% |

g
D 4
4

; I-+|(E!!|,|J‘:' i{Eii[ngg!:

B AHTE

~,
~
1>

R4

~,
-
-

—RBITH

7

BEEA

#F1% (@krahets)

i

b ..

—a
¢

9

%

0

0
....

%

)
....

X

"

!
|

"

0
i
i

i

y

«.“

f

y

y



Hello BE %
Kotlin 285 ki

& . TR (@krahets)
5T FRRE (@curtishd)

[
= I
I-ELLOJ

Release 1.3.0
2026-01-01



FF

WAERT, BAENI LT “BIHE Offer” RIEME, 322 T HF2m#E IS B, fEMEE RN, &,
BN — R W ANFIERE", Wi, PSR A TR R A B,

AR — PR AR R CL TR e S W 757, B, BRI HAR AmmEMFEDT "B HE, H26E
F138 I NRESINERR B B HE s, TR AR T RERE I AR BRI R D IR A, JE A
PR — R TR, (HEREFSREE G, S, RIRIERE, AR CAEHFE 7 AHER)
K41, V)R BB E AR T — IR EE A RE

GRIR B ORI, RBREEEAE 7 B TR, AFEZRBEEMEMES LSS, IENER
Ef, thEDR MBI ER, ATHHERNE GRIREZEEES] Offer, (HE I EIRRR GG IERIA
Y “RIGRHBIE", TR TR CHIERT AU, RANBRODAAAIE, SERERESE HEETRT. A TEER
4, MMEIRATCASEAN B an bl S B ARk, B R e B R AT R

RIRGRFEE BB S “Knowledge isn’ t free. You have to pay attention.” #EEHE®R LE, BA
TR R “RH” BT AZAMRBAEMNHNEE “TEN”, RGBEITRE, RARKK RN
ARGE A FE AR,

RNEFZGAE, EPNERACEE —RIFHITE, H—EAar 2R, BesS A EmeE sy
A1,

AEFIENBNE I —RBBITIEIGHE, &R github.com/krahets/hello-algo & &,
BE(E PDF WINERSCRARR, Al www.hello-algo.com 48 E b DASETS B A1 R B BE B

HEEE

“ARIEB S EE RS B RIR TS, 7 RS T A AR, SRR AR R E R 7
— ORI, THEERREIEMR BN

MR E TGRSR IEEIERA (Hello HETE), ZEREZEGEE 10 517
—Z2, SSEERERPER



https://github.com/krahets/hello-algo
https://www.hello-algo.com/

TR AT B 2 Tt SRA A 7 EORRYSE E, RIBRE iR HIE B AE ) B s Ry T AR AR R, A T T R
B R PHEORI AV EAR A, SR R DU BRI BT, BB IR, B2 AlphaGo KIRERALE.
ChatGPT W EHAHE), ELEMAAREEIREER LIRYEE,

HE L, R, EREEME RS O RN I RS E RS, FHIRNERIAHE G, fla
AR BT R TR ERSE, REE RS, HRERRWE S IR, R ERTHIEA
B, B E DR A M, BRI THETHRENE, PPN NBENEYER, AR
E NG I A R R,

kR, ERHERERENAE: KRB EMER, DEHERESAR, FF2 /M AR |, KRE—EE%,
B, HENEEHMT SR B RRE ARG “HE", R ERNREAERT;
PIBERERIANE 1757, —WBA —ImEH; FHEtg—E MERRT, sEPuEE R B e,

AE BRI TH R 7 A B e B rT ST RORE SRS EEG, (R B AR R I RS AR O, e
sEmiE et REBREM, AR L, AEBOIREREEIREEM PSS, REEREZ
3%, WEAREREMEIEIK!



E A

$6E

]

I AE

NG

MHEEE
SRR

HERRE .

NG

@R R
T RRCRGH

IRREGEE ..
IRFFE R . .
CREME ..

NG

BRGiE O
FARBRIRA

Py B dAS R )

(357 R

sEEEES L
=7 | I
FLTE S B PR *
N
ST

2
o .o
Brfry ...

NG

MER
MR ..
MEZEER ..

NG

LSRR
s .



