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2 hello-algo DO Do
EXPLORER & my heap.py X D~ D © ® O -
~ HELLO-ALGO codes > python > chapter_heap > @ my_heap.py » ...
> B gt """Driver Code"""
> I¥ .github if __name__ = "__main__":
v @ codes # AR
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> W cpp print("\ns#AFIRHEHEF")
> B csharp max_heap.print()
> dart
> M go # REETTER
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> M chapter_array_and_linkedlist PORTS  GITLENS  PROBLEMS  OUTPUT  DEBUG CONSOLE ~ TERMINAL - [Jzsh +v @M @ - ~ X
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> B chapter_computational_complexity  ~/Dow/hello-algo main » || Py base 18:18:47
> chapter_divide_and_conquer
> chapter_dynamic_programming
> chapter_graph
> chapter_greedy
> chapter_hashing
~ chapter_heap
>
< heap.py
2 my_heap.py
& top_k.py
> chapter_searching
(R > chapter_sorting
R > I chapter_stack_and_queue
> OUTLINE
> TIMELINE
¥ Pmaina Iy LOtests @OAO WO GitGraph Ln118,Col 29 Spaces:4 UTF-8 LF {j Python 3.10.13 (‘base:conda) & (@ Prettier [1
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git clone https://github.com/krahets/hello-algo.git
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Python C++ JV# Go Swift Js >
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root: TreeNode | None) -> list[int]:

o hello-algo

Code Issues 11

Pull requests 10

chapter_tree

WH, MNRTR 3 krahets
queue: deque[TreeNode] = deque()
queue.append(root)
# Mak—1 IR, BTHREEAFT
res = []
while queue:

node: TreeNode = queue.popleft() # PAFILEL

res.append(node.val) # R{FHAM array_binary_tree.py

if node.left is not None:
queue.append(node.left) # EFFHEAR
if node.right is not None:
queue.append(node.right) # HFTHN
return res

A
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binary_search_tree.py

binary_tree.py

[ binary_tree_bfs.py
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& mem > nums = extend(nums, 3) i3
LB b4 print("HHERKESRE 8
= BOE @R > e

Edit Code & Get AL Help
AL 4 Tine that just executed
- EOE 5 5 = next line to execute
EESCEN-2 > —
B #1a % @My > <Prev | [Next> |
@ misE =0 » Step 17 of 22
© B6E W R Visualized with pythontutorcom
BEX

)€ ZBENE

0-6 Python fEHIATIALIET

0.2.4 TEiRFEITHECHEFMK

FEF AN, EAERSPSARER A E R R WIAHEFE X BN ORI RIS, BRI TR v R
MRS, — BB RRTER R A,
GniE 0-7 Fw, W DTRAREE DN EETTRYIRERARIC A L X, AR IRBEZ RIEITFIRXIINA . —J7mH, K] DA T i

RFEFAE, NMERAR, BZERAREE, 5—77mH, HIRFRAEMR BRI A MR,
ZIREILE, FEBHH AL

L ] L] A 31 BESHRSE -Hellol: x4+ =
< e (s hello-al _data_s i _of_data_s 2 Q¥ O 0@ :
q (% krahets/hello-al
B b 31 suRgmsnx % X Q ExE T e <o
Hello ¥3&
@ o= HE 3 . doos 1H5H
B ®1% JREE B B GIEBEERTERSEIBEN, BRTNHAREE,
R #2858 SREHMF > JIE—
& EIE tuEEn v @ @R &) 2508
31 MBI
3.2 EEMIEXRE chenzhiweiSdczw 1 H 5 H
33 BFHB" BREMHRE. ARz A, REMATRS, BEAREIRIE, BEMRANR
34 FHEHD WA, t 3%, B B, FRs 2 R MRS E AR
35 o
B f4m gASHE O © @3
S W5E HBSUT >
@ BeE wEE , @ wroters 1558w B
b oETE W > FEE~ SENRERRERLE, FbE . MHTE | BNARERER
D owes i N "SRl (EREFIRATRE) . RGP, BEENEME (R3) BEE—TER Y
= SRCEBY —REEN, XTREECIR (RNORN) | BRI ERNE, i, BEXTE
oogoE @ > FNESE (A, BF) MRS (W) SESH,
= OBI0E ER > e Gm)
Il BNE AF >
vz ER2E A > WA HK Aa
19 ®13E EH >
B #uE pam > 8
@ EBE AL >
@ ®ieE MR >
BEH =

BT



;

www.hello-algo.com 9

B
i

K 0-7 PHEXIRA

0.2.5 HZXEFIIRE

MER BB, BATA] DR ST R EE A 5 BIR R R 0 =B B,

1.

2.

BrEe—: BIEAT] BT EIESAEIREWI R ST, 2P RERIRNEE, R, Hgmg
RETTHIIN A

BB —: WIRRE, ST E IR, FERRED 100 E@H, RREROBIERE, BRI
i, “ANREE” ATRER — PR, B, XRRIERR, BATA]DHZHR “SCRisni Sihg” K
SEH, EEERT 3~5 NEER, SeERHAFICHE D, HEFNBERRIREIRIE W GitHub
B,

Breg=: fEAMBIAR, £ 377, BT DB BREALT R E, RSN REEM, DA+E
FIRIAZR, FERIETTH, AIDASELCR AT IR, gL g2, —B2 M, —M2mss, HXH
M R PAFE S X R

auE 0-8 FivR, ABNEEZ M “MB—", SERIRERPSHEITH B MM B =13,

MrE— ez — FrEg=

STRLERIND HRF BN ERNINER

RETE
BENTB RISERR RREES
HizEH

At EIR i

FREL At E) 2 R Bl [F] —iB R MEAR, LIMAR
FERIKHRICIZ H IR IERR EREENANAER

& 0-8 HIRFESIHL

0.3 /&t

1. EREH

- AR FEZNERIENFE, WRIRCE —E &M, RABRERNBIRRSEIEER, iRt

AR IR .

- BRNAZEERERE N, BORSHIRIE =887, W 7 IRIUsEIRE 2 .
- NTRENT, EFENEREBE-AANTHERER, JUETFZERK,

- TS mE ERE R T A HESAERAR, AR, MAATIXENEEZ KT,
© ORERTYES R RAERE, SRR IO TR R B R,

- ABMIURATE D ETTENIRAPHEX, WD 2 = RAEERS W,


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

10

Abstract
—N/ DR SE, SEIERIAE—E, 12 LI ERETENREE,
GEaE IRILEE, IERIBMEIER, BATTIHEE SRR EE A,
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1.1 BETRAFRE

SEAWTE] “FIER XA, RERMSEEE RMEhR b, FEREEFAYNEREE, MEES
AR AR, IX BRI H R A0S AR Ab rT WL,

EERRITRIRZ A, A MEBNEIER D= RESEPIRE P AR TIPS RIE, IR En
MEIHFEAER D Y. PEBAR2E LD BRI RIELIX — R,

Bil—: A, R, SAONFEN N DS, MRS T RIFHAR, BIRERNTREE
T MPEE TN r 7, JEERIERE 1-1 FroRey 7 s,

L BT —Fryoisy, EFZNE TR, WEETFR N m.
2. I ESEFRERF r LT m 25, PDHERR T BATEE 7y, EBTEE S NEER T,
3. RWrEEHER 1. P 2., EERIPHEEFEN r TS 1k,

FRERHEFIROAFHT

BEFRER: RIEE—HEEEEN » HF TR

EFASE:
1. EFFRAE—¥0EL, RAEFEE n
2. BF r 1 m [E8, FHBEESES

Step 1
—H DBk
EFHRSE:
1. EIFFFSRIREOMN IR, KREFER t
2. BF r # t §8, EHREFESS
Step 3

Step 5

PO NAAERERGEE, S R E AN &K Bk, WEBIRSHEIME, BT LSS

Step 2
—¥ sk

EFASE:
1. BAFRERBON—H0BL, ERNEFEE p
2. B8F r # p G0, EHREFES

Step 4

;
—H TR

EFRSR:
1. BAFRERBON—F00EL, ZREFEE ¢
2. ERIIEFEH r BF, TRES

K11 BEFHPE

JA

N—DEHPH A", NEIERAE, BOTATLR LIRS I —RYRIFEE “ &R
Bl ReBb v, BAHESTIN, SRATEEHETHIIN M, EEMNNEHS, SRR NE 1-2 Fr

7TNo
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12

L Rhsahlorh “HE” M OTERT MG, FHEIREIRE MR 1 KM B2 7.
2. P — Ik, AEHFEORIEAAE, SERERE 2 KNSR,
3. AWITEAS IR 2., B4R KIS H B A Gy, BEETAINEEA .

FHF FHF FHF
A Ta [ o N & N A nn
2 A 5/ T . 2 A 5/ T / 2/A/5 5
) [ » 5 _
\| // ’o N / .Iv N
WL X L3 5 S s
g 3 4
FHIF FHF
= s ~ 5 2 5
it YiC 5 2 A \5 2/ A A
7 e \ D '\
Wt» A % v
5 5 2 5
< 5 5 2 5_ A A

1-2 vt PR

RPN R TTIEA B B AT B, e NBUREN IR SR, PR mRIE S I

JE B AR TR AHE I S 5

BI=: BEmik%F, BIRBNHEETIEL T 69 JThvrsh, 4 TR 100 o, WIWBREFRZHRHAT 31 T, il

KAREARHSE AN E 1-3 R &%,

ANENUEEE 31 s EE/NYETH, 5 17T, 57t 10 7T, 20 7T,

MATETR R ORI 20 78, FA 31 — 20 = 11 76
MFIRANET R R AR 10 7T, ®R 11— 10 = 175,
MEIZRANETIPEERR 17T, FR1—1 =07t
FHRERE, 7TEN204+10+1 = 3175

AR
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S 31 = 11 - 1 = ()

HEET -20 -10 -1

TWENTY

hY
TWENTY ||

1-3 BEmikFIE
UL BT, Bl — DRI RTE R AE R (RATRERIRI#RIEE M), WS 7 alfTHRE )T
R, NBUREHSRIENMES, XMTEAR R 500" Bik

NETRIE—IER, REVERHUT, JUPArERERRREEAITRE, HER ISR ET i
KRG REE NS, RINGRS A CPU Al GPU HUTEE, IXFE—K, Tl Ik REFEAE i At A)
R EAL L, DU 7y sURRE AR 2% ),

Tip
RN BAEEEM, BIE. BN ERER SRR — MM, BERSAT THEE, ARS8
PN 6 ARSI RESINSI AV a8

1.2 BiEREHta
1.2.1 HiZEENX

8% (algorithm) ZAEA RN AR E MR — 4IRS BRI B, B RA IR,

- IEURRARARY, B TSR R AR e o
- BARTY, REMAEAIRDER. WRMAEZER N ENK,
- BLBEETERS X, EARRMARIZTRET, fMbaaZdE,

1.2.2 HHRGEMEX

R4 (data structure) ZALNIF LRI X, WEBURNE. Bl FXAMGIRRIETE, €&
AL B R,
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- ZEEGEHRED, AR,
- BAEBRERATREDUE, MMSEEAREVIR. A0 PR, EHTE.
- RERTERBIRRORNZEER, DERRSR0sT.

BURSHBEH R — e e, SRR ERD TSR, EEWEAS T HEH 2, T2
MT

- EERMECT A, ERARISINFIMERERCE L ENERE, (HE T ER I AR,
- EIMETEER, RUTERENZEGER, ERESHERNAEERE,

1.2.3 HEEMERZENXF

nE 1-4 forR, BURGEHSEERREMR, BEAE, BAERIEL T =177,

- BARESHRERNE G, BARAH OV EIRRM 7B SR, DAUARIEERIRRT T I,
- RIEONBIREEANE @, BURGAR S OUAERREE, SRR GEM O E A,
- RIRER AT DET ARSI, EHRITRERTREAZERK, SIS BIEL 2 K,

BE—RIUREES

MmN
BN ‘ B il
. —— .
input algorithm output
¢t )

data structure

RS iEEE
SSPOIVI:NES ¢ s

B 1-4 BURSHSRIERRR

BARA SEIEMNE 1-5 ForiIPEfiIR, —ERAR, RTESTEFHEZIN, A TRAA RIS,
BATHEIRBI B — DD AE, BERELAIRE ARG SR MBI,
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B 1-5 PrERIK

PRI BRI B DR FR AR 1-1 Fm,

® 11 RBIREHE S RIZEE N PRERIR

RS EE  PRERIR

W ABE RPFEERIFIAR

Hmaitg BARHAGIEK, WIEPIR. R ERTT5F
27 FERIARPER EARE S — RERA D IR
R IR

EREARE, BURSHSRIERMTREESN, ERWL, A5 DAIRHET 2 MgEIE S 1L,

LIEAR R TR
FESLPRITIER, BATER K “BURGHSEIE" fMVoy “BIK" HUARFTERIE LeetCode ik
H, skbr kRN EHERAEHHIRE M T THAIRTR,

1.3 &g

1. EE[Ep

- RIREARESRIAEAE, HAZBAA] KEESEAN, Lhr b, BMNELENAREHERTIFS
B, DARORA TS A R/ N
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© BETHEEHS S EREEME R, oERERARI T amia M EERTREE,

- BRI RE SHEAHPRERAER KO mAHFEIRE S H IR,

- RMRENPEAR EZIVORE, B PERICY ATE R4 HIERE,

- RIREAEA BRI A AR R E (R — A5 L BRI D B, MRS T REAL A i EdER
Ti o

- BARSHSEIRREE, BURSHREIRNEA, MRRNEBIREAEAL @,

- BATAT DOR EARES A 5 FIER O BRERRUR, BIRIGEREDE, ORI IRANERE 77 S AREIRSE,
DRERRARI D BRI R BT

2. Q&A

Q: fEN—%BEFHR, RERT LEFMRHERMOGI RIS, HASRSEmEESERG 7, ERM6N
AIRLTY; RS RERE RN TR R RIS A 2R TR LR IAR R ?

GRS AR TAERRELLEREINN “HE50" B9IE, ARAEREREMIZEBZE "7,

BIUEEE (DAHAMERMEE) MWEYARETELERPNELIE, maEE TR, EfRn
R RERS 1R T L S L AT, MR TAERVEAIR &, 28— R, SMmEIEsSaNE THF
PRI

- RPN AL BIRGE SRR, s s, BT REATELIX M RAERM T, 18170
. PEREARES, B LERIFRAMT AR,

- ARG B, BATSAIE N EH T RN A E AR O(nlogn) 5 MRS E SR EE
REREE (BIA2E5), ABATAIRE R DURHRCRE SN S8y ki, KNS RERN O(nk)
Hp kil SEARAERAN, & HRIIBTN SREQNERANME (RARER, IR,

fE TR, KERBUEMEUSEIRMMER, V2 RERUEW “E02" Mg T, RISRXES R —T7
TE R T (R RUAS By BRI, 59— 75 T AR T RN R R A AR RDR . ABURTRRGSE %, &daiiz, oA
AL TR, TR REARE A R A BB (U
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Abstract
B3R L aniE s B A B P R S A S,
TR IBAER F S5 EIXHNEE_ EIRARR, FREMRENERTTZE,
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2.1 HiEHEE

FERIREA, BACEIER AR AN Z R HAr.

L IRBNINERTL: FIATEAERUE A5 A\ TE RN Al S8 fthoRAS AR I
2. FREAML: F—DRIERREF SR, R EER AT RE IR A,

R, fEREMARRIEIRIATIE T, BIEBCRENNEERRMS N TEFNE, BRI
1:38

- INRIEeR: BRI TN RIFKE,
- ZBRBeR: BIESANEEREEIRN,

sz, JOMERRBRT “BRXE” WBIREHH S HEIE. MARUIHEEIENEREREE, KAREA
IXEE, BAARERSMEIRIA T L, MEmiE S BRI S MR,
RERVFAETTIREZE D WA SEERNA, BRI R,

2.1.1 SEBRMS

IR TIEG S0 A RIS B, THSAERRIRA — IR, FUAEF TR X PN SERCR . EL0 772K
B AL, BTERAEE, IR SRS TR S NI, SRR S AET R
S, A LR R,

— 771, MESUHERRIIASSEN TR, RECERE P SRR, Lol — NSRRI (TR Rers, 0
LERBEEAELH CPU LEtT, —MERONERIERE, AT ERIERNE ENRIIRS B,
BRI, BEETERAHLES MG R AT AR — B, XA B TR S LI XTI, it
TPYE, THERIL,

577, IR VI, B AR R, SRR FRNNCE. B, EHA
SRR, SEME A E(TIIECSIN: B I, TOAES ASURREAN, MIRasRATAER AR, Wik,
TEEERIRANEE, TROTREN &ML AR, THXHE BRSO R S,

2.1.2 IBigEE

BTSRRI B AR I RRR I, FATRT DS e G — Lo BRI BIE IR . IR 5575 20
IEEZE S (asymptotic complexity analysis), HREZE D1,
BT RS AR B IR IS A T A e AN TR RN 23 (R B3 R 5 i A BRI 2 R SC R EHIR T DA Fi AN B A
B3, BIEPET TR A RIS, XN E AR O, BT DA HE D =N E ORI

- CIHRAISEEIR B N BE S ZREE (time complexity) FIZEEZE (space complexity).

- “BEERABIEMERIIG AN RS 5 AT R T BIRIBITRCR S A BER RIS Z RIS A,

- IR EIE KR FORE SRE T OSER RIS TIN B G S AR ERE, R N Rl E AR

MR “PUg”,

AP Bve i 7 SRR IS TR, AEAE LR LTS,
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- ELHRERBTI, BEskaTEe,
© RSN, SATEERIER TRTHIBTT A,
BRI AR R R THIRIRRCR, TR AEREE R N RTATERE.

Tip
GRRORTIS R AR EIR K, AHELD, B STEREE TN 4,

AL BN T —JCPHERIERCERE “FrR”,  BEEATTAT DA S AT 5D STl 5 (9 ARk T 2 ) %
IR, MHAREEZ R,

SRERMCAMS, X TRFE RS, FIMEA RS, WX PNAEE, EREDHATEERK
EAETENESENMAINE. R, HENTNEIE N MR s RRRR RN, XE DL 2 A HIS T A
22 [AE B O

LR AT, EEUUREIRA S SIBARGE S RIEZ R, JOMEREHrENLPG I 78, PARERENSSE R i
TR B 7 hT

2.2 ER5E=E)T

FERZES, BEEPTEMESRRE LN, ©5EREIEEM, Blit, fEM4A RS AR RS 2%
JEZ AT, WAVER T RN AERE P EEIITES, RIMMEARRF RGN #H,

2.2.1 &

&R (iteration) B —MEEHRITRMEFSHIIZHIGH, A, BESEMLE —ErRA TEEHRITREE
8, BERIXDERFEAER L,

1. for fEIF

for MEINERHE WINERIEAZ —, BEFEBUEHIEIZICREINfEH]

PUNBEREZET for TEAASEIL TRFN 1 + 2 + - +n, RMGERMEHLEE res idxk, TFEEREMNZE, Python
H1range(a, b) XRAXENE “ZAETF 1, MNYAELEEN a,a+1,...,0—1:

// == File: iteration.kt =

/* for &} x/
fun forLoop(n: Int): Int {
var res = 0
/] &Kk 1, 2, ..., n-1, n
for (i in 1..n) {
res += i
}

return res

B 2-1 212K R AE A
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LI Wit
=1

2-1 SRFIR B AEAEE

SRR BRI S A B R/ n RIELE, sREBR “RIERRT, SLhrt, INRIERERMIR
A “BRIERRT. HRXNBERTE T I 4,

2. while f&F

5 for fEIAEML, while FEIAMEE —FMSLBLEAITTE. £ while 1B, B SRESRERMA, 1R
FHNE, MARSHATT, SNIERETRIEIA,

REHAH while EHRRITRA 1 +2 + - +n :
// == File: iteration.kt =

/* while f&¥F =/
fun whileLoop(n: Int): Int {
var res = 0
var i = 1 // ¥RHEHET
// KM 1, 2, ..., n
while (i <= n) {
res += i

i+ /] EWMFHEE

=
=
=45 n

h

return res

while fi¥FEE for FREARI A HIE TR, 7E while FEIAH, FRATAT LA i 46 48 B RN GA LA B3

BN L FARASH, SR & ¢ FECHATRIRE ST, IXFBU A KT for FEIASEL:
// == File: iteration.kt =

/* while &} (FREH) =/
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fun whileLoopII(n: Int): Int {
var res = 0
var i = 1 // #IaHEHEE
// @EHRM 1, 4, 10, ...
while (i <= n) {

res += i
/] BMEHTE
i++
i %= 2
}
return res

JEERE, For PEPRIAREI AN, while DEPREMARIG, PIEHRA] DASKPENEEH, LR HME— 5
TR [ T SRR R

3. IRERIF

AT DE — MERGE AR E S — MERGE, RHEHPA for fER A
// == File: iteration.kt =
/* WE for &R x/

fun nestedForLoop(n: Int): String {
val res = StringBuilder()

// &% i=1, 2, ..., n-1, n
for (4L in 1..n) {
// &% j =1, 2, ..., n-1,n

for (3 in 1..n) {
res.append(" ($i, $3), ™)
+
}

return res.toString()

K 2-2 B EMIRAER,

?
Sl

PRfEER

H i+
]
H

MR

- EE
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2-2 RENEIRIIREEAER]

TEXFEILR, REBIIRIERR S n? BB, BUEREIRIS TR EREMALIE RN n PR,

BATAT AARSLARNERE GRS, B KIREEZE R “THE", RN EERERSE ST RR" “THRTT
KAR", DA,

2.2.2 #13

Y3 (recursion) J2—FERTETRMS, I EEGEH B B RAERAE, ©EZUSMIHE.

L i&: BEAMIRAMEAE S, EHEENENERLASE, BR0AT] “KIERF,
2. 1 Mk “RIEFEMET JE, BFPMNRIRBEREAREOTEZRRIRE, CRE—ZH545R,

MM EE, BAEEERUS =1NER,

L. 2ab5%fF: AT REM 2RE %" % “137,
2. JBPAA: XER BT, MEBUAME S, EEEAENSERLISE,
3. IBMIEER: X U7, KERNENBRRAZERIREE E—R,

MDA, FATAFTVEHEE recur(n) , FBEATRASEAR 1 4+ 2 + - + n AUHHE:
// == File: recursion.kt =

/* B3 %/
fun recur(n: Int): Int {
/] EIEEHF
if (n = 1)
return 1
// & B3 FB
val res = recur(n - 1)
// V3. REIER
return n + res

B 2-3 R T iR RIS IS AR
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AT “&” mE 93
recur(n) return n + ((n-1) +..+2+1)
| 4 w
recur(n-1) return (n-1) + ((n-2)+.+2+1)
recur(4) return & + (3+2+1)
recur(3) return 3 + (2;+1)w
| g
recur(2) 3 return 2 + (1)
l KIFFH —/‘
recur(1) return 1

B 2-3 SRANpR IR
BRI EMER, ERGEAR DIGEIMRLER, BEfRER 7R S FIK R 8
E2v8

MR CERTL” MARERE, WEISRIIS I, A RN EE R AT EEE 55,
ORI R BRI, KIS TN T, e A R LA AR
1 AN IR S /N T, BB AT 3511 AR AT
D ESRSRATEEON B, A f(n) =142+ +n.
C R FEIEERRBUCRAISRE, M 1 IBHE n, SHCHUTRARGE, BIRIREE f(n) .
C ORI RN TR f(n) = n+ f(n—1), REF GEITH) 45 R, AEEAMN f(1) = 1
L,

1. FAR%
BIHREE KA B 80, RSN BNERE BN, DFEREA R, 18R kA =G R,
TR S0 77 TH IS R

- PREE BT SCEARARERELERR . RS iR RPN XD, B EOR A A SR, A,
T LB AE IFE SN A 22 ),
VR VEVESE S Cgaga st DN DpA R S v i L VR BT N 2 NI ETR v &Y LA i

G 2-4 FoR, FEMRA R RZRAFRT, FINTELE n DARREIRGRITEE, BTN n o
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AT “@ Bt 93

recur(n)

}

recur(n-1)

!
|

BERE recur(4)
! }
recur(3)

!

recur(2)

fib %283
} ™
recur(1)

B 2-4 JEIAEHIRE

FESEPRA, GRiETE S RVFRRINREE R R A IR, IERAIE T AT RE S ER H A R

2. E#)3

BEBEE, WRABHEIR BTG —SA BT, WOZRERT DA gw i as sl R et t, HHEAS
BIRCR ES5IEARMHEY, XGRSV ERYT (tail recursion),

- B SRR EIE E—BRREYE, FENRSEPTRE, RERGFEAE E—-BRANLET
Lo

- I IR ITE R M EOR AIRTHYRSE — DR, XEREREBOR M E] E—B)a, TR T H At
BfE, HIERFTMRST - — 2R BT

A& 1+ 2+ -+ n B, FATTDLEEE R & res BEONKESEL, MmsSEELEZEA:
// == File: recursion.kt =

/* BiE */
tailrec fun tailRecur(n: Int, res: Int): Int {
// A tailrec X$#3E, UFABER/FMKL
/] EIEEHF
if (n = 0)
return res
// EEVAER
return tailRecur(n - 1, res + n)

ST TIE RN E 2-5 s, A HE@ERIAFI RS, & FSRFIER BRI T SR AR,

- EE: SRFIERERAE Y7 FERTIRTH, SRIREEEEBITOORNERE,
- RIBI: SRAHRERAE %7 RERTHIITH, 97 NERRRRRIRE,
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AT “# mE 7"

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

recur(n-1, n) l ret[r'n N+.+5+4+3+2+1
l rettrn n+.+5+4+3+2+1

recur(3,n+...+l5+l¢) ret[rn n+.+5+4+3+2+1

recur(z,n+...+l5+l¢+3) ret[rn n+.+5+4+3+2+1

recur(l,n+...+l5+l¢+3+2) R ret[rn N+.+5+4+3+2+1
| wirgp |

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

return n+ .. +5+4+3+2+1

2-5 REiEIdE

Tip
BER, WR2MIENSRSH SR EIEIT L, BIan, Python BUARSHFE#IFMAL, KIithAN
B BT, HIAFTRE BRIk H R,

3. &3

LS 67 MXAEIEREN, BEEEHIEAR SRS ENE., A ENS %, DL LB
Hyfil,

Question
HE— NI EF0,1,1,2,3,5,8,13, ..., KRIZEINIHE n M

RILPIACEINE n MEFHN f(n), BEWILEL.

- BB N (1) = 0F1 £(2) = 1.
- BB N RATAEIIR, B f(n) = f(n—1) + f(n —2).

RIS R TIBVIA, KA DR E NI, fEn]5 HEA R, A fib(n) RIRf52I2EK
AREZEBNHIES n DN

// == File: recursion.kt =

/% FEFARES: YT «/
fun fib(n: Int): Int {
/] &1EEHF f(1) =0, f(2) =1
if (n=11l n= 2)
return n - 1
// BAFEB f(n) = f(n-1) + f(n-2)
val res = fib(n - 1) + fib(n - 2)
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[/ REIZER £(n)
return res

—

WEZDA EARD, FRATEREPIEIT A TR, IXEWRE N — DL TN . WE 2-6 Fr
TR, XEERWHEIAE AR, &R E—RZECN n 1U2Y3 (recursion tree),

f(n)

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

f(n-2) f(n-3) f(n-3) f(n-4)

f(n-3) f(n-4) f(n-4) f(n-5) f(n-4&) f(n-5) f(n-5) f(n=6)

B 2-6 ERIIRSEB RS IR

WA FB, BRI T KRB E N TR (R, X ETE E eE,
CONEEAER, MR HE. B SNE. SIARIRIZ 2 o N e AR T T XA R
7730
C MNEURSSIMAEE, BARRIE SO, RRIEAMECRE, [’ SR IE S e B T4
#o
2.2.3 FmENL
BEEDL TS, 135 2-1 R, JRACRDBIT/ESIL. HERERS B A FTRAL,

*® 2-1 EREGEIAR RAT

IER pill|
KT TEERGERY EREE B &
K
IR ReREHE R, TR EOE AT B RO AR 27 AT
WERE JE R EE RN 722 A SRR A A AT RE R R AR I ]

M
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JESAN 1B
EHE ERTEREIMES, (REEW, AT @R TR, W, B i, [, ISR,
i 33 G
Tip

ANSUREHE DA S N A BRI A, FIDATERRSE KR ENEERE S,

Wz, BB EAEG T 2WNIERRRIE? DLEIREBIAREOR, SKREBREEEIAR 77 BT, XEK
B AT FH B R ERSR PR 2 e SE AREORANRAERY, IR TAEHLHI S %A “Te AJa ™ D) Sl ) 1,

FR L, AT A SR XIBARECERTR TE SR AN ETIR R,

L & HERBROAAN, REERE AR EOVZRBOTECHRTARN, TSR R R, S5
IR [l S H R
2. V3: HRBGERPUTHIREIR, KRBT VAR ERRR, TR AR BRI TN,

[Rlitt, FRATIAT PARE FH — A B RO B BRI T, MR 3 4% (i B K
// == File: recursion.kt =

[* (EREAENET */
fun forLoopRecur(n: Int): Int {
/] ER—EXRIERIEINAR S AR
val stack = Stack<Int>()
var res = 0
/] & B)IFEA
for (i in n downTo 0) {
/] BEE NIRIR(E R 7
stack.push(i)
}
// V3: REER
while (stack.isNotEmpty()) {
/] BT “HIRIRE I 37
res += stack.pop()
}
// res = 1+2+3+...+n
return res

MEE A ERW, B AOENE, RISZEREMER T, REEAAEIERZHE T A DI,
HA—EERFIXA, A LN

- BRAUERUARRD PTRE SEAIME DARRAR, RIRMEsE 2,

© ONTREE IR, BHURSTE RARRIT Al RERR R,
Bz, EREUERBTI O TR MBI, e sLikt, AHTMNE RIS H R e A &R 7T
REREE,
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2.3 BHEIERE

BT TRl A] DAELUL EL i S R TRRORCR . an SRBA TR MR 1 — B AIE RIa T R, BOZAn AT le?

1. s ER, AR E,. WEES. REINRS, XERZFHSEMAAINEI TR,
2. VAR EIRERR R IS AT ), BIANINIERAE + TR I ns, FIKIRIE « FFE 10 ns, FTEHR(E
print() 7% 5ns %,

3. G ITE R RERIE, HRAT AR PITIRERA, MG ENSTR A,
BIantE LA RS, E AR RN A n

/| EEETEET

fun algorithm(n: Int) {
var a = 2 // 1 ns
a=a+1// 1ns
a=ax*x2// 10 ns
// &% n &
for (1 in 0..<n) { // 1 ns

println(0) // 5 ns

¥

MAEALTTE, FTDMSRIEIARIZ TN Y (6n + 12) ns

1+14+104+(1+5) xn=>6n+12

HS2PR b, SEiFRIARSITIN R SERABSE, &0, FOIAmERmGN EsTrFade, FAE
ERBEESIARNE6 23T, Hik, BANRMER MR ERIBITIN A, XA mGd R 7R
1538

2.3.1 FitBIEIEKESE

IR A T SET T AN R RIRIB TR, MR RTAIST T Il R 2 2RI 5

“BFRE KT X BRSNS, B DEE — MR AN CARERR, B ABIR KN n, BEZAEE
A, BFIC:

/] &% A HWNEISERE: EHM

fun algoritm_A(n: Int)
println(0)

}

// 8% B WREIERE: LI4%M
fun algorithm_B(n: Int) {
for (i in 0..<n){
println(0)

}
}
// 8% C WRESRE: SEHM
fun algorithm_C(n: Int) {
for (i in 0..<1000000) {
println(0)
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B 2-7 JeoR 1 DAL =D RIE R BRI T 2 2%,
©RIEARA L ATEERE, BIRSITNEAREE n R, BAFRLRERR AR AN “HE

|Z)/l\”0
- BIR B PHUITENRIETRZMEIA n X, BRIBTINHEREE n HREERIEN K, HBRIRRII )2 2% AR
N SRR

- BIA C RETEHREFR ZIEHA 1000000 (R, SBRTHEIRK, (HEeSMABEERN n k. Bt
AU R 2% A0 A AEIR], 0 “HEBR,

Bk C - EEM

1000000

Bk B — i

RAEB TR 10
5 /Mm
0

@ 1 2 3 4 5 6 7 8 9

BNEHEAR N
n

& 2-7 BIKA. B CHINAEKES

BT BRSO RIRANSI TR A, AR 2% R T A TIREE R E?

- IS AERES ARG RIERR, Hln, FIA B HIBITIN R BLMIg K, 7En > 1 INELETE A B8,
£ n > 1000000 fELSRTE C 818, Fsk b, REmMALBIER/ n BER, S2EN “BHH” EE
—EMT “EMERT AR, RKIERN R KBS X

- INRIEZERHERDTEERME, B, BT e IR S BRI TN RIFE KES T, B
BEAER AR 2R o, FRATTRT DAfRT B oK BT A TH AR AR PR TN TR R RIS TR, ATTRE
HRBEBITES [y “HERIERES, XA R T

- WREAE A ERRRTE. B, RERTE AT C RTREZEME, EFRsfTR EZHR
Ko FFE, REREBHNHEREL C &, EEMALSIERN n BN, BiEB R TREEC, Xt
TGN, BT FME DLOUE R B 2 AW R RRCR I & K. 2R, REFE LRRE, SXED
W ATy PR R PP IS IRRR B A R HL 75 1%

2.3.2 HIEHELR

EE—TAKRINA n BRI
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fun algorithm(n: Int) {
var a = 1 // +1
a=a+1// +1
a=ax*x2/ +1
// &% n Rk
for (1 in 0..<n) { // +1 (BR#BHIT 1 ++)
println(0) // +1
¥

REIERREEER R — MR TRABIEA n WKL, 129 T (n), WA LRSI EIEEER D

T(n)=3+2n

T(n) 2—xeiEL, UHHIBITIN R AR LN, I e R A2 AR 2 LR

BA TR A E 2 LR O(n) , BMCERERAKR OIEE (big-O notation), FRREE T (n) K
Mk ES (asymptotic upper bound),

I IR)E AT A BRI “BERE T (n)” MR RS, EEAEMRECAE X

FRREHIE L5
EFAEIESE c IS ng , FENTRAER R > ng, HET(n) <c- f(n), WA f(n) &
HT T(n) —PE0E LS, 128 T(n) = O(f(n)) .

W 2-8 R, WG LR S EE f(n), BHEY 0 EETEFAN, T(n) fl f(n) bTAHR
RO KRR, (AT — N ERRSK .

c-f(n)
T(n)

4_,——‘—‘—”’—ﬂ—'

© 1 2 3 &4 5 6 7 8 9 18 11 12 13 14
BABUEAN n

% n > Ny E?: y{:‘l%ﬁ C'f(ﬂ) 2 T(I'I),
IEBSRIIAR f(n)  T(n) M—NINELESR,
2% T(n) = o(f(n))

B 2-8 PREHHL E5R
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2.3.3 #HFE

Hn b SRR LA A, WERIREIE I A S 2B, thoeiHn, TR DUBERHER TR, AN
KR, mt AT DUR e H A R

RIEESN, WE f(n) 25, BAMETERINEERE O(f(n)) . WAWHTHEEIL LS f(n) We? Bk
NP BRGUHRERE, REHINTENL B

1. F—%:. KiHEFHE

EORRED, BT BB RIHERTR, AW, BT Rk c- f(n) PREBERE c fTMBUERRD, Bk
2T (n) WIS FREL FEOHET PURME, ARYEILRIN, AT DUS\Es B DU TSR RS

1. 20 T (n) R FOVENTERS n Tk, DO B AR A5,

2. B RE. BN, 783K 2n X, Sn + 1IRSE, #RATLARIMEIL n ik, BN n BT EREOS R
IR R,

3. TR ERENRIE, SRIEEESFTINEEANAREINRERE W, 52 EMRIAR 25
ENE 1. SN 2. KHETT,

B — R, BATTAT DA IR BT R G TR E R

fun algorithm(n: Int) {
var a = 1 // +0 (15 1)
a=a+n // +0 (15 1)
// +n (15 2)
for (i in 0..<5 * n + 1) {
println(0)
¥
// +n*n (15 3)
for (i in 0..<2 *x n) {
for (j in 0..<n + 1) {
println(0)
¥

PARARER 1A EIREITRIENAIHER, Wt NN SR O(n?) ,

T(n) =2n(n+1)+ (5n+1) +2 558G ()
=2n%>+Tn+3
T(n)=n?>+n fartfigiit (0.0)

2. B-W: JErIHEESR
I EZER T (n) PEEINCRIGE ., IXZENE n TS KN, REMNITELIETSIEH, Hith
T A s M AT DA

R 2-2 R T LR, Hi—SSskagER Y TR “RETTIERSIMEC X —4He. M n T K,
XS TC R AR,
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R 2-2 IR ERERRN I 8] 52 2%

HR{ERCR T (n) IR ZE O(f(n))

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

n® + 10000n> O(n?)
27 1100000190  O(27)

2.3.4 ERHER
W NBUER/ NN i, 8 VLI R 26 BN 1E] 2-9 AR IR MRS & I HER ) o

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
TR < MEH < SR < R < FI50 < S8R < Bkl

E¥E 0(2n)
THB 0(n2) gﬁ
HHEIRIERE %M 0(n) E
T(n) e
4B 0(1og n) ]
©
=

BB 0o(1)

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

BNEEA)

& 2-9 5 DRI [R5 2 e 287

1. B O(1)

R BRERE SRR R n Tk, RIREEE n B2,
TEDUR e D, RUEBREECRE size AIREIRK, HlEITHSMALIER N n JEx, KN RSRETHN O(1)

// = File: time_complexity.kt =

/* BE x/
fun constant(n: Int): Int {
var count = 0
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val size = 100000

for (i in 0O..<size)
count++

return count

2. 4%k O(n)

LM IR EEE AN T AEAE RN n DAEMEPIIG K, Sl ERiim & HENTE s 25 A
// == File: time_complexity.kt =

[* MM */
fun linear(n: Int): Int {
var count = 0
for (4 in 0..<n)
count++
return count

M B A I R S B I I E 2R O(n) , Hrh n WEEHERER K E :
// == File: time_complexity.kt =

[* MM (BEEE) */
fun arrayTraversal(nums: IntArray): Int {
var count = 0
/] TERREBEEHAKERIEL
for (num in nums) o
count++
}

return count

EFEERE, FSABIERD n TRIEMABISRRRDR BAE, HAES —REIr, 28 n A
TR, AR AP, BERE n HEARA/N.

3. F5MH O(n?)

T R TSGR AN 1 AT/ AR, 75 W3 tHEUE S IRERh, SR IRIRRIPIR
TEHRROIN IS LA O(n) , RUA PRI IS Z8RER O(n?) :

// == File: time_complexity.kt =

/* FERM */
fun quadratic(n: Int): Int {
var count = 0
[l BIRRBEEEAN n HESFXR
for (i in 0..<n) {
for (j in 0..<n) {
count++
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I
}

return count

B 2-10 XML TR, ZeMERRIF 77 B =R R 2 2,

&% n R

&% n R &% n &
1R

& &

B A Bt A B
BEH 0(1) M o(n) E5H o(n2)

(] RE—itEmE

B 2-10 HEE, SbERAT IR AR RS 28

DAE kR, NIRRT n — 1Rk, MEEHFTn — 1 n—2, .. 20 1k, THHAn/2K,
WS 2R O((n — 1)n/2) = O(n?) :

// = File: time_complexity.kt =

/* FERM (B8#E) */
fun bubbleSort(nums: IntArray): Int {
var count = 0 // jt#kes
[/ SMERF: kHFEXER [0, i
for (i in nums.size - 1 downTo 1) {
/] WER: BREFEXE [0, 1] PHRATRERIEEZXEN&EEGH
for (3 in 0..<i) {
if (nums[j] > nums[j + 11) {
/[ 3 nums[j] 5 nums[j + 1]
val temp = nums[j]
nums[j] = nums[j + 1]
nums[j + 1] = temp
count += 3 // TEXIREE 3 METRE

b
I

return count

4. {558 O(2")

VAR IR R AEEI S R AR T MHERIREON 1NN, RREEN 2, ARWRRE
TR A, DA, 2R n /A 2" DI,
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B 2-11 AL RARRS AL T A AR, RS RER O(27) . HER, BIA n oRDHLE, IREE
count FTREDEIREL,

// == File: time_complexity.kt =

/* IEEEN (BRI  «/
fun exponential(n: Int): Int {
var count = 0
var base =1
// BRsR—aR=, ERES 1, 2, 4, 8, ..., 2°(n-1)
for (i in 0..<n) {
for (j in 0..<base) {
count++
+
base *= 2
+
// count =1+ 2+ 4+ 8+ .. + 2"(n-1) = 2*n - 1
return count

I
w3 s
SE—N= HRNE
O] 2
O O #

o R o e

E:].“ Ej “.l:j . Ej _.[:j.“ [:].“ Ej “.[:j 201

ﬁﬁ&ﬁ&ﬂ(%ﬁﬁm%%ﬁ% Bl
20 + 21 + 22 %ﬂ + 201 = 2n-9 fe¥Bt o(2n)

2-11 A [R5 2%

ELBRE L, FEEIH HEL TR &b, FIanE AR H, HIBIRt—0 8=, & n ROHEE
1k:

// == File: time_complexity.kt =

/* BEBN (BJIFLI)  +/
fun expRecur(n: Int): Int {
if (n = 1) {
return 1

h

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

TR AR R IR, fE5728% (BAHER. BE) fFHEE . N TEEIRECRRRE, 582
FIRERZHY, JEH TR EERSISMRIEGUORIR SR MO,
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5. 3% O(logn)

SHEMER, R RBT “EBRAERE T BB BREMABIER I n, BT ERGRE -, K
HAEFNIER log, n, Bl 2™ B BREL

212 FILLFRISBUNT “BRAREI—F" (IR, AN O(log, n) , HIEH O(logn) -
// == File: time_complexity.kt =

[* FHEENY (BRI «/
fun logarithmic(n: Int): Int {
var nl = n
var count = 0
while (n1 > 1) {
nl /= 2
count++
}

return count

HWANBEAKEA n sREE 1 1

a

ITEIRIERE B El S
logon +1 FH#H 0(1logn)

=

N

[

B 2-12 B I 1R 52 2%

SRR, Xt BT IR, UMK T — RSN log, n B AR :
// == File: time_complexity.kt =

[* JFEPY (BYISCEL)  «+/
fun logRecur(n: Int): Int {
if (n <= 1)
return 0
return logRecur(n / 2) + 1

X BT T OARIBHE LD, AT “—oh2” OBV NEREE, BEKEE, 2
PURT R A BEAR A I ) 52 2%



H2w EREDN www.hello-algo.com 37

O(logn) MIREBU2Z/D?
HERIR YL, “—23 0 m” MRNARNRERER O(log, n) . MEEMNBHRANK, BITATLAGEIHRA
NS, FHRERII B 2%

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

bR, JRE m AT AEAE I E 2 I RGE R iedt, RLFRATEE SEHIEE m , BN E#Z
i28 O(logn) o

6. Ltk O(nlogn)

QMBI BT R EE T, MEBIANNEERES 51 O(logn) f1 O(n) o MHARRLLTT:
// == File: time_complexity.kt =

[* LRMEFTEPN */
fun linearLogRecur(n: Int): Int {
if (n <= 1)
return 1
var count = linearlLogRecur(n / 2) + linearlLogRecur(n / 2)
for (i in 0..<n) {
count++
}

return count

B 2-13 JRoR TR BN I AERTT R XIS —ZIREREE Y n, WIE log, n + 1 &, HitH
FEZEHN O(nlogn) o

EERMIRIERR
n &
O nx=1=n
2
# logn+1 B
3 R 7 & I ® L
& & n
» & G » —
n = (log,n + 1)
BB ERE
1R 1R 1k 1K 0(nlogn)
1xn=
=y €=y) =) €=Y) e

2-13 LM R RIS TR 2 2%
FimHF FENN A EREEE R O(nlogn), GlaEHT, 1. HEHEFE,
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7. Bkt O(n!)

ol fns N BRY “eHEST A, 40 n DEAEEITR, REMERERNHFITE, TREEN:

nl=nxn—1)x(n—2)x-x2x1

rafiE s (EANESEEL, i 2-14 ML MUSATR, $—BaRE n 4, BESREn — 14, DK
1, EE% n BHEEH:

// == File: time_complexity.kt =

/% BseRY (GBYAZIL)  «/
fun factorialRecur(n: Int): Int {
if (n = 0)
return 1
var count = 0
// K1 DEHEE n A
for (i in 0..<n) {
count += factorialRecur(n - 1)

}
return count
}
Z2EN EEMN
SRBE TRBE
n n
n-1 n(n-1)
n-2 n(n-1)(n-2) , #Hn E
1 n
2HFINARE (IREENTREE) BliE| S~ E
nx(n-1) x (n-2) x .. x 2 x 1 = n! BB o(n!)

B 2-14 B3l AR A2 2

WIER, FNGn > 40HMEH n! > 27, FTARSRI LSRN KRS E R, 1 n BRI AN A5/,

2.3.5 &E. RiE. FINEASHRE

BRI PR R EER, Wi SHABIRR AR B —DNRER n B8 nuns , Hr
nums M 1 % n BEFARR, MR ETRF2BEITELR), (£55HfR2IRETR 11
K5lo FATTATLARGH DRSS IR,
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© Mnums = [?, ?, ..., 1], EYREICERE 1IN, FEEEEEE, RIARZENHERE O(n)
- Hnums = [1, 2, ?, ...]1, BIYEDNITEN LK, TICBAHZKEAFEUSR, B
M A Q1) .

“EREN R A" XN EREENE B, AR O 105 FR. MR, “RAER RS A" XN R EEHNL R,
H QIdERR:

// == File: worst_best_time_complexity.kt =
[* ER—NERA, TFER {1, 2, ..., n}, IRFERITEL %/

fun randomNumbers(n: Int): Array<Int?> {
val nums = IntArray(n)
/] HE#AE nums = {1, 2, 3, ..., n}t
for (i in 0..<n) {
nums[i] = 1 + 1
Iy
/] BENITELERATTE
nums.shuffle()
val res = array0fNulls<Int>(n)
for (i in 0..<n) {
res[i] = nums[i]
I

return res

hy

/* EIFREA nums FEF 1 FREERS| +/
fun findOne(nums: Array<Int?>): Int {
for (i in nums.indices) {
[/ BmE 1 EEAEKER, REIREREERE 0(1)
/]l EHxE 1 EHEESN, RERENEEZRE 0(n)
if (nums[i] = 1)
return i

}

return -1

ERRIRE, BOHEEFRHRDEHRERFERE, ROEE G ER IR A GRS, AIRESHR
—ERIR TN, MmN PEREEONEH, BOVESH T AR E e, IR DU Ot E R,

LSRRI DA, 220N 52 P IR R TS 2 BT “RSTRAOR AT, A B
TREMRD, HRAEBSOR M BT RCR, MH T, SRR 2 o] DA BUSE AL RS A B I
BT, B O IiE kAT,

RS, FlTET AR 26 e Bt B LR A RO TEIR0L, et Bk, P A S R TAL
{9, DR 1 BT T MR RIS, TR SN AR O B AL K R ¢ n /2, F
BN EEZEER O(n/2) = O(n) .

B THNEZRAIETE, THRPY N RS 2 AT FEA IR, RUOAIRAME AT R RE A S AR AT,
FEIXRELCT, BT (EH iR 2= R 2 2 R N B IRRCR AR,
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W LRDES O 1752
FTREE T O R T TRARTE T, DR 8 ( F EoRAr I T 2, (ELAF R S B, 3%
ARG, A BRI, ZBR0 “EYNAEZE On)” WRE, LR
BN O(n)

2.4 TEERE

TEE#RE (space complexity) FTHIRE X G HIN72 RBEE LR B 2R AU K SS, 1X S SN H
BREARREREL, JAFEE “IBTNRT By S HNEZERT,

2.4.1 HZEHAXZ(aE

BRI TR I 7 23 1R 2 DR LA,

- FAZEE: T EEIRA R AR,
- BN AT EERIR ST RTRER, MR, LT CEREE,
- EEm TR AR .
—REOLR, SRSRENSIHEER “GFEEm” ik “HHasE,
G R AT PO — X0 =00
C EERYE: AT RERRSTEEPRSME R, TR, NRE%
- AR TR A A R B SR, RS UA F RN AR S AEAR TR QI — MR, BREL
REE, ARz A 2 BRI
LM A TRIFHIFEIEFIES, SR E 2t

FEMT —BAE PR MR R, BRABEF S A8, bt 8 =5, s 2-15 for.

BEER TERERENSITEE

AL

4 )
PN HEZiE Mt sEiE
HNIIE IR AR
HEsia]
EwiE

& 2-15 RIEERIRIAESC A

EEQINTIINN
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/*x £ x/
class Node(var _val: Int) {
var next: Node? = null

h

[* R %/
fun function(): Int {
/] BITELER(E. ..

return 0

}

fun algorithm(n: Int): Int { // HAZUIE
val a = 0 /] BEHE (E2)
var b = 0 /] BEHE (B=2)
val node = Node(0) /] BEHE IR)
val ¢ = function() /] t&m=siE) GARERER)
return a + b + ¢ /] HHEE

2.4.2 HHEGE

ZRSZRENHERTTESNAERERBOHNE, JFRGEHNRMN “RIERE" o “BRZRRAN,

M5 RERENFEKE, BANEENRERETRENE, XRE NN RZ TR ER, FAT2
A PRTE A fi AR NAE R BRI N7 2 AT

ML, RESRERETN “RE" ANZEE X

1. DURZEHABIENME: Y n < 100, 22 O(1) ; HY%n > 10 B, YA nuns &
i O(n) 25, BB REN O(n) .

2. DASEIISITIIRERAAE M I, FRFF TG — (T2, & O(1) 250; WAL S nums
i, i O(n) i, HLEEEREREN O(n) .

fun algorithm(n: Int) {
val a = 0 // 0(1)
val b = IntArray(10000) // 0(1)
if (n > 10) {
val nums = IntArray(n) // 0(n)
}

TEIEHAEeD, TEEEGE MR, WA

fun function(): Int {
/] BITRLEIR(E
return 0
}
/* BTN EEZRER 001) x/
fun loop(n: Int) {
for (i in 0..<n) {
function()
}
}

[* BIFN=BEEREN 0(n) =/
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fun recur(n: Int) {
if (n = 1) return
return recur(n - 1)

BRI% Loop () #1 recur () MIINAIE AR O(n) , EEREAEAM,

- PR Loop () TEMBFRHIEA T n IX function() , E4HAY function () #RIR EIFFREHL T HRMizs A,
HEZsREZET N O(1) o
- JBHEE recur ) FEIB T REFZFRINAEE n NARIRER recur() , MIid A O(n) FIkmi=E,

2.4.3 BRxH
EABIER N n, B 2-16 R T H R RE 2R (AMRE=HD.
O(1) < O(logn) < O(n) < O(n?) < O(2")

TR < MR < StEBr < FITH < S5

fa¥Et o(2n)

X5 0(n2)
ARFEZ(EAN LM o(n)

FHEET 0(Logn)

MEER. MEEE

=8 o(1)

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

BNBEER N
n

B 2-16 LAY R B2 2% R 2R

1. B O(1)

HEME L THESMABIERD n TRINE R, B8, N5,

TETERRE, EIEAPOIG AL B E R & S A, AN ENE SR, REAER
MGz, SBRERETN O(1) :

// == File: space_complexity.kt =

/* HE */
fun function(): Int {
/] ITRLEIR(E

return 0
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}

[* B */
fun constant(n: Int) {
/] BE. TE. ¥REHEA 0(1) =i
val a 0
var b 0
val nums = Array(10000) { 0 }
val node ListNode(8)
/] EFFNTELE 0(1) =E
for (i in 0..<n) {
val c = 0

+

[/ EFRHFRRSSE 0(1) =E

for (i in 0..<n) {
function()

h

2. 41H O(n)

MM E W T CRES n RIELLIIEEAH, B8R, . A%
// == File: space_complexity.kt =

[* MM */
fun linear(n: Int) {
/l KEA n BEALA 0(n) =g
val nums = Array(n) { 0 }
// KEA n B95I1%XEAH 0(n) =i
val nodes = mutablelListOf<ListNode>()
for (4 in 0..<n) {
nodes.add(ListNode(i))

}
// KER n MNBEHERSA 0(n) =&
val map = mutableMapOf<Int, String>()
for (i in 0..<n) {
map[i] = i.toString()
}

Qi 2-17 foR, WEREEGBITREA n, BIFERAECE n DARIERER Linear_recur () %L, M O(n) X
/NS [

// == File: space_complexity.kt =

[* LRMERY (BYISSIL)  +/
fun linearRecur(n: Int) {
println(" #J3 n = $n")
if (n = 1)
return
linearRecur(n - 1)
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amn £
AT @ e
linear_recur(n) return @
linear_recur(n-1) return @
BIIRE l’ T
" | 1
linear_recur(2) return @
b2t D
1 gl 45 T
linear_recur(1) return @
EREEREBRRER n el ErE
H#H{EH o(n) HEEMIZ1E %M o(n)

2-17 IBHREG AL 2 2 2%

3. EAH O(n?)

SRR E W AERERIE], TTRERBES n ROET KRR
// == File: space_complexity.kt =

/* FERM */
fun quadratic(n: Int) {
// 5EFESE 0(nr2) =g
val numMatrix = arrayOfNulls<Array<Int>?>(n)
[l ZHHIREAE 0(n"2) =iE
val numList = mutablelListOf<MutablelList<Int>>()
for (i in 0..<n) {
val tmp = mutablelListOf<Int>()
for (j in 0..<n) {
tmp.add(0)
¥

numList.add(tmp)

e 2-18 iR, ZERERGEVIRE N n, RS NBHAREHHIGL T M, KE2HI n, n— 1,
201, HYKEA /2, FEALSH O(n?) 20E:

// == File: space_complexity.kt =

/* FER (GBIFFTI)  */
tailrec fun quadraticRecur(n: Int): Int {
if (n <= 0)
return 0
/] #A nums KEHRN n, n-1, ..., 2, 1
val nums = Array(n) { 0 }
println(" Y3 n = $n HH nums KE = ${nums.size}")
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return quadraticRecur(n - 1)

WA nums KE AT & (ﬁaﬁ
n ~———+ quadratic_recur(n) return 0
n-1 e — quadratic_lrecur(n-l) retuTrn 0
wEARE | T

n

le—

1

2 ~———+ quadratic_recur(2) WA return 0

1 b=l 30 T
1 ~——— quadratic_recur(1) return 0
EESMBARBPBIALT — A, BKER PEIERE
1+ 2+ .+ (n-1) +n = n(n+1)/2 EAK 0(n?)

2-18 EJARET LRI A A

4. M O(2")

FRENE W T XA, MR 2-19, BECH n Y “WH_XM” MHsgEmn 2" — 1, H5HO0(27) =3H:
// == File: space_complexity.kt =

/* EBEM GEILH_-XN) %/

fun buildTree(n: Int): TreeNode? {
if (n = 0)

return null

val root = TreeNode(0)
root.left = buildTree(n - 1)
root.right = buildTree(n - 1)
return root
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BENTREHK
20
21
2 - Hn B
/TN TN N TN
2n-1
FiAT RS TEERE
2° + 21 4+ 22 4 - 4 271 = Qng B¥BT o(2")

B 2-19 il — R AR RFE S 23 R B 2

5. 386 O(logn)
SEN B T MRS, Glan)33tHs, MAKERN n WA, SERITEEE M SR 5 0, R
= logn MBI, #H O(logn) HebizH,

HHINR BT O TR, A DIERE n, BHAECY [log, n] + 1, BIMEFRFHKEN
[log,,n] +1, Bit=HEZREN O(log,,n + 1) = O(logn) .

2.4.4 PEBtE S =ia)
FAREM T, BAGERENN RS ZENS RS R EEEEIR R R, AMELRENS, R EE
e E R 23 A8 2= IE 5 AR R TR M,

BRARI f) S A% Il 3 T e AR T B M AN, R, TRATRAE A7 28 R R IR TH RR IS TIRE Y
RPN “DAERN AT fez, WK “ AR Al a7,

AR B RS B T HATEB BN T, ERZEIENT, MRSEEES, Kt DA E” 8
HRER AR, S, EEEERRIELT, HHZREREhIEREE,

2.5 N

1. EREIH

BRIV

- IR S RIRCR R M BB IR LA B D E T FEbR.
- BATA] OB BRI IAG RIRRCR, (B DAHPRINAFAE R0, B SRR RE TR R,
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- BRI AT AT BRSSPI s, e RIEH TRrEBIT TG, T HREB R REIREAREE
RN EVE S

Hof ) 52 20

- IR AR T R RRISA T IN RIBE R R R SS,  ATDUA RO BIEROR, (BRI LEE RA]
REZSRYL, AnAE ARIEUE R NalN (i 2 2R AR RIIN, TEBAS IO LU R 5

C RZENREREFALR O SRR, NNVEEHENL B, RS n @RIELHN, RERE T (n) 1
BRI,

- EENEERESANY, ERGIHREEE, AEHINENT R,

- H LA 24 MRS HESIE O(1). O(logn). O(n). O(nlogn). O(n?). O(2™) f1 O(n!) %,

- BSEIRMIN W2 AR EE, TR SMARIRN AR, NRAERES NRE, &E THNEE
IRIE, BAENRERETLFAH, B ABHE— AR Z R ™ R RES BRI .

- YN AR A S M ETAAE R LR N R RIBITRICR, AT SR AR, TN
(A 2 o TR e T N B 0 1 DU SR & 5 VA,

BREAE

AR S A0, TR L 5 P72 AR R K s 28,

IR A A R A AR, A, M A, BRI R, AR
oSS A T, B SIS TR, MMz (AR 2], Erb R 34 (0 2 I
B2

R BB R A, AV AR N SRR RSB TN 2 R 2 A,

-z A EEEHESIE O(1). O(logn). O(n). O(n?) f10(2") %,

2. Q&A

Q: EBAMZRERER O(1) 14?

Hig b, B@HEERSREAEADMEAE O(1) . A RZERZES (W Java, Python, C++,
Go, C#%) AHpEFLLEEH, Ft@EEIANNZERERER O(n) .

Q: BRI TRIXM AN RIERIX AR 47
% (function) A ABIHRNZHAAT, FrESEEIAEREIE, 7% (method) 55— PXRKHE, #ikE L
VARERIXSR,  REWE X SR SLB 0 & RO R TR E,
i A URE WA SR AR TE S O BRI
- CHEEREEAGRERIES, HEANRIMS, FrDUIERE ERITATOEE AR (struct)
SR S R, 545 AN SRR B Bt 5 T HA AR 15 = 751,
- Java fl C# ZHEANRIGmEES, R O7iR) BHEENEDEN—D, FETTRNTREOT
BREL, OAEHIbEER b, AREVIRRE R LA &,
- C++ # Python BECRREBEASE (8D, MSGRFmEPXNREE 0575,
Q: Efif “H WA RE A A" SRR A2 o5 2 TR A 4R R/N?
NE, ZERRRZEZAERE, HRMEEKES, Az b2 R EI48 RN,
BRI n = 8, IRATRER KM ARINERAIE S MBS WA b, IXZRN RIS E S — MBI, TR
BBV R4 2 — DML AT IE R TG N
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TESEbReR, B TR AL N A RO HARRERE D, FTA—RICIE (U R 2 et n = 8
2RI, BT n = 8% MAMFET, XM KEATEEEST.

Q RETFIERUESIREIG R, JEFPER (SRR Uk

TESIBRRLFIFR, AHE S UL 2 e 2 I W, ISR, FRf T # R RET. By BRI 23,
i AR A2, DUEL O (log n) H% O(1) 185 1,

(2 VSRR S, DR 2 ., BIAER AT R AR, RENTRE R, TRIMTAES
WEERGTE, ERERRAIIFER, UHENESR, R REREE,
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Abstract
BRI an[R — RIS E 2 AR HEZR,
TR A AR TR, BIAE AR EA SRR,
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3.1 HIEEHnE

HOLRBRE IR, RS, R BB TRARER. ML HE [, BATRIDAAN BT 0 “pEghi”
PINERE AT 703,

3.1.1 ZELS: SitS5IFEN

RS T B TR 2 MINEEE R, EEAHMTERTD, BB —E iy iy, AT 8RRk
PERZR; TAEMT, BRI MEBEXRAY], R “HE” 5 “BR ZMIIRERSR; ENHT A
FAAER, Sk T A4S R R

QNI 3-1 FfoR, BEREEMR] 30 “ERMET A CHRERIE” MREE, SR B, TREHRERH R LR
PEHES; AREAESSHNIER, Z2ARZMEHES,

- ERPEEIRETH: B, BER. AR AL IR R, TTRZAE N RIE R R,
- ARERMERdRG . L HEL B IR R

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

- PESTH: B OHE IREER, JTTRZMEZ X ZHIRR.
- PRGH: &, TRZERZXMNZHKR,

SEEiESM ERMERIESN

e " & 2
array tree d \ / \

%‘gi 3 > — —
linked list

push |/I \
i = graph T /
stack -

pop

s e e & s
FASY -
queue -— -— heap ¥\

pop push

BER {key 4 *}

hash table value

3-1 LRMEIRAEN SRS R4t

3.1.2 YR ESES55E

SRR, IR BRI BIR AN R, & 3-2 RoR T — DRI S, HP N RETT
PR A& —RINAEZE ], FRATAT DU N R R R — D ELRHY Excel 248, H A& BTTARER AT DAFE I —E R
ANNEA G
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ARGUEN 7 IR AR BEE. W& 3-2 FoR,  THEHURSER S MU A% i A 8D B TAS 20 ie
G, WREDNESREA MR L, A 7St B R AT RN R EE.

