums, i, left); // iSEEHIAEM TSI R
return i; /] REIEZEEHHZRS]

11.5.1 BEZRIE

PP R AR R 11-9 Aok,

1. B, BEMEBIBIT O “THE 7, SRR T SR A RS,
2. 1%, BT RESIRG TR BREEST I,
3. FHEURE, EEFEYIRERS 1REIL, R E S HE Y .

A
— @O0000

FRGEE

B @ FRESIBAT “THEE5”

BT TR  EEATFEE - HETEIIRES 1 BHEL

' e 53
BIe] e Rk I HE

1 2
Y25 Y e B 53
2

EIBEE [ bR miEE

11-9 PuEHER e

// === File: quick_sort.java ===

[* BREAE */
voild quickSort(int[] nums, int left, int right) {
/] FREHIRER 1 KRR
if (left >= right)
return;
/] HHEEID
int pivot = partition(nums, left, right);
/] REEFES, &FET
quickSort(nums, left, pivot - 1);
quickSort(nums, pivot + 1, right);
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11.5.2 EEZIFH

- EHBEEZ O(nlogn). FHEREHT: EFIEHT, WHEESINEEES S logn , BEHH
HEEE A N, SR O(nlogn) Kiflt, ERZEMN T, SRESE S RESITERE 2 n (IBESIE]
DEARESR M n — 1 NWMEFEY], HREHEEEEED n, SREPERES n, AR O(’nz)
IR

- BHEEEES O(n). KT : E#A Y E2EFER T, ERRZEERE n, HH O(n) #
B, HEFIRE RS FEITHY, RFEBNEHINES,

- AgEEHT  EEEEISNRE D, EERETREEHCEIEHE TR,

11.5.3 REHIFAMHER

s ERiREE t, PORHFERCR T HEZEA —EHESS, @8 PR PR R E R S ok
BP0 R CHEREHERST M), (EXE R PasHE R RIReR Em, EEA U TREL,

- HBURZERE DU RIME: SRR R ERIERE S O(n?) , WHAHITIRE, BEEA
ZEUBEN T, POEHNTEELE O(nlogn) R R FET,

- PREERIRCR S FEPUTIESRBIBRERE, RO A EAE 7RSI BONE PR, AR T 2R A R
mo MR “HEREHEE” A ET LT HITR, Rmi=iE Rt

- BREREBURRUD . £ DR=EEERES, PulHT AL RE, SSHRERER AR RD, G
AT L kT E AR AL,

11.5.4 BEHREWL

PoidiHb A 2ol A\ TR ISCR AT RERRIS, 28— (Ehism Bl -, IR ARSI 2 e 2R, B/
RACITCRIE R RIS, RN 8 e iR, BRI E A v, EEE TRSIRE S n — 1,
AFEAIRER 0, WHEE RE, Sl aE B2 8E —Er B RER 0, IERIEKRRL, s
BTy “HRHEE" AL OB,

TR IS EE L, AT DU AR Sed) oy v R BL R BB IBGR G . BN, TR AT DAREHOE R —
ETCERIE AR, AT, WERIESUNE, SRENESI BRI, BeRMAATRIAE.,
FREEENE, BAESERARE "R, RIS MR RE BT IR —ER 2 R R R B,
TR PO HE 7 IR TSR AT RES L.

7 VE—DUGE, BT DERS IR = Ee0ETR GEEAMAIRE, B, PRICR), WhikiE =afxiE
TURIIP B2, SRR, BER “BEAANMEAKKR” BIMRIERIETE T, ER, BATEA LA
BEHCE 2 RIEITE, DUk — IR m AN RR R, AR A, MREERESLE O(n?) R
RFEAR,

RIS :
// === File: quick_sort.java ===

[* B = (EREEITRAI P +/

int medianThree(int[] nums, int left, int mid, int right) {
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}

int 1 = nums[left], m = nums[mid], r = nums[right];

if ((L<=m&& m<=r) || (r<=m&m<=1))
return mid; // m 7 1 # r 2R

if ((m<=18 1l <=7r) || (r<=18& 1 <=m))
return left; // L& m # r Zf

return right;

/* HERD (ZHEHE) */
int partition(int[] nums, int left, int right) {

/] ER={EEET RN IE
int med = medianThree(nums, left, (left + right) / 2, right);
/] BRI E S R A i
swap(nums, left, med);
// BL nums[left] AEEEE
int 1 = left, j = right;
while (1 < j) {
while (1 < j && nums[j] >= nums[left])

J==g /] REREREENREEHN TR
while (1 < j && nums[i] <= nums[left])
T+ /] RERAKRBEEAREEHNTER
swap(nums, 1, j); // RIREMETEH
}
swap(nums, i, left); // BEEHRMERFEYIND R
return i; // REIREHERS]

11.5.5 BEOREL

TESEE AT, PO rIREM N Z 2, Dlsg e f e i A S 25, SOl i RSIHRER m,
RIS E MRS A RE R 0 WA FIFIMREZ m — 1 0GFRS, EREKE SRR >
RIRTERBAER /N (U —E7T2), BEMNSEEES n — 1, HRFEEGH O(n) K/NIHm =S

ﬁfﬁ o

7 1P IEHE RIS R R, WP DAE S RIE S o2 i,  Fememi (e 7 AR R, B - B3
BRI, AR TR REANGEE n/2, KIS LR RERIREAEIE logn , TEMmERZE
REEHERENE O(logn) . BB FR:

/1

=== File: quick_sort.java ===

[* REHF (BEEREL) */
void quickSort(int[] nums, int left, int right) {

/] FEIIRESD 1 R&iE
while (left < right) {
/] THER|DEIE

int pivot = partition(nums, left, right);
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/] EWMEFEFI PGB NI TR
if (pivot - left < right - pivot) {
quickSort(nums, left, pivot - 1); // IEEHIFEFES
left = pivot + 1; // FIERRHFEMZA [pivot + 1, right]
} else {
quickSort(nums, pivot + 1, right); // EEHIFEAFET)
right = pivot - 1; // REFKRHFERSA [left, pivot - 1]

11.6 S#HIF

BHHF (mergesort) 2 —FEEN 2 IARISHUHEFEEE, WEE 11-10 Foriy “Eln” M 507 BB

1. B PEEL: BRI BT R e e R R 70 B, 1R B8] ) HE o L 45 2 R 0 )
2. GOEE: EEAIRER 1 R i#10, FGE0F, e/ mEERE A RS & 0F R — 1885
RIVAFHSI, EEEH,

BIPEER

) EZEE
312

AR

fEl 11-10 & e RS > B & HFRE B

11.6.1 BEZHRIE

GniE 11-11 Ffow, “BIorREER™ RETHZ RGN Mt R 51 1€ v 7] 7 2o T {18 -3

1. FHEES|hE mid, EEE AR5 (&R [left, mid]) A7 (ERE [mid + 1, right] )
2. REMITHER 1., HETFESIEMRESR 1 KL,
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“EORER” TR B THMR L T SR 1 S S 0 2 — A RS, RETERERR, RRER 1 TS5
aaEpE, SOFREEHREE T EAIEUR A .

Step 1

[ step 3 }

Step 7 ]

Step 9 |

Dano

B
.......................................... faRal
(3T
EMEH -
|
BRI
}‘ EREE

"‘ ¢ 1L

BRE
(313000

AREHEIE
EJ12000

Step 2

[ster 4]

‘ Step 6 ‘

Step 8

Step 10

B 11-11 &HHEr P

HRE
KRR

ISEE
[J13500

s
[3185 00
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BUREH, SOt R TR R R E 2 — B,

- Rk SRR, FEEAG TR, REEFAREIRS,
abFby: JoREAE TR, RS TR, SREH SO,

A0 R ER M LR REER, SR, nuns RIFE O 2 [left, right], 1M tmp AYBHRERE 4
[0, right - left].

// === File: merge_sort.java ===

[* AHEFESIFAFREES */
void merge(int[] nums, int left, int mid, int right) {
/] EFESEBA [left, mid], AFMEFIERA [nid+1, right]
/] BEI—EEEEFES tmp , AREREHEGESR
int[] tmp = new int[right - left + 1];
/] MR EFES A FRESRIAES]
int 1 = left, j=mid + 1, k = 0;
/] EEAFEFEERTER, ETIERIERE/ R TTRES D ERRES
while (1 <= mid && j <= right) {
if (nums[i] <= nums[j])
tmp[k++] = nums[i++];
else
tmp[k++]

nums|[j++];
}
/] HEEFEFIEFEYRF Rt R E R EI FRES S R
while (1 <= mid) {
tmp[k++] = nums[i++];
}
while (j <= right) {
tmp[k++] = nums[j++];
}
/] EEREERES tmp RRTTREREIRMES] nuns KRR R
for (k = 0; k < tmp.length; k++) {
nums[left + k] = tmp[k];

}

[* EHEE */
void mergeSort(int[] nums, int left, int right) {
/] AR H
if (left >= right)
return; // EFEIIRER 1 K& ILEE
/] BIDPEER
int mid = left + (right - left) / 2; // sEHH
mergeSort(nums, left, mid); // IEEALFFES
mergeSort(nums, mid + 1, right); // EEHGFES
/] EHREE

merge(nums, left, mid, right);
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11.6.2 EEZIFMH

- IFEBEE 2 O(nlogn). EEEIEHDY: 17L& log n FHIRIEKS, &84 HFARRIFEE
#n, FEIAARKEERES O(nlogn) .

- BHEBHES O(n). JEEMHT : BEIRE S logn, fH O(logn) K/NUHERBIEZSRE, &0HEE
TEFEREIES B, (EH O(n) K/NEESNERH,

- Ry TEEfRERETD, METRMRF R,

11.6.3 fEEERTIHF
BORBEAE RS, A OEHE AR HA HE i B RS0, ] DA Sk HR A HE I 5 00 253 B R 1 I A
k= O(1).

- Ao REBE: ATDAGER] IR BMR IR AEBISEAS ER A > TR, (EE 2R e A HE AR e
© ADIREEL: 1ESEASESIR, EIRSEHBREERSEES N (e WRTER, RS GEmEES
Frstf R SOt R — AR A FPslah R 41) R RN R A,

HESE B LB, A PR pE v AR b T 238,

11.7 iEHIF

Tip
FIREAEIRT, SEREMRCESE “HERE “EH,

HHEHE (heap sort) 2 — MR AHER & RIS E B AP A R, FRATATDIAH CE2ERT " i
BAE” R TR HHERERIE” EBIHEREHT

L. ARSI N7/ NTEAERS,  IEiRe B/ TSR AR HERATH,
2. NETT HHERRE, MRIRECEHERTTR, AR SEINEIRHE I,

PAETTIREESRRIAT, (ERRERE — AR MEY A R s tH TR, HEGRE M, EEERD, JIEE N
— R E AR E B T

11.7.1 BEERIE
AR ES n, HEAEFIRENE 11-12 Fir.

1. S \BEBA N RTHHERE, SEliR, RATTRANHERETH,
2. AFHERETELR (BB — AR SMERERTR (RE—ETR) iR, EREmiE, HEIRERL, B
HepeREEmM 1,
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3. TEHERETH R, TETHBRAITHRELIRIE (sift down), SERUMEREILIR, HERIRIMEBES B,
4. EEPITH 2. S 3. Do WE n — 1 W&, BIRISERBESIHER

Tip

HEE b, STREMEREREHHUEE 2. P 3.