H & www.hello-algo.com ii

F8E R 162
8.1 HEFE . . . 163
8.2 EMEREERME . . . . 170
8.3 Top-kFIRE . . . . . . 174
8.4 KR 177

$oE 178
91 B . . 179
9.2 BBIEEBIRIE . . . . . 183
9.3 BHIER . . . . . 188
9.4 INEE 194

F10E 8 196
10.1 A0S L 197
10.2 T SEREARE . 200
10.3 TSR L 204
10.4 HEEEMEEIE . . . 206
10.5 EEFFESIHETLE . . . 209
10.6 /GG . L 211

B11E HF 212
11.1 HEFFEELE . . . 213
11.2 SBEBHIT . . . . 214
11.3 JIRHIT . . . 217
11.4 AT . . . 219
115 BREEHET . . . . 222
11.6 EUHERT . . . . 227
11.7 HEREHET . . . . 230
11.8 KHHER . . . o 233
11.9 BHEEHET . . . . . 235
1110 BBEHET . . . . 239
TLIT ZNEE o 242

B12E 24 244
12.1 SMRIEETE . . . 245
12.2 SEESEE . . 248
12.3 RERETIUBIRERE . . . 250
12.4 WIPNEERIRE . . . . 254
12.5 GG 259

$13 5 [ 260
13.1 FEIHEETE . . . . 261
13.2 SHEFIRIRE . . . . 268
13.3 FERRIE . . . . . 273
13.4 n BRI . . . . 280
13.5 /GG 283

B 145 EHREREY 285
14.1 WHRBHEERRE . . . . . 286
14.2 BIEEIRBIRIREERE . . . . 292
14.3 BIREIRBIMERERTR . . . 297
14.4 O-1EERIRE . . . . o 305
14.5 ZEEEEE . . . . 311
14.6 SREBFEEERIRE . . . . L o, 320
14.7 GG 326



H & www.hello-algo.com

B15E g%
15.1 BEEREEELE . L
15.2 SPBOSEIRIRE . ..
15.3 BARBEBE . . . .
15.4 BARVIDFMEE . . . . .
15.5 INGE

16 E itk
16.1 REREEHBERZREE L
16.2 —EZEAWE . . . L
16.3 WEEZR . . . .



Abstract
THBEIEM SR B L, F— 1T RIS EG R A I
FRIE A EAE VRIS B B NIRRT IR ZI g,




HO0E A

0.1 FRZE

i}

www.hello-algo.com 2

AHEEEEL AR, R, TR ERAS R B RIR AP EE,

- EERMIEEA, NEEWSE, SEEARCEN, 550 E IR B B R IR R Aot

- PRRESKHE A —SEET, HEEVEE AR TR R A BERE, MR T S TR A T B S AR5 8 TP
B,

- REFEE LIRS, BRI H R = AR, e s LR,

0.1.1 BE:8

AIRREHEIESRE, OREERERT, WHCEE LR, R B R a MR R,
FEERAE 2 FRERE, AEAE LR IR E S E !

QRPREAAER AR R, PGERHR AR, BREEAE o] B (R [0 R B BT S TR M B R, 8 IR 5K
AERTDAEME R TEB” 8 “HEET I A,

AGRERE RMT, BIOTIFRERI B B, BE 2 A,

i B
IRIFE RV BARE 35S RERET 5, RES BRI M 5 il B AR KRS,

0.1.2 RNABEIE

AERNTEZENAEWIE 0-1 FiR,

- BRI ORGSR R AT M R BT T, IR R AR s R AR A HE R T TR, R AR,
B,

- BRI EARRRBIRE RS BT R, Y SESERS, HEE. (THI. RERR. B HERE.
SRR T IR, BB, WAHIRE B RAG ER, BETRS.

- OWRR: a3 i, odh. [ BNRERE]. EEEERARER. SRR AeR. ERGE. WE
A ERRIR B 5


https://www.hello-algo.com/chapter_appendix/contribution/

B
o
i
=
i}

www.hello-algo.com 3

A, WIRAGHE for;@M. while B, SiREME
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QIRIRFORT, IR IR BATR . WIRBERMAIR, 520 st A s,
BRI A L, A RIS R R A 2 R, B T5R, AR EIE,

£ hello-algo DQ0Oaos

@ EXPLORER <o @ myheap.py X D~ D © ® O -
v HELLO-ALGO codes > python > chapter_heap > @ my_heap.py » ...