90 901 02 03 04 05 06 07

0x0000

0x0010
0x0020 a

0x0030

0x0040

AERESE ARG 020012 , SEIMIE

. ERANGSE  HENELE 0x0024 , SEIMIE

B 3-2 fFsR. WAEESTEL PAFHRAE

Tip
EfSHAARR, NAELLIE Excel RAZE—DMELAIEEL, SRR TIENIHEILEE 2, Kbt
ZiH, NEEH, ZEUHL BRIAEYE NSRS,

WFRFTARFP L E TR, SRR MER &, WRE R TR AR P RN T IR R
PRETH S AR, WEBE A EERF BN R, tan, BRI RI P I SRS R SRR
ZIRNANAE; WEREVDESRII A, B2 R R ARSI RE S (F B (E 7 B2 A A

e 3-3 Aor, PrBRgsi R Y BARAE RN IAE R 3, Al oS EAE s () MR
fefig (B2, PIBLEM WIRIZOE TRARATTIN, g, HIMSEIRIETTIE, PR BEEE A 5 I (RIS A 2 )
R T 7T 2 I AR A

HEREEE)EE ST el
TEfE A BITF S (Bl R R Y FEERNNEZEZ I

e FRERE | spssns
B sesannesa minamst | OAEZE
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K 3-3 ELRZE RIS B R

ERRIRE, B BIRa RS TRE ., HERR EANASIB, G140, ARAIPASIRE AT DARE AR sk
B, WATDAREFRRERSCEL; ke AR kA SCIL AT RE RN (5 B ek,

- TR AR PASIL MRARER. AL HME. &L ZERE. GKE (JEE > 3 REED SF.
- ETRERIEL: AR, PASIL MAARAR. B HE I%

HERAENIRILS, AT DMER IS TR  HREAT IS, RI AR “shS8dRa”. BAEvnas
KEATE, R “SSE8dRaSE", ESEENE, SEmEd EH N FESIRKEE L, MmME&
—EM) B,

Tip

QUERIRIE SV PRAS A PR A TR, B BERIE N —%, RS RIIA T N A,

3.2 BAEhiEsedl

LRI RN EEIER, ROSEESOR, B, MR, B85, 3D REERMPR, RERXEEIREIHN
55, EENTER RS MEALRE I K,

RABIRIARE CPU W DA TIB RSN, ERIRPEEEEN, ERUEUTILA,

- BRI pyte, short, int. long,

- TFEBEEA float. double, TRV

© FREE char, ATRREMIBES TR, MARSEERBNESE,
- AR bool, HTFHRR “B7 5 “&7 AW,

SEABRION B, IR R A ME IR, — N IR 1 b, R RS HOIRIRER S, 1
45 (byte) Hi 8 HAE (bit) 4

FALERE AR A A S B R T H S R RN, R A Java a6l

- BEHOOM byte A 1Y = 8 HAE, WIDAFOR 28 MIF
. E@kgpkﬁu int gﬂq 4 ?17 32 Hﬁ% TU«%T 232 /\5&%

R 3-15128 7 Java FRASRPEALERERIN & 2, BUEVEEMBOAME, HREICHBEILHER, KEEEHH
A, REN AT D &K AL,

R 3-1 HARBEERAT 5 A 2 AR E G

E il e HH=E BME BRE HINME
B byte 159 —27 (—128) 27 —1(127) 0
short 2 FA —215 215 _ 1

int 4 A —231 231 1 0
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el S5 GHZEE BME RAME BRIMA
long 8 Fi —203 263 1 0

FRE float 4 FH5 1.175 x 10738 3.403 x 1038 0.0f
double 8 ¥ 2.225 x 107308 1.798 x 10308 0.0

FIF char 2 7 0 216 1 0

/R bool 157 false true false

TBIER, 3% 3-1#XTH0E Java REABHR AL, SRmEIE S A S BEEEIE X, eSS i
XA, BUETEEFIERINME R Re 2 A A,

-« {E Python ", BEHCEM int ALARERAR/D, RZBTRIHNGE; FR% float BIUEE 64 7; &
A char K81 AANFRFSCER B EKEN 1 PR str

-+ C I C++ R E R ABIERAI A/, MRG58, 3 3-1 875 LP64 i, HpFF
1S Linux A1 macOS AN Unix 64 (#E RS,

© A char FNAR/ME C I CH+ HON 1 27, fERZHURIEIE S P BURTREENFR RIS 7%, 0L “F
Rt B,

- BMERRA/REMNT 162 (08¢ 1), BENFHEENFEEN 170, K2R ENL CPU #EH
1 F 1 E R/ NS HENFE R IT,

Mz, BRI GHARGE Z RIA 2R VE? JATRE, BARait2E it B PR S R T
Ko RANEREER “457 mIE “BdE",

FARFOR “—HETT, BANTEASBBIEASA, X2R BRI LS n] AR AR R R A
JFRAR, HETHEHEINERES int, /ML float IEREFHF char, M5 “BdEghity” Tk,

HAIET, SRR TR “PIERRL”, mBRa Rt 7 EBRR “Ad8U R, Bl RS,
BATHHFE R RE B RFESFRRARINEALIERA, EH5 int, float. char. bool %%,

/] ERZMEREIERE R EA
val numbers = IntArray(5)

val decinals = FloatArray(5)
val characters = CharArray(5)
val bools = BooleanArray(5)

3.3 HFLmI *

Tip
TEAS, FREiA * FFSARIERET ., QIRIRIN G REURZIBE AR, FTRERk, Fsedh
PR 5 A BRI


https://en.cppreference.com/w/cpp/language/types#Properties
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3.3.1 [Ff3. RESF#MED

£ E—T TR RSP RAVLI, AT BEESE RN FOR B AT L IE R — 1, Bl byte HUBUETEFEZ
[—128,127] o MR EY, CRINTEREY REH, G, *MERESETIR,
BT IR, By bl WS TESEETE T RPN, TR R B, Bt =FRE
o

- RS BAPRECT R RN RS AT S0, Hip 0 FoRIES, 1 R, KRR

FIMEL
o B IEEA RS ER AR, SO SRS R ER RS BRATS A AMNE AT A LU
AN IEREORNG S SRR, SRR SR SR AR B 1 o

B 3-4 Jor TR, A FIANG 2 TR L4575 7.

+0 +5 B -0 -28
0000 0000 0000 0101 [R5 1000 0000 1001 1100
BREFS s,
FHHE B MR
2000 0000 2000 0101 =B 1111 1111 1110 0011
fERFSRUERE L 1
0000 0000 0000 0101 B 0000 0000 1110 0100
EHMERD, RB, HEHES Hi¥MRE, kB, HMEEERER

K 3-4 5, A5 Y B AR L

[F53 (sign-magnitude) BAREM, EEFEE—LFERME, —AHE, HBNEEARERHE FaR, flanfEsR
BRHE L1+ (—2), BENERE -3, XEREFNHL,

1+ (-2)

— 0000 0001 + 1000 0010
= 1000 0011

— =3

N TR, AT &R (1 s complement), WIS R I/EABR LN RS, FE(E RS Fil5T
14 (—2), Bres BTN, WInTfEs EfsEE —1 .
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1+ (—2)

— 0000 0001 (J5r4) 4+ 1000 0010 (Jh5)
= 0000 0001 (sfd) + 1111 1101 (JiH)
= 1111 1110 (JxH3)

= 1000 0001 (J5r4)

——1

i, B FREMA +0 A —0 MMoRTR IXEIRE BT NN R i fI g, JXA]RE
RWRE . AR, A X EFMNE, WATGER SECHIMEE R, mmanREAIEL
BUETMATE X, WFRZESIAGIMIHIWTERE, XTSRRI ENRIZE R,

-+0 — 0000 0000
—0 — 1000 0000

SEE—FE, REUAEEATE X WE, RSP 5N T#E (2 s complement), FAT/EKAM
K MUERRY, i, (SRR

—0 — 1000 0000 (J5if5)
= 1111 1111 (}x#9)
=1 0000 0000 (¥~H)

FEMTHI AN BN 1 2742007, {H byte RUMIKERA 8 7, KILEHFIZE 9 iKY 1 SHEFH. W
g, MFERIMSA 0000 0000, SIEFHMMGHIF, XEREEMIFRHREE—NEF, ERFEX
MG IR,

ERIEfG—M5E: byte BBIWEUETEREZ [—128,127], ZHERN— % —128 2UMA{SEITE? 3K
RS, XIE [—127, +127] WRIFTH B N N AR, AN, B RASFIRMD 2 [l ] DA AR
et

AT, #PA% 1000 0000 2—ABIAk, EIFEA X PIE, RIEEHTTE, BAEENZANE RSN
0000 0000 , XZAREFEN, FAZEBRTET 0, ERAMNMENIZEB S, HHEVIEX MRS
1000 0000 %% —128 , bRk, (—1) 4 (—127) fEAME RIIHTLRME —128

(—127) + (—1)

— 1111 1111 (J#r%) + 1000 0001 (J5h5)
= 1000 0000 (szf4) + 1111 1110 (ShH)
= 1000 0001 (#~H) + 1111 1111 (¥MH)
= 1000 0000 (¥~H)

— —128

RAJREC LI T, EIRATAEHREERINEZE, XERE —NEERI: IHEPLNERRIRELE iR 3 22
TIEBREN, XZFROVIRIZEMN THAZE (banskik, BRIEFETR) Kk, BRIk & fa
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B, HERGHTHTAH, BRIEEEDR,

BIER, XIFAERE HEURREMNE, Rk AR HIBHA S, HRYLIRES ISR i
BEAaR. Blan, HREIE a — b AT DAL o + (—b) ; HRIRERBRIER] DI TR 2R
INEBIRTE.

PRAEFRATAT PUSES T AL E FANME AR R B TAMYEOR,  THEALAT DU [RIRE B BB AR (R AL B IE BR
TEREIANE, AT ERFEPRATRE (R LR EIRGE, I BICAURE A B S B B A, JXRR e 1
fEERIE, $E8 T IsRER,

DRI BEHER R, HRERRBAICN AR E, RECESEREEE PR T,

3.3.2 Fm#mEY

OMIPRATRES RN int F1 float KEMFE, #2 4 F1, HAT4 float WEUEEEIZ AT int ? X
EERER, R float FFEFR/ Y, BUETEE NIZZ/NA YT,

Khr b, IXRBONIEREL float R T ARMFORTTR, id— 32 HURH R —HHHIEOY :

FR4E IEEE 754 brifE, 32-bit KR float H LA R=NE R,

: ?\ﬁf%ﬁi S: 5 1 'fﬁ, Xﬂ‘m b31 o
: *Ei&'fﬁ E: le 8 'fﬁ, Xﬂ'@ b30b29 b23 o
COERIN : 5 2361, ML boby; ... by o

I FLoat X RAEAY L SE AT 5N
val = (—1)bs1 x 2(baobao-b2s)y 12T 5 (1 by by, . by),
P2 R R AN
val = (—1)% x 287127 x (1 + N)
HL 5 T HR L A
s {0, 1} Ee€{1,2,..,254}

(14 N) 1+Zb231 C[1,2—2"2
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float KEAN 4 bytes = 32 bit

TS s B E SN
D8888800

A A A A A

b31b3@ b23b22 bn
HFUAETH, 55 R IEEE 754 47, &RBIX R TR
s=0 val = (-1)5x2E127 x (1 +N)
E = 124 = 1x0.125x 1.375
N =22+23= 0,375 = 0.171875

3-5 IEEE 754 tnifE Y float BB RH

MELE 3-5, HE—DTROEIES =0, E=124, N=2"24+273=0.375, WA:

val = (—1)0 x 21247127 % (1 4+ 0.375) = 0.171875
PAERATAT AR A SRR Float MIZOR T AL &R, SEOLBUETEREIZR T int . RIEL EHHE,
float ATFSRIEARIERCH 22947127 % (2 — 2723) & 3.4 x 1038, VIHAFSAERTISEIH ML,

RABFE B float ¥l v HUEVCH, (HIRIERDRNTE VRIS, BECEA int K525 32 bR TR0y,
Hep RS0, i THEERAIAETE, T2 R3 float BEUEBLK, MBI ET Z [RIHY ZE (B STk
Ko

%k 3-2 fR, 488 E = O f1 E = 255 BAARRE X, MTRRE, J%5 K. NaN

% 3-2 RS X

8L E SEHLN = 0 SHBLN # 0 HEAK

0 +0 WIE RS (—1)% x 27126 % (0.N)
1,2,...,254  IFHI% IERL (—1)% x 2-127) » (1.N)
255 400 NaN

{EAF BRI, IIERBC BRI T IR RS 1, B/ NME RSO 27120 ) B NEGEMEC 27120 x 2728

o

YFEE double HRHIZEILT Float (IFRIRTTIE, TEMAMENR,
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3.4 F{4RS *

FEIEALA, FraBdEEE AR AT 060, 745 char ABIS, T HRRTHF, BATEEL
—E TR, WESDNTIN B AN XX R, BT FREZE, HEAUA] DUEd &R
JR IR AT R A

3.4.1 ASCIl FH&

ASCII BB 2 i B 2174, H2F8% American Standard Code for Information Interchange (FEH
PREAS BASHAED) . B 7 AL 3R (—DFRK 7 A1) RR— DT, REZEWERR 128 MR
FrF, WA 3-6 FvR, ASCII R SCFRIIAR/NG | B 0~ 9. —EEMRRFS, DU—E8HI=/ (0
BATRAFIHIZRTT)

+idth i H ax +its i FH +it e FH +idt#l i FH
0000 0008  NUL e 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001  SOH TREFTA 34 0010 0010 C 66 0100 0010 B 98 0110 0010 b
2 0000 0010  STX EXFE 35 0010 0011 # 67 0100 0011 c 99 0110 0011 c
3 0000 0011 ETX EXER 36 0010 0100 $ 68 0100 0100 D 100 0110 0100 d
[ 0000 0100 EOT EmER 37 0010 0101 % 69 0100 0101 E 101 0110 0101 e
5 2000 0101 ENQ ER 38 0010 0110 & 70 0100 0110 F 102 o110 0110 f
6 0000 0118  ACK |5 39 0010 0111 ' 71 0100 0111 G 103 011@ 0111 g
7 0000 0111  BEL Let=d 40 0010 1000 ( 72 0100 1000 H 104  011@ 1000 h
8 0000 1000 BS B 41 0010 1001 ) 73 0100 1001 I 105 0110 1001 i
9 2000 1001 HT RTEIEG w2 0010 1010 * 74 0100 1010 3 106 0110 1010 j
10 eeo0 1010 LF #iTH 43 0010 1011 + 75 0100 1011 K 107 e1le 1011 k
11 0000 1011 VT SHHRF 44 0010 1100 5 76 0100 1100 L 108 0110 1100 1
12 0000 1100 FF Evat 3 45 0010 1101 - 77 0100 1101 " 109 0110 1101 n
13 2000 1101 R EEg 46 0010 1110 5 78 0100 1110 N 110 o11e 1110 n
14 0000 1110 50 TR®R 47 0010 1111 / 79 0100 1111 0 111 e1le 1111 0
15 0000 1111 SI BRI 48 0011 0000 ° 80 0101 0000 P 112 0111 0000 p
16 0001 0000  DLE  MiEEiEy 49 0011 0001 1 81 0101 0001 Q 113 0111 0001 q
17 0001 0001  DC1 R 50 0011 0010 2 82 0101 0010 R 114 0111 0010 r
18 0001 0018  DC2 RS2 51 0011 0011 3 83 0101 0011 H 115 0111 0011 s
19 eeel 011  DC3 B3 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 ool 0100  DC4 RS 53 0011 0101 5 85 0101 0101 [} 117 0111 o101 u
21 0001 0101  NAK 5L 54 0011 0110 6 86 0101 0110 v 118 0111 0110 v
22 0001 0118  SYN [BE 2200 55 0011 0111 7 87 0101 0111 W 119 0111 0111 w
23 2001 0111 ETB R 56 0011 1000 8 88 0101 1000 X 120 0111 1000 x
24 0001 1008  CAN B 57 0011 1001 9 89 0101 1001 ¥ 121 0111 1001 v
25 0001 1001 EM R 58 0011 1010 E 90 0101 1010 z 122 0111 1010 z
26 o000l 1010  SUB e 59 0011 1011 3 91 0101 1011 [ 123 0111 1011 {
27 0001 1011 ESC ) 60 0011 1100 < 92 0101 1100 \ 124 0111 1100 |
28 0001 1100 FS KSR 61 0011 1101 = 93 0101 1101 1 125 0111 1101 H
29 0001 1101 GS HER 62 0011 1110 > 94 0101 1110 " 126 0111 1110 -
30 o0ee1 1110 RS RRABE 63 0011 1111 ? 95 0101 1111 _ 127 0111 1111 DEL
31 eeel 1111 us PITHRE 64 0100 0000 a 96 0110 0000 N
32 0010 0000 sp =HE

3-6 ASCII 4

SR, ASCII W NRERSFoR I, BEE AN RERIL, WA T —REERRRE Z1E S 1Y EASCI 17745, &
£ ASCII /9 7 i 55AiE B ®) 8 i, BEFEFR 256 D ARIIFERE

fEHFIEEN, Szt T —H#IEH T AFEMIXE EASCII FRF8, XEFRFENET 128 M FEHR—N
ASCIT 1, J& 128 NFAPEXAR, PUEMNARIE S IR,

3.4.2 GBK ¥f&%

JERANTEEL, EASCH MR TCEEW R V2 ST R EOR, X/t a1, JeH %/
HILTFA. HEERARESRT 1980 £R 16 7 GB2312 F1¥4E, HIGET 6763 NMNF, HAWE TIXNFH
RS TR,

SRTM, GB2312 TLiREBH WA BT, GBK FARFEZIE GB2312 (YA 4 ISR, eHRT
21886 MY F, 1t GBK M4tg77 %, ASCII FRHEH —PMFTRR, NFHERAM DM FTRR,
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3.4.3 Unicode FF &£

BEE RPN AR, FATRSIIEINE TR, THXHR TR, —J7H, XTI
HEXTREBSHTR, TEESESHE NER LE. H—7m, R—MESEESMTrrEnE, o
R AT RNUE RS2 AR gREEhRME, MRS BB = B IELA.

AR IARHIRTFEN O AEAR : QRHEH — A e 5e B AT 4R, R I SRS R T8 S AT S AR 3L
h, AEERT PARORS TR S AR BEMIELAS M8 7 I ? XA E R, — R 5% Unicode Miz
[[=

Unicode MIHIXZ &N “Gi—h57, HIE FRERYN 100 2 NFRF. ER N THERTEENNFEITMAG—
IFRER 2, TRAE R F i AT R TR B S IR 5 S0, D R g AR A [R) i = A2 Y ELAS [A]
EIL}ﬁ\O

H 1991 &4 LK, Unicode AWy ZHINIES 57 5F. #= 2022 4 9 H, Unicode EAHEF 149186 1~
TR, AESMHIESHNTER. FESEERIEES, £ KM Unicode FRFEH, FHMNFRGH 2 =1,
HEARNTRFGH 3 FHHEE 4 777,

Unicode Z—Mi@HFE, KR EZASNFRIE WS oy “WR7), HEIHFRAMEETF
P 7 X B TR . BATAEESE: H2AKER Unicode M RN HELE — D XAHR, REH
MIENTFAT? BIANZAE — DN 2 F %, RSEWAHIAER —1 2 FHRFFEERAD 1 ¥ Y
7¥e

MNTF AL, —REEAIRIRTT R PR RIS, W& 3-7 FR, “Hello” HHE
RS 1591, “BiRT PR TRE M 2 7, BT DOEE & A4E 0 K “Hello BIK” FEIFTA 1K
Gt 2 TR, IXFERGULA] DARERE 2 T — D fs, IREIRDMEBINE T,

=5 Unicode
H 00000000 01001000
e 00000000 01100101
1 00000000 01101100 | KED 1 FRRRXER
( (FH o)
1 00000000 91101100
o 00000000 01101111
-1 01111011 10010111
KER 2 FHRRXEH
& 01101100 11010101

3-7 Unicode w4
SR ASCIL FSELMIFBANTIEMH, SR X HFT 1571, HRHERTE, SR AR NS Z
ASCII gt REIMIRE, AEFIRBNGFZ A, Wi, FAOTFE—FEIMNSEE Unicode gwbd 751k,
3.4.4 UTF-8 ¢t

HAfl, UTF-8 B EbrR BRI & 72/ Unicode 4wl 75 7%, ‘R —MmlZ KEMSHIS, #1135 455
RER—DFRF, BRIEFRERMEMZ, ASCII FRR®E 177, M FRNAEBTRRE 2 5N, HH
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AUFR S RF R 3 21, HAhA — LA R fF TR 4 2779,
UTF-8 BIgmtRNFFAE L, 7020 BL R PR DL,

©ONTREN 1 FIHRITR, RRESAEN 0, HR 7 AZEN Unicode i, (EFERATZE, ASCII
FIHE Unicode FAFEH G4E THT 128 MY, thwi/@idd, UTF-8 Sifhn] B RIfE% ASCII %, X
ERETA AT DA UTF-8 SR EEAUAIZHT ASCIT S0,

CNTRENn FHHTRE Hhn > 1D, BRENMTFTHEn CEREN L, Fn+ 1MRENO;
ME ZAFTTE, HEDF IR 2 EIREN 10 ; HARATARH THEFEFAFH Unicode MG

K 3-8 J&oR T “Hello HIE” X MAY UTF-8 %, WIESLEL, MT e n HREN 1, FtRFAOEE
Bl AL 1 BN ECRAT AT RN n o

BN A ERHARATE RIS 2 AARE DY 10 We? S2br b, X4 10 RER IR IIERH. RIZRGM
—MERATFIIFEMNTOR, A7 3KEE 10 BERSAE B R GEPOE AT H =5

ZFTAKE 10 SIERERTT, ZRONE UTE-8 g, NalREEFARIREMAIE 10 . IXPE51en] DU
SRAUEZSRIER : R — TR REMAE 10, BZFRKEY 1, N ASCIL#, 1M ASCII A
=L IZR 0, SHRIEFE.

FH Unicode UTF-8

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

* 01101100 11010101 11100110 10110011 10010101

BEE 3 GEN 1 BHATUNE 2 U
REFHRER 3 FH BB 10

3-8 UTF-8 gwi il

BRT UTF-8 Z4b, i ILA9ZwHS 75 208 45 DA Wi,

- UTF-16 %f%: {HH 2 5% 4 1 RFR—DFRF. AR ASCIL FARME FAMAERE T4, #H 2 %
TERR; DPEFERFERD 4 FHRR. AT 2 FHFSF, UTF-16 435 Unicode B i,

- UTF-32 %ih%: B DFREEH 4 777, IXEKRSE UTF-32 btk UTF-8 f1 UTF-16 S H=SE, Fi5l2E
T ASCIT 45 5 FRER i SOAR

MAEESE SR AEE, EH UTF-8 R P ER @R, BOVENH 1575, /] UTF-16 gt
FEFSCFRF (BlanHs0 SEMER, BB 2 57, M UTF-8 AfREFR# 3 571,

NEREMER A ER, UTE-8 R@EMTERE, Y2 THEMERESH: UTF-8
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3.4.5 RIEESHNFHRD

MNFLUENRZEREIES, BPBiTHrFREERA UTF-16 8¢ UTF-32 XEHF KL, EFKHmD T,
BATR] DLRE AT H B (AR A B, XA R RA DA LR

- KEPLYIR: UTF-16 gt n] DURAE Z it TRENL TR, UTF-8 2 — M Kagmil, ZAEKEISE ¢
PNFRF, BATRZENFFRIIFGLIBHEE « DR, ZXHE O(n) KINFL,

C PR SRENLTRZEM, HHE UTF-16 SR rF R K EHZE O(1) B9#fE, E2, 5 UTF-8
R ) AT B R e i T B D AT R

© IR £ UTF-16 iiERwrr e b, IRZFITERRIE (WnH, M, A, MPRSE) BA 5T,
£ UTF-8 Sty F e b, BHTIXERIEEEREIOMIHE, DR 274 TC8H) UTE-8 Gt

KPR L, HWAEES NFRARmETT R MRABIEE, PRFZRR,

- Java B9 String ZEUEH UTF-16 4wid, BNFREH 2 71, XEEN Java iBF &2, AMTA
16 1 AFRFTA FTRERI =1, SR1M, X2 — DA IEMIIAINT, 52K Unicode FIVEY R R T
16 fiz, FPA Java HFRFERERTRERH —XF 16 ALAE (FrA “ARREEXT”) #oR.

- JavaScript fil TypeScript FIFFF R UTF-16 ZmiBIJR A S Java 2, 4 1995 4E Netscape A H]
BRI JavaScript iIEE W, Unicode it T A& BRI, ARIEER 16 ALA4mA5E0E AR RATA 1Y
Unicode FfF 1o

- C# {#f] UTF-16 %mf, FZIERN.NET F&2ZH Microsoft ¥ iy, 1 Microsoft FIIRZHA (L
i Windows #1ER%) &1 12 H UTF-16 4wkl

BT DA SRR 1R B 0 AR RO ARG, BTSRRI “REDX” (977 2oRFREIE 16 A2 Z ) Unicode
T R PMICHZWTERZE, —J7H, UESENIFRET, — DRl b 2 s 4 7
T, MR T ERmWMIIE, 5—77H, BB R ERHING AN, e TR S ZERIE
HERE o

TP EIRE, #9EE SR T — AR5,

- Python H#Y str ffif Unicode %itd, IFRA—MRIENFIFERR, FHENFRHKERRTFZRH
FE KM Unicode F i, & FAFRALEE ASCI F#5F, WEMNERFSH 17T, WREFmEE T
ASCII i, (HEHERAZLIESFH (BMP) M, WEMNERFSEAH 2 71, REG@EH BMP ¥
¥, MEADFRF S 4 57995,

- Go IBE M string KAAENERMEH UTF-8 4ifid. Go B S IEHEME T rune KB, BEHTRREAD
Unicode 55,

- Rust IBES Y str fl String BAULENEREH FH UTF-8 %f%, Rust t424L7T char 287 HTFFRREAN
Unicode 55,

TREERNE, UL BREmEE S P IEaETT 3, MR S ¢ el e p g
fefR AR, £ E LT, BATER 2RI RGN UTF-8 #83K, DURZIRILIIHA
PR AR
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3.5 IhgE

1. EREEH

- BURGHR] AR B LS YEES M PR A T 0 2K, IREREEIIR THIR TR 2 NP R R, M
YR HEIR T BARTE T BALNE I E 77

- WA R IELNE. ARRFIRDREE, @ E RN RIEZEE BRI 2 hkiE (B, B3R,
Fe. BAFID) FOAELet: (Rt B, H#E) Pkl I RAVSCEILRA] RE RN (1 & LM B R s N ELe MR R a5 1

- YRR IBITH, BARSEETE I ENINEY BNNEZ RIEHA N B AL, R X e A
Huk 5 RIEE

- YIEEEER R ONES S AIEE B Mo BER) . ITEEURSEN R A, RERE
PR I A LB,

- BN AR EA SRR A RS byte, short, int. long, F#mi%{float. double, F4F char
FIfA/K bool o EATIAYEETE Bl BT & F 22 R/ N R 77 7K

- JREES, RABAIAMG R BN I =R/, ez RR] DA B, REE RS R R LR
0, HEHRA2ETE,

- BOSIETHENHZ DAME IR AEE R, EAMDERR N, HHEALRT DU IEER B InE — =, A
TE R EIEIRE M T R R R RS, I B TELE IR U S R,

C FREYRESE 1S, 8 MARENIAT 23 N B R, BT TEAETEEUL, TR A B B S
Bl AR TR, RIS TR,

- ASCII ¥ 2 R RSSO, KERN 1579, HISE 127 M FERF. GBK FFEER AR S+
TR, HUWGRPT 2 MNF, Unicode 801 TR — 5B 2 AR, IR & FIES 7
¥, MR T2 RFmA 77 28— BT 5 B AL AD (A

- UTF-8 B&Z¥ILM Unicode it 771k, WBRAMEIEREL ., TR —MEKNRmL %, BARENY R
M, BRERTE T EEEREE SR, UTF-16 f1 UTF-32 2S5 KAWL 5%, Egmigrhsgit, UTF-16
RS A L UTF-8 870N, Java fil C# HmfEiE = BhAEH UTF-16 gwhd,

2. Q&A

Q: Mt 2 RFIN S LM R e A M R EE 12

B RICEREA, Mo TR MR, TATATRERMA “ge(Hiht” (5% “IBmmhR” EWEUD:
AP MR —DRER, HBERKEDENE —EBIER, XATREBEFEMONR GEH VLZLERD,

MBI EERE, MR RIRZERHAE, Ehg PRI S —ME, et s— PR —R
o [Alit, W RATREFIN G S A dRSS Y (B, BER) FIHELRIERBIRS ().,

Q: char BBRKER 1 F704?

char KB K E HIRIEIE S R RIS 77500, 140, Java, JavaScript. TypeScript. C# #B®H UTF-16
Zmhd (fRFF Unicode #4553), Kt char UMK EN 2 777,

Q: ATHAHSINNEIRE MR “HESBIRSEN" R AE? Hethn] DT AR ARS8 1E, X5
TEERE “n&" 1Y,

A SEA] DASCEIANASHIEHERE, EEIRGSGMIIARR TS (KERATE) 1, REETHHNEBIESES ]
DAEhASHIAIEMER TR, HEMWARZEEN, REEERBEE TR, SR EeIE— N
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HERIVEA, FIREAHIN AL R Z5E i+,
Q: etk (BB BIRR, RIEEERIRD, M2l “HSBEasy” e?

FERPGEES T, BAEMATIEEH B RiaEe, XD TIERENEEENE. Fld, Java £
ArraylList (UFHAAEIER N 10, 556, §aREt2 Bahsiin, HUESH) “FIR" &,

Q: FEAMSHI TR BRI 17, BRAKMEEE IR 2R Wa R “Jeil 1 JFHUR”, TiAMEE R th
—FER] OB “JeBUEn 17 1§28, XN 20E?

X2 RN RS A AN (A B e S fr 2 i AN SRR, BRATEAHAMEN: &k a+b=c,
HRAFRATFR a /& b B ¢ L, R WFR b 2 a B ¢ BN

BE D n = 4 MRKERNZERE 0010, MR MFEEEY (RBEFSAD), AR MY THIE
o ElREM 17 A5

0010 — 1101 — 1110
BAI2KM, FEHEMAMEHIAZ 0010 + 1110 = 10000, Hi2id, M3 1110 25 0010 5] 10000 [
U, IXERAE iR REURIEM 17 92bR R THRES] 10000 R R,
M2, #hE% 1110 ] 10000 (Y “#hET 222/ D0E? FAMRIAFT DA “SelU=)ain 17 58e:

1110 — 0001 — 0010
HADIET, SRASAIRNG EONXT 5] 10000 B9 (M, BRI “JEEEEANE" F1 “kMGEL RIS w] DUHARIFIAY
B GelBUJEm 1) LB,
LR, TATHAT DU FRRANMS 1110 RIS, BI “Seif 1 JEEUR”:

1110 — 1101 — 0010

BESRE, EBJE 17 A e 1 JEEURT XA R TR E] 10000 FURNEL, BRI,

AR LR, “BUR” BRERER ERKE 1111 g (BOVTER RIS + RED = 1111); TMfERIGERE BN
LS2IA0AMD, w22 10000 AT,

ERLAn = 4 MBI, HeTwaE SRR —HEHIEL
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Abstract
b6y AR [ R Y R e
BUARREHESTHES, BB, FERIREEL D ESAL, RS B AR ThEsE 2,




Ba4wE BHSHER www.hello-algo.com 65

4.1 #H4A

A (array) B MEMEEURSH, HRHREZRBATTRFBEESN AR T, BT RESHETH
EFRNIZITRENERS| (index)o & 4-1 R T HUEH R T 2SR 7 (77 2o

— EFREBENNETEEEEN
TR
element
s ¢ |
array
s§§| ] 1 2 3 4
index
mﬁt&iﬂ:‘ 00 04 08 12 16
memory location
FIAREZE
pilbakiapy LA El

4-1 BEAHE ST

4.1.1 AR RIRE

1. e

FeArTA] DARRIE TR SR i FHECH Ao aae 773X TRIBME. SBEvIthE. ERIEEVIHERNTEIT, K2
TIEIE S 2B EVIGAE N 0 -

// = File: array.kt =

[* WIALEREE +/

var arr = IntArray(5) // {0, 6, 0, 0, 0}
var nums = intArray0f(1, 3, 2, 5, 4)

2. ifinlcE&E

BATTRBAAEEESERI AR, XEWE HERAUTRNEF I RE A 2. SeBdmEtt (F
TLRNAAHIAE) FEADTTRIRS], BRI DUMERE 4-2 R AR RERENZT RN FE L, B
ZIT R,
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|
TE®Sl o 1 2 3 &
RfEt 00 04 08 12 16

TRKE - &

REAEEE - WANENL + TEKE « TEwRE|
(BT (GHHEISE)

Tl REEARS] 3 ABITTRERIAE N
012 = 000 + 4 x 3

K 4-2 BEHTRIINF LT

MERE 4-2, BANTEZIBAEDNTRNIRIIN 0, RUPFAELERER, FAUM 1 THATHSRSEER, EN
HHEARNAEE, KolARERAFIEIMB R, 5 nRitFEERERZ 0, FIErRIIN 02
B,

EFEA TR T RIEE ERL, BATATRAE O(1) W RINBENLE M R ER — T,
// = File: array.kt =

/* BENLIARITTER */
fun randomAccess(nums: IntArray): Int {
// TEXIE [0, nums.size) FRREHNIHEN—NEFE
val randomIndex = ThreadLocalRandom.current().nextInt(®, nums.size)
/] FREVFREIFENITTE
val randomNum = nums[randomIndex]
return randomNum

3. ATTE

BAHTTRENFTR “BREN”, BN AEA 2R EFREESE, W& 4-3 For, 05RAETE R R
AR, WHRERZTRZGHATAE LRGS0, ZJFRHTRMESIZR
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8000 -
EEEEE
N

nums[4] = nums[3]

:

BERRAX

e G 1 [2]5]5] 4]
1 N

MRS 1 MENTEE 3 e

800800
N A
nums[2] = nums[1]

e a -

nums[1] = 3

:

4-3 BEHFENTTERHA

BEPERTREE = 4
BIRRTTE 0 RN

ERNERETR 0 &K

ERERRNE, BTEHNKEREEN, FEMA-MTROERSFERARTITR “BK7 BN

I RER R T R ETE “HIRT B HiTig,
// == File: array.kt =

/* TEELAMIZES| index RIEATTE num %/
fun insert(nums: IntArray, num: Int, index: Int) {
// IBZE3| index UNZEWFIETERGERZI—IL
for (i in nums.size - 1 downTo index + 1) {
nums[i] = nums[i - 1]
+
// B num T4 index AITE
nums[index] = num

4. MpRTTE

IR, N 4-4 FoR, HEMERRS] « ARCR, MTREERT] ¢ ZJFRITRE AT 81—
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fEmIpRTR

H
w
B

80000
nums[1] = nums[2]

o BRERR

= MR —1

EMATHIRES] 1 TR ﬂ 515
N

nums = nums[3]

80080 -
—
nums[3] = nums[&]

TRMERG, SR TRERR
1

FETE & BERN, TIREER

g

B 4-4 BAMERTTERRA

EER, MBRCRTRE, RAEREBRIITEER “TEX 7T, UBNEAREEBRE,
// == File: array.kt =

/* MIFRZEES] index HITE */
fun remove(nums: IntArray, index: Int) {
// BF5| index ZEBIPFRETTERAFIZI—AL
for (i in index..<nums.size - 1) {
nums[i] = nums[i + 1]

h

BHRE, B SMERREA DR 6,

ISR B AFIBRA TN R A0 O(n) , Horb n AEEH K,

- BIOTR: HTEHNKEAZE, FtEmATTRE, BHEHRKECERTRRER,

- AR TATA] DA — DB AR, FRRTE —#87), IXFEEmABER, BRIRETTR
g TR W, (HIXFHEIE R N AR 2R

5. EHEA

ERZHIRIBIESH, AT Us RS e, ] e IREE@E TR
// == File: array.kt =

/* WHEA */
fun traverse(nums: IntArray) {
var count = 0
/] BER5EHEE
for (i in nums.indices) {
count += nums[i]
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}.

[/ BFEHHATE

for (j in nums) {
count += j

hy

6. &BEHE

FEHAHPEBIE TR TR, SRHIWOTRER I, AVLECE S VRS,
KON B R LM R A, P DA B ESIRERAR Ny “LRIMEEEKT,

// = File: array.kt =

[*x TEHRPERIEETER */
fun find(nums: IntArray, target: Int): Int {
for (i in nums.indices) {
if (nums[i] = target)
return i

}.

return -1

7. A

FEERNRGIGES, BPEURIESAH Z FAFZ R AT, MWmEEZ ety B AR, HItE
REHGEES T, BHNRERSZER,

GERBAT B AR, WREFEL - PNEREEAH, A RERBLATRRREH SR, X217
O(n) B#ME, TEECHIRRIE NAFFFERN . B FAvR:

// == File: array.kt =

/% Y EBHAKE x/
fun extend(nums: IntArray, enlarge: Int): IntArray {
[l MBE—N BRERHNEA
val res = IntArray(nums.size + enlarge)
/] BEEAFRHNFRE LRSS A
for (i in nums.indices) {
res[i] = nums[i]
}
/] REY BEIFEEE

return res

4.1.2 ¥AMK=SRRYE

BAFBEESNNFAERAN, HuREUHEAE, ZAMMEUEFEENERER, RIa] DRI EE R
ABIREERI AR ERCR,
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- ARRRCRR: BE VBRI TIESIHINEER, TCOESMOZERTT .

© SCRERERLIR . B R VEE O(1) RN FHEMTER,

- RAF AR HUIMEBETTRN, THFREAUMUSINEE, IER% A7 HE A AR, IS B ik
fERARTHE SRR TR

ELE R if R —1ENT)8, HAFERL N RRME,

- AAGMERBERIE: YD ITRR LN, A SMBRR RIS RERNTTER,
- REAAE: BAHENBERERET T, VT ARATRERITH B S HZEE, THHRR,
- MR BN RN KRR, IAZRAE RIMAIR S T .

4.1.3 BB

BEH R — R R WRBERSEN, BN e R ERh, Al TSl S & 2 R s

- BEMLYIT : QO SRERATAEREH LIHE — 2R EAR, AR AT AR TEE, HAER—RHUFY, RIERS IS
REATLIHEE,

- HEE AR B R A REERE GRS, PORHET. AR, O E RS R B
¢ LT,

©OBERER: YFEPIEER AN TR IE MR, TOUE A E N E R, RIS
ASCIT FSHIBLET, WA AR RF 9 ASCIT BB{EIENZERG], XA TC RIS P I N A E,

- BIERES) . MM KR TR, R, SKEZFNSEREUEE, XEEEEEES R DB
PRI, BULH B A 2 0 4% S P P A i 8 P P BRI 454

- BUURSI: FH AT DA TSI ER. BAI, MEAER. HE, BRISEURSM, flan, BRI RS
i b2 — A 4ERA,

4.2 R

W EEMERFIALEE, £ PMERNRGUSITINET, SREINFZ R REREENT L, K
TTRINE, (FREEEHRI N2 USSR, TS EEH AR KN, A7 AT RETC AR LNt RAES 2, it
I BE R RIG LA R T

R (linked list) B—MEMEEdEL, HPRSNTREZ M RNR, #0108 “5IH7 g,
FIRESR T =D KRR L, w3 e R PSRBT R A 2R — N R

HERAVRIH RS2 (A A BB E AL, BRI i AR SR,
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B e ]
MR
linked list
©-0-0-0-0-
AT AR
& 5|8 (&%)
E-14
T AR

node

FRERE | mpmaes
T ast | AEEIE

4-5 HEFRE X SFEETT

WEZE 4-5, BERMABAAZET R (node) MR, BN RECSWIEWE: Wany “E” fMfsm~—1
A “51H7,

C OBERIVE DN R SKT AT, RE—NT AR BT

- R AIEMR ‘227, BAE Java, C++ fll Python H43BI#28 null, nullptr #1 None .

- {E£C., C++, Go Ml Rust HXFHEHIES T, LR “SIH” Ny 887,

GIBANARBSATR, BERTIA ListNode bR T EEHE, MEFHIMRE—15IH (58D, FILEMFRRIER T,
BER LR S E 2 N2,

/* FERTIRE */
/] ¥ER*E
class ListNode(x: Int) {
val _val: Int = x /l TRE
val next: ListNode? = null // #EETFT—1MTHa851H

4.2.1 HERFEAIRE
1. batsER

BNIRERD NN, B RVIAREE N TENE, FPRWETRZBNG I HXR. watess, &
TR AT AMBER IS st &, 18I 5 I FFEM next ARIXTRIFTE 1 Mo
// == File: linked_list.kt =

[* MEWHER 1 -> 3 -> 2 -> 5 -> 4 %/
/] MEEEITR

val n@ = ListNode(1)
val nl = ListNode(3)
val n2 = ListNode(2)
val n3 = ListNode(5)
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val n4 = ListNode(4)
/] W RZERE| B

nO@.next = nl;
nl.next = n2;
n2.next = n3;
n3.next = n4;

BEHEIKZ— AR, L% nums €& 7CE nums[0] F1 nums [1] 5, MifERE B2 M SN
H, BADEFRELN RS PERERIICRR, bhan DL RS AYBER AT IC/ERER no .

2. EATIR

FERRPRATRAFE RS, WHE 4-6 R, RIZENTEEAHBEIN DT n0 7 nl ZFEFA—MFTHAP,
WHTBCEWA T RGIE @R Wl, NEE2EN O(1) .

M2 T, ERHAPEATTRINFEREN O(n) , EREER FRIRERRR,

P.next = nl
< P 8@ n1

G ./
ERRTA n0 F nl ZEBEATS P o o

nd.next = P

Bl< no 5@ P

4-6 BEFABAT KRB

// == File: linked_list.kt =

/* EFERMTR n0 ZEBATSR P */

fun insert(n@: ListNode?, p: ListNode?) {
val nl = n0?.next
p?.next = nl
nB?.next = p

3. MRS =

Qs 4-7 For, ERERPIERT R ARE T E, RTSE A NRSIE (EED Bl
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WER, REEMPRROEERUS TR P JyFER n1, (H3E0R Bigpi iR O4 AR El P, JXEWE P
B HETIRER T,

n@.next = nl

T B no E@E nl
ERERTHETS P C)
ne n1

A

MbsTERmE, 22 P HFAEH
nl,

BiEH#ERCELEHRE P,
HIEFEMTART R P EWIBER

B 4-7 FERMIBRT A
// == File: linked_list.kt =

/* MFRERNTS n0 ZENEINTR */
fun remove(nO: ListNode?) {

if (nB@?.next = null)

return

// n@ -> P ->nl

val p = n@.next

val nl = p?.next

n@.next = nl

4. HiRBR

TERER PV AR BRI E— TR, TRTATME O(1) W RV AL L RTE R, BERIR
&, FRFEREMKT AR, BAFRES, HEEREERT A WRRN, VIR i AN S
B — 1%, BREREN O(n) .

// == File: linked_list.kt =

/* iFREERPZRS|IA index BITIR */
fun access(head: ListNode?, index: Int): ListNode? {
var h = head
for (i in 0..<index) {
if (h = null)
return null
h = h.next
¥

return h
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5. TR

WEER, BIREAER target BT, MWHIZTTRERERPNERS, HEREMETF&EERK, BT
FiR:

// == File: linked_list.kt =

/* ERRPEREN target WENTR */
fun find(head: ListNode?, target: Int): Int {
var index = 0
var h = head
while (h != null) {
if (h._val = target)
return index

h = h.next
index++

¥

return -1

4.2.2 ¥ vs. §ER

R 41 B4 7R BERN S IR R L T HRERCR . T e IR A R S A7 B RE, (RS Rk R
FIARAERICER A 2 BN 32 AARE R

® 41 BEAHSHERPERXT T

5 s
R s AT
BERYE KRS IR
PItEReE RGP, HIREREAN TR SN
Wiz 0(1) O(n)
FIER  O(n) 0(1)
MiER  O(n) O(1)

4.2.3 BERpERAEH

G 4-8 Fow, H LAY RERR AU S = #,

- BBER: RIRTHE AR EEEER, BERERATT R B S ENEER T T RS NI, AR &
M RIMT R, BRE DT RRNET A, BT RTERZ None .

- IBEER: RIS EEBERE T REART R (FREMER), WRE—PIPHER, EPRER
R, AR R AT AR ST
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- AR SRMBERMLL, DERERICR TN ARG BABERAT RUE RN L& e a4k
TRl (P ) MR A (E—D ) 5 (et . AR THRAER, WAiERER RS
PE, ATDARAR 5 A0 D BE R, (AR i th 75 22 o FH B 22 B P A7 23

/% iXﬁﬂEiE%ﬁx */

class ListNode(x: Int) {
val _val: Int = x /] TRE

null // fEREHTI=E5IA
null // fEERIRT AR5

val next: ListNode?
val prev: ListNode?

PERER

singly linked list

e — — —_— > None

AR

circular linked list

(@Y & & W]

MrER

doubly linked list

— — — — —> None
None <— - - —— -

K 4-8 HILBERARSE

4.2.4 §ERHEINAA

FABEFOEH TS BABIL M 3R SE R 4

- BeSE RIS AFOIERIRFRR A BER A — w1 TN, RPN ERE G, WM i AR M
FERER A —ImHEAT, MIBRERIEAERER A5 — it AT, ERBARFION e, X R,

- TSR BRI R RIS MR ERTR L —, ERITRT, A RITTRASERE— MER
o

- B AEAREFORER AR AT, KRB TURES — DR CEL, SRR TR
R %I AHE R HAB T

MABERF A T HR Z PR AT — PG — DR R,

RERBIREHY . LLANTEZLRRRY, B AR, BANTREVI R R, XA POER AT R R —NME
AT YT I SR SEER, ST XA HERR

- PISEERD S EM DO YA, AP R AT R IR LN, (X T AR AR B AIE AP i R BT —
JE—DWITT ANV EER AR E (SRR E AR 15 fa] 5
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- LRU Rk AR (LRU) Bk, WATHEPOEREI R R R REE, PSR PRGN
FARMBRTY silo IXIH A A XA BE R AR A 51E,

INEBER TR HIERER 5, R RSB IRE

- IR RREMERIL: ERERS, WA A REEERRR M IR CPU AERE, BEREXN—
FUARRHATIEIN, N HEREPOR T — DN R, SN EA AN, CPU YRS N — M, XAhE
MR AT DUEIS PR R RS,

- BRI ERERRR N X RSB, MATRER M AIME R, LRAIEEI, MRS, B
TATRE ST R DRI N — N IMETER, DAESEICSERR

4.3 HIFE

FIF (list) B—PMHRIBIREIMS, EFRRTRARRS, XFTRA, B% @, MERFEmn
FHRE, TTOUEME S EARIRBIRIRIE, 57RA] DR TR s S,

- EERRIARIDVEE IR, HeRrR &SR, I H AT ARESEST A
- B RTREM AR, HBHTHREAAZE, REREEE—MEARERGIHIYIR,

SEHBALBIRN, REAERMRE SEIIRALATERS, X2 ENEEFE TR e R =
fefitZ D EdE, ATHE DOERESIERIFIRKE, A RER/N, WIRATRETCEMEERTRR, HRETK, N
RGN HTR B

RO, FATTAT ARE I 2hZS2R4E (dynamic array) SRSEHIFIER, C4K T EHEAMSILR, FFHATEL
FERFBITERT T &,

KPR b, VP gPRE S TP RAR AR BSOS T ah SR CBRY, BI4n Python FREJ list . Java HfY
ArraylList . C++ FfJ vector #1 C# FPIY List 55, TEE FRIVTHEH, WATRAE “FIR” M1 “shS8a”
N5 A BB &

4.3.1 FIREREE
1. #MiaFIER
TATEHEH “ToOaE” M “GEGE" XMARGHTTIEA:

// = File: list.kt =

/* #RHHIR */

/] TAEE

var numsl = 1istO0f<Int>()

/]l BYEE

var numbers = array0f(1, 3, 2, 5, 4)
var nums = numbers.toMutablelList()
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2. iFiRlTE&

FINFRA TR R, FaT e O(1) BRINTTRIATERTER, FeRRE.

// = File: list.kt =

/* hETE */

val num = nums[1] // BAES| 1 LT E

/* EITE */

nums[1] = 0 // BE5| 1 STEEHA O

3. EAGHIRTER

MR T, F1FRAT DL BRI S MERT R, EFIRBERMTRENNEEREN O(1) , B AFRMER
TERICERN S AN, NAEREN O(n) .

// = File: list.kt =

/* BEHIR */
nums.clear();

/* ERERIITER */
nums.add(1);
nums.add(3);
nums.add(2);
nums.add(5);
nums.add(4);

/* TEFEHEANTE */
nums.add(3, 6); // TEZER5| 3 WMENEF 6

/* BRTTE */
nums.remove(3); // MIPRZES] 3 &89TE

4. BHYIR

5#A—, PR DRIERS R, ] LEEETS TR,
// == File: list.kt =

/* BERSEHIIER +/

var count = 0

for (i in nums.indices) {
count += nums[i]

}

/* BEIFBHYIRTE */
for (num in nums) {
count += num

}
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5. BHETIR

E47E —NHTHIFE nums , Tl TAT AKFECHERE S TR HI 2 8,
// = File: list.kt =

[* BHERNIIR */
val numsl = intArray0f(6, 8, 7, 10, 9).toMutablelList()
nums.addAll(numsl) // #%I% numsl BHEZE| nums Z/5

6. HiIFYI&

SERFRHEF G, FAMERT DA SR E LSS EERN “To&ERK” M TEEH" &k
// = File: list.kt =

/* HFFIR */
nums.sort() // HFGE, FIRTEMNEIKHES

4.3.2 5K

WEZHIZIESNE THIR, HlaJava, C++. Python %, EMINSEMEEE %, & MSEVBEBAEES
F, BIUNVIAEA R, ¥ A G, BOGERRYEEE rl DI P JRAE T4 3,

NT IR TAE PR, B2 DRGSR, GEULT=1ERK,

COPRAR: R D EEREBEOG A R, EAORGI, TATERE 10 AR A R,

- BEIS: AR size, HTICRIIRYATTREE, HEEETTRBAMMERIN EHr, ARIE
AR R, AT LUEMSIRER, PAHAWRE ST ET &,

- PTENL: EEATENYIRERCH, WHRZEHTY A, iR AEReE —NERNSA, Bk
ARTEBAHRI T TR IR S B, ARG, BAIME SRS A2 A0 2 14,

// = File: my_list.kt =

/* BIRE */
class MyList {
private var arr: IntArray = intArray0f() // ¥4 (FZfE5IRTEH)
private var capacity: Int = 10 // FIRAE
private var size: Int = 0 // FIRKE (Hpixtxi=E)
private var extendRatio: Int = 2 // 8XHIRY BHEE

/* ¥ERE */
init {
arr = IntArray(capacity)

}.

/* REGIRKE (HgixiEE) */
fun size(): Int {
return size

}
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/* FREFIRBE +/
fun capacity(): Int {
return capacity

}

/* IhRlTTE */
fun get(index: Int): Int {
/] FSIWMRER, WHHEE, TH
if (index < 0 || index >= size)
throw IndexOutOfBoundsException(" Z=3|&5")
return arr[index]

+
/* EHTE */
fun set(index: Int, num: Int) {
if (index < 0 || index >= size)
throw IndexOutOfBoundsException(" ZE3|#HMHE")
arr[index] = num
+

/* EEZRIMITER */
fun add(num: Int) {
/| TEHEBHBEN, AT AV
if (size = capacity())
extendCapacity()
arr[size] = num
/] BFTEHE
size++

¥
[* TEREREATTE */

fun insert(index: Int, num: Int) {
if (index < 0 || index >= size)
throw IndexOutOfBoundsException(" Z=E3|@5")
/] TEHEBHEEM, AT BHIH
if (size = capacity())
extendCapacity()
// BER5| index UKzZEMTEEREGEEI—
for (j in size - 1 downTo index)
arr[j + 1] = arr[j]
arr[index] = num
/] EFTER¥E
size++

I
/* BEFTTE */

fun remove(index: Int): Int {
if (index < 0 || index >= size)
throw IndexOutOfBoundsException(" ZE5[#5FR")
val num = arr[index]
/] BIEES| index ZEHITRESEEEII—L
for (j in index..<size - 1)
arr[j] = arr[j + 1]
/] BFTEHE
size--
/] REERIPRR TR
return num

I
[* FIRTE */
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fun extendCapacity() {
/] FE—IKERNEEHLE extendRatio BEVFTEAHE, FHEFRIESHIRIFHEE
arr = arr.copyOf(capacity() * extendRatio)
!/l BHWIRAE
capacity = arr.size

}.

[* BHIRFRAEAE */
fun toArray(): IntArray {
val size = size()
/] (AR EREKESEE AN IRTER
val arr = IntArray(size)
for (i in 0..<size) {
arr[i] = get(i)
+

return arr

4.4 WE5EE*

FEARZERIFI T, FATRN T EAMBERIZMAELRL B EER SRS, ENoRIRT “E8EE" M
“IIRUAEAET RS,

SKhr b, VPRGSO EUGE 7R M NAERIR A BE IR, M B AR 7 BB IR PR RE

4.4.1 HENGEF#HES

HENIP AR =R 5% B8 (hard disk). M7 (random-access memory, RAM), #E7% (cache
memory), 3 4-2 J&/n T EATEHBENRGHHARA EAPERERE A

=42 IHENNEELS

AL 1z %ty

Fii KITIBSIE, OFRERG. NS ADETIORAAIE  fEIE R saRRIE S, W
R, i TEAL A CPU Jii 17 K

AN BREEIR IR EL WP O SR b P A T

AR Bk, TB %3 Bl GBI $E#D, MB 3

Ei w18, JLEEILT MB/s tk, JL+ GB/s {EHD, JLEILE GB/s

fig (A el JLESILIT/ GB g, JLFEULEIE/GB AEER, B CPU4TEIHHY

R

BATAT DRI BAHLF B RSB R NE 4-9 FURRIETIELM, SR & TIE ORI I S HE e, &
B, RS, IXF 2 EAAH B, T2 RSN TR 2 R R RIS R
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- BMEEEDAINAFII, B, NEPRIEBIREN SR ER, FIEMES KIEERDE, Hk, W
HIRA SRR L0, IX (R e AETH B8 T R

- RAFRRA RMEEEAE DGR, BEE L1, L2, L3 BENBRRBSMA, HYHRS2TK, 5 CPU
bz AR EREE B R0, AT SEEEREwEN R, JTTRVTRERE S, E4ATERT, 22K
RIRAFEEA R A R, TR A Z R A (P

CPU

L1 Cache

B L2 Cache

g -
J

K 4-9 HEHFIERS

HE BE
k& HAM

Tip
HEHRIEE R REAIEIE TR, FREMA =3 2RI, SR b, XA s AT
AR AP, BRI EAR R A FIRR ] < R E -

SR, SRS T RIGIAER RBUE, WA TR AR 21T e PR, 2247 W T 120k
SWEVIFNBIEIIES, DIREREFBITHER, =& HAE, R EIRESI0E1T,

niE 4-10 FoR, HEREFPIBITR, BURSWEEHHIEREINGES, #t CPU HEMM, &Fa]LEME CPU R
—Ekr, BN MR INEREE, 4 CPU Rt miER RN, WM EERTHEFRIHRITRER, #D

S P LRk,
| ¢ 1’ 0
@ -5 —Ok— ki
RfE W

155 75

CPU

B 4-10 R, PIFRIZRAT < s itiE



Ba4wE BHSHER www.hello-algo.com 82

4.4.2 HIEGHHATFRE

TENFEA AT, BHMERS B BAAMEMERE,

—J5H, PFRARRK, HFE—RNERGERZ RIS, RILTRAN B2 EHRES e R AT R st A
2, BEHRTTRREEHS, AIREHIMIE RRAAERER T R AT (FaEh), RIS RReRE &, 2R,
BATE R BHESNFZE R, IXATRESFBINFAIRSE, By A th R ZHIM I AR 23 R A
MEEZ S, BERDL A" ONERAHH TR AN A BCAIEI, SR TR RTE M

H—TiHE, ERFIBTRN, BEEREHIESRINNT, SRNFRRR ORI SRR, S BN
MRRCER AR, BHBTHESKFET K, AR SBANFERR L. Mk, BERIIITTRR D ETFIER,
FERERIMA SRR e, ERSSBNERA L,

4.4.3 PIRGHINERTFHE

ZA7f BREZRREE B T AT, HELRRFREG S, ERFPITEE DEEECEZNERN. BTRF
AR EAR, HAEFHE—NR YT RAEdE, Fit CPU ViR EHE NERA PN, MR RAEEE
KapH (cache miss), I CPU AMGA MIEERLARHT AAF FHANE AT T L.

B, “BAFARGD” M, CPU BGBIRMBE AT, Brtatthntiiier, JATK CPU NEEFH IR
BRI LLBIFR B TFa = (cache hitrate), IXMEFRIEH KM R AR,

NTRAJREIREIE @AIRCR, eff 2 RICA N EUREIMEALH,

©OBRAHT: RAANRBRAD TR SINEEE, TR AR T AL, LT AN RO, BT
Rt = R

- FRIOHUR: ACERER 2RI BRI RS (BIARIGRial, [EE S KBTI RSE), FARMER E A
RBAEMEERF 2 H, MR arH=R,

- AW JaERE: RN EARRIIR], IR ERRIREEE ] REL I S, Hit, RIS
iy, WREHEMNEERE, DaemmahR,

IR : AR DN EAERT ], B EAENARR SRR AT REFHR BT, A M — B, @i
TRE BRIV M BRI man R,

Khr b, BERMBERMN RN BCR R AR, 2L IR L5,

- AZEE: BERTRWEATTR S NERE S, SBEFTENNAREERE D,

©OBRAHMT: REREAE D BENGFRAL, MR TR B, RIS e R E B 5 =,
- PEHHLH: BEH EERER A BRI CE R TR, BURSUE A 206 BRSO 2 2.
- MR BB B ER TR A, RN BRI A 2dE A AT RERIR 7 M),

BATE, BAHAAERNEAG R, FCeERERes a1k, IXESERREIARET, &
TREH SR BAR S A T 5 52 X0,

REERERE, MEABCRIFAERABAEAN O PR TR, SEPRM A Frik AR aiig, MR
PR BT RRDUE, BN, BEHMBERAATDASCHL “4%” BdEgit (F—EXW40gd), BellEm T
758

- FEMEREEIN, BATRBUN TR AT BRI, EOVERE T S AR ERCRMBENL I R AT RE
51, AR CUR TR E RN B — E RN A3 R
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©AREIEREARRE R, SIAMERE. ARRIBUR EDME T, AR T RERSIIAARE N AIE, RERAET
ReR BB w57 08 T PR AR ER ), I i 7By A = £ AR T

4.5 N

1. EREH

- BEHMBER R AR A RIBAREEH, ol AREBERAE T BN PR A7 g 75K IS A7 B
RS EAE A, PE AR R S AR

- BEHSRREALTIEL S HNERD, EREARMBRTRSERR, BGHE KERRZ,

- ERERIEE EAG I (B SIS AR A SR, HAIDAREEERKE,; HW SRR, &
MNFEZ, H LRSI s ER, IIPRER, AR,

- HIRE ISR ERKTTRARFRS, EEETISBAEII, ERE TEAHRS, FNFTLAR
AR,

- HIRAHBURIESE & T BRI SCYE, (HATRE B 2 AF 2 RTR PR

- BRFBiT, SR TEEAMEENG R, BEHRHREE SAE SRR, THERMEANF R L HEnR
o

© RIFIEERAFAT, PO DAK =2 [ e B AT ()R SR MRS BdE AL, O CPU SR BEPORERE VI,
BERTREF TR,

- HTEABAERNEFMPR, FILEEE R E & EREEEIRSN, NARYE BT R
A %R

2. Q&A

Q: BUEHMFMEEAR EMTEREAESE B, X RRCRI S BRCR & S A 500 ?
FEETER _ERIHE F R B RSN S AN, BRI ERCR A —3, AR, R EA & B
A, I SE LA ANA A

1. DECFIREIGICR : A — B NINTE, BCH SR IER a5 mENFHENER, 7] DAERREHE)

DB, BEARGEER, R, BRI BCRIRE AR E AR ErE,

2. R/DBRA: RN RN, MR R/ N—RESZBR T AT HNAE. RIS G & 7 iR

3. RIEME: & LB NREIERIENTE, MM LRSS N DAEB TN IS E.
Q: N LHEHERMFERBNITER, MLERERP AN S H F 2L AE?
TR ARAERN, YTRZEERSIHE (8E) ER, &0 A DR R RSB AEGE, #40 int, double,
string. object &,
TR, AT RN RSER, XA R T B RS B R IRBON R T R, filan, RN
% int # long WAPEEL AL E BG4 7080 8 =1, R REA A N AR T EREE T, K
AP E TRM “TREKE,

# TERAFMIE = BARTFHIE (BxERFMLE) + TRZEKE *» TRZRS
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Q: MIERTI A P JE, BETREIL P.next B4 None Ig?

AMEX P.next HATL, MIZEERHIMESR, NATRENEIRTREEARBEI P T, XERETHPC
ZEMNBERFPMBR 1, RS AL P AR AR AR AN SO BE R AL R

MBS S () WA, FWIRCEXR, NERERF SR ERRT. AR
B, WOTEM2ZE, SBEE N, WERNT, EORRmMRT SRR I, ToA T SRR
HIPIE .

Q: TERERFHEAFRIMRRENE 2R O(1) . BRMMAHEE O(n) WNNEIRTE, TNH
LIAEZREFRRE O(n) IE?

MERAEHITR, FINRTE, FEERERSUE O(n) . AT, HERE O(1) BMEESSRT DR
P LB, I, TFIBATE & MR, Bl — MEE RIS AL A, FIR
A SRR O(1)

Q: B “BERENSHEM" F, RECNEE T RIEHE G - AEHIED? 2R R E S S —F
me?
REERRENRR, RN EMRIEEARE T,

< AEIZEBUAT AUE S S EEAER, el int. long. double FISEHIXN %%,

- FEEP R PR SS RIMBIR AT VIR E R G IR IF AR T E, KN 8 F ek 4 15,
Q: TEFIFKEIRMITREZANNZIZIE S O(1) ?
WERRMTENBEHYREKE, WFELY BYRBHRMN, RESHIE-HHNANE, HREYIRMITE T
Mzt %, XEHERRERERSZ O(n) .
Q: “FIERMHBIN AHIR S TEAHMISL M, ErESEERNEFERAIRS”, X E S EIR 2 IERIMY
I ENAE, KE, ARS8 S INEE?
XEMBERBEEAWNAES X —/H, JIRESEE—-MIGEEKE, BRI —EFERARXLZ; 55—
JiHE, NTBHIEEY R, §FE—-BRESEU—DRK, kil x1.5, Xk, WSHMREE0, BI1E
HARESE 2T,

Q: £ Python H#l4afk n = [1, 2, 31J5, IX 3 DICRAHULEANER, E206kn = [2, 1, 31X
KIEATFN TR id HAZESR, T2 Rl n FRIMHEE, XETTRIERES:, T2 m 28
f15?

[RanEF R EBBER TR n = [n1, n2, n3, n4, n5], BEHEHEH FIX 5 N RNRMSEAEGEEN
70, SR, BE—NFIREKS], BAMHIRATLIE O(1) IR PERECT s AR, AT 175 10 3800068 1z A5
o XBRNBEAHPFIERZT RS, IR RA S,

SWZIESF AR, Python RRVEFMHEEINNR, FIRPEHRIARETAS, MEMNETHTIH. B
I, BN EAFRAERRE AR~ id, FF HIXEE RN TC0ES:,

Q: C++STL HHY std :: list O 7T WABER, BEF G —ERHEH ENE2ERERNE, BHERN
Atz RRENE?

—J3H, BAVEEEFREABASEIRGE, mAELENAEHER, EREWER,

- BEFFE: BTSN ICEFERINEINYREE (—MHTRT—DEE, —TMHTE—1TER), A
std:: list @ L std:: vector B 5 H 2,
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C BEAKRMY: HTHRIEREESERN, F std::list M EFERHREME — KB,
std::vector BIMERES T,

o377, A RER AR O 3 R SR, BeRIPASIE & A8 = 12 4510 stack Al queue
MAFFER,
Q: #fEres = [[0]] * nZE T —P4E5IFR, Hrb—1 [0] AEHIZAIIG?

ANBILH, WZ4EPIRA, FrE R [0] LR ERR MRS M, MRBMELH IR, KU
FITE BIXS ROT R = B2 P2

WRAE —EH|RFED [0] BERMAZH, FICUEM res = [[0] for _ in range(n)] RSZH, XFh
TR FEHERIIA T n MEZHY [0] FIEXMN R,

Q: #fEres = [0] » n AT MK, Hf— R0 402 MIZAVILS?

FEIZBNRA, FrA%E 0 #2F — MY RIIGIH, IXZR Python XI/NE# GEHZ -5 2 256) R T4
L, DUERARMSREM, MmiErree.

BRENFERR—DMRR, BEEAMLBARA] DSBS RFRF IR, XZRN Python FEEGE “A]
TXR” HENMBBIENTCRN, SR ERUMON S —DINRI5IH, TIARSERAENEA S,

R, HHIFRTTRE FIENRT W (BIENFIEER, FHEEZEHIE), BUEGEN TR I ERNE N A,
AT 5 RZS RETTR A S LM R 22,
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Abstract
Fean F 50, R SIS IE I HER o
ME AR NG R N B A,
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5.1 %

t (stack) J2—FmEfEL NG HIZE LM R,

BATAT AR AR EON Rl B — R8T, MERRHERSI— T, IIABBHHREE T, MRk
FHRE TR E, BATRE TS MERIRTTR W 75, AR5, sifRE FHIXA RS
e

aniE 5-1 FoR, BAHEHEBSTRIITEA Oy “FRT0, JREARN “ARIR”. RAETCRAMBAL AR EI 7 A
BT, MERERITOTR A BRI E “HAR”,

= A% A% Hi% Hi%
stack push(5) push(&) pop() pop()

mlmfﬂm \ / /

HRE

B 5-1 FAJe A JE AL

5.1.1 RS REE

el FIREIN 3R 5-1 FT/R, BARR 754 T ERAE T RIS = ke, i, FATCUE WY push ().
pop(). peek() #ga 1,

R 5-1 FREYFRIERCR

Ttk fiipuy I ) A2 2%

push()  JEEAR (RMERTD  O(1)

pop()  IRIULH I 0(1)
peek()  VINIHLTILE o(1)

EHEEOT, BAT]DEZERREES MBS, A, KEESAIRERE IR, XA
DRIZIE SR B s “RERT SRR, FHERPIZEE LRI SHIC R ERIE,
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// = File: stack.kt =

/* #iatktE «/
val stack = Stack<Int>()

/* TTENE */
stack.push(1)
stack.push(3)
stack.push(2)
stack.push(5)
stack.push(4)

/* IhRRINTTE */
val peek = stack.peek()

/* TEREE */
val pop = stack.pop()

/* FREUERRIKE %/
val size = stack.size

/*x FIMIRBAT +/
val isEmpty = stack.isEmpty()

5.1.2 #¥pCI

NTRNT AR TSI, BAPRZ A DL — ML

HOE e NE AN, R PATTR REEARTRAMIN B BRoT R, FATM, HEHMEERE ] DR A E IR
MERTCER, RBtEenl DAMON — R SZ BRI B s BE R, et0iliii, FRATATDL “fRill” e siEaRAgEt o Jok

BefE, BEHEXIMRBIEZEAT SHARHE,

1. BEFHRNEN

(S FBER SRR, FRATAT DLRF R AL A ARTH, BB AR,
i 5-2 iR, W AERE, BAIATRITRMABER LGS, XM Rm AT AP KA, Xt T

HEERAE, TRk OBER AR HIBRET AT

-
)\al Tmu

RESMREE !
HIMRIN

BER
BiE
Step 1 Step 2

N swa (@

push(4)

EEEREER
FHIMRE AR

BHR

BHR 4
ARNNEFERAKER
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BT
P @
Jl
(- )

RETMEER /[
HIMRAAE @

|
e Y
BTR @

pop()

[-[-]-]-]

‘ Step 3 |

Bl 5-2 B THERITIMERAI AR HARERE

PAN R 2k T HER SEEA AR B KA

// == File: linkedlist_stack.kt =

/* BEFHERTLIE +/
class LinkedListStack(

)

private var stackPeek: ListNode? = null, // BT ={EREXIN
private var stkSize: Int = 0 // BMKE

/* FREAREIKE x/
fun size(): Int {
return stkSize

}

/* FERER T AT =/
fun isEmpty(): Boolean {
return size() = 0

}

/* N#& =/
fun push(num: Int) {
val node = ListNode(num)

node.next = stackPeek
stackPeek = node
stkSize++

+

[x itk */

fun pop(): Int? {
val num = peek()
stackPeek = stackPeek?.next
stkSize--
return num

}

/* IFIERTRTTER +/

fun peek(): Int? {
if (isEmpty()) throw IndexOutOfBoundsException()
return stackPeek?._val

}

/* ¥ List ¥|MA Array FHiR[E] %/
fun toArray(): IntArray {
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var node = stackPeek

val res = IntArray(size())

for (i in res.size - 1 downTo 0) {
res[i] = node?._val!!
node = node.next

¥

return res

2. BTFHHENEH

RSB, BT SR AR, W8 5-3 iR, AR5 AR IE 2 B B (AR e
TIITEE SMRTTE, BHEREEN O(1) .