&, HREZ 7 —E#HITRIP R

0
0 ©
000

=

SERNEFIRT

s (BOEEBBE
SERRTR BRRTE
[ Step 1 }

[
@ ©
0060

ERNENERN SHFER

- (00000

[ step 3 |

@ I

@ ©o
000

ﬁﬂwgﬂﬁﬁ EHFEM
~ (20800
[ Step 5

O
o
000

HRNAMERN SHFER
~: (308008

[ step 7 |

©

SERHF

1. ARSI ERIERT

SERHF

1. EINEEDIEER

2. EESERPRRBATE
(1) ZERATRRERETR
(2) RRERETHERL

SERHF

1. ENREDIEERIERT

2. EEEEREPRRRATR
(1) ZEHATREBERETR
(2) HEERETERL

SERHF

1. EINEEDIEER

2. EESERPRIBATE
(1) ZERATRRERETR
(2) RRERETHERL

0
o ©
o0

HRANERER BHFER

©

-

= Nt
nums [2 V 3 n

0
@ ©
000

ERNENERN SHFEM

Step 2 |

nums

Step 4 |

0060

ERNEHER BHFERM

D

"
- aan

6 o
ooo

BRNEREN BHFEY
s HD0000

Step 8 |

nums

Step 6 |

IETRHIF

1. BNREDAERIERT
2. EEERPRIRATR
(1) REHETREERETR

SERHIF

1. BNFEHARAER
2. EESERPRERBATE
(1) RERRTRIVERETR

IETRHIF

1. BNFEDAERIERT
2. EEEERPRIRATR
(1) REHETREERETR

SETRHIF

1. BAETIMERER
2. EEERPRIBATE
(1) RERRTRIVERETR
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o
@ @ TR
) 1. BT ERER
000

2. CBEHEPRRRATR
RANERER BHFERN

— (00000

(1) HERRTRIBEARTR

(2) WREFREITHERL

e o
0060

ERANEREN EAFEM

SETRHIF

1. BNREDIAERIER

2. EEPERPRRRATR
(1) ERRTRIBERRTR

| Step 9 | Step 10
@ @ R @ @ SR
1. BARFHERER 1. BRI
@ @ @ 2. BB RRBATE @ @ @ 2. BB REATE
(1) SRR RS R (1) SRR
EANERER BHFER (2) HEERETERL BHFER (2) WEZEEITEML
i ) . 3. W ETRRARE, HFER
- 000000 - 000000
Step 11 ‘ Step 12

11-12 HEfEHE B

ERENEEEE A, MM 7 W SEEHERNETE R RHERL sift_down() B, ESFFENE, B
RHERER RS a1 BUR AT E2MmiEy)D, RIEBERMFEELS sift_down() BT —EREZ 8 n, HRE
EWENEANRE, EXB AR

// === File: heap_sort.java ===

[* WRIRES n , CERS 1 BHtG, WIEERHERL */
vold siftDown(int[] nums, int n, int 1) {
while (true) {
/] FIERERL 1, 1, r PERKRER, 584 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;
/] EEiEs 1 RAWES| 1, r #57, BSEEREEREL, B
if (ma == 1)

break;

/] RIAMERRE

int temp = nums[i];
nums[i1] = nums[ma];
nums[ma] = temp;

[/ BEmE T HRL
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[* EREHE */
vold heapSort(int[] nums) {
/] EETEIRIE: MRRPRIEEIRL ANV E PR B EIRS
for (int 1 = nums.length / 2 - 1; 1 >= 0; 1--) {
siftDown(nums, nums.length, i);

}
/] VEHBEHRIREATE, BB n-1 &
for (int 1 = nums.length - 1; 1 > 0; 1--) {
/] BIMRERE R R AR METREETR)
int tmp = nums[0];
nums[0] = nums[i];
nums[i] = tmp;
/] VIARENRE AR, ETEERETHRL

siftDown(nums, i1, 0);

11.7.2 EEZFH

- RHEBERES O(nlogn), IEEBEHNT : EHERERIEGERH O(n) R, EHERETIRBURATTR IR
MM A O(logn) , HIEE n — 1 .,

- PREEEEES O(1). by SEEEEEER O(1) M, TTRIRFIHER R 2 1E R 5
TR,

- AR AU ERETE T R AR ROT R, TR E AT Re R L,

11.8 1@HiF

HA AR HE A RAE R Y SR R HE AR, E M S BT RER A NREBHETY . IR
PR RIS M O(nlogn) o #FAR, BIVHRSEE “IEHeBipEE", EMmR e
J& AT DARE R SRR

#@HEF (bucket sort) Z/IARIGHI—ESIER, CE@ BT —LEAR/NEFHINE, &5 E—E %]
TRELE, AFERPFEI RIS AT, AR, EREMNE D BIBITHY, RIS B RS
(i

11.8.1 EHEEHIE

FRERE R n WP, HooR2EHEE [0, 1) Wi, MHFEmRsE 11-13 Fix,
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1. WM K fERE, 1 n ETROECE k@R,
2. BEEMDHBITHR CEMEAENESINEHFRER,
3. TZIRMTE/ NEIRRINEF & DS R

ﬁTEEW ETFEET, BEUF
SR REE S
BEERIAE
buckets HITHE
HFHE m,@m [W#BA) (0.4, 0.6) lo.g, 0.8)
\ / / / EREREIEE
\ J / ¢ EHER

oot (0 o9 [0.15] 0 57 J0.43[0.49]0.57] 0.75 052 [0.91 0.6 ]

nums

11-13 AP ER R

FEFUHEUN R FR:

// === File: bucket_sort.java ===

[* BHEE */
voild bucketSort(float[] nums) {
/] ¥ k = n/2 BHE, RERERSERIE 2 BxER
int k = nums.length / 2;
List<List<Float>> buckets = new ArraylList<>();
for (int 1 = 0; 1 < k; i++) {
buckets.add(new ArrayList<>());
}
/] 1. BEFITEDERRERFF
for (float num : nums) {
/] BANEREER [0, 1), FA num * k HIRFES|EE [0, k-1]
int 1 = (int) (num * k);
/] #& num FTIGER 1
buckets.get(i).add(num);
}
/] 2. BEERNTHRE
for (List<Float> bucket : buckets) {
/] FERNEHFRN, WalBiRpEtEiE B8

Collections.sort(bucket);

}
/] 3. EFREHGER
int 1 = 0;

for (List<Float> bucket : buckets) {
for (float num : bucket) {
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nums[i++] = num;

11.8.2 EEZIFH

MHERE R R BRI RL, BN, SABREE 100 BEDTR, mRSHRG, RetcEEEL—
MNP B R IHERE, RATDGSER 2R 1000 M8, A2 B EMETHR, REFEERE 0,

- BERIBIEIE S O(n + k) © BRULEEA AP ELISMG, EEERNIERNRS 2, T
SR O(2 log ) B, HIHERAFERIER O(nlog ™) B, HEHIBUR k HBEARS, WRINER
BRI O(n) . SOHERISTHEESFEMMNTE, B8 O(n + k) Hi, EREWNF, Find
B IE) —IRED, EHEF O(n2) IR,

- SRR S O(n + k). TEEHER: SR k BRI o (E7e R,

R SRR A RN TR T R

11.8.3 MEIFIRFIYHEC

ArHE e IR PR B LT DOER) O(n) , BRSEERIGF L9 Bl B2 ik, [R5 BRI R
B il flan, BRI B _E AR S L B S E -2 0 BEE) 10 fE T, (E R AR ERS iR,
IR 100 JTAYAER 22, MR 1000 JTRYAER Do 5 REERS I P28 3 % 10 8, SEMHrm RS EEn g
FEH R,

RHEBLPEINHEL, TITA] DUCBOE —RRE 2 FU4R, RIS 2 3 [Eff. srBlse e, Ml wish
B2 ARSEE 5 2 3 I, EEFTHMPRTRBE AR,
QN 11-14 FoR, EREEARE R PR, HEZEEmBAEEA R, B, A uEE
ARl E 2 3 (AR, ELESEI 077 AT AR IR R R R R

BmEE
= BHEISER

BRI — 65y 20% 15%
’ ERER BHRMbEE
REEEN —1pg 100-500 >500 <10 18%
10-20 13%
20-35 12%
18% 35% 12% 35-50 10%
50-100 12%
<10 10450 50-100 100-500  20%
_— i _— >500  15%

13% 12% 10%

10-20 20-35 35-50
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11-14 IEEE 54

QI SRBAME AR e A (B AU AR o0 4, BT AT DURRPRBORIE S S0 thinse o RIS RRIN (B o S8, (E1S RV,
BERLMll A TR RS, ] DURIE R R SR SRR R T 0L,

aniE 11-15 Fow, B R S ERSARTE ERE i, ISttt n] DLE BEMhEEE (BRI R, (eI i it 125 23 i
FB A

0 3 10 25 80 200 +o  EmiERE

{EiREEE <3 3~10 10~25 25~80 80~200 5200

11-15 RIBHECR G E] 94

11.9 =tEHF

sHEtHEF (counting sort) EiBSAITREEAREH Y, @5 EHIREEEH,

11.9.1 f§EEIR

FeRE —EHFEH BB, 45 —ERES n A nuns , HAPRTEERE “AEESRET, sHEGHR R
FEE 11-16 Firo

1. EFMEA] RHEPNERET, s8hm, REET—ERES m + 1 WIS counter

2. #5Bl counter #int nums PREFZHIHBLUREL, HA counter[num] BEET num I BLIREL, #ETT71E
REEEE, HFES nuns GRERITEIFES num), SIS counter[num] #H0 1 BIAT,

3. M) counter MAMRTI KRG, FHHERGBZCKH)TH T, # K, FMES counter
MRPR A B B DRI NE R nums BITAT,
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HIFES) nums

AN £ nuns LHHEHFHHIRE

X X
\ A N counter[num] & num BHIRXRE
=5l (BF) o 1 2 3 &4
| N \\ £ counter , BEHF

| _ \ REBHIDREIEN nuns BNE]

ERES nums

11-16 #tEEHEFRE

RS NN
// === File: counting_sort.java ===

[* stEHE */
/] BEER, EERRHEEYYS
void countingSortNaive(int[] nums) {
/] 1. BEREFIRAITTE n
int m = 0;
for (int num : nums) {
m = Math.max(m, num);
}
/] 2. SETREFHHIRRE
// counter[num] 3R num BYHIRREL
int[] counter = new int[m + 1];

for (int num : nums) {

counter[num]++;
}
// 3. FEFH counter , HERITHRENERES] nums
int 1 = 0;

for (int num = 0; num < m + 1; num++) {
for (int j = 0; j < counter[num]; j++, i++) {

nums[i1] = num;

}
}
}
A BHE BT HE ) BRI

MR EE, BTa] DUREHEEHE RS counter HYRHERS 2 — MM, Kstst g

AIBFEE A SHETT R S BRI, AR b, SHEH T 2T R R T B — 185551
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11.9.2 =B8R
MOREE ATRER I T, MR AR E, RS EE 3. SO T, IR NG REE R S, FhAe
FRRG AL ERS CERIR R B850 IR EITHER, i LR A B A HE 7 45 5

RGNl A REASF R BRI HE R 45 SRIE? (M e SE51E counter 1Y “RISKANT, BEREF, K| 1 BRI
prefix[1] FHRHFIHT 1 ECE M-

prefix[i] = Z counter|j]
=0

RISA LG IR ZE, prefix[num] - 1 18FKITE num 7E4S RIS res il —RINBIMN &S], EEER
BRI, [N A TSRS E T R E % A S RS R E AL S, 3 R, A E R nuns
FHETCE num , EFERIEAPRITLL RS,

1. # num EEAH)] res RG] prefix[num] - 1 J&,
2. DRI prefix[num] BN 1, FEMEE] FXHE num FIZESI,

ERTERIR, Y res HRUEHPAFIVEER, BARM res BRI nums BIFT, [E 11-17 R T 528105

B,

= e (000000000

[ B A
HF num 0 1 2 3 4

stEFE5 counter aa aa

FEW nums IS EERFHIHRREK
counter[num] €& num RIHBR

Step 1

num
:
= (@000000000

HF num 0 1 2 3 4

BU4RA prefix anna

(counter)

EIFFEDS nuns FRISMETR num , SHRHT:

1. # num A res WFR5| prefix[num] - 1 &
e 2. PFIEA prefix[num] B 1 , #WEITRKE num
Step 3

= (000000000

ERMET) res

BFnum 0 1 2 3 &4

B prefix aannm

(counter)