> B gt """Driver Code"""
> % .github if __name__ = "__main__":
v @ codes # AR
>Mmc max_heap = MaxHeap([9, 8, 6, 6, 7, 5, 2, 1, 4, 3, 6, 2])
> W cpp print("\ns#AFIRHEHEF")
> B csharp max_heap.print()
> dart
> M go # REETTER
> I java peek = max_heap.peek() —]
5 () [Eesils 118 print(f"\n#McHk* {peek}")
v @ python
> M chapter_array_and_linkedlist PORTS  GITLENS  PROBLEMS OUTPUT  DEBUGCONSOLE ~TERMINAL -+ [(Jzsh +v (D @ -+ ~ X
> chapter_backtracking
> 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

0-3 HUTHEEERH
BT ETE TIEEES =5,
B REAMBEHENRE, SNSRI ZGETREE, mREws, R e,
WP vibEs RSN R, 01 GitHub & i, WEREKZRE Git, AIRAUEE DA N2 mbEAR S &
git clone https://github.com/krahets/hello-algo.git

EIR, URR] DATEE 0-4 FsmIfiE, BiHE “Download ZIP” 448l B4 NEFE NS MM L, SRBTE A Hifig
JRERITAT,
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O krahets | hello-algo

Code sues (11

9 hello-algo

main ~ P7 Go 1o file Add file ~ <> Code ~ About
Local

§ krahets fix: Sev

B Clone Python, Go, JS, TS,

.github

HTTPS  SSH

https://git

| Octotree

G2 Open with GitHub Desktop
Open with Visual Studio

[?) Download ZIP

Releases &

0-4 vl EE B R A2 i

H= PTIRREAS, WE 0-5 AR, BTRTHEME AR MRS, AT DEA R codes R
HENFKEN I ER IR IR R IR IR 5] — ST, AR BIIRETE D ARSI, FRIRRES ST

72 Z“XHiEH % 3 Q
EXEEREE Pull requests 10

Python CH++ JV# Go Swift Js >
binary_tree_bfs.py

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

chapter_tree

\Fl, IINBTI= 9 krahets

queue: deque[TreeNode] = deque()
queue.append(root)
# Mak—"1 IR, BTREERFT
res = []
while queue:
node: TreeNode = queue.popleft() # PAFILHEL

res.append(node.val) # fR7FHiAME
if node.left is not None:
queue.append(node.left) # AEFFHEA
if node.right is not None:
queue.append(node.right) # HFTHNA
return res

array_binary_tree.py i

¥
i HEEXHRR
binary_search_tree.py

binary_tree.py

[ binary_tree_bfs.py

binary_tree_dfs.py

0-5 A NEH BB ER) PR SR 5

bR T A TR IS, 4 EUE SR Python FURSRIBIEL T (R pythontutor BH). 40k 0-6 ff
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FREBIE", DTS 4 IR R s,


https://pythontutor.com/

BOE FiE www.hello-algo.com 8
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Budf a1 ma % T QR Shoocs dsesr 1

Hello 8% [ @ FARET M ]

@ ®o® wx >

B ®1Em MRNE > Python 3.11 Print output (drag lower right corner to resize)

] ¥2m mAESK N res = (0] * (len(nums) BB nums = (1. 3.2, 5. 4]

& Bow niman s T ¢ BRRAENAETEEM

- for i in range(len(nums %ﬁEFi
B ¥aw maskR - 9 res(i] = nuns(i] Frames Objects il
41 WA 1 # EEY RGMNA
Global frame

extend(nums, enlarg

12 H% 1 return res

43 FI® .
13 ""tDriver Code”"" <

44 WESEG O it name == * main fums o ||z |3 |e 412 WANRSESREE
a5 e werma xtens /1 3|2[s|4 413 WERVTA

extend

S WSE B > nums = [1, 3, 2, 5, 4] e ,
EETERN > print("5 nums =", nu . o 1 e | e
Asraw > enerse 3/4h‘3 Gl 8
7
# KETR res
A wew > nums = extend(nums, 3) i3
G OEOR @ > print CHBARESRE 8
= OE0E 2R > ; Al el
N Edit Code & Get AL Hel
= mNE HE > line that just executed
v WRE HE s = next line to execute
KRN >
B Ruw meay > [<Prev ] [Next>]
@ wEE A s Step 17 of 22
@ Eow HR R Visualized with pythentuter.com
BE X