NNE
push(4)
Hm b BEARRE _
A l 1"‘”’ J u ERE ;;;z&;ﬂ%’aﬂ
g EETRENA R g g EEEREHA
a FHhRMAE a a FohRMAEE
HRR 1 ] urx (1)
| Step 1 \ o Step 2
% o
pop() H
BIR SRR TR
a ERERENA R a
a HhRMAE a
- | 8
R
Step 3

&l 5-3 FETHUEHLIARAI AR AR

P F AR TE 3 TR ADOAT, BRI TP AR AL, R RERL AU (AL B A,
PNSIENAINEE

// == File: array_stack.kt =

[* BETFHATIMAE +/
class ArrayStack {
/] WBkyIR (shsE)
private val stack = mutableListOf<Int>()

/* REURHKE */
fun size(): Int {
return stack.size

}
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/* HERET AT */
fun isEmpty(): Boolean {
return size() = 0

}

/* Nt& */

fun push(num: Int) {
stack.add(num)

}.

/* Wik */

fun pop(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()
return stack.removeAt(size() - 1)

}

/* IFIEIRTNITER */

fun peek(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()
return stack[size() - 1]

ks
/* ¥ List ¥k Array HiR[E] */
fun toArray(): Array<Any> {

return stack.toTypedArray()
¥

5.1.3 FRFSCINATEL

SRR

PARPSEELER SR T SR IR R, BEHSEBIRSNSCRREN LI, (HIX TR TARE SGukE, Rt —
AEHE

SITEves

FESEF RS, KA R S B AR MO SRttt T, VA AR AN, IR
SR, AT, WSS, SR AN, SERIOIRER AN O(n) .
FESLFRERISTBI, BERIY AR RIS, FTRME RS AR, R, AR
WIS S GO, RIHACRIDHRE, o, MBARTERASRET AR, AT A %Y
AL, TR BRCR,

LR LR, YA HEARIER TR B EA TR, HI40 int 5 double , FATATLAGHLATREEIE,

TR BARRY ARSI, (TSR IR, R TFENCEE R,
TR T R RS R

SRR

TERIEHLSIRNT, RGELWIIRAN “WIAAR, WA R BSIRg R 3 H, 5 ANUENmH R

R (I 2 5 METHAR, AR R TR SRR, TR, JE TSI R R

SRR L,
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SR, ETRERT T ZHME O TEEr, PULRERTY ROE 2 MR,
gi b, BATRER A E MR SCBLE T B NAE, EE X BT 04T

5.1.4 HRpyHEINHE

- PINEEPPRSIR SR, PP S RABET. SSTRNETITRRIM DT, WY E— R
FINKR, AR AT DOEIS IR 1R AR R 2] E— D 0T, JEiRBRESIR B2 AEPIT ik, aSRERIN 3
FHERFIRTHE, AR N MRAC S L,

- PRPAERL, SR RN, REMSEARTRIN— ML, HTICRE S BT UER EiE
BRErR, A IR Be R WA T ARRERAE, T LRI B S AT T AR R

5.2 PA%I

FAZ! (queue) J&—AEIEIC AJCtH AN SRR, Wi 8, BABIREL T HEABRR,  BIH kA A AT
IMAAFIRESER, AT BASISKHERE AR BT

aniE 5-4 FoR, FATRBAIIKERFR N “BAE”, REFRN “BAE”, RATTTRMANEREIRIENA “ABL”,
PRENETTRAIRIERCN “HIBL",

BAFI HBA HBA
queue pop() pop()

BAE
[

ik | /

A | /

BAR I
NPBA NBA
push(5) push(4)

Bl 5-4 BASIRISE A e RN

5.2.1 PAFIE BIRE

PABIEH WEREANR 5-2 fivR, REERNZE, FREESNTIRARAIEER AR, JRINELRAS
FAHRIRT T i

% 5-2 PAFIHRAERCR
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kg R I [F) &2 2
push() JEEAPR, BI¥TTRAMENE O(1)
pop()  PAEJLERHIFA 0(1)
peek()  VilRIBAE TR 0(1)

BATA] LB R I iR 1 & AR A2 «

// = File: queue.kt =

/* FIA1EATI %/
val queue = LinkedList<Int>()

/* TTENBA */

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

/* AEIAETTE */
val peek = queue.peek()

/* JTEREBA */
val pop = queue.poll()

[* IREAFIRKE */

val size = queue.size

/* FIEBATIR T AET */
val isEmpty = queue.isEmpty()

5.2.2 PAFISEER

j‘_{O

1. BFHERNEN

N T RBIAS, BT ZE A dRaiA, Al DIE—SmiionR, HaES —mMERR, MRS S =

aniE 5-5 R, FATATPLRABERAY “SKTT " F1 R 23 “PAET 0 “IART, RUEBVREARTERAN

T, AEDCTIER T A
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BHR 4
RINERERE

ARk
- KA @ push(4) S~ 9}
5
i | g g ZOE
=
ERRRERR ° n EEXHEER Q
HSRIHAT] HSRISIATY f
ABA 1 a BTR € \,
, we RER 6
{ Step 1 | [ step 2
Y
pop() BIBRETIR
wwa (@)
,
ERTREER (- )
a FHIMRIMABATI
e
R
‘ Step 3 |

B 5-5 FETHERIIMBASIAI AR AR E

PAR 2 R SIS A KH -
// == File: linkedlist_queue.kt =

/% EFEERTINAIPAG +/

class LinkedListQueue(
/] kT& front , BETS rear
private var front: ListNode? = null,
private var rear: ListNode? = null,
private var queSize: Int = 0

)

/* FRENPAGIRIKE */
fun size(): Int {
return queSize

}

/* FIHFBAFIRE AT */
fun isEmpty(): Boolean {
return size() = 0

F

/* NBA %/
fun push(num: Int) {
// EERTSEAM num
val node = ListNode(num)
[/l MRFIAZE, NSk BPREERZTR
if (front = null) A{
front = node
rear = node
/] ARBAFIFAT, WRKZHRANEETRE
} else {
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rear?.next = node
rear = node

}
queSize++
Iy
/* HBA */

fun pop(): Int {
val num = peek()
/] BIBRET =
front = front?.next
queSize--
return num

}.

/* IARIAETTE */

fun peek(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()
return front!!._val

}

/* BEEREWNN Array FHR[E] +/
fun toArray(): IntArray {
var node = front
val res = IntArray(size())
for (i in res.indices) {
res[i] = node!!._val
node = node.next

}

return res

2. BFHANEHN
TERAHPMBRE RN A EARERN O(n) , XESFEHIBIRERCREAR. AT, BATAT DR R85
2R FIX AN ]

BATAT DAE A — DR front f8MAE TR RG], 4 — DL &E size H TIEHINKE, & X
rear = front + size, XPMARITHEHM rear 5ANETTREZ G F—MIE,

BT, BUhESKEARIXEN [front, rear - 11, RFHRIERISSELTEME 5-6 FiR,

- ABNRAE: R ATRMES rear REIAL, IR size W01,
HIBAERE: HFR front AN 1, FF¥ size WD 1,

FIDAEERI, ABAFHHBAERAEES LR T — 8, INEERESN O(1) .
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front IERMASIETR 1. itWRIES rear
rear IEEMFIRTR + 1 2. BTERME rear &
rear = front + size 8ot 2En B 4
AR i
BB push(4)
front > front »
R I g BAFHCEE BAFIHREE
size = 4 size = 5
u REXIZME a REEMEKA
a FHIMRIAPATY B TSP RIMAPATI
AR I rear > rear >
AR
| Step 1 Step 2
1.4 front B 1
2. 98 size B 1
HBA
pop()
front > PABIHREE
a size = 4
a EERER2HA
a FIMRA AT
Step 3

B 5-6 FET IS HI AR HI AR

IRATRER B — DA FEAWTHE T AR AR REH, front #1 rear HRFEAIGISE), HENSIAEA
FEERI R TICTRAR SRS AN 1o O T RO, BRATTAT DRR RN B AR PR

MNFIPEEA, BAITEIL front B rear ERUSBEH RN, ERAEEE SRS T, XM TN
FRATLOEN “BORERE R, A TAR:

// == File: array_queue.kt =

/* ETIRRERAIRINAIEAT] =/

class ArrayQueue(capacity: Int) {
private val nums: IntArray = IntArray(capacity) // FBFEMEFITTERIERA
private var front: Int = 0 // PAEISH, IEEMETE
private var queSize: Int = 0 // BAFIKE

/* REPATINBE */
fun capacity(): Int {
return nums.size

}

/* IRENPAGIRIKE */
fun size(): Int {
return queSize

}

/* FIBIBATIRE T */
fun isEmpty(): Boolean {
return queSize = 0

I
/% NBA %/
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fun push(num: Int) {
if (queSize = capacity()) {
println(" BAFTIEH")
return
IF
// BRI, ERPERS + 1
/] BEEVRIEELI rear AR IBEETLE
val rear = (front + queSize) % capacity()
// B num FINZEE
nums[rear] = num
queSize++

}

/* HEA %/
fun pop(): Int {
val num = peek()
// BAEissREHsh—(l, HEIE, NHREIFIEAELS
front = (front + 1) % capacity()
queSize--
return num

hy

/* IFIEBAETTER +/

fun peek(): Int {
if (isEmpty()) throw Index0Out0fBoundsException()
return nums[front]

}

/* REI¥A */
fun toArray(): IntArray {
/] R EREKESEENMNYIRTE
val res = IntArray(queSize)
var i = 0
var j = front
while (i < queSize) {
res[i] = nums[j % capacity()]
1++
j++
+

return res

DAL SEBLRIBAS IR A RIBR Y . AR AR, FRTT, XN AEASRERR IR, BATTAT DORE A B o 3 52K
H, MmgIAT B, A rBriRE a] A BTS00,

PRPSEELRONS ELES e S — 8, fEIA AN,

5.2.3 PAYIBRBI ]

C WEITR, WYE TR, TR, ARG S SR BRI B, R
A, JERRINS A FRIT R, S AR TR 5, 2 R B Y A,

© BRMEDHEI, EMTRELI OREE” HRERI R, BIAHSTEINLRIESS AL, BT SSE,
PABIAEIX L4755 m] DA ROt 44 AL BRI
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5.3 WREPBAFI

TERNFIH, BRATUNBEMIER S T REAE BRIt R, WE 5-7 Fir, WEPBAG (double-ended queue) 12
BT EENRIENE, VLR AT TR ISR 1,

FFEBATI BAEABA PAETHIBA
deque push_first(1) pop_first()
=]

A& \ /
mm“BlMA 8 B 5 5

AEEEN
PUN ™ ]

BAR I Iél

PARABA PAREHBA

push_last(%4) pop_last()

5-7 WUAIBAFIH 1R

5.3.1 WrRBATIEARE

KLEIAS ) PR EAN SR 5-3 FoR, BRI T3 TR R ZEARTE Al 8 FH R R 1 5 R

%53 WABATHRIERCR

Tk filiigk P 1A A2 2

push_first() BCRFMENE O(1)
push_last()  BcRFMEE O(1)
pop_first()  MHFRBAETTER O(1)
)
)
)

pop_last() il F5INC=VIve S O(1
peek_first() WiRIPAEITE o1
peek_last()  VilFIBAEITHR o1

[FIREdD, BRI DAE MR gIEIE 5 OSBRI ARSI :
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// = File: deque.kt =

/* IRIEAF «/
val deque = LinkedList<Int>()

/* TTENBA */

deque.offerLast(2) // HIMEFE
deque.offerLast(5)
deque.offerLast(4)
deque.offerFirst(3) // HIMEE
deque.offerFirst(1)

/* FRITTE */
val peekFirst = deque.peekFirst() // PAETZ
val peeklLast = deque.peekLast() /] P\ExZE

/* TTEHBA */
val popFirst = deque.pollFirst() // PAETTEHM
val popLast = deque.pollLast() // PAETT=HBA

/* FREUREPAFIBIKE */

val size = deque.size

/* FIETAPATIR B AT */
val isEmpty = deque.isEmpty()

5.3.2 XEPAFISEIR *

FLEASI I SLBL S PASIZEAL,  w] DO RER S 1 N IR BB R A

1. BTFWmAHERMTHR

[IEA_E— TP, AT FR A BERROR SCBABAA, (A e ] DAY S MR L 1 w0 O B eH AR AE) AOTE

R RUGHIET 1T 5 O A PAERIE)

T XEASITT S, SkHESFI AR AT AT NPAFIHI AR, 0mgimid, IEBAS TR SEEL S — A FRTT 18]
AR, Dhit, FRATRA “WABER" (E A SR R ESHREEH,

aniE 5-8 AR, FRATRO A BERAY LT AR S A XA A IR E FIRA RS, IR I SEELAE PR R DA AR

—+- &k
R YIRE,
i
ne | | n AR §
0| g b AR 1N
B EERRENFER :
&l FHIRIA AT N
AR lruuz rua (O
NEK B

MR
Step 1 Step 2

BAEEAPBA

push_last(4)

HHR 4
RINEERELS

1
EERERENAEE L2
IR A AT i
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BER 1

FME SR BIRESR
REAB BAEHH
push_first(1) P @l) e K SB
] o o
a & 8 = (K\
a EELHENAER 2) a EELREVAER 2 )
a FHhRIMATFEATI a I RIMATEBATI }L
© REE @
R
Step 3 Step 4 |
BAEHI
pop_first() BRI

P (?)\

EEERENAER Cre

g HSER NN /ﬁ/

BHA @

[ Step 5 |
5-8 ETHERSCIONABAS B ABA S AR
SEEE AT R PR :
// == File: linkedlist_deque.kt =

[* WABRTIR */
class ListNode(var _val: Int) {
/l HRE
var next: ListNode?
var prev: ListNode?

null // E4TH=51A
null // BiSRT =5|H

}
[* BEFIREHEREIMAINET] «/

class LinkedListDeque {
private var front: ListNode? = null // %kTs= front
private var rear: ListNode? = null // E¥s= rear
private var queSize: Int = 0 // WABFIMKE

/* FREXWABAFIRIKE */
fun size(): Int {
return queSize

F

/* FIETNEBATIRE AT +/
fun isEmpty(): Boolean {
return size() = 0

}
[* NBARME «/

fun push(num: Int, isFront: Boolean) {
val node = ListNode(num)
/] BHERNZ, ML front # rear #FS[ME node
if (isEmpty()) {



H5E RS www.hello-algo.com

101

h

rear = node
front = rear
/] BAENPBAIRIE
} else if (isFront) {
// % node AINZEfEZRLE
front?.prev = node
node.next = front
front = node // EHkTa
/] BAEBNPBAIZIE
} else {
// ¥ node FINEHEREER
rear?.next = node
node.prev = rear
rear = node // BEHETR
+
queSize++ // BEHAIIKE

/% BAEABA */
fun pushFirst(num: Int) {

}

push(num, true)

/* BAEBNBA %/
fun pushLast(num: Int) {

}

push(num, false)

[* HBAIRIE %/
fun pop(isFront: Boolean): Int {

h

if (isEmpty())
throw IndexOutOfBoundsException()
val _val: Int
// BAEHPAIR(E
if (isFront) {
_val = front!!._val // EELTEE
/] BBRET =
val fNext = front!!.next
if (fNext !'= null) {
fNext.prev = null
front!! .next = null
}
front = fNext // BHkTH
/] BAEHPRAIRIE

} else {
_val = rear!!._val // EEETSE
// HBRET =

val rPrev = rear!!.prev
if (rPrev != null) {
rPrev.next = null
rear!!.prev = null
IF
rear = rPrev // BHETR
¥
queSize-- // EFMPIIKE

return _val

/* BAEHBA %/
fun popFirst(): Int {
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return pop

}

/* BARBHIBA */
fun popLast():
return pop

h

(true)

Int {
(false)

/* IFIEBABETTER */

fun peekFirst(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()
return front!!._val

}

/* nEAETTER */

fun peekLast()

: Int {

if (isEmpty()) throw Index0Out0fBoundsException()

return rear!!

}

._val

/% REEARTFITED */
fun toArray(): IntArray {

node =
res =

var
val
for
res[i]
node =
}

return res

2. BTHANIH

front

= node!!

IntArray(size())
(i in res.indices) {
._val

node.next

i 5-9 FoR, SEETEASKBISIZREL,  Befi It a] DU R PR R LB AI B,

UN-)

B gy |

ABA

BE

PN l oy

HBA

W
| Step 1

EETIREFSA
PRI A AT

front {ERMIIETE
rear $EEPFIRTR + 1

rear = front + size
("

PBAFIHEE

size = 3

front >

rear >

Step 2

IINEININ
push_last(4)

IE"E'IH"H'

RETIREFSA
PRI EPAT]

1. itERIES rear
2. BTRAME rear &
3. % size B 1

BAIIKE

size = 4

front >

rear >
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1.3 front EA 1
2. BTRFME front &

3.8 size B} 1
UN=PN
push_first(1)
n BAZIH<EE
a size = 5
lE. EREREEFSRA
lal P RIMATFATI
[ Step 3 ]
BAEHBA
pop_first()

RREMEREF A
a PRI AT

Step 5

5-9 HTREHSINABASIHI BN AR E

[ step 4

PBARHHBA
pop_last()

1. 4§ front B 1
2.4 size B 1

front >

P

IR

size = 3

FERNFIRSCERELR b, (XTHIIN “BAEABL” R “BAEEHBL™ B3 i:

//

== File: array_deque.kt =

[* ¥3EFHE */

class ArrayDeque(capacity: Int) {
private var nums: IntArray = IntArray(capacity) // BFEENEATITEREA
private var front: Int = 0 // PAE#SH, fEmAETE

private var queSize: Int = 0 // XABAFIKE

/* IREVWAEBAFTINAE */
fun capacity(): Int {
return nums.size

}

/* FREVWABATIRUE */
fun size(): Int {
return queSize

h

/* FIBTNEPAFIRERNE */
fun isEmpty(): Boolean {
return queSize = 0

h

/* TTEIRREERE] */
private fun index(i: Int): Int {
/] B ERIRESSIEEE BRE
/] H i EIERAESE, EEISKE
/] E 1 EEEERREE, BRI
return (i + capacity()) % capacity()

front >

1.3 size BH 1
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h

/* BREABA =/
fun pushFirst(num: Int) {
if (queSize = capacity()) {
println(" WHEPAFIEH")
return

+

// PAEIEHMEAEB—(U

// BIEURIRIESSI front I ERAE LIRS EIE E SR
front = index(front - 1)

// ¥ num FHRINEE

nums[front] = num

queSize++

}

/* BRENBA %/
fun pushLast(num: Int) {
if (queSize = capacity()) {
println(" NEPAFIERE")
return
¥
/] ITEBAEEE, IEEAERS| + 1
val rear = index(front + queSize)
/] ¥ num FRINZEAE
nums[rear] = num
queSize++

h

/* BAEHBA =/

fun popFirst(): Int {
val num = peekFirst()
// BAEiEHEEZI—(I
front = index(front + 1)
queSize--
return num

}

/* BARBHIBA */

fun popLast(): Int {
val num = peekLast()
queSize--
return num

}

/* IFIEBABRTTER */

fun peekFirst(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()
return nums[front]

¥

/* IhRIPAEITTE */
fun peekLast(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()
!/ HBERTERSI
val last = index(front + queSize - 1)
return nums[last]

I
[* REEARBTHIED «/
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fun toArray(): IntArray {
/] ERERKESEENMYIRTE
val res = IntArray(queSize)
var i = 0
var j = front
while (i < queSize) {
res[i] = nums[index(3)]
Ilarar
j++
b

return res

5.3.3 WmPAFINF

XAIRASIFE AR S RASRIZ4R, R En] AKX R RIFrA BOHR,  [RIRESE walt B

BAVHINE, RO “HE” DhReiE R (ARSI : RGUKBIRENERIE push IRk, RJEIEIT pop LB
Wo R, HEFIRFFIRAIRG], RIFET SIRHEERPE (BIINARVFRTE 50 22), AR KT
50 I, BXAFFREEARIE (BNE) TAITHIBRIRIE, HEICTRSCBZIIGE, M s R AERDN A AFIRAE A, 15
R, W RROIZ B RE RIS A E RN, FUZXRE RS RERS B8N R S SL B — LA NE 4.

5.4 IhgE

1. EmREH

- Mo AR e e IR A RS,  RlEE B s Rk L,

- AENTRRCRTTH, ARSI EAREAFIReR, BaES AT, BIRABSRERNAEAES
HUEO(n) . MHELZT, HRABERSIEAENFENREREN,

B AR T, MBS RE S B R E RS RIR 2t (AR EERERE, BRI S ARN

3 E BT R E R,

- BB — RGN S R R R 44, (Rl AT DRSS R s B RS, 2 I TR BSCRAN 23 [RI SR
1P ol W 71| SEZ S T TP Y B4 ES T E LV

- MAAFIZ — R B B i B ARG, B ARV MR TIC R AR ER R R,

2. Q&A

Q: IVEERHIRTIE R IRZ A2 XA HE RS

DY ES AR R IR IREA T L2 “R” BORBL. AP Ui — g, %ol AR, S
Rl EIRIGHIN, % 0T = MARTAGH o (5 XA BB AT DATS (A S — L2 1, IXNE XA A"
E AR,

Q: fEHME, RBEHERMHHT SKNF?
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RSN TREE AT R, WATRERRAT, G2 REME], Java fl Python SEiE S HIH HabL
WAL, REEAFRZEF RN, 1 C M C+ hFREFIREANT,

Q: WEBAFUR R MEPHERE T —it2, ERIHIRZEMHA?

T ERAB AR H I BASI I & B DPRE T —ifd, BRI + AFIREHE, Kt A] DAL 5 RS
MIFTE R, FFH BRI,

Q: #¥ (undo) FI#EEH (redo) EAKZUA[SZELAY?
AWM, e A FHTHEE, B AT R,

L LA RIT DR, RIXDRIEEARR A, FHESHKB,
2. GHFHIT G I, MR A e EIE TR, HREEAB .
3. HHPPIT “IMEE” N, MR B HSEH B RIERLE, HRHEARR A



107

Abstract
TEHFENIH R A, BmRME—IEENE B ER,
ELEI A ERBS, M DAPEERE] AR E




HoE MK www.hello-algo.com 108

BER (hashtable), XFREFIR, TEIETH key 51H value ZAIAIRLET, SZEIEMACEER, B
ma, FMAEHERPHEA— DR key, WETLAE O(1) BHENIREY MAYE value .

E 6-1 R, @A n ML, BNPARA T N EET IEYE. BBIIm RS “mA—
F5, RERAEES" FERIIEE, WATDARAE 6-1 FrRiIigfi &R,

BRHE

hash table

BA—T¥5 key, TiHWHEH value
A RPERENREERER 0(1)

K 6-1 M RIHRER

PRI RSN, BAAMBERMAT IS IRIIRE, EMBIRER I 6-1 Fir.

© OWMCE: (FEETRRNELE (555R) MREERIRT, fH O(1) M,
- AR BT BER REUTH, FFEeAESRNFETE, A O(n) NiE,
- MBRCER: FEEEWIICR, HMEE GER) PR, £H O(n) N,

®6-1 TLREWIBCRILL

o HER AWK

#H5tE  O(n) O(n) O(1)
wIEE  O(1) O(1) O(1)
WiEZ  O(n) O(n) O(1)

Mg, TEMA R TR SN g R O(1) , FER &R

6.1.1 MBERTEHIRE

G RAE WIEREERS: Witath, BIERE BIEEXNNIPREEEXF, RO
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// == File: hash_map.kt =

/* WIBLIEHER +/
val map = HashMap<Int,String>()

[* FINERME «/
/] TERRFBRPFIEER (key, value)

map[12836] = " /hBR"
map[15937] = " /B
map[16750] = " /JE"
map[13276] = " /E"
map[10583] = " /hEZ"

/*x BIERIE %/
/] AMRERTBEAE key , 32E value
val name = map[15937]

/* MIBRIRIE =/
/] TERHERPHEFEE (key, value)
map.remove (10583)

W RA = FE AR 772 e RHEN . DA E, AR
// == File: hash_map.kt =

/* BAKER */

/] BHEEX key->value

for ((key, value) in map) {
println("$key -> $value")

¥

/] BIREHE key

for (key in map.keys) {
println(key)

¥

/] BIEH{E value

for (_val in map.values) 1
println(_val)

¥

6.1.2 MAFEREHEITY
B E BB AIER, - ANRACREIIET R, ERFERT, BATERL PG 22O
(bucket), BFAMERITEME—NEUERT, Uk, ZEHRIERZIE] key X RAUME, FELERTFIRE value .

2, GAIET key TEALN M HIMENE? X 2IEL IR FHEER (hash function) KPR, MG EREEIMERZR—1
RIS B B — DR DR S B, fERGAT R, MASHZATE key , WHZ=EIZATAR (B
R5Do HANEH, WA key , AT UBRIGA REBUHENZ key X RLAIEEAFEDN 768 P LA R AL B
A key , MaAmEEHTTHREEED WIS,

L. B IERIEREIE hash () HRESFETE,
2. KT ENEE (BEKE) capacity BUE, MMZREGZ key XIRIAIMG (BZHZRS)) index,
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index = hash(key) % capacity

BEjE, BATHEATLARIF index FEMG AR AR AT IS RATAE, MIMIREL value o

REEH K E capacity = 100, MA#EE hash(key) = key, SIFWBTEECH key % 100, & 6-2 DL key
M value BER AR, JRIR T AT BREHY TAE R,

DUNAHESEI T — ME IR R, Hrb, IO key 1 value BEER —1K Pair, DAFRREHEN,

BN key

ED—
B -

[

/| == File: array_hash_map.kt

[* BEX */

clas

)

s Pair(
var key: Int,

var _val: String

/* BEFHATMPBRER */
class ArrayHashMap {

/] e,

B2 100 ME

=5l

— 36

37

mEEK
key % 100

— 76

83

o
key

15937

i 16750

et 13276

10583

(B MERRE—MEE
%)

e . ven . e . e ' a ven

|

value

TN

“haEr

“hgEr

“E

“) By

6-2 e R TR EE

private val buckets = array0fNulls<Pair>(100)

[* MERTEREL */

fun hashFunc(key: Int): Int {

val index = key % 100
return index

¥
[* BEWRIE */

fun get(key: Int): String? {
val index = hashFunc(key)
= buckets[index] ?:

val pair

return pair._val

return null

Wil value

— &3

—&3
— &3

J
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[* BIRE =/

fun put(key: Int, _val: String) {
val pair = Pair(key, _val)
val index = hashFunc(key)
buckets[index] = pair

}

/* BBRIRIE */

fun remove(key: Int) {
val index = hashFunc(key)
// BA null , KEMIER
buckets[index] = null

+

/* IRENFREREN */
fun pairSet(): MutablelList<Pair> {
val pairSet = mutablelListO0f<Pair>()
for (pair in buckets) {
if (pair != null)
pairSet.add(pair)
+
return pairSet

y

/* SREXFRE%E */
fun keySet(): MutablelList<Int> {
val keySet = mutableListOf<Int>()
for (pair in buckets) {
if (pair != null)
keySet.add(pair.key)
I
return keySet
}

/* IREXNFREME */
fun valueSet(): MutablelList<String> {
val valueSet = mutablelListO0f<String>()
for (pair in buckets) {
if (pair != null)
valueSet.add(pair._val)
}
return valueSet

}

/x FTENMGAER =/
fun print() {
for (kv in pairSet()) {
val key = kv.key
val _val = kv._val
println("$key -> $_val")
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6.1.3 BREAARSTAE
WA LE, WBTEEIER 2SS key MM ZS IR B ATE 25 MBI 23 0], ik A2
AT A TR A, i, BE @A “SAMANN AR 5.

T ERRGIFFRIG R, SRR key JEAAHRIRG, W7 REE LS R B, fldn, E#ESH
12836 120336 KIMPMEAER, BASE]:

12836 % 1060
20336 % 100

36
36

WA 6-3 fizr, WANEELER TH—MNMER, XERZ AN, BRI R AN R R — i H TS R
HMMaZ S (hash collision),

BN key #35| e W value

key value

Lt

N

— . 36 —]

m// 3=7 15937“11\@" \Hm

/ "aRER 50 16750 | “/hE” \
“’J‘ﬁ"

Ia oee

76 13276

83 10583 | “/\Fg”

wee ' ase . wee .

K 6-3 WA 5ol

AR, BRRER n K, 21 key HOTECEIFE — M AIMERMEIE, MR, Fit, AT
WY E ARV 0

Gl 6-4 Flw, ARTHMERT (136, A) #1 (236, D) RAEMZE, ¥ AFEMRIHEK,
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MEREE - 100 WERNE 2 8 BERSE - 200
IEFREB key % 100 » TR key %200
#3| key value 3| key value

36

36

136

50

150

83
183

Kl 6-4 MR A

KU TG R, TR BRI AT REBEIAHE, RN Lo FIah R R
capacity M2, RIS WA EEOR IR S A RA 077 B, 05800 T i 2Rt
ST i, GBS KRR RAR, B,

fAHEF (load factor) ZMAH R —DNEHEEME, HE OVGHRITREERDMSE, AT EHEBRAH
REEERE, WEENRAERY FRME R, BIE Java i, S7EE D 0.75 I, RGASKER
RITHEFILH 2 %

6.2 MR

B e I R U i 1 RV U BRES 4 G NE NG [T N s vl I PR v ol o R S e AT 7Y P w1
AR 2HRY, WS BEHE RN, WA 2 MBS E R — R
G IR SEE WL RIR, TEPIABHRIAT M. N Tz, 582 AR rmRn, A
HATIERRY R, EEMRHIOVIE. BIEEAHREAR, ERERKR, FARARTAREH TR
R EEREIRIZ SR ETT R, 0 THRIIRER, AT PR DA 5,

1. BRI R AR, AETFIRA Fn] DAL B s RN IEH LA

2. (HERLES, BISIGArRR LA™ B, AT AR

WG RAVEA R7TE T EARS “aEsCthht” "I SHIE™,

6.2.1 siEziithsit

fERGEIRTR R, B MAEEFME— N MERXN, 5EXHhE (separate chaining) N TREH RS, it
ERENBERTI R, RATE KA REVEE X AR B E R —BER . B 6-5 R 7 — PNk a7 R A5
To
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EL ]

etk

FMRERE— TR,
HAG8RaHrRns

IAZFEE key % 100

BERAAEFER key
ERERTFHRR

00

37

50

76

83

| R (RaRER)

F

oo
o

oss |

Kl 6-5 HEAMALIGT &

E T et SRR IS A RAGIRIE T TR R AL T DUR AL,
- HMDLR: WA key , ZLMTWERBIGEMRS, BIATRBER LT A, A5 RERIFA L key A

AR HREE{ERN

COWMTER: E/EE IR REBOMBERSLT R, RERTR GREXD) IInEIER .,
- MHERICER: ARYEMG A RIS YT BERSLES, BRI i RE R BT B AR T RO R H MR,

HEFCHIHE 7 42 DU R R,

- O HHERR: RERE SRS, A LA SRR TR A A
- EIBCRIK: ROV AR R R E SO BT R,

PATAHSZE T i CHbAE RS 7 RV R A SEEY, FTREERM .
- ERAIER GISEED) ROERER, MM, EXME T, Bmk %) ga2 M, 80

R — IR,

- TSI SRR A7k, YREN TR 2 i, ROVGIET R EEREN 2 15

// == File: hash_map_chaining.kt =

/* PERHAIEFHR */

class HashMapChaining {
var size: Int // BEWEHE
var capacity: Int // BRHERB=

val loadThres: Double // fik¥ BHNHHEFRE

val extendRatio: Int // ¥ &AEE

var buckets: MutablelList<Mutablelist<Pair>> // #@#iH

[* WETFE */

init {
size = 0
capacity = 4

loadThres = 2.0 / 3.0
extendRatio = 2

J

] ]
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buckets = mutableListOf()
for (i in O..<capacity) {
buckets.add(mutableList0f())
r
+

/* MEFEEEL */
fun hashFunc(key: Int): Int {
return key % capacity

}

/* BEHEAF */
fun loadFactor(): Double {

return (size / capacity).toDouble()
+

[* EERE */
fun get(key: Int): String? {
val index = hashFunc(key)
val bucket = buckets[index]
// BAEWE, EHE key , MLIREIFLZ val
for (pair in bucket) {
if (pair.key = key) return pair._val
¥
/] BXRILE key , MIRE null
return null

}

[* FIMEE =/
fun put(key: Int, _val: String) {
/] EaHREFELHRER, RITT S
if (loadFactor() > loadThres) {
extend()
b
val index = hashFunc(key)
val bucket = buckets[index]
/] BHE, EBIFEE key , WEHIL val FHik[E
for (pair in bucket) {
if (pair.key = key) {
pair._val = _val
return
}
¥
/] BEFEZ key , NWIEREEXRMNERES
val pair = Pair(key, _val)
bucket.add(pair)
size++

y

/* BBRIRIE */
fun remove(key: Int) {
val index = hashFunc(key)
val bucket = buckets[index]
/] A, MPRIBREE
for (pair in bucket) {
if (pair.key = key) {
bucket.remove(pair)
size--
break
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[* I BRER +/
fun extend() {
/] BEERERER
val bucketsTmp = buckets
/] BT SENMIaER
capacity *= extendRatio
// mutablelist TEEA/I
buckets = mutablelListOf()
for (i in 0..<capacity) {
buckets.add(mutableList0f())
¥
size = 0
/] BREFSMNEBFERBEEMIEHR
for (bucket in bucketsTmp) {
for (pair in bucket) {
put(pair.key, pair._val)
}

}.

/* FTENRGHR */
fun print() {
for (bucket in buckets) {
val res = mutableList0f<String>()
for (pair in bucket) {
val k = pair.key
val v = pair._val
res.add("$k -> $v")
¥

println(res)

ESERRE, HEERIRKN, ZIORER O(n) RE. N BLRHERHCN “AVL B 8 “2L8R”, M
R IR R 2R O(logn) o

6.2.2 FiIut

FHFuk (open addressing) N5 IABIMNIEHRLEN, TRIED “ZRIEN” KACBEBAIZR, HF77E
TAAREMEIR, P75 RN 2 IG5

TN AR B, TS HE R R A EALH

1. &R

ZRMEIRTNR &1 20 K R M EORMEATIRM,  HAR 77185 B IiG 7 RA A A Al

- AR EERAEEITRERRG, HRIMNEETTR, WA RERELEN CFREHE N
1), ERREIH, FHrRmAEF,
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C EPOLER: HRIMAE, WERHES KT, BFEHREXMITR, &E value HI
Al WEIBEIEA, R ERTRAERA RS, J&E None o

B 6-6 R TSk (SRIERI) WA RAVEE(EX oA, ARIEIA L, SEMAHFR key #R B
SHEIAHTRI A, TS ZRMIRI, IR AL %M DA 2 T B,

=3l Bt

2

00 <

AR n || (&

02

W n
S S
g@g

SMEN, PR 1

76 <

MAFEE key % 100 77

EEAAERR key
RREIGF N

N o« =
~ ~ ~
o o o
n a a :

78

o«
~
g
a

~
~
o
. a

B 6-6 JF Sk (SRR Wafm RAEE(E X 0 A
SRT, LRMERIA S /L “REMAR”, BIRRE, SEHTESHE A EREK, IXEESAE R LR
REJATREVERIR, M — R B RHEA K, TERCEIEIEI, KA SBURMESIRIERER S,

EREENE, BTSSR ISP ERMER TR, XZ2RAMPR TR S EBHNTE D2
None , Mi4&EWILRE, LIERNEZEMMIRE, KIAEZT 2 NTTRATCERRIIRE], f2ra]
REBRFNIXLETCRAFLE, W 6-7 Fro

=5l b

00 <

[
S
S

01

wu1
S
S

02

76 <

(= w
~ S
= !
= E

p% (OO 2=

MEEEREEZ THRERT
78

B 6-7 {EITTRSHEF BRI R S B & i A
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N FRUGZEE, FATTA] RS (lazy deletion) Al EAREZMNBAERPERICE, M4
# B TOMBSTONE SRARICIX /M, TEIZALHI T, None F1 TOMBSTONE #RAFRZSAH, #Fnl DURERE N, BRI
FE, ZeERIZ] TOMBSTONE I RIZ4ksm i, RovE 2 RelREIR 7 ERE X,

SR, PEMER v BE 2R A R PEREIRIL, X 2 R AR MBRIEIEER = =4 — MHERFRIC, ff%& TOMBSTONE
BN, EERRRWSIEN, EAZEFRNATRET ZEkIT 21> TOMBSTONE A #EkEHirTE,

A, FEESMERMAIC FIEEE S TOMBSTONE FURS|, HFHE R HIRTE S5 1% TOMBSTONE 23 #t
A8 IXFEMIIEFAL R S FRERSIRINTTER, TR s 2 SR E (IR G ) FILRH, M
A L E T RCR,

PARARLSEEL T — ML S BRI S0 (MR e, N7 B hn7e ol G R =S m], 341
BB FRBEE—D ", LI RN, [[2) LRk S20E T,

// == File: hash_map_open_addressing.kt =

/*x FRFURBRER «/
class HashMapOpenAddressing {

private var size: Int [/ BREXEHE
private var capacity: Int /| WBHERA=E
private val loadThres: Double /] BRI RNAEHEFHRE
private val extendRatio: Int /] BEE
private var buckets: Array<Pair?> // 1§
private val TOMBSTONE: Pair /] HBRATIE
[* ¥REFHE */
init {
size = 0
capacity = 4

loadThres = 2.0 / 3.0
extendRatio = 2
buckets = arrayOfNulls(capacity)
TOMBSTONE = Pair(-1, "-1")

}.

[* WRFREL */
fun hashFunc(key: Int): Int {
return key % capacity

}.

/* GEHEATF */
fun loadFactor(): Double {
return (size / capacity).toDouble()

}

/* B3R key WNHIEES| x/
fun findBucket(key: Int): Int {
var index = hashFunc(key)
var firstTombstone = -1
[/ EMEREN, HBETHEBE
while (buckets[index] != null) {
/] EBE key , REFNHRBERSI
if (buckets[index]?.key = key) {
/] Ezanid® T HERinie, NERENZshEZZRS |4
if (firstTombstone != -1) {
buckets[firstTombstone] = buckets[index]
buckets[index] = TOMBSTONE
return firstTombstone // REIHSEHEHEZRSI
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return index // iR[EIFEZERS|
¥
/] BFEINE MRS
if (firstTombstone =— -1 8& buckets[index] = TOMBSTONE) {
firstTombstone = index
}
/]l TERES|, #HdEEHNLREILS
index = (index + 1) % capacity
b
// & key AEE, MREIFRMNSNZES]
return if (firstTombstone = -1) index else firstTombstone

}

[* TIIRE +/
fun get(key: Int): String? {
/] R key FRAEZESI
val index = findBucket(key)
/] BEHREREX, WRERXE val
if (buckets[index] != null && buckets[index] != TOMBSTONE)
return buckets[index]?._val
+
/] EREFNAEFE, WRE null
return null

y

[* FIMEE x/
fun put(key: Int, _val: String) {
/] BHHARFBIHREN, TS
if (loadFactor() > loadThres) {
extend()

+

/] R key MRAIEZRSI

val index = findBucket(key)

/] ERFIREX, WEZE val HiR[E

if (buckets[index] != null && buckets[index] != TOMBSTONE) <
buckets[index]!!._val = _val
return

+

/] EREXNFAEE, WHRINMZRE

buckets[index] = Pair(key, _val)

size++

}

/% MIBRIEIE +/
fun remove(key: Int) {
/] #ER key XNHIHERSI
val index = findBucket(key)
/] BRFREX, WERRTEERE
if (buckets[index] != null 8& buckets[index] != TOMBSTONE) {
buckets[index] = TOMBSTONE
size--

y

/* ¥ BRRER */

fun extend() {
/] BEFEREHER
val bucketsTmp = buckets
/] BT BENmEHER
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capacity *= extendRatio
buckets = arrayO0fNulls(capacity)
size = 0
[/ BREMMERERBEEMEHR
for (pair in bucketsTmp) {
if (pair != null && pair != TOMBSTONE) {
put(pair.key, pair._val)
I

h

/* FTENMGHR */
fun print() {
for (pair in buckets) {
if (pair = null) A
println("null")
} else if (pair = TOMBSTONE) {
println("TOMESTOME")
} else {
printin("${pair.key} -> ${pair._vall")
I

2. FERHEN

SEF RIS LRI, BRI SHERYE WK 2 —, HAREMREE, F RN E & s — M E
TERE, Tkl “TRMIREEET” o8, B 1,4,9, ... %5,

SEFERI BB DAL,

- CFITERIE IS BOS R ECT 75 BEE RS, IR R RS IR I Y SR SRR
- PRI R KRR BRI AL E, A B T EER ARG AN A,

SR, PO IRIE AR SE SRR,

- RFEREINSR, RSN LA B EA S PE .
TP R, P RN ATREA RN NG R, IXERE H ISR A 2, ~F75 PRt A] fE
TRV E,

3. ZRBE

BB, ZIRIETTEERZMNETEE f1(2). folm)s f3(z). ... BATHRM,

- HEATCER: ERTEEf) (o) HBPR, W fo (), DUSSHE, EFREBAEmATTR,
- BPOLR: EMHERIGREEIF FHETER, BEEHEIEATRNIRE; FERE A e A
R, AR AR AFAEIZILER, NIR[E None o

SEMRMMELL, Z2REHTTENG T ERE, B2 N GHEESTRISMITTEE,
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Tip
THER, JPRSHE GRIERI, SF7 RN 2 RI6T) I6MEREEE “TREEEMFR TR MR,

6.2.3 {RIZIES MR

AR TE S R T ARG A RELBURRS, T2 LT

- Python RAJF#HS 4k, T8t dict fEFHNBENLEOEI TR,

- Java RHHEAMIAE, B JDK 1.8 DK, 4 HashMap NEH KIEIAZE] 64 HEERICEIAT] 8 I, fERA
AN LT R DA T AR PR RE

- Go XMk, Go MUE B MR Z 7% 8 MHMEX!, BMHARNMER —MRHM, HiHmmd2
I, SPIT—RRIRRSE R ARIE, DAERIERE.

6.3 BERZE

RPN T WA 3R A TR AR b R BTG 6, ARmTEIe BT P N Sabie 2 e Cibat, M RECRUE
WA 2n] DAE R E DRI I3 AR, miCiiisl P Ia th R &2k,

QRIS IS THE, MARIEREN 2R SK. WK 6-8 Frr, N TREAMUIGH R, RN R
ENES P RIER M, RBREEWRER; REBI NG RENEEAERIE — M, NS AR
t= O(n)

SERUIEIS R

a a...a
firt

BEER:
BENTFEDHRES MEH
AiEEZRE 0(1)

000000000000
REMR:
BT BT

BHEIEZRE 0(n)

Kl 6-8 M RIVRER IS &ZEH

A A T DL R R BB . [BHZIG i R BT R B, SEIH RIS E, PR K
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index = hash(key) % capacity

MELLEAK, HRAEAR capacity FEER, MAHBEIL hash O YU& 7 HihE, HMOE THREXNER
R AR MEIE DL

XEWE, N7 RRBAMRIZEMR, RO SHERNEPERRRIL hash() KT L,

6.3.1 BEFZWEMR

NTII “BERXAR” RIS R EEREE, W RIEN B g DA R

- WhEtE: X TMERRA, IERERMGL MR, XA BE R R R A R,
COReRE: HRERAREEENZ RS, HEITRRD, 16 RAS AR,
- B IEREIANAAE S RHMER I S AR R, TS, AR AR B,

Kk b, MAEEER T A DU TR R, 7 2 T HAb SRt

- ENERE: N TR P EENZ e, RGUEE AIERFER P RISCER, TR 7 E R RG A
{H. HHFMANEEN, RGN HMANEWIIRERE, K55 EEIGHEEITHE, MRMH L
ML, AR RN E .

- BIRSERER A BE R0 TT ] DA R BRI AR (B R L — RO #R IS AT AR R T SRR IR Y
BARRIGTE, HSREEIMIGREEI T, WRMHITAS, ARAEHRREA e,

AN TEEFAMRNAL, AT BN EES B A EEEY A TR, BREEREASESSRNLE
Ritto

- Bt JorRiEId M AR (E S O T R A BRI RS R
- PibEENE: SCSPEREIN D REIRER, E S ERR A EM L,
=115 VAR VNG N VA B € el D < = R T R R

EIER, “W50A” 5 “DiRETE” RWANIEEE, RS A e e iR, flan, FERERL
BN key T, MRmEE key % 100 A UL, AmiziemBEEL TEE, FrE/EmAHEY%
i) key BOKEHARRETR, RIEFERATTA] DARA 7 IS (E S RTFTRY key , AR AR T,

6.3.2 MFHEBIEINILIT

IEREIRNIRIT R — MR ESEFZRRMERAE, R FREZRAERI R, BATHAER &R
BHBAER,

o MEMEAR AR AR ESANTAFRY ASCIT A AN, S BIR SR E I TR,

- ORIEMGA: FIFSRIERA RN, SRR DI, BB DT ASCIL R R EN,

- SElRA R AR S T REE R a8 E R Me AR ET,

- B RN TATRY ASCIT AR —NMeRmES, SRER AT WA [EET e 1k,
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// == File: simple_hash.kt =

/* NERE x/
fun addHash(key: String): Int {
var hash = 0L
val MODULUS = 10006000007
for (c in key.toCharArray()) {
hash = (hash + c.code) % MODULUS

}.
return hash.toInt()

by

/* FTERTE */
fun mulHash(key: String): Int {
var hash = 0L
val MODULUS = 10000600007
for (c in key.toCharArray()) {
hash = (31 * hash + c.code) % MODULUS

}
return hash.toInt()
}

/* BEHEH */
fun xorHash(key: String): Int {
var hash = 0
val MODULUS = 1000600606007
for (c in key.toCharArray()) {
hash = hash xor c.code

I
return hash and MODULUS

h

/* TEEEadE +/
fun rotHash(key: String): Int {
var hash = 0L
val MODULUS = 1000008007
for (c in key.toCharArray()) {
hash = ((hash shl 4) xor (hash shr 28) xor c.code.tolLong()) % MODULUS
}
return hash.toInt()

WS RN, SRNE TR BIAR B e — A #U2 KBi% 1000000007 B, DARRERIG i (EAE AIERTEEIN, (ETS
BERE, W2 Zs AN FEURRR, BB Y S B R B2 4.2 X2 — N EBRI R,

Jetaigsie: ERIRBURMENBEL, vl DA KB RUEIR AR 2 504t RN TR 5 HAth B 7 AL
B, AT DAIRR/D R SRR I 22 A SR PR, AT SR 7 v 5%

BT, BIZBAITERE SO MRy, B DAt 3 586R, ARAFTA AT LR 3 BERRIY key RS HMRESE] O,
3. 6 X=EFE,

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,... }

QISR key TEUF I RIXFEEBEINEAR 10, IR2MGRmEMRS HBIREE, MMNERR PR, BE, &



HBowE IRHR www.hello-algo.com 124

5 modulus B sk 13, HT key 1 modulus ZRIRTEEAZIEL, Rk A7 E )51 201

BT,

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,... }

EfSUAARYR, GHERAEMSIRIE key BRENUIISI DGR, ARAMERESEEE S EEMEEE T DL, el e
HEI S ARG TE, T4 key RID MM F RN, AR ERS HIRENS,

BMEZ, FANEFIEZBEIEARE, FFHIX NG e R, DRATREHPREIIMASR, $ErHamA
R,

6.3.3 BERMFEHZ

KRB, DAL RIS RIAE LR s, Imimi A IAEIG A BRI BN, f14n, B inism
SFECH R AT, R ANTRNG T A0 S BRG A7 JC TR X 0 A RME S A R =77 e, XA RES ARG A h 2R,
Fo e —Le e n,
TESERRrh, AT X H —ShRER AR, B4 MD5, SHA-1, SHA-2 fl SHA-3 5%, AT UHERK
JE Hm A\ S 2B K A E A (L
E—MULE LR, IAREIREEAWT R SRS RS, —MaaR N RS RTHe R EIRAEE, 5—
HRIAE SN RSB N BC) T S HERIG R RIAN 2 2ER, 3% 6-2 R T 7ESEPR R i WG R 5T,

- MD5 1 SHA-1 EZ R, R el k2 e MM,

- SHA-2 RHIFFE) SHA-256 B L2 HEL L —, IARHBBKIIHIBGR, KibEHESKLZE

IV EES RGN
- SHA-3 % SHA-2 RSSBUTH AR, HENERE S, (HH R HERE RN SHA-2 &5,

*®6-2 WUMIEREE

MD5 SHA-1 SHA-2 SHA-3
HEHIR 1992 1995 2002 2008
1]
il 128 bit 160 bit 256/512 bit 224/256/384/512
& bit
MmNz L EZ R/ R
%
ZeE AR, OB K, BEERIK & =
% i
7 F EWFEM, ATEEREEE CHFER IBEMRZ SR, BFE%4  WHTE SHA-2

= F
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6.3.4 HIELGHIBIAHE

PATRINE, W RAT key AT DURRERL, INEELF AT ARFEEEIA, 1A S0 SO BRR AR N E
efmED, ATIHERARPIMET. B Python R, FATAT LA hash () BRECKITESREHEE
IR A {E,

- BB /RERIG A EPURHA S

C IFRERT BRI E T EROVE R, AMNBREEETE BT,

- NG RERN HPE PR TR, RERXERmEHSER, S8R —HRAHE,
- NREETEE T HAA A R, BT ES N RIEARTTIE, KM T AL RIS E,

Tip
THIER, ARGWEE SN ER R ET R R BEIE 75 B,

// == File: built_in_hash.kt =

val num = 3
val hashNum = num.hashCode()

/] EE# 3 MEFEER 3

val bol = true
val hashBol = bol.hashCode()
// T/RE true BMEFHEEN 1231

val dec = 3.14159
val hashDec = dec.hashCode()
/] NER 3.14159 HRRFEN -1340954729

val str = "Hello %"
val hashStr = str.hashCode()
/] FRE “Hello BA” MIMREHEN -727081396

val arr = array0f<Any>(12836, " /]\ig")
val hashTup = arr.hashCode()
/] ¥R [12836, /iG] BIPSFE{EN 189568618

val obj = ListNode(0)
val hashObj = obj.hashCode()
/] TRAXR utils.ListNode@1d81eb93 RIMGFHEN 495053715

TEVFZHIEES T, RARENRA ERBRRK key o RINFRATRFIR @GS 1E9 key , 451
RONEREZAN, ERNEREDRESE, BITTEERTRTEREFELN valve T,
BRAENR (FLnBERT ) AR R R, (HER RIS, 102 B At G A A {0 2 0
TR R, B RN ERLE TRMA, HERNAFIERE, BRETRENEN,

O RIPRA] BE R IEAR FIER & s TR, EH AR ERTF, XR2EN Python fRRESSERHKIG
ghif, #S NIRRT M — A BEILIEE (salt) {H, XAMEIER] LA R ( HashDoS %, f27Hia
mEIRRZ 2,
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6.4 &

1. EREEH

. HiA Kkey, TATSRAENSTE O(1) BHAINZES] valve , XCRIEH T,

BT AR ETE . VRINRREDN . INRR AR (DN AT A 7 R 2,

. IRTERCS key BRSTRREIZRE], TV BRI value .

- BRI key TTREELOTIAT FAUS (S FINRCRRD|, S8 LT, XRB SR s
Fohe,

C RTRAREK, BRI, FI T OB AT RORERIG TS, SR Ak
B, W7D BRI,

R T SO T R SRR R, R T IR T SR AR, B R I 7 A
GE

- RERHAEEI A N TEE A R, KT I SOT R MR — R, AT, BERIT KSR
IR, T DUBI i e R O LT B RAR B R

- PRSI 2 RERIDRALIA T o, MR RE RS K, BURRRERTE, AR
e, ZUBT RS BAREEOETHN, AR RS RSP R R, (A2 A7 ER T H e
Ho

- RAGHE S RI T RAMIGT 29I, B, Java 19 HashMap (AR HILE, T Python () Dict
TAFHHE

CERFRR, ROFERTEEAAMEIE. SRRSO, R, BT EAER %
AR S 0

T ELHIER SR AR R E R, DU A IE RS, ROIE TR,

- LIS EIIEE MD5, SHA-1. SHA-2 1 SHA-3 %5, MDS5 % I TR S fi5a#etk, SHA-2
T R S UL

RSB S BRI GBI, TR A R RS B, SR
G R ATIAT .

2. Q&A

Q: TR A E e 4 150 T2 O(n) ?

YA R LT EN, BRRONEEREDIRILE O(n) . YWBRFEREZIHF LKL, FRRELK
B, MRECFN, NRSRER O(1) . FAIEAREESNENRFERN, WIS RER
0(1)0

Q: M ATMHIARES f(x) = 2 B2 KRR EMIT,

£ f(r) = x MAWERET, SNTRNNMME—RMRS], XSEAEEN. Am, ARSI T2
Al B KR, KIS R R e — P AR B KBS, a8, W7 RAT B — MR
RS I B —NEUNOZ ], FFREE O(1) WEIRR,

Q: MARIKZLIREEA, R, X, HAF2RBERAULLENTEmE?
B, WBmRINRRERE R, EERBRER T, WARAEHES o AR,
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H, HRERE 7 PN RRCRAE S T QIR — D IIRERERS CEAH R A A & 2% B N A B s R S
W, ABEH LR RE P, XREAMRAREOHERZITH, N E AR BITE AR,

A
IS, RN S 2 TR R AR L, BIERE S, FRATREULE R R BT B h AT B R OE,
YREIRILE O(n) I IEINE,

Q: ZRIEFATREEREMBRITRAVERENG? bRic )y L MHFRAY 2 I RE A AL A 152

ZUIE T RITR LR —Ff, TR SHERE S REEREMERTRAVEIE, FRFEEIIRICHER. FRid v EmER
A EFT AR S REFeRmAMG TR, JF HIEE ISR GRS oy TR A BN, XA E AT L
BOFTCRE M IXFEELRE LRI RATRIF A 2L, XRERIEMG A 2R A 23 R

Q: Nt A ELMRNN, EHTTRIN RS MBI R0E?

A IN e e 7 PREIGEIN B ARFT BB, & B key RIERC, IXSUARAMAMIR, Kk, LRIERM
RERIEPCBOE R AR A N &R, R HREE R B ER sCiR R B 1k,

Q: Wit AWTRY SRR IRIAT I

U7 PR B fi — PR N B K n B (BGR), IR EVEERARSIEEN; £ &5, Tk
& n B, T key XM ARG HBRIRER LML, [FIEER —MERIZ A key , EIRERIRES WAL
FIZ A, TSI A P RAI R AR

Q: WFN TR, B B B At 7 Ig?

SEHERT key BIESHVINUEREEN, BN, MRS HY key ZHAMER (BIEIFRFEH) K,
FLTR ZAEBIIG T BRSO key BUSIONVEEHR S|, FHEIMBEGFMITER, XHENEEMRRR R,
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Abstract
SRR )], REMX, 2EEkb,
TRHEITER T I 6N STES.
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7.1 =X

X (binary tree) 2L dRL Y, & L™ 5 AT ZBBIRERR, BELT “—oh ="
R iR, SREREM, “XMIERBITET N, S TRESHE. 271 a5 G 779851 H.

[* ZXWHmE «/
class TreeNode(val _val: Int) { // T&E
val left: TreeNode? = null // EFTS5H
val right: TreeNode? = null // BFT =518
}

BN AEAERANSIH (88, 25HEREF TS (left-child node) FlBEFTis (right-child node), 1% 5
BTERRRIXPAN T IR T = (parent node) s M4 E — N X s, FRATEIZTT T R E
PAR s BRI AR N 1Z 1T s A F4 (left subtree), RIBEAISAFE (right subtree),

FE X, BRSO, HA A YRR S W AR, Qs 7-1 R, AR TR 27 R
TR, WHEAFWRMGFTRDAE TR 4" M “WR 5", EFmE WA 4 LHDUN RIERAM”,
AR TR 5 DU RTE IR,

—xi RN=

binary tree

|
E;fy \E?J‘ﬁ,ﬁ

¥ aFH

ANV
ivivi

B 7-1 W, FIR. T

7.1.1 —XRWERKIE

XA FHARTEINE 7-2 FR.

- RS (rootnode): AT XMTHER A, EERXT R

- MTE (leafnode): WA TFWAMNTIA, HMMEEYHER None .

- i (edge): EFEINTRVEEL, BT A5IH (FBED.

© HEERNE (level): MWIZEJIENE, R SMMEEN 1,

- RME (degree): TR AMEE, EXMH, EREETGERZ 0. 1. 2,
- ZXHHBE (height): MR REIHIE M7 SIS B EUR,
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© HRIGRRE (depth): IR ARSI RRAINAIECR
- RIESEE (height): MBEBSICT AUBORIOM 5 BN TG L TSR

R
=E =3

M

7-2 XM RIARE

Tip
THER, BATEFER “SE7 M W Oy "SRR, (B M TR HE
SON ST RATEERT, ERXAES, SRR EATEM 1,

7.1.2 ZXWMEAIZE
1. A=

SRR, HIoWae R, REWESIHE (EE.

// = File: binary_tree.kt =

/] EET R

val nl = TreeNode(1)
val n2 = TreeNode(2)
val n3 = TreeNode(3)
val n4 = TreeNode(4)
val n5 = TreeNode(5)
// MWETRZIEWN5IE (G8FH)
nl.left = n2
nl.right = n3
n2.left = n4
n2.right = n5

2. EANSHBRT =

SRR, £ A S IBRT ST OB BRI, B 7-3 St T —RB,
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AT R BB =
nl.left = P nl.left = n2
P.left = n2

7-3 AE B S IR R

// == File: binary_tree.kt =

val P = TreeNode(0)

// TE nl -> n2 HEREATS P
nl.left = P

P.left = n2

/] BBRTIS P

nl.left = n2

Tip
REERIRE, AT RATRERNE — XA AG,  TERTS ol 5 R PRI T R
ARt B, f£=XRH, BASHERERZH —ERELSEMRE, PSIA KRR X AIHRE,

7.1.3 EBR-HFER

1. EERIXH

GniE 7-4 FR, SERXAH (perfect binary tree) A R REH S 2, fE5ER XM, MY RHE
H0, HARFET RN 2 HRIEEN b, WA RECN 2" — 1) RIS R, R

R =R e T OF RS TIE 8

Tip
THIER, RS, 5838 = SO B SR i — X,
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FERNiR
perfect binary tree

(oA Fr o il — )

FRB ERYTS R R

7-4 FER XY

2. B2XHY

WK 7-5 FirR, B2 XM (complete binary tree) (X ARFERKER T M ATEREW, HERIKZEIT 550
MEBEMRIRESIAT, BER, EREXMRE— e = XM,

RETWiH

complete binary tree

ERETRELER, AttETRERIER

B 7-5 sEe X

3. ERH—Xh

GHE 7-6 AR, SERZXM (full binary tree) BRT TR 2, HARATE T SEA NN T R
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SRR

full binary tree

FrETRRERA 0 = 2

Bl 7-6 S — S

4. FH -

WK 7-7 FirR, FHEZXH (balanced binary tree) AR sl B/ FHIFIAS 106 1 v 1 2 ZE 48 0 {E A e
o1,

i

balanced binary tree

BERN ETRBE - SFHBE - d
WFE =N TSHRE d] <1

B 7-7 - X

7.1.4 ZXMeNEk
B 7-8 JER T X R BRARSE M 5B AL S5 K, Y YRR SR, A R W 4R
G EEmA—, YRRl “HER,

- ERXREEERNN, ATDASE AR X aia” L.
- BERNIR S — R, A THREEE R E, RIS RERLE O(n) .
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4
N P
S\ ,
4
Biag J/ iBitE
FEE XA R

B 7-8 XA ERELI S5 R ZELH
R 7-1 R, TERELSWMRZEST, XM PR, TR, SEFRSINCRESWME,

R 7-1 “XRBRESH S =45

SR R
51 BT R 2071 1
FER h R R 28 1
FER h R R 2k — 1 h+1

TRULEON n ORIORE log,(n+ 1) —1 n—1

7.2 ZXbhEH

MPIEEERI R, PR — R T RERMBURS Y, R EE 75 2RISR MR R R0,
PR — AR ERSS A, X E S e P iR N 7, I RRRSI,

XM Wi 7T S NEAR R T, BT, AR AR i R

7.2.1 BFiERH
WE 7-9 Fir, BFEEH (level-order traversal) MIRESEIKENZR E XK, HAEG—ELBMNERGT
i 37 TR0 75 R

BERBHAR FE T EMR%ER (breadth-first traversal), AR Eiki€Z (breadth-first search, BFS),
TR T —f/ “—E—ERINT R B EED 7T
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IEREER

8 \
’iﬁf BFRE (a7 @ Mg

il

/ "'\'"j_‘;‘"j_‘_jj:i:t-‘/‘-‘\ R

7-9 “XWHIZEFPiET

1. KEE5EI

AL @ A “BAFIT SRS, PASIEENE “JeHESCHY” BRI, i RS s i R
AORLI, P e R AR — B, SRS

// == File: binary_tree_bfs.kt =

/* BFBH */
fun levelOrder(root: TreeNode?): MutablelList<Int> {
/] #EBASY, MIANRTIR
val queue = LinkedList<TreeNode?>()
queue.add(root)
[l MB—15%, BFREERFS
val list = mutableListOf<Int>()
while (queue.isNotEmpty()) {
val node = queue.poll() // BAHIHRA
list.add(node?. _val!!) /l REDRE
if (node.left != null)
queuve.offer(node.left) // AEFTEABA
if (node.right != null)
queue.offer(node.right) // BFTEA
¥

return list

2. ERENR
NRIEZER O(n) © FIE T RBVIR—R, 8 O(n) KR, Hon e,
- BEERER O(n) « EREBHT, B R, @0 ERIKE 2§, I RZFNEZEE
(n+1)/24M75, A O(n) 230H,
7.2.2 #iF. PF. BFIER

MNHL, #iF. PRERERRGEE TREMRLEBH (depth-first traversal), WFRREMRLIEZE (depth-first
search, DFS), ‘BAREL T —&f “SEEZIREL, FEHgke:” g7
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[ 7-10 JoR TR X TIREE AL St 7 0 TR [, PRI AR Ci sk Ig 2 e B bR — SRS 587 —
B, EE N TRMKBR=MIE, oA NATRE R, T S R

RERERE 0 O,

B 7-10 ZXAERRAATE.