5E counter HUFIEN, % prefix
prefix[num] - 1 % num 7 res FJRERHREMZHRS|

Step 2
num
= e (0 EB0008000
el [ [ [ [ [ [ [-] [
HF num B 1 2 3 4 ’
BUEA prefix aannn
(counter)
BIFFEDS nuns FRSETR nun , SHIIT:
1. # num A res WFE3| prefix[num] - 1 &
(S 6 | 2. 2B prefix[num] BE 1 , #MEHTREE nun HHR3|
tep
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[R5 nums
SERMET) res
HF num 'lo'/"
B prefix nun
(counter)

FIFFED nuns FRSMETR nun , SHRHT:
1. #% num A res HF3| prefix[num] - 1 &
2. SHEA prefix[num] Bl 1 , HWEHTRKE num W3]

[ step 5 |
RS nums
SERET) res
BF um 0 1 2 3 4
wae o (DEOIOE
(counter)
HREHAREDRE, HIRRREIITERED
B res FRLREHFHAR
| Step 7

HBF num

:
= e ((OEB000000

[] 4

B prefix aannn

(counter)

BIFEDS nuns PRSETRE nun , SHIIT:
1. #§ num A res MWFH35| prefix[num] - 1 &

Step 6 |

= e (00000800

HERMET) res

HF num

2. SBIEH prefix[num] B 1 ,

LeEEEREE

e 1 2 3 &4

BIREH prefix nnn

(counter)

‘ Step 8 |

11-17 #HEEHEFE B

A8 R BB S R AR
// === File: counting_sort.java ===

[* stEHE */
/] TEER, "HEmYE, TEREEHF
void countingSort(int[] nums) {
/] 1. BEtPESIRATE n
int m = 0;
for (int num : nums) {
m = Math.max(m, num);
}
/] 2. SEIREFHHITRE
// counter[num] 3R num BYHIRREL
int[] counter = new int[m + 1];
for (int num : nums) {
counter[num]++;

}

// 3. K counter BIRTERF, #§ “HIRRE EHifs “BERSI”
// B counter[num]-1 =& num 7 res FRE—XHIRMES|

for (int 1 = 0; 1 < m; i++) {
counter[i + 1] += counter[i];
}
/] 4. BEIFEES nums , BETREBENGERET] res
/] ¥ELEES res FARGERER

PR res BERES nums EPA]

WMSHTRKE num B9ZR3|
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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 EFIHEZRSIE
counter[num]--; // SEERMBER 1 , [EITRKE nun BIES|
}
/] EREERET res BEREMES nums
for (int 1 = 0; 1 < n; i++) {
nums[1] = res[i];

3

11.9.3 EBEZIFH

- WEREIBIREIE S O(n 4+ m). JEEBEREHET . 3 5GES nums FIZES] counter , BMERIARIERRE, —REMS
WRn>m, RHEEREEROMN).

- BEERER O(n +m). EEHEHY: #B T RIEDAIZ n F1m KIS res F1 counter .

- REHbT . HRM res FHEFTRNNEF 2 “WEAMA” /1Y, KIEIFES nuns 7] DU RSEEESE T
R EESNE, WmERRTHT. B L, EFES nuns HA] USREMNHET &R, ([HAER
EARRE N,

11.9.4 {EPRIE

BREM, RUFFERGHEHFIEFELY, EERsEH RN DER SR, AW, SR

AR B PR S 2 A

AR B IE R, ARSI AR AR Bk, RS R ] DI R IR B R, A H

TR IR PR RER R SE TR Z AR U N B R, flan, Bt & B BRI RERES, ] DU ITH 8T

b~ SERErElRsEy, HrsepigmEkm s,

s E R RO E ORI B RS DL, Eean, 76 BIRRBIF m REERK, & HIEAl A i 2 22
Bn < mB, FHEHFEER O(m) R, FIRELL O(nlogn) RIHNT A IR EE,

11.10 EEHiF

E—ENRE T RN, EEARER R n BOREERHEEE m BNIE, BEaR M EE n = 100 (852
SOEATHEY, MiSSRE 8 8 T, EREREEREE m = 10% R A, [HEHHF R E SRR
s, e AT D s i 5

HEHF (radix sort) AUZLEAHEEHEHE — 2, hEBRFHEBCRER T, fFHEE L, SEHFA
MBS0 FRNEERIR, RO —AOETHEF, 1EMTS 2B HIHER A5 R,
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11.10.1 EEERE

DAEESRERL 01, BT IRIROIZEE 1AL, Smshoess 8 i, EHEFHmARE 11-18 ATk,

1. WRfehr k =1,
2. BPRSRAVE kACBUT “RHEERTT. SRR, BRIERIRSE kA NEIRHER .
3.9 kAN 1, ARRIREPVER 2. BENER, ERIFTEEHER SERURA R,

BIAES] nums
etk k = 1

CALbSEdE, HEF HFE 8 fi

O HFE LM 0 HFE 2 fi = 37 BHHFER

10546151
35663510 88906420 88906429 30524779
42865989 10546151 82060337 34862445

34862445 72429244 72429244 35663510

10546151

35663510 35663519

81883077 34862445 42865989
88906420 63832996

63832996

72429244 81883077
30524779 82060337
82060337
63832996

81883077 72429244

81883077

305247173
42865989
63832995

82060337
88906420

42865989
30524779

@ 11-18 FEHErEE LR

THEHFHEXER, R dELRNET v, SEERHESE LA, , ATRMEATEEAN:
x
Ty, = [FJ mod d

Hobh | o] FREHZER o 7 FEE, 1 mod d #mE d BUSE (B, BHERSEEHR, d = 10 Ak € [1, 8]

o

b, T MR RS, 2 T DURIE R K R THE
// === File: radix_sort.java ===

/* EBTE num BI5E k I, EF exp = 107(k-1) */

int digit(int num, int exp) {
/] BN exp MaF k AILABRENBEANITRENRG AR
return (num / exp) % 10;

[* StEHEE (RI% nums 5 k ) */
vold countingSortDigit(int[] nums, int exp) {

/] TEAHNISEER 0~ , AFERES 10 HIRERET!
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int[] counter = new int[10];
int n = nums.length;
/] &5t 0~9 BEFHHIRRE
for (int 1 = 0; 1 < n; 1++) {
int d = digit(nums[i], exp); // B nums[i] %8 k fiI, 5% d
counter[d]++; /] HEEF d BIHIRRE
}
/] KREvg, & “HIRE Ein “EHIRS7
for (int 1 = 1; 1 < 10; 1++) {
counter[i1] += counter[i - 1];
}
/] BIFE:, RBRNGHER, HETHREN 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; // ¥BX d 7EREFIHMEES] j

res[j] = nums[i]; /| BEFITRENES| j
counter[d]--; /] & d BEERE 1

}

/| ERERBERMEY nums

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

}

[* BEEHE +/
void radixSort(int[] nums) {
/] EEEYIMNRATER, ARFIERALE
int m = Integer.MIN_VALUE;
for (int num : nums)
if (num > m)
m = num;
/] BRRMEA DS ANIERES
for (int exp = 1; exp <= m; exp *= 10) {
/] BESITENE k UBITEEHE
// k=1->exp =1
/] k=2 ->exp =10
/] Bl exp = 10~(k-1)
countingSortDigit(nums, exp);

R BN B AAHE?

FEHEGRH @O, R—Wir @B W RAER, B, RS —WHFS R a < b,
M —WmHPPAR a > b, IS “EISIFERAE — WA R, BB IS A BT SRk
iz, RIS AL L,
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11.10.2 EEEISH

MR G B, LRI R B E SR BRI IE DL, (H AT RORA ] DAFOR 2 Bl LB R X, HLAE
BORRE K, BN, IZBEONE S (G T, RAEAE LB, ATREEEIREEMEE O(nk) > O(n?)

o

- IEEEREES O(nk). ERBEHDT : REREZ n. GRS dEAH, SR8 b, QISR

BUTHHBERRFE O(n + d) BRI, HUFAFE K G O((n + d)k) RS, B3RS R, d Ak 26
g, RN R O(n) .

- BEEHES O(n 4 d). EEHDY : BT R, BBy FEREIRER n M d B0 res

K1 counter o

- REHEE: EstEdEp Ry, BEeEE R, EstEdir ARERs, REEHTEARES E LR

HEFPAS R

11.11 /&

1. ERNORE

- AR E AR TR AR E B, B HTY —EARSE A A E B AR ], BT n] DUk IRHET

FO S5 FE IS R I L5 O(n)

- AR SRR T EENRTTREAZ CH T EEAERAE, My, MR AHFR

IRFRAEAEIE 2 O(n?) , (HEF BTSN D, IAE NERHR O HE AT B h I 22 0,

- POEHER RIS B EE Y. R E D, A RTRERRIERS IS e 2 R, E BRI

B AL O(n2) o 5RO Mk B L T AR (O RES (LM, R 77 7 ] DA 3
M IR, A5 R RS O (log n)

- AU GRS R A M E R B, SR T AR, TES O, HE R R R N i B

5II, SRR 2 O(n) 5 SRTTHERSAS ER B2 R AT DR EEAL E O(1) o

- MHEP RS =P ER: BRI, MNHEE A AR, BRI 7oA, EHRNERBERRA

RITEDL. AHER AR SRR IR B R T2 70 i

- EHEEHEE RAHET R — AR, EEEsE ERHE B RERE BT, st E AR ER R R

ERLEE A RS, i B 22K R e SR A E R,

- BRBGEFEER A RKERE R, ZERERBER IR S EE A AT
© KRR, WA EERE AR, BASCR, B, Rt DI B E R SR, BN

HAR ST RE B, 6 PRI RN R T A IS Lk . fEEBRIEAI, |
EHWRE R R AR R S B A7 AT,

- [E 11-19 ¥ 7 BRI EEIRARER, et st B E e rESE,
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R SRR R

se  ws  me  ge | BEE  em  sEme  siue

mEAS O o o) o) | dEE  FH FSEm  bE

ig(if)ﬁ o AKHE o(n) o(n?) o(n?) o(1) e it =hilis Lhig
A Om) o  om) o) | @R FH  GEE LB

BOE#F  Onlogn) Ofmiogn) O(d)  Ofogn) | 3ilE i  FEEE  HL#

é’;ﬁfg’i . @HH#EF  O(logn) O(mlgn) O(nlogn)  OM) | ME  HEM HEEE  E#
MHHF  Onign) O(iogn) O(nlogn)  O(1) | #EE Bk HE&EE LR

BAF | On+k On+k  OM) On+k | ME  HEM  EEEE  HHR

BONF . W On+m) On+m) Onsm) Onem) | WE  HEE FEEE  FER
EMHF  Onk) Ok Omk  Om+b) | ME  FEE  FEEE R

il
FHFED, kK AEHE
= i ® ‘ HEE, n ARNEE
EBHFR, k BRALH, JES b EOH

11-19 HEpEEEELE

2. Q&A

Q: HEFpEAEIARRE AT BN R 2L

EHREF, BMETREENY AR EE e TH R, B, 24AE0aMaEmmEEE, RMmEEEH—
2 aHE 7 : SeieiiEiETHET, 1520 (A, 180) (B, 185) (C, 170) (D, 170) ; F¥ & EETHF. H
RHEFEEEAEE, R gES3) (b, 170) (C, 170) (A, 180) (B, 185),

A DAEEEE, 24 D M C A E IR TR, AN EREWEEE T, miE2RMAREERN,

Q: M@l “WEHEAER W “AFEAGER” HNIEF ] DA HNE?