€ ¢REE

0-6 Python FEzUISHIE BT

0.2.4 7ERMEIRPHBERE
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Hello ¥3&
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WEEH, BEEET 3~5 MVERR, MeERHELE L, MRS EAR RS Rt GitHub
B,

3. BEBR = fEENERMIAR, E2E 7, M) DB IR S, SRS RE S, DAANE
SRS R, ERIET T, PIDAE SR AERS R RS, WS E M, M, R EE, A
I Tl L1 T DATE A5 B LA R

quiE 0-8 FivR, AHNEEZ MR “FEB—", SIERBIRE PR —MFE B = 2E,

PR — FEER— REER=
SR ERENFT R A EEAHRR

WA
P ING] RIERER RRRIES
WELEEH

ERAE IR BB

FREL B ] 2 Rl —iB kR BN, FIRRAR
TR AR IR DR IEAR EREENNRER

[ 0-8 {HETRSE AR

0.3 /héE

1. EE5[OIEE

- AENTERZFUEHAENRE, WRIREA &R, AEERHIRASRREEE IR, HrhiE
ISR PERy “RWIRE THEE" EH],

- EPNE T EQREEE AT, ERERAIEETA =R, WREE TR R ) 1,

- BREERR T, ERMEREE -AANMEERER, A UDERZEEE,

- ErPREhEE S R R ER R, FREA SR, B TEERNEE ST,

- HERERARE RS, SRAES T IR SR A R U,

- AREME R EE AR R A fTam R, BODRE R o VR RERK B B AR


https://github.com/krahets/LeetCode-Book
https://github.com/krahets/LeetCode-Book
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Abstract
—N/ DR SR, BEERIRHE R, R RIS E AR,
GBEEIRILEE, FEBRIRMEIPLR, A FTWE R B S R A BIA R,
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1.1 BEZEERTE

ERMEER BRI EEFER, REAMEGHBEE, RMER L, F2EEERLAY TS, m2
O AT, GBI B R AT R ] R,

FEIEXIRRHEAIR 2/, B —EABNEEEEDS: MEKESNARDEG TRF 2R, WEEEe
PR BN LR 7 TPk 08 BRI o7 A8 T — B

Bil—: A, e S, SEETECHE S, My URiRHE T RIEFE IR, RERERMREE
s —EPFE AR v B, B GIZIRE 1-1 FoRp 7 NESL,

L BB EE, WEZERNETRRME, BRETRS M.
2. HRTEPFE FRERF r A0 m 2R, P DAHERR 5 BUAT 57y, ERRRER LB 70,
3. NErEMEPER 1. PER 2., EESRIPHE AR r WHEEER 1L,

FRERHEFEROAFHT

\
EFHER: RICE—EHEETEA » 67 AR
EPRSE:

1. ERFRAB—HEHEE, ¥REFER n
2. @R r 1 m %8, FHBREESES

Step 1 Step 2
—H R —HERE

EFHRSR: EFHASR:

1. ERFRRBHON—HRRE, FREFHE t 1. ERFRRBBIN—FREE, FREFHE p

2. B r # t §0E, FElHREFESS 2. B r 7 p %E, EHHIREFES
Step 3 Step 4

;
—HEBR
EFRSR:

1. BRFRRGRBLN—FRER, BREFHE r
2. ERIEFER r NF, TRES

Step 5

fE 1-1 & e
s A/ AN MEGE, B EREEAN “oEs” WL ERETAAE, I HE T
BrR—ECHFR “FE517; (EHEEERAE, BT DU ERE i — RIREEE “—0EE”,

Bl RPN, WIMMESTIR, SRATEREME TS, EHENEIHS, BB E 1-2 Fr
o
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L e R@ o> 2 “EFT M T WER, G REAIRE MR 1 R EASH .
2. P —REEE, MAEHFEORIEMAE, SRR 2 RECEEHF.
3. NENEENER 2. , Bl SR MICEFEOMBAZ G, BEETHSEEA T,