1. XEBSER

RS 2RI ST S :
// == File: binary_tree_dfs.kt =

/* HiFFBH */

fun preOrder(root: TreeNode?) {
if (root = null) return
/] BELER: BRTHR -> EFR -> AFW
list.add(root._val)
preOrder(root.left)
preOrder(root.right)

I

/* HEBH */

fun inOrder(root: TreeNode?) {
if (root = null) return
/] BRI EFW -> BTa -> AF
inOrder(root.left)
list.add(root._val)
inOrder(root.right)

h

/* BEFBH */

fun postOrder(root: TreeNode?) {
if (root = null) return
/] BRMLGER: EFW -> BFR -> BT R
postOrder(root.left)
postOrder(root.right)
list.add(root._val)

def dfs(root):

" HERER TR R

if root is None: return

@ EPiEAE AT
dfs(root.left)

@ BininEFR, BEHiRETFH
dfs(root.right)

@ EREFH#BIR, HPER

RIFFER (£ @ BAETR)
1, 2, 4, 5, 3, 6, 7
fFER (7 @ QAT R)
4, 2, 5,1, 6, 3,7
BEFER (F @ bisETs)
4, 5,2,6,7,3,1

. RPN
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Tip

REER SIS R AT DAL TR SR, A >GR3 AT AR TR

B 7-11 JeoR 7 R — WA AR, Halaoh “3%” F1 037 PADSEEaEs L.

1. %" ForITa#iiE, BRI T — N R

2. 17" FOREAEORME], REHHTTRCETIF5EE,

[ Step 1

(s

En

v 7]

B TR
3 B LEH

HIFFEH (F @ LiFETR)
1

& mTEg
3: B LEEH

RIFBFE (1F @ WiFETR)
1,2, 4

#: mTEE
13: @ EEH

HIFER (7 @ LiHRTR)
1,2, 4, 5

i#: T
13: B EELH

HiFFBH (E @ hiplET )
1,2, 4,5, 3

‘ Step 2 |

[ Step 4

Step 6

Step 8

#: AT

V3: LR

HIFFBA (7 @ LIAETR)
1, 2

& ETEh
A: A EEH

WIFFEE (7F @ LIEETR)
1,2, 4

#: Mgk
A mLEEH

HIFFERE (7 ® LiRTR)
1,2, 4,5

#: AT
Y3: L EE

HIFBA (£ @ &i5lETm)
1,2, 4,5 3,6
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i#: TR
13: B EEH

#: AT
3: B LE

HiFBA (£ @ Li5lETis)
1,2, 4,5, 3,6

HIFBR (£ @ 2i5iETEa)
1,2, 4,5 3,6,7

Step 9 Step 10

& ETE
13: @ LEH

HIFFEFA (£ @ LipiETR)
1,2, 4,5,3,6,7

Step 11

7-11 AP R R

2. EREDR

- WS AYE R O(n) © FIET S —R, @ O(n) K,
- SEEZIE R O(n) « FEREMIUT, BIRGEA RERR, WITREAS] n, RE0E O(n) Bz,

7.3 ZXMHART

EHERFOR T, “XWIFERITN T A TreeNode , R Z FNESFEEHAHIERE, E—T08 THERFOR T
A — AR A T AR

2., BAIRES AR IR X IE? B2 HER.

7.3.1 RERFTEZXH

FeohT— M BRREB, B —MRSEIE M, BATR A T IR R e I R A7 7 — DN e, W&
NI SRR B IE— IR S L
MRIEZ i@ PR, FATA DS AR RRG 5 FWRRIIZ AR ‘B A" HRENRNRTIN .,

WZWRIAEFTRRIDN 20+ 1, AFHRRTIN 20+ 2, B 7-12 Jon T &N T RRT | Z HRIBU 5
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Hana®&sl: i

1 maxs

EFTASES 2i+1
BEFHRRS|: 2i+2

fERREFT XN

¥EFEE 0 1 2 3 & 56 7 8 910111213 14

=razes (00080000080E00

7-12 SERE XA RTR

WSt AU A Y TRER TP RSN (RED . BEBEAETRER — DT, ATER AT DOEE B 2 70Kk
WRERE (F) FHR.

7.3.2 REEEZ-XH

FERXRE—NRFG, FE X R EEE FEVFZ None o T BFEFHIF AL EIXLE None
WEFATTCIR LT FIRAEN] None FE RN A ALE, IXEWRE AL M — SIS ERTT 3 2P w7
5l

K 7-13 FiR, e —RAEER X, BRBEHFRR TR LI,

EFT) (BER) TEME—HRRLE AN

BAFEl 0 1 2 3 4 5 6 7 8 9

k5 iz M 12 ]3] 4 6]7]8 o 12]15]

B 7-13 R A B 2 A SR RTREE
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MY FRRIETE,  BRATTn] DA B AL IR 5 b i s A None o 4NIE] 7-14 AR, IXAEERE)S, B
F 3 e 8 ] DAME — SR XK 1o B ARESAn :
[* —XMPHART «/

// R null RRRENAL
val tree = array0f( 1, 2, 3, 4, null, 6, 7, 8, 9, null, null, 12, null, null, 15 )

10 11 " 14
BIFF () AR

BRI © 12 3 456 7 8 91011121314

rrarrs (BOEO0 0008 5

=i

Kl 7-14 ERESRA IR IOR

EREARE, 522 XWIEREGHEMBEDRIOR. FsEe —XMEE L, None RHBIERIKZHEEH
AU E, PBLRTA None — tRBRTE IR iSRRI AR e

XEME BB RS2 X, AT AEIREERTA None , AR, 18 7-15 /T — Pl

EFERFT (8H48)

EAREZRH
NRERc:-Edi)

BFEmFY (#8)

8880808000

K 7-15 #=42 - YHIEEER

DA SCEL 7 —RRE TR FORH XA, GG DU LR,
C AR, RRERE, £ () TR R,
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PRI, HPEl, B, BRI,

// == File: array_binary_tree.kt =

/* BEARTTFHZXHE «/
class ArrayBinaryTree(val tree: MutablelList<Int?>) {
/*x SIREBE %/
fun size(): Int {
return tree.size

}

/* FREXZES|A 1 TaEE +/

fun _val(i: Int): Int? {
/] BEFRSIER, MiRE null , KRZML
if (i <0 || i >= size()) return null
return tree[i]

}

/* REVES|A 1 TRNAFHRINES +/
fun left(i: Int): Int {
return 2 x i + 1

}

/* REVES|A 1 TRNEFHRINES +/
fun right(i: Int): Int {
return 2 x i + 2

hy

/* FREVES|A 1 TREKXTHRINES] +/
fun parent(i: Int): Int {

return (i - 1) / 2
¥

/* BFEBH */
fun levelOrder(): MutableList<Int?> {
val res = mutableListOf<Int?>()
/] BEEHEHE
for (i in 0..<size()) {
if (_val(i) != null)
res.add(_val(i))
+
return res

I
[* REMFTEF */

fun dfs(i: Int, order: String, res: MutablelList<Int?>) {

/] BRZ=L, MER[E]

if (_val(i) = null)
return

/] BIFIEH

if ("pre" = order)
res.add(_val(i))

dfs(left(i), order, res)

!/ HFEiBH

if ("in" = order)
res.add(_val(i))

dfs(right(i), order, res)

/] BFER

if ("post" = order)
res.add(_val(i))
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/* HiFER */

fun preOrder(): MutablelList<Int?> {
val res = mutablelListOf<Int?>()
dfs(0, "pre", res)
return res

}

/* HEEH +/

fun inOrder(): MutablelList<Int?> {
val res = mutablelListOf<Int?>()
dfs(0, "in", res)
return res

}

/* EFBH */

fun postOrder(): MutablelList<Int?> {
val res = mutablelListOf<Int?>()

dfs(0, "post", res)
return res

7.3.3 (E=5ER4

CXMHPEBEH SRR EEA LU,

- BAAFIEEESIINAE SRR, NREREE, ViSSP E sk,
- ATREAERE, HETTE AL
- SRVFREALIE AT L

SR, BEHFOR AR RRM,

- BAAFIEREESINF R, BIANE &7 2RI,
- R R R AT B N\ S IBR ARSI, BRI,
- L XMHRFAERE None I, B AR RS BT RBOE EEERRRAIR, S TRIRI AR ALK

7.4 —XiEER

e 7-16 FioR, —XIEEW (binary search tree) ik e PA R &4+,

L ATRT R, ZFRPRTra TR EE < R SIME < G FRHaTE T R iE,
2. ERWRRE, AR SRR, RIFEMERE&MT 1. .
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—RigFh

binary search tree

Bl 7-16 —XRRM

7.4.1 “XIEFRRIRIE

AT R 5N — 12 BinarySearchTree , FHAEA— R GAZER root , FEFIRTAHRT £,

Z8E HARTTAE num , AT DUREE — SHRRRMEPOR A, WK 7-17 FoR, BAIITEH— PR cur, W2
BRI A root H%, FEFAELELT RUE cur. val Fl num Z[RIFAVN KR

- #cur.val < num, BEBAHEARTTRLE cur UG FRH, FHEIT cur

cur.right,

- #cur.val > num, WEBHEARTISAE cur B TR, RIEHAAT cur = cur.left,
- Fcur.val = num, BWHHREIEART A, BEHETEAIFRENZT R
aEoxEEnrERTR @) E-xgEmrERtR @)

7”3 o O @ © 0 9 o

Step 1 Step 2
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EoREERPERTR () EZRIERHPERT R

Step 3 Step 4

7-17 XA EREERTT Rl

SRR EBIRIES S EHRIAN TR 8, EURAHERR L IR XY
I, Y YRR, S O(logn) IR, REMESAR:

// == File: binary_search_tree.kt =

/* BRTE */
fun search(num: Int): TreeNode? {
var cur = root
/] TERER, HIHTREBE
while (cur != null) {
// BfrmEiE cur BIAEFRA
cur = if (cur._val < num)
cur.right
// BIFTSIE cur MIAFE
else if (cur._val > num)
cur.left
// HEIBERT R, BHEER
else
break
}
// REIERTR
return cur

2. EATIR

B MHEATTR num, N TORIF SRR 0 <R R < GFRT BMER, A RERARNE
7-18 fRe

1 BRAANE: SEPIRERE], MRT R, MR8 AT AEN nun FARVNRREIAE MR, B
FE AT R (GEPIZE None ) INBRHHIEIR,
2. RIZOLEMAN L FIAMLT A num , FIZT BT None FURLEL,
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E=xEFERREATR @

R H1T7 pre.right =

7-18 TEXAEZEM AT A

FERISEHA, FEERLATMA.

CXRAERWMARFFAEERE A, SNREREE X Wik, SREEATRENTERE, NARTH
A, BEIER[A,

NTEBBAT R, BANFEMBIT A pre R LRG0T R IXFEFEIRTIE None I, FRATTATEL
PRIENHACT AR, M ZE T s ffi A Ao

// == File: binary_search_tree.kt =

/* HATIR +/
fun insert(num: Int) {
/] BEWAST, MWINBRKRT =
if (root = null) {
root = TreeNode(num)
return
+
var cur = root
var pre: TreeNode? = null
/] BTRER, SdH T RERkE
while (cur != null) {
/] ZREIEETR, BRI
if (cur._val = num)
return
pre = cur
// BANETE cur BIAFIRA
cur = if (cur._val < num)
cur.right
// FEANLIEBE cur BIAEFHE
else
cur.left

}

/] EAT=

val node = TreeNode(num)

if (pre?._val!! < num)
pre.right = node
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else
pre.left = node

SELNEMR, BATRER O(logn) I,

3. MRS =

JelE XM FREREI AT A, FRREMIER, SRATREE, BROTFERIEEMRREERE, —XER
PR TR < RTTAL < AT BOTERBDAT S, (RItt, BRI BT S 79 m8E, 720, 12 =
FBEOL, SRITX R AIAHIBR TS A

G 7-19 FoR, SRR MR O I, R UM, AT DAEREER,

E-xEERRER (@

00000006006
cur
1. EREBBRTE cur ¥§j§;§' :E(Je 2 iﬁmfi_c{':ff D?None

B 7-19 1E = XIERMAPPRT R (RN 0)

NI 7-20 R, SAEMMBRTT ST EE DY 1IN, KRR RS sy H 19 s B A]
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E=xERREsE (©

v TR ocur B9 2. & cur BHHEFHR

. B TR . = .
1. ERFMETR cur FhHaME = 1 $1T pre.left = cur.right

B 7-20 £ ARRMAPMERT A (2N 1)

HREMIERT RS 2 I, BATCIRERMPRE, MRRZEH DR 0L . BT ZARR SRR
ETR <R R < AT BRI AN R DU 7R BN e BT R
RN LR TR A (PR — D1, MRERRERENE 7-21 Fr.

L EREEMERT S R ps)” R — A, 128 tmp o
2. tmp FMEE S FMERTT RROME, FFAERHIEITMIERT A tmp o

E- g EE (O E-xgRnTsEE @

Y f\
@\ 1. EHEBRTEA cur . 1. ERBIRTES cur
. , /\ B cur HTFAME - 2
@ o 2. BBRTHR cur SH=H:

@ &jﬁ f @ j J»\ /0\ (1) T cur EHFBHNEHTS nex
D € @@@é@ 000000

A

A
cur

[ step 1 \ step 2 |

o T ) (o T T
0
\‘ 1. EREBIREA cur

v PR cur WFHRHKE - 2

1. ERFWRRTR cur

v TR cur WFHRME - 2

2. BIBRTR cur FH=EH: Y o) 2. BITHR cur FRH=D:
(1) B cur ERFEHNEHTR nex (1) & cur EHFBHNEHTR nex
(2) E=XNPEJIBFFTR nex (2) EZXWPRIABERTR nex
€
00000

(3) ¥R nex EEATR cur

Step 3 ‘ Step 4

B 7-21 1 XAERMRPRT A (R 2)
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TR R E AR O(logn) IR, Hrp&EERAHMER T RFHE O(logn) WA, FREXH 87 54875
FHZ O(logn) WA, REMEGLT:

// == File: binary_search_tree.kt =

/* MIBFT=R +/
fun remove(num: Int) {
/] EWAT, BiFEanRE
if (root = null)
return
var cur = root
var pre: TreeNode? = null
/] TERER, HEHTREBE
while (cur != null) {
/] HEERBRT A, BAETEIR
if (cur._val = num)
break
pre = cur
/] FRBETRE cur BAFER
cur = if (cur._val < num)
cur.right
/] FHRBRTRIE cur BIAEFIEH
else
cur.left
}
[/ BELFMBRET S, MEER(ED]
if (cur = null)
return
// FHEHE =0 or 1
if (cur.left = null || cur.right = null) {
/[l BFTSREE =0/ 1B, child = null / ZFTHR
val child = if (cur.left != null)
cur.left
else
cur.right
/] MBETS cur
if (cur !'= root) A{
if (pre!!.left = cur)
pre.left = child

else
pre.right = child

} else {
// ERBFETREARTR, WEHREERTR
root = child

¥

/] FHREE = 2

} else {

// FREFFEERFR cur B F—1PHR

var tmp = cur.right

while (tmp!!.left !'= null) {
tmp = tmp.left

}

[/ BVARPRT = tmp

remove (tmp._val)

// B tmp B= cur

cur._val = tmp._val
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4. PEFEHERF
E 7-22 fiR, “XREHREDEE ff — R — 57 FBHIE, moXIERME R < AR
TR <HAEFIR" FRPKRR.

XERE E RN PR TR REALN, BREMEN N — M, AmEGH—PMEEER: =X
ERMEPF R E TR,

A b di e B, FRATE — AR TR EH e BRI O(n) IR, TEAUATAIMNIHE TR IE,

FEH =L

SR PFERFTI

2, 4, 6, 8, 10, 12, 14

TERAF

-

RFEHET,
TRE © L85

B 7-22 ZXAERMATH 5

7.4.2 Z“XEFERBINE

R, BB B R, MR 7-2, SAERM AR TR ERII (7] 2 2% AT
A, BARE Beiirat. RATERSIEIN, IR ESPREHRRIZ RS, B = AR AT

EH,

® 7-2 BAHSERREIRE

T RN
#HTE O(n) O(logn)
AR O(1) O(logn)
fiERTE  O(n) O(logn)

EHARTEOUT, —SHURMZE P /Y, XAEREAT DATE log n IR N E BRAER T 5.

SR, AR HE = AR Wb ARIIER T, rTRESF B RN & 7-23 FIURAVEER, IXIF#%
FERAERIIN 2 2R O(n) -
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o o
0000

EE_—igRR

pl3 i o og k)

7-23 XAHZEHIR{L

7.4.3 Z“XRIEFWE RN

- RERGHIZRRT|, SHEMIER, A, MR,
- RN R AR R EBAR S,
- AT EEEEER, DR IR,

7.5 AVL g *

£ RN BETRRIHES], E2UEAMMEREREE, —IERMATRERM VR, EIXMERT,
P BRI I Z 2R O(logn) 45679 O(n) .

i 7-24 R, S IR RaR0E, AR = IR RRME RIB OV EER,

o
@ @ BT 5
o o

MEs3ssE 3 @

B iBf
TR EiE-Ri BE
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K 7-24 AVL SEMIBR T 5 24 IB L

BN, f£E 7-25 FURETESE RN T RS, BERTERAZEGUR, EPERERR R R i
1o

[\ [\ [\

HATR 2 HWATSR 1

B Bt
b v TR EiE—Xh

K 7-25 AVL SERAT 5 &4 IB{L

1962 £ G. M. Adelson-Velsky 1 E. M. Landis f£i& X “An algorithm for the organization of
information” HHEH T AVL I, IEXHRIEANRIR T —RYERE, FRIERSAIFIIERT RS, AVL #fA
2IBAE, TS SRR ERN B2 24 (R51E O(logmn) ll, HA)IEUE, 76 T S0 SO T 3 2 i e
M, AVL RIBEAGLR ORI e B SR ErERE, BAREFAIN A ME.,

7.5.1 AVL WERARIE

AVL SELR = AR, 2 P S, R 2R KRB A TR, AR — 1 — AR ER

(balanced binary search tree),

1. ¥55

it

H T AVL S RUAHSCERAERR ZARICT i, R IRANTR N R8I0 height 288

/* AVL WTEIE +/

class TreeNode(val _val: Int) { // T=RE
val height: Int = 0 /] HEEE
val left: TreeNode? = null // EFTE
val right: TreeNode? = null // AFD1=

}

NREET BN REIENRIZH Y AR, BT 107 %, FERITEENRE, MR
AImEN 0, METRIEEN —1, FOTEAIEM D THRE, 725 TARBO S e
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// = File: avl_tree.kt =

/* FBTREE %/

fun height(node: TreeNode?): Int {
/| ENEAEEAN -1, HETAEEAR 0
return node?.height ?: -1

i

/* BHTREE */
fun updateHeight(node: TreeNode?) {
/l TEREEETRSIHEE + 1
node?. height = max(height(node?.left), height(node?.right)) + 1

2. TRFEHRAF

T RITFEERF (balance factor) & SN RZEFMRT IR EG AT, [RIRFUE 2 a9+
N0 BAFRERRICT PR 7 AU DI REET SRR L, T (/RS :

// = File: avl_tree.kt =

/* FRERFEEF */
fun balanceFactor(node: TreeNode?): Int {
/| ETNREERFH 0
if (node = null) return 0
/] HTRTFERF = EFNEE - AFNEE
return height(node.left) - height(node.right)

Tip
BOPEEAF N f, WI—#R AVL REERT R AP B e —1 < f <1,

7.5.2 AVL bihEsE
AVL BIHORSAET “HERs” #0F, TRESIEARSI — SR B FIRRTIE R, e s wiRE
5, HADIEVE, BEEGIRVEREREMRES “ T SUSERM MIPERR, WAEEREREN P R,

BATR IR F0E > 1 BT Ry R 7, MR R B LA, BEEARIE N IORD: HTE,
FENE. SetibefaEie. Jeehefatiie. N EEN T IR e R,

1. KBk
E 7-26 FivR, AN AR T, WERTE, XA MR U2 9 37, B DIZ A

TRV BT, CRIZTRICN node, HZAET RIS child, 4T “HhE” #1F. ZlfGheE, ¥
PRS-, FF BAPRORRE — SRR AT
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KEBR /@D\
2 []
o

[

4

)

RAELGHFNE
FRTRIZA node
REFHRIBA child

-/
')
[ Step 1 | Step 2
\ “BRE RERE: \ “HRE BRI
BERETH
1. K child ARA, ¥ node EHLEE Y 1. Bl child ARA, ¥ node MHEHE
i
/e 2. A child BRLET node BIIE
ks K,)
it A AHETRE, ZFRERRE T
node
(2 )
( 3 )
node
l step 3 | Step 4

B 7-26 HIERIEVER

ANE 7-27 AR, 495 child BAF 145 (G20 grand_child ) I, BEAEA TP HRINI—4 : ¥ grand_child
Y4 node HY/ET 5,

WA BT @

SN
o 0

o

A
/ grand_child /

7-27 i grand_child 4 BESAE

“lMfese” 2—FERAUE, SEhR EFRENE BT R SRS, R RN
// = File: avl_tree.kt =

[* GHERIE +/

fun rightRotate(node: TreeNode?): TreeNode {
val child = node!!.left
val grandChild = child!!.right
// L child HES, ¥ node MGHEH
child.right = node
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node.left = grandChild
/l BMTAEE
updateHeight(node)
updateHeight(child)

// RENEREFHIET S

return child

2. EBE

FHRLIE, GRS LIRS — R “BifB”, MITFZEHITIE 7-28 FRi “/he” #H1F,

/ /O emane

& 7-28 FEhEfR(E

[FFE, 40 7-29 AR, Y478 child BT 14 (I8 grand_child ) i, FEIELFEFRMN—F: ¥
grand_child E24 node 94 717 mio

ST EREFE
) o
mmﬁ o \
\ \
o

A
grand_child

7-29 # grand_child (A FERAE

A DAOER R, e Tie R e 2 R BEFRI), SN R REI PR R TS DLt PRI, 2T xR
M, BANATRARRSIRAREHTRIFTAR left B right , KFTHR right BN left, BIRNSE]
e SRS -
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// = File: avl_tree.kt =

/* EEBERIE */

fun leftRotate(node: TreeNode?): TreeNode {
val child = node!!.right
val grandChild = child!!.left
// L child AES, ¥ node MEhER:
child.left = node
node.right = grandChild
/l BMTEAEE
updateHeight (node)
updateHeight(child)
/] REFEEEFRIRETR

return child

3. kEhEfahahE

T & 7-30 AR R 3, A e A HEAR T IE TR S A, IR R ESE N child $04T “ERE,
XY node $UUT “HHE

# child $#iT @ 3t node 1T
EhE aiE

o

K 7-30 SerEheiatale

4. SaREELE

aniE 7-31 iR, AT _ERKRE M EIBEIE I, TR child PUT “4E7, X node HUT “ZEHE”.
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ERETH

Bl 7-31 SehlEarehe

5. HesER0iEE

& 7-32 FORHIURI R B TE LS EIRRGIR DR R, AIfREERAGTE, Jefchefatibe. Setbem/ohe. ol
HEES(EN

N
2
o
o
FoAhE FAhE
i e =7 B

7-32  AVL BRI PY e F i

QITRERAIR,  BATEIE I S 75 s AP R DR v — M 37 sl B PR A B TR SRS, R SR 9
JE T 7-32 FREIIR RSO

R 73 VURMHE R UL A A
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KRGV RRPPR T FURRCTPEER T R 7Tk

> 1 (FEfm) >0 filie
> 1 () <0 Jeelefa e
< —1 (1w <0 TEliE
< —1 CHflm#) >0 Jetiliea e

NTETER, BAOTRIERAREE RN A TIXAEE, BHAVRREX SR KB O T ek, R
WV R P, AR TR

// == File: avl_tree.kt =

/% HATHERRIRME, ZFINEMMETE +/
fun rotate(node: TreeNode): TreeNode {
// FEXT = node BYF#EF
val balanceFactor = balanceFactor(node)
/] Elmi
if (balanceFactor > 1) {
if (balanceFactor(node.left) >= 0) {
/] &k
return rightRotate(node)
} else {
VIR =t =)
node.left = leftRotate(node.left)
return rightRotate(node)
+
}
!l G
if (balanceFactor < -1) {
if (balanceFactor(node.right) <= 0) {
/] e
return leftRotate(node)
} else {
VI =) d =y
node.right = rightRotate(node.right)
return leftRotate(node)
+
}
/] FRs, Tiheik, BHizik[o]

return node

7.5.3 AVL P& ABiRE
1. EATE
AVL R SR ARE S — I ZRE 2R FR0L, ME—RIXRIET, 16 AVL RN T AU, W% A E

MR R R ATRES L —RIIKET T, Bk, OTTBEMNZANTROTR, AR LT iestiRe,
P KRBT AR P, A R R
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// = File: avl_tree.kt =

/* HEAT= x/
fun insert(_val: Int) {
root = insertHelper(root, _val)

h
[* BIABANTIR GEBIEE)  */

fun insertHelper(n: TreeNode?, _val: Int): TreeNode {
if (n = null)
return TreeNode(_val)
var node = n
[* 1. BFREANUEFBEATR +/
if (_val < node._val)
node.left = insertHelper(node.left, _val)
else if (_val > node._val)
node.right = insertHelper(node.right, _val)
else
return node // EET=AAEAN, BiERE
updateHeight(node) // EFTREE
/% 2. WITHERRIR(E, FZFNEMMETE x/
node = rotate(node)
// REIFHEIET S

return node

2. MHBRT =

Kot 7E = AERMAIMERT mUTIEREER b, TREMWRETRATHER AR, ST LM R T,
AN R AR

// = File: avl_tree.kt =

/* MIBRTIE %/
fun remove(_val: Int) {
root = removeHelper(root, _val)

I
[* BABBRTIR GEBIEE)  */

fun removeHelper(n: TreeNode?, _val: Int): TreeNode? {
var node = n ?: return null
/* 1. ERTRFFMER */
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) {
val child = if (node.left != null)
node.left
else
node.right
/] FHREHE = 0 , BEMER node FiR[E]
if (child = null)
return null
/]l FrhafE = 1, HiEMER node

else
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node = child
} else {
[/l FHREE = 2 , WERFREHN T TSMER, HAZTRBIRYSFTR
var temp = node.right
while (temp!!.left != null) {
temp = temp.left
}
node.right = removeHelper(node.right, temp._val)
node._val = temp._val
b
I
updateHeight(node) // EHFTESE
/* 2. PITHERRARIE, X FHEMREFEE «/
node = rotate(node)
/] REIFHEIRT =
return node

. BEHR

AVL BT BRI S AR5, R EEE,

7.5.4 AVL R8BI

- HERERER TR, IS T RE R, (RIS E7 5.

- AT HREIREETIRTIRG.

- CLRRRHIE R DL SO ERR, HET AVL R, LSRR SR A, A S BRI
FRTRATBEEE RS /D, T R E AP RCR B i,

7.6 IhgE

1. EREH

© SXPER RIS RARASA, (AL o BRI E, B0 X RE S MEMNNME
B, o lfEE A RS R

C T EXRPENTR, HE (B) FURNEDNEREIMERNZT REE () Fif

© SXWRMRARERERT A TR B L 38 SERRES,

© XHIRIAAME, TR AT RUBRIR R SRR AR T IR

© W R XA e X, sE e X, S ORI O, 5838 XRHR SRR AR
&, THERRRLE R R ZEIR,

- SXRATDURBE RS, TR R EN SR B R HES, HARIE R RS 1 R Z Y
RGO AR L I EE

- X BT R—RTEARE R TTIE, EREIT “—E—ERSNTRT WBREL TR, EEE
AR EL,

- ORI . EREDERTIREMRER, eI T UERIRSL, HRMas” rEhri, E
A IR TR
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LSRR R T R RS, AR, AR T A O(log n)
4 IR BHE LN RERI, SIS R ESHLE O(n) .

- AVL B, IR ISR, T HE R R R AR SR R G

- AVL BRI AR A NE, JoNE. JeAENERAENE. S NERANE, (e NS AUS, AVL B2
MR T HERE AR, bt S S T,

2. Q&A

Q: X TFHAE MR, e EEARYT SRR Z O 15?

M, ROumEEMREE R E SO "G rArsE",

Q: X HHEAN SR — i —EIRIERC S e, XHER) “—EBRE" faft2ale? Al DABR N BRI 1
TR B TR R A2

FEXPERREREB, MR S ERE R AR E,  Hrp AR LR T EHA T 2 D D R R
Q: HMft2 DFS i —XMAEHT. . JF=RE, 2362 HE?

S e AR, fir. BE. ErEbe =M XRE 7T, BT AR eS8 — R

SENF B 5 5R, FlanfE —RIMER S, HTFHERNEE EFTRE < BTEE < AF0HRE, Fit
BATRELIR “F — R — 7 BIegaelift, el IRSE R s 75,

Q: HhetRlEREFRSM T 55 node. child, grand_child Z[EIF2CE, B node BRI siF1 node JE KR
AT ? et e e S 2w 77

BATFHEZ IS TR A K E XA A, G hEdR/E right_rotate(root) £ AKYE FIEVIRT A, &
return child JR[AIGER 2 JG I TR RIRRT mdo 7B BARTY sONTEL AT A HYIE R 2 16 1% PR BOR A1 5 52 Y,
AR T IEBRERI4E LR,

Q: £ C++ 1, HREWXI5E private Ml public #, XFTHAETLFZRIL? NTLZWH height () EKERI
updateHeight () K% BIILTE public A private HlE?

FEEHENMERHEE, WRAERERNEMSEH, IBastisit N private o filan, AP pyE A
updateHeight() EBEAERXH, BEHREMFMA. MEREEFN—F, M height) BRI SEE, KOT
vector.size() , KRB public PAEREH,

Q: W \—HE ABHEM R — I = A RW? R AR E N R IREE?

SR, AR 7 TE O = AR R build_tree() iEdéat, BT RIERE, BIEFS
K NBHEHE Y, RERPROTRIEAIRTY R, SR EG TR, AT DU R AR IER ) Tl
a8

Q: f£Java i, FRFEEXTILRG—EZEM equals ) 77i%?

1£ Java Hp, XFFEAREIEER, = ATHEERANEZEMNEZGHES, N T5IHZEA WS TIERE
b NGl

- o= HRIEBERNEERGERE—IMNR, BIElfERNEF RN E S E,

- equals(): FIZRATEER NN ZAVEZ G,
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Rlt, anRZXTEbE, ATV IZMEH equals() . 2R1M, J&@id String a = ?hi?; String b = ?hi?; %]

SRR AT EREF R AT AV F B, BamE— AR, Bthel DI a = b RELBH D FAFERR
Q: JEMICEFHEIRIREZ R, IR Sk 2 2h 1g?
I, BIAEE h = 2 X, HT e =7, MEREWAHE4=2"=(n+1)/2,
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Abstract
Rt R ILEED, EERK, BEESR,
JREJRE L U i EREE V5, T e L R S R S AR 7S
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8.1 i

# (heap) 2R RIEFKIFAITER XM, TEAJNMREAL, 4 8-1 s,

- UNTRHE (min heap): TR AME < H7 1 S0E,
- KT (max heap): LR AIME > H 717 SHME,

N N
/NN N N

Wy Wy

= ‘B2XW B 2 “T2=X# B
HETRNE <« HFHRNE HETRNE : AFHANE
Nk KImsg
min heap max heap

& 8-1 /INTHiHE S R Tvibk

HEFEON e KM — R0, B DA R,

© RIRETRSEEETE, HMEAT AR,
o BRSO EARTT SO CHETR, CRERZE RS BT RN HERR,
- XTFRTUE ChTE), HETUTER (R WEZRKR &I K,

8.1.1 MRYE FRIR(F
FERHIR, TF2HEIE SRR 25T (priority queue), X2 —FMRIVEIRLEH, & S RA R
S HE IR

SKBR b, HEBH N T SCBOLERAS, RTHERT S TooE MREV MRS BRI IETERAS, A M R,
BATATLARE “HRIEASN” T “HE” BAEFTHIRIRETHE, Kk, ABXWENMIEEX 0, G—FiE “HE

HERYH I BRE LR 8-1, T5TEA T ERIERmAETE 5 R,

7 8-1 HERJHRIERR
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Jii%% iR I [R5 2% e
push() TERAME O(logn)
pop() HETRTT 2R e O(logn)
peek() VIFMETOTER G TR [ /NTHED AR K / /IMED 0(1)
size() PAGEITT IR o(1)
isEmpty () HI W HE RS O(1)

FESEBRR AR, FATTA] DAEREGE F A 8 S5 1R HIHESR (BLSeBABIZ0),

RUTHFREIETH “WAEIRHESN” F1“ KBNS, BATA] OSSR B —> flag BifZ4 Comparator
I UNTIHET 5 OCRTHE” Z ARV, AR ATR:

// == File: heap.kt =

[* WEHHE «/
/1 Rt NI

var minHeap = PriorityQueue<Int>()
/] B KITBE (EF lambda FAIUfELX Comparator BpEI)
val maxHeap = PriorityQueue { a: Int, b: Int -> b - a }

/* TTENE */

maxHeap
maxHeap
maxHeap
maxHeap
maxHeap

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

/* FREUETRITER +/
var peek = maxHeap.peek() // 5

/% HETMTREE «/
[/l BETESTER—MARENFES
maxHeap.poll() // 5
maxHeap.poll() // 4
maxHeap.poll() // 3
maxHeap.poll() // 2
maxHeap.poll() // 1

peek
peek
peek
peek
peek

[* FREERIN x/

val size = maxHeap.size

[* FIBTHEZE TR

val isE

= */

mpty = maxHeap.isEmpty()

/% BNFIRHZE «/
= PriorityQueuve(mutableList0f(1, 3, 2, 5, 4))

minHeap

8.1.2 Ry

IOCKRIRHRARTIME, 35 R HAEAR O/ NTE, R ArE R/ NEEHMTEA TR (BN, & > Z oy <),
JESSRB A3 A] DAE AT SR B,
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1. HENFESRTE

X BN, e ARG A HBERER, BTHEER —Are e Xk, RIBATIRER B

LE RN X, JCRARTAE, RIMRETAE RO E, Y s feEhE RS WU 2
R,
e 8-2 fiR, AE&sl i, HETFTANESIN2+ 1, AFFHANRIIN 2+ 2, RWENZETIN
(1—1)/2 (MTFERR) . MR AR, TR 8N A,

EAEIRLEN LRI (EE7EH)

# B—1R mRIXW

E ]

A MR BT TR

e 1 2

(i- 1)/2

Sbﬁé

3 4 5 6 7 9 10 11

i BBBB.BI.BI

i 2i+1 2i+2
— 7-77"’/\""*:1: = i iy
PR E? E?
R TR
BT RS BRAY IR TS mdstt

K 8-2 HERIFRR S 171k

FATAT DR 5 [ A BT RE bR B, T S S
// == File: my_heap.kt =

/* REVEFTHRIES| +/
fun left(i: Int): Int {
return 2 *x i + 1

}

/* REAFTHRNERS] +/
fun right(i: Int): Int {
return 2 * i + 2

}

[* REIRTRIES| */
fun parent(i: Int): Int {

return (i - 1) / 2 // ATERK
F

2. IFiEBETRTTER

HETOTER RN = XA, /@28 3RAE TR
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// == File: my_heap.kt =

/* IFIAEETRTER +/
fun peek(): Int {
return maxHeap[0]

}

3. JTENMfE

BETCR val, BATEIKHBIMBHMEIR, WINZ)E, BT val ATRERTHERHMITE, HERIRZS T ATRE
CUHRESR,  DRIBE TR NS M AT A EIR Y R 12 LIS, X MRIERIONEN (heapify),
BERMAHET JOTR, WRETIHITHER. W& 8-3 FroR, BT EEHm AT RS HAT mpIfE, anaam AT
RER, WRENZt, RIGRSITIHRIE, WERETBEHEPHEITR, EEEIRT SE0EE| M
I RN EE

@ Nt

1. ¥R 7 RNERE

w50 e

000000

1

step 1 | (>TeTeTol7[sTa]ae[aTel2]7] S

BERT

HE @ M HR @ Mg

1. ¥R 7 FNEER
2. NEZETUHTHEWL (Sift Up)

1. BHR 7 FMERE
2. MEETU#TH#E (Sift Up)

v HR5 s PR 7 v R 5 s BR7
o RRET R
>3] (000008008000 =5
@ M HR @ Mg

1. BB 7 FMERR
2. MNEETU#T#E (Sift Up)

1. BHR 7 FMERE
2. MWERZETR#T#KE (Sift Up)
v PR 6 s R 7
o RFETR

v PR 6 < R T

Step 6

ER e ' B e [step s |
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L7 PN L4 PN

1. BER 7 FNERE
2. WEZETH#TH#A (Sift Up)

1. ¥R 7 RNERE
2. MERETL#{TH#A (Sift Up)
v HR 9> PR TER 9> TR T

~ RHITRIR

4

O EEEEEEEE = DEarR2EEEEERE step 8 |

TR @ A

1. ¥R 7 FNERE

2. MEET#TH#K (Sift Up)
SEWSERE, ATUENEREIIESE

OooonooBsDooan [ster 2 )

8-3 JLRAHESHE

R REE n, WHEEERN O(logn) o HILATAL, HEAIREREIREEERZ N O(logn) , JTTRAHE
BAERINTIE R O(logn) o AIBITRATR:

// = File: my_heap.kt =

/* TTENHE */

fun push(_val: Int) {
/] TR
maxHeap.add(_val)
/] MEET#E L
siftUp(size() - 1)

I3

/* WS 1 FFih, MRETUEL +/
fun siftUp(it: Int) {
// Kotlin HYREESHATE, ALLIZINTE
var i = it
while (true) {
/] KRBTSR 1 BMRT R
val p = parent(i)
/l E HERTR 3 TREAEE” BY, SR
if (p < 0 || maxHeap[i] <= maxHeap[p]) break
/] RIRFTS

swap(i, p)
/] EFmE_LEEl
i=p
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4, TR HELE

HETTTR 2 —XRAUIRTT S, BIIRETTR, MRBNERMIIRFMERE TR, B2 XRFATE TR
KR KAEZ, XRESREEME R TR E LR WNE, N 7 RERDITTRRTIZS, HATRM L
D,

1. ZRHETIOTR SHEROTR AR S RAH T R
2. ZHGERE, RHERMWAIRFMER GEE, BTogsct, Ftshn EMEREZESRIHETUTR) .
3. MIRFTRUTYE, MR IRHITHEL.

Q= 8-4 FvrR, “MIREJRHEL” IHRIETTIYS “ RS MR, B PRARY miE S HM A1 5
EIEATEERR, REORRY 710 s SR st ZRRTEIA AT IR, BRI M OB 2 AU B 9
PR

BT BITRILAE
HITR # " sERE

o 1. BEMTESHRTERR
y \ A Y \
él) g; o
meaRT

Y e e ——— S —
OO0o0o00000080 (st 1| 00000000000 =

1. BRTMTRSHETRRR
2. FHUBIAERETER
) @ 3. MIAZEGH#THA (Sift Down)
é gg v TS, 8, 7, A 8 BA
)OO ‘

step 3 | 00000080808 Step &

BRI (@\\ TR
1. BHERTERSHERTREZR R 1. ETTESHETETIR

2. BEHHFTHERETTER 2. BHYFIEERTER

(- 3. WIRER#THA (Sift Down) (5) /B 3. WIRER#THA (Sift Down)
cAEBR 5, 8, 7 B, BR 8 WA ©EFR 5, 6, 7 %, B 7 BA
-~ RHER 5 5HA 8 _
0000

(o [=]7[o] 7 [e[2 ] [+ [3]¢]2] il (a1 T lislialsTalafe s [olz] E

1. BETMTRSERTREZR
2. BHYUEIRERETR
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w

. MIEREHTHK (Sift Down)

TR 5, 6, 7, BHA 7 BK
- PR 5 5HR 7

Step 7 ‘

BRGE - G EE

ETMTRLE

-

. RRTITR SRR
. MBI

. WIRER#3#4t (Sift Down)

c HEHE S, 3, 6 9, BA 6 BA
- RHAR 5 5TA 6

~

w

: step 9 |

I R Y Y Y

FErEQEE DO

K 8-4 HETHITER HHHED PR

SRR NHERIEAEMD, HETUTR M HREN RIS 240y O(logn) » ARESINRATR:

//

/*x TTRUEE */
fun pop(): Int {
/] =R
if (isEmpty()) throw Index0Out0fBoundsException()
/] REBETREREHTR (RIREBTERSETR)
swap(0, size() - 1)
[ HBRT =
val _val = maxHeap.removeAt(size() - 1)
[/ MIRZERHEWL
siftDown(0)
/] REBETTTE
return _val

File: my_heap.kt

}

/* WTR 1 FFi8, MIREREL +/
fun siftDown(it: Int) {
// Kotlin BYREHBSEHAALE, ALeIEIENTE
var i = it
while (true) {
/] FErHSR i, 1, r RERANTS, 124 na
val 1 = left(i)

val r = right(i)

var ma = i

if (1 < size() && maxHeap[1l] > maxHeap[ma]) ma = 1
if (r < size() && maxHeap[r] > maxHeap[mal) ma = pr

/l BETR 1 &RAHKRS 1, r @7, WEmAS3EWL, Bkd
if (ma i) break

1.

2.

SETTR LS SETRTR LS
1. TR SHERTREZIR 1. BERTRSERTRZIR
2. B METRERETTR 2. SR METRERITR

. MIMZER#{THA (Sift Down)

v fEFR 5, 3, 6 A, TR 6 |A

Step 8

SRR LS

BEMTRSHRTRTIR
EEIERE -7 3

3. MIRER#TH#A (Sift Down)

TG, ATBENMHRISEIEE

Step 10
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/] AR
swap(i, ma)
// EFETHE L

i=ma

8.1.3 HMERKA

- DRFEBNFI: HEIEE (SR SE A e AR E S,  HNBARIHE AR E RN B 2 2422 O(logn)
, TEHERIERN O(n) , XL SR

- HEHRR: g R, BATAT DA BTN — D, ARG AR T TR HHERE, MIMSEIE 7
o SAM, FATEH M —MEE IR 7T UCBIEE R, TR “HEHERT =0,

- RWURRI ke X NEMARTER, RNt By i, Gk RvEns 10 fTE
TERNTREAE, EECGHEAT 10 BB hF.

8.2 FEIMHIE(E

FEFLAROUT, TR — NIRRT TR D, XN “EHERE,

8.2.1 fRBHNIEIR{ESCIN
BATE LR, RERFIR, REHENTCERIT AR, SR eE2R NSRS,
SHZTCEHUT “MRETN” Hefk,

Y —DITRAME, HERRKERN— BT AR NTRE AR AT = KR, Fites “H kR
PR,

BREREN n, BPTROAHERIESH O(logn) RE, Rtz AN REZ2E N O(nlogn)

[e]

8.2.2 & BT

Kk b, BATA] DASEEL— R N S HE ST TR, AR,
L. RFIRATA TR IEEASHARINE e, HRHERPE R AR S22
2. i (BPEimER), MROOSE DR T TSR,

T AT UG, PO ROVIRY R RSB R — A STAN e, Tl TR EpEN, FitEE A
R M,

Z P OER B i, BROMIZAERES CRIE S AT R PR FMELR SN THE, XA ST R 2
AR,

ESFWAE, HTHNYRRA TR, BILETRRsR S, ook, Wl MUErR, &i&
—EH T RV RIE DRI R, BAIWEIHAE R A THE(L -
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// == File: my_heap.kt =

[*x KT */

class MaxHeap(nums: MutablelList<Int>?) {
[/ ERYIRMIAFEEE, XELNEET BinHE
private val maxHeap = mutablelListOf<Int>()

/* TSR E, RIBRANYIREE «/
init {
/] BHIRTERES A ohANEE
maxHeap.addAll(nums!!)
/] EEARRHT R UMY EMrET =
for (i in parent(size() - 1) downTo 0) {
siftDown(i)
}
}

/* REVEFTHRMES| +/
private fun left(i: Int): Int {
return 2 * 1 + 1

}

/*x FRBAFTHRNERS| */
private fun right(i: Int): Int {
return 2 * 1 + 2

}

/* R TRNZERE| */

private fun parent(i: Int): Int {
return (i - 1) / 2 // ETERK

¥

[* IRTE */

private fun swap(i: Int, j: Int) {
val temp = maxHeap[il
maxHeap[i] = maxHeap[j]
maxHeap[j] = temp

¥

[* FREBEXR/N %/
fun size(): Int {
return maxHeap.size

}

/* FIERERT AT */

fun isEmpty(): Boolean {
[* FIERERT AT */
return size() = 0

h

/* IFIAETRTER +/
fun peek(): Int {
return maxHeap[0]

hy

/* TTENE %/

fun push(_val: Int) {
/] AT =
maxHeap.add(_val)
/] MEET#EL
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siftUp(size() - 1)
+

/* MTE 1 FHiE, MIKETEN +/
private fun siftUp(it: Int) {
// Kotlin BYRESHAALE, ALLIZIRNTE
var i = it
while (true) {
/] FREITA 1 BIRTR
val p = parent(i)

/l E UERTR 3 TREAEE” B, SRl
if (p < 0 || maxHeap[i] <= maxHeap[p]) break

/] ZHERTR

swap(i, p)
/] TERE LR
1=0p
+
+
/* TTEHHE +/

fun pop(): Int {
/] =R

if (isEmpty()) throw Index0Out0fBoundsException()

/] REBTREREHTR (RIREBTESERTR)
swap(0, size() - 1)

// MBRT =

val _val = maxHeap.removeAt(size() - 1)
/] MIRZERHENL

siftDown(0)

// REBETNTE

return _val

}

/* WTR 1 FFia, MIREREL +/

private fun siftDown(it: Int) {
// Kotlin HIREBSEHAALE, ALeIEIGENEE
var i = it
while (true) {

// AR 1, 1, r PESANTS, 128 ma

val 1 = left(i)
val r = right(i)
var ma = i

if (1 < size() && maxHeap[l] > maxHeap[mal) ma
if (r < size() && maxHeap[r] > maxHeap[mal) ma

// BER 1 mAHES 1, r @R, WERL4LEMEY, B

if (ma = i) break
/] IRFET R
swap(i, ma)

/] TERETHENL

i=ma
}

/* FTENE (ZXHE)  */
fun print() {

val queue = PriorityQueuve { a: Int, b: Int -> b - a }

queue.addAll(maxHeap)
printHeap(queue)
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8.2.3 EXESH

N, FRATR R R A 75 TR N T 2 A

RS ORI AR n, T REOR N (n+ 1)/2, HoR /N R, R
SRR (n— 1)/2,
- AENTECHECAIRR, AN R M1, RO — R log n o
5 AP, WA RNRAEAES O(nlogn) . XA HIEEHIRRN, FATIRE
HE R UL A RRE S T TR S PR,
B TR T AR L6, o T MR SIMERE, (R SAE — AR n L BRREH h By “5e6—
B, R R B R E

TRRE BETRNE

(RMgfb R AIECRE)
[ Y—— 20
/ \ 1
[T e— 2
SN N |
e =2 S 2
[N N SN )
[T JE— 23
e — 2h-1
(&ER, HhR=EER e e 2h

()]

8-5 SEERXRHIFZET LR

i 8-5 AR, Tl “MIAERHEA” AURAIEAUELSE T B R S, MiZEEIER TR
JE”, [, FRATATDON S RM “T 8 x WRmE” K, SR T R R B S,

T(h) = 20h + 2L (h — 1) 4+ 22(h — 2) + - + 2(h=1) x 1
L0 AR EEIAR, S5 T(h) L2, 851:

T(h) = 2°h + 2 (h = 1)+ 2°(h = 2) + -+ 2" x 1
2T(h) = 2'h +22(h — 1) + 23(h — 2) + - + 2" x 1

RS AR, R 2T (h) Wk LR T(h), AT

2T(h) = T(h) = T(h) = —2°h + 2" + 22 4 . 4 2" 1 4 2"
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Mg X, LI T(h) B—DEHES), ATERERRMARK, SN FE R

1—2n
T(h) = —
(h) T3 h
:2h+1_h_2
= 02"

W, RN b H5EE I SR n = 20T — 1, BEEREN O(2") = O(n) . DibiEE
R, FANFIFRIFFEHERINTISZ R O(n) , FERERL

8.3 Top-kirlZh

Question
HE—NKEN n WITFEA nuns |, THEIREBEFRKM kE NTE,

TR, BAVC PR LR BRI, B AReR E R HE RS,

8.3.1 Fii—: BHiEE

BATAT A TIE] 8-6 AIRAY K #3m5, 53 AIAEGE A IREGE 1. 2, ... kK RIICR, WEEZREN O(nk) .
WHIEFOERT k< n 01BN, FRY k5 n lEEEEN, HEREERE-ET O(n?), JEEFER,

k=3

nums n 7 nna BHERBATE

\\
.

B00BE s 1 5

N B
~

n EoRREE 2 ARE

\
.

an BSWHIE 3 ATER

B 8-6 ik AR k MR

Tip
4k =n i, BATATUSZEIBNAERFY, KINENT “EEHE" Jik,
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8.3.2 F#EZ: HF

aniE 8-7 FR, FATAT LSRR nums BETHERS, FHREIRAGN kTR, NAEREHN O(nlogn) .
B, %Ik I RS T, FNERMRTHHERE kDR, mAREHT EATER,

k=3
nums
FHERFITHEF
‘ EE&A k MR

Lo

K 8-7 HEFIFEREAH k MITR

8.3.3 FiE=: i

FATTAT DAL T HERE I ROt gk Top-k A, AR 4N1E 8-8 FR,

L. WG — /T, HHETTOT R R/,

2. JeRBEHRTAT k DITRMIRAMSE,

3. M8 k + 1 DI, HERTRATHEDOTR, WRHETUTR HME, FHnimR AL,
4. wHhsERUE, HEPRFRIBURRART k TTR,

w OE000 — 0008 6
i i
1. Bal k DTENE 1. 80 k DRENE
s ZRERT 18 ZRERT
BART BART
v (@ v (©0)

Step 1 Step 2
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k=3

w (0000
:

i

1. Ral k DEENE

k=3

w (0000
:

i

1. 80 k MTENE

2. ME kel DITEFIRAIET
v YRR > TR

- RPETRTER S

k=3

w (@000
:

i

1. R# k MTENE
2. ME kel DITEFEHINT
v HEITR < BMTHR

Step 7

NIRRT

// == File: top_k.kt

ZRWET
‘ i BUART

atm

ZRWET
‘ < HART

:tm
o o

‘ ZRIET
BART

k=3

w (@0000

JBA5ER, BEl heap EIAT

Step 9 \

k=3

Ll [7]c [2]2]
R
i

1. BH k DEENE
2. M kel DITEFEAIT
~ YEITR > EITR

=1

k=3

— @000
:

1. BH k MTENE

2. ME k+1 NTERFEHIET
v SRR > MR

o FPETTR
ELRITTRNE
Step 6
k=3

w (2000
i

1. 880 k DTENE

2. ME kel DRI

v HPITER < HITR
- Beg

Step 8

21 @)
o o

‘ ZRRERT
BART

Kl 8-8 E:THETFHEAR k TR

[*x BETFHEERHBAPRAN kK PmE +/
fun topKHeap(nums: IntArray, k: Int): Queue<Int> {

ism
o o

ZRWET
‘ e WaART

‘ ZRWET
WART

*m
o o

ZRWET
‘ WART
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/] #taf/ T
val heap = PriorityQueue<Int>()
/] BELAET k DNITENE
for (i in 0..<k) {
heap.offer(nums[i])
}.
[/l M%E k+1 NTEFR, FFENEKER K
for (i in k..<nums.size) {
[/ BEFITERTHEITE, WRHETUTRLE. HFicRENE
if (nums[i] > heap.peek()) {
heap.poll()
heap.offer(nums[i])
IF
}.

return heap

EHEHUT T n MR, HERERARKEN kb, RIENTRIEZREDN O(nlogk) » ZITTENRERIRE, X
kg, NEEAEER O(n) ; 2 kRN, NRASRERZEDT O(nlogn) .

HAN, BITIERER TSR E R, EABTIIABERER, FATA] DUFSE NI TTER, ISR
BRKH) k NTCERIIEIESE T,

8.4 IhgE

1. EREH

- OHERR RS U, R AT R TR, ke (1) TERETEER R () 1,

RSB SR B A SE RN, i B TR S,

R PR R L B ) 2 4 TEEAME O(logn). HETTTEHIME O(log n) RV FIHE
7% 0(1) %,

- el T WRHERNES SRR, BB B A

AR T AP EOPERR, 1E AR MR (P R 2 R,

- 0 NTEEI RN I AT MR O(n) , JEHERL

- Top-k B —ANZMELFE, 7T FHESGRL RO, WIEE 2R O(nlogh) .

2. Q&A

Q: RSN “HE” SNEFERR “HET 2R EEE?

PEARZR—MES, FUZRTGHE “HE”, HHREYLRGENFHRIHER SIS A SRR — 87y, P EsfTh
A DA R ERAF R, R Al DARSR—E B RUHENTE, AT RS R s aii, HIXERE A
BREN, BFRERBOZENT, DIEAERR, AR TERNE, AR ERENE AR EEIEE, &
MR RES T BUN AR B fE < 1),



178

IR

F9HE
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Abstract
EAEmRIES, BTG E— DR, HIEEENWILHEIE,
HF—RIMHIRSHEE, #EX5KE KRR 2SR 8RR EDID,
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9.1

(graph) 2 —FhAELM BB, M= (vertex) FIi (edge) Ak, FATATDLKE G gtz n—
ARV MI—Hil E EE. ANRAIER T —MLE 5 N 7 ZaavEl,

V ={1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5),(4,5)}
G={V,E}

WERRTURENET R, RIDBEEERS DT RSN (a8, AR DLRF B 7E— M BE R R A EX
45, N 9-1 AR, MIETEMRR (BER) FIMGRR (W), PIgERR (B) MAmEES, HimE

!

| /\ S
!

i # &

(BHEXR) (SHE%R) (REXR)

ENZEEmERS, AMtRASER

B 9-1 #ER. M, BEZRIRIRR

9.1.1 EIMERAEBSKIE

iR G EA TR, a5 hEEE (undirected graph) f1BEM@EE (directed graph), 4N 9-2 FfizRe

- FEEET, BFORMTURZEIR AT ERRR, BINIEE QQ HHY “4FARART,
- tEAMEY, PRGN, A — B A« BWRANAREE TN, Flanm s -
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ZHE A
(aFxAm) (aBrm)

K 9-2 HHESILHE

WRIBATE TSR G EE, ] NiEEE (connected graph) FI13EE@E (disconnected graph), & 9-3 Fi
Ro

- NTEEE, WNENTRA, AR HARERTR.
© OTHREEE, WEADTURHR, 20D TRICIRENE,

N

8 B
(AT EEE) (FEMRAEE)

9-3 EEESAREEE

PATERT IOILEsm “FEE" &, MMSEINE 9-4 FiRiEIE (weighted graph). BIAITE (EHRE)
FEFWerh, RGN RN R RIS 2 MR “SRERE”, XM E M4t n] U A ERRR,

T HRE
(Fr&B%EAM) (LRAEWNER)
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9-4 HIESTEANE

BRI & DU B AR,

- ¢F% (adjacency): MM Z AIFIEILAHZER, FOXMITUR “QFHE"7, TEE 9-4 ) TR 1 ARRHE TR
TR 2. 3. 5o

-+ BB (path): MR A FITWR B S R REIFFIRFR UM A 2 B 1Y “B&127, 7EE 9-4 Hh, 4%
Hl| 1-5-2-4 2 TR 1 BT 4 19— SR8 12,

- E (degree): — M IURIMARILE, X THME, NE (in-degree) Fonf Z/ D FULFRMNIZTIN, HE
(out-degree) KA Z/DFIBMNLIURTEH,

9.1.2 BEIMERT

EH R T N “RRERERE” 1 “ABERT, DUNERI T A T2501,

1. 4BiERERE

RN AEE N n, $MEERE (adjacency matrix) HH—1 n x n K/NHEIERFRE, 8—17 ) 1R
T, ERETENRRD, H 180 ZRmAD S B RS EEN,

HIE 9-5 R, WAMHERRER M., TUSHIRN V|, ILmHIEE M, j] = 1 FoR V]i] #1105 V]
WD, ]2 M, j] = 0 ZRMIAZ TG,

mR%IE

#l o 1 2 3 &4
o e, 1 10

‘ ‘ \ 101 e 1 0 @

SRIREERE
graph adjacency matrix

9-5 EMMRIEFEFRIR

WIEHEFEEA AR,

- TERIRE, WURARES B SHE, HEIRRRRERE X A LOTRIAE
- TR, BRSO T X SR,
- RFARREFERITTRM 1A 0 BN E, WA Ron A A,
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i FH AT AR RN IR, FRATAT DAE R RIAE R R DAREGS, (R N E SR E IR IR &, IR A4
B O(1) . AT, MEFERZEEZERN O(n?), PfES RS,
2. SPiER

$BiER (adjacency list) fEH n MEFRRFTRE, HERTRFRTUL 8 1 DMER NI ¢, HAEME 7%
TBUSHIFT A BEETUR, (SGIZTUSHERITUR) o 1B 9-6 JBIR 7 — M ARRER R K BI7R B,

R SERAREENFER

™~
[ e« eole

Wiz
graph adjaceney list

B 9-6 ERIBERIR

AR MUF MR F R, THAMREOEH N T n? , WItEEN T, A, ENERPTEE
i P EERORE I, R RISCR AN A R R

WIZEE 9-6 , AREREEH SRR “BERIBAE” TR, RUARA 0T AR AU 7 R ARALRR,
HOA S A KR, T DU RE AL AVL RSRTSBA, MM O(n) L% O(logn) ; AT
DHEgEREEHONIA TR, TN E 28 O(1) .

9.1.3 ENERA
R 9-1 R, VFZEISERGUR] DU EDRGERE,  AH R A AN AT AL & TR R

#9-1 BAETEFE WE

i b el
RS R GFRRAR TBHELT I HERE
HEkERES  whe SRR R EHER

ENIEER 2k BARREDTESINER  TRPUEHE
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9.2 EREhLIRF

EIRSELAHRCERT 0o xt “I07 BORBRCERIN “Ti” AU3RME, £ “QBRAERE” R “QBEER™ MAFRTIAT, %
B AR AN

9.2.1 EF4BIEEEAYSCIR

NIRRT n BTEAE, NSRRI ER LB AnE 9-7 R,

ORISR : ErBEE AT R SRS R AR, A O(1) WAL, mid TREME, HtFEER
BB T 7 O,

WU (AN IR 1T %1, A 0 BIRT, A O(n) KA

MBI FEAREEERE bR 1T 5, UMM AT ESINA SRS, BB (n — 1)2 A EE
“Ffe LREE”, MR O(n2) I,

WM A n NI, WIAMCKEE N n TSI vertices , T O(n) B, 1B n x n K
INIARBESERE adiMat , 5 O(n2) B,

TRFl& bttt
® o 1 2 3 4 ®w e 1 2 3 4
o o 1 o 1 o . 0 o 1 1 1 o
—— MeaE —— winn )

\\\\ 110 1 o o \\\\ 11 0 1 o o

//// 2 0 1 0 1 1 //// 2 1 1 0 1 1

— 3 01 0 1 0 1 — 3 01 0 1 0 1

4 o 0 1 1 o 4 o @ 1 1 o

SBIEERE B PHEIERE
Step 1 Step 2
T TR (<)
® 0o 1 2 3 4 ®l 0 1 2 3 4 5
o o o 1 1 o 0 o o0 1 1 0 o0
— rz € —— Fm O
\\\\ 1 e o 1 0 o \\\\ 1 e 0 1 0 0o o0
//// 2 1.1 o0 1 1 //// 2 1.1 0 1 1 @
— 3 01 90 1 0 1 — 3 01 0 1 0 1 0
4 e @ 1 1 o :iy 4 o @ 1 1 0o o
N Y
. 5 o ] '] o ] [}
SPIERERE SPIEAERE
Step 3 Step 4

TSR (5
#w o 1 2 3 &4
o pr—s e o 1 1 o o
\\\\ 11 0 1 1 o
\\\\‘ 2 1 1 0 1 o
//// 3 0 1 1 0o o
CD 4 o @ o 0 o

3] BIEAERE

Step 5
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B 9-7 AREEIEFERIRIAGIL, B, SEMTTN

PAR 5 T AR A P R [ A S B
// == File: graph_adjacency_matrix.kt =

[*x BEFPIZEEIIMNTRELE «/
class GraphAdjMat(vertices: IntArray, edges: Array<IntArray>) {

val adjMat = mutablelListOf<MutablelList<Int>>() // 4F3EsE[E, {THIZR3IMN “Timz=s]"

[* WETTE */

init {
/] AT
for (vertex in vertices) {
addVertex(vertex)
+
/] A
/] EAR, edges TERKRMRZES|, BIXIR vertices THEZRS|

for (edge in edges) {
addEdge (edge[0], edge[1])
IF
¥

/* FRENINREE */
fun size(): Int {
return vertices.size

}

[* AMTR +/
fun addVertex(_val: Int) {
val n = size()
/] BETRSIRAPRIDFHIRE
vertices.add(_val)
/] TESMIRFEPERRII—1T
val newRow = mutableListOf<Int>()
for (3 in 0..<n) {
newRow.add(0)
+
adjMat.add(newRow)
/] TESBZREREFRRII—5
for (row in adjMat) {
row.add(0)
+
+

/% BRI */
fun removeVertex(index: Int) {
if (index >= size())
throw IndexOutOfBoundsException()
/] TETNRYIRAPZPRZRS| index TSR
vertices.removeAt(index)
/] TESBIZAEPEMIPRZRS| index BY1T
adjMat.removeAt(index)
/] 1E4BIEEFEPERMIBRZRE] index EYFY
for (row in adjMat) 1
row.removeAt(index)

h
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[* ZN0iA */
// B i, j N vertices FTTEZES|
fun addEdge(i: Int, j: Int) {
/] BE5|IEREHEELIE
if (<0 Il <0 Il i>= size() Il j >=sizeQ |l i = J)
throw IndexOutOfBoundsException()
[/ EXEER, MEEREXTERALETR, BEE (4, j) = (3, 1)
adjMat[il[j] = 1
adjMat[j][i] 1

}

/* BRIz */
// B8 i, j WN vertices TEHZE3I
fun removeEdge(i: Int, j: Int) {
/] BR5|EREHEELIE
if <0 |l §<0 |l i> size) |l j >= size) Il i = 3)
throw IndexOutOfBoundsException()
adjMat[il[j] =
adjMat[jI[i] =
}

[* FTENSPIBFERE =/

fun print() {
print(" TARFIR = ")
println(vertices)
printin(" 4B#EXERE =")
printMatrix(adjMat)

9.2.2 EF4BiERAIII

IEAERTURESEON n, BEEON m, MIATRYEE] 9-8 FIvRHy 75 AL A MR E,

USRI AE TR RON B ERR AR BN IIARNAT, I O(1) N, FEy2EmE, Fr AT SN IRmm A
JITAIIA,

© MHRRIA: FETURON MR R A SO MR G EL, A O(m) INF, TEAEF, FRERRMERRE D77
QESpun

© WAL FEABIEREIN—RER, IR BERST, A O(1) W,

BRI : R, MERE ST ETRAFTAL, €8 O(n + m) W,
PRIk TERREERPAIE n DT 2m %34, EH O(n + m) I,

TR SIS ERFA TS TR SRS AENFRE TR
oo o900 - __ 0-9-0-¢
— 23] = @A B ( — A0 ) & W
\ DA 0-0-0 (+) ( ‘/\,,, 200 9 -0-0
%g/ ©-0-0-0 o—o o0
0—-0-0 )
BER BiER

Step 1 Step 2
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TR SRISEENFIETRR TR SEUREENFIETRR
0-0-0 -0
@ 9\ w200 9 -0 @— )—-©
\[ ] 0-0-0-0-0 0-0-0-0
o—o 0-0-0-0 o—9o »-0-0
S 0 -0-0 o o-0
MiEE |ER

Step 3

TR SERAEENRTE TR

Step 5

K9-8 ABRERAIFIAGIL, WML, HEMTS

DA BAR R AL SELEL, KL 9-8, KR AN,

N T T RIS BRI, DAR SRR, BAIEMLIR GhIEHA) RAEHER,
TERIE TR MR, key ATUREHRI, value AXMRIAZETRSIR (HR).

HAh, BATEBERAE Vertex ZORFORTUN, IXHEMEVREDR : ARG MRIEFE—FE, MSIRRTIRK
XONEWUE, IABZERERRS Dy @ (TR, WFTREHENBER, BIERT i RS2 1, &
RIRMK, MR G TSR ME—H Vertex SEBI, MHFRIE — TS 2 et TE S B IR T,

// == File: graph_adjacency_list.kt =

/* BETFPERIMNTEEESE +/
class GraphAdjList(edges: Array<Array<Vertex?>>) {
/] 4B¥EER, key: Tm, value: ZINRBIFRE SBIZETNR
val adjList = HashMap<Vertex, MutablelList<Vertex>>()

[/* ¥ERE */
init {
[ FNERE TSRS
for (edge in edges) {
addVertex(edge[0] !!)
addVertex(edge[1]!!)
addEdge(edge[0]!!, edge[1]!!)