AT, EERMUAR TR AR, WHSE “CHEELAER” B “NCEEEERT, Bt aELRER,
FAM A AT — R A

ME L& 5) partition() BIREBE—HEAH nums[left] l nums[i] » ZEARACHUE, REEEEUFIBRYITEAS <= 2
HEEL JEARECR R — 2 AZ WA nums[left] >= nums[i] RMSHBRNE, ERGERFRMSe “WEAEEAER”, ARERWIR
PEAZ LR K TR, HIEAE 1 == j RFSkHIERE, SR THE nums[j] == nums[i] > nums[left],
TR, MRFRIE — 0 SR E g 0 — LR B R e R R R A Ao v, BRI ) 7
BEG 7, ATk (e, 0, 0, 0, 1], WHRL “WEREGER", HEH5 &M% (1, 0, 0, 0, 0], &
{845 52 AN IE R,

HRAEE T, WRBRMEE nuns[right] ZEHEE, BB EGRIER, HWENE “MEAFHER,

Q: FREIEEREN, At EEEN YRR E R EAEE logn ?

A R 2 AT AIR B A E /7 VAR BRI T 3 o0 BAM AT e B 27 31 0 22 P AT - R 37, 7 B2 0 A e
Ri%, W RIEEP 7R E R R AR YR ER—Yf, RRREEN, —BEA—PRE, AER&INER
IREEFRSE logn o

Bl RGO PEHE R, FAMA P RE Sl R K Ei K, mEBR IS n. n—1, ..., 2, 1, IE
TERE 2 n o RBIREERELAT DO RS G H IR,
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Q: HEHFIHATA TTRA SRS, POdHE R R R 2 O(n?) W52 s el i B AR (L% i ?

. BIRNEREEDL, AT A REIE B S #] R A > 2 =8y ANRL SRR RIRE R, EH IR
B NAFURIR IR ER Y. FERZITIE S, EATTR EMHFRIRES], (2T o BT 2 aHE T,

Q: HHHER IR AR R I 2o T BE 2 O(n?) 2

BEWIT, FrEEEMS SR — R, GRRPHRA 0 O(n?) WEkACH FEt T2, RIRR A
Rk O(n?)



256

F12E 94

Abstract
MR E IR, B IR TS B A,
STHEZER T —HAEENEE: MHEME, —VEAEEM,
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H128 MG
12.1 98EEx
533 (divide and conquer), RFESAY, B HE{Ew ET H A R IR LR, /@ EEEE,
AHE 97 1 987 WAL,

L g1 GEUSRRBL) : R i1 i T o 8t 2 P I B 22 Al P, L SR B /N 7 PR IRR A U
2. 16 (GOREED . REAWR R/ T FIERLG, FORZETEHS T FRERMEIT S 08, TEmmmEE b

HIfiE,
i 12-1 For, “GHHEET 2RI IAER 2 —.

L. gr: RIS (R 817> Rl 7 (s (R, E2IFEAHRFE—ETR 7).,
2. i WERETEEFHE TR (FRERR) ETa0f, EmEeE RS (REERR o

EEEEEEE

s 5 (BISIRERR)

BNTHE

- (BOHREER)

12-1 AR IE SR

12.1.1 N{EIHIERS A R9-E

— AR S & (A TAREDR, JEHE AT DAS 3 DU AR A B iR

1. PR LAS R TSR] DA MR SR /N, FEACURY IR, DARCRESE DAAH TR 75 OB I e T #1 79
2. VRIERENIN: TRIEZHRAESR, HARE, o] DESZER,
3. PRI AEDE: JRFER SR S O FER RS,

R, A0 I R DAL = EH Bk i

1. R PR R s (D #3107 il s (7D,
2. FRIERBNIN: SEFFEEE AT DR HE THE R (7 IR AT DUBAZE TSR IE) .
3. FHERRT A DE: mfEA s (FRER) ATDAE B A —MEH s (EFEERI .
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12.1.2 B BRIEANE

SHGAMEN] DA RO R DR RIA R, TR R HERIRARR, A, T, SO,
HERHE PR, B, MAHEFER, SU2REASEMER 17060,

AR, FITALEIER: Rt DARRTHERIARCR, HRRE R (& ? fatas, MARRMEDMAZ
TR, BER T, # T RIS OF % R ERERE, ISP AIRCR T B L B R R DR R AR B
fen? S M TR AT ARV E R AN TR R 75 T A

1. BEHEREN

DL YRR 2, EREE BRI n (MBI O(n2) Wi, [RaRiiiEE 12-2 Forir s, 14
BESEr R B 5 2 T8, BUBIS T O(n) BERT, HERFMH TRSITRE O((n/2)2) BRI, & OFmifH
FRSTETE O(n) W, AR 2

2

O(n + (%)2 X2+ n) = 0(% +2n)

DEEoEEEE DEEEDEEE
s

AEHE
0(n?)

DEEEEERE

4888 o(n2) 4888 o(n2/2 +2n)

@ 12-2 & S RTZHIER T
IR, BRI AER, BN %8 70 sl s =R AR

2

n2>%+2n
2
nZ—%—2n>0
nin—4) >0

BEWER n > AR, BIRMOREBEED, HIRReREZER. TR, #0RARREREE TR
il O(n?) , FUBKEMEE I H BOES/N T,
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DA, WERBAHE ¥ RSB E e bR 1 7 2 il - BiEs, 2 I R — (BT R 1L E e ?
EREERER LR “GOHETT, REEREEZS O(nlogn) .

A, WIRBAM L e a3, RS E 0 2 kT REEIE? ISR AT IR,
EAFFEAH R, B LR DUES O(n + k) -

2. FTHERMER
TR, SN TR AR SR, KL TR, WAL, R R AR
HIRERTHERERE, AR SR BN A TR EE T

WATRAENIE S Z BRI BREHICHAR, BRG] DR EHE 208 1 FE, EmsenothfHaHE
G, EmE > AR TR

FRANTERE 12-3 Rl “WHER" o, BRI ERP I P ECEISEART, RIRTRE AT A AR A HE R85 0 L
FIREEHRETT, EREREEIHER

{/@/ \\% |

12-3 P HI TR R

12.1.3 S8ERER
— 75T, A3VATT DA AR 22 A% e B i R

- SIREOEEE: IR E SRR R 7y, MR BRI A L R, AR SR
R B RO R

- RBEWERIL: B0 Karatsuba HEE, EiFRBEEGRIE D R 72 288y N BHISRIERTINE,

- JERSRTL: BN Strassen TR, EHFRHMEMERIE MR A 2 18/ NE BRI,

- ISR - T IE R R] DOZ BRI ARR, ISR R A SRS A

- ORMEREE: ARSI, QRATE AT RN R AR, RS M R A, SRR
Wi B R AR e R A, FEBh & OFHE R TSR
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i, SHATEEEIENERAS RN R B SRR B,

- Zorfis oS E PRSI REIRS IR 0 AWy, IARARIE B ARE B A R TR E LA R,
DROAEHERRIR—F15 ], A2 SRR R TAH R = 0 81

- AP AHBRECAE, AEEE,

- PgHEE . PREHE R RE R AR, SRR ) R W E S, —{E RS TR EE R DN,
7SR ER LA R, FENS M RR AT RIS 2 1%0E, EE TR TR,

- MR MR A BARR R B R BB 2 EA, RRBEEERMNETTRETHY, REFSER
TERMIXE, M2 —EH R,

~ﬁ flan oo, AVL . ALRE5. B AL B+ i, ©MAVER. FARIMPRS SRIEER AT DA 2%

THERMEHIEM
- MERE: HERR RERPIRISE R TUCH, HARERRE, Al MERFIMERRIL, EER LARRE T oARNE
A,

C OMEEA: MENERRA A ERIERI NG, (BRI RERIER T ek, fln, sEa
b rR R RS A ER A & BB S ALRE,  DARTT ERRCR,

AIDEH, it “HYAIEE” fEEIAEA, RS SRR T,

12.2 SA1ESHEK

BMCAERE, B EETR MR,

L RBANE: UEEEHVOREHEE, BT S O(n).
- PR TR R R e, IR AT EE] O(logn) BE O(1) .,

B L, RIS O(logn) S-SR TSR G RIR BN, fan — 08 S A8,

- oSN E - PEERE ERYTH R BETTR) 2N —E/NEE FERAIN— R BT
), JEEEfE— R R s3SI TR Ak,

- BRMIEEBENNRE, £ TES, AVL B MEEEEREET, SERENRBEREZES
O(logn) -

oS A AR IR,

- PER PR o iSRRI I PR (TERRS A T AR s T (TERRAIA —F i T &
i), BB L T RN H TR AR E R,

- PRIERENR): EooEsd, U T HEE, EAZHEM T RERE A,

- FRFENEAS O —oa 5EEm A TTR, HAREG FRENET S0 &7 RE
TSFRRTRIRE,  Ji TRt & (R IR Z TR

MRRESITETHE R RR, AH ERE AR LS LR —EEE, moraiEa s n DUHERR %
H,

1. BRgaBER"sEs

FEZHiESF, o @sFRERNERE 020 BB, BERMERDE (BE) KEBE,
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Question

M ERER n FARFES] nums , HAFTATTRAZME K, FEEH#ITR target o

BEAMARE, BMIHGRER (i, 1] B TR £, 5) .
DUETFEIRE £(0,n — 1) Zitash, B8l U /e,

1. SRS (1, j] NP5 m , RIBTHRR— S,
2. EMESRAEFSE NP RIS, ATREA f(i,m — 1) s f(im+1,7).
3. JEREE 1. DI 2. &, HEIKF target sE M A2 RHR (A,

12-4 o 7RSI Z iS00 6 B iRk,

¥ on
(o, 3) 12 15 23 26 31 35|
S
f(2, 3) [1 00 2EEEE 35]
.

m

\ 4

BIEGRETE 6 MFKSIA 2

12-4 Z =056 1882
BB, BMEE—MEEER dfs() HRBEME f(d, ) :
// === File: binary_search_recur.java ===

[* ZH¥s: BE f(L, j) */
int dfs(int[] nums, int target, int i1, int j) {
/] BEEERE, AREBETE, AIRE -1
if (1> 3) {
return -1;
}
/] StEHRERS] n
intm=(i+3)/2;
if (nums[m] < target) {
/] BEFREE f(m+l, j)
return dfs(nums, target, m + 1, j);
} else if (nums[m] > target) {
/] TEEFREE (1, m-1)
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return dfs(nums, target, i, m - 1);

} else {
/] #HEBBxER, REHRS|
return m;

}

}

[* ZniEs +/

int binarySearch(int[] nums, int target) {
int n = nums.length;
/] KREEEIRE £(0, n-1)

return dfs(nums, target, 0, n - 1);

12.3 BEZcEikE

Question
457 — 1 e IR AE S preorder FIHFER inorder , FEICHASE o, IR[E o VAR &N
B, B ooEHR A EEENER (@E 12-5 Fir).

BiFFED
/ \ EE i preorder
hEED
inorder

12-5 R T RpE R

1. HERERDERE

JRRREE K &1E preorder #1 inorder FEEE R, & —EELAYRY /M IGRTE,

- TR DA MG EEIN,  FRAMTAT AR ot e ) oy 2 o flEl - e R R, ARG R,
bE—S e OIGIARENRS, TR ER T (PR, TR ER DA ES 771k, AFHE
DREN TR (FRE), EREIENTHE (1) Kk,

- FRERBNIN: ARG RIS IR, EfMiRE2%, EmMEe ik, JIMARFRE
PR AE A AR P E ly B A TR IR e 5 TR R B

- FREFEREaI G0 —BEE T E TG T (FRERM, BIMTHEAT DU E s 2RERS L,
15 2 i T ) A
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2. WNEEIS FE

WRIELA BI04, TSIE-E AT PAEAI IR R, (HAMZRE T E i preorder FIH)FE ) inorder AR 7372 ¥
R - Rlg?

RIEEF, preorder Al inorder #HRA] DAE S 2 =MEE6 57,

- HiFERN: [ REDES | AFE | AFE 1, FlWE 1250BEEL 3191217 1.
- HhEER [ EFE | RERRS | AFE ], GlE 125BEEL 9 131127 1,

DA B ER 2B, Ffa] DOZIBE 12-6 A2 BRIG 28] 7045 R,

1. HiFERRNEITE 3 Z2IRESRYE,

2. EFIRETES 3 7E inorder FIIRS], FIHZESIOE inorder #0&[ 913 | 127 ],

3. R inorder MEID4EE, SISAE TBIFIA TR EIEBYEBE 2R A 1 3, 1Emal#% preorder #1534
(31912171,

BT RARER

AifFESS  preorder

(:> RS
@ @ HFEER  inorder n EFHE

: ( 3 {EENRs
EF#RE
1 {EERS

HiFED  preorder nna

12-6  FERTF AEFFI L& ] o7

3. BEREnisRrHER

FRIE DA LB 751k, BRIMESSARER, /78, 4 7BI1E preorder il inorder VRS, M4 11
RBLEERT (SR, T 2#E B R E et s,

- ERTERRERESTE preorder YR GIFIAY € o
- FERTSIRETESTE inorder HIRFIFEEA m
- FERIBIE inorder FINERSIEMEA [, 7] o

W 12-1 firr, BB DL ESBSEEN ] RN HIBTE preorder S|, AN TRITE inorder IR G| &,

& 12-1 AREERTRHERTFE R ER R RS
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HRETELAE preorder ARSI FHTE inorder TRV S| & R
H A i [l,7]
T i+1 [l,m —1]
ESRR ] i+ 14+ (m—1) [m+1,7]

FEIER, ATERERRSIPN (m — ) MERE “FrFEnEmiee”, E@samE 12-7 B,

o M ED)
p;t:ider 'i":l'!'l!!l'il
A A A

<:::> <:::) i i+l i+1+(m-1)
HRFERS

in::der aa

o o v s

[ 12-7 MREFEGIIZEA FRIIR S| 8RR

4, ERXBER
B THRTFERR m M, B —H3%E % hmap ARETEMIR tnorder IEEEIZ T | B
// === File: build_tree.java ===

[* BRI 9% */
TreeNode dfs(int[] preorder, Map<Integer, Integer> inorderMap, int i, int 1, int r) {
/] FRlRBRATEALE
if (r - 1 < 0)
return null;
/] WaIRETR
TreeNode root = new TreeNode(preorder[i]);
/] B n, RMBDEEFH
int m = inorderMap.get(preorder[i]);
/] FRERE: BELFE
root.left = dfs(preorder, inorderMap, 1 + 1, 1, m - 1);
/] FEIRE: BEEFE
root.right = dfs(preorder, inorderMap, i + 1 + m - 1, m + 1, r);
/] REIRERR
return root;

}

[+ R +/
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TreeNode buildTree(int[] preorder, int[] inorder) {
/] IEHER, #1F inorder JTREIZES|IHIEML
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;

I# 12-8 feor 7R —TRIREINERE, SEEHERER T R ABEPELN, Mg G BER

BT AR LA,

preorder aa @

inorder na
| |
Step 1 ] [ step 2
e OO0
e BOOO /
B —
Step 3 | | Step 4

/

preorder [ 3 9 2 n 7
inorder (95§92 17 C @

[ step 5 | [ step 6

O pon

o

3 9 n preorder
9 3 a inorder
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,// @ aoa -
@ inorder

Came J 7 | 27 |

[ Step 7 ]

Step 9

12-8 M TR RIEIEE R

B3 K X N A AT E F7 preorder FIFFFEAERT inorder IS 45 R ANIE 12-9 AR,

preorder aa
inorder na

preorder 392 1 7
inorder°3 12 [7

preorder ([ 3 | 9 297
inorder [ 9 |3 n2 7

12-9  FRfEREE bR XA A 70 465 2R

SRR 0, WA (BT —EEEE R dfs()) S O(1) IR, [RIHAemEm B
B2 O(n) .

HEVEZRETE inorder TEEBIRTIEINL, SRR O(n) . ERZENIR, B CHOBL Akt Ry,
BRI 60 O(n) HEBIEZR, FELARARBIRIES O(n) .
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12.4 AINiERIEE

FEE OFHE R AR T b, AP o P 08 2 Y B R 25 S T — - - T, RT3 TR N S
i, TR AR 73 i SR

Question

ME=MMET, iR A BFIC, REIHIRET, 117 A LB n EEE, MR LRI THZIRIENEIRR
N HES ., TMRIER R ZHIE n EEBEEINE T c b, WRRFEMIEAIRFAZ (GnE 12-10 A
o ERBIERRERES, FHE-STIIHRAL

1. [EVEE HAEE— AR THER S, 785 —MRAE T THETR.
2. BIRARERSE)—EERE,
3. /NEHR W ARFZIA KR Z o

ALl

Y HEmEESE A BBHE C
A B C

12-10 {A] P& RS RE R 15

BB @ WIS IRERLAE f(d) o Bl f£(3) 1RERIF 3 [EERAE A BENZE C i IERTRE,

1. EEEXER
quiE 12-11 fow, $HRRE f(1), BE A —MEEgER, BT EERERE A BEIE c R,
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-~ 1l L1l4

R (1) WSR:
BEiEiGESYE A BHE C BF

M f(1)

Step 1 Step 2

B 12-11 MRy 1 ARRERTRE

aniE 12-12 foR, BRI f(2) , BIEAMEEER, BURSERZIN S NAREREEZ b, KR
B RS2 B,

1. Jolf EmE/NERTE A FBE B,
2. HFKEBRIEABEC,
3. W/ NEHEIE B BB ¢,

al l Lil

R £(2) WPR:

& f(2) 1. AR A BBHE B
Step 1 ‘ Step 2
A B [4 A B c
@R £(2) WERE: R £(2) WSR:
1. @ ERE A BHZE B 1. W EEE A BBHZE B
2. AEENE A BEE C 2. AEER A BBE C
3. EBHE B BEHE C
l Step 3 Step 4

M 12-12 K%y 2 BIRERI R

fRTRRRE f(2) ROBRE AT ARG 2 IS MIHENIEREE) B TE A BB c . Hh, CRBAEBM. B MAREN,

2. FRIESHE

BARTE f(3), BVEA=(EEBR, HISSRmeE L,

RACH f(1)F f(2) B, FTATAMTRIGRE AR LR, #F A TEERA MM B 7 1 — e, BT iE 12-13
PR B, SR = (BB IEF G A T E ¢ 7
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1. 2B A EEME, C A%EME, SWEERIEABEB,
2. 1 A PRIER—E BB A ERBEEIE
3. & CHBEEAE, A BRERE, WEEREB BEC,

A B
&R £(3) WEE:
P £(3) 1. EWEEER A BHE B
Step 1 | Step 2
A B c A B c
fER £(3) WER: BR £(3) PR
1. ¥WEEEYE A BBHE B 1. ¥WEEREY A BBHE B
2. RES—EERYE A BHE C 2. REG—EERE A BBHE C
3. MEEREYE B BHE C
Step 3 Step 4

[ 12-13 By 3 AORERTRHE

WAE LF, BRI f(3) 815 Z2mifd 78 f(2) M—M 7R f(1) . e fRhE =87 RE 1%,
JR RS 2 S 2R, IS T MR IEN LA, T ERERT LS OF,

i, FRATATARAE I 12-14 PRI RSB R 700 SR : KRR f (n) 812> Ry mifEFIE f(n—1)
FI—8 ¥R f(1), MR DuE =08 1,

1. #n — 1 EEEFEE cIEABBESB,
2. 1§FIER 1 (EEIRNE A EEBE C,
3. n— 1 EERE#E AREBBEEC,

BREME 7RIS f(n— 1), WRUEBHIFER T g TRy, ERESR/NFRE f(1). mf(1) 1
R EHIN, KT KEERENA,
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FRE f(n-1): #§ n-1 EESY A BHE B

) 4
FRIE £(1): %R 1 BEEY A BBE C

[REE f(n): #& n EESEE A BBE C

FRE f(n-1): 4 n-1 EEEY B BHE C

12-14  fRR] Y 4 R RE R 2016 SR

3. IRABER

ERERES, BMES —EEEKER dfs(i, src, buf, tar), BERIERZIAE src THERRY ¢ 18 [EE# B 4%
#EiHE buf IR BARAE tar :

// === File: hanota.java ===

[* BEN—EEE */
void move(List<Integer> src, List<Integer> tar) {
/] ¥ src TEEPEH—EEE
Integer pan = src.remove(src.size() - 1);
/] TEEREMN tar TEED
tar.add(pan);

[* REFANERE f(1) */
void dfs(int 1, List<Integer> src, List<Integer> buf, List<Integer> tar) {
/] & src RPT—EER, BEEFHBT tar
if (1 ==1) {
move(src, tar);
return;
}
/] FREIRE f(i-1) : #§ src TBE i-1 {EERRFER) tar #F buf
dfs(i - 1, src, tar, buf);
/] FREE f(1) : # src FEF—EERZE tar
move(src, tar);
[/ FRERE f(i-1) : #% buf TBEP i-1 {EEREFEE) src #EF tar
dfs(i - 1, buf, src, tar);
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}

[* REBANIEERRE */

voild solveHanota(List<Integer> A, List<Integer> B, List<Integer> C) {
int n = A.size();
/] #& A TBER n {EEEFER) B 32 C
dfs(n, A, B, CO);

qniE 12-15 AR, INEERTRETE R —ER I 2y n BOIRIERS, FEERR—E RS, BE—ER A dfs()
B, FREERES O(27), THEREL On) .

E 12-15  {a] Y5 il YA X A

Quote

P IERETR B — 8 S E R EE, EHEERN—ESFEE, SGEME=ReRNEaET, D64
TERNA—HE B, BEMAEEEER, MMEEERE — [ ERYOEMRENIR—Z], S
JLIG 87§

SRIM, BN PSR E—k, SEHTEARL 204 ~ 1.84 x 1010 #, &% 5850 f&isE, i
BT BAEE T RS, TR, MEEEERRER, REZATFEREOHEFRH IR,

12.5 /&L

- AR RREERSERE, iR @) MG (B0 mEREE, JEEEREEE,

- ARG RIGHETERER IR MRS, FREZEEL. THREREG S0,

- AP R RIS RSB R, ORI A% Fe 51 0 25 S R A E 81, L E R (B TR A
wEE S OF, TEmoE .
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- SIADIERISER AT DARTHERIERCR . —J5H, 2 IaRISED TIRESE; 5H—J7H, 2aRETR
AT RE,

- oIARER] DURIRGET 2 M EIR M, BN E R B R IARG T, R A R B,

- MHEBRR S, AEEMSICRE R, REERES O(logn) MIESEE B 2R HEARKE
B,

- S ESRIRRIGH S — AR, AR S T RERRRET S OFRIPER, A AT DOZ EIE R
HAEB —oE,

- AR TOTEI R, MRS (SRR AT DS R e TG TR (R, g R DUEEH
TR E RN R A R R 5 | [ PR AR B B

- AEFINIERER, —ERIE S n BURER] DAE o> 2 SR n — 1 B R — BT 1 B95fH
o TRNERF DRI =8 MR, JRFERE SRR,
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$F 135 [o]i

Abstract
BMaFER=E PR RE, fErERER L rT s is s R,
EIWAR D =Rk MEE S E B GR, NETER, RIRENEAEHNE M,
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13.1 [EIEE L

[O¥EE % (backtracking algorithm) J&—fHi%E il 53 2R AR TR RS RE Y 1%, BRI O EAR R —(E R 4GHR 28
a2, BOHESFETRENMIRTE, EIB%|EMNMRRG S, ERIRFIMECEER TE rTREnEE
HREEIRIR B A 1k

[ ERIE SR REE R AGEfRSE. £ “Took” mEEit, RMRERTE. REREFE
SHET BN B S, BT, BRI A AR B A — [ R RE, BT W AR O] T R T AR SR,

ol —
ME MR, fESRCERATEES T RERS, SRR,

BRIE, TAMATETSRE, AHETERTERAER SRS T, HE, HIRZERREMASRES] res
ZH, HHEEREBLNE 13-1 F1 DA RS TR

// === File: preorder_traversal_i_compact.java ===
/* BiFFE:R: BIE— */

vold preOrder(TreeNode root) {
if (root == null) {

return;

}

if (root.val == 7) {
/| CEkfE
res.add(root);

}

preOrder(root.left);
preOrder(root.right);

REREES

HIFFER_ToH,
WrEHk(ER 7 HIERE

Al E A
£ @ FRHEE

[ 13-1 FERTFED PR RER
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13.1.1 E:x{8[O)R

Z R DARR 2 Z5 IR TR, SN 2 2 AR SR S IR G ER L “EaL” B R RSRIG, ETERIATE
AR B B SR B SR AR T I B TR BT R R AR RO, B RGN b — PR, RAIF AR
ARAE, & A AT RERIEEE,

BRPIE—, FiHEESBEAR R “El”, MR REEREOREICHIFR return HIFOR “[HIR",
ERRANE, PHEIEAMEERRSEGRN, ZRs R, BRIMBFRE MR,

ol —
FE TR IR RATA AR 7 BORTES, SR AR RS L AR S

TEBIE—FE RS EERE 1, FRIMTEFED) — (8 5% path sCis DB A EBIER L, EFFHEMER 7 AOHTRIR,
RIEH path WHTHELL RS res o ERTTEMRIR, res HREEFRINZITE IR, RN THR:

// === File: preorder_traversal_1ii_compact.java ===

[* BIFEER: GIEZ */
vold preOrder(TreeNode root) {
if (root == null) {
return;
}
/] ER
path.add(root);
if (root.val == 7) {
/] SCEXfR
res.add(new ArraylList<>(path));
}
preOrder(root.left);
preOrder(root.right);
// [EE
path.remove(path.size() - 1);

R “Eal” w, BMEIEFERTERHTIEE path ARELEREEE; WAE “[MFNR” A, FRIMFEEAZEH B
path F5EH, PAREEARKE s Z ATHIRE.