¥

/* RENTN=EE */
fun size(): Int {
return adjlList.size

}
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[* ZN0iA */
fun addEdge(vetl: Vertex, vet2: Vertex) 1
if (ladjList.containsKey(vetl) || !adjList.containsKey(vet2) || vetl = vet2)
throw IllegalArgumentException()
// FNiA vetl - vet2
adjlList[vetl]?.add(vet2)
adjList[vet2]?.add(vetl)

}
/* EFRA %/
fun removeEdge(vetl: Vertex, vet2: Vertex) {
if (ladjList.containsKey(vetl) || 'adjList.containsKey(vet2) || vetl = vet2)
throw IllegalArgumentException()
/] WA vetl - vet2
adjList[vet1]?. remove(vet2)
adjList[vet2]?. remove(vetl)
¥
[* FINTRR */

fun addVertex(vet: Vertex) {
if (adjList.containsKey(vet))
return
/] TESMERPRI—RTEER
adjList[vet] = mutablelListOf()
¥

/* MIBRT= +/
fun removeVertex(vet: Vertex) {
if (ladjlList.containsKey(vet))
throw IllegalArgumentException()
/] TESHERPMPRINS vet RZAYEETR

adjList.remove(vet)

for (list in adjlList.values) {
list.remove(vet)
¥
}

[* FTENSPIER */
fun print() {
println(" £B#ExR =")
for (pair in adjlList.entries) {
val tmp = mutableListOf<Int>()
for (vertex in pair.value) {
tmp.add(vertex._val)

¥
println("${pair.key._val}l: $tmp,")

9.2.3 XM=TXLL

REFIE n AR m 5838, R 9-2 X LT BRIEFFABRR AN BRI B HRAR, HER, BER
(BER) XRASCSEH, MAER (BHE) THRITEREREHOVIRT RIS,

& 9-2 ABEEMES AWHERX L
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WRERE AR (HER)  AWRR (BRR)

HWUREABE  O(1) O(n) 0(1)
aNnia O(1) Oo(1) 0(1)
ThERiZ O(1) O(n) O(1)
AT O(n) O(1) O(1)
BT s O(n*)  O(n+m) O(n)
WEZERGHE  O(n?)  O(n+m) O(n+m)

MERFR 9-2, PLPAREER (IGMER) IR RIRCR 523 mReR &AL, 1Biﬁi FEAREREFE PRI R RCR B
=8 /\ﬁﬁ—(/é&?ﬁlﬁltﬂjiﬁ'ﬁﬁﬁEH’EEﬂTo LRAKE, AEMEMEAELT PSRN AR, meRRER A
BT “DARF Rl T,

9.3 E#IERH

PHRRIVE “—X2” BRAR, MENEAE&NABE, ATURMERRN “2X 2" KR, Hitt, BfiTALh
ERE R — MR B, AR, PRI is Dh PRt P ik R ) — FRE B

I RIRHR T 2 R R R LB 1. A 7 77 SRl o s ERSBHIRER B,
9.3.1 [ EfRFKER
VRS ei P e — R S i 5 K, MR, GREIRETI M ERIE DN, IR EmS

Pike WE 9-9 R, WA EATURHRE, HEaEmZIsTa BT, R8T — PR A AT
PRI, DARSEHE, BERE R 7EEE,

| Er-ERsiEn
| (BFS)

BT HiEhs,
HERSE. BEY HHIAENS

| BHEFER
0,1, 3,2, 4,6, 5,7, 8

K 9-9 /LS CE
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1. BEGESSI
BES J@H (B BIBAFIRSCEL, ARADAN RAR, PAFIER “SeAJEH” BIMER, X5 BFS Y “Huffozm” fyEAE
SeihF T,

1. KB EIETUR startVet MABNS, FHIFEIEIR,
2. EPERI RIS TUROFCSIA,  SRERZ TR B TR QB T2 BAS FE#R
3. TEMPER 2., BEEITA TR RS2 E 45,

NTPIEESEHTR, BAIFEEE — DS HES visited RICFRMPLT L EHITHL

Tip
IR G R ABE— N TENE key M ARTENRE value NIGTZR, TRIAE O(1) INTAIE A4 RHET key
ASE & R, ARIE key FUME—IE, WARESERHTEIEREFTR,

// == File: graph_bfs.kt =
/* T ERIKER */

fun graphBFS(graph: GraphAdjList, startVet: Vertex): MutableList<Vertex?> {
[/ TREHFS
val res = mutablelListOf<Vertex?>()
// WBEREES, ATFicRERIAREINE
val visited = HashSet<Vertex>()
visited.add(startVet)
// PAFIFFSS3 BFS
val que = LinkedlList<Vertex>()
que.offer(startVet)

while (!que.isEmpty()) {
val vet = que.poll() // PAETRsPA
res.add(vet) // EFipETNR
/] BTN AIFRE $BIET =
for (adjVet in graph.adjList[vet]!!) {
if (visited.contains(adjVet))

continue // BRI EHIFIEEITR R
que.offer(adjvet) // BEABARIFEBITNS
visited.add(adjVet) // tRi2iZIN=E#i51E

+
+
/] RETN=IEHFES

return res

FREEA R, BBOHRIE 9-10 SKANTREEfE,
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EHFT) res EHFF res
[ ] ]
BAZ que BAFI que
o 00

e () s, FATUTHRME
1. BEMRMNEDFS res
2. RERNFTE SEMEHIT

ABA que HMA visited

T (E) HIK, FAGTUTHRIE

1. BEIMRNMNEFFF res
2. RETRAIFTA TR AT
ABA que FHPIA visited

009

TR () I, FTU TR

1. BERRMNEHFS res
2. BETRRAFIAE PR AT
ABA que FHMA visited

?‘Hr

oo

TR () I, ST TR

1. BEMRMNERFT res
2. BERARMFIAE BETRRAIT
ABA que FHMA visited

IEHIRE visited

BHEFF res

M () B, FHATUTHRE

} 1. BEMRMNERFF] res
2. BEMREFEPRURAIT
ABA que FHAIA visited

(00

BAFY que

000

-—

HEA

TS visited

(00000

ABA

M () s, AT

} 1. BEARMNEFHFT res
2. BEIARMFE SBERRRIT
ABA que HMIA visited

(0000 )
BAFY que
0006

HEA

TS visited

(0000000
Step 5 ]

TR () R, FRTUTIRE

} 1. BEZARMNEFHFT res
2. ROAT=AFTAE B ETRRBT
ABA que AN visited

BHFFI res
(000000 )
BAFI que

00

IAFEE visited

(00000000

TR () K, FATUTiRE
} 1. HRIGRNBR res

2. RETREIFAE BETRHIT
NBA que HMIA visited

BHFT res ‘ o ﬁ\
(00000000 ) T /
B3 que @ °

° i

HEA

IHES visited

(00000000

0—

T () s, FRATIUTiRE

@} 1. BRMAMNEFHEF) res
2. RETTROFTEHETRAT
NBA que HPIA visited

BEES visited

(000 ]

BHEFT res
(000 ]
BAZI que
000
™ ‘E

KRS visited

(000000 |

(00000 )
BASI que
000

WEEE visited

(00000000 |
£33

BAHEFT res
(0000000 |
BAF que

00

WEEL visited

(000000000

BEFT res
(000000000
BAF!I que

WRERE visited

(000000000



&
o)
It
2%

www.hello-algo.com 191

EHFS res

= ra— A5l que

RHKS visited

= B3I que K%,
~ FREE, FERUEH
Step 11

[ 9-10 B/ i 5 B

) BEDIL Sk 3 B 1 5 W —2
ANME—o JTREEACSEE G R ER g BRI WG, 1 2SI IR) R A TR )i N> e 1
FEEHTHL, DAE 9-10 i, Wi 1. 3 Ris RIS AT PAZE R, T0AS, 2, 4. 6 B3 Rt T DAFE R 2 #i

2. ERESR

IR P TUER R AR —IR, EH O(|V|) IiE); 1EiE AR g e, d 2 mE,
KRR IS i 2 1R, O(2|E|) WE; SREH O(|V| + |E|) M,

PRERE: K res, BHES visited, B\FI que TR EERZ N |V, #H O(|V]) 22H,

9.3.2 REMTER

REEOL it s — LB S, Joisnl E m il ki i ik, Qs 9-11 FioR, W BATEtA, Vil
AT TR AYSE D BTN, BEEVERRSKINIRE, BARSUERRSLIFIRIE, DAL, BEATA TRE T 52
’&O

BEfRER SRR
2 3 (DFS)

13 a2 ¢ ? LTRSS Foiapa,
EBKAEE, BEZLAKE,
6 BUlkH - BESREG

BHFESH
©,1,2,5 4,6, 3

K 9-11 MR e
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1. B5EsE

XA SERVRSKERR A ARETEEFEETIBIREI, 5 EE, EREREEnT, A
MFRBMEI— PR S visited RICK ORI, DO % EE 15 R T,

// == File: graph_dfs.kt =

/* REMIFTBHIEBIREL */
fun dfs(
graph: GraphAdjlList,
visited: MutableSet<Vertex?>,
res: Mutablelist<Vertex?>,
vet: Vertex?
) {
res.add(vet) /] IBRiAEINSE
visited.add(vet) // tricZINmRBE#IGIE
/] BRIZINRBIFRE $BIETN =
for (adjVet in graph.adjList[vet]!!) {
if (visited.contains(adjVet))
continue // BKIE#IARIAYINS
/] &V SBEETT
dfs(graph, visited, res, adjVet)

I
[* REMFTEH */

fun graphDFS(graph: GraphAdjList, startVet: Vertex?): MutablelList<Vertex?> {
[/ TRIBH RS
val res = mutableListOf<Vertex?>()
[/l WMEEES, BFERESIFREHNINSR
val visited = HashSet<Vertex?>()
dfs(graph, visited, res, startVet)
return res

RS e RETTZANE 9-12 Fow.

HREARERN RIEHE, FoRITR T — DHHE 75 K T U

MR A LW, SRR TIRCSIRE, [BIHE] T IR R E,
NTINIRERRE, EUCRE 9-12 5RMEERKR, EMPRLL (FEMZE TR) 81 DFS 3, gt
BIATTIEMNITE, AIRHERE,

BHEFF res BHEFT res
. (e ) 3 (oo )
0O © © WERE visited f/\o\%oﬁ@ RS visited
2

| o | | o0 |

| ERIE: BIRME:

A BT amms () ssszmss

o 0 o ﬁzzmﬁ% (1) :

Step 1 Step 2
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BHFF res

e (000

TS visited

(000

e
s € parEma
s (@)

BHFF res

(00000

RIS visited

(00000

EHEER:

sarET () somETs
s @)

BHFF res

(000000

TS visited

(000000

e
serm () soamzms
s ()

BHFF res

(000000

IFEE visited

(000000

LR :

suteese - meEmEmR (@

Step 11

= () wFEsEmsBE
RiczsaE, EpzEms ©)

BHFY res

NG (0000 )

BEEE visited

CLET) |

BHNE:
s () samEms
sz @)

BHFS res

(00000 |

BEEE visited

(00000 |

e
s () wFEsEmASEsR
RikgosEE, EAEms )

BHFY res

(000000

RBEEE visited

(000000 |

ELABRER:
w5 () sFrBEmAEE
R, mnEms ©)

BHFS res

(0000000

REEE visited

(0000000

ERMER:
s () msmEms
smsams )

Step 10

BHFF res

(0000000

REEE visited

(0000000

EE:
1w ) sFESEmABEE
Rz 4EE, EAETR

s ) ktiEm, mEmEn
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B 9-12 BRI 0 3%

DRBEDIL e it s B4 51 75 W —2

SRR, WIS A R MR, AR, JeEIR T R RAR AT
BA, BARETIRHIN ] DUERATEL, ARRIRE LI Ci,

D@ A, ‘R —7E =57 E R =6 A - R 2pINNERE. FE JERE
P, eoR T =fumPiiisedk, Amix=F#E TREMLE,

2. ERESR

IR AL S TUSE SR 1k, 6 O(|V]) BHE; Fraasasiyin 2w, #H O(2|E]) ki
SRR O(|V| + | E]) WL

SIS 5% res , IRTEA visited TASRREN V], BIAFREREAS V], HiEH O(|V])

22 [H],

9.4 NG

1. ESEIEH

- EHRTUSAAARN, AR — TS — 4RI R &

- MERTEMRR (BER) FIERR (W), MEXR (B) BAE&NEME, KimE ek,

- ARERZEATTAYE, EEEPIERTUEANE, ANERNERILEUSIET R,

- ATEFERERMERER IR, 81T O RE—DTUR, EFTTRNERE, M 180 RN TR
[FIAINETCIN, AREFERE AR & SaR e ERCR R e, (B2 SR,

- ARERMEMZ MNERRFORE, B MRERXM NI ¢, HAPEiE DX T BRI, BRZFRM
X ABRIEFEE AN A A, (Hi TR RERREID, I RBCRER,

- YRR FRVREROT KN, A] DURFH AR L B BRI A R, AT THEIRICR,

- WRIRRBBHAE T, AEEFHAILT DA AR, SRR T " DA (R s e,

- BT RS EIICRSE, WHRMgs, HIPREREE <5,

- R —RRR, ARk R e O B — AR

- ERTERTE DR A EE NI, BERYKEERTT, @ EAEBIAS S,

- EIRREA S LR M E R, Tos nEN ERIARER TN, HETIRIRLIL,

2. Q&A

Q: HRRRIE RBTRFHIE RN FHI?

HHER EARIESRARNE XA —8: g “BiEe—MaFy”, mhiiig ‘SRR — P TR
H1”, AR ZIEXRRIESC: In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.
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FEARSCH, BEPAN— DA, AR DR XREAMAN TR Z R REF A2 5RI0 5, It
(VRS S Ul A i IR

Q: AREEE RS X H ik h 2R R?

FEAREEE S, MWREADTURHR, B0 PMRICREE, whiREEEHEREZ NN, PoEhzE
HIRTA I 7 &

Q: TERBRESRF, “SRIUAHERFTETIUR" FITURIT 2 & A 2 K?

A DURAERF . (BAESEPRM A, AIRER ZAL IR MUNRHE?, HAMEIR TS AR Ay, BB IR T
ARG, XA T HRIEER A ERRE” TR,



196

FI10E EF

Abstract
HWRZ—ARANER, BAIS8FFZEEEMMZ RPN AT, XaFa] DLPOEEIE B R,
ERXAI IR, F—IREE A RER R — MR ERHENE R,
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10.1 =—H&EX

—5&EH (binary search) BT IGRISH SRR REER, EFHEBIRINA R, SeH)h—FRRT
l, EEHEIERTRSEERXE NN,

Question
HE—NMKEN n WEEH nuns , TTERIEMNNEIRIIFHEY BEAESE, 1EEHIFREITER target
EZBAHAPHIRG |, HEHEANEZTE, MHRE —1 ., REEnE 10-1 Fir,

ERERERTHA
nums

BMANBEFHA nuns , ERBEIFTE target = 6

B 10-1 o EHORGIESE

I 10-2 fiw, BAVEWIGERIES i = 0Ff1 j = n— 1, SilfsREEHE TEMETE, REHERXHE
[0,n — 1] . EER, HESFRRHXE, HOEZL5HEERS,

BRE, TERHUTUL RIS,
L WREHERG I m = (i +7)/2], HP | | KRA FBEERIE,
2. H|Wr nums[m] 1 target BIR/NRR, 2N PR =FEN,

1. Y nums[m] < target i, UiPH target XAl [m + 1, 7] #, REHITi=m + 1,
2. % nums[m] > target i, BifA target EXIAE [i,m — 1] 1, FHHFTj=m —1,
3. Y nums[m] = target I, TiBHHE| target, HHIREIRSI m .

HHANEEETR, HREARERG/NNE, WRHEE -1,
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351 351
| 31 i ; 31 mi
23 2 | 23 %8
i 15 15
: 12 12
sannll sanill
= anl =1 anl
#® o 1 2 3 4 5 6 7 8 9 #l 0o 1 2 3 4 5 6 7 8 9
A A N A A
i b] i m b
RIF=—SER:
WAt i, j HIEABEETR. BTR 1. 8RR m= (i +3j) /2
mERRAXE [1, j]
Step 1 Step 2

| o

15
Y
=] =13 nll
:
bl

8"1
1 3 . 3
fom D - |
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 4 5 6 7 8 9
A AoA A A
i jom iom
BR—SER: RF 5T
1. HERA N = (4 +3) /2 1. 8RR m = (i +35) /2
2. ~ nums[m] > target
Step 3 ~ BT § o= om - 1 GNERKE Step 4
23
#l o 1 2 3 4 5 6 7 8 9 #l o0 1 2 3 4 5 6 7 8 9
Aoa A Aoa
m i j im j
BEF=SER: EF=SER:
1. H&hE m = (i +3) /2 1. itBFE m = (i +3j) /2
2. = nums[m] < target
Step 5 S HIT A o= oo+ 1 GNERKE Step 6
o Zm i H
#l o 1 2 3 4 5 6 7 8 9
A
m

EF TR
1. HHbmm = (i +3j) /2

2. v nums[m] = target

step 7 | - EERS|

K10-2 —orEinkE
ERERRE, BT i f j &R int 288, Wt + j nIRESEIE int ZMIHUETER, O T R EGESR,
BATEHERALR m = [+ (j —1)/2] KHEFS,
AN R

// == File: binary_search.kt =

[* ZHEH (WHAKE)  */
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fun binarySearch(nums: IntArray, target: Int): Int {
/] EeNAXE [0, n-11 , BF i, j #iERHEETR. Exx
var i = 0
var j = nums.size - 1
/] &, HERXERNTHBE (Y 1 > j BFASE)
while (i <= j) {
vatm=1+ (3 -1) /2 // HERSESI m
if (nums[m] < target) // WiERIHEA target EXE [m+1, jl #
i=m+1
else if (nums[m] > target) // WIERIZEA target 7EX|E [i, m-1] #
j=m-1
else // #XEIB#rtE, REHZES|
return m
¥
// KIxFIBtrTE, RE -1

return -1

IMIEREN O(logn) © TEZMEHH, XEERG/N—F, BIIERRE log, n .
BRERERN O(1) : 85 0 F j EAFEBOCVNE R,

10.1.1 XjEERRAG*

BT LARUAX SN, WX ERRES AT XA, @8 [0,n), BELRESHS, iR
FEEES, FEZRRT, XH [i,)) £ = j A=,

BATT AR T %R RS A A M FEIRER — B A
// == File: binary_search.kt =

[*x ZHEK (EARFXE) */
fun binarySearchLCRO(nums: IntArray, target: Int): Int {
[l MR ERAEFXE [0, n) , B i, j KREEHEETR. Bt +1
var i = 0
var j = nums.size
// 1B, YEEXEANTHBE (Y i = j AT
white (i < j) {
valm=41i+ (3 - 1)/ 2 // HEHR=FRS m
if (nums[m] < target) // WIERiIZEA target EXIE [m+1, j)
i=m+1
else if (nums[m] > target) // UiERiIXEE target EXig [1, m) &
j=m
else // #&XEIBWrTE, REHZES|
return m
}
// FIxFIBtrmE, RE -1

return -1

i 10-3 Fow, EMRXEZRR Y, Z0EREERGEM, TERRANgE NX IR & A FTAFE,

BT WHAXE" RIS SO AX TR, RIE TR @ AfEE 5 98X R HE R AR
Mo XFEEAAG W, Bt —B@BCRH “WHAXE” #5734,
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RE |

§§|“0123456789"“@123456789"10
i ERibREeEsss j i AKhReEsas riaRFE58T j
EFKE: WAXE [i, j] ERKiE: fRAFXE [1, j)
adkisst: i =0, j =n - 1 iatkigst: i =0, j = n
BEFEIESEM: i > 5 BEFERIESMF: i 2
GUKERE: i =m+ 1, § =m -1 BIRKEHRE: i =m+ 1, j=m

&10-3 FRPIX[AIE X

10.1.2 i=5RRE

o BEERAE I TR [R) 75 T A A BT B TERE

C BRI AR, TEAKEEE T, MBI RS 28 B B, B, SEdER N n = 220
I, SeMEAERAEEE 220 = 1048576 %AAIK, i /&I log, 220 = 20 418,

- ZOBERTCAEIN R, R T REMEESME RIS REDSE (FliamER), —aBEREnTEs
],

A, ZoESOHBEERTIAER, EEADITER,

- IOBEBRUER TAEREYE. AMABIETRE, N T ER B ET T, 50655 B
HF BN R EREERE N O(nlogn) , HHEMEBM —H&EREES, o TMEMATRNT R,
WA, FEETTRBATREMNE, NHEEREN O(n), WEIFE SR,

© ZOERPGER T, BT Rk ARESH) TR, MmAERERHHAITERERTT FHIRK
BRI, RIAIE G A B s T HER SRR EE

C NIRRT, AMEEIRVEREEME, ALRMEERT, FRAFE LRABHRE; ME_SERH, TE 1R
A, TIRBRIE, 1~ 3 RAIrRIE. 1 00I0E (TR, 3t 4~ 6 MEocife; B, SEIEE n BUh,
S BRI L = &R,

10.2 ZHEREAR

BRI TERERTER, A TRRIFZZRMEE, R B TR E,
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10.2.1 EEETENER

Question

HE—TEEN n ERFEAH nuns f1—JTE target, HAARFAEEILE, I target i
A nums /1, FHERFFHA R, HEEAFPCFEETE target, NEEAZIHEALT, HREFHAG
target TEEAHHIIERSG], REENE 10-4 Fr7R,

nums

BAR A target

nums

WAEFHA nuns , BARTER target = 6
N target RYEARERSIH 2

10-4 =0 ESFEARURIEE

U AR b0 Y EERARAS,  MUARTEIEE A R AN
W YRS target I, HURIIRS RS RZTRIIRT|?

A H KK target AR ICEN AL, XEWEHH AN target Bt 75K target B E, ik
U, YEAME target I, FHARPEG IR X target &S,

M MEEHPAEE target Y, AR TRIRG]?

WP EE - HERIETE: Y nums[m] < target i ¢ 23, XEWRETEE i R AKTET target HICE
i, [FHE, {88 BERAERVNTET target BITEEIR,

HIE i — A i RIS NAT target 0, jHRAE AT target UTEE, SIS
% target B, WARGI N, RESURAR:

// == File: binary_search_insertion.kt =

[* ZHREHEANR (EEETE) */
fun binarySearchInsertionSimple(nums: IntArray, target: Int): Int {
var i = 0
var j = nums.size - 1 // #J8EHNHAXE [0, n-1]
while (i <= j) {
valm=1+ (3 -1) /2 // iHBHFIERS m
if (nums[m] < target) {
i=m+1 // target EX/E [m+1, j] &
} else if (nums[m] > target) {
i =m-1 // target EXjE [i, m-1] =
} else {
return m // 3% target , REHEANE m
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¥
¥
// F#F target , REHEAS i
return i

10.2.2 ZFHEEETENBR

Question

£ E—BR R b, e B RE S EE TR, HRAZ,

BRISBEHAPFEZ A target , NEE &R HGEREBIEA— target RS, MEMEZCENA
BftGibiea £/) target,

H ERE B e 2 AR R AL, FiERNEEE RGP A —A target RS, W1 FEELTE
10-5 ARy BRS2EL,

L #UT &R, [FEERE— target FIRS], KN ko
2. NR3 kTG, EfTdtieli, SRR target FHR[EL,

target

e

x ,.*\ PP

1. EZHEHRIER— 6
2. BEMEHRIIREIN 6

10-5 SMEREEITTRIEAR

WAL BRATTH, HEOESEER, FNHNBEEREN O(n) . YBATFERLEEM target i, %
FERCERR K,
W ERRE S ERAE, WE 10-6 iR, BARERE IS, BRETETEARTI m, FHN target
M nums[m] BR/NRR, 73BN LAE L,
- Y nums[m] < target #{ nums[m] > target B, WHRHILEAHRE] target , [FIRAEIE 7&K
HI4E/ NX EIHRE, MmEfEEr < 1 j M) target SEiA,
- Y nums[m] = target I, BAA/NTF target MTCEIEXE [i,m — 1] W, HICRA j=m — 1%
/X e, MmEREEE 5 M NT target BTERSEIA,

TERTERG, © fEMER /AN target , JHRAENNT target 7T, FEILERT ¢ SR
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15} 15}
; 2 i | 12 i
| 10 | { 10
6 6 6 6 6 | 6 6 6 66
. wm 1
*ia > m
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A A A A A
i j i m j
BF &R
ek i, j DIEABRAETER. BTR 1. 8RR m = (4 +35) /2
WERTAXE [, j]
Step 1 J Step 2
15 15
12 [ 12 []
10 10
6 6 6 6 6 6 6 6
mE 1l mE 1 {
il = m
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A Ao A A N
i j om i om j
BR_SER: BR_SER:
1. W&PEm= (3 +3) /2 1. 8RR m = (i +3j) /2
2. v nums[m] = target
[ Step 3 ST G = m - 1 BIMNERKE Step &
15 15
12 [ 12 []
10 10
60 {6 616 6 6
& 1 O[] & 1 O[] |
= o e HE M
#l o 1 2 3 4 5 6 7 8 9 # o 1 2 3 4 5 6 7 8 9
A A A oA
m i j im j
BR_SER: BR_SER:
1. W&PEm= (i +3)/2 1. it8FE m = (3 +3j) /2
2. ~ nums[m] < target
| step 5 ST A= o+ 1 RINERKE step 6

15 15
12 [ 12 []
10 10
6 6 6 6 6 6 6 6
3
b ‘1‘ H
4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
Ao A
j im i
EFR=RER:
1. 8RR m= (i +3)/2 v FHREARM i< j

P — « B, EEEE) i

lw AT 5 = m - 1 BIMERKIE E=T

10-6 B IREEITTRAHA R BE

WEZLLA ARG, HIWr793Z nums[m] > target 1 nums[m] = target RUERVEAERE], EIHFE AT LGS,
B, FATMIIRRT AR RIS ORI, (RN LB hniE T, nl ik e 4f,

// == File: binary_search_insertion.kt =

[* ZHEREAR (FEEERR) +/

fun binarySearchInsertion(nums: IntArray, target: Int): Int {
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var i = 0
var j = nums.size - 1 // #@EANHAXE [0, n-1]
while (i <= j) {
valm=1+ (3 -1) /2 // HBEH=FRS m
if (nums[m] < target) {
i=m+1 // target ZXiE [m+1, j] &
} else if (nums[m] > target) {
j=m-1 // target 7EXia [i, m-1] &
} else {
j=m-1// 8NNF target B9THEEXE [i, m-1] &
+
}
/] BREREAR 1

return i

Tip

AR X" Fik, AXGER5EE T DLETEI “ERET ik
BERE, —oESICARESTEH « M j phliE#RER, BiralaEE— P EMARITR (Bl target ),
] gER — NITREE (BT target HI7TR),

FEAWTHIIEA — 0, 48« M1 j FBENEL UL ROERI B iR, W2, EMERRIKEIER, sEiidia
FEfE L,

10.3 “H&EHDBR
10.3.1 BREHR

Question
HE-NKEN n WAFEH nuns , HPR[RERSEE LR, HREBA R —ILR target
MR5l, HHEHAPAUEZIZITE, MRE -1,

A2 =B RIEA S, MRERE (BRRAE— target , RIEIGA SA R ERIEERE A —
A target RIZ5],

FRIEEESE A SR AR AR, HEE, BHPERES target , XAENATRES AR
PRFPEE SR,

© FARMRS] B,
- & nums[i] 5 target FHHE,

B DA ERRE ST, BEBHRE —1 BIR], AR FAR:
// == File: binary_search_edge.kt =
[* ZHREHRRE— target x/

fun binarySearchLeftEdge(nums: IntArray, target: Int): Int {
/] FNMTEH target BEAR
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val i = binarySearchInsertion(nums, target)
// &#%EF target , &[E -1

if (i = nums.size || nums[i] != target) {
return -1

¥

// #%3F target , EEIZEF| i

return i

10.3.2 EHRAFDLR

L&A — 1 target g? \EFEN TR EZESUREE, BHE nuns[m] = target 1B FHHEES
WeaE R e, RESTEHL RN, A 4EsEE T DLE TS,

NEBA I AR E IG5 i%,

1. ERERELR
Sefr b, BATAI DA ERE AT ENRBCRER R G TR, BEGER: BEREA A target ¥
B —A target + 1,

i 10-7 iR, EEGERUE, f8E ¢ fRARA—A target + 1 (WIRAFETE), 1 j $EMERA—1 target,
KgE3g Il 5 BIRl,

target = 6
— (000000
i i joi
ERRE—T
target +1
Fih
TRmAE— EHEE—
target target

B 10-7 RESHAGIDSEAANER DT

EER, REPFEARR ¢, FHEFRERHER 1, MmkE j:
// == File: binary_search_edge.kt =

/* ZHERRE— target x/

fun binarySearchRightEdge(nums: IntArray, target: Int): Int {
/] BURAERRE— target + 1
val i = binarySearchInsertion(nums, target + 1)
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// j EEREAE— target , i IEABENAT target BTE
val j =1 -1
// ki#%F target , R[E -1

if (3 = -1 || nums[j] !'= target) {
return -1

R

// % target , REZE3| j

return j

2. HUAHERTER
BAFNE, SBEAHESE target B, &K1 f j 205FEHE NKTF. /M target FITE,
[Rltk, G0E 10-8 AR, AR DMGE — MNP ARFERITER, HTERAGIHA,

- BRERE—A target : AU NEK target - 0.5, FFRMEFEE Q.
- BREA A target ¢ AJDUERMLONEER target + 0.5, FFIRENEH 5.

target = 6
nums
j i joi
=i &R
target - 0.5 target +0.5
Fh i
BEREE—T EREE—T
target target

10-8 REHIDFFEACNESITR

AR, DANMAERER.

- AEREHAE/ N, IXTERE BT O AR B R I B
- BOMIZITIESIN TN, FRDARZR MBS E target BONTEREEA (Python TEAEN)

10.4 MFEMRILER

FERIREA, BATTH BN R RIS BON G T PR R RN A, BA B — D RIRER A
BRfigE,
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Question
ZHTE — MBI nums FI— P HFRCE target , EAEKHFTHER “F17 8 target IIHANICE, I
REIEN BRG], IRENEE—MERTA,

10.4.1 £tEEH: LB ERES(E

FIEERENEATRERVAH &, WA 10-9 Ao, BADTE 1WA, R N EEEHIRR SN
target, 7, MHREIEMIHRS],

target = 13

nums =

BAFFEES, HEHMA
target FILE&EHR[D]

B 10-9 ZeMEBORMEMECZ
AR

// == File: two_sum.kt =

[* FiE—: BAKE */
fun twoSumBruteForce(nums: IntArray, target: Int): IntArray {
val size = nums.size
// WETER, HEIERER 0(n"2)
for (i in 0..<size - 1) {
for (j in i + 1..<size) {
if (nums[i] + nums[j] = target) return intArrayO0f(i, j)
}
¥
return IntArray(0)

WP IR RS 24 R O(n?) , ZEREAERN O(1), EABEER NIEFFEN,

10.4.2 MRFHEE: UTiEHRATE

BRMES - MamER, BENDHINBEHTRNITRRS . TENEHEEH, SHRMTE 10-10 FRiP 5,
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L. FIWrECy target - nums[i] BEAERT RS, A2, WERBREIXMDITRARG),
2. FFREEXT nums[1] MIZR5| 1 IRINHEIG A %o

target = 13

nums = [n‘

a
i

[ key g ] TR
map =
value =3l

BHEEE nums

~ 13 - 2 = 11 F map F
~ TR 2 Fhi# map
Step 1

target = 13

w - BOOO
200
i

[ o s J -

map =

value 1 =3l
BHBEE nums

13 = 7 = 6 FE map P
~ R7TR 7 RMiE map
Step 2

target = 13

ws - @O0
:

i
[ N 8 } -
map =
value 1 =3l

BHKE nums

13 - 11 = 2 £ map P
~ BETRAEFRS| [0, 2]
Step 3

10-10 HiBhIGAZ KM EZ M

SRS AN R AR, AR EIEIARIAT
// == File: two_sum.kt =

/*x FEZ HHBRER «/
fun twoSumHashTable(nums: IntArray, target: Int): IntArray {
val size = nums.size
/] BB ER, TEIERERN 0(n)
val dic = HashMap<Int, Int>()
// BREEF, RHEERER 0(n)
for (i in 0..<size) {
if (dic.containsKey(target - nums[i])) {
return intArrayOf(dic[target - nums[i]]!!, i)
¥
dic[nums[i]] = i
+
return IntArray(0)

W75 B AT A P R 2 O(n?) BEZE O(n) , KIBIRTHSITHER,

B TR — DMMIIR TR, FILRAERER O(n) o REWMIL, 07 IR 233008 5 0 P,

e R A SR RS
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10.5 SFHiREFEFEX

WERBZE (searching algorithm) FIT{ERUES (BIANELEH, HER, WEE) FFER—-Del—HileRiE s
(RRiNpIvE 8

FEREIRARIE LIRS 2 N DU,

- BIRSRRE R HbRe R, I, R RRTERETSE,
- FIHBIRAP G BIR SR REE, KRMBOTRER, =&k B A ISR
AHHF,

AHERI, XEERNHRHACAE TRV T A4, RIHIRREIN TRAPRUIF AL, AT, ]
FMEIRGIMATIN, EHraH IR,

10.5.1 |hHiEE

2R FE BRI N TR RE M BT R,

© CAMEERT EH T RAMBER SRR, EMNBUREHN TR, BATRITER, EEIEKE
HARTEREENA S —unlie A HE HAR TR M ik,

CTTEARSEERT 1 REMSER” R EFIR BRI RE, [TESE RN T AT IR 2
R, BT R DT R R RMNAET RUTEE, 18 —RIEEREL, R =AH
flbit, EEw D 7e B EHRLE

ZIERAVE R R R EEA ML, O BaBmisE B By MBS .

RN, MERBIEIN WIS N O(n) , Hrhn cREg, FIESEREERIIEI FIERER .

10.5.2 BiERMEE

HIENAE RN ABIRRR AR (GINERE) RICE R, A s ot e i B iR,

- T EWT NSRRI ERERR, COEHTEE,
- CIRTRERT MARRRRHEREIE EAREEEE O B E X R, AT SE IR R,
- R ERPERIRESH (BN SARERR) T AT RUESR PRIEHERR T L, ATE AL HARTTER,

SRR R, IR A TIAE] O (logn) #5 O(1) .
ST, (P LETERECERE B SR TR B, B, — 5 SR A AL (THEFE, TAT5 EHRIH
BT BB NIRRT, e R At B AN T 2 P44,

Tip
HIENAERERF PR ESREE, RERAT AR EBIRG P IERR Bk,
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10.5.3 EFAHEIEN

BERNN n W—HEHE, BATATDAERLMEER, &R WER BHRERFZAMTTIENHERER
TLR. B NITTER TR ERANE 10-11 Fis,

ZM4E% o(n) RHBER 0(1) W\ key & value
- e REE R 7!'9 2 8
oeCoooan e
spaoggaon |7 LI3E4IRL L]
53k 3 pak s €45

ZHEHR 0(logn) WEH 0(logn)
- XR¥EFEHG
EHEFT R

o]1]2]3]«]s]e]7]a]o] e

S~ N

RIESIER F g ERX )

B10-11 AR

ERTURTT IR B ERBCR SRR 10-1 B,

R 10-1 EREFBERX T

LRMHER THER AR AR
EHITR O(n) O(logn) O(logn) O(1)
BATR 0(1) O(n) O(logn) 0(1)
THERTCER O(n) O(n) O(logn) 0(1)
Livlesls)| O(1) O(1) O(n) O(n)
HE b / H7 O(nlogn) ## O(nlogn) R O(n)
YRR SHT T g A TeF?

RREIRANEREIOIRE, RIEREZOR, BUREW 5 iR,
&RIHER
- BTG, FTEAUEMTEIR TS EIRCE, RN MXTEE S —REBUE, T2 HAh =077 R EE A B
AR T FE e M HE AR AN TRDE 2B K
- TG TARREUINEEE, BRI A E A ROR RN,
- ERTEIRERORE &R, EOZTT AN TR B E AT TR ME
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IR

- OIEATAREIERNIEN, BRRMEE, BRENREREN O(logn) .
- BdERATRES R, BEONTE RS RS AR 2
- NEMT IR R, RON4ET R AT R,

IS A AR

- EENEREREE SRR SR, FENRERER O(1) .

- NEAHEAFBIRSGEEERI R, RO RICTR4ET B H P,

- NI RS A R A BRI AR A s, BAARORIIPERES L

- PEAEEEREERIEN, KOG RF LTINS FREA D o, Mt R iy&E 1l

[\
HEo

- ERTEREYE, RO RAERNE R B ER.

- EETREYEA PRI E AR R

- TERPSHENT SRR, AR AT RE AR, NRIEAESEE O(n) .

- B AVL TR, WA THRIERILE O(logn) HeR FREIETT, (A4 -8R /E 8 &
ST

10.6 /&

1. EREH

O ERREEE A, B IERES R R TR, TERRABIEE Y, AL
38 PR T RO S T R ST B 44,

- R RIEI B RSO (R, RPHEZOE T TRARIRER, | BRI e R
SEF AN, HREMEMAEL, A SRR, BRI ZE O(n) B,

CIRFAR, WA S RE TEIEZOE, AR R bR A H AR, R
%, INAEZRERIE Ologn) B% O(1), (EIEH BB HINGRLA,

- SRR, TR RORUEL, MR, RURE A R R ST R, MRS
SERHEZTIE,

- RMHYRER T VS EHORIE; A E RS TR, R R HOE TR A
SRR LI AT R IR RR ;2 HOE T S WU I S A MR A B A R

T A R A R R BT IR, LSS 25 O(n) 1% O(1) .
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F115E HF

Abstract
He it an —HORHRELZ AR P RO BETA AR, (HFRATTRE DATE SR 77 U R 5 A AR
o BN, RE 2T RHA, HramIRiIEr TEIRNFIEER,
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11.1 HIF®EE

HFE% (sorting algorithm) HITX —HEHRIZRKHE N EITHS . HFEREET 2N, KGR
HdfEid H RE B E SRt E R, AR,

e 11-1 Ao, HEr REETHROBERER R A DU RS, TR PR E TS, HE AT RN AT AR R 5k
B, WEEFR/AN, FAF ASCIL RBJIfT 8 E & A,

BRBRBFANEFER
20800800 (o]s]2]s]«]s]e]/]
RRTFHEHFTRES
CICDEIEDED = CHEDECIED
HRERAEXHANHFEFH S

G00A00G OoGcocDd

B 11-1 BESEERAI AL =51

11.1.1 N EE

BT BT EHER RN R EAERER, HEEAERERERD (NRIEMEFREEITE /N, X
FTREGEEMIEN, BITNREETNNEE,

P AR, Rt S T R A AR R RSB, IS BhERAN B, T NAE.
BEBNT, FRHHEREIERs @R D, BITHEE M E R,

ettt BREHFAESHTE, S CEEREHE IR A & 4K ZE,

REHF 22 H R 2B, RIRBNTE — MEEEAEERIRK, 6B 15 2 519524/
FS, EIXRMEN T, ERREHRTRES B0 ABIE A ks

# BMASIERRRY R HIFITS

# (name, age)

('A*, 19)
('B', 18)
('cr, 21)
('n*, 19)
('E', 23)

# BRISERIEREHFEZRERHFIIR,
# £58ch ('D', 19) 1 ('A', 19) HUHEMMIENRT,
# WNSIEREZHIFEREL

('B', 18)

('n', 19)
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(A", 19)
('e', 21)
("E', 23)

FUENTE: BERHERERA M A SR T AR E SR AR, RBERARRRER, BIENHF
SRR B I TR 52 2% 3 (L TP XI N TR B R

REET IR EFHRHHEIFRBTEIEER (<0 =, >) RAWTTRIMSRE, MR,
MIGRANHEAEN O(nlogn) . MIFLLIRHFE A LEIZHERT, NEERENE O(n), EHEHME
LERS R e

11.1.2 IPEHIFEEE

B, b, e, BIEN. @M. B, 25 NEMARLZ ISR E D FITERIERNHE R B, B, fE
R HIAN, FERE B AR R AR R sk R i,

Bk, BATEILEE S SRR, HET FR IR X 5N HE R BRI LR O T 50T

11.2 #&FHF

EEHF (selection sort) AYTAEFEHEHER S THE—MER, SRMARHF XEIERR/DITTR, KHK
FEH P XRARE,

EEHRI RN n, ERHPRRTERENE 11-2 or.

CWEIRESTR, FrETCERAHDE, RIARHE (R5D XEHN (0,7 — 1],

CEEXE] [0, n — 1] FERANER, HHEERE! 0 RTRRH, sEmfE, Bl 1 MRy,
CERUXE [1,n — 1] s R, FHSR5| 1 ARTTRH, selfE, S 2 MRy,
- DA, 23 n — 1 AR S YR, BT n — 1 DTREHR.

AR - NTRBERRATTR, T, BRI M,

g W N -

KHIFRE FHIFXE

. @ e (@0
. i
i k
818 818
iﬁ‘ﬁ*ﬁ”‘?ﬁlﬂx BEFER/TTR nums[k] iﬁl’ﬁﬂ%ﬂﬂ?lzlﬂ, BEER/NTTR nums[k]
ZHBTR nums[k] FRHFXENENTE nuns[i]

Step 1 Step 2
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KHIFXiE KHFXE
i N
!_2 ik ﬁ_z ®ik
SEFRHFKE, SERIEE nuns(k] oS ——

ZHB/TTR nums[k] FFRHFXENENTR nuns[i]

[ Stenks ] Step 4
KHFXE RHFXE
-~ GO0000 - @00008
i k
g_a 0% g 3 ®iE
SR, FERITE nuns k] SEFRARE, HERITTE nuns[k]
ZTTR nuns[k] FRHFRENENTR nums[i]
[ Step 5 ] Step 6
RHFXE FHFEE
- (00000 - (00080
i k
g 4 % g 4 W%
JEHRHFXE, $ER/ITE nuns[k] ﬁl%%ﬁ;ﬁg[ﬂ, $EiER/NTE nums[k]
ZTTR nuns[k] FIRHFRENENTR nums[i]
[ Step 7 ] Step 8
RHFXE KHFXE
nums nums u 4 5:]
A A -
i k
g 5 % g 5 %
BHFRAFXE, EERTR nums[k] iﬁl%%ﬂFﬁEiﬂ, HEERTER nums[k]
ZTTR nuns[k] FIRHFRENENTR nums[i]
[ SxD O ] Step 10
SKHEFEE
nums
TR (RR—TREH
F)
Step 11

B 11-2 &R P R

RS, FATH k RICFARHF XRINAR/NTR:
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// == File: selection_sort.kt =

[* EEHE */
fun selectionSort(nums: IntArray) {
val n = nums.size
// 9MERR: REEFEXEN [i, n-1]
for (4 in 0..<n - 1) {
var k = i
/] RER: HREIFREFXENNRINTER
for (j in i + 1..<n) {
if (nums[j] < nums[k])
k = j // BRRNTENES|
¥
/] BzmNTESKEFKENE N TERIR
val temp = nums[i]
nums[i] = nums[k]
nums[k] = temp

11.2.1 HiEisiE

- MBEREN O(n?). ENERHY: IMEFRE n — 15, F—IRIFRIEKEY n, RE—
FIARHEFFI IR 2, BIESAMEFR RIS n, no— 1. ... 3. 2 BINTERR, oRfny nt2)

- WA O(1). BHHERE: S5EF i A j AR RO MO,

- RSEHY: QI 11-3 B, 0% nuns [1] H ATREVCSHEE 5 EAR ST RN, SEENRR
WP 5 22

SKHFEE

oo @

MITHE—RERE

FHIFXE

TRE KRR,
IR 4 FERIERETHE

B 11-3 e IR Rl
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11.3 EaHRF

B8 (bubble sort) JEITIESIM LR S R AHBITTR LI, X NIRRT 2 T —FF,
K4 B .
G 11-4 foR,  BIEE R AT DRI TR A B Rl B e T A A o, MR EEE AR TR R
AN, TR ETER > AITRT A BERE, RRRITTR SRS EI AR B .

| Step 1

Step 3

| Step 5 |

s °°°°°°

FHRRRE—H R
TEANSEREFRIELL

- (00000

nuns 090006

MEZGBEHESTR:
v AR > BOTE
o RPN TR

nums oao°°o

MEZEGERHESTE:
v AR < BATE
o BRARE

Step 7

11.3.1 EEinig

REAHNKE N n, BiRANFHPERINE 11-5 xR,

Step 2

Step 4 ]

Step 6

KIE IKE
nums oecooe

®H n-1 PREEHE

BHTERIE,
BAREAT HAE

MNEEGBHESTR:
v TR > GiATE
- RIRXFNTR

nums gao¢°o

MEEGEEHESTER:
v EORR > GOTE
- ZHREFTTR

: oOOOéb

MEEGBHESTE:
v TR > GlATE
- RIRXF TR

11-4 FHTCERSHR BRI E
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L B, Mo AmRNT B, REENERTR R IEMAE,

2. TR, MR n — 1 DARIT “Bill”, $8 ROrRMEIETALIE,

3. DA, &dn — 1% “Hil” )5, #in — 1 KICEARPEHE IEm AL E,
4. PG —PnRBERBRITR, AR, EIEEHHEF 7K.

“BHAkET  FHFEE
BT

- 00088 o,

MiTE 1 ®ER

00000 ' I

MiTE 2 BEER

R - |

HITE 3 18R

=
80 a8 o=

&l

=

[0, 3]

WITE 4+ ®ER

- o8oa

HiTE 5 ®EHE

- 08000

FHHF (RR—DELHHF)

[0, 1]

[0, o]

K 11-5 BilsHpiike

RERSAN T
// == File: bubble_sort.kt =

/*x BiEHRFE */
fun bubbleSort(nums: IntArray) {
/] 9MER: REEFEXEA [0, il
for (i in nums.size - 1 downTo 1) {
/] WEF: FRHEFEXE [0, 1] FHRATERIREZXEN&RGIH
for (3 in 0..<i) {
if (nums[j] > nums[j + 1]) {
// 3% nums[j] 5 nums[j + 1]
val temp = nums[j]
nums[j] = nums[j + 1]
nums[j + 1] = temp

11.3.2 ¥EHRKL
TATLI, tREL i PR BT R e, WIS S it y, TTERESS, Fit, A
DU AT — RN Flag SREETINXARE R, — H Bk BDR[E,

GO (bAL, BRI 2 S R R R 2R O(n?) 5 (B ABCse 2 A P, ATikE)
RENAEZE O(n)
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// == File: bubble_sort.kt =

/* BEHEF (FEMHE) */
fun bubbleSortWithFlag(nums: IntArray) {
[/ SMER: RKHFEXER [0, il
for (i in nums.size - 1 downTo 1) {
var flag = false // #JSAAREAL
/] RER: FRHFFEXE [0, 1] PRRATERIREZXENRAIR
for (3 in 0..<i) {
if (nums[j] > nums[j + 1]1) {
// Xi& nums[j] 5 nums[j + 1]
val temp = nums[j]
nums[j] = nums[j + 1]
nums[j + 1] = temp
flag = true // ERXIETER

}
I
if (!flag) break // I3 “B)&" RREMATER, EEBH

11.3.3 HiEsE

- RHEZER O(n2), EIENHDT: &% BN BPIEAKERI I n — 1. n—2. ... 2. 1,
SR (n— 1)n/2.. ESIA flag (LR, BERTEZETIAS O(n) .

- AN O(1). JRHEHER: $56H 0 A J (RO NGRS,

- REHDY: BT IR dBEISTE R,

11.4 EANHF

BN (insertion sort) E—RMAIRATHETRIL, R LIERES Fa) 8 — gl A AR IR AP,

B, BAMERHFXEEZE P EETR, FizooR 5 HAMEHF XRRTTRE —HERD, R
TR AZEFIIAE,

K 11-6 R T8 AT R ERAE, BREHETTER base , FRAIFEMERRTIE] base ZRIKTH
TLRAEBEE 0, AR base MIES HIRR5I,
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nums[5] = nums[&]

ExE 3 AR nums S AR
N " SRR
BRI KERERLE ARBE—f | s

nums[4] = nums[3]

BRTER [
sEFRS |

K 11-6 BIRAEARRE

11.4.1 EERIR

ENHERF RV AR RN E 11-7 FoR,

L WSS, BARE 1 D aRe e,

2. JEBCBERE 2 N ICRIEN base , KHBAZIEMAEE, BAMGR 2 ATReH.

3. JEHUEE 3 NTRIFN base , KrHIBHAZIEMMES, ARG 3 MR cH.

4. DUHEHE, fEf/e—ferh, JEEEE — IR base , K HEHMAAZEMAL B, FifixicHy.

gHFEiE

[o, o]
[o, 1]
[0, 2]
[e, 3]
[o, 4]

[o, 51

K 11-7 EAHEE R

ARBIRESANT :
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// == File: insertion_sort.kt =

[* HNHEERE +/
fun insertionSort(nums: IntArray) {
[/9MER: BHFTERN 1, 2, ..., n
for (i in nums.indices) {
val base = nums[i]
var j =1 -1
// RfEF: & base WHWAZIEHFXE [0, i-1]1 FHEMRUE
while (j >= 0 &% nums[j] > base) {
nums[j + 1] = nums[j] // % nums[j] mAGHBIH—IL
j--
IF
nums[j + 1] = base /] ¥ base HEZIEMHMUE

11.4.2 HiEisE

- RERER O(n?), BIERHET: fERZEBNT, SURENREANFERAn — 1. n—2, ...
2. TR, K82 (n — 1)n/2, WIERREZREN O(n?) . EBREFEIENR, fHAREIERIL
ke HHABATEEATN, HAHTBRIRENEERE O(n) .

- BRERERN O(L), T 185 1 j SR FEEO RSN AL,

- REHEE: ERARERRES, ROSKTRBAZMHETRNEM, FRBEENRIRE.

11.4.3 {HNHIFEBRRE

AP RS O(n?) , TEAIEREY: S POHF IR R E 298 O(nlogn) . RERMAHET
RURTTRIE 2R s, (HAEBIRREVMOTEOL T, WAHD I E i,

XANEEC S REE A~ ERAEAE L IE RO, PudHFIXE O(nlogn) MERE TETHIAK
WERHER ST, A S E 2 AT R R, MIESEREEVINE, n? flnlog n MEUEHERNE, HAER
m SN, PR TR RS RS POE R

Khr b, WEEHEES (B4 Java) RINEHFRECRA THEAHY, RECEEN: XTR&EH, RAET
SHAERMSHIHER IR, PlnPuEHT; X TR, ERERmAHER.

BOREHET . R A I R 5 O(n?) , (EFESZRRIGETH, 5 NHER R 5
Fe TR mEssy, Z2E TR,

- BiEHPFE T TR, WEMB DR R, R 3 N EITiRE; AR T TR ES
B, R 1DEITEE, B, HiRHbER RO EIEH Lid A HER s,

©OERRHEFAE T E I NI R 2 EE A O(n?) o SEAE — 81 A BRI HE @ 5 ik
PR E R,

- IR MEE, RN AT 2R,
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11.5 HiEHIF

BREHF (quick sort) B—MEET/MERISHIHEFRIE, BITR, MHIZ,
PRIEHE PR ORMER “THIERI D", HEME: GRS P R DNTTREN R, Kira /TR
RITCRBEIEAM, MR TEMERETRBEHAM, BAKRE, W AFiRmE 11-8 frx.
L IR R mTC R N EE R, RGNS 1 71§ 2 EA S AR,
2. WEMES, EERHER 1 (G) 2RISEE - DHEEER (N KR, REHEXm IR,
3. MEIMAMTH R 2., HEI LM j BRI, HERERESCHEN DT HH 57 k.

‘ Step 1 BN Step 2 BEN
left right left right
v v v v
- 00000
A A
i j
def partition(nums, left, right): def partition(nums, left, right):
RS R
i, j = left, right # B nums[left] HEEH i, j = left, right # B nums[left] NEMEH
while i < j: while i < j:
while i < j and nums[j] > nums[left]: # NERAERE NN FRESHTE while i < j and nums[j] > nums[left]: # WNERERE NN FREENTR
j-=1 j-=1
while i < j and nums[i] < nums[left]: # NEBGREMATRERNTE while i < j and nums[i] < nums[left]: # MWERERE AT REMATR
i+=1 i4=1
nums[i], nums[j] = nums[j], nums[i] # SHRERBTR nums[i], nums[j] = nums[j], nums[i] # SRBXTNTTR
nums[i], nums[left] = nums[left], nums[i] # FRESCHIRERTRANS FE nums[i], nums[left] = nums[left], nums[i] # FEEECHRERTFRANSRE
return i # BEEEBIRG| return i # EEHEOESITRZ|
Step 3 B Step 4 %34
left right left right
v v v . v
- (00088 - (00008
A A ) ‘ AT—a
i j i b}
def partition(nums, left, right): def partition(nums, left, right):
RIS " IERRS
i, j = left, right # B nums[left] NEMK i, j = left, right # BU nums[left] HamH
while i < j: while i < j:
while i < j and nums[j] > nums[left]: # NERAERE NN TFRESHNTR while i < j and nums[j] > nums[left]: # WERERE NN FRERNTR
j-=1 j-=1
while i < j and nums[i] < nums[left]: # NERGREMATEESHTR while i < j and nums[i] < nums[left]: # WERGREMATREEMNTR
i+=1 i+=1
nums[i], nums[j] = nums[j], nums[i] # BXFE TR nums[i], nums[j] = nums[j], nums[i] # THXBANTER
nums[i], nums[left] = nums[left], nums[i] # FRESCHRERTRANS RE nums[i], nums[left] = nums[left], nums[i] # BEEHCHRERTHANIRE
return i # EEEERNRS| return i # EEHOEHITRS|
Step 5 30 Step 6 2
: left right left right
v v v v
- (00088 -« (00008
A A
i i
i
def partition(nums, left, right): def partition(nums, left, right):
RIS IR
i, j = left, right # LA nums[left] REMEH i, j = left, right # Ll nums[left] JREEM
while i < j: while i < j:
while i < j and nums[j] > nums[left]l: # MGERARE M TFRESNTR while i < j and nums[j] > nums[left]:  # MARAREMNFRERNTR
j-=1 j-=1
while i < j and nums[i] < nums[left]: # NERGREMATEESHTE while i < j and nums[i] < nums[left]: # WNERGREMATRERENTR
i1 i4=1
nums[i], nums[j] = nums[j], nums[i] # XFETHE nums[i], nums[j] = nums[j], nums[i] # THXFENTTE
nums[i], nums[left] = nums[left], nums[i] # RRENCHRERTRANSRE nums[i], nums[left] = nums[left], nums[i] # BRENCHAER T BANIRE

return i # EEEEBAFRS| return i # EEEEAERS|
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Step 7

BHEH
left

right

~ 000008

J
i
def partition(nums, left, right):
"R
i, j = left, right
while i < j:

while i < j and nums[j] > nums[left]:

j-=1
while i < j and nums[i] < nums[left]:

# B nums[left] JEAEHK

# NEREREMINTRERNTE

# NERGREMATRESHTR

Step 8

left EEH

right

-~ 00000

H
1
def partition(nums, left, right):
BRI
i, j = left, right
while i < j:

while i < j and nums[j] > nums[left]:

j-=1
while i < j and nums[i] < nums[left]:

# B nums[left] JEAM

# WEBEREMINTFRERETR

# WERGREMATEEMNTR

i+=1 i+=1
nums[i], nums[3] = nums[3], nums[i] # TIEFATTR nums[i], nums[j] = nums[j], nums[i] # IR
nums[i], nums[left] = nums[left], nums[i]  # BEEHCHRERTRANHAL nums[i], nums[left] = nums[left], nums[i]  # BEEBCHAERTRANHRE
return i # BRI return i # EERERFS|
Step 9
‘ BEH
v
wes R
EFHA HFHE

‘RIS TG, REMTEN
EFHHAERTER < BN < EFREERTE

& 11-8 WSkl gR

LRI G, RS =50 78, Bl A8, Bk “ErBAEETRE <&
R < AFBAMERETR". B, BAHETRABHIZM D FEATHT,

PRI HER B 7 6 R
W L3173 O SR R A — N K B O HE P (R AR e 9 B B R HE 7 1R R

// == File: quick_sort.kt =

/*x TTERXME */

fun swap(nums: IntArray, i: Int, j: Int) {
val temp = nums[i]
nums[i] = nums([j]
nums[j] = temp

}

/* EHEXID */
fun partition(nums: IntArray, left: Int, right: Int): Int {
// LA nums[left] REHEHK
var i = left
var j = right
white (i < ) {
while (i < j && nums[j] >= nums[left])
3J== [/l WEEERENNTFEERNTE
while (i < j && nums[i] <= nums[left])
i++ /l MNEBMAEKRENATFEEHRNTER
swap(nums, i, j) // HXBENTE
¥
swap(nums, i, left) // REEHFIGERFHRANS RLE
return i /] REIEEHNZERS]
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11.5.1 E&Enig

PRIgHE P AT 11-9 FR.

LB, MEEEHRT R MRS, [ERHEF AT BN T8,
2. g, MNEFEAMGFEADHNRAPT “THRID7,
3. R, EETFHAKEN 1NEIE, MmsEsE N EEHNHET

- @00080 \
FEEA
o0D000

THEERIS
B - BER i sian R
EREFIA CRPAATFHE - EEFREKER 1 BELE

, (B na BIRTSERR AR HE

RS

(o] 1 5] [s]

gibwE | gib®a IS slE

iﬁ
S
I

A

11213

S

B 11-9 pudkriife

// == File: quick_sort.kt =

/* RIRHEEFE */
fun quickSort(nums: IntArray, left: Int, right: Int) {
/] FHAKERN 1 WHEIEE)S
if (left >= right) return
// HEXD
val pivot = partition(nums, left, right)
[/ BFEFEA. AFEHE
quickSort(nums, left, pivot - 1)
quickSort(nums, pivot + 1, right)

11.5.2 Hixi$E

- NEEZREN O(nlogn), HEAWENHNT: TEFEIHER N, WEIDHNEHEE logn , SEHK
EIEIAECH n, BUREER O(nlogn) R, TERZEGNT, SIS RIERE n FEEHK
SREER O n— 1 MRS T, WRRITBE0AE n, SEFNEHRECH n, SEEH O(n?)
1A
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- BRERER O(n). FHHEY: EMASHE2EFMER T, BEREZEBHTRE n, £/ O(n) &
i A, HERP B E R TE B BT, RAEBEIMNIEA,
- ARl ERENDNRE D, RERRTRER P EREFTRIA M,

11.5.3 fREHF R AR

MR ERERER th, PORHEFERCRITH N IZBA RS, REPEHFR PN RIS R ES “HIHE
B R CHEHRRT MR, (HIEHE ORI RRCRE S, EEALITERR,

- HBURERE BRI BAVRHEFNRERFEREN O(n?) , WHIDHITRE, BE4R
ZHEUIBOUR, PuEHTERELE O(nlogn) MR RIS 2% TiB1T,

©OBRAHERIRCRE: ERITIH R RIEN, RPN TRAMBERIZRE, FIHTiRTRORRR
o Mg “HEHER” XEFEFEBRRTIFITR, MMERZIX R,

C ERENERRBUN: A=A, PURHFR LR, A, SR ERER D, X5
AT b CEiHET E AR AL,

11.5.4 EEHMRK

P HE 2 DRI SR AT REREAS, 28— PHSmB T, B ASE R 22 RF, BTHEInERE
RIETCRIEN B, IAENEXID MG, SRS EBd Rk, SEETEHARE N n — 1,
AFBAKEN O, MEIARE, SRWEERINEE D FEHNKEN 0, 2IaRIEEN, PudHr
BN “BiEHE” ANERIER,

N RERGIXAMEOURE, BT AN SR 53 vp A S HE RN IBGR I iIan,  FefiTn] PAREALIZE — 1
TLRIENEEMER, AT, RSN, SRENER AR EREE, SRR RN,
FETERE, WEESERERIZE “ThRENIED . N REA T O BT 51 i — DR AR B,
AR 2 PRIEHE P B RRAT PR T RES 1o

NP UGE, BN DAEBAPIRR =5k mR GEFVEANE,. B, FRULR), HRIX=AMRiE
TR PR BN IEHERL, IXFE—R, FRER "BEA A MEAAR” ERERIER T, R, |ATIER] A
VEBUE 2 e, M — SRS RIAIARME N, RAIXFTIEE, MRERESLE O(n?) MHEREAK
R,

BN :

// = File: quick_sort.kt =

[* RN = MEETTERN I «/
fun medianThree(nums: IntArray, left: Int, mid: Int, right: Int): Int {

val 1 = nums[left]
val m = nums[mid]
val r = nums[right]

if ((m in L..r) [| (m in r..1))
return mid // m £ 1L # r Z[a
if ((U in m..r) [| (L in r..m))
return left // L& m M r Zid
return right
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/* HEXIS (ZHEHRE) */
fun partitionMedian(nums: IntArray, left: Int, right: Int): Int {
/] EEI = MRETEBIFIER
val med = medianThree(nums, left, (left + right) / 2, right)
/] BRI HIRE A RIS
swap(nums, left, med)
// LA nums[left] REHEEK
var i = left
var j = right
while (i < j) {
while (i < j && nums[j] >= nums[left])

i-- // MEBERENNTFEERNTER
while (i < j && nums[i] <= nums[left])
i++ // MEBAKRENATEERNTER
swap (nums, i, j) /] XN TTERE
¥
swap(nums, i, left) /] BEESCIRERFHRAN S Rk
return i /] REIEEIHZERS]

11.5.5 BITFERL

TESEERA T, POEHbPalRE S N Z M E . D2 AR AR NG, RIRATHFEHREN m
FRMH LRI R P A Ky O B FREAMKE N m — 1 WG 8, XEWES— 2% R
RIRREALRAE RN (B> — A eR), B EERBE n — 1, INFRZESH O(n) KNS,

N T B R R, BATA] DIERACI L H RS2, PR TR, DO BN 7 Bt it
T, BTN RN KERSET n/2, FIXFT R ST REET logn , MR RZEZS
FIEZRERILE O(logn) . FRESAFATR:

// == File: quick_sort.kt =

/> REHE (GBFIREML) */
fun quickSortTailCall(nums: IntArray, left: Int, right: Int) {
/] FEHEKER 1 &L
var 1 = left
var r = right
while (L < r) {
[/ HERIDRIE
val pivot = partition(nums, 1, r)
/] AN FERPRIGIB NI TIEHF
if (pivot - 1 < pr - pivot) {
quickSort(nums, 1, pivot - 1) // B)IAHRAEFEE
1 = pivot + 1 // ®EFRHFEXEA [pivot + 1, right]
} else {
quickSort(nums, pivot + 1, r) // B)AHFEAEFEHA
r = pivot - 1 // ®EXRHFEXEHN [left, pivot - 1]
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11.6 FAHHIF

JAFHHF (merge sort) B —FET IERIEHIHIT R, WEE 11-10 FsKy “Xin” 1 “G3H7 M.
L Ry BiBe: s i@t B b TT, R B (O HE e (] R S B O HE e (R R
2. AR LT BEAKEN 1 INEIERy, THAEGH, e AaM MR E P BAGH N — R
KHARPHA, EEEHR,

SR

) mmwn
IR

SHHE

11-10 AR 5 B FFHT

11.6.1 BiEHRiE

G 11-11 Fow,  “XI BB IR R AR B A s ) 0 i A 5

1. HEHAAP A mid , BEARD ETEH (XA [left, mid] ) A 7EEH (KA [mid + 1, right]
Do
2. BIHBITHS B 1., EETEHXAEKER 1 KLIE,

“EHHET WERETMR = FRANG FEAHGH N DA, TEERRNE, WKEN 1A
wmaI, AHMEHHENFEAHERE PN,

BEEE .~ aaao
#IEARS < #EANS -
1] L AR
EJ1E 40 ( EJ1= 40
E&EH - EHEH <

Step 1 l Step 2
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| Step 3

[ Step 5 ]

=

=0

B2
EJ1% 40

i1

T

RE
EJ1 40

1]

Ry

Step 4

Step 6

Step 8

[s:ep 10

B 11-11 FAFFHE P 3R

MR, VAFFHEFF5 SO e i 3 3 U e 2 — B

- Rl SR TR, EEBIIA T, RIEEEARTT A

#EANS <

E¥EH

#EAYS

EMEH -

#EANS <

EHEH

#AYS <

EMEH -

- VPRHEE: SEBTE TR, BIRNA TR, BELHEEH.