B 13-2 Fonridis, BT DUFESUMENR RS “RilE” Bl “WES”, WiERIE L A,

/\ “\ Wl BOE, EARE / W BOES, BRRE
EhB: tRzikeE, &EEE EL8: trRimikiE, RRmE
path = [1] V(/\) path = [1, 7]
/ \ / \ / \ / \ BRI 7, AR EAR
r res = [] res = [[1, 7]]

Step 1 Step 2
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BEl: BOE, B
EB: tRfEiRAE, RRE
path = [1, 7, 4]

res = [[1, 7]]

BE: BOEN, BRI
EB: RERAE, RRE
path = [1, 7, 5]

res = [[1, 7]]

EEl: BOES, FEARE
ELB: ke, &sUEE
path = [1, 3]

res = [[1, 7]]

BWH: BOES, EARE
ElB: tREiRAE, &R
path = [1, 3]

res = [[1, 7]]

Step 10 ‘

path = []

B BOEY, BMRE
ELE: RERAE, REE]

res = [[1, 7], [1, 3, 7]]

EE: EOED, EMRE
EB: RERE, KRR
path = [1, 7]

res = [[1, 7]]

EE: BEES, EMRG
EHB: 1RERE, KRR
path = [1]

res = [[1, 7]]

B BEEY, BARE
EB: WREIRAE, RURE
path = [1, 3, 6]

res = [[1, 7]]

B BEED, EMRE

EB: tRiERAE, &ERE

path = [1, 3, 7]

BIIEE 7, AR AR
res = [[1, 7], [1, 3, 7]]
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13.1.2 B
0 14 T 9 B 0 & — Ml 2 MBI SR G, SR @ B TR Bk,

il =
TR R RATEE R 7 AVEIRS, FEHIREIRERZNE LRSS, R A SIS 31
HiiBh

7 VIR DA SRR, TG EHNOIEER . A SRR, FBEIER 3 iR, NIEANRE, A
s, BEXRBINIIR:

// === File: preorder_traversal_1iii_compact.java ===

/* BIFEE: BIE= */
vold preOrder(TreeNode root) {
/] BIt%
if (root == null || root.val == 3) {
return;

}
/] E&
path.add(root);
if (root.val == 7) {
/| SREER
res.add(new ArraylList<>(path));

}

preOrder(root.left);
preOrder(root.right);

// EIR
path.remove(path.size() - 1);

“BIR” R EARRTER G, i 13-3 R, fEfsEiEh, i 9IRS TR SSRGS
X, BRFFZEERROER, Cmidem a0,

Bk BEES 3 MERSANHRALEE

HRAE#RENERENESTH
HMmEAESNE

13-3 MRIBAYAIEIFBIRL
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13.1.3 tEZIENXB

TR, BMEFEM “Ea, FNR, 3987 TR, R asriE T,
TELLMEZRIEHE S, state ToRMERIERHIRE, cholces FoRE AiRRE T AT LA ISR :

[* EIMEREESR */
void backtrack(State state, List<Choice> choices, List<State> res) {
/] FIETRS AR
if (isSolution(state)) {
/| SCEkfE
recordSolution(state, res);
/] ABlEEES
return;
}
/] ESHFRAEE
for (Choice choice : choices) {
/] Bk FIENEERES&E
if (isValid(state, choice)) {
/] Eml: MHBEE, B
makeChoice(state, choice);
backtrack(state, choices, res);
/] EIE: HEHERE, MEEZAiRIRRE

undoChoice(state, choice);

A, BMEFPAEZRE AR MERBIE = K& state ZEIRGEAFEE,

HIEEATG TEiRG, 455 res BESIEHF:
// === File: preorder_traversal_iii_template.java ===

[* FIETERIREEE M */
boolean isSolution(List<TreeNode> state) {

return !state.isEmpty() && state.get(state.size() - 1).val == 7;

[* SCERAR */
void recordSolution(List<TreeNode> state, List<List<TreeNode>> res) {

res.add(new ArraylList<>(state));

[* FIEEERIRRET, RBERTEE */
boolean isValid(List<TreeNode> state, TreeNode choice) {

return choice != null && choice.val != 3;

JE1E cholces A E HIHI B L F
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/* EFTIKRE */
void makeChoice(List<TreeNode> state, TreeNode choice) {

state.add(choice);

/* VRIEARRE */
voild undoChoice(List<TreeNode> state, TreeNode choice) {

state.remove(state.size() - 1);

[* EIEEE: flE= */
void backtrack(List<TreeNode> state, List<TreeNode> choices, List<List<TreeNode>> res) {
/] BERTAR
if (isSolution(state)) {
/] FCERAE
recordSolution(state, res);
}
/] EHFREEE
for (TreeNode choice : choices) {
/] B BEBERSEE
if (isValid(state, choice)) {
/] Eul: hdEE, SHikee
makeChoice(state, choice);
/] EITT—mEE
backtrack(state, Arrays.asList(choice.left, choice.right), res);
/] ELR: HEHEE, MEDZARiREE

undoChoice(state, choice);

RIGEE, BMEREER 7 W EZEESE S, PILER B 121 return sEAJMMER, [ 13-4
BLE T IR EUMER return FEAIAUIE SRR,
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RHmE L
@iEs |

1% return fB% return
SCEkREIRE, THRESKES SCEkR R ARE], BEES
13-4 FREFEMIER return A48 @2 S L
FEEEER AT B s RFE IS B B, SR B BIAEZR AR IS B R ARG R, (@AM E L, B L,

TP [ ] DA SR TR D, TR R AR R BB R B E % state Ml choices , S EEBIMEZNH#fE
JiiERIA],

13.1.4 E AW

2 7 B AT TR B AR, FRAMARAS — T e E R AR S R, I IR GIRE =45 R,
Nk 13-1 Firro

R 13-1 H AR EE R AR

#iil TR plE=

fig (solution)  fRZMEHERERMIIIESR, FREA e  RETREEIERG 7 2 2 RAIR R AL

Ol KHRIEI R R R R A TR, BHH RSP RUSHE 3
(constraint) Ji: 1253

K& (state)  IREEFORMIEMERE—FZIMEN, CACEMHA  ECHRMAHEREEE, B path HiH]

e e
B BRI SR RS EIERE, AfEl BEmsAL (G) THis, KSR path,
(attempt) HIEEE, THRGE, MEERG AR FIE B ER S A T
[EIEE: EREFBE AN ARG HIARERE, WEsTmiy  EOBEEE, SRR, BREA 31
(backtracking) RS, 5] E—@EikEE g R RGRE
1753 BURCR R R R A R IR MR e R R s BIBREA 3 NEER, R RFEREES

(pruning) FRAERYTTI%, PR E SRR
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Tip
IRE, . REESEMERIEAIN, 1E16. B, BhfERE], SEHRIETEHEY K.

13.1.5 BELEEMRE

[l A AE F R — R e S, T R T AT RN T R E SR B AR R, EAE T
B TE RS R BT AT REMIMRTR T, T BfE SRR RHRIE R, BAEREINE,

SRIT, TEBRFEAFUREt 2 W R RS, o OO S P AR A T T el DA 52,

- WERE [P SR R EE AR R S R AT RE,  IRe AL T DUSE S5 R sl R SR
- 2 R TR G EATARE (BIANESTE, R BIR B ESs), BIRERAR, =M
TR ATRE B IS RA,

RIEEGnt, IR AT R e 1 PRI A A U AR TT R BINIGLERIRE, e R TE
MRLEIEE R ] A A AR, (R R 6 ZH S AT Rl RERIEIEE T AE R, (EIERETETL T, BRsR il iR
B, KRR R T IEA WA,

- BB RIS E N G A RS, T AR R IRe R 2

- ERNE S ERESBREPTI RIS EHE, Tt RE AT REAEE A RUR IR

13.1.6 [E¥AHB(GIE

[ e 7 ] TR R A s TR, &SR e PR A S B EE L TR
R SRR H RN R R R RO TT 2,

- 2HIRE: A —ERs, KEHFrARTRERHIPIE S,

- TERMEE: SE - ERSMN—EEEN, KERSHAENREEN &,

- INSERE: A SRR TR RIIDUNRFER B, ERAE T BRI — AL TS BN E 5 — IRAE T,
AR —EENRE, HAGERBERRBAENEE -,

HIT TR SRR R E SR EREI T 5 SRR A A

- n2iE f£n x n R ERE BRE, #REMEANE,
C B £ 9 x 9 MAHIEAR 1~ 9, #EEET. BHIRNEE 3 X 3 FREBTRETARER,
- ERE G A E, D RBREAS E R A ETER S O, (SR TER A A,

A R SRR AR — (AR & 2 A P PR B i S 2 IR P RO B A

- 0-1HUME: fE YR —EEE, SEmME - ERNEENER, ERETEARRGIN, =
Y S A EECR,
- RATRIMRE: fE—EE N, E ARG, SiRATE B R T — RIR AR, SREIERR .
- ERKEIE: S MERErE, PREIRORRISE e T, B P T W TE R PR 18 A,
LR, BIRFF A G BRI, R R ERITT %,

- 0-1 HHUMEE B EIRER, DOEEIE SRR RRCR,
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- BRATR R R A0 NP-Hard I, W AREA B E R ENSRHERIEF,
- KB E G P — (AR, A] A RS O A BRI

13.2 £H5IR=E

EHA R PERAR —E A E N, ERERRERE RS W — TR FERT, X
HHARTTRIIFTA ATRERIHES .

R 13-2 HIB T RAERBIE R, SIS A RRSIRIS R AT A HES

* 13-2 HHIRA

i A\ e1) 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 EHEETENER

Question
g N\ —(EEc S, RPN S EETE, REIFTE R RERHEY,

TEEIERIAR f R, FRATAT AR RS B A A SR — RTNE AR B A% (1,2, 3],
MRTMEE 1, MRS, RIBEE 2, AUESH[1,3,2] . EIRFRHEE—MERE, BEHER
HnER,

TEmEXERI A ER, REEE cholces BEIAMYITHIFIATLR, IRE state BHZEHATCHIEERTT
Ro iHER, BETTRRFFPOERE IR, KL state PINFTHCRAEZZME 1,

aniE 13-5 AR, BATA] DURHE S8R B K — PRI RS, Rrh AR EnRECRE RTIRRE state . TEARENELF
4, OB —EERRINDEREME, SEEEMBEEE S,
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choices = state =

F—mRE

FEEE

BomRE

13-5 HEFI AR

1. EEEIFNR

% BT E REnEE IR, TMHE E S | A — B MBS selected , HAH selected[1] IR choices[1]
EECHIEE, WEHREEIR D FEIRERE,

- TEMHIEEE chotce[1] 18, FRAMAF selected[1] IRMEA True , AR ECTHOERE,
- EFIEEAS choices I, BRBFTH EHOBIERIEIRS, BI8IHL,

aniE 13-6 Fow, BRI — s 1, B oW 3, M ofmiEf 2, NRWEES “WIIHRITR 1 17
X, 1EH =3 HEITR 1 MTER 3D,

&0

,L AkTER 1, 2, 3

B 1 @ ) a_ |
5 o
AR’

o TR EHEENTER 1

HIRRIE 3 FgrEETRS 2, 3
BE o
e

HoERIE 2

HRERREFENTTE 1, 3
HeFEETTES 2

& 13-6 2HEH BT RHA

A 13-6 3890, SUHREIHE SR ME O(n™) WNE O(n))
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2. BERRER

BB DL BB R, Tl DIEMERRE SIS i “seipHs” 7, % 7 aiemie s, RMAREE
BINEZRAE SIS P A2 R X, TR E R BAE backtrack () B!

// === File: permutations_i.java ===

[* EIREIE: &5 1 */
void backtrack(List<Integer> state, int[] cholces, boolean[] selected, List<List<Integer>> res) {
/] EREREFNTRUER, R
if (state.size() == choices.length) {
res.add(new ArrayList<Integer>(state));
return;
}
/] EFFREEE
for (int 1 = 0; 1 < choices.length; i++) {
int choice = choices[1];
/] B AAFEEEETR
if (!selected[i]) {
/] EFR: MHHEE, SHAARE
selected[i1] = true;
state.add(choice);
/] ETT—wmEEE
backtrack(state, choices, selected, res);
/] EIR: HEHEE, MEDZaaiRE
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 EEBEFTENER

Question

i N\ — e RS, psIrp el e S EEITR, IR FTA RERRHE,

R AR 2 [1,1,2] 0 AT 7R TFERETE 1, RPWEE @ 1551,
GniE 13-7 R, _EIRTTIEAREIHSIE — 2 E R,
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F—mRE

BomRE

_—

AR TSI

13-7 EHEH

BN RBRERRIHESINE? B R, FERE—AMRES, BRI T RE, AMmEiien
S, 2R BHEIINI S o A R, IERPERTRANEBI RS, ISkl DO — IR THEETACR,

1. BETHEEH

B 138, fE5—Harh, JEIF 1 sURIE T RSEN, CEmEEEY FERNPTEHYE R RN, Fit
MEZm 1 Sk,

FE, {5 SR 2 218, BRI LA 1 he BN, RIS s 1 39k,
WA 1B, TR E RS —WDBIE, 38 2 AR e B ORI X,

choices = state = ;]

H—imiEE

13-8 EMHEHAIBTAL
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2. BERRER

£ L —ERRE RSO b, BB EAE S — R B AR S duplicated, HIRRCHREER 1 EAE
EalBrrTR, WHEEITRIE:

// === File: permutations_1ii.java ===

[* EEEE: 285 11 */
void backtrack(List<Integer> state, int[] choices, boolean[] selected, List<List<Integer>> res) {
/] ERERESFNITRHUER, CiRME
if (state.size() == choices.length) {
res.add(new ArraylList<Integer>(state));
return;
}
/] ESHFRAEE
Set<Integer> duplicated = new HashSet<Integer>();
for (int 1 = 0; 1 < choices.length; i++) {
int choice = choices[1];
/] ER: FAFEREETRE B TATEREERSE TR
if (!selected[1] && !duplicated.contains(choice)) {
/] Eml: MHBEE, B
duplicated.add(choice); // sCERIEIZBRTERE
selected[i] = true;
state.add(choice);
/] EITI—EmEE
backtrack(state, choices, selected, res);
/] EIR: HEHEE, MEDZaaRE
selected[i] = false;

state.remove(state.size() - 1);

}

[* 245 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;

R CRMM I EAMHEE, Bl n FEoRA n! HS () ; fEalissi Ry, TEERRES n 1H
A, i O(n) K, FEEREREBEREES O(n!n) .

RAEEREZ n , A O(n) #HBEZM, selected 1 O(n) =M, F—RZIRZHA n {# duplicated
, 5 O(n?) =M, WAL O(n?) .
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3. MTEERELL

FEIERE, #EIR selected 1 duplicated EFFHRBIAL, (HME B H AR,

- EEHEENE: BEMSEfET HA —E selected . TRV ERREHEEMLTTE, HIEHZ
B FETCETE state HEE B,

- WHELERE: SimEE (BT backtrack BRN) #EE—1# duplicated . B ECERHYE1E AR
EF (for fE) FffteoRCoEEE, HIEARRBMESETEAPEE X,

13-9 Jeor 7 mIE BT R R PR A SRR, TERE, R PAORR IR BB OR — (A0, TEARBIRE B SR ARG ARSI |
A 25 el A B — B HER

e 5o
CS_Q\B\ 2
HEEE— 3<
BHHTIS [1, 1, 21 [1, 2, 1] [2, 1, 1] Lo T

13-9  PEBIBiGR AF £F FH i

13.3 FEMME

13.3.1 EEERENER

Question

a8 —EIEEE B nums F1— 1 BAZIEEEEY target , sERHIFTARTRERVAH S, MEISMHEHHITEM
ER target . #EMSIEEK TR, SEFTRTUBIERZ R, sERSEREELSHE, BlH
NEGSEEES,

B, WA {3,4,5) BRSO, itk {3,3,3}, {4,5) . FEEELFHE,

ARSI T AR R DB,
C FERESTEIY, A {4,5) F1 {5,4) BRI —ETE,
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1. 2T 2HTIRE

UL 2R, AT DA R OB ER R — RV EEN AR, WEEEAREPEREN TR
7, EITEMEFR target I, SO FHEICHRESER BT,

st EHAIFEARAE, ASHEE PR e DR UGEIR, KR selected fitRERFIAELHIT
REMOHOEE, M EHPIRE ST/ MK, W52 RS

// === File: subset_sum_i_naive.java ===

[* EEEE: FEM I +/
void backtrack(List<Integer> state, int target, int total, int[] choices, List<List<Integer>> res) {
/] FEMZER target BF, CiRfE
if (total == target) {
res.add(new ArraylList<>(state));

return;

}

/] EFFREEE

for (int 1 = 0; 1 < choices.length; i++) {
/] Bt%: BFEMEBIB target , BIBhBZIERE
if (total + choices[1] > target) {

continue;

}
/] ER: WMHEE, EHTEN total
state.add(choices[1i]);
/] ETT—wEEE
backtrack(state, target, total + choices[i], choilces, res);
/] EIR: HEHEE, MERZ ke

state.remove(state.size() - 1);

}

[* RBFEM 1 (BEEEFE) */

List<List<Integer>> subsetSumINaive(int[] nums, int target) {
List<Integer> state = new ArraylList<>(); // kA& (F&)
int total = 0; // F&M
List<List<Integer>> res = new ArraylList<>(); // 4&R$EF| (FEHT)
backtrack(state, target, total, nums, res);

return res;

A R ARG [3,4, 5] FIEETER O, Biies®2 [3,3,3], [4,5], [5,4] . BRI THTHA
2O MTHE, MEPEERBIN T (4,5 M [5,4] .

R A BB R I, SAT TR S R, 20 13-10 FR, S0 4 138 5 BUGE b
IR 4 RRRIS Y, (OEIER BT,
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choices = FoEM
target =
L8053
JTEM >9
EowEE +5

BEEE

@ 13-10 T4 s EIR BTk,

&7 APREE TR, AR BRI R, (IS IRBCRIRAK, AR R A,

- EHPTERERZ, THREE target PR, #EaSEE&ELARIERTE,
- TR (MA)) RIRFEEAEFFER, TREICHEERS, R R ET TR R,

2. EETFEY

BAE BB ZR B T R, BIRE 13-11, BHE TR TEDURFEINER R T R R EA R,
Ban LA B,

1. EE RS RTIEE 3 R4, SERASEMETRNTE TR, 5 (3,4, ...
2. 2f%, WM AR, BUE HRIGEPOR 3, NAZREELNTE (4,3, ... M 1. BPER
) THE5 R
(EEEET, 5 E RS R AR, A5 SRR,
1. RIATBRIEIE 3 F1 5, ARTFHE[3,5, ... .
2. WINTBIEIE AR 5, ARTE[4,5,...].

3. EHWEE S, W HRIEEPNE 3R 4, WATE (5,3, (5,4, .. B 1. HRE 2. Hop
R THE 52 2 T,
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choices =

Bk 2hiA 3
WMEBETE

i A 3,4
B EETE

F&=  [3,3,.] [3,4,.] [3,5,.] 3 [4,4,.] [4,5,.] 3 4 [5,5,.]

BRTH BEETH EETE

1311 ARFEEIE S8 B T
HREAR, BEMAME] [1), 2y, ..., 7,], FOBBRAPORIBEINS [, 2, , .. 0, |, WS
T i) < iy < < i, FREEGEPHIGEERFSI @RES, WEHITE,

3. EABER

REBIZITE, BMOIAEEE start , FINERETRRIGR, BMHER v, &, SF TR @ Btk
o R BRI i) <y <o <4y, , ETIERE TRE—

Britbz4b, FADEEFEEEEST 7 DU mrER AL,

TERARCE S0, SCiFES nums HEP, 7EERTATA R, B FHEAEME target I ERATRIBIE, K%
RIBRITRER, HTEM—TEIE target,
HRTCRNEE total , EBAE target EHUTIRTIARBRILERM, E target FFR 0 FFaCHRF

// === File: subset_sum_i.java ===

[* EIREE: F&EM I */
voild backtrack(List<Integer> state, int target, int[] choices, int start, List<List<Integer>> res) {
/] FEMZER target B, :CiRfR
if (target == 0) {
res.add(new ArraylList<>(state));
return;
}
/] EFFREEE
/] B ¢ start FAE, BREMNEEFE
for (int 1 = start; 1 < choices.length; i++) {
/] B—: EFEMBIE target , AIEZERIEE
/] ERAREFEHRE, BETEEKR, FEMN—EBB target
if (target - choices[i] < 0) {
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break;
}
/] ER: MHHEE, T target, start
state.add(choices[1]);
/] EITT—EmEE
backtrack(state, target - choices[i], choices, 1, res);
/] ELE: HEHEE, MERZaaIRE

state.remove(state.size() - 1);

[* REBFERM 1 */

List<List<Integer>> subsetSumI(int[] nums, int target) {
List<Integer> state = new ArraylList<>(); // #kRE (F£)
Arrays.sort(nums); // ¥ nums EITHIE
int start = 0; // EHRIAEL
List<List<Integer>> res = new ArraylList<>(); // &REF| (FELF)
backtrack(state, target, nums, start, res);

return res;

Il 13-12 FioR 25 [3, 4, 5] R EEIEE O A AR RS2 1R B i A

# target
choices = a BsaiEE
target -
Bl
o
HEoREE

BE— =

TEAFE 3 BRER FC
#Bid target BETE

13-12 550 1 [EiEFE
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13.3.2 EEERTENFR

Question

45 7E —E IEZEBHA nums F1—{E HSLEEE 8 target , sEEKHIATAMTRENAH S, MHSHEEHHITTEM
FIR target o HEMFINRER SEHBOTE, BROTENPOERE R, ARSI RRENELEAS,
YR AECSEEAA,

FELHS LR, AR ARSI LS TMEER, IS A TRIORIEL, I, &gl (4,4, 5] fH DT &
0, HIBERAIMHEES [4,5],[4,5), HBTERTE

i s R T M PR A ST R P 2 OO, TEE 13-13 , S —dRdth = (EEE, HAmEEr s
4, GEAMFERNESY, Wb EE TS, FHE, B momE 4 hgEtEErE.