VAFFHE R R SEERAN DU ARG R, TETERE, nums URFEFFIXFN [left,

[0, right - left].

// == File: merge_sort.kt =

[* BHEFHRENMETFHA «/

MRER
LR

AR
1= 40

rightl, T tmp BYX R X AN
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fun merge(nums: IntArray, left: Int, mid: Int, right: Int) {

/] EFHAXEA [left, mid], AFEEEXEAN [mid+1, right]
[/ BIE—DIREEEE tmp , BTEREHENER
val tmp = IntArray(right - left + 1)
/] ¥R AEFEERTA FEARRRIAERS|
var i = left
var j = mid + 1
var k = 0
[/ BEAFHABEETEREN, #THRHBRNNTRESREIGRT2A
while (i <= mid && j <= right) {

if (nums[i] <= nums[j])

tmp[k++] = nums[i++]
else
tmp[k++] = nums[j++]

}
/] BEFEEMEGFEARNTRIRTRESRZIGITEAF
while (i <= mid) {

tmp[k++] = nums[i++]
¥
while (j <= right) {

tmp[k++] = nums[j++]
¥
/] BIEEEER tmp I TREFIEIEEAE nuns BIRTRZXE]
for (1 in tmp.indices) {

nums[left + 1] = tmp[1]
¥

¥

/* VAHHE */

fun mergeSort(nums: IntArray, left: Int, right: Int) {
[l EIEEH
if (left >= right) return // EHFEHEKEN 1 LRI
!l RIDBNER
val mid = left + (right - left) / 2 // HEH=
mergeSort(nums, left, mid) // #B)IEFEH
mergeSort(nums, mid + 1, right) // ®)3AGEFEAE
!l EFHMEE

merge(nums, left, mid, right)

11.6.2 EiEisE

I EZE R O(nlogn). FEAEMHT: X074 mERN logn MEIERK, SE&HNSEREE
Hn, FEEAREEZREHRN O(nlogn) .

- BRMEZER O(n). JEEHHET: #IRE R logn , #H O(logn) K/NWRMZSE, &HERER
GBI BEEASEL, I O(n) K/NRIERSNS L,

- Rty EEIELREY, HECENRT AR,

11.6.3 §ERHIE

NTHER, VAR T R B B B0, WBLRBERHIFES I MEREMILE O(1) .
- RrBBE: ATDUER] OB B BT SRSSEIRERI > TAE, AT A )6 A AR A,
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- AIEREL: fERERT, TRIMERCE TSI (EED BIRTSCE, RIEEFFME CRINAD R P EE
RAEFN—DRAFHER) TCHOEBIMER,

HAARSCIRANTT LR 2%, A %R A] DA PR BRI T4 5

11.7 fHiE

Tip
PIBEATIRT, EREETE “H” =,

R (heap sort) 2 THERHRETH SRR b7 Bk, BATA] DA EL AR " HEHR(E"
“TURHHERE" KIHERE

L S NBCEHIFRESNTIHE, TR TR AT HET

2. AUWTHAIT HHERRME, MRUGCSRHHETR, RIS NEIRHF RIS,

PAETTIREIRAIAT, ERFREME— MM R HATTER, HEGRTE A, bR, WANER
— RS AL SC BT o

11.7.1 E&ERiE

REEHRIR N n, HEHEFRORURRANE 11-12 Fow.

L W ABEHIFRNLRTIE, 5ERUE, RATTRATHETL,

2. BHEDOTR (B—1IER) SHETER (BE—1MIER) it elcis, HrIRER 1, BT
=EEML,

3. MWHETITTEFFR, MINBNRHITHEIRIE (sift down). SERUELSE, HERIMERUSENES.,

4. PEIRAITER 2. PRI 3. . TEA n — 1 52J5, BIATSEB AR,

Tip
KPR b, JTREHEHREPRESE 2. PHE 3. P, REZ T T RPE,

s s
/ \ / 1. BN / \ ] 1. WASEE
G 2. (MR A TR
PO (1) ZHETR SRR
MIEMEE  SHIPEE
SOBART

| [
EMrTR BRTE

Step 1 Step 2
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000

HNERXE EHFXE

nums

| Step 3

o000

MHARKE EHFXE

A

nums

[step s |

@
© o
000

MHERRE EHFXE

nums

| Step 7

i o

000

BNARKE SHFXE
—r

nums

[step s |

000

HERRE BHFXE

e

nums

| Step 11

IEHIF

1. MANBAFHEE

2. EFMERRIBATR
(1) ZHEMTRSHERTER
(2) MTREREFTHMW

SEHEF

1. BABEH R

2. EFMERRIBATE
(1) ZHSEMTRSHETE
(2) MTERBTHEN

IEHIF

1. MNBBHEE

2. EFMERRIVBATR
(1) ZHEMTRSHERTR
(2) MREREH#THN

S

1. BABEH R

2. EFMERRIBATE
(1) ZHSEMTRSHETE
(2) MTRERBTHN

IEHIF

1. MNBAHEE

2. EFMERRIBATR
(1) ZHEMTRSHRTR
(2) MTREE#TEW

000

EWENKE BHFXE

Is ~ ~

[ step 4 ‘

0
© ©
000

ERANKE BHIFKE

@ ©
000

NERXE EHFXE

nums

‘ Step 8 ‘

000

SENENKE SHIFXE

nums

Step 10

000

EHFXE

[ step 12 ‘

SEHIF

1. MINBURF R
2. BIFMEFRIRBATR
(1) RWETRTRSHETR

EHF

1. WABAEHEE
2. fEFMEPRIBATE
(1) ZBEMTRSHERTR

SEHIF

1. MNBERFRE
2. BFRMEFRRBATR
(1) RWETRTRSHETR

EHF

1. WABUAHEE
2. fEFMEPRIBATE
(1) ZBEMTRSHERTR

SEHIF

1. MINBURF R

2. BIRMEFRIBATR

(1) HBETRTRSHERTR

(2) MNTREFRFTHEW

3. FR—ANTEREARE, HFTR
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11-12 HEHEF I8

FERBSEEA, BAMEM 75 “HE” R MR R sift_down () BEEK, (EfHEREARZE, HTHER
KESPEERIURATTREME/D, FRBRITFES sift_down () MERM—MKESH n, HATHEEHN
SHTERKE, A RATR:

// == File: heap_sort.kt =

[* HEHRKER n , ATR 1 iR, MINEREL +/
fun siftDown(nums: IntArray, n: Int, 1i: Int) {
var i = 1i
while (true) {
// FIETS i, 1, r PERAKHTS, 124 na
val 1l =2 *1+1
valr =2 % i+ 2

var ma = i
if (L < n && nums[1] > nums[mal)
ma = 1
if (r < n && nums[r] > nums[ma])
ma = r
// BTR i &AEES 1, r @7, WEmeEEty, B
if (ma = 1)
break

/] ARFET =

val temp = nums[i]
nums[i] = nums[ma]
nums[ma] = temp
/]l BIFETHEL

i=ma
¥

/% HHE */
fun heapSort(nums: IntArray) {
/] EEER(E: HEARRH T RUIMNIEMIE TR
for (i in nums.size / 2 - 1 downTo 0) {
siftDown(nums, nums.size, i)
+
/] MERREGRATR, BF n-1 8
for (i in nums.size - 1 downTo 1) {
/| REBTRERAEHTR RGETESETR)
val temp = nums[0O]
nums[0] = nums[i]
nums[i] = temp
/] VRTERER, MNIERHFITHEL
siftDown(nums, i, 0)

11.7.2 EEi4

INRIERER O(nlogn). FEHIENHNT : BHEEREGEH O(n) NE, MHERREBUR AT RN RIS
ZEH O(logn) , HEHRn — 145,

- BRERER O(L). FHHDY: JUMEHZERMH O(1) 22, TTRAHAHEMIREAZE RS -
HATHY,
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- AR fEHUETUTRMHERTTRN, M TTRAA LB R REA R,

11.8 HHiF

AR LR HE P IR E R T “B T A RIR”, EEE TR AN R . AP EIRR
IS ZRETEER O(nlogn) o # K, BATRHRNUM “GEHBRHPRIE", ENIRIN 2 AR DUA
FILMERT,

#@HF (bucket sort) Z/ARIGHT— DRI, EIEdIRE L BAR/NIFRING, MR —
TEVOH], FEBURFI BRSNS A5, EEIRNERDBIAITHY . SRELIRmIIN R a8 &
it

11.8.1 EEinig

FER-KEN n EEH, HoTRREE [0, 1) WAPEAEG WHEFRmARaE 11-13 Air.

L. #IaE kM, 8 n DICERECE] kM,
2. MM APTHEY OXERAGEE S NINEHFEED .
3. TR NEIRRI N & FH 45 R

sl 0.5 [ 096 [ .52 [0.05 [ 0.57[0.43 [0.51 [0.75 ] 0.15] 0.57 AT R PEEs
== — BB R
1# HEMESS
buckets HHE
BFEBE [a.zlg"‘ 0.4) [0.4, 0.6)
| ' BB
R U EHER
RN :
nums
11-13 AHHEFE LR
RASN RATR:
// == File: bucket_sort.kt =

/* WEHEE */
fun bucketSort(nums: FloatArray) {
[l B k = n/2 NME, MRS MANE 2 MR
val kK = nums.size / 2
val buckets = mutablelListOf<MutablelList<Float>>()
for (4 in 0..<k) {
buckets.add(mutableList0f())
+
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/] 1. BEETREDERIZMES

for (num in nums) o
/] WANBIESEERA [0, 1), B num * k BREFIZRSISEE [0, k-1]
val i = (num * k).toInt()
// ¥ num FONiEE i
buckets[i].add(num)

}

/] 2. JIENERITHF

for (bucket in buckets) {
/] EREREHRFRE, BWAUSRREMHIERE
bucket.sort()

¥
/3. BHREHER
var 1 =0

for (bucket in buckets) {
for (num in bucket) {
nums[i++] = num

}

11.8.2 HiEtHE

MHERPIE ) T AL B A BARRVEER, Blan, SABEEE 100 AR, HTERERE, REAWNFILE R
PEMEFTR RS, LR, A DRRFEERE K 1000 M, RGBT MR THEY, RIERaER G,

- INREREN O(n + k)« RTRES MAN T2, BLAFEMRNFICREEN 7o B
SAMEGER O(7 log ) W, WIHEFRTERIEH O(nlog ) WH, 28k kb LB, IFEA
JEMER T O(n) . AIFERNFERTFFAMMTE, #25% O(n+ k) NE, EREHLT, A
FEBI RS — M, BHEFIZAER O(n?) I,

- BMERERN O(n + k). BT FEMED kMRS n DNTTRNEVNE L,

- WP R AR BUR THEF AT R IR ST,

11.8.3 YNAISCINFEIY 5 L

e N R A LS LT DUEE] O(n) , REHETROCRIS BB, ROySEirBdaEErz
B, B, PAVEERIEE ERIATE R I TEREFE 2 ECE] 10 M, (HRE IS0,
KT 100 TERHER 2, &7 1000 TTHAER D ERAMTSXRFEIRI2 0 10 4, S MATHRRE S SR ER R
FEH K.

NSEBFEI L, AT AR — AR o SRR, R o 21 3 MAirh, Jrlicsetela, PR midh
BRI N 3 W, HEFTHRPRTRBERRBHISE,
QUiE 11-14 FoR, XA EAR R EROTE RN, BRI R AER TR, S, AR R e
FREARER N 3 M,  BARKI 75 AT S s R TSR
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BmiiE
(RS BUBRINER
S — g5y 20% 15%
MigKE HEELEE
HIEE — b 100-500 >500 <19 8%
- ~ 10-20 13%
(e . 20-35 12%
18% 35% 12% 35-50 10%
50-100 12%
<10 1o¢5o 50-100 100-500  20%
>500 15%
13%
10-20 20-35 35-50

B 11-14 BRI

QUERBRATHR AT AR AR 340, W] DURIEBARBER  BE B R R 0 SRR (B ERRR,
BARDATHA—EFHERFES, AT DURIEEERER ROR MR B A T B,

N 11-15 o, BB ST AR IR M IEAS 2047, XA ] DAS B A DX TR), AT R 125 23 e
FBMAH

HEEE

0.4

- K
0.0

+o  EmifthE

’ ﬁ@ﬁﬁ@ﬁ

frigseRE 3~10 10~25 25~80 80~200 >200

B 11-15 MRIEHER A0 K9 A

11.9 it¥HiF

IHEHEE (counting sort) JEIS ST TR EER TSI, J8H M H T 2EEE,
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11.9.1 {EEASEI

JeRE—MERIIE T BT — MR n 0% nuns , HARTTRERE “AE08E0, DT R
FRUNE 11-16 Fms,

1. B, HRHHEPNRAET, Idhm, REEIE—NKER m + 1 WEHBIEE counter

2. 1858h counter Giit nums PEBFHIHINREL, HA counter[num] X ECF num B HEELREL, Siit
FIERE R, HFEET nums (B4 RTECFN num), 504 counter [num] 3440 1 BIAT,

3. HF counter IBANRIIERAF, HHYSFAETEaH)z4 7. 8 K, BATED counter
FRABE S E T BN N R BB 3E N nums BIA],

HHIFBE nums

A nums HFATSEFOHIURE
counter[num] 5 num AYHIREK

7

| ; #H counter , HEHF
| \ \\ FERHEIURABUEN nums BIE]

LER¥A nums

B 11-16 i+

(AT NN
// == File: counting_sort.kt =

/* HEHE */
/] BB, TERATHRNR
fun countingSortNaive(nums: IntArray) {
/1. FiTHHERATE n
var m = 0
for (num in nums) {
m = max(m, num)
}
/] 2. RITEHFHLINRE
// counter[num] X5 num BIHILREL
val counter = IntArray(m + 1)
for (num in nums) {

counter[num]++
+
// 3. &M counter , BETHEENEREE nums
var i =0
for (num in O..<m + 1) {
var j = 0

while (j < counter[num]) {
nums[i] = num
j++
i++
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TR S HE R R R
MIFHEFP I R, TR DLRE T8 R T counter BB R T I — P, KStit#K
BREEEERS N ITR R MR, AL, R RS T B — DR,

11.9.2 TEI|
MOHIEEATRER LT, MASABIRRN SR, iR 3. s T, B AR/ AN S, Tl
TERTRINRE GRS E) AR SRHTHEY, M RBEHREA M I HE R 45 5,

IR A REAS 2 BRI HEFP 45 R IE? FRATTE JE 5 counter B9 “HIZAN", BN, Kol 1 LAIFTL
fl prefix[1i] SFTHEHRT 1 TR M-

prefix[i] = Z counterf[j]
=0

RIS EA IR X, prefix[num] - 14RF5CE num fEG A res iRa —RIEBINERG], XNME
BAEECHE, RO EEIRBATS N RN Z HIIESS REHNNMIE, 2 Tk, FAEFE7FEEE nuns
FIEEANICE num, EERIERFHITLARFS

1. % num KA res IYZE5| prefix[num] - 14,
2. ZHIZA prefix[num] BN 1, MIIEE SRIBE num BI5R51,

wFsERE, B res TRUEHNF ISR, BIGHEH res BEFEEH nums BIR], & 11-17 BR 75280
P R,

R4 nums RE4E nums ‘

el [ [ [ [ [ [T []]

BFoum o0 1 2 3 & BFoum o0 1 2 3 &

—— T T T nas e (OOOD
u
BFA nums HEETHEMEFRIHIURK 8 counter WIFIZN, i2h prefix
counter[num] f£&R num BIHIVREK prefix[num] - 1 K& num 7% res FRE—RHIANES|

Step 1 Step 2
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R nums

LR res

HF num

HIZEH prefix
(counter)

FIFFER nums FRESANTTR num , SRHAT:
1. ¥ num N res WFK3| prefix[num] - 1 &
2. PHIZEA prefix[num] BA 1 , MSEITFRKE num HZR3|

[ step 3 |
num
ma e ((OEB000000
anxa res ([IDEDED an
BF num 0 { 3 l;
WS prefix nun
(counter)
EIFER nuns REOSNTE nun , SRHIT:
1. % num N res WFK3| prefix[num] - 1 &
lStT 2. QHIEM prefix[num] BA 1 , MEEITRKE num HZR3|
ma oo (000000800
wee - 0000000000
BF num ‘0 1 2/ 3 l.
BIZRM prefix naun
(counter)
HREHAEHLRE, ERENIRIIRER
B res PREEHEFNER
[ step 7 |

RBEA nums

LRV res

HF num

HIZEH prefix
(counter)

BEFER nuns FHSNTR num , SRHT:
1. 3§ num A res WH3| prefix[num] - 1 &

2. SHIEM prefix[num] BRE 1 , MESTXRKE num BZ3|
l Step 4 1

¥4 nums

HERYA res

BF num

BISEA prefix
(counter)

BFERH nums RESNTR num , SRHIT:
1. % num 3N res WFR3| prefix[num] - 1 &
2. SIS prefix[num] BE 1 , MEEITRKE num B%S|

Step 6 |

R¥4A nums nnnnnnannn
LRBA res u. .

BFoum 0 1 2 3 4

B prefix nann

(counter)

IR res BWHEEMA nums BIF]

Step 8

11-17 HEEH P 3

THECHE R Y SEEAARS AN N AR -
// == File: counting_sort.kt =

/% THEHEE +/
[/ RELI, AHENR, FERREHR
fun countingSort(nums: IntArray) {
/] 1. FitEARAITE
var m = 0
for (num in nums) {
m = max(m, num)
b
/] 2. FITFBHFHILIREL
// counter[num] 3T num BYHILREL
val counter = IntArray(m + 1)
for (num in nums) {
counter[num]++

}

// 3. K counter BIRIZA, ¥ “HIVRE Hiftn “BR3I
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// ED counter[num]l-1 2@ num 7 res HEE—XEMHIZES]
for (i in 0..<m) {
counter[i + 1] += counter[i]
}
// 4. EFER nuns , BETRBANGERIA res
/] VAEEE res BTFiERER
val n = nums.size
val res = IntArray(n)
for (L in n - 1 downTo 0) {
val num = nums[i]
res[counter[num] - 1] = num // ¥ num HEEINNZES| 4
counter[num]l-- // SEIZMER 1 , B TXRKE num BIZES|
}
/] 1ERLEREE res BEREE nums
for (i in 0..<n) {
nums[i] = res[i]

}.

11.9.3 HiEisE

- INMEZRER O(n +m). IEAENHDT © W& nums AL counter , #EFHLMERE, —%
BT n > m, MEEXREET On),

- BAEZER O(n + m). M E8I T KES5I10 n f1m FI%EH res F counter

- Ry BT res FEFITENIAFE “WERAE” 19, FIEFED nuns 7] DU GRS T
SR O E, MM EHEF. SRk, EFEF nums tA] DS EIERIHEFLE R, HL5%E
SEARRRE M,

11.9.4 iR

FHIXE, IR SR ST, (UEI G BT AT B e e, AT, 65 LR
OB A PRI R

PR SUE R T AU, R0 ELF TR AR, TR X S B o] DRSO JE g, IE L
RO R R AR & N TER 2 IR AN E R, B, TR ASIESE, W ART A 8T
HIE— AN, MR RS, HEF e a A 2,

HHBHE I8 T RO R BOR G FE MORSL, Hetn, 76 EARREIT m RREAK, I 522,
i n < m i, HEHEFEAE O(m) W, ATHEE O(n log n) MUHERFEIET TN,

11.10 E#HF

EAE TR, EIERTEIRR n BORKEBEREE m RSN, BIRRRAIFEEN n = 106 2%
EXMTHEF, M¥SR— 8 My, XEWEBIREE m = 10° WK, AT TREHEARA
feasia), TEECHE AT DA X MR O

BEHHF (radixsort) AL EESIHEHE —2, @RS MECREIHRF, b, EEHFA
MBSO MRNERRR, RO AETHERF, IS E R RHEP AR,
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11.10.1 E&HiE

DAES ARG, BT IRIOCRS 167, mehoess 8, HEEHFRIRARIE 11-18 Fir,

L. etk =1,
2. XS kAT HHEEHNT. sEalE, BIRSRIES kAR,
3. R kN1, REIREPER 2. UhEER, BEIFTAAEHEP SSRGS R,

NHEHFHAESE, T d RN o, SRS kAL, , ATRUMEA IR E AN

HWABAE nums
Meatk k = 1

oHFELfG 1 HFE 2

10546151
35663510
42865989
34862445
81883077
88906420
72429244
30524779
82060337
63832996

35663510

88906420

10546151

63832996

81883077
82060337
42865989

30524779

35663517

88906427

82060337

81883077
30524779
42865989
63832995

& 11-18

Ty =

»

LUk, HE
% 3~7 {i

B2V G2 78 O RER

X
75

| mod d

»

HFE 8 i
BHHFER

10546151

30524779

34862445

35663510

42865989
63832996

72429244
81883077

82060337

88906420

Hrb | o] FoRAHTE AR a 1 R, T mod d Forxt d BUSE (0. X T4S808, d = 10 Bk € [1, 8]

o

b, FAITFENMER SN R, (2 i DARE RIS kAL TR

// == File: radix_sort.kt =

/* FREXTER num B95E k M, HA exp = 107 (k-1) */
fun digit(num: Int, exp: Int): Int {

F

/* itEHE (RIE nums 8 k uHFE) *x/
fun countingSortDigit(nums: IntArray, exp: Int) {

[/ ZEXN exp MdE k AILBERELRESHITRRINAAGITE
return (num / exp) % 10

/] HEFINGSEEA 0~9 , FtFEEKER 10 BiFEiA
val counter = IntArray(10)
val n = nums.size
/] %t 0~9 BHFHIHIIREL
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for (i in 0..<n) {
val d = digit(nums[i], exp) // 3KBX nums[i] % k fi, i2/ d
counter[d]++ /] BtEE d BHIURE
}
/] KREIZGA, B “WIINE iR “HERS)
for (4 in 1..9) {
counter[i] += counter[i - 1]
}
/] BFER, RIEEARITER, BETREN res
val res = IntArray(n)
for (L in n - 1 downTo 0) {

val d = digit(nums[i], exp)

val j = counter[d] - 1 // 3RBEY d 7EEEHWZES| j
res[j] = nums[i] /] BHEITTRENERS|
counter[d]-- /l B d BEER 1

}

/] ERERBEEHE nuns

for (i in 0..<n)
nums[i] = res[i]

}

/* BEHE */
fun radixSort(nums: IntArray) {
[/ REEENRATTER, BTHIERAMEKR
var m = Int.MIN_VALUE
for (num in nums) if (num > m) m = num
var exp = 1
/] ZEMEAEISAARE &R
while (exp <= m) {
/] FEATENSE k HITIHEGEE
// k=1 ->exp =1
// k =2 ->exp =10
// BNl exp = 107(k-1)
countingSortDigit(nums, exp)
exp *= 10

Pt 2RI 4 HER?

FEESHHE PR R, Ja—ieHr S EAT e HERIZE R, 2RI, RSB PSR a < D,
M —HHFER a > b, LB RIEREIIE —E R, B TRFI&ALEHRE TR
iz, I SIZ S HE RO B HE R

11.10.2 BS54

T I, BB IE R T EUEEEECRRIIE O, HRTR R B n] AR A S IR, HA
BAREIE K, BN, 12O NE S (R EEGT, ROVEAE kK, ATRESERHE 2% O(nk) > O(n?)

o

WIS 2N O(nk). JEEDEMHET: WEIRRY . $UEN dfl, SBAREON ko, IR H
FHEHFER O(n + d) Wi, HHFHTE k R O((n + d)k) W, BRI, dAk 8
woh, BHREZRER O(n) .
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- BAEZER O(n + d). EEHHT . 51 EEEFHER, ST FEEBKERN n f1 d % res
K1 counter .

- e Y EdHEEREN, R RE; YiHESdHEEARRER, EEHEE TCIA RIS 2 R
Heras R,

11.11 &

1. EREH

R AT ZOR ST . IR MRS Rk SRR TR, Bl AT LUK E i
FO B I R B 2R ARAL S O ()

A R AR R X R A TR A B B HE R X R R, T2, B AR
S ZEER O(n?) | {EHTFRTEH BRI, FITE MR RAGHE L 55 AR 2 H0D,

R T SR RSB, (ER SRR, TR A RS R, SR
BFESILEE O(n2) o 51\ OB AR LR BT DAVE ISR 2 (L AR, T (R 8k
IR, RO NI, R AR A2 O(logn)

VBRI IR N, SR REL T 40, TEV R, Hr SR a8
4, =R RN O(n) ; ATTHEFREZIZ R 2R UL E O(1)

- RS SABE: BUESN. FIPHERR GRS, BB T AR, & AT RR AR A
BRI, RRHERF SR TR R T P19 S,

R AR R — N, B S A IR RO ST e, LA R P T R R K
HURTEETIRAOIE DL, 3 HL IR NURAENS RO R,

RGBSR G R SRR, TR RO N L O

AR, FAAEE RHEEE, FUEEACR, BE. BUDUR EIERME LA, AT, (B4
{RCHREE TR BT —RE, 15— R S RS U R A IR B 4, TESCRRRII T, TSR
BRI R BB 51,

C 1119 KT R BIARRCR, R, RO SRS,

ppeE— CAERE R
st me  me  ge | BEE wem  ssum STy
BEHE o)  om)  om)  o() | #AE R #EEm W
BPAT . mm#®m om oM o)  on | BE e EEE KB
BAHE  Om  Om)  om)  o¢) | BE B BEm b
PSEHF  O(niogn) Olnign) O  Ologn) | HEE  FMe  FEEm bW
f(f"lf;'f) | @M Oign) Omlogn) Ofnign) O | BE  #FM #EBE  WR
WHF  Ofnign) Omiogn) Ofniogn)  O() | #BE  FB%  #EEW  H®
WHF  On+k  On+k  Om)  On+l | RE 6 FEEm
FOAT . dmapy On+m) On+m) Onem) Omem) | BE  HEE  FEER  FER
EHHF  Omk  Onk  Omk  On+b) | BE  dERE  EEEE  EHS
n ABIEEAN
2w # e w Essm

BEHMHARD, k ARAMM, BIERN b #E
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11-19  HEpRIRxf

2. Q&A

Q: HIFRIEREE M 2 H 0 T BTHR?

EISE, BATETRERET R RN BRI THE . BN, 2 EEU2Masm N e, BIImES)—
Mgy FeteiRyAiH i THE R, 550 (A, 180) (B, 185) (C, 170) (D, 170) ; X H&E#HITHEF.
HTHFEEAfRE, FitkrlgE5% (D, 170) (C, 170) (A, 180) (B, 185),

AIDUKER, 25 DRI C R BAAE 7ci, WRRIAERIERRSE T, MX2BEMAREERIN,
Q: M “MEEEER" 5 “WEELAER" BN AT DA ?

AT, HEANCARASTTENEMERI, B0 “WAEAER B “WEEAEKR, XMEeFERER,
BATIREIT— RIH A,

M7 partition () AYEE —H 22 nums [eft] Fl nums [1] o SE A, BEECA DI TTRAR <= 2
HER, IXBRE R B G — 4 A8 nums [Left] >= nums[1i] BHURAL, BIZTATSE “MNEFLER”, LR
BABIEERERITR, WEE L = j BRI, SR nuns[j] = nums[i] > nums[left],
WAL, I RJE — P SRR E S BRI TR S B R i, BRI R

BT, e e, 0, 0, 0, 11, WRE “MWERGER", Wy EHA» [1, 6, 0, 0, 0],
XEEFZAIEWIT,

BRANEBE T, RBATES nuns [right] HEMEERL, IBAEGF/ROSR, e “METHER,

Q: KT PuEHFRIBITRENAL, N AR EBAHRERIER TR EAET logn ?

EBYFTR LR 2 AR [E AIB VA 7T AR B ,, FFACIE SR TR PR BRI A 8, FEIB TR
e, 1A RIS TR K E RO FEEEH K ER 2, RIRENN, —BEAN—FKE, AL
RERE logn o

[l AR PR, BATA FTRERESHBIAIK R RAEA, REBR T In. n—1. ... 2. 1, 8
IFRIE o IBITIRFEIUA AT DUEE SIS L H

Q: MBAAPFTE LEMMSEN, POsHF I 2 248 2 O(n?) 152 ZAUa IR AE L E i ?

B WNFIXAIEN, w] DA @ IS R A =80y . BT RTEMERL (A R
JVNFRIRTHIME 2 EIZTTTIET, BATTREAMFHE, —He X BT sE .

Q: WHEFIRERFERE N LR O(n?)?

BEWMT, FrETERSER— M, GRRAIRA A O(n?) SkkHrXEetE, M FE fi
N O(n?)
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Abstract
MEHOR 2R, B — IR &S E o E R,
DMEZRT = PERNFEL: NERME, —UEAHEE 2
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12.1 #aEE
9378 (divide and conquer), 2FR3MIG2, & —MAEF EE HH WHYE LRI, /Ma@EwEETEAH, &
8“7 M98 MNP,

L g3 (RUITEED : BVTHCRE R RIS o D2 1o, B R ENE RN T FEN 2R L,
2. 16 (BIHHED : NEAIRER/DTREITR, MRETHCR 1 AT S, I B 5 A

HfiE.
niE 12-1 Fow, “VAFEHERET B TESRIS AN 2 —,

L g3 @A R (RMED K R F8d (7)), E8FHARR TR (Bh TR,
2. 16 WEETHR AP (FRERR) #ETEH, NmEEERREEE (R .

rooa (RIS
B)

BMFiERE

- A (EHEH
B)

B 12-1 JAFHP R R SRS

12.1.1 fATHIERSEIRER

—ANRBREIE S ERA DA, 8 R A% LN L HITREE,

L. FVEIRTCA R [ RI R AT DA RS /)N, RO TR0, DARZRERS DA A1 77 s A st T8 o
2. FIJSURMNIN: FREZ WA ES, DAMKE, A DRSO,
3. FRERMMTAETF: R R & 7 RS K,

BAR, VAHHE R DAL =AW,

L. MUSITCA R B R (RAED I A 78 (D,
2. FRISURMNIE): DR DU THE R (7RI A] DU HE TSR .
3. FREMMTUEH: WNEF R (FREE aJEHF N —DMERSAE (RREERR
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12.1.2 @I EIRAME
SYEAMU] DU RO RO, AT DA EIEReR, TR AT, PudiHi. VAR, e
FHB TR, B, BAHFEE, LR IR T 99450,

M2, BAIREELN: Mt2smian] DRIP RS, HORZZHR2? SaiE, KRRE A2
T, BTN R T RIS IO SR AR, X L RIRCR N 2 LU B R ORI RS R S 2
XA R A] AR EECE A AT TSP 75 TR I 18,

1. BFHEMRK

DL “EHEE i, FALE KRN n BT O(n?) MTAL BISBATHIRE 122 iR,
BEM A NP TAEL, RIS TEE O(n) M, HFESNTRATE O((n/2)?) HH, &R
FREATE O(n) W, MARFIEREN:

2

O(n + (g)2 X24n)= O(% + 2n)

FEEEEEEE FEEEEREE
by

o(n)

BiasF BigHF BiadF
o(n?) 0((n/2)2) 0((n/2)?)

DEEEEEEE

Bfx o(n2) Bk o(n2/2 +2n)

B 12-2 KBt Em B iEHT
FRR, BATHELATAERX, BB 739375 BRI 5 e 5

2
n2>n—+2n
2
2
5 N
—— =2 0
n 5 n >

nin—4) >0

XEWES n > AN, QRREREEERED, HipReRRIgER. HER, W0 ERIR R A E TR T
7k O(n?) , RREREHIEBINENT,
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A, WERBATHE AW ARSI A R, B B AE DT RN E R e ?
IXFURESLRR Bt “UFIFHERT, WREZREHR O(nlogn) .

BEE, GRERMNZSBEERINRD R, FEEHIRIDN kAT EATR? ZAEIS “fHr” JEH2E0L,
EAFREAEHFEREYE, it ENEERE ISR O(n + k) .

2. HTHERKK
BATABE, A RE) T B A2, KEt@EHE T DOHTRR. b2, 6 AT ARRE TR
IEEARE, EAHRTIRERFIIFFITRA.

HATMMAE AL AL BB IR U HA R, ROV R GER] DARIIN AL P 22 7[RI, 58 A8 70 HOR A T8
TR, AT D SRR IB TR AL,

FRANTERE 12-3 Fomfy “MiHER” w, BATR iR BRI BCE S M, WIRERE AT A AR B HE PR S5 70
B MR HEIT, EREEAHER

TTE

12-3 PRI THE

12.1.3 8ERMA

—J7H, iG] PARRIRRVE 2 2 LR A,

© FEREGE RN ZEIRE SR R RN, SRIE R PRI B RN, BRI R SR
TR XS o

- ORBEEERIL: U0 Karatsuba Ji%, BRAEEEERE 2N LB N E ISR,

- JERPSRIL: BN Strassen HIE, ERATEREIRIE M0 2D/ INERERISRIENINE,

- DOESERE: POESE TR AT DOBI S AR, X2 BV 6 SRS R .

- ORMEREX: DA, ARATH AR TR, BN DTS — MR KR
W Al AT DA v B AR, (R BhIAHHE R BT SR
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T3, SHAERIENEERAER R M SRRz,

C D ER CoEBRERERFEANTRRIIL T WERSY, REHYE HARMES RTTRE LR,
OUEHERRIR—FIX 1A, FFAERIR X AT R B =70 41

- VPR ATRKENEH, S,

- POEHER . PREHE T R NMEWE, REEBH IR FRE, — DB TTR AR E D,
55— FREAARITCR LA R, B PER AT AR 0180, EEFHANF T IR,

- WHEE . MHEE A AR R EUR D BE 2O, e IRNETTRI T, &ERS R
TERMKIXE, MMRE—ME .

- R Bl T SRR, AVL R, LR B A, B+ BESE, EMIRERL. FEARIMBREE SRR AT DA
THESRME IR o

- HE: HERRPRIRETE A R, HAAMRCE, WAL MHERAIHE(L, SRR EETRR S T 0TRR) B4R,

- A E BRBTH A AERNMAING, (BB RRRTT R BN T 3 iasks, fln, st
HEFP K BER S LR, DU A& IR,

FDAVEH, iRl “EPgies” WRIERA, REESMEERSBURSZ T,

12.2 9812 FEER

B, MREEDNHAK,
C RANER: CEOBFRIESHIIL, HEERER O(n) .,
- EIERHEER: TR BRI SRS B, R A A O(logn) % O(1)
Sebi b, WA O (log n) ISR IRTH RIETSARIGIBIN, HIin — 5 BT,

© S ERNE SR EBAHTERERTR) AN (SRR BT
), XM —ERSEEE s R B BT R ik,
- RN EAIER, TEIERRL AVL R, HESEIRG T, SRR RS2 EE N O(logn)

o

o BRI IHAREEN N TR,

- ISR PR " EPOBFHR R R (TR T EH) DT (B — T &
0, X R T RN H AT R KL,

- FRSURBNIN): £ ERH, SR DR, e SZ H AT AR,

© PRSI EI: o EREEER —MEETR, RARER FRIEEHT S, 47
SRR, BRI 2 R NS E R R

IMAREMSTRTHE R, AR ERENRILREL AR —MED, MG R0 BUHERR—Fi%
Wi,

1. BEFRakn=—a8H

FEZRIETH, Zo&EPEE TR 050 SBIK, BERMET G GBI KREHE,
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Question

BE—DREN n ERFEEAH nuns , HAFFTATRERE K, 1EEHITE target .

MIMEFIRE, TATAERXE [i, 5] M REIFREICA f(7,7) o
PAERIER f(0,n — 1) Jylddh, (@id DA NS EEAT — 2 &k,

1. WX [i, j] (R m, RHEEHR SR,
2. FEITRARMUBLR N — K9 T, ATREN f(i,m — 1) 8 f(m +1,5) .
3. fEIRE 1. R 2. %, EEHE target SUX AN AHHEL,

B 12-4 JoR THEREA A 0 EHOTR 6 B iaiE i,

(o, 3) ann 12 15 23 26 31 35]
A
n W
(2, 3) [1 3 nn 12 15 23 26 31 35]
A

m

A 4

BEREBTE 6 MW&KS|A 2

B 12-4 —ERIIEERE

CESTTURTST, Tl 17— B dfs O HRMIT £(i, ) -
// == File: binary_search_recur.kt =

[* ZHEHK: \E F(L, §) %/
fun dfs(
nums: IntArray,
target: Int,
i: Int,
j: Int
): Int {
/] BEXEAE, KKELBIFTER, WRE -1
if (1> 3) {
return -1
¥
/] HEFRERZRS] m
valm=(i+3) /2
return if (nums[m] < target) {
/] BVIAFEE F(m+1, F)
dfs(nums, target, m + 1, j)
} else if (nums[m] > target) {
/] EVIAFEE F(i, m-1)
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dfs(nums, target, i, m - 1)

} else {
/] ¥EIBfrTER, REIHEZES]
m

}

hy

/% ZHEKR +/

fun binarySearch(nums: IntArray, target: Int): Int {
val n = nums.size
// KfgE £(0, n-1)
return dfs(nums, target, 0, n - 1)

hy

12.3 - Hn)a

Question
AE— M AR E T preorder FIF & inorder , 15 MAREE R, IR (A AR
Mo BIZ- XMW EEEENT S (WE 12-5 FirR),

BiFFER
/ \ EE-Rin preorder
HhFiEmn
inorder

B 12-5 A SO B BIEdE

1. ¥ErRE DA
[ [aEiE XM preorder #1 inorder #9% WA, 22— N4 A B,

- WS RS MIIRRIAIEYIA, BRATTRTDURE R RIREKI 2 N[ M e 14, AR T,
b= WIHAHARTT S TN TR T (R, AR AR R BA LRI 7515, HHK
DNENHFH (FRED, BEREFENFRE ZFH) Lk,

- FRSURMNIH: RGO IS, ENZ R A 2%, AR TR, BAITRFERE
P 3 P AT P 3 P PR 5 2 TR B AR e 5 TR TR B

- FIEREAIAETE: —BEE TE TR TR (PRI, BATHEAT DR e IBERERYY & L,
(EEAEIiES)
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2. Wnfagls Fi

FRAE DA o4, IXIERTA] AR s ia sk kg, (Hauvnfidid i) preorder AP inorder KXI453 A2
TR e

HAEE X, preorder F1 inorder #FA] PAKI =" 8657

CORFES: [ RER | EFN | BFR ], BIE 125N L 3 1 91217 ],
R [ EFR | RER | AFR ], BIANE 12500 9 1 31127 1.

PAEEESE B, BATA] POEE A 12-6 st 2 B 21X 04551,

1. BiFFIBAE TR 3 2R S E,

2. BRI AL 3 7 inorder &S|, FIHIZRSIFE inorder XA L 9 1 3 | 127 1,

3. 1R#E inorder IXITEEE, SIS TG TR SEE 2 HI8 181 3, MIMAE preorder X5
AL31912171,

HRRAMRTR

AifFiERH  preorder

@ ERRTRES
@ @ FIFER  inorder n n P

: 3SR
EFHE
19HR

HiFF#ERF  preorder nnn

12-6  TER(A i J3 R e ik A ) o0 6

3. EFEEHAFREKIE
RIELA LRI 757, BROTELSEMRY R, £ 4 FWATE preorder fl inorder HIESIIX R, 8T
HiRixeRG (X [A], BTAFEE L M2 &,

- R4 RIRIRR T RAE preorder HIIRFIEHN ¢
- BYRTRTIAR T SE inorder IIRSIE N m,
- Y FIRAE inorder RS IXEITEA [I, 7] .

N 12-1 fioR, @IS DL R BRI RORT fE preorder YRS, DA THLE inorder ARG X
I‘Eﬂo

R 12-1 AR R0 B 7 i D AN P e i 3 R 2R 5 |
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M9 557E preorder RS FHAE inorder FHYZZS X ]
I 1 [1,7]
Tt i+1 [[,m —1]
T i+ 14 (m—1) [m+1,7]

WIER, AFMRTTRRSIHN (m — 1) 05 SC2 T ce”, @INEaE 12-7 B,

@ HiRFEE
20000
preorder
A A A

@ @ i i+l i+1+(m-1)
HFFE R

inorde;: naa

o O v s

12-7 MRV AL FRIRG X ARR

4, {X33m

N TIRFEW m RCR, BATMEB—NIEF 2R hmap SRIEMEEEH inorder HITEFIR G| HIMET :
// == File: build_tree.kt =

/* MBI 9B */
fun dfs(
preorder: IntArray,
inorderMap: Map<Int?, Int?>,
i: Int,
1: Int,
r: Int
): TreeNode? {
/] FRXERNTEELE
if (r - 1 < 0) return null
[/ BEIRT =
val root = TreeNode(preorder[i])
/l A& mn, NXI9EAETFH
val m = inorderMap[preorder[i]]!!
/] FiRlRR: AT
root.left = dfs(preorder, inorderMap, i + 1, 1, m - 1)
[/ Fil: 8RR FW
root.right = dfs(preorder, inorderMap, i + 1 +m - 1, m + 1, r)
// REIRTIS
return root

}

/* PEZXH */
fun buildTree(preorder: IntArray, inorder: IntArray): TreeNode? {
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/] WAKIEER, Z6E inorder TEIIZESIAIMREY

val inorderMap = HashMap<Int?, Int?>()

for (i in inorder.indices) {
inorderMap[inorder[i]] =

}

val root = dfs(preorder, inorderMap, 0, 0, inorder.size - 1)

return root

B 12-8 J&/R 1AW — AMAIE IR, BT RRIER T ET AR, miEsL (5IR) BIER

B oS NP UK SR VA S

wreorcer (N CIEIENED
oo (DO OEE o

preoraer (3 (@2 (1 (7
inorcer ({3 (127

B —
Step 1 J ‘ Step 2
e (OO
inorcer (E)E)ENENED
B
Step 3 [ Step &

‘ Step 5 J [ Step 6 J

/ 3 9 2 1 n preorder

Q@ Gsss0
s |

Step 7 J [ Step 8 ]

o

/

/

/

39 n preorder
@ inorder

39 n preorder
@ 9 3 a inorder

3 &= EB
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sreorcer (E)ENEDEDED
nerder (E)E)EEDED @

o o
© o

Cava J 7 | 501 ]

Step 9

B 12-8 My XRAEIIE R

BBV RE N RETF 8] preorder MH T inorder FYRITEERANE 12-9 Fir,

—
-

preorder 392 1 7
inordern3 1 2 7

preorder | 3 |9 |2 n7
inorder | 9 | 3 u2 7

39 2 lnpreorder
BEEE u inorder

I =0

B 12-9 DB BrHRII AR

BT R ECR Y 0, FIGHE— DR (BUT— MBI dfs Q) A O(1) WAl BIEAR 5 A%
R O(n) .

WGARTFE inorder TEREIZRE MBS, EREREN O(n) . EREMILT, 8RB RN,
REEAE] n, B O(n) MRz, IR 2N O(n) .

12.4 SNiEtEiR)ER

FEVAFFHE R A O AR, AT B 1] 08 T I RIS A J ) — 7 (AL, SRR TS E ]
A, AR AR 7 R
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Question

HREMMETF, WHA BFIC, EIBRET, HF A EEEn MEE, BN LRI FZBMWNEIR
HINRFHES . FRATIESS R EHIX n DMEEBERT ¢ |, HRFENNEEITFAZE (WE 12-10
Fim). TERSNEEAEREY, FEEsy LRI,

L RS SBEMN AL T AR H, 53 —HRAE T TR
2. BIRARERE— DR,
3. /NEBRINZIN T KRB Z o

ALl

Y #HEEEM A BHE C
A B C

12-10 PUOEFE RERBI

RAVERBOR @ RDGREE RN f(i) o Blan f(3) 13K 3 DRI A BENE C IDGEE R,

1. ZEEFRER

i 12-11 Ffo, A TR f(1) , B R — RSN, BRI EERM A 3= ¢ Jin),

8 O B

A B [ A B c

BR (1) WER:
EEFRESEM A BEHE C BIF

| (1)

Step 1 Step 2

B 12-11 FEA 1 () @ fig
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Qi 12-12 fiows, N TR f(2) , RREAEMAESEN, BT ENRWEDERERREEZ |, FHREE)

B R5eMFEEN,

1. e EEA/NREMN ABEB,
2. BEKEFZMNABZEC,
3. Rl NRBEMNBREC,

=1

i £(2)

~=1

BR (2) WER:
1. BIEEM A BERHE B

Step 1 ‘ Step 2
A B c A B [
R £(2) WSR: R £(2) WSR:
1. BEEM A BEHE B 1. BNERM A BEHE B
2. BRESM A BHE C 2. BRESRM A BEHE C
—— 3. WIERM B BERHIE C
Step 3 Step &

B 12-12 RN 2 ] R g
fRnE f(2) RERRREEE ) PR B MABE C, Hrh, CFOVERRML B AT,

2. FinEshE

SR f(3), BMA=AREEE, BHRRRME R T L%,
RAEED f(1) F1 f(2) B, FRDAFRMTRT MG MRS, 1% A TR BB A0k, PUTE 12-13
FURIIS IR, IXFE=ANRE RN A FEZE C T,

1. £ B NEIHE, ¢ A%ME, HHRMESMNABEB,

2. ¥ A PEIERF— DR A BEEESIZE C,

3. 2 C HEFE. A NZMHE, BRDMEZMBEEC,

a | | L&l

A B c A B [
BR £(3) WER:
A £(3) 1. BAEDESEM A BEHE B

Step 1 Step 2
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lal Lla

A B C A B C
R £(3) MER: R £(3) SR
1. BEAIEEM A BEHE B 1. BEDEEM A BEHE B
2. BER—ESMN A BEHE C 2. BRR—MESM A BEHE C
— 3. BETESRM B BHE C
Step 3 Step 4

12-13  FUN 3 BN AR
WA EE, BAEERE f(3) R APAFRE f(2) —AFRE f(1) . HIF RN =AF Rz G,
JR AR 2 f 2R, X LR T RSB ARNZHY, T ELA# AT LS It

I, FATAT LG B R 12-14 BRI RRSGEES A 43 6 50 - SRR f (n) RIS AN TR f(n—1)
FI—ANFRE f(1), FHHEIBUL R X = A,

1. BEn— 17 EEMECMNABEB,
2. BFEIs 1R ABEEBEZEC,
3. Fn— 11 REMEBANBEREC,

MNFRBDFRE f(n— 1), WROEHFERT XTIy, BERXERNFR- (1) M f(1) K
R BRI, RFE— R ERERTA],

FirlE f(n-1): & n-1 MERM A BHNE B

L D
FFE £(n): #§ n PEEM A BHE C - 4

Fiel £(1): BER 1 MEEM A BEE C

.—J—.‘—

f(n 1): % n- 1AlﬁMH§niJ§c

B 12-14  fRORDUESE R 73 16 R0

3. HE%Em

R, BATFEH—MB)IEE dfs (i, src, buf, tar), BRWERHREFRE src TRERR ¢« NEEEB%
WHE buf B3 E HARH: tar :
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// = File: hanota.kt =

/*x Boh— 1M ER +/
fun move(src: MutablelList<Int>, tar: MutablelList<Int>) {
// M src TRFZEE—TERE
val pan = src.removeAt(src.size - 1)
// BEEBRN tar TNZ
tar.add(pan)
b

[* REESGEER F(1) =/
fun dfs(i: Int, src: MutablelList<Int>, buf: MutableList<Int>, tar: MutablelList<Int>) {
// & src RFT—PEE, WEEEEZE tar

if (1 = 1) {
move(src, tar)
return

+

// FiERE £(i-1) : ¥ src INEP i-1 NEFEMEEY tar #BE buf
dfs(i - 1, src, tar, buf)
// FiEE £(1) : ¥ src ME—1PEEHEE tar
move(src, tar)
// FiE@ £(i-1) : ¥ buf & i-1 NEEMEB) src #BE tar
dfs(i - 1, buf, src, tar)

+

[* KEESXGEERI */

fun solveHanota(A: MutableList<Int>, B: MutablelList<Int>, C: MutablelList<Int>) {
val n = A.size
/l B A TAEE n NEREE) B BE C
dfs(n, A, B, C)

QN 12-15 A, DOERAREIE R — 1R A n BEIAR, D1 RRE— DR, N R — P E dfs O
B, BENRERER O(27), BREREN O(n) .

1.

@ Mo Mm@ @ @ @

B 12-15 JUESERNERYIE TR
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Quote

POESE AR 3 — N ERE T, EHEEN—ISEE, BEME=ReRNiatr, Pk 64
MR —HEEE, BEMAEEIEE, MIMEEERE - MREBSERMBENIR—ZI, X1
SR,

SR, BIERIEN1ERMREE—k, BETEEAL 264 ~ 1.84 x 1019 ), &%) 5850 124, Iminid
o TEEN FEHERNG T, TR, WX MEVZER, AT IZAFREROH TR HEEK,

12.5 Ih&E

1. EREH

- iR M IR RS, iR () Fie (BFF) MANE, EEE TS

- HIWTR SR OIEREIANERRIERS . FRRES M. FRER SN, FRERES S,

- VAFHHEE R GRS AT SRR H OB TR R 0 N F KA A, BRI N ITRNTT
wREETF, MMEREHE.

- BIAARBSEER] DARTTEIRRCR, — 77, 2GRS TIRERE; 5—JiH, 2iREaEMTR
GIHIFHATILL,

- oMIAREA] DURORVF 2 RIARIE, B N T EBdREi S BRI, AR H SR,

- ERTRNER, BEMERICRER. NAEREN O(logn) MIERERE R Z2HET ARG I
o

© SO BEBEMGRIGH S — NN, NS T RS T SRS B, TR POEIE
THAKM =73 E K,

- RSO, AR (BRARED AT DARI O A e RIS T (R, IX AT DA R
73 3 A PR P O 2R 5 | X TR R 5K B,

- AEDOESERIEF, — DB n BRIETRT DA AU n— 1 B RIS — DN 1 H9F(R]
Al AZIF ARPRIX = mldle, SR S 2R,
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BE13E [

Abstract
BATANERE R RUIRE S, FERTEAYIERS b rT e 1B 2 KX,
EIWARY D ELEFRATREF B4R, Wik, REIRENEAEHE M,
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13.1 [EIHE*

E#E % (backtracking algorithm) 2 —Rfulid 75 28 KRR BRI V575, ERIR00LEAEZ N — DRI H
%, BNERIEATRERIMRRTTR, HBEEMRIMNNR ISR, ERIREIMSE 20T AT a] RERE AT
TEIFEARENE N 1k,

I ERE R R “REICER” KiEham, £ "R B9, BOURRNF. e RET
B TR R, TR, BTN & IS — D EARE, ZB25 7 iR SRR R TR,

il —
HE RN, EERIFFERAEERN TR, BIRE REIR,

TR, BATTRT R AR, HHWTSRT SRER SN T, B, WK RREMALRYIE res
Z o AR RSN E 13-1 A1 B M RIEFR:

// == File: preorder_traversal_i_compact.kt =
/> B fIE— x/

fun preOrder(root: TreeNode?) {
if (root = null) {

return

}

if (root._val = 7) {
/] iBFfE
res!!.add(root)

}

preOrder(root.left)
preOrder(root.right)

BB =X,
FIEREHN 7 HTHS

AIFFEH
 @SFTR

13-1 1Rl R A

13.1.1 =iH5ELR

ZFR PR Z ML, REOVZRIR R RN 2R 27 5 “RHR” KRN, HRIAERRY
BRI N IRS TR RS T BT IR G 2 R S5 AR AR, B AOH E— PRk, R E Z AR,
ZIAH AR AT REAIE R
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AT —, iR REAR K “ZRX7, B S E0R AR A return MIFR “MNRY,
EREIHIE, PIEFFAUNRISEEBORN, NERx—, BTG — M 1En .

Pl —
X IERATEEDN 7 BT R, IR B R 2.

TEBI—RED IR L, FATTFBEAE B — A 512 path ISV 995 S R VTSN 7 1075 5,
ML) path IIRANELE R res . WHEHIR, res PRIFIREFTEIM, EWFHR:

// == File: preorder_traversal_ii_compact.kt =

/* BiFEHh: BlE= «/

fun preOrder(root: TreeNode?) {
if (root = null) {

return
k¥
// =i

path!!.add(root)
if (root._val = 7) A{
/] IBRAE
res!! .add(path!!.toMutablelList())
¥
preOrder(root.left)
preOrder(root.right)
// [Eh&
path!!.removeAt(path!!.size - 1)

TR “ZRA” rh, FADE R YT SR path RICHREEAZ; WfE “FHR” A, FATFHZERIZT M
path afit, PAREARZIX ZATHARE,

WERIE 13-2 Fonfid e, AT AR M ILRBE ) “HilE” 5 “WH”, WMNRET ¥,

iy Fa
4 \ RN 1 )
‘///ﬁll\\\\ Sl IR, BHRS ;;;/Q:Z\\\ i BTG, ERRES

EiB: RERE, RHRE EiR: RERT, HHERE

o 4 path = [1] ¥ ) A
/ \ / \ / /\ / \ BEITIR 7, WBBEFMELR
N p /e res = [] p . ‘/,’ \‘ -t
Step 1 Step 2

.:: /72 '-l: @ \
() (<)
Q &5k SRIBEFH, BIRS Q #id: BITEFH, ERRE
- EBE: RERS, EHEE By L3 CEESS, (2
by 7 )
G\X‘ path = [1, 7, 4] /° path = [1, 7]

'O/\/ , /\o/ res = [[1, 7]] 0 \é res = [[1, 7]]

Step 3 Step 4
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13.1.2 B9

2R [ I D OE 1 — DB N, AR AT “BIE

£id: BIWH, BRRE
EB: ERE, RBRE
path = [1, 7, 5]

res = [[1, 7]]

£id: BIEH, BRRS
ElE: RERT, REEE
path = [1, 3]

res = [[1, 7]]

20 BIEH, BRRE
ELE: RERE, RHEE]
path = [1, 3]

res = [[1, 7]]

‘ Step 11 |

Step 10

Sid: BINBH, BRRE
ELR: RERES, REEE
path = []

res = [[1, 7], [1, 3, 7]]

K 13-2 ZiL5[ER

i BIEH, EFRRS
EB: RERS, RKHEE
path = [1]

res = [[1, 7]]

S BITEFH, BHRE
EHE: RERES, RECEE
path = [1, 3, 6]

res = [[1, 7]]

ik BITEFH, BRE

EB: RERE, RHEE

path = [1, 3, 7]

BETR 7, WEBEFRNELER
res = [[1, 7], [1, 3, 7]]

il =

FE R ERATEE D 7 BT, IR BT REIX ST SRR, FFERBRTP AR ESEN 31
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NT RN AR, BANHERMBIEARE: EERERES, FH82EN 3 WA, WHRAHEE, T
MEHLR, B NATR:

// == File: preorder_traversal_iii_compact.kt =

/> HiFF&ER: GlE= x/
fun preOrder(root: TreeNode?) {
/l B
if (root = null || root._val = 3) {
return
¥
[/l =i
path!!.add(root)
if (root._val = 7) {
/] BRfE
res!!.add(path!!.toMutablelList())
¥
preOrder(root.left)
preOrder(root.right)
// [Eh&
path!!.removeAt(path!!.size - 1)

“BIR” R MNERERIAIE, WE 13-3 R, EEZRERET, Bl 9T 7R LSRR R
X, WRFZIERIIZER, MIMiEE TR,

B @RER 3 MHRNREHRE

BRI SRR A TR AR R )
MinferHERME

.............

13-3 HRARLIRAAFBIEL

13.1.3 EZKES

TR, BNZLHEN “20, FOR, 3987 ATMAHEZRIERHSK, TR Ry P,
FEDAUTHEZRARS T, state FORMEIAILATIRA, choices IR AIIAZAS T Al DA HI AI%ERE :

/> EIMEEEZS x/
fun backtrack(state: State?, choices: List<Choice?>, res: List<State?>?) {
/] ¥R T AR
if (isSolution(state)) {
/] iBFRfE
recordSolution(state, res)
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/] TEBHEER
return
+
/] BHAFEERE
for (choice in choices) {
/] B FIENEERRT G
if (isValid(state, choice)) {
/] =i MEEE, EIRS
makeChoice(state, choice)
backtrack(state, choices, res)
/] [EhR: HEEERE, MERZEIRES
undoChoice(state, choice)

BR¥R, BATETHEZRNRERBRFIE =, R state N S FHKZ, W choices YR MM AF
TRFA TR, 455 res BIREYIER:

// == File: preorder_traversal_iii_template.kt =

/* FIErLFIRSE TR +/
fun isSolution(state: MutablelList<TreeNode?>): Boolean {

return state.isNotEmpty() && state[state.size - 1]2._val = 7
}

/* IBREE */
fun recordSolution(state: MutablelList<TreeNode?>?, res: MutablelList<MutablelList<TreeNode?>?>)
o 1
res.add(state!! .toMutablelList())
I

/* HIERELSFIRET, ZERERTEE +/
fun isValid(state: MutableList<TreeNode?>?, choice: TreeNode?): Boolean {
return choice != null && choice._val != 3

I
[* BIERE */

fun makeChoice(state: MutablelList<TreeNode?>, choice: TreeNode?) {
state.add(choice)

}

/% MERE =/
fun undoChoice(state: MutablelList<TreeNode?>, choice: TreeNode?) {
state.removelLast()

}

/> BIE.: = %/
fun backtrack(
state: MutablelList<TreeNode?>,
choices: MutablelList<TreeNode?>,
res: Mutablelist<MutablelList<TreeNode?>?>
) {
/] WEERT R
if (isSolution(state)) {
/] BRAE
recordSolution(state, res)
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/] BEFREIEE
for (choice in choices) {
/] Bt WEEERERLEE
if (isValid(state, choice)) {
/] Eit MEEE, RS
makeChoice(state, choice)
/] T —RIEE
backtrack(state, mutablelListOf(choice!!.left, choice.right), res)
/] [EIR: HEEERE, MERZAIRES
undoChoice(state, choice)

MBI, FBAMEREWEN 7 Y S ENZASAE R, RIS IR 2 G return IBAIMIER, & 13-4
X T AR B ERMIRR return B RIS RIS,

%2 return Hif% return
ICRMBEEERE, FTEH4SIEHR IERMBETERE, H5HER

K 13-4 RESMER return S RIS XS
R LEEE T a7 D AR SE B, T A A AR ZR AR SE Il AR RS IR, (HiEF L, Lhr b, %

[l )R] PATEISHEZR PR, SRR TR BAKRIERE X state il choices , FFSRMMER PRI TT
eI

13.1.4 EAARIE

N T BIBEMH TR IRRE, BATEEE— FREREFERARERE X, FHAMRBI =2 X RoRE], gk
13-1 7R,

& 13-1 H LR EHEIEATE
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1]

fi# (solution)
LR

(constraint)

IRA (state)

2R

(attempt)

[EIpEE:
(backtracking)
15

(pruning)

Tip

X

BRI FERE R FNER, THA— RSP
LSRR RV R R AT AT I, %
Tk

RASF TR I ZRIL, ST LR
s

SRR I FEARIRRIR S MR, U
HOEE, EHRE, BRI

RSB EIR RLTRAFIARASTY, AT
HHIERE, [FIS] RS

B R AR RS LRI S0 PRI 0 R LT
BEERITTE, TR ARCR

MR, fif INSSEBESRERIRY, fEo0a. B, shaSHl.

13.1.5 iRE5RMRHE

s =

AR REITT AT BT LRSI R R
P ETA 3

HATEVIMAYT s, Bl path T 81%

BRI () TR, BRI path
W R EER SN T

HROEHAT L SRR, EEEN 3 /Y
RN IEER, HEORE

BENEN 3 BRI, NAFRSHYR

HOFRIETEAY K.

[ RTEAR R R — MR R A, E2AATA rTRERI MR TT R E BRI R SR, AT IR
TERIETRE BT A AT RERIMEORTT 2, T HAE S PEAVBIRRAIE T, RARGIRCER,
SRIM, EACHR MR EE B 2%, IRIARIS1 T3 il REXE DA 52 .

- W] RIS T R RS AR A RTRE, I RIE A A] DOSEIFE R sl B sk,

- W IR R ERELATAIRS (Bl AT BIRARBI R RSE), HIRERKN, a3H

KA RER AR RAK,

RIEYRIE, Dl S e 8 R 1) BRI 240 i & DI B AR R T 3R XTI LB AR, Fh T JC TR Tt e
LN AT A A R AR, DRI Pl ] RERIE R AT IR T, (AR, SREER e,
LRI RRATT I PR,

- BB RRIERINE E R AN ST MR R, AT T R I AL A

C Ak IER: EERERET I LRI SE M THE, WML REA AT RE A BRI AL,

13.1.6 [o]¥AH B (55

[ SFTR AT TR R VE 2 AR IANEL, 25U 2 RS 20 & (AL
PR M XA B AR R R R SRR R 7T %o

- EfRE: S NEA,

KHHFTA FTRERIHPIH &,

- FEMER: BE-DERANDERM, REIRSTHITERN BARR 5,
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- DORSERIE: 458 =TI — RN ERIREE, ZRGHTE RS —IRAE T80 2 5 — IR T,
ARSI —NREE, HARERRE B NS L,

LT R ML XS H AR R e A LR AR IR

- n2iE £ x n RS EREn NEE, EEEMEARSG,
© Bl RO x 9 MRHIEAR T 1~ 9, fERET. BYINED 3 x 3 T HRIETAEE,
- EEGRE: G- NEmE, AROHBESEINEMNEES, EEHBTEEE AR,

HEMALmE: XKNER EREE— &2 A R R R S AR A

© -1 HHME: SE-HYRN—-NEE, SMRE ENMENER, ERETURRRGIN, &
B AR S E R R,

- RATREIAE: EDEE, N DR, IRETE AR IR AR, SRR,

- ERRHIAE: BE—DEAE, KBRS TE, BFEHREREREN DR Z REEHE,

HER, STrE2HG RS, RFARRIEIRTTER,

- 0-1 5 HAE0E B (E B SRR, DAIKE B = RIS RIS,
- IRATRIE— D E AR NP-Hard A, & I f2A B R RIA S,
- ERARPIREUZ BRI — M, n] S0 RTES R AR,

13.2 £HHin)E

EHEA SR P RR R — DRI, ERE SRS TE MRS I — MBI ER) BT, X
HHATTRIIFTH RTRERIHES

R 13-2 528 T LRGBS, G  ABEHA N A R

% 13-2 EHHIRE

LTINS Fr G HEA

[1] [1]

[1,2] [1,2],[2,1]

1,2,3] 11,2,3],[1,3,2],[2,1,3],[2,3,1],[3,1,2], 3,2, 1]

13.2.1 THETENER

Question
MA— DRSS, HPAMEESEENE, REFTATRERHE,

MEEILI R, AT ARSI PR R R — RINELRINE R, B AN (1,2, 3], W
REAVeiesE 1, Bk 3, REEE 2, WSS [1,3,2] . FIRERHE —MER, ZEMeiH
ILLbriE 2N
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MERRIE M EE, IEES choices BRIABATHIAAETR, R state ZHZEHATCHOEFENT
Ro R, BMTRRAAITEIERE IR, W state PINFTHCREMIZEME 1,

QE 13-5 Fow,  BATTAT DRRHE R AR RIT I — BB IR, B AR BRI RERE RTIRS state o MR
TG, N =RIEREEIAM TR, BN RES R — D HES

choices = state =

E—IEE

B 13-5 2HBIREIIR

1. ESEERIK
N T ERBDICRAPOERE K, HATHBEIIAN—MI/REELAH selected , HH selected[i] &R
choices[i] BEEMIERE, FHETELBLLITBIEAR(E,

- TEMHIESE choice[i] J&, FATELK selected[i] MUEN True , RRECHIES
- PIERESIER choices I, BRIATE CHOERRAIT A, BI8THL,

GHIE 13-6 AR, RIRIRATE—4CERE 1, 55 40IERE 3, B=M0ikie 2, NIFREAS TR 1 7,
1E5 =500 R 1 fIT R 3 M50

e

,L &R 1, 2, 3

E—IE 1 8 (-
BE o
o ———————l

- HREREENTE 1

ERBE 3 HREETEN 2, 3
B o
9

ERBE 2

HREHEENTE 1, 3
FRAETERN 2
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13-6  ZEHHBTETRA

WEEE 13-6 BB, N RHRIEFHBRAAAR I O(n™) W O(nl) o

2. KEBsem

BB EFEEZ)G, BT DIEMERAIG R “EEE” T N TR A, AT RIRSCEIAE
RIS REL, THRRENRITLE backtrack () B!