13-13 MHFREHRRIEE 75

1. BETERH

DRI, AR RIS TR b L REORIE IR, HEU By fikEs 2 EHF
[, BRIHAHSETTRECEARE, SRS SRS, HEIDTREHEETTRASE, AR ECEEE
i, RtEEPNEE TR,

BRIERIIRE, ASERUE REIARSIT R L REPORIE — K, SRR, A DA start AMERZER: &
[ v, 1R, B N —EIER51 1+ 1 BGMARER, ERBIRERFREE T4, Ak EERETER,

2. BERXBER

// === File: subset_sum_1ii.java ===

/* EIESE: FEM 11 %/
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void backtrack(List<Integer> state, int target, int[] choices, int start, List<List<Integer>> res) {
/] FEMER target BF, :CRAR
if (target == 0) {
res.add(new ArraylList<>(state));
return;
}
/] EFFEEE
/] B ¢ start BHIAERN, BREMEEFE
/] BIR=: ¢ start FHYRERS, BEREEEER—TTER
for (int 1 = start; i1 < choices.length; i++) {
/] Bitx—: BEFENEBIE target , BIEEERIEE
/] ERAAESEHRE, BETREX, FEMN—EBB target
if (target - choilces[i] < 0) {

break;
}
/] B NRZTREEETRERES, RPZESNREER, BERE
if (1 > start && choices[1] == choices[i - 1]) {
continue;
}

/] El: MHHEE, FH target, start
state.add(choices[1]);

/] ET T —mEEE

backtrack(state, target - choices[i], choices, 1 + 1, res);
/] EIR: HEHEE, MEDZ ke

state.remove(state.size() - 1);

[* KREEFEM 11 */

List<List<Integer>> subsetSumII(int[] nums, int target) {
List<Integer> state = new ArraylList<>(); // #kRE (F£)
Arrays.sort(nums); // ¥ nums EfTHIF
int start = 0; // FEHICIAEE
List<List<Integer>> res = new ArraylList<>(); // &RHBY| (FERT))
backtrack(state, target, nums, start, res);

return res;

13-14 J&oR THH51 [4, 4, 5] FIHEICER 9 EIERE, IS VIEITRIRIE, IR ER B s R
fhe, MfRR(EESIERE, DSREIIEIRIER WA TR,
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choices =
target = T

B EE BHm
ER—HoEET
& ERBREE—R & KX H
-0f ; Jom
& | BRER
(X;?o [4,5] EATE
HE=
- FasrES
TEEATEE WANE
i target

[ 13-14 FEF0 11 [ERE

13.4 n 258

Question
IR R AR, 250 ISR FEE—1T. —FIs— R4 LT, S7E n @ 25—
n x n K/, FHEGIE 25 2 MEEHE LR NRITT 2.

i 13-15 FR, & n = 4 B, Ha]DUREImMER, REEERNMEE, n X n A/NIERILE n? @
¥, SH TITEIEEE choices . fERMEINE 2EHNEAEH, HUSIREIE RNETHsE L, SMERZI 1 BUERE
EAREE state

| |

€
€

€
I

| |

13-15 4 2J5RIERfE

13-16 JEoR 7 AR = AR IEF: 200 RIGARAER—17. W5, F—kEE M B ERERNE, B
FaRRIY Ty EE A\ FIRE AR/ WA,



13 E (Al www.hello-algo.com 295

FREERA—AHANL BRERE LR
e

x| x| X - YK

et —i7 o Yoo o W

~ //
x| x | x 7! AT
< | A B
/ S A .
| S| s
] —

FRER—F  FREF—THEML

13-16 n BJ5MIEL R

1. FTHRERER

SEHEEARITER S 0, RIRMESEE— @ SURSTH R B s —ME 55,
W, WA ARPORITIE SRS : 8175, ARTHE -MEE, HEERR 1TAW,

13-17 fliny 4 2IEHENZTREBR, ZEERS], H 13-17 #5178 —TrHB— @273,
Al ELREANI RS S SRR SR A TR 75 SRAHEAT T 39K

\

3
i
|

L3

BEE 117 =t —_t S

(&88) /\ (&88) (&88)

W W (W | |M] |

REE 2 5 % . F %] W]

I /

| W - v . w ¥ W ¥
BESE 3 & w1 M vl

\

lE\_" - v . ’:! . Y
BEE 4 & | ¥ X X

'] W W v

O

B 13-17 BITE KIE

EAE L&, BITBCERIGES] v ITEIfER, et 7R —ATHE M 2SS 3
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2. FUSHBEERK

2 IR, BATa] AR — (R % n (RS cols FilirE—FIRGH 25, ERRIERE
i, TINEE cols ¥ OH 2/FAIFIEITEIR, M AE R HBIREEHT cols HIIRRE,

Tip
FRTER, FEMAUERSAINAE B, HAPTRSIE LM, SRS IEAZGEM,

AREE,  ffe] e S A AR AT SRIE? sBUIR ILIEAS FHIIT ARG % (row, col) , e R AR B4R,
MR BGZ I AR LA FITRSESI RS [EAHEE, WMENMAS LA row — col ZMHElE,
st s, WRMERFHE row; — coly = rowy — coly , AIEM—EBRIER—FFEMAE L, FIHZ
R, AT DAREBhIE 13-18 FRAURESI diagsl sidR R B LEGH E)G,

IR, KB BRI E row + col BRI, MR AT DARE B diags2 AREEEIE fARAY
ﬁio

cols
IR ERER

& 13-18 JEERAIKT AR BRAT R

3. EABER

FETER, n HEABEF row — col MEIER [—n+ 1,n — 1], row + col MEER [0,2n — 2], FILAEH
FERRIIRCE AR BEER A 2n — 1, BIFEYI] diags1 #1 diags2 WEREH A 2n — 1,

// === File: n_queens.java ===

[* EEEE n BF */
void backtrack(int row, int n, List<List<String>> state, List<List<List<String>>> res,
boolean[] cols, boolean[] diagsl, boolean[] diags2) {
/] EMETFRIAITR, kAR
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if (row

}

= {

List<List<String>> copyState = new ArraylList<>();
for (List<String> sRow : state) {

copyState.add(new ArrayList<>(sRow));

res.add(copyState);

return;

/] EFHFRET

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

/* Kfi# n

/] stEZETFHENEHAENRE ARG

int diagl = row - col + n - 1;

int diag2 = row + col;

/] BIRL: RAFZEFAES. EHAK. REARLEEER
if (!cols[col] && !diagsi[diagl] && !diags2[diag2]) {

/] ER: BEEREETZEF

state.get(row).set(col, "Q");

cols[col] = diagsi[diagl] = diags2[diag2] = true;

/] MET—1T

backtrack(row + 1, n, state, res, cols, diagsl, diags2);
/] EIR: #z&FIER=N

state.get(row).set(col, "#");

cols[col] = diagsi[diagl] = diags2[diag2] = false;

& */

List<List<List<String>>> nQueens(int n) {
/] #Iat nxn K/NRUHEER, HAp 'Q' ARERG, '#' AKRZQ

List<List<String>> state = new ArrayList<>();

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

}

List<String> row = new ArrayList<>();

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

row.add("#");

state.add(row);

boolean[] cols = new boolean[n]; // :CiRFICRTEER

boolean[] diagsl = new boolean[2 * n - 1]; // HETHABEETEE
boolean[] diags2 = new boolean[2 * n - 1]; // A E AR LIETEE

5
5]

List<List<List<String>>> res = new ArraylList<>();

backtrack(0, n, state, res, cols, diagsl, diags2);

return res;
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BATINE n R, BB, MREATHRET2NE R n—1, ... 2, 1{E#EE, #H O(n!) K
[, &RCPRMIRIE, TREEEERE state MHTRIE res , MIEURIERA O(n?) e, [Rit, ABMISRIMINEE %
O(n!-n?) . B L, RIS AHLTRIEADREN IR/ MY SR, NiSeB8eR A DL LR RS
HERZ

[H%1] state fi O(’ng) X[, M%) cols. diagsl fl diags2 Bffif O(n) =M, RAEEEE L n, HH
O(n) He@mEasi, Hit, REEEES O(n?) .

13.5 /i

1. ERSEIEE

- BITERIAAE R SR, B R A TIRE S RS AT SRR, SRR, J8E
MR RAFR IR SR, EEIKEIFTE MR EE IR AR,

- [ RAR M S AR AR E SR EDR M E A ). EEERE S R E R SRR, BRI
JRATHRIEAFRI DR, HIHBGH B — DR, REIZIZATRIIREE, WARSTE AR, EaliENRE
AIE 77 T AE S A

- [l S 2 AR AR, BT AR BB BT R, SIRA] DUR AT AL EAE 23, K
IETETHE =R,

- [l SR T T B AT R R R = R R AN A TR R TR, AH A A R RE R R T DA [ e SRR gk, H
AR ERCR B m s RCR B A IR,

- PSS ST RS TR ATRERIHES, FRAMFED) —(EFRS ARG E T R 2 5 IR,
PR AIRER R TR S 3, ARETTR A POEE X,

- AEEHIRES, RESPFEEETR, AREERGHBEEEHY, RMTREORHETRER
i L REOEIE IR, JEEF R AR R SR E DL,

- TENEENHEREATESTIENS HEENTE TR, 86 AESTRIER, MigsEEe
AT PSSR, EAEE TR, BOERWRTRERRETHER, stE —MEERIE RS — W)
FERTECAaRS, TEMR A iR T SR 27 SOEITBIRL

- BRTEMEE, EYRMHSTR R LEERR S, WA CHATRTE R, EEAETE A
TEREGHEEBIA, MRS TR LT R REROEH —IX,

- n BEHESESENE n E2EHER n x n RSPBE ERTRE, ZRITE 25 MM 2 FERSERE
Tio AFIERIKIRIEIFAITRIR, SIS, HEA SR AR, AR ITAR, BIMERRIATI
BHREE, RS TE 25,

- HIRIHNTE A AR AR BE BT AL BIRAIETER, BAIAH —EREs AR — SR S A 25, e
TRERRIR TR E AT, BIRBAGRAIR, FAMFEmMEESA s Hlaiekaz T, XE AR LR O
2J5; BRERSERERIR—E @) B BT TAIRS IR,

2. Q&A
Q: /R AR (R 1 I RRAR ?
HZRE, [HifE—fE “TEEIRRET, mEREGE—E “THR”,
- AR EREE A IREER, AT, EEEENERS R —, BEEEESEES R ER,
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- RSB T RO SRR, ARG, B, BIfEEE GRREE) R

o
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F145 FrERE

Abstract
NES YT ARG VNN 5
B REFR ST/ N AR R R KRR E R, — 45 [HBAME M R =
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14.1 {iREHREIREY

#AEHRE| (dynamic programming) & —EEZEAEHBEZLH N, TR —ERES A — RV NYTFRIE, i
BB FRERN AR R EEE R, AR R R,

EAMH, B —ELHMAENTF, SAHENRN OIS, BREhaSNES FRE, FPEn
B (R AL B RE AR B A

e Eh
ME—EIE n FEROMEE, UREEPRTDLE 1 BEelE 2 B8, SERA 2/ D75 58] DITEEHE TH?

GniE 14-1 Fow, SR 3 BEEES, St 3 1877 Sn] DUEEIHTH,

BIEES n = 0 1 2 3 4 5 6

TetsE 3 BEgRsts 3 A
0>1>223 , 05233 , 0>1->3

14-1 |5 3 FEAY 7T REER

AR B KA REE, BT DAE EIEE DIk s SR alRErE. RS, RIEME R S —E%
PRI FRAEME: (CHh g, SIS L 1 PR 2 B, ESNEMHIRUR T REEN 1, EREE
THERIR R B R, RESCHBAN RRR:

// === File: climbing_stairs_backtrack.java ===

[* B */
void backtrack(List<Integer> choices