// == File: permutations_i.kt =

/* [BIEE: 285 I +/
fun backtrack(
state: MutablelList<Int>,
choices: IntArray,
selected: BooleanArray,
res: MutablelList<MutablelList<Int>?>
) A
/] EREEKESTTEHEN, iERE
if (state.size = choices.size) {
res.add(state.toMutableList())
return
I
/] BHFREEE
for (i in choices.indices) {
val choice = choices[i]
/] Bt ARAGEEIEETER
if (!selected[i]) {
/] Ei: MHEE, FIRES
selected[i] = true
state.add(choice)
/] T —RIEE
backtrack(state, choices, selected, res)
// [ELE: HEEEE, MEEZERE
selected[i] = false
state.removeAt(state.size - 1)

by

/* 2851 T %/

fun permutationsI(nums: IntArray): MutablelList<MutablelList<Int>?> {
val res = mutableListOf<MutableList<Int>?>()
backtrack(mutableList0f(), nums, BooleanArray(nums.size), res)
return res

13.2.2 EEBEFTERBR

Question

A DEREERA, BdlrblRER S EE R, REFTANEZRH,

B N [1,1,2] . AT HEXAFHAEETE L, RIOEE A 1iew1,
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G 13-7 FoR,  _EIRTTIRAERRIHS A — R EE R,

choices = state =

B

BERIAE

BRGERE

BT

K 13-7 EHEHA

M2a REREL AHESIE? e, BEES - PMRRES, ERNHPIERETRE, R
UoHuAE, PUNERREEHSRHER LR RE, NSGERTIBIDFRIEE, IXREA] DO — PRI RIRCR,

1. 1B&ETEY

VLRI 13-8 , FES—4ErR, S 1 St 1 RS0, 1EXM MR TERNFTEHTIRELN, Kt
REZAE 1 B,

FIFE, 7E55—400EE% 2 25, S 1R 1 b EmE s, FIREE — 0 1 35k,
MAFR LB, BAEHRREE—RERD, BUES ST SWERE R,

BRIk

BERIRE

BRGERE

K 13-8 EHEHFITIRL
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2. KEBsEm

£ L — B R b, A5 EBES - HIERETIFTE — MEH%ES duplicated, HITICRIZHLHES

ZAITE, HHEETETR:
// == File: permutations_ii.kt =

/* EIEE:. 2H% 11 %/
fun backtrack(
state: Mutablelist<Int>,
choices: IntArray,
selected: BooleanArray,
res: Mutablelist<Mutablelist<Int>?>
) o
/] EREEKESETEHEN, iERfE
if (state.size = choices.size) {
res.add(state.toMutableList())
return
}
/] BRFIEIEE
val duplicated = HashSet<Int>()
for (i in choices.indices) {
val choice = choices[i]
/] Bt FAATEEIERETRE B FAFEEEEESE TR
if (!selected[i] && !duplicated.contains(choice)) {
/] EiE: MHEE, FIRES
duplicated.add(choice) // IEREFRIMTERE
selected[i] = true
state.add(choice)
/] FHITTFRIEE
backtrack(state, choices, selected, res)
// [ELR: HEEEE, MEEZRE
selected[i] = false
state.removeAt(state.size - 1)

}
/* 2HF 1T +/

fun permutationsII(nums: IntArray): MutablelList<Mutablelist<Int>?> {

val res = mutablelListOf<MutableList<Int>?>()

backtrack(mutableList0Of(), nums, BooleanArray(nums.size), res)

return res

[RETCRMMZ RIEAME, W n NTRIEE n! #HEE (3€); EICREERN, [TEGHIKEN n HI5IE,

i O(n) Wi, KEEREEREN O(nin)

BRIBIFREA n, HH O(n) #RiizH, selected ffiH O(n) z2Hl. F—NZI&EZEE n > duplicated

. O(n?) 22, HRZREZREN O(n?) .

3. FFEIRHLL

EHE, B selected Al duplicated #FH TBIK:, HFEM EHRARF,
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- AR BME R A — selected . BICERAEMYAITRST RS TE, HIEHE
B EANTTELE state HEE ML,

- M BN SRR (B EMM backtrack D #EE—1 duplicated . BiCRAEIEAR
®iwD (for fE3A) ML T EOHOERY, HIEHBRIEMHSE TE RBOERE—IX,

B 13-9 &R TN BIRRAFRIAERGE R, TER, MR DT RRE—MERE, MRTT SR SRS
IR A R — NS

o 5
CS_Q\}\ 2
BEEE— <
st [1, 1, 21 [1, 2, 1] (2, 1, 1] HE&fH= $

13- RTBTEC SRRV IV

13.3 FEMin)EH

13.3.1 TEERENFR

Question

LA — N EREEEA nums F1— D EHPRIEREEL target , IHIRHFTERIREMIA S, FEHEHHICE
MZET target ., BEHHLEE LR, BIILRADIPHERZ R, ELIIRERIRENXLEHE, 5
EH AN SEEHE,

flan, WMARE {3,4,5} MEREE9, 80 {3,3,3},{4,5} . FEIEEUTMA.
- B EHHTTER A DATCIRICE SR,
- FEAXSICENF, bt {4,5} i1 {5, 4} BRE—1F5,

1. SELHYIRE

KT EHARE, BATA] DHE TR E BSOS RER K — RYNEREER, FEEEI RS g TR
7, HITRMET target I, FFFRICFKELERIIE,
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M5 A RE A FEEE, ARSI ] DIBICBROGER, KT selected f/RIIFRKIDFR
TR CPOER, AT DO 2HEI T/ MEE R, 912515 2R s -

// == File: subset_sum_i_naive.kt =

/* [BIREE: FEM I +/
fun backtrack(
state: Mutablelist<Int>,
target: Int,
total: Int,
choices: IntArray,
res: MutablelList<MutablelList<Int>?>
) o
/] FEMZETF target B, IZFRMR
if (total = target) {
res.add(state.toMutableList())
return
}
/] BHAFIEEE
for (i in choices.indices) {
/] BiF: BEFEMBE target , MBLTZERF
if (total + choices[i] > target) {
continue
+
/] =Eit: HRE, EFTEM total
state.add(choices[i])
/] BT R—RERE
backtrack(state, target, total + choices[i], choices, res)
// [BIR: #EHEEE, MERZ VRS
state.removeAt(state.size - 1)

i

/*x RBFEM I (BEEEFE) */

fun subsetSumINaive(nums: IntArray, target: Int): MutablelList<MutablelList<Int>?> {
val state = mutableListOf<Int>() // K& (F5)
val total = 0 // FE&EM
val res = mutableListOf<MutableList<Int>?>() // &ERFIER (FEHIXK)
backtrack(state, target, total, nums, res)
return res

] DA RSN B [3,4, 5] FIEARTR 9, Mgy [3,3,3],[4,5], [5,4] . BRI ¥ iARN
9 M¥E, HHPFIERENFE 4,5 M [5,4] .

XER R R AR OMERIFRY, 8T FRAXERE, & 13-10 R, Joik 4 J5i% 5 555k 5
JEik 4 RARNSZ, BRRR— D5,
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choices = FoRH
target =
BRI
JTEM >9
B +5

B

B 13-10 FHIERGEFETE,

NTEREETE, —REEN SRR RIIRE TR E, EXDTTERERRIE, APTH R,

- AT ERRZ, THRES target BN, EREESERBNEE FE.
- HETR (D) RFEAFFEREN, TEHIPEE, BHRSAEP R ITRRR,

2. EEFEH

BATE BAEE RSB PEE BT R E, WEE 13-11, EEFREE AR T RN AR,
Ban LA B oL,

L YGRS TR IR 3 4 I, 2AREESEXM N TRNAAFE, 128 [3,4,...].
2. ZJa, HERIERE AN, WIETRMIZBE 3, BV AR FE (4,3, . ] M8 1. SPER
My eEs,

FEERIEY, G ZENERRREMNEEIGHER N2, FIEEEAR 2 B,

1. FIFEERE S5, T (3,5, ... ]

2. WIPHHIERE AT 5, AERTHE (4,5, ...].

3. EE RS, WP RMIENEL 3R A, FENTE (5,3, . R (5,4, ... ] 55 1. BRI 2. Hoh
HRHY T H5e 2 E A,
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choices = a

B Bt 3
BEEEFE

FE O [3,3,.] [3,4,.] [3,5,.]

i

. T— N _~

ERFE ESTFE ERTHE

B 13-11 RREEREIF SFEWEE 758

MEERE, BN (1), s, .., 7, , BIBRIRPIERIN [z, 7, , .y |, WEERESY
FEWE i) < iy < - < iy, , FWERAPHIERF IR RES, PR,

3. %M

NSEPZEIR, BRI R start, AT REMEG A, SHHERE o, )5, BE P —8NAR5IF
YR, IXFE T DULERF IR 1 < iy < - <4, , MIMERIETFSRME—,

BRiELZ A, BABEXS BT 1 DA I L,

IR R, A nuns HE7. EIRATEIZEN, SFENET target B EIEERIGIE,
NEBRTEE LR, HFEM—T@id target
BEILEMEE total , WIALE target EPITIREZCRGEH CEM, 2 target 5T 0 BIERE,

// == File: subset_sum_i.kt =

/* EIMEE: FEM I +/
fun backtrack(
state: Mutablelist<Int>,
target: Int,
choices: IntArray,
start: Int,
res: MutablelList<MutablelList<Int>?>
) {
/] FEMEFET target B, IERfR
if (target = 0) {
res.add(state.toMutableList())
return
¥
/] BHAFEEE
/] BT M start FFURIER, BREMREE FE
for (i in start..<choices.size) {
/] BF—: EFEMEE target , MEZELEREIF
/] XREAFECHRF, EUTREAR, FEMN—EEE target
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if (target - choices[i] < 0) {

break
¥
/] Ei: HEEE, F target, start
state.add(choices[i])
/] BT —RERE
backtrack(state, target - choices[i], choices, i, res)
// [ELR: HEEEE, MERZENRE
state.removeAt(state.size - 1)

}

[* REBFEM I %/

fun subsetSumI(nums: IntArray, target: Int): MutableList<MutableList<Int>?> {
val state = mutableListOf<Int>() // KT (F5H)
nums.sort() // %t nums #H1THIE
val start = 0 // BHEES
val res = mutablelListOf<MutableList<Int>?>() // &RIIR (FEIIR)
backtrack(state, target, nums, start, res)
return res

[ 13-12 A AR 3, 4, 5] FIEFRTER 9 M\ LSS5 AR (A E g A,

M target
choices = a FroafioEsE
target =
BIERE
Fo
E=RIEE

Qo

TRMTEE
iBit target BERFE

BRLEM

13-12 FEM T [Hid e

13.3.2 FEEETENRER

Question

BB — D IFEEEEUH nums FI— D EFRIEEEEL target , IBHRETERTREMHE, FRHEEHHICE
T target . HERANGEUZTEE LR, BMCERPIERE R, 15 UFIRE AR EIXLEH
&, YIRPANEEEEZHAA,
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HET B, ARSI SRR, K5I THINE, filn, feid (4, 4, 5] FIEFRTE
9, MEARBmMEERN [4,5],[4,5], HEITEEFE,

TSR A R R R S C R AR AR P B IR, 7RI 13-13 Fh, B4R = NikRE, HAWADEN
, REMANEENERNE, NmmtEETE; [, FRNMN 4 e EEE TR,

choices = a

[4,4,.] [4,4,.]

EETE

K 13-13 HETRTFBWEE 74

1. HEREER

NP, BATIH RS TR — P L REOERE— K, KT By T EEAHR T
19, BIHAHSITCRECZAHMAT, XEWE ERAERD, HYUATRSHANTRMS, WHAC Lk
B, FittEEPNd Y ATTR,

SRRy, ABRE A TR N REBHESE K, sEisiE, BATEA] AR start Kill 2 IX40H:
SR o, J5, BOE T —3MNR5 ¢ + 1 IHRE)E T, XFERERRER 758, mablaEIERET
%O

2. KEBsEm

// == File: subset_sum_ii.kt =

/* BIMEE: F&EM IT */
fun backtrack(

state: MutablelList<Int>,

target: Int,

choices: IntArray,

start: Int,

res: Mutablelist<Mutablelist<Int>?>
) {

/] FEMZETF target B, IERMR

if (target = 0) {

res.add(state.toMutableList())
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].

return
+
/] BRHFREIEE
/] BZ: M start FRIER, BEREREEFE
/] BIR=: M start FFRIER, BREEIXER—TTTE
for (i in start..<choices.size) {
/] Bif—: BFEMBE target , NIEZELEREF
/] XRAERABACHR, FBHTREKR, FEM—EBT target
if (target - choices[i] < 0) {

break
+
// BRI MRZTESEOTERSE, HAZIERSTEE, B
if (i > start 8& choices[i] = choices[i - 1]) {
continue
+

/] Zi: H%E, B3 target, start

state.add(choices[i])

/] T —RIEE

backtrack(state, target - choices[i], choices, i + 1, res)
/] [EhR: HWEEEE, MERZFRRE

state.removeAt(state.size - 1)

[* KREEFEM II =/
fun subsetSumII(nums: IntArray, target: Int): MutablelList<MutablelList<Int>?> {

val state = mutablelListOf<Int>() // K& (F&)

nums.sort() // ¥ nums #H{THIF

val start = 0 // BHEHES

val res = mutablelistOf<MutablelList<Int>?>() // £RFIR (FEFIR)
backtrack(state, target, nums, start, res)

return res

B 13-14 J&7R T8 [4,4, 5] MEFRTR 9 WEMIIRE, HESTURITEERE, EIREERS RS
&, B ERIEE, DSMETEAROER WA TR,

choices =
target = i

EJamt 105752 -4 BEm a
EE—RHE%T
& F AR R & K K
BB
| B AR
& Jo 14,51 EETHE
X
=
RrFERE
nHE— X -
S SRR TR
i8id target

K 13-14 F&F 11 B
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13.4 n E/5ir

Question
AR EFRZAEFN, 2ER UK EHESEL—1T. —Fls— &R LT, 47%E n MERFI—1
n X n ARNHE FEMEBRTE 25 2 BJCZE BT R T %

g 13-15 fiw, M n = 40, HEADURBIRAME, WEEISNAESR, nx n KNOIBEIEE n? M

T, A T TERIERE choices . R INIE RIERIISRREAR, HERSERWHIZR L, 2SR
IRAS state,

W W

W W

— —

13-15 4 BJE RIS

B 13-16 J&oR T ARB =N BAREARELER 1T, W5, F—FXMkt, HEESERNRZ, X
L TR AL\ MO faZk [ iR,

TRER—RHAEL BRERERAEARET

& I ! |
X X : i
a8 : o
apam o= A Sl i
FREER—1T — % SRS X i i
- [ i ——
-"- ! s
x| x| % W ok
|

FHETER—F1 *ﬁEEFE];EHﬁEJ:
K 13-16 n EJERIAL RIS

1. ZF{THERR

REEEMEERNTEE Y n, RERMNEZES—MEe: ST AR Al -4 55,
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W, BT DURBORITIHE RN : WNE—1TITE, E8THE - MEE, EERE T4,
B 13-17 Ais i 4 2R FEEZITHRER R, ZEERT], & 13-17 (VT 78 —ATHHP —MERD L,
F EHAA G R ATRAN R R 77 SRR AT T BIAL

W [ W T 9] ]|
HWEH 117 } — : o | l
(588) /\. (%) (&)
W W W w
BE® 2 17 @ L
_ W W ¥ ¥
BEE 3 7 | i
¥ | 8] (& (W]
|
HE® 4 & IEE QUSE puE '
W W W w
] W] W 3]

13-17 ZITINE R

MARBEE, BTREREGES 3B, s 7 R—THIZ N 2RHNITHER D >

2. FISHALERE

AT RRANZIR, BATRT DA —MREN n FA/REEE cols iLkE SR EH Eh. ERIVERE
i1, BANEE cols KEA LRI TEIE:, FHAERMBIHNEEH cols FIIRE,

Tip
TEER, EMERA T A, HPTRIIMNEEITNEM, SIR5INERGHE,

A, GUARIALFERT f LRI TRME? WA P RS T IIATHIREIN (row, col) , IEEFERE ISR X ALk,
BATRIZXS AL LTS BATRS BSIR S [EAESE, WENAL LA R T row — col MEE H,
WEREW, R METIRE row, — coly = rowy — coly , MEMT—EMER—ZIXN AL E, FIAX
U, BATATCAME BN 13-18 FivRAIEkA diagsl ISR E &I N ALk L 2EH RIS,

A, SOk LA row 4 col RIEEM, FAIFEFARATCAEBIEEH diags2 RAPRIN f£k4)
*
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BREMBLR
RERER

Goon)

cols

BRIREHER

B 13-18  ALHEBILRFIN LI

3. %M

HER, n 4EHFEF row — col MEREE [—n+ 1,n — 1], row + col WFuREIZ [0,2n — 2], FArPAZEX
FERFIUON F LR AT 2n — 1, BIEEH diagsl Ml diags2 MUREHIN 2n — 1,

// = File: n_queens.kt =

/* BIEE: n BF %/
fun backtrack(
row: Int,
n: Int,
state: MutablelList<Mutablelist<String>>,
res: Mutablelist<MutablelList<MutablelList<String>>?>,
cols: BooleanArray,
diagsl: BooleanArray,
diags2: BooleanArray
) o
/] EHMETFRBETTN, iERE#
if (row = n) {
val copyState = mutablelListOf<MutablelList<String>>()
for (sRow in state) {
copyState.add(sRow.toMutablelList())
}
res.add(copyState)
return
}
/] EHFREY
for (col in 0..<n) {
/] ITEZAEF IR X A LRI Lk
val diagl = row - col + n - 1
val diag2 = row + col
/] Bt AAFZEFREY. EXAL. RNALLEEER
if (lcols[col] && !diagsi[diagl] && !diags2[diag2]) {
/l 5 BEEREEZIETF
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state[row][col] = "Q"
diags2[diag2] = true
diagsl[diagl] = diags2[diag2]
cols[col] = diagsl[diagl]

/l BMET—1T

backtrack(row + 1, n, state, res, cols, diagsl, diags2)
/] [EhR: Fizt&FMmERNTIL
state[row][col] = "#"
diags2[diag2] = false
diagsl[diagl] = diags2[diag2]
cols[col] = diagsl[diagl]

hy

/* R n BFE x/
fun nQueens(n: Int): MutablelList<MutablelList<MutablelList<String>>?> {
/] #iaE nxn K/NERERR, Hep 'Q RARER, '#' ARTM
val state = mutablelListOf<Mutablelist<String>>()
for (i in 0..<n) {
val row = mutablelListOf<String>()
for (§ in 0..<n) {
row.add("#")
¥
state.add(row)
¥
val cols = BooleanArray(n) // iERIIEETEER
val diagsl = BooleanArray(2 * n - 1) // ERENAXLETEERS
val diags2 = BooleanArray(2 * n - 1) // BRAMBLEXLEEEER
val res = mutablelListOf<MutablelList<MutablelList<String>>?>()

backtrack(0, n, state, res, cols, diagsl, diags2)

return res

BATICE n Ik, BIEFILAR, WMNE—TRRE—1T20E n. n— 1. ... 20 1DEE, A O(n!) N
o ISR, FHIEEHIAERE state RN res , EHHRIEREM O(n?) WHE, [Filt, SRS
JO(n!-n?) . Fhr k., AR ALRL RN HALRERS RIEM MERZER), NS RBEREEM T DL

B,

4 state (] O(n?) 23, ¥4 cols. diagsl fil diags2 B O(n) 23, MABITRE N n, &
H O(n) tebizsil, Fit, 22mERERN O(n?),

13.5 /&

1. EmEH

[ RIEA VRS 2R, WIS A AT IR AL ei P R ST S 26 RO, i RIERE A, B EH
JRAPFRIMENIC SR, B IREIFTA R el 7 5E BUS 45 38

ER R RS R 2R S RPN, BB R ROR 2SR, HBR w2
LJREFAFRITE O, IR E—PRiEse, IRMAEIZATHIIRE, Faksrstilihgss, 25 mREm
ANTT TR R AR AR
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- [l EDE R A S 2 DA, ENTRT T SEBIBIRAR R, BIRAT AR RTE RN AR 3, K
IETRTHERUR,

- [ ETR T A A TR O R A 2SR e A, A Uikl s 2R eT DU R BIA AR o, (BfEAE
FAERCR B =B RUER A R RTR.

- PR S ARG T RS TTRIITA ATRERIHES . BAE I — M EERIER N ITRE BB,
PSR TR RN X, WD ITRAPOEE X,

- AEEHAIRET, NRESHEAEEE TR, NRASGRSHAELHS, RONFELFMEETRLES
erp HREguiE— Ik, IXEFEEB — GRS RI,

- FEMPER HRZES T ESHEN N ERERNTE T8, 88T XATRNF, mMEREESR
W RTAENP ISR, FAEEE 7, BOVERBIRTREIRETHY, HRE - M ERERER T —r
i kdia R,  MITRAS KR R T BRI R 7 SO T8 KL,

C R TFrEMEE, BEHPHSTTRSEEERES. BNFREHCHRRTESR M, 1@ AEE R
TLRETAHFIIBIAR, MM CRAHSE TR R e pOE —IK,

- n BERAMESEIERE n NEERER n x n RSBE ERTER, ZRE 25 MM RTCEBE
Tio BIRBIILIRAMFAITAR, SILR, XN AEMOOS ST, NRRITLR, BITERAIATR
BN, RIESTRE DR,

- HILFHIS FALRETHRAAE BT SR, X FAILTR, BATHA—MERIER T ARG A ER, M
RIS F RS G, NTRALLE, BTGB DMK HIIEFZ L, RN Ak LB OFE
25, MERAETHRHELER —E (B NAL BRI TR ErIToIRT A,

2. Q&A

Q: B EREIHIMIEITHRR?
BHRE, B “RIARNT, mEHEGR - TR

- IERIEFEE TR, A, EREHNNA R —, BEIATEER AR,
- BAREARELT TR T RIRRETEK, FATRRE, [ SIS GRIZiE)n) S

i,
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Abstract
NS NCI N ARG V(5
SRR /N B AR SRR BN A 2R, — 2020 5 | SBAT T8 (Al o [l R A8
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14.1 ¥iREhEIEY

shSME (dynamic programming) 2 —PMEZEREIAERX, ER— N RN —RIVE N T FE, 7
TS A AR R R B TR, TR IEER T HIN TRIRCR

AT, BN DRMFIBAT, eantierg s, WEHPUSNESTRE, 525 T
B SRS SRS,

JerEEh
BE—DIE n RO, (REEPRTDLE 1 e 2 B, iERA 2/ 0875 58] ARSI RETH?

i 14-1 FoR, X1 3 Birkksd, HHF 3wy 5a] DUEEIRET,

.

TetsE 3 pisdts 3 MpE:
0515253 , 0523 , 05133

14-1 TeZIZ 3 Firid 7y s

AT B AR K77 RECR, BATInT DA R Ik 75 2 A al REME. BRI, KIEMEE SO — 12
FIERRHI R MM A, R b 1 e 2 [, S BNARERR RN R T R AR 1, i e
THURR I R H BT AL, AN R AR :

// == File: climbing_stairs_backtrack.kt =

/* [EI8 =/
fun backtrack(
choices: Mutablelist<Int>,
state: Int,
n: Int,
res: Mutablelist<Int>
) {
// HIEEIZE n BT, FREKEM 1
if (state = n)
res[0] = res[0] + 1
/] BAFREIEE
for (choice in choices) {
/] Bt AREEEE n B
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if (state + choice > n) continue

/] Ei: MEEE, FIRE
backtrack(choices, state + choice, n, res)
// [EIE

hy

/% Jetkts: Bl </
fun climbingStairsBacktrack(n: Int): Int {
val choices = mutablelList0f(1, 2) // El&EFE@LENE 1 Mgk 2 M
val state = 0 // ME 0 MFFAIE
val res = mutablelList0f<Int>()
res.add(0) // fEA res[0] iERARHE
backtrack(choices, state, n, res)
return res[0]

14.1.1 Fix—: BHEE
[ 01 @ 3 MR B X IR TR AR, TR ORI B — RSP I, B IR a0A:, 1R
15 AT RENIAE

FRATTAT DAS2 M R 53 R ) FE T AT IR SE R, IRTERNSE 4 Brdets dpli] ®OT R, A4 dpli] M2 R, H
TRl A

dpli — 1], dpli — 2], ..., dp|2], dp[1]

T HAE R 1 ek 2 B, RIS IRATUGAESS @« Braeis B, b—4e I nIREuitEss ¢« — 1 ess « — 2/
ko BANES, FATHAEMGE ¢ — 1 BekEs ¢ — 2 Briams « i

HIL RS H— N EEES: TR ¢ — 1 By ZEUm_EIREIE ¢ — 2 By RECGRS TIESIE « By
8., ~RWT:

dpli] = dp[i — 1] + dp[i — 2]

IXERE ECERRE, ST Sz BHFEIEMERR, BRI R DU 7 S k. 18 14-2
JoR TR R
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dp[5] =dp[3] +dp[4] =8

dpl4] =5

dp[3]=3

|

EEM# n = 1 2 3 4 5 6
HEE dpln] = 1 2 3 5 8 13

B 14-2 TG REBEBHERR

Tl 1T AR A R AFE R IR R, DA dpln] JAas, HEIAHE— Ao BB N B il
BRI, EEFAE/N TS dp(1] W dp[2) B, Hr, BN TRENRECHN, 0 dpl] = 1.
dp[2] = 2, FFRMEE 1. 2MHFE 1. 2 MTE,

WIEZDA RS, EFIFRHERIAS AT E IR R, (EE &S :
// == File: climbing_stairs_dfs.kt =

/* R «/
fun dfs(i: Int): Int {
// B%1 dp[1] # dpl[2] , REZ
if (i =1 |l i = 2) return i
// dp[i] = dp[i-1] + dp[i-2]
val count = dfs(i - 1) + dfs(i - 2)
return count

h

/> eHRs: R x/
fun climbingStairsDFS(n: Int): Int {
return dfs(n)

by

& 14-3 JBR T R RTEAHNEAN . S TR dp[n], HEBAMERER n, BRERIERERN O2"), 1§
BE TR K, MREMMA - DHERE n, WXFEABRKEFRFZH,
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dp[9]

dMé] dp[71]

dp[7] dp[6] dpl6] dp[5]

dp[6] dp[5] dp[5] dp[4] dp[5] dp[&] dp[4] dp[3]

EREMBNEINEFEARER FiRl™
SHEEEREREEM 0(2")

1 14-3 TERERSX RO
WUEEE 14-3 | SESORII R At i “HA TR SEAN, Bl dp[9] ¥ dp[8) F1 dp[7], dpls]
WA dp[7) 71 dpl6], WEEEE TG dp[7] .

DA, FRIEFAEESENIES 7R, FFIMMES R, B0 HE SIS EIX B+
Al L

14.1.2 AiE=: idlziigs
N TIRFFEENCR, BN ENES T RSNk, itk BATEH— 5 nem SRICREA
FIARRRIR, A EEE RS S T AR,

1 YRS dpli] I, TATHICTEE nen[1], DA S,
0. MERFEEI dpli] B, FTHERTEHEM mem[i] PARHRGSE, MR 5 1% T,
FRABI AR
// == File: climbing_stairs_dfs_mem.kt =
/* BIZHER */

fun dfs(i: Int, mem: IntArray): Int {
// B dp[1] # dpl[2] , REZ

if (A =1 |l i = 2) return i
/] BEEFEIER dpli] , WEEREZ
if (mem[i] != -1) return mem[i]

// dp[i] = dp[i-1] + dp[i-2]

val count = dfs(i - 1, mem) + dfs(i - 2, mem)
// iBR dpl[il

mem[i] = count

return count

I
[* Tetktg: BIZWIER «/
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fun climbingStairsDFSMem(n: Int): Int {
// mem[i] ERMEHE i MHPAFREE, -1 KRLIER
val mem = IntArray(n + 1)
mem.fill(-1)
return dfs(n, mem)

WEEE 14-4 , edidi G, A S REBRIETHR &K, NREREREE On), XE2—1E
KHT KEK,

nE
" 9% REER,  FO
B EIEE

,///\\\\ SBIZWE R RN RAEZER 0(n)

ERFrEEEFRRRBRITE—R

B 14-4 T2 AN B3 YR

14.1.3 FE=: mhsHR

IR ER R Rl “TEIE” B97515: FATERE RV R) TH6, i@ ITHRR T R o B+
M, BEEREMRNFRE (WD, )5, B EHRERE 7 B, FE R R i

2R, ahBMRR—/ “IRET” [958 T RERSTE, SRR E R FENE, |
EXE Y Tbail ) s

BT S EERE, Rt R FRERERNERCM, TAEREA, £ H, FAI9ae—
N dp SRAFIE T IRIEERTRE, el E] T 5ICI2 R EEE mem AHRIEYIC SR -

// == File: climbing_stairs_dp.kt =

[* JCtEts: shaSH%l +/
fun climbingStairsDP(n: Int): Int {
if (n =1 || n = 2) return n
// el dp R, BFEMEFRBAVAE
val dp = IntArray(n + 1)
/] AR Fugs/ NFirlRAYfE
dpl[1] =1
dpl[2] = 2
/] RKEEE: MNB/NFIRRZR D KRR A TR
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for (i in 3..n) {
dp[i] = dp[i - 11 + dpl[i - 2]
}

return dp[n]

hy

] 14-5 B4 1 DA RIS TIE R,

N, N < N N\
~ 7 7

Miadk:
dp[1] = 1, dp[2] = 2

btz gt N
dp[n] = dp[n-11 + dp[n-2]

MAERZEFF S, #TIRERE, IEBIRRESRAL

K 14-5 TeMERRIEN SIS R
SREE R, SRR RS BESRIORAREERERREERT B, B IR B — > A A
NAANHI R R LR, Blan, TEREERIRER IR E SO SR FERERRRNT L 7 o
IRIELL N, BATTRT DURES s aSMUI B B R,

- R dp BN dp &, dp[i] TR § AR,
- RN R RIRA (55 1 RIS 2 WHREBE) FRAIERS,
- AR dpli] = dpli — 1] + dpli — 2] BRNRBEB AR,

14.1.4 =iaElfiitk

LMSEETRERIN T, W dpli] UG dpli — 1) M dpi — 2] %, FILBRAIEAER A5l dp K17
PR A IR, RSN R REATHERTA], AR R RTR

// == File: climbing_stairs_dp.kt =

/* NetERs: =EMLWERIEISIR] +/
fun climbingStairsDPComp(n: Int): Int {

if (n =1 || n = 2) return n
var a = 1
var b = 2

for (i in 3..n) {
val temp = b
b += a
a = temp
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return b

WZE A, EHTEE TR dp SRS, RS REM O(n) BE O(1) .

FESASMAIRES, SRR G RTE AR MREE XK, XNBATA] U RO ERPRE, wid “FEge”
KT ENEEE, XA RREII BN R R o R,

14.2 EhaSHELR il

fE b, BAFS TSR AMARE L 5 RS R R AR IR A8, SKRw b, [l o e —RoE A
AUSRRERS, 1E0IG. ShASH (Rl A EE A ]

- SMARFRIB VAR R R o> 2 MR R, BN TR, AR RS R
fi#, BRASENR AEHIfR
- SIS AREEATIE A 0 iR, ES5 AR EZXAR, AR R 7 AIEUR A B AR, £
MR R & IRV 2 B T AR
- [ERIAAE 2R R g5 A A A AT REATME, FFIEIT BTRGR e N IR R 0 S, JRIAIEAY R — 2
FIRF IR K, BT AR NRFD B RTHI T P8 1 — D 1 [l
Kk b, SIS AR EEIL R, e MUESEEFRE, EEE RN RILTFEHE, T
JERIIES

14.2.1 RAFEN

AT TERERS A RS Rk s, 2 ENE & R PR,
TerERs MG
BE— R, IREHEIDAE 1 NERE 2 W, B —BAksE LEREE — N EFUEE, RRIREIZEM
A Be it A A — IR B cost , H cost[i] FRIES @ N EMTEER H R,
cost[0] JHE GEGES) . RO TEN /RN A RERIATEE?

GHE 14-6 FioR, A% 1. 20 3HERM25 00 10 10, 1, WAETERIZE 3 Bravs MU 2.,
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HEM%E n = 0 1 2 3
it cost[n]

]
)
)
=
(]
)

Tetss 3 piktsdts 3 MAR:
0515253 , 05253 , 05133
H 013 NHE&D, &IENA 2

14-6 TEZNZE 3 s/ M

1 dpli] JTESIE § RIS A0, T i BRATRE i — L ki — 2Bk, (I dpli] HATAES
F dpli — 1] + cost[i] 5t dpli — 2] + cost[i] o BT RATRERD AT, Tl IRTZERETZ P MITR—

dpli] = min(dp[i — 1], dp[i — 2]) + cost]i]

IXFEATDAS | AR T2 A i S it Pl ) B DL A AN D) e LR 1SR )

RTIREA RAMTFEEH . BAINEN TR dpli — 1] #1 dpli — 2] hHOE BRI —1, A

EATR R dpli] BRI,

Mz, E—TRITEREREE H A A RO T40E? BRI E SR ZE8E, B2 —MHERE, HEnE
He—RTR: ORI REE" . BATRIMAEL, BAAEHBSRRTER 0, (il etz olitiok
T BnMRATGTREEEFETEn — LIS n — 2 MERTTREEZM, BTN, SILFAaRRTT

PR RS, EARFEF AR RS L,

IRIBIRS B TR, DARWIIEIRES dp[1] = cost[1] #1 dp[2] = cost[2], FMTRAT DS EIHASHEKIARAD -

// == File: min_cost_climbing_stairs_dp.kt =

[* TSR BhSFR */
fun minCostClimbingStairsDP(cost: IntArray): Int {
val n = cost.size - 1
if (n = 1 || n = 2) return cost[n]
/] #iat dp R, ATFHEFIRIZAEE
val dp = IntArray(n + 1)
/] MERE: Fugs/ N FlalBavfig
dp[1] = cost[1]
dp[2] = cost[2]
/] RKEEE: MNBR/NFIRBZR D KR A TR
for (i in 3..n) {
dp[i] = min(dp[i - 1], dp[i - 2]) + cost[i]
¥
return dp[n]
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B 14-7 JoR 1 DA AR A Bh S AL AR

cost[1] cost[3] cost[5] cost[7] cost[9]
min + min + min + min +
dp[8]
min + min + min +

cost[2] cost[4] cost[6] cost[8]
aiR:
dp[1] = cost[1] , dp[2] = cost[2]
RERBLE:

dp[i] = min(dp[i-1], dp[i-2]) + cost[i]

147 TERsbR MR OTIUZI SRR
RGBT DO TA AL, AR T, MR M O(n) 1% O(1) :

// == File: min_cost_climbing_stairs_dp.kt =

/* s eGSR +/
fun minCostClimbingStairsDPComp(cost: IntArray): Int {
val n = cost.size - 1
if (n =1 || n = 2) return cost[n]
var a = cost[1]
var b = cost[2]
for (i in 3..n) {

val tmp = b
b = min(a, tmp) + cost[i]
a = tmp

¥

return b

14.2.2 TRME
TJER RS ASHURIGENS B R R N EE R 2 —, HE XN G- MHeEiRE, eMRkEER
YRS A R, mSdEantiimaiREsIs,

DATERERE R B, AR 1, BRABHEIRES « + TAIRES 1 + 2, 2lxd ik 1 Mgk 2 20, fEMH
IXPARZERERY, TATTICHH IR « ZATHPIRE, BTG ¢ BIARREAH R,

SR, WERBATIA MEREAS AN — TR, RO —FE T

LI HTERERR
BE—NAE n HERE, IR ATDAL 1 Fireld 2 B, [HABEESMERRE 1 B, A 2/ DRy %
A DATEZIRETI?
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GniE 14-8 fw, ME_E5 3 R 2 Mml {77558, HAES: =Bk 1 iY77 BRI REN, RIS,

HRTFFeEES R 1 M,
ELtAE 0515293 WEF —

BEHM®% n= o 1 2 3 4 5 6

eEsE 3 MiEEE 2 5
=:

95253, 05153

14-8 HLIRNEEIE 3 [y i

R, AR LR L B R, AR R R 2 B, XERE, TSR R
& CHRFTERSINED BYsE, JERN—AMRE (h—SRiteRbibs0 A%,
RAER B, e O R T e, AR 7R dpli] = dpli — 1] + dpli — 2] WAEKT, BN
dpli — 1] FRAARREE 1B, EEFESTES “ ERBE LW LR %, TN THELH, B
HEX dpli — 1) ErBEHA dpli] .
e, MVEEY AT L KA [i, 5] ForAE | OREL LBk T B, Hebj e {1,2) ., ks
FSTRHIX S T Bk T 1 R 2 B, SRl TR LI 4 DR A 2 M A,

MR T 1IN, b SRR 2 B, B dpli, 1] RAEM dpli — 1, 2] BRI K,

C M R T 2 N, b bRk 1 ERBE 2 B, B dpli, 2] WTRAM dpli — 2, 1] 8 dpli — 2, 2]

K,

WIFE 14-9 R, FEE X, dpli, j] Fmihas [i, ] MOS8 BN ASEERS /AN

dpli, 1] = dp[i — 1, 2]
dpli, 2] = dpli — 2,1] + dp[i — 2, 2]
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THEEESLMACRE 1 MY
ElZTwHEE

dp[i-1,1]

dp[i,1] dpli,2]

dp[i-1,2]
dp[i-2,1]

dp[i-2,2]

K 14-9 HELH MHNEHERR

e, JEE dpln, 1] + dpln, 2] BIAT, W2 RRRIEEIE n i R
// == File: climbing_stairs_constraint_dp.kt =

[* HERCHERS: shSME */
fun climbingStairsConstraintDP(n: Int): Int {
if (n =1 || n=2) {
return 1

¥

[l Wk dp *x/, BFEETFIRBAE

val dp = Array(n + 1) { IntArray(3) }
/] ¥EIRES: Fuge/ )\ FIa AR R

dp[1][1] =1
dp[11[2] = ©
dp[21[1] = ©
dp[2][2] = 1

/] REEE: MNBR/NFRRZ D KRR A F a3
for (i in 3..n) {
dp[il[1] = dp[i - 1][2]
dp[il[2] = dp[i - 2]1[1] + dp[i - 2][2]

I
return dp[n][1] + dp[nl[2]

£ RHARGT, BT NHEZHEAE NI, BB DOsE i RIRSE X, (15 B i 2
TRt R, FERBAAIREERN AR,

TERERA-5 BRERT/E R

B DIAE n TROREES, (REPATDAE 1 BE#E 2 [, A SR « Bk, REEEHNSIIER 21
Fir L LRERY, )G PiA SRR SR VrRkEISE 24 B b BN, ATPERAIBREN T 20 3k, W
JEARERREIES 4. 6 [ Lo EFE 2/ DRh75 50T DUTRZIRETH?

FERXA A, T IRBRERRIUS RATE RIRE, BN E—RBRERE = A S s IRTES R E RS, FFRNAR
AIBkER, X TIXZERIE, SASHRIAEEAE DA,

Kk b, F2ERNHSMARE (BIEIRITREFED e Et. M xR, HANEE EEE
FIEAMTTIE, BlanE AR, BEER, st I, AER BRI R 1S 2 a] AR R iR (LR
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14.3 mhEMRIAES B

EWTIAE TSNS FERY EEARFE, 5 TR RTINS A AR,

L. Gl — Al EUR A 2 8 SRR Al ?
2. RIESEMKNPEIZMATEAT, BSR4

14.3.1 [aIREFIET

BEPRS, RN MEEESES T WE, RIETEH, HRETERNE, B eidiIEs HaismRIRE,
SRIM,  FRATARE A TR REA F B SR X e, (R FRAT T SIBE 60, SR )i 7508 5 T )
W (%) Mok,

TGS PR DL D BUE F . “OGRHBRY” | SX M) ETA] DA AT S5 ARk HiA, o — 1 R
— PR, B RERAE DRI,

HAgTEL, ARSI RS, I B REE — RINRET AR, AR BRI e R, 8
AT DAGE A (1R AR R

FEMECEA B, SR RENE A — 22 NI,

- MEEERK (M) 8 () FRitbmbit,
- IERIRSEER R — IR, YRR SRR, I H— DRSS HABRINSFEISHER R,

MR, AFfE—L “RRoTI,

- IR EARZ AT E Al RERIARR TR, T E R R LR,
- ERA A EIHPH S RIRHE, &EREIEARIZ DT,

QIR — IR R SRR, FEEAARONIER “maut”, FAIHA] DURIR B R — P EhSIKIRE, FF1E
R EHRIEE,

14.3.2 [RIERBSE
SNSRI B R AR 2 DR (R R A R A FE TS PR, (EIE R EIE DA TR iR RsR, & SURE, &7
dp &, HEFIREEBTE, WEBRENE,
NT BB B RS, BAMEH— MR “ e NgER™ k2,
Question
HE—Dn x m N _4EME grid , MASTRIEDNRITTEEE— DN EREEE, FORIZEATEIRT,

Plas NDAZE Ef BoTheonidin e, BIRIARER ReRE ARSI —8, BEEENEG Mg, 1HRE
MEE EAEIE N AR N AR,

B 14-10 fon 17—, 28 MRS R IR/ NS AR RIN 13 6
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1 5

- K
o -
-
435“

220

B/NBEEAIA 13
WHREFEAN 1925253325152

B 14-10 e/ NEERURBIESE

B BHERRIYSR, @SOS, Wmifdal dp %

AR — R AR AR A Y RITAR 1 R E — 8, YR FRIITHIRS N [4, 5], WA FekmfG E
—HhE, RIIEN [P+ 1,518 [, 5+ 1] Fik, REMEEATRIIFMIIRGINDNER, 120 [7,7] .

A 1, J] MROTFIER: W [0, 0] #35 [4, 5] KNSR, W8 dpli, 7] -
e, BATHEETHE 14-11 FoRi0 4 dp 560, HR SRR grid R,

j j+1
1 3 1 5 dple,0] dp[e,1] dp[0,2] dplo,3]
i 2 2 5 2 dpl1,0] dpl[1,1] dpl[1,2] dpl1,3]
i+1 5 3I_: 1 dpl2,0] dpl[2,1] dpl[2,2] dpl2,3]
4 3 5 2 dp[3,0] dpl[3,1]1 dpl[3,2] dpl3,3]
grid dp &
SRRE. AAAATEHE Fing: MEEREI[L, j] NsEE
REEX: 175IF5] [4, ] dp ®&: RF5 grid HHREIERE

K 14-11 KESENS dp &
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Note

BNASHURIFN B AR AT DAREIR R —DNRSR A, MRS H A JURZE B, BN Y & IR MR
ERfALRE, HESTEBNGEE, BEARESH F—MRE,

BRSNS L —DF R, FATSE = dp ZREMIE TR, RSN AR
& dp B —DEE, NATTEER, dp RBRSH T RIBR R 8,

B R AT, S IR R

FTIRES [i, 5], BRI [ — 1, 5] BT [i,j — 1] Mk, EHREIE e h: 5k
[i, ] BB NES R 1, § — 1) BB NIRRT [i — 1, j] BB AN RIS MR — N,

WRHE LA E oA, RIHEHIE 14-12 FroRppRESE R 7T 1

dpli, j] = min(dpli — 1, ], dp[i, 5 — 1]) + grid]i, j]

1 3 1 5 dple,0] dpl[o,1] dp[o,2] dple,3]
2 2 4 I 2 dp[1,0] dpl[1,1] dp[1,2] dp[1,3]
5 3 2 1 dp[2,0] dp[2,1] dp[2,2] dp[2,3]
— —>
4 3 5 2 dp[3,0] dp[3,1] dp[3,2] dpl3,3]
grid dp &
RARBEE:

dp[i, j] =min(dp[i-1, j1, dp[i, j-11) + grid[i, j]

K 14-12 ®IETERSIREHZ TR

Note

FRYETE A dp 22, BE RS 78S R,  HHIE I [ B U RA 38 i (0] @ ) B (LA
7%, BRI FE4,

—HRAHRE TR TE54, sal DA e RIS R T,

B WA RIS

ARG, AAEETRARES RREMNHAIRIESER, AEEVIFIERGEMNE_ BIBRIRSRR, BILETT
i = 0 MEF j = 0 BIAFEM,

i 14-13 FoR, BTSRRI TR LTS AR, R B I R EEA R e R, SMIE
NI4T, PEINET 551
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dp[e,e] dple,1] dp[0,2] dplo,3]

dp[1,0] dp[1,1] dp[1,2] dpl1,3]

dp[2,0] dpl2,1] dpl2,2] dp[2,3]

dpl[3,0] dp[3,1] dp[3,2]1 dpl3,3]

LREMEF: TBkETET

dpfe,0] dp[0,1] dple,2] dp[0,3]

ot o—t o—2»
dp[l,{ﬂ] dp[l.lll dp[li] dp[l,}]
ot et et
dp[Z,{;] dp[Z,ll] dp[Zi] dp[z,}]
AT T
dpl[3,0] dp[3,1] dp[3,2] dpl3,3]
ot o=t o=t

REHBIRRF: EFERHER

14-13 JH5RE SIS

Note
R SFHAESNSHIXIF T RItaMe dp %, TERZREFH TR,
RSB B2 08 BARUEAE T3 Y 5 R B ARRS,  FITE B ARER I B /)N [ N B 2 7 it
HEHIK,

RIE LB, BATCLA DIERES Hah SRS, 28T 5 (A1 0 2 — R T SR Y

“BIER — IR — ST BN SRR AT & B ARSI

1. 5

WIRZS [1, 7] TR, RSN ENGRA [ — 1, 7] A1 [3, 5 — 1], BIRAUEL R,

E— BOER

CRABEC RE D]

- OB M [0, 0] B [i, §] BN ERT dpli, 5] o

- BIE&ME: M0 =0 H j = 0/, RERA grid]0,0] .
©OBIE: M < OWER j < O RGBSR, HIHREAT +oo, KREARTIIT,

KA R :

// == File: min_path_sum.kt =

[* RNEBEN: BHEER «/

fun minPathSumDFS(grid: Array<IntArray>, 1i:

/] BERELBBTHE, WAIEER

i

hy

//

i

¥

f(1l=08&7=0)4
return grid[0]1[0]

f@A<0 Il j<0){
return Int.MAX_VALUE

FHITPIREIESR, WRE] +o 5

Int, j: Int): Int {

/I HEMEERE (i-1, §) M (1, -1) BsNBEAHN

val up = minPathSumDFS(grid, i - 1, j)
val left = minPathSumDFS(grid, i, j - 1)
/] REIMNEEAE (1, j) BHm/NEBEAHN
return min(left, up) + grid[i]l[j]

A A% A
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B 14-14 Z5H 7 PA dp[2, 1) ARTT RN, Hbh @S @S mi, HER IS MK grid FRST
R EREE 2 o

MR LR, ERESTREREED: SRR PN LA BRI — Mo,

Bk R5IEA

dplo,1] dpl1,0]

Q. 9 9
o 1 N

dp[0,1] dplo,2

: o S EBT AR
do B dp[1,0] dp[1,1] dpl[1,2] dpl1,3] dpl[i+1, j1 1 dp[i, j+1] #B&# dpli, j]
P dp[2,0] dp[2,1] dpl2,2] dpl2,3]
dp[3,0] dp[3,1] dp[3,2] dp[3,3]

14-14 RIEREBIR

FAMIRSEA A FRIEGWNAER, WEEAERGE MAERTEm +n — 28, FIURENREREN
O2m*™), Hrfrn M m A0S EIATERIFIE, EER, XM SORE RIRE AL SRR, 4
FIAPIASID SN RN —Rdse, RIESKRRAs R E R DL,

2. FiEZ: iIiER

BATSIA—FIRIAE grid MHERSTHIIEIZEER mem , A FIERE N TIRBMNE, FHEESTFREETE
i

// == File: min_path_sum.kt =

/* BNERFERN: IBIZWIER +/
fun minPathSumDFSMem(
grid: Array<IntArray>,
mem: Array<IntArray>,
i: Int,
j: Int
): Int {
/] BERELARETE, WEEEER
if (i =068&3j =0) {
return grid[0][0]
}
[/ BTHESIER, WRE +o KM
if (i<0 [l j<0){
return Int.MAX_VALUE
}
// BEBIER, NWEEERE
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if (mem[i][j] '= -1) {
return mem[i][j]
+

/] O b e R/ N R RN

val up = minPathSumDFSMem(grid, mem, i - 1, j)
val left = minPathSumDFSMem(grid, mem, i, j - 1)
// BRHFREALLEAR (1, j) HRDNEELN

mem[i][j] = min(left, up) + grid[i][j]

return mem[i][j]

aniE 14-15 v, 7ESIANICIZALIE, FrE FIRIBIR R T HE—R, I RS BB TIRS R, BT
RS O(nm) o

dpl[2,1]
o £

i 2RIiER dpl2,0] EUE s 2
BT e

K 14-15 12128258 M

3. FiE=: shsMK
HEP GRS SAE, R IHoR:

// = File: min_path_sum.kt =

[* B/NBRFEFN: THESHIR */
fun minPathSumDP(grid: Array<IntArray>): Int {
val n = grid.size
val m = grid[0].size
/] ¥iak dp R
val dp = Array(n) { IntArray(m) }
dp[0]1[0] = grid[6][0]
[l KEEH%: 817
for (3 in 1..<m) {
| dpl61[3]1 = dp[O][]j - 11 + grid[0]1[]]
/] RER%: 875
for (i in 1..<n) {
dp[il[@] = dp[i - 1]1[0] + grid[i][0]

h
/] REEE . HR1TNG

for (i in 1..<n) {
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for (3 in 1..<m) {
dp[i][3] = min(dp[i][j - 1], dpl[i - 21[31) + grid[i][j]
}

¥
return dpln - 11[m - 1]

FEl 14-16 R T B/ MEERIIRAS IR, FORPT TR RIS, R REZRER O(nm) .
sl dp RN x m, BIRZEREAYE N O(nm) .

1 3 1 5 [} o 0 o 1 3 1 5 1 4 5 10

2 2 4 2 0 o 0 o 2 2 4 2 3 o o 0

5 3 2 1 0 o 0 0 5] 3 2 1 8 0 o 0

4 3 5 2 o o 0 o 4 ] 5 2 12 o o 0
grid dp & grid dp &

MiEkETT dple, j1=dple, j-11 + grid[i, j]

e, BEHED) dpl, 0] - dpli-1, 0] + gridl, 5]
Step 1 Step 2
1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3e>5 ) 0 2 2 4 2 3 5e>9 )
5 3 2 1 8 0 0 0 5 3 2 1 8 0 0 )
4 3 5 2 12 0 0 0 4 3 5 2 12 0 0 0
grid dp ® grid dp &
RERH K&
dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dpl[i-1, j1, dpl[i, j-11) + grid[i, j]
Step 3 Step 4
3 1 5 1 4 5 10 3 1 5 1 4 5 10
2 4 2 3 5 9 e>11 2 4 2 3 5 9 11
3 2 1 8 0 ) 0 3 2 1 8>3 0 0
3 5 2 12 o0 ] 0 3 5 2 12 0 0 ]
grid dp & grid dp &
RERE REFH
dpli, 31 =min(dpli-1, j1, dpli, j-11) + grid[i, j1 dpli, j1=min(dpli-1, j1, dp[i, j-11) + grid[i, j1
Step 5 Step 6
3 1 5 1 4 5 10 3 1 5 1 4 5 10
2 4 2 3 5 9 11 2 4 2 3 5 9 11
3 2 1 8 8e>10 0 3 2 1 8 8  10e>11
3 5 2 12 0 ) 0 3 5 2 12 0 0 )
grid dp & grid dp ®
REES K&
dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j1 dpli, j1=min(dp[i-1, j1, dpli, j-1]) + grid[i, j]
Step 7 Step 8
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1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 1 2 2 4 2 3 5 9 11
5 3 2 1 8 8 10 11 5 3 2 1 8 8 10 11
4 3 5 2 12e>11 0 0 4 3 5 2 12 11e>15 0
grid dp & grid dp ®
K& ot iid
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]
Step 9 Step 10
1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 11 2 2 4 2 3 5 9 1
5 3 2 1 8 8 10 11 5 3 2 1 8 8 10 11
4 3 5 2 12 11 15¢>13 4 3 5 2 12 11 15 13
grid dp & grid dp &
REEB
dpLi, 51 = min(dp[i-1, 51, dpli, j-11) + gridli, j1 EEIR/NEERR 13
Step 11 Step 12

& 14-16 /NS ERIRIEIESMRNIIRE

4, Fjalit

BT MET R EHEDN BRI AR, BIRERATAT AR — DB TEERIIN dp &
IR, BIOVEEA dp REERR—1TRUIRAS, A ABAITCIERATAAa L B FIIRAS, TR fEiE ST Ere:

// == File: min_path_sum.kt =

/* BNEERAN: =EMRICERIEHSIK */
fun minPathSumDPComp(grid: Array<IntArray>): Int {
val n = grid.size
val m = grid[0].size
/] %tk dp *=
val dp = IntArray(m)
[ RER%: 817
dp[6] = grid[0][0]
for (3 in 1..<m) {
dp[j] = dp[j - 1] + grid[0][]]
+
/] REEH%: HRTT
for (i in 1..<n) {
[l RKEE%: 85
dp[0] = dp[0] + grid[i][0]
/] RKEE%: HRY
for (3 in 1..<m) {
dp[j] = min(dp[j - 11, dp[j1) + grid[il[j]
+
}
return dp[m - 1]



B14E SN www.hello-algo.com 305

14.4 0-1 58inE

HHEAEE - MERFRIESMIATTEE, 2l WmEr . HAARZZR, Bl o-1
HEAE, 2eREnE, 2EEEREE,

FEATH, BATPeR R WA 0-1 & [,
Question
BE n AN, B0 MEERR wet[i — 1] MER vali — 1], FI—DEERN cap WEH. &
N RRIERE— IR, MTERRE I A R NSRBI RN E,
MELE 14-17 , TGRS « N 1 RIS, ARSI 0 FFEETHER, IR @« W E & wgt[i — 1] F1
B valli — 1] o

ms EHE tifE

i wgt[i-1] val[i-1] TazE
1 10 50 L cap = 30
2 20 120 ) |~
3 30 150 - “
4 40 210 ¥
5 50 240 >

=AME: 270

BEAR: B @& BAEE
#HER 50 HAEE

K 14-17 0-1 B HAIRGIESE

BATAT LK 0-1 R BEE— D n RIRRARIISRE, N TEMREE RBAFRRAPRRSE, Hit
T2 [P L ik R SRR BT,

AR EAR R “TERET BAR FRERAYMERRME”, BIHRAERZ — D sh SRR,
H—0 BEBGRNYIUR, & RE, WmfHs) dp %

MNTEMEKRE, TRAEE, BEERNE; BASH, SEARRD. HIEAERAE N : L
s M ERE e, 12 [i, ],

RZS (4, ¢] MRRFREN : A ¢ ANMIER RN ¢ RSP RsRIE, 120 dpli, ¢ .

RERMERZ dp(n, cap], RRFE—NRSH (n+1) X (cap + 1) K4 dp %,

B IR, HmiiESs RS E TR

MEAMHHYIE @ WPSEE, FIRIERT— 1 MR R, B9 AR PARRME L.

C BB BEARNE, REZMN [ -1,
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COAE G HEERED wet[i — 1], WMEEN valli — 1], KEEBUR [i — 1, c —wgt[i —1]] .

ERATEBRATER T AR TR m KB dpli, c] FTF AN « FURAPIE ¢ Pk E b
{ESE R —A,  He ] RS EAS TR

dpli, c] = max(dpli — 1, ¢|,dp[i — 1, ¢ — wgt[i — 1]] + val[i — 1])

TERRNR, EUNYRER wgt]i — 1] BHRIRSEAR ¢, WA R .
W WAL AP RR A R
A R AR O BHEAHMES 0, BIESI dpli, 0] FIEFT dpl0, ¢] #5F 0.,

SRS [, €] M ETTHIIRAS [i — 1, ] Fide Eaiaskas [ — 1, ¢ — wgt[i — 1)) SRk, BB RS
FRIERABFEA dp HETTT,

IRIECA L0 #r, BT RGPSl g DR, DR, SIS,

1. FiE—: 8HiER

ERAHUZUTER,

- BHESEC KA .

- JRIEUE: FRBINE dpli, c]

- LM YRGS i = 0 SUEERIRAEN O K, ZKIE@EAHIRENE O,
© OBE EMEYREREN T ERRAE, WHABERE AT

// == File: knapsack.kt =

/* 0-1 B8 BHER «/
fun knapsackDFS(
wgt: IntArray,
_val: IntArray,
i: Int,
c: Int
): Int {
/| BEETEYRAEELRHRETE, WRENE 0
ifF (=01 c=0){
return 0
}
/| EBEIEERE, WREEEFABRAETE
if (wgt[i - 1] > ¢) {
return knapsackDFS(wgt, _val, i - 1, c)
¥
[/ TBEFRBANBIANY@E 1 BWRANE
val no = knapsackDFS(wgt, _val, i - 1, c)
val yes = knapsackDFS(wgt, _val, i - 1, ¢ - wgt[i - 1]) + _val[i - 1]
/] REIFEFGERNEERIB—

return max(no, yes)

i 14-18 fiw, TG S A RIEFNEP SRR S, RN RS ZRER O(27) .
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WEBIARS, RS RMHAIFAEES TR, Hldp(l,10] %, mXYaiiz. SEARRA, JTHZMERE
HENYRRZN, BETRENEEGRIKEEZ,

MREsS SasE
dp[3,30]

REENIG 3

dp[2,10] B MRER > HE5E

‘-’o,\%‘ REHRAYS 2
dpl1,-10]

REERNIG 1

YRS i 1 2 3 HEEE cap = 30
YSESE wgt[i] 10 20 20
i valli] 60 110 120

& 14-18 0-1 H MR 2 LIS IR

2. FiEZ: iDiZiER

N T ARIEE & R SJ PR — 0k, BAMEBICIZHIER mem SKICRF R AYHE, Hrh mem[i][c] Xt

dfﬂivc]o

SINIEIZMZ )G, MRERERGT FREguk, k2 O(n x cap) . SEEISIT:

=

File: knapsack.kt =

/*x 0-1 B8 BIZHER «/
fun knapsackDFSMem(

wgt: IntArray,

_val: IntArray,

mem: Array<IntArray>,

g
cE
): Int
//
if

I
/1
if

¥
//
if

hy
/1

Int,

EEETMEYREEELRHREE, WRENE 0
A=01lc=0) 1
return 0

ZEFIER, WEER(D]
(mem[i][c] != -1) {
return mem[i][c]

HEIEERE, WREEEFTHAETE
(wgt[i - 1] > ¢) {
return knapsackDFSMem(wgt, _val, mem, i - 1, c)

HERBANNBEAYR 1 H&RANME
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val no = knapsackDFSMem(wgt, _val, mem, i - 1, c)

val yes = knapsackDFSMem(wgt, _val, mem, i - 1, ¢ - wgt[i - 1]) + _val[i - 1]

/] iBRFREIFHHERPNEEABHE—
mem[i][c] = max(no, yes)
return mem[i][c]

B 14-19 R T EICICARR P HETAER R 7 3

YRS Sa5E
dpl3,30]

iR IS dp([2,10]

% of

dp[1,10]

& BERANY&A
o = *

YRRS i 1 2 3 HEAER cap = 30
YEESE wgt[i] 10 20 20
YSfE  val[il 60 110 120

14-19 0-1 HEMEERICIZMEZIE VI

3. BiEZ: hEME

AL R LR TEIRASHB HIES dp RS, RBUTNAR:
// = File: knapsack.kt =

/* 0-1 B SR */
fun knapsackDP(wgt: IntArray, _val: IntArray, cap: Int): Int {
val n = wgt.size
[l %t dp *=
val dp = Array(n + 1) { IntArray(cap + 1) }
/] RS
for (1 in 1..n) {
for (c in 1..cap) {
if (wgt[i - 1] > ¢) {
// EBIEERE, WNEYm 1
dp[illc] = dp[i - 11[c]
} else {
/] RENEYR 1 X ENRAE

dpl[illc] = max(dp[i - 1]1[cl, dp[i - 1]l[c - wgt[i - 2]] + _valli - 11)

+
+
return dp[n][cap]

BTN 3
i WRER > Ha5E

"o,\%‘ EEHAME 2
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Ul 14-20 FFR, BRI A A S AR AR AR dp ANz, B O(n x cap)

- ]

ER wgt iH val el e 1 2

wgt[i-1] valli-1] 0 ] 0 )
1 s @ 1o
2 11 * 2 )
3 15 - 3 0

YEHE n=3 EEEE cap = 4
MEURTH (n+1) x (cap+1) B dp %EF%E

Step 1

) - -
EE wgt ifH val el oo 1 2
wgt[i-1] val[i-1] 0 0 o L)
550
1 5 [} 1 ) 5

2 1 * 2 )

3 15 (% 3 0

RS

®:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

| Step 3

al - [}
EE wgt fiE val e e 1 5
wgt[i-1] valli-1] 0 0 ) )
1 5 () 1 0 5 5

2 11 * 2 )

3 15 (% 3 0

K&

dp[i, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

[ Step 5

al - -
ER wgt iH val A 1 2
wgt[i-1] valli-1] 0 ] 0 )
1 5 (] 1 0 5 5
% T
2 11 2 [} 5 11

3 15 - 3 0

ot

B
dpli, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + vall[i-1] )

Step 7
) - -
EE wgt i val el oo 1 2
wgt[i-1] val[i-1] 0 0 [} [
1 5 [} 1 0 5 5 5
. i
2 11 2 [} 5 1 16
3 15 - 3 0
RS

®:
dp[i, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

[ step 9 |

Step 10

- ] ] U
B wgt fHfE val el e 1 2 3 4
wgt[i-1] valli-1] [ [} [} [} [
— #5501
1 5 (] 1 5
2 11 * 2 ]
3 15 o 3 )
R
dpli, c] = max( dpli - 1, c] , dp[i - 1, c - wet[i-11] + val[i-1] )
Step 2
- = ] “
EE wgt fifH val N e 1 2 3 4
wgt[i-1] val[i-1] [ 0 0 [} [} [
550
1 5 o 0 5 5 5
2 11 * 2 0
3 15 (% 3 )
RS
dpli, c] = max(dpli - 1, ] , dpli - 1, ¢ - wgeli-111 + val[i-1] )
Step 4
- [} ] “
EE wgt fHfE val e e 1 2 3 4
wgt[i-1] valli-1] ) [ 0 0 0 [)
1 5 . 1 ) 5 5 5 5
¥
2 11 * 2 ) 5
3 15 (% 3 [
RS
dpli, cl = max( dpli - 1, eI , dpli - 1, c - wgtli-11] + valli-1] )
Step 6
- ] ] n
B wgt ffE val el e 1 2 3 4
wgt[i-1] valli-1] ] ] [} [} [} [}
1 5 ] 1 [} 5 5 5
11
2 11 * 2 [} s 1 16
3 15 - 3 )
RS
d‘p[i, c] = max( dp[i - 1, ¢] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 8
- a B “
EE wgt fifE val N e 1 2 3 4
wgt[i-1] val[i-1] [ 0 [ [} [} [
1 5 () 1 ) 5 5 5 5
2 11 * 2 0 3 1 16 16
3 15 (% 3 [ 5
RS
#:
dpli, c] = max( dpli - 1, ] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
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a - - ] ﬂ
EE wgt ME val el oo 1 2 3 A
wgt[i-1] val[i-1] 0 ) ) [} [} )
1 5 (] 1 ) 5 5 5 5
2 1 * 2 ) 5 ill 16 16
3 15 - 3 0 5 11
REF
B
dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
Step 11
«a & & @
EE wgt fifH val e e 1 2 3 “
wgt[i-1] val[i-1] 0 0 0 0 [ 0
1 5 1 0 5 5 5 5
2 1 * 2 [) 5 -\\Q 16
+15 !
3 15 @ 3 ) 5 1 16 20
Xk*ﬁ
dp[1 cl = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 13

K 14-20 0-1%

4, =SiEfkitk

BT MNRSE R S H E—1TRORAE 3, [RULFRATT AT DUE AN SRR, =R REM O(n?

= O(n) .

BB, BATRES (UH — M LIS RILLlE? IS RIHI,
M, STHREE o T, IZEE AR ¢ — 1 TR,

HURSREGE AR, I spiE dpli, 5] B, %177 dpli — 1,1]

IR, R

o, MRS S EMAIRSHR SR,
QSRR P, WARE RS

) - - (] ﬂ
EE wgt iE val e oo 1 2 3 4
wgt[i-1] valli-1] 0 0 [} [ 0 0
D e
2 11 * 2 [}
3 15 - 3 0

sen—rsrna o - ((DEDEDEDED

WA 1= 2 #f, 5K dp RERENR 1 = 1 WFTEMRE

Step 1

- = ] U
EE wgt i val N 0 1 2 3 4
wgt[i-1] valli-1] ] [} [) [} [} ]
1 5 (] 1 [} 5 5 5 5
2 11 * 2 05 11 16 16
s
3 15 o 3 ) 5 11 16
i
#:
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 12
a a & &
EE wgt fifH val el o ; 2 3 4
wgt[i-1] val[i-1] ) [) 0 0 [} [
1 5 o ] 5 5 5 5
2 11 * 2 ] 5 1 16 16
3 15 @ 3 [ 5 1 16 20

EENFIEMRBAE SRRANE 20

Step 14

SREARIER IS R Ub R S

~dpli — 1, — 1] ETREE.

[, IR AT DUEREE T,
K 14-21 AR TERADEEH TN ¢ = LATHIRER ¢ = 217, 1

- = ] n
EE wgt fifH val e 0 1 2 3 4
wgt[i-1] valli-1] ] ] ] [} [} ]
1 5 ("] 1 5
2 1 * 2 ] A
3 15 - 3 [)

sen—ruina o - ((DEDEDEDED

BFERE 1 = 2 17, MTRERB

Step 2

)

FARSERZHIE LT7ak BT IR 5%

s

R 1E e it P AE] e g P A DXl
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EE wgt A val

wgt[i-1] val[i-1]

« BN
+
/- KL

o
o
o
]
o

sen—rsrma o - ((DEDEDEDED

) BFBHE i = 2 17, HTRERE BIFERE i = 2 17, #TREEB
Step 3 Step 4
€ - a B ] - a B [ ]
BEE wgt fifH val el oo 1 2 3 4 EE wgt M val el oo 1 2 3 4
wgt[i-1] valli-1] 0 0 ) 0 0 0 wgt[i-1] val[i-1] ) 0 0 0 [) 0
1 5 o [ 5 5 5 5 1 5 o 0 5 5 5 5
2 11 * 2 [} 5 1 16 16 2 11 ¥ 2 [) 5 1 16 16
3 15 (% 3 0 3 15 - 3 )
san—rurma o - ((DEDEDEDED sen—rurma o - (D EDEDED
) BIFERHE 1 = 2 17, #TRERE STRERE, #A dp RENHE 1 = 2 WAER
| Step 5 Step 6

EE wgt ffE val

i

c

wgt[i-1] valli-1]

@ +ts

0
1
2
3

N s |~ | B
v
o o|n|B

o
)
o
o

sen—raina o - ((DEDEIEDED

K 14-21 0-1 HRAZFELERSIESMRNE R

TERRSSIA, FAMCTEEAE dp FUSE—4E ¢ EREMBR, B ARG ERSE O8] 53 7 BT AT -
// = File: knapsack.kt =

/* 0-1 B8 TELMEHNEEMR +/
fun knapsackDPComp(wgt: IntArray, _val: IntArray, cap: Int): Int {
val n = wgt.size
[l etk dp *=
val dp = IntArray(cap + 1)
/] REE®
for (i in 1..n) {
!/l BFEH
for (c in cap downTo 1) {
if (wgt[i - 1] <= ¢) {
/] FEFEYIR 1 XFMHARNRAE
dplc] = max(dplcl, dplc - wgt[i - 2]] + _val[i - 11)

+
+
return dplcap]

14.5 2B 8n)

TEATH, BAVeRBAS —NE NSRRI 228, B T7ReEr—RG: TRk,
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14.5.1 258

Question
BE n M, B AENERR wet[i — 1] WMER valli — 1], M—DEEN cap WEH, &
APrihn] URAGERIR, [F{ERRE S BE R TRERAY MR RIME, ~EANE 14-22 FiR,

we EE -
i wgtli-1] valli-1] cap = 50
1 10 50 o 1 —

2 20 120 : x2 /“
3 30 150 B

4 40 210 *

5 50 240 (>

=AMNE: 290

BRAR: B—1 O AFET . KSR
HEA 50 HEEE

14-22 seeB W REE R EEHE

1. Zh&MRBER

Se T WA 0-1 F R MIEAEFARRL, DXL T A~ BRAIP S EER AL

- AEO-1 HEMES, SRR A, RIS AEEE, HEEMAETQ — 1 MsHEes
- fEEEHERET, SMYRREERE TR, BRI AT EIE, Tnl PG @ A PdhrbiEe.

d

TESERH WIRERE T, K3 (i, ¢] B IHFEDL,

RO G 5 0-1 SR, B [ — 1,
BN 5 01 WRAERR, #EE [i,c — wgtli — 1]

MR RS TR :
dpli, c] = max(dp[i — 1, c|,dp[i, ¢ — wgt[i — 1]] + val]i — 1])

2. RS

X EEIERE H AR, RAESERTHE N G — 130 1, HREE 80
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// == File: unbounded_knapsack.kt =

/* TEEE: hESMK +/
fun unboundedKnapsackDP(wgt: IntArray, _val: IntArray, cap: Int): Int {
val n = wgt.size
// #%ak dp &
val dp = Array(n + 1) { IntArray(cap + 1) }
/] RKEFEB
for (1 in 1..n) {
for (c in 1..cap) {
if (wgt[i - 1] > ¢) {
/| EEIEERE, WFREMSE 1
dp[illc] = dpl[i - 11[c]
} else {
[/l RENEYGE 1 XA RNRAE

dp[illc] = max(dp[i - 11[c], dp[illc - wgt[i - 1]] + _valli - 11)

}
}
}
return dp[n]l[cap]
}
3. FiaElfi

A S AT N AIOA BB RSEAS TR, Bt MRIL IS ROZN dp Frh 1737 IE DI,

XA ENES 0-1 B IEFAER, THEBE 14-23 RIEREMNE X5,

-~ a a @ @B . a & & @
EE wgt H{E val el 1 2 3 A EE wgt fi{H val el e 1 2 3 4
wgt[i-1] val[i-1] 0 ) ) [} ] ) wgt[i-1] valli-1] 0 ] ) [) 0 [}
2 11 * 2 [) 2 11 ¥ 2 ] 5
3 15 - 3 0 3 15 (o 3 )

weer—rarza o - (N EEHEDDED €D

WA 1= 2§, FIR dp PEENR 1 = 1 MFFERORR

EFBARE 1 = 2 17, #TRSHS

e (o [ (5 [0 ][]

[ Step 1 Step 2
o - ] [ ] “ - ] ] U
EE wgt HE val el oo 1 2 3 4 B wgt HfE val el o 1 2 3 4
wet[i-1] valli-1] 3 o 0 0 3 0 wgt[i-1] valli-1] o 3 o o o 3
1 5 [} 1 0 5 10 [EEEIEPY) 1 5 ] 1 ) 5 10 15 [ED)
2 1 * 2 . - 1 2 1 * 2 [ s 11 16
3 15 ®» 3 o *1t 3 15 - 3 o 11

san—rarms « - ((DEDCIEDED

EFBHE i = 2 17, BTRERS EFBHSE i = 2 17, BTREHEE

[ Step 3 Step 4

wen—rerna o - (D EDEDEDED
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- n [ ] “ - ] ] n
ER wgt i val \N 0 1 2 3 4 EE wgt i val el oo 1 2 3 4
wgt[i-11 valli-1] ] o 0 ] ] ) wgt[i-11 valli-1] ] ] o o o ]
1 5 (] 1 5 10 15 20 1 5 ] 1 [} 5 10 15 20
2 1 * 2 0 2 1 * 2
3 15 - 3 ) 11 3 15 - 3 0

sun-ruina o - ((DEDEIEDED

sen—ratma o - (DD EDEDED

EFBHSE i = 2 17, BITREHES SRR, ¥4 dp RENRE 1 - 2 WRENE

Step 5 Step 6

Kl 14-23 seedREE S RIULE ISR

A SCPREL AL 5, AR dp BOSE —4EMIER:

// == File: unbounded_knapsack.kt

/*x EEREE: TEMEHNEESRR «/
fun unboundedKnapsackDPComp (
wgt: IntArray,
_val: IntArray,
cap: Int
): Int {
val n = wgt.size
/] ¥iak dp R
val dp = IntArray(cap + 1)
/] REE®
for (i in 1..n) {
for (c in 1..cap) {
if (wot[i - 1] > ¢) {
/| EEIEERE, WFREYE 1
dplc] = dplcl
} else {
/] REMEYR 1 XEHARNRAE
dplc] = max(dpl[cl, dplc - wgt[i - 2]] + _val[i - 11)

I
I

return dplcap]

14.5.2 FH R0

TR — REEAEMIEAER, HIREIRZ2R, BIanF ek,

Question
Y57 n FPEETR, 58 0 RPEEMINEEN coins[i — 1], BEARESECN amt , SFEEH o] AREEIEE, H
RESZ ) BRSO MR, WERCRER Bined, NHRE —1, ~EanE 14-24 Fimr,
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RS EfE
i coins[i-1] BirsE
1 1 1 amt = 11
~. =
2 2 $
3 5 @ x2 /

BUOETRE: 3
stiEmas: @+ @+ ©

14-24  FESLH AR GIEHE

1. EHASHRIBER

TR AR RS 21 WS — ARG 00, B DU NRR S A o

. PR DAL, P RIR CRER. CPr R R CREMEE, AR WR “HERE
~ﬁéﬁﬁﬁ&,%%ﬁ@ﬁ@%ﬁ%kk%%mﬁ,Eﬁ%@ﬁ@%£%¢k@mﬁ%o
C RABEREER FEL SEAR FIOR, TEREIER B R0 BRI,

- BERRIUGE, EURE, WEE dp %

ARAS [i, o] MBHO TS : 1 i R AERS M 20 o MR DRETER, 120 dpli, a] .

—4 dp RIS (n+ 1) x (amt + 1) .

Fo: PR T, MRS R AR R

R 5 AT IR AR TR e DL R A2 5,

- AR ME, EIEEHEHT max() EéCH min() .
- R R RE SR TR A, e R T RT 41 BT,

dpli,al = min(dp[i — 1, al, dp[i,a — coins[i — 1]] + 1)

B WA REIIR SRR
Y ERESHON 0 I, B ErROEmEEN 0, BEFIFTE dpli, 0] #%T 0.

YICHEMN, FIRBER > 0 FERER, RETRR. NERESEE IR min() HEEEWBIRHIH
WIRTCRR, TATEEMER oo KETREN], BILETANE dpl0, a] #EHFT 400,
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2. KE5sEH

REEGIRIE S IFARIR ML +oo i, HABEAER int MRAKERME, MXXSSFBOREES: REH
MITRERR) +1 RIERTRER A R H

M, BATRAET amt + 1 RFRTCRR, FREL amt WEHBEEZ N amt . &EIREIE, HkT
dp[n,amt] BEFTF amt + 1, FHRURE —1, RRIEZEH EARESH, RIS FHR:

// == File: coin_change.kt =

[* FEE: ohEHR +/
fun coinChangeDP(coins: IntArray, amt: Int): Int {
val n = coins.size
val MAX = amt + 1
[/ Wk dp R
val dp = Array(n + 1) { IntArray(amt + 1) }
[l KEEE: B17EY
for (a in 1..amt) {
dp[O0][a] = MAX
+
/] REE%. ER1TH5
for (i in 1..n) {
for (a in 1..amt) {
if (coins[i - 1] > a) {
// BBIBirEE, WAEER 1
dp[il[a] = dp[i - 1][al
} else {
/] FEFERETR 1 XFMARNRIME
dp[ill[al = min(dp[i - 2][a], dp[il[a - coins[i - 11] + 1)

b
¥
return if (dp[n][amt] != MAX) dp[n][amt] else -1

B 14-25 Jeon 1 FESURAIEI SIS, Msees tnmaE AL,

8 & & & s & & 8
®E i e e 1 2 3 4 W®s [ Nale 1 2 3 4
coins[i-1] [ coins[i-1] 0 [ MAX MAX MAX MAX
1 1 ® : 1 1 @ ! 0
2 2 @ - 2 2 @ - 0
3 5 @ 3 3 5 @ 3 0
Wh#E n =3 BiFEE amt = 4 WH#HE n =3 EfFES  amt = 4
MEERTA (n+1) x (amt+1) 80 dp %6 MR nax = amt + 1. BFIH o0

Step 1 Step 2
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s 5 & 8
wS EfE el e 1 2 3 4
o MAX MAX MAX MAX

i coins[i-1] 0
1 1 @
2 2 @ -
3

RER

#:
dp[i, al] = min( dp[i - 1, a] ,

dpl[i, a - coins[i-1]] + 1 )

[ Step 3
&8 & & 8
E il el oe 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® 1|0 1 2 3
2 2 @ [) 1
3 5 @D 3 0
RS
db[i, a] = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1 )
| step 5 ]
i & & 8
wS EfE el 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! ° BN - 3 4
2 2 @ 2|0 1
3 5 @ | o
RER
#:
dp[i, a] = min( dp[i - 1, al] , dp[i, a - coins[i-1]] + 1 )
[ step 7
s & & ¢
HS EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 1 2 ? 4
2 2 @ - 0 1 1 2
3 5 GD 3 0 "
RS
#:
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]1] + 1)
| step 9
s & & 6 €
wS EfE e e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ 0 12 3 4
2 2 @ 2| o | e
3 5 @ 3|0 1
RER
#:
dp[i, al] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
| step 11

Step 4

( Step 6

Step 8

Step 10

Step 12

s & & &
wS EfE el 1 2 3 4
i coins[i-1] 0 0 MAX MAX  MAX  MAX
1 1 @ ! 0 1___)5
2 2 e - 0 *1
3 5 @ | o
dpli, al = min( dp[i - 1, al , dpli, a - coins[i-11]1 + 1 )
s & & &
WS HiE N e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ : 0 1 2 344?;
2 2 @ > ] 1
3 5 Gi 3 [
4ﬁf§¥§
db[i, al = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1 )
s & & &
ws EfE Nal e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® ! 3 1 2 3 4
2 2 ® 2|0 1|1
3 5 ® | o™
RER
#:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
s & & 6
®s EfE Nale 1 2 3 4
i coins[i-1] o 0 MAX  MAX  MAX  MAX
1 1 GD 1 [} 1 2 3 4
2 2 Q@ ] 1 1 2 2
3 5 G’ 3 [ 1
RS
#:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
: & & & 6
WS EE SNl 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 © ! 3 12 3 4
2 2 ® 2|e¢ 1 1 2 2
3 5 @ : ] 1 i
RER
#:
dpli, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1 )
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s & & 8 s & & 8
wS mfE el e 1 2 3 4 wS EfE el 1 2 3 4
i coins[i-1] [ 0 MAX  MAX  MAX  MAX i coins[i-1] ) 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 1 2 3 1 1 (D) 0 1 2 3 4
2 2 @ 2|0 1 1 o 2 2 ® 2|e¢ 1 1 2 2
3 5 @ - [} 1 1 2 3 5 @ - ] 1 1 2 2
#: ®:
dpli, al = min( dpli - 1, al , dp[i, a - coins[i-1]] + 1) dpli, al = min( dpli - 1, al , dpli, a - coins[i-1]] + 1 )
Step 13 Step 14

s & & &

wS EfE \i\a ) 1 2 3 4

i coins[i-1] 0 0 MAX  MAX  MAX  MAX

1 1 @ 1 o 1 2 3 4

2 2 @ 2 o 1 1 2 2

3 5 @ 3 0 1 1 2 2

EEPEEEFERNROETRE 2
Step 15
A2 == T o 11 {m
14-25 FERSIRABA SRS R
-
3. FiEfif

TR LAY = AU B b BT RN Fe 2 1 Bl Al R — 2K
// == File: coin_change.kt =

[* TR TEMLEIEIESIK «/
fun coinChangeDPComp(coins: IntArray, amt: Int): Int {
val n = coins.size
val MAX = amt + 1
/] #EE dp &
val dp = IntArray(amt + 1)
dp.fill(MAX)
dp[e] =0
/] REE
for (i in 1..n) {
for (a in 1..amt) {
if (coins[i - 1] > a) {
/] ERBIBirER, WAEER 1
dplal = dplal
} else {
/] FEFERET 1 XfRFHEENBME
dpl[al = min(dp[al, dp[a - coins[i - 1]] + 1)

}
¥
return if (dp[amt] != MAX) dpl[amt] else -1
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14.5.3 FERIRE)EE 1

Question
Y57 n FPEETR, 58 ¢ RREEMIEEN coins[i — 1], BEARESEN amt , SMEET A AESIER, W
ZERSHREm A S5, REIAE 14-26 Fir.

RS HfE
i coins[i-1] BirEE
amt = 5
1 1
2 2 $
3 5 (5)

WHAGHE: 4
BhAEHE. + + + +

14-26  FER i m 1T FplEdE

1. EAMPIEH
IR b, AR E AR AR, P T i A AERS T th & o LA ROR. T dp
FORRBRN (n 4+ 1) x (amt + 1) 4%,

SRS & BT TR 4 AT s 5 0624 R PR X PR SR S R 2 ., RS RS IR

dpli,a] = dpli — 1, a] + dpli, a — coins[i — 1]]

L EAREACY 0 I, TCAUEREATRE T Rl 2 HAREA, HUR E5IFA dpli, O] #¥laafen 1. 47
REMRR, JokgRMER > 0 MERESH, HEETHE dpl0,a] #5%T 0,

2. fUEEsEHM

// = File: coin_change_ii.kt =

[* TR IT: oS +/

fun coinChangeIIDP(coins: IntArray, amt: Int): Int {
val n = coins.size
/l %k dp R
val dp = Array(n + 1) { IntArray(amt + 1) }
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!l B ES
for (i in 0..n) {
dp[il[0] = 1
+
/] REEH
for (4 in 1..n) {
for (a in 1..amt) {
if (coins[i - 1] > a) {
/] BBIBErEE, WAEER 1
dp[il[al = dp[i - 1][al
} else {
/] REMEEH 1 X GERZH
dp[ill[a]l = dp[i - 11[al + dpl[ill[a - coins[i - 1]]

¥
+
}
return dp[n][amt]
}
3. ZiElfkik

R ERTT AAH ], AHIBRAE i 4k RIA] -
// == File: coin_change_ii.kt =

[* TR I1: TEMLWEIEIESIR] +/
fun coinChangeIIDPComp(coins: IntArray, amt: Int): Int {
val n = coins.size
[l %k dp *=
val dp = IntArray(amt + 1)
dp[0] =1
[l REEH
for (i in 1..n) {
for (a in 1..amt) {
if (coins[i - 1] > a) {
// EBIBEIrEE, WAEES 1
dplal = dplal
} else {
/] FEFERETR 1 XFMHAEERZM
dplal = dpl[a] + dp[a - coins[i - 1]]

by

}
return dplamt]

14.6 YmiBREE 00

gmiREn R, AR Levenshtein FER, fEMDNFT 2 A EAHBHE R/ MESREL, EH A THEFRERRNE

SRVE S A B B D e SR AROUE
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Question

WA DNTIFER s M ¢, RIEPK s ##08 t Fifs iR/ DImE 5

VRA] DATE— DR R AT =R R E . A — DR MBR— 15/, B AIMEE— 1T
?qo

i 14-27 FoR, R kitten $#HON sitting FREGE 3 0, GG 2 WEHURIES 1 IRUSINIR(E; # hello
MM algo FHE 340, B4R 2 DO HURIEAT 1 IRIMBRIR(E,

- 80800 - (38000
lgm lgm lmm mm] lsm lgm
(s[ifefefifn]e] 80000

- 3800800 - (3E00

14-27 Gk EE B AR B EHE

S S} 180 1) S M AT A SR P DR SR BRI AR, A A BB T, —BRIRIR (—IRGmETRAE) XTI 1Y
—4i4,

aniE 14-28 FoR, EABRFHRIEAIEICTS, 80T (8 DURAE HIF 2500, BRI —RRIE, Xk
% M hello ##5] algo HIFLAATRERIIETR,

MRS A IER, ABHEARERBET R hello M A algo Z AIMYRIEEETE,

14-28 B DRI IR g o 12 )
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1. zh&MEBER

B BERRNIUE, &30RE, Mmifesl dp %
B RHRFREXN TR s AT IR R,

T A EAE SRR AR, IRUBOER G/, SXREA BRI T, 508 s A £ IOKEES N
n A m, RIVEEERTRREBOFT s[n — 1] f t{m — 1],

% s[n — 1) Fltlm — 1] IR, RATATCEEEEN], EE%E sn— 2] 7 t{m — 2],
- % s[n — 1) Ftfm — 1] R, AT s TR GEA. R, B0, SRR RRS
BOSEREREIR, ATAT AR AT, % MR NI,

WAtR, BAVEFITE s PHITHE RER (EHRE), MIES s ¢ PRERIFFITAC 7R 428
fto R, RENYFITE s Fl ¢ HBERIE  FI5E § DR, 120 [4, 7]

IRA [4, g] XREF IR ¥ s BT @ AFREBON ¢ IR § ARSI b s 8
i, {BE-PMRIHB(+1) x (j+1) -4 dp &,
B R AT, WS IR R

FRT R dpli, j], HNRMAIWADNFRFRRRBETN sl — 1] M t[j — 1], AIRERFgRERES NE
14-29 B =R 5 o

1. 18 s[i — 1) 2Bt — 1], WEATFAE dpli, j — 1]
2. MK s[i — 1], WS THE dpli — 1, 7] .
3. ¥ s[i — 1) Bm 5 — 1), WA TR dpli — 1,5 — 1],

HERSFM e
00000
(c[o]d]e] (c[o]d
dpli, j-1]
BE% k
s - BB08C 080
‘- (o]
dpl[i, j] dp[i-1, j]
# k BiRH e
(b]oJo]e]
(cJold]e] (c]o]d
dpli-1, j-1]

K 14-29 ZmiHEE RS IR EAS

FRR DA L5347, AT T454: dpli, ] 0 DB 8T dpli, j— 1), dpli— 1, 5], dp[i— 1,5 —1]
SHTIROGRESR, F ARSI R 1 . KBRS T
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dp[lhj] = mll’l(dp[l,j - 1]7dp[2 - 17]]7dp[2 - 17] - 1]) +1

EER, sl — 1] M t[j — 1] HFER, JEAgE a7, XAE SRS 7R

B AR ARIFRIRE RN

RN, RESECY 0, B dpl0,0] = 0, 4 s HEME ¢ FR2sh, BORESHET ¢ K
FE, BIEAT dpl0, j] = jo M s FREHE t A, BOGHREECET s K, B dpli, 0] = i

WMEGRSHRE TR, M8 dpld, j] WBU/E 7. b77. 76 D7 I, DRIHOE I 206 3R IE 7 e P54 dp RENAT,
2. XESE

// == File: edit_distance.kt =

/> YREEREES: mHASHIRI */

fun editDistanceDP(s: String, t: String): Int {
val n = s.length
val m = t.length
val dp = Array(n + 1) { IntArray(m + 1) }
/] REE%:. 817875
for (i in 1..n) {

dplil[0] = i
}
for (3 in 1..m) {
dp[B1[3]1 = ]
Iy

/] REEE. HRTH5)
for (4 in 1..n) {
for (3 in 1..m) {
if (s[i - 1] = t[j - 1D {
/] ERFFEE, WEZKIILHRFR
dp[il[j] = dp[i - 11[] - 1]
} else {
/] =VHRESE = A BBk, BIRX=MIRENRDRESEH + 1
dp[il[3] = min(min(dp[il[j - 11, dp[i - 21[31), dp[i - 1I1[j - 1) + 1

}
}.
return dp[n][m]

GniE 14-30 A, gwiE RS MRS AR R 5 W EEE R 2R, & T DAE (RS — D 4R A
*5'30
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s |

Step 7

[ Step 9 l

h J
0
0 :
8 :
[
s = “bag"”
n=3

t = “pack”
m=4

MEWRTA (n+1) x (m+1) B dp R

(p Q0]

RER

4pli, 31 = min( dpl3,

wase
4pli, 31 = min( dpli,

dpli, 31 = min( dpli,

4pli, 31 = min( dpl3,

o 1 2 3 4

e 1 2 3 &4

j-11 , dpli-1, 31 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dp[i-1, j-1]1 ) + 1

ooan

MeateETT dple, j1=3 « &F dpli, 01=1

Step 2 |
~J
0
0 -
B :
[ < S
wase
pli, 31 = min( dpli,
[ Step & ]

Rt
dpli, 31 = min( dpli,

e oslic1]=tli-1] = ‘a’

[ step s |
jj
o
0 -
B :
[ < NS
it
dpli, 31 = min( dpli,
[Step 10]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

« dpli, 31 = dpli-1, j-11

j-11 , dpli-1, jl , dpli-1, j-1] ) + 1
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; -

SNle 12 3 4 SNle 12 3 4
o |0 1 2 3 4 e o 1 2 3 4
u 1|1 1 2 3 4 n 11 01 2 3 4
a 2 2 2 1 2 3 a 2 2 2 1 2 3

+1 +1

B 3 |3 3 B 3 |3 3 2

#: #:
dp[i, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-1] ) + 1 dp[i, j] = min( dpli, j-11 , dp[i-1, j] , dp[i-1, j-1] ) + 1
|Step 11 Step 12
ooan ooan
i:\j e 1 2 3 4 i:\{ e 1 2 3 4
[) ) 1 2 3 4 o o 1 2 3 4
n 1 1 1 2 3 4 u 1 1 1 2 3 4
a 2 |2 2 1 2 3 u 2 |2 2 1 2 3
+1 +
B 3 |3 3 2 2 B 3|3 3 2 2 3
REH g&ﬁ
dpli, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-11 ) + 1 dp[i, j] = min( dp[i, j-1] , dpli-1, j1 , dpli-1, j-1] ) + 1
Step 13 Step 14

ooan

i{“ 12 3 4

o e 1 2 3 4

[ 5 I IE U G T
a 2 2 2 1 2 3
B s 3 2 2 3

BEIRDREIES K 3

Step 15

K 14-30 ZmHEEES SIS RE

3. FaEfiik

BT dpli, 7] B A7 dpli — 1, 7). 77 dpli,j — 1], % E77 dpli — 1,5 — 1] SRR, TERRH
SESTE b dpli — 1,5 — 1], BIRFBFHTEENTIEE dpli, j — 1], PRSI T,

ik, FATTAT DA — ANV & Leftup SREFA LTI dpli — 1,5 — 1], MR FTE R LT H#
R RTR LS e e E WEAEE, AIER RS, A NTR:

// == File: edit_distance.kt =

/* RIEERE: TELMEHEESR «/
fun editDistanceDPComp(s: String, t: String): Int {
val n = s.length
val m = t.length
val dp = IntArray(m + 1)
[/ REE%: 817
for (3 in 1..m) {
dp[jl =3
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hy

}
/] REE%: HRT
for (i in 1..n) {

/] REE%:. 85
var leftup = dp[e] // &fF dpli-1, j-1]
dpl[O] = 1
/] WREE%:. HRY
for (3 in 1..m) {
val temp = dp[j]
if (s[i - 1] = t[7 - 1D {
/] ERFFHEE, NEZKIILRFR
dp[j] = leftup
} else {
/] RVRETSE = A RibR. BIRX=MEENRVREETER + 1
dp[j] = min(min(dp[j - 11, dp[j1), leftup) + 1
}
leftup = temp // EFAT—®E dpl[i-1, j-1]
+
}

return dp[m]

14.7 &

1. EREH

- BIASHKIS FEE T R, JREE A iE T SR R EE TR, SRS RECR,
- ABENRIATE S, FrAshSHRIREER AT AR (B2 EATRAE, (EEIM KRR

HE TR, PR @5 ISR, AT RERTA TR R 7 SRR, AT ERIEE S T
AT H—IR,

© IR MR RAE A AEE, TS 2 M AEh SRR — R AR E TR S, H

gnlA “HEHERET —F. BT SRS IURBREL REORE, FIHIRATAT DAHPR dp RET—D4EE, N
TR AR 23 1R B 2%

© TRE R AE R R RTE R, EE, SIS [h BA AR,

- ISR =R R, RILTEE. ToERUE.

- USRI R AR A B A AT DA T R B LA AT oK, e B R L7454,

© EEBIEEN T NIRE, HRRARASZIKEAX, MEEREHNHEIRESTEX, F2HA ML

A BRI, TCiRE SR PRI R

GRENDE:D

- BERERRMNESMARE —, A6 01 HH, we2ii, BEEUHFLM,
© O-1 BHEEPIREE SCNHT  MIREREN c NFEFRRAME. RESRAT UM T ERAR

R, AMREIRL TN, RIS, EEed, BTN IRESREUE L7y e ETe
A, HIETFRZEE PRI, w5 b7 IR 5.

- SR PR AR S R BECER IO RS, HIERRA T MBS S 0-1 BEMEAR, BT

IRESHUE - T FIEZE DT BARAS, e =S [RIL A P R 2 3 i o

- TERGURAEUR SE 2 WA — MR, BMR TRORT MEZNR RN MR, EIIRASE

BorifEri max() ROy min() o MIBSR “RiEid” HHARINER “WBF” B ERSE, KIS
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Fl amt + 1 KFoR “TRBEH EFREHT (R0,
- RS AR “RBETEOR” Ok BEMAIARIR”, AR TR min() 0
SRR

Zh R 2 124 )

- ZifHEEE (Levenshtein BEE) M THEMNDFATERZHAHEE, HE SO MN—DFrFE 25—
FIYRR R DD E, mEIRIERARTI, MR, i,

- G B B A IR S MK s BIRT 0 DR EBON ¢ BIRET § D FRTR R D HRES . 5
sli] # tlg] Ny, BA=RERE: A0, MR, B, e0IAHERATRER R, I En] DRt st
TFEE GRS R, Wi s[i] = t[j] I, T/ Y w1,

- AEGREIEE D, WESMEUEIE E75. IEATT. A ETTRVIRE, RIS A5 5 s i Tk
P TIRS R, itk, FRAMAA —DEEEFL LIRS, WS 5582w RS HTH
O, A AR AU R A T IR T
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F158F AN

el

Abstract
) H 2%6A%E KPHEE 8, BZIESR B 8 KR KT EE,
FUL RIS — R R BERE D, BP FRREER.
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15.1 JOEZX

ROEZE (greedy algorithm) 22— WLAIARRACIL MR RTR, HEA AR AL WA N RRITEL,  #
R ATE R R LAIESE, HSUOt it BB ILATRR, DIIERG 2R, OO IRREE HEiK,
FEVF KRB E & 2RI
FOLRIEISASMKIER A TR e, ez B E— SR A, HanEs iR a5 e, =
TAEREEA AL,
- BN SRYE Z BT ERIR A IRAOR B & S RIR, I IS 27 1A RS 2 24 A1 [ LA e
- ROLREARFBELRRE, T —BAnithiET ou0Ess, AW NRETEE, B2 R,
BAVREL G TR THERORIEN TIERM, XEMOSE “BeEme” =Y hagd, H
B EFH AR,

Question
57 n MR, 58 0 RPEEMITEIEN coins[i — 1], BN amt , ST AESIER, [
REMS I H BRI MEE, MRITEEH EFRER, NWIRE —1,

AR ZOL RSN 15-1 FioR. 28 HFREA, BSUOMNESE AT HERRE eriEm, THigaaix
S, BEREL BRSOV,

B 15-1 TRk 00 R

SEPRARRS AN N PR :
// == File: coin_change_greedy.kt =

[* BRI D */
fun coinChangeGreedy(coins: IntArray, amt: Int): Int {
// 1&i& coins FIRERE

var am = amt
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var i = coins.size - 1
var count = 0

[/ EIRHFTROERE, BRXERKREH
while (am > 0) {
/] BEUNFBERIEARREERVET
while (i > 0 & coins[i] > am) {
-
+
/] %E$E coins[il]
am -= coins[i]
count++
}
/] BEFRFZEBIAITAESR, WRE -1
return if (am = 0) count else -1

IRATRER A H LR &I : So clean | BULBIEMUHA TR RURR T 2 ER L AL,

15.1.1 FOFEZENRSS5RBRE

TORIEAIUR B, JUmn, i HIBH PR R, 0L LR H, e mR/NEEH min(coins) ,
W ZIE B Z P8R amt/ min(coins) X, WEEZEN O(amt/ min(coins)) o XHIESRIFEZER
IR ZE O(n X amt) /N7 —NEED,
SRM, WA A, RORIEHFAREIRBIRIMM. 1 15-2 240 TIARA,
- 1E# coins = [1,5, 10,20, 50,100]: EZEHHAE T, SEER amt , SUOFEIEER DELEIRM
fiEt.
- Bl coins = [1,20,50]: & amt = 60, ZWOHEEHEEE 50 + 1 x 10 Kysisd s, it 11
R, HEESHI AT DAREIR AL 20 + 20 + 20, YR 3 M,
- &Pl coins = [1,49,50]: 8% amt = 98, DUOLEIEHAERE] 50 + 1 x 48 WSS, it 49
Mg, (BRI ARSI 49 + 49, XFF 2 Mg,

WhAE BiREE BOHERRNER EhSARIRIR SR
(REpRmIARR) (2RRIAAE)

(1) 60 +@x10 x3
@ 98 +@x48 xz

B 15-2 SULRERICIAIRH R AL ARA R B

W, N TEFEAEAE, SORRICRRIEKE 2RI, HHERIEHER ENR, EEES
SNSRI

—RIEOL, SULREIRRTE AL DL PR,
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L. Al PAGRUERRBNR UM : SO0 RIAERXA A MEE R RIUERE, FOVEEELLEH, ahSMRIE &R,
2. AIDMRENERUR M : SOORIETEIRAEN TR AT, M TREERMERY, IR REE
HRME, BE AR ERCRER

R AR AR Y,

15.1.2 sTOEHRISH
MARERT, AR REHE S 2O EIERMEIE? k30, OB EET SN T ol DURIE R ER R
fig?
MESTHNAMK, SOLEIERE R & E SR, H R m A ™R

C UDIEBER: LA YRS R G R ISR R RN, 2U0E A GRS I R

- BIRTEN: RN SRS T R B R
B TFEMTEE “GIAMN SEWhagd, XEREER, EETENE, —SBlRmraEmitr
AR, (EASRRTE 20O B R AR,

BN FEZRFTSVOE R BRI HINTT TR, BARAERIRE ER R, HIh BN T2 i, WS
EREEBIFES H

BIanF e S F A, BATRARREG A B B, W OGO TIEDy, (HUESSATMERERR, WERA:
WA 22 PR RE T 2 & il A SOORTEAR MY A1 R REFEAE AL B B8 1ok 45 H — MR N AT Y 2
X, TAEDASS =R EAUE,

Quote

H—RIEXAH T —D O(n®) WEE 2 EEE, FAT R0 —NE A A e S 6 S0 IR IR HME
BRI R

Pearson, D. A polynomial-time algorithm for the change-making problem[]J]. Operations
Research Letters, 2005, 33(3): 231-234.

15.1.3 RLEZEBOTE

SOL BRI R AR R] 73 AR =2,

L. MSsHT: WER S PR AR, RARIRASTE X I BARA R AESE X — P AERIIAIEh AR
SRS

2. e FULRIG: FEANAIE S — D th SU0IERE, XD IRISRES £ — DU NI, &R
RIS A

3. IEFPEIER: S8R R EIEREEA ORI BN R LT 458, XN ERA] REFR I ZIECAIERT, I
ARYAANIR B SUETR S

A 2O DSR2 SRR R O IR, (BSCE R REFF A S, TEAUREE,

- RN FTORMSIE R, A TS RER, FORMILRRE, RIDEN K0S
SARERE . TN TSP, FOORHTREERERIG, SRR B0 PRS0
SR T
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SE SO RIS A BRI R, SBATHIME 0RIHE 200 RE, TR 081T, RATEE

PEER o MAREGITEIRE . KR E NSO R UZ "B 1Y, ESO AR R R
— MR B,

NTRIEERTE, FRAIROZN SUL RIS T EREEAUER, 0 T B SOEE s AL,

s, IEMMIERARATREN R — B, aa iR ke, BANER esmaiiAHenE T A iEs, —
PBEKR S RUE LRI,

- K
&

15.1.4 TROEEHRBEGIE

SOLBIRE N R E SUDIE IR AR UL imdEib,  DURAI2E T — L2 ARG 5O B TR A

- MEMIRFRE: EREETAS T, WORIREEA] ISR TR,

- XML IR — 2555, S MESSTE—BINRINEELT, REERRERRATREZRIESS.
REREOE RN R R AESS, A2 T00E IR AT SRR,

© BRI A YR DN EER, RIERRIERE AT, EREERNEYHER,
SMERR, WREBRANEFEEN tbim (ME / ER) 19Pa, IADRIRE LI~ DUSE|
AL,

- RSN faE A RERIT R, VKA DAOET 2 IRESE, HIRIRE SR AR, IBAAESEH
ZHIARERSE, HANEAREUR AR,

- BRI EREmGE A TR RSN LA, EEREREN, BIRIEREHIRR
RIKKHRADTRETF, REFINERSMITHPERERE GREKE) &/,

- Dijkstra 5i%: B2 RO E IR TS 2 H AR A R Y SRR A R R S0 O 3R

15.2 H#E|inE

Question

BE n DI, B AYISNERSN wgti — 1], HER valli — 1], M—DEEHN cap HE L,
MR REIERE IR, (HR] DUEREMA I —8R sy, BrEmsiesmE R e, REREE aE
TEOHYRRRNE, REIWE 15-3 Fir.
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#S EE tifE

i wgt[i-1] val[i-1]

1 10 50 ¥ BANER HazEE
2 20 120 20 cap = 50
3 30 150 7Y ~ m
4 40 210 bd 8 —

5 50 240 ()

BAME: 120 + (30/40)x210 = 277.5

BRAZE: BB A 30 B ¥ pAES
HEE S0 HESE

B 15-3 3 80H B B R

SHECE AR 0-1 B EAEEAR EAEFMAC, IRSEZ LY« AR o, BME2RRETEER MY
BRARNME,

RNAFIET, AT IR —E7, WA 15-4 s, BT EET Y5, FHigER
EEBR T A B

1 KT, CERAER FIOMEN valli — 1)/wgt]i — 1], BFRARHME
2. B3R5 i, RN w , WEERMIOER w x valli — 1)/wgt[i — 1] ,

Hs EE il  AfifiE

val[i-1]
i wgt[i-1] val[i-1]
wgt[i-1]
1 10 50 5 ] E gy L E kv HERn
EINER BT E Whne &
2 20 120 6 _ T
va -
3o 130 > & YT gl (|
4 40 210 5.5 ¥
5 50 240 4.8 -

15-4 PyinfE s & NHYIME

1. SFDRERIAE
BAAEUAYENE, AR R ER AN E R TP, Bt AR A 15-5 FRaY 00K
[

L. Ryt B BN E M S BRI THE R
2. WA, SR TLOHER AN E RS P
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3. HHIREHARAL, WIEEH LAY A — 8 B B,

RS EE fifd  SAfifiE
val[i-1] RiBBfE

i wgt[i-1] val[i-1] wetli-1] MESENEHER

2 20 120 6 2

4 40 210 5.25 ¥ D"

1 10 50 5 ™) RAEFRUNMEERNY R
3 30 150 5 @B

5 50 240 4.8 7

15-5 o380 Bl ) 20 O SR

2. XIB%EM

BATEL T — 0K Ttem, DUMERY)SALIAANMEATH Y . 1EMNETO00ERE, S HECHRBEH
FIR Al

// == File: fractional_knapsack.kt =

/* ¥gn %/
class Item(
val w: Int, // ¥&
val v: Int // ¥)&INE
)

/* DEEE: Bwd */
fun fractionalKnapsack(wgt: IntArray, _val: IntArray, c: Int): Double {
/] elgE¥@yIR, GEmINENE: EE. NE
var cap = ¢
val items = arrayOfNulls<Item>(wgt.size)
for (i in wgt.indices) {
items[i] = Item(wgt[i], _vallil)
}
[/ EREAMMNE item.v / item.w MEEHEFEITHIF
items.sortBy { item: Item? -> -(item!!.v.toDouble() / item.w) }
/] TEIFRTCNESR
var res = 0.0
for (item in items) {
if (item!!.w <= cap) {
!/l ERRBERE, WEHTIYRBIRHEE
res += item.v
cap -= item.w
} else {
/| BERRBERE, WEHIMRN—BIEHER
res += item.v.toDouble() / item.w * cap
/| EERRAE, FLBREER
break
¥
}

return res
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NEHF AN B E R EEE A O(logn) , ZREREER N O(logn) 8t O(n) , BURTHRHEIESH
B,

BRHbr28h, TERERT, FEEHEMMIR, BRRBERER O(n), Hibhn Yd.
HITRIGEM T —1 Ttem MRFIZE, KEHEREN O(n) .

3. IEFRMEIERA

RHRIEZ, B « 2 R ER SR, EREREDORIGRARNEN res , EIZBH IS @
WEMNE B H A EEREEY M, SOV ERNYIN v . BTY5 v MR IMESS, KIS
BEEME—TEKRT res, X9 res RERMEFIE, BHREREPLHEEN © .

XTI A, BB DA EIAF G, SIS, AR EE R SR IR, X
APPSR G S

G 15-6 Fiow, A SeReP e BRI i B AN (B0 I 1 — 9K R R AR AN Il )70 2508 (e im) st ]
e “SRAEA FRAERRIX TR T BB A I RTHI AR o JX 2 En] DAES B ERATI AN LA fig EE B A 570 o SRS (4 R

YmBGE
5.25 5 5
* ¢ & -
YoES
40 10 30
50
| “uzE

B 15-6 3 EH BRI LERR

Question

BMA—T A ht , RPN TERR N BERERNEE, SEPNEERNER, DREllz
B =3 (8] A A R — D A28

DA RS TEEMEENFRA (), HivEEiEERERouE, %6 EZMNEREEHRS |
Z%O

BERAHPIEEM DN ER, ERHRNARNEERAR, RERAER, ~HAE 15-7 Fimr,
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atx

e B N W B U O N

L

0 1

N
w
&~
(5]
[}
~

BABEAN (5-1)x7=28

15-7 KRB ERERR R

AHEEEM N FERE R, FABRRE WA BRI, iKh (4, 7] .
MR, AR TRERMGEE, HrhaEEiove, 5ERMBIRINEEHERS 2%, RARN capli, j]

, MIATE R
cap(i, j] = min(ht[i], ht[j]) x (j — i)

WHELKREN n, PIATIRIALS R0, (RARE0 1 C2 = 2L A s, Slllal DAsremifidk

&, MTTRIEFRAZR, NEEZEN O(n?).

1. RO

X B RS S RCRIIRE, & 15-8 FvR, BUEE—MRE [4, 5], HERE @ < j & ht[i] < ht[j]
, BVE ONEERR. 5 N RARG

e Bk N W B N ®
[ < |+
—— <\

i MR, § AR
YUEIAE cap = min(3, 4) x (7-0) = 21
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K 15-8 WIS

aniE 15-9 AIoR, FHBERRE MR j kiR @ S8, WA= —E .

IRRNERSENRR j )5, SR j — @ HERN; MEmERERIE, FitmERRENE (O NRER) 5L
N (BENEH 5 BONRERD .

—— < e

e B N W s 00N ®

BRBER, BE—ER
LUHIAE cap = min(3, 3) x (6-0) = 18
K 15-9 RNBIIEAREEIRE

i, BAIRAMANBERR  , AAREEFRER, FNEREE —EZ/, HEETRIER BB
BNIERIREN ¢ FTRESAE K. BIANTEE 15-10 1, BalEia Hf R,

8
7
6
5 | J
4
3
2
1 y
0
(] 1 2 3 4 5 6 7

B ENER, BRAEEA
LBEIAE cap = min(8, 4) x (7-1) = 24

15-10 N sl IRAS
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P L AT AU SO SRS . RIGA LIRS, BEH IR A M, ARAI P RO I AT

TEEHAHIA,
B 15-11 R 1 s D SRIS IR TId AR

L WGEIRAST, f&EH 0 F0 j 0 5IEEH M.

2. WHMAPRESNER capli, j], HEHBRAER,

3. HEEH @ FOMR j IR, FERIEMRA NS %,

4. TEFRPATE 2. P 3. B, HE ¢ M j HIBINETR,

8 8
7 7
6 6
5 2 5
4 1 4
3 iR 3
2 2
1 } 1
o 0
[} 1 2 3 4 5 6 7
MAMIEE 1, § , EHITIKARE, FERAE res = 0
Step 1 Step 2
i
8 8
7 7
6 6
5 2 5
2 Y | 4
3 R 3
2 2
1 1
o 0
] 1 2 3 4 5 6 7
WHIAE cap = min(ht[il, ht[j]1) x (j-i) = 24
m BABE res = max(cap, res) = 24 Step &
i
v .
8 J 8
|k 7 aR 7
6 6
5 5
4 4
3 3
2 2
1 1
o o
o 1 2 3 4 5 6 7
WHIAE cap = min(ht[i], ht[j]1) x (j-i) = 28
m BABE res = max(cap, res) = 28 Step 6

YUFiAR cap = min(ht[il, ht[j1) x (j-i) = 21

B|ABE res = max(cap, res) = 21

< He

j
v

o 1 2 3 4 5 6 7

YpiAE cap = min(ht[il, ht[j1) x (j-i) = 15
BAZBE res = max(cap, res) = 24

< He
=y

0 1 2 3 4 5 6 7

LFiAE cap = min(ht[il, ht[j]1) x (j-i) = 21
BABE res = max(cap, res) = 28

]
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& i
v
8 8
7 7 .
6 } 6 3
5 MR s
4 . | 4
3 J 3
\R 2 2
: | :
0 [)
] 1 2 3 4 5 6 7 [} 1 2 3 4 5 6 7
YUHIAE cap = min(ht[il, ht[j]1) x (j-i) = 4 YHIFR cap = min(ht[il, ht[j]) x (j-i) = 5
l Step 7 BABE res = max(cap, res) = 28 m BAZBE res = max(cap, res) = 28
ij
v
8
7
6
5
4
3
2
1
[
o 1 2 3 4 5 6 7
v s i 5§ AEA,
w - BRHBLLER, BEIRARE 28

15-11 HAAERFER ST

2. K85

REERERZ n e, HENBEREN O(n) .
L i, j. res ERATEENOEIMEN, FtEREREN O(1) .

// == File: max_capacity.kt =

/* BRRBE: AL */
fun maxCapacity(ht: IntArray): Int {
[/ ¥iatk i, j, EESIIEARL
var 1 =0
var j = ht.size - 1
/] VIERKAEN 0
var res = 0
/] ERBCERE, BEEMIRERE
white (i < j) {
/] BHRARE
val cap = min(ht[i], ht[j]) * (§ - i)
res = max(res, cap)
/] ERHEshiER
if (ht[i] < ht[§]) {
i++
} else {
j__
+
+

return res



BISE b www.hello-algo.com 340

3. IEWRMIER

ZF LT R, REDVERRTODIEER S “Bd” — 2R,

FEAAEIRTS capli, j] R, @ BN, § KR, A B0DHIGRNR ¢ B —i8, £S8E 15-12 FroriRes
e “BE”, XA S ETERIEX R A R,

cap[i,i—l— 1],cap[i,i+ 2]7 ,cap[i,j - 2],cap[i,j - 1]

|
| A | | |
il it | | [ | |
EERERE L ANERNREN
caple, 7] capl1, 7]
Bhid a4k
| | |
| | |
] || '
| i | ‘ | | | | | |
| | | | 0 | | | | | | 1 | |
| | | | | | | | | | | | | | | | | |
cap[o, 6] cap[o, 5] caple, 4]
| | | | | |
| | | | | | |
e | ] ] e
oy ||| HEE | | ] ]
caple, 3] caplo, 2] caplo, 1]

15-12 skt SERBEL RTINS

MR, IR IR b B R K § mPBSNFE IS, AiERMNESIERNERIR—E S
SEAEEL/N, W, SERERIRSEITRERRIUE, B ENr2SBGRIR,

AL A BB, BaiEmpiRiee “2ae” 1y, SOREZEAR,

15.4 &A)59 FEinER

Question
H[E—NIEEE n, KEUINEDWA IR, KUI7EMREERTRN R 22D, E
15-13 ffi7Ro
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WAEE n , R max(ngxny xngx..xny %N, qxn,)

15-13 e RYI2 AR AU L

EREBAE n 1o m DR T, Hps AMRFidhn, , B

m

=1

AR HARESRIG A BN TR ATEH,

BNFEEBENZ: VIDBE m MiZZKR, 80 n,; NMiZEZ/h?

1. BLDKRBRIAE

RIEZE, R E LB E R, BI-M n o —NEF 2, METRE 2(n —2)
o BMTRZRING n (ELLE:

2(n—2)>n
2n—nm—42>0
n>4

nE 15-14 R, Hn > 40, P —1 2 ERMEEZR, KRR THFT 4 BFPEBERRIZE17 .

SOLERME—: WIRVIDTTRPES > 4 WE T, BAENIZEREY) 0, &RV TR AN 1, 2,
3 X=RAF
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N
=
=
1
N

Y nz24 B, 188 2(n-2) 2 n
HtRENDARRANEFE 1, 2, 3 BF

K 15-14 Yo SEERAZ K
B OREFMAHFREMEN. £ 1. 2. 3X=ARTH, BAR1LEEZEN, WAL X (n—1) < nfEK
37, B 1 ks SEBERAEN,
WE15-15 R, Yn=6N, B3 x3>2x2x2, XEWEYIN 3 Y 2 Hik,

DRI —: FEVITT RS, REENAAERD 2, BOA=A 2 BRIV OV 3, MRS BRI
o

HEFEESA 2 B, ROZBOMECRRED 3

K 15-15 &Y H+

£R PR, RIHEBL DU SO0,

L AN n , WHAKYI > HE T 3, BEEREN 0, 1. 2,

2. AREON O, AR n 2 3 IREE, BRI,

3. HREON 2 |, ARSIy, RE

4, MRECH IR, HT2x2>1x3, FVERE—3EHN2,
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2. KE5sEH

i 15-16 AR, BACAEIER Y] 88, ] AR A RMEPRIa T2 3 M o, HEEIZES
FIRECD, ENA:

n=3a+b

HERE, T n < 3WBFRIENR, BAHFSE—-N1, ’#HN 1 X (n—1),
// == File: max_product_cutting.kt =

[* mAYIDTER: Al +/
fun maxProductCutting(n: Int): Int {
// H n <=3 B, ®agnt—1 1
if (n <= 3) {
return 1 * (n - 1)
}
[/l BAOHTISH 3, a A 3 BN, b AREK
vala=n/3
val b n%3
if (b = 1) {
/] HBREA 1B, B—3F 1 x 3 BKA 2 x 2
return 3.0.pow((a - 1)).toInt() * 2 % 2

}
if (b = 2) {

/] EREA 2 B, TR

return 3.0.pow(a).toInt() * 2 % 2
}

/] HEER 0 B, FMEhE
return 3.0.pow(a).toInt()

R b aft3

n=3xa+bh

15-16 AV RN HETT &

o] TR A2 A BE R T S IR RSB TL. DA Python Jufll, & AR R EECE =#,

- S xR pow() IR Z4ETH O(log a) .
Hi% math. pow () PIEETAAT C TGN pow() BRAL, EBTITAUINE, WHAEZEY O(1).

A& a F b ERFEBONIESNEE, FERERERER O(1) .
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3. IEWRMIER

EARIEE, Rt n > 4 RSN

L AR < 3 RIERMRVIFTTRPEE > A WETF «, Ba—En DUEHSASRIS 0 2(x — 2) ,
MRS R (BRHRF) HISRIA. X SR E.

2. VInTiFAuE 1 BREMUIDTTRFEE-INETF 1, WAE—ERILLEFHABI—PEFH, D
PIFERIFRM, XS5BT E,

3. VI RBBWEWNA 2 . RERIEVIDTTRPEE=A 2, Ba—Erl AN 3, RRIE KR,
XEREF JEo

15.5 &

1. EREH

- PO SIME R TR L, BUEE R AE N RN BRI R B R RO, DA 2R
Bt

C PULEESERH N — N X — AN DR, A I T (R — U N T,
BRI,

- LSRRI, E VR IORERCR, T EAHIR, 2ol SR I 2R E A (.

RS, TS, 2O DMRER SR X T 5 A A A A R
R, BOLEEATRER SR,

AL R B PR SOOI TR F24540, 200 P R A2 50
TR,

R R A, SRR R, R, E AR, FI B,

C ORBALFE LTS NS SN, FE LR, EREER, i B DRI RS IR,
ERMEER R A,

- YRS LREAE 0-1 T AT L, AP, R AT DSR2 E
i T DA B RS .

AR VAT S AR, RN O(n2) . JEIEH S0 NS, RN,
HIEERERLE O(n) .

ERKINTRAE T, BAVEE R R ORI > 4 RSEERIRE)S, BIRIE T
N3, RBTFEATEE, NAERERATREESIE B35 0(1) % O(logn) .
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16.1 (RIZIFIRRE

16.1.1 ®E IDE

HeF IR, B8 VS Code 1ENAHIERIT R (IDE), Vil VS Code F M, HIEERIERGHEAH
MIRAHR VS Code 3T REFIZSE,

a % O 0% i

Visual Studio Code  Docs  Updates + Download

Code editing.
Redefined.

Download Mac Universal | .,
Stable Build

mac0s Universal
Windows x64 User Installer

Linux x64

. & C *
master G014 » ) B CA2 Sonces? UTFE UF
Other downloads or cpen on web
0
T#i VS Code 85
IntelliSense Run and Deblg BONCN Git Extensions

16-1 MWER T~# VS Code

VS Code IR REASRS, KR ZEHREESHIZTHIEIK, LA Python M, 2% “Python
Extension Pack” #" B2 J5, BIA[H#EAT Python fXESVEIR, 230 3UIE 16-2 FliR.


https://code.visualstudio.com/
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Python Extension Pack vi.7.0
Don Jayamanne 7,005,466 % % % % ¥ (16)
Popular Visual Studio Code extensions for Python
Disable v Uninstall |~

This extension is enabled globa

DETAILS

Extension Pack (7)

REHRNT

A B P O AT autoDocstring - Python Docstring Ger

doc

! Install

|
j—ﬁf*?ﬁ% ython Docstring Gen...
@ Python
P

3

Jinja

Python Extension Pack

Install

= ] Python Extended 12M k4

16-2 %% VS Code ¥ B f

16.1.2 REESIFIR
1. Python ifi§
1. F#EFF%% Miniconda3, % Python 3.10 BEEHHRA,

2. £ VS Code idifERi 7182 python, %24 Python Extension Pack
3. (A1) fE@S T8I pip install black, ZEMmHEERTH,

2. C/C++IfiB

1. Windows R&FEELE MinGW (HLEZGE); MacOS B Clang, Toii#dk,

2. £ VS Code @RI R c+ , %% C/C++ Extension Pack

3. ([ &) FTJF Settings T i, 1% % Clang_format_fallback Style fRFSA% Lk, RE N
{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach }.

3. Java ifig

1. R#EF%% Open] DK (FRATEHE > JDK 9),
2. 1£ VS Code WHHFTI IR java, &2 Extension Pack for Java .


https://docs.conda.io/en/latest/miniconda.html
https://sourceforge.net/projects/mingw-w64/files/
https://blog.csdn.net/qq_33698226/article/details/129031241
https://jdk.java.net/18/
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4, C#iIfiE
1. FEFFZEE Net 8.0,

2. £ VS Code iR 71822 C# Dev Kit, %% C# DevKit (FlEZY,
3. WAl A Visual Studio (ZZAE#FE),

5. GoIfig

1. F#EHHLEE g0,
2. £ VS Code idfFfi 718K go, %2 Go,

3. ZFERE ctrl + Shift + PPRHHASEE, A go, 1%#E Go: Install/Update Tools, &HBAIE

FH22 2 R/IAT,

6. Swift Ifi%

1. FHEHFZEE Swift,
2. £ VS Code @RI R swift , 223 Swift for Visual Studio Code .

7. JavaScript g

1. F#EIFFZE Node js o
2. (A[i%) 1 VS Code WA 4R Prettier , MRS IULTH,

8. TypeScript IFix
1. [A] JavaScript SRR 2251,

2. &% TypeScript Execute (tsx) o
3. £ VS Code WyidifFHiA R typescript , &3 Pretty TypeScript Errors o

9. Dartifis

].. —Fﬁﬁﬁg Dart o
2. 1£ VS Code Wt HiipH ¥R dart , %2 Dart,

10. Rust Ifi8

L. FEFFLEE Rust,
2. 1£ VS Code R EE rust , 4 rust-analyzer o


https://dotnet.microsoft.com/en-us/download
https://code.visualstudio.com/docs/csharp/get-started
https://learn.microsoft.com/zh-cn/visualstudio/install/install-visual-studio?view=vs-2022
https://go.dev/dl/
https://www.swift.org/download/
https://marketplace.visualstudio.com/items?itemName=sswg.swift-lang
https://nodejs.org/en/
https://github.com/privatenumber/tsx?tab=readme-ov-file#global-installation
https://marketplace.visualstudio.com/items?itemName=yoavbls.pretty-ts-errors
https://dart.dev/get-dart
https://marketplace.visualstudio.com/items?itemName=Dart-Code.dart-code
https://www.rust-lang.org/tools/install
https://marketplace.visualstudio.com/items?itemName=rust-lang.rust-analyzer
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16.2 —iES 58k

HTEERIAR, HHXERFAE—BERMER, W, RELITER, BERRM. WEHK, X
FEL, A TEWEA TS AN GBS R, BB TBIE, DA IR E LB > B,

Fi 5260 A1 GitHub ID $$EAR B, MU PDF M 30T 3 TRR,  DUBSHIBA T IR X A TE
FAZE TR

JFIREE Sy
205 T AP R ENRI A TR BRI TR AR, PR ST IR 3 A 7T
MEATHRA A, WREIERIR RIS =8 H EE LN,

1. AEMA

e 16-3 iR, SATUERA EAEH “gmERERT. R DEZIE DU N P BRIESCOR B,

1. i “wBERR, WSBE “FE Fork e WIPR, ERRIZEE,

2. 1B Markdown JEXXFNZ, HENARMNIERYE, HRERRHRIE N5 —,

3. TETHIFEE BBORH, RERT “Propose file change” %%, TUHIBkE: /G, it “Create pull
request” %R RIA] &R HIEUE K,

o, o oe
Fudfi wello Bz % o Qoam L Ristiiiotts
Hollo W3k 31 HURLEM ‘ ‘ s
®Hom wE > ' o OEES ) a1 mmem: sesm
EERE R e > 312 MR S5O
8 Wom mRESE > ERMESIOERA. EE K. Wl SRR, B . B, TIIELUAZRGH R
e T
31 HUBESI S
2 WANERE 311 iBIEAN KSR
33 WEHE - Si
a - 7 B . RIET, BT IR TIEmiEHEE
. BHIERR; THERHD, SRS FRRANT), RNEAESERZPNTRERR; ENGTR
36 TR, RIRT BROAGRR.
B H4n mEsER >
& msw ML N 0B 31 B, SEMEEMATR AR A AN TR, SMAMILIEN, EEEENAR L2
= o E il; AEEIEEHNER, 244 i,
@ men nam ) GIET); AEAEEIIIAR, BRI
Aw7E B > - WIS B, R 5 DIL BEE.
A omem > - MG 1 . B, R
G Hom & >
= H08 B% > Erre T AR
] ENW >
- W2E 3% > L] ]
1 HIBE @H > . - JUN N
B E1am pEm s - P
@ His®W AL s .
@ ®ieE MR > = /|
B a H—

& 16-3 DU gm AL T

R TEEERE BN, FEEIHE [ssue BUFICH SREARIE, BAI2REREHIFEIRE R


https://github.com/krahets/hello-algo/graphs/contributors
https://github.com/krahets/hello-algo/issues
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2. RELIE

MREE GBS S5 HITRETE, fEAEBIEREMREE S, T RCENESE, IAFELAT Pull
Request TIEfifE,

. SR GitHub , KRB G F Fork 2D AKS T,

. AR Fork FEMTT, M git clone AR vafE £ A M,

- AEARHGEITNACIE, FHE TR, RuE RS E R,

. B AR CE R Commit, A5 Push FifE G,

. RIFTCEMTL, i “Create pull request” FZH1EIAT & EHBUE XK,

g W N -

3. Docker ZE
1£ hello-algo MRH®F, $UTLAT Docker A, BIRI{E http://localhost:8000 jRIATIH :

docker-compose up -d

{5 FH AR i < R RT R AR -

docker-compose down

16.3 ARiFFE
22 16-1 HIH T Brh I R EAIE, (HEE R L,
- EBOTAZIAR I, DAE SOk,

- B ATAAE AR SOEEAR AR SR BIIMTE AN

% 16-1 BURSHS5RIANEZE AR

English faT RS L {ENSED
algorithm =RFS CCRES
data structure HEaig BRLEig
code (E RS
file XA RES
function PR PR
method VERES T3tk
variable Iy SR

asymptotic complexity analysis ~ #NEE AT BOLEREE T
time complexity N 1) 52 2% P IRF M P


https://github.com/krahets/hello-algo
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English

space complexity
loop

iteration

recursion

tail recursion
recursion tree

big-O notation
asymptotic upper bound
sign-magnitude

1’ s complement

2’ s complement
array

index

linked list

linked list node, list node
head node

tail node

list

dynamic array

hard disk
random-access memory (RAM)
cache memory
cache miss

cache hit rate

stack

top of the stack
bottom of the stack
queue
double-ended queue
front of the queue
rear of the queue
hash table

hash set

bucket

hash function

fa R rsg

23[R AR
TEER

AR

19

J2 i)

e RUSE
KOs
i SR
JiihG

ST

EART

el

EGl|

R
R
SR

JE T AN
HllZ
ASEA
%

el

17
ZAFARA
RAranhR
(53

AL

3]

BAZ|
WEIRAF

E U

R
ol

ES M

U]

JEIEE

KO iR
Pl st
J5HES

—HiE
L

feiz7]

K5l
SRS
ST RS ET R
SR
JEER

2l
BREES
T

LR

PREX

PRECAR A
PREX AR R
HE
HEAR TH
HEB
741
Eafrs
THE
151
MR
MRRS
i
E5i3C BN

I
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English

hash collision

load factor

separate chaining
open addressing
linear probing

lazy deletion

binary tree

tree node

left-child node
right-child node
parent node

left subtree

right subtree

root node

leaf node

edge

level

degree

height

depth

perfect binary tree
complete binary tree
full binary tree
balanced binary tree
binary search tree
AVL tree

red-black tree
level-order traversal
breadth-first traversal
depth-first traversal
binary search tree
balanced binary search tree
balance factor

heap

max heap

fa R rsg

IS
AT
Bl CHiE
FSHE
LRI
LGS
XM
TR R
FEF R
LA
AR
e
LSRR
R R
9 AR

i

=

i

i

IR

SEFE X
RN
SEI X
-1 — X
X AR
AVL f#f
A2y i)
=30
IR S T
IR ARS8 3
XIS R
A A ER
A T
He

PNt

E U

MR E R
A#EA T
A AL
FHCE L
BRIERE
HEIER

— ek

HRETR
TR
s

JE

B

R

SE3E Tk
SE4 Tk
SEi ek
S s
IS
AVL #f
AL

& e s

JEE i B S AE ¥
IREE B SeE
it
S e
FE T
HERH

K TEHERA
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English

min heap

priority queue
heapify

top-k problem
graph

vertex

undirected graph
directed graph
connected graph
disconnected graph
weighted graph
adjacency

path

in-degree
out-degree
adjacency matrix
adjacency list
breadth-first search
depth-first search
binary search
searching algorithm
sorting algorithm
selection sort
bubble sort
insertion sort
quick sort

merge sort

heap sort

bucket sort
counting sort

radix sort

divide and conquer

hanota problem

fa R rsg

/INTHE
HRSERAF
HEfE
Top-k [Al&
]

Telal
Alal
s
R
AIE
Bz

12

NE

HiFE
RRHRIERE
RWHER
AR
R EER
TR
BREX
sk
R
SRk (352
AT
PRiEHE R
3 HER
HEHR?

LiTiEé 35
T
E e
PaRl=
DU P P

backtracking algorithm IR RES

constraint

AN

E U

/INTEHERE
sl
HEREIL
Top-k [i&
THRS

3 1 ]

A 1 ]
JeEL A [

A i [
AHERE
skE

B

NE

HiE
AR
HhER
gl T
“ns

L SRS
HEP AL
BEHE
HERZRE FB
AT
StSEEag
At
HEREHE?
WY
g /€ 352
23 GE g
PaR(E]
RIS R
[ e 5 1%
R
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English

solution

state

pruning

permutations problem
subset-sum problem
n-queens problem
dynamic programming
initial state
state-transition equation
knapsack problem

edit distance problem

greedy algorithm

fa R rsg

fiRt

TN

L1157

2 HE 7]
FHEAN A

n BJEFM
BHZSHK
IR
RSB
A
YL S )
TLE

E U

figt
N
L1153
EHIRE
THRAEME

n 2JEHE
BRERH
HIhARAE

AR REHER 7R
TS

H9rt 8 I A T R
B

55y
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