KHF FHF FHIF
A Ta o X X A [ o > h, " [ &
&1;\5/3\ - _1A5/0.,A / 2[Af5 T
A [ 4 [ "I o
\ ,’ » A ! > B
uis ® 5 e & 5 S s
g 3 -
FHEFF RHEEF
/5 5 ) /'5 ) 2 /5 5 -
A ) /5: 2 /3‘\ 2 A A
\ 2 A
N” A4 4 v
5 5 2 5
< 5 5 2 5_ A A

1-2 B R

RPN EAE R AT R, e e EE MU RERRREER Mk w2 AR GE S Rk
Jr B R AR AP I B,

Bl=: BWR%F, B MEBETEE 7 69 Tivmsh, A M IPERE 100 7, RIBEREBFRZEEINM 31 7T, fil
GIR AR TERKANIE 1-3 FREIES,

ARIEE L 31 T EE/ANYERE, 5 1T, 5ot 10T, 20 7T,
ferEIEP R AR 20 7T, gk 31 — 20 = 11 7%,

R ERAEIEP AR 10 7T, ®ER 11 — 10 = 175,

fERpR P BRI R RRRT 1, #ERl —1 =07t

FRERE, 7TEA204+10+1 = 3175

AR
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BiEsa 31 = 11 - 1 = 0

BEEE -20 -10 -1

TWENTY

\
TWENTY ‘|

& 1-3 B RFiEE
FELL BB, Bl — AR RTE AR AP AR (BRTRER RImBEAIETS), RIS 7 alfTHRE )T
o EEFESHEERIANAES, BEEARE LR "H” WAL,

NEREE—IER, REVEFRWUT, %PArARERRRAEERBEE R, SHREMA MBI ESRMRESEERE
HREH RS R R A RC IR T, FIR SRR USEIT CPU F1 GPU TTHEE, Sh—2k, BIMutaE
TGRSR R A b, DA S R SRR A R R TR

Tip
NRIRETE RIS, EETA, BYIRN ES SRS — R, SR TR, AEARATIE
VR E N B R BT SR TR A R

1.2 BEZERMHE
1.2.1 REEER

wmE% (algorithm) Z1EARFFHINMRREE FER — A5 S o Ev B, EBEALUNRE,

- FERRARERYT, 05T I A T 2R
- BARTY, REMITEEIRAER. RIS T e,
- BOBEAMEH SR, EAHRREMARBITHRET, fWHaaeArE,

1.2.2 BRSBTS

BR4EME (data structure) ZHHMMFHFERIVTN, MEERNE, BRZHBRGRNERRIEE, EA
AL,
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- RS HEED, DS AR,
- ERHRIEATREDUE, MREERIWIML. B, MBR. EHEE,
- RUEERIEREOREEE N, DUEEEIASHIT,

ORISR — e e RER R R, SRR  HBUSR T, EEW A — T HfEH 21, T
a5

- SR ERSMERRES, ERRLET RO PRI L EANERE, (HREE T R DR,
- ERRER A A, ROt T E SR AGEE R, (ER A R R R S .

1.2.3 EREBERREEZNRIR

aniE 1-4 frR, ERHSREEEIRSEME, BEES, AERIEDNT =75,

- BRERREEIANE D, EREERREETAR M VR IER, DUREBERIRTT A,
- HEIRLEREEHIEAL W, ERERA S SRR, SRR EMIRATE M,
- HETREE A AN AR R EDL, HBUTRERATEEMERR, BHESEAE RS2 .

BE—RIUREES

MmN AL
LD ‘ REE Hith
_—
input algorithm output
BHHEGE

data structure

RUtERLHEEFNER
BN PEN B RHRIES &

[ 1-4 BRSBTS IR AR (R

BRI SR R N AN E 1-5 FosiIPHEEAR, —BAR, IRTEST2FHEZIN, B SRS
Fo HMHZIGRIAE D 1R0E, MREAR IR R AREAEA,
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& 1-5 PHEREA

W A EE AT IE R R AR 1-1 B,

11 R R R B R L 2 PHEREAR

BRUEREEETE  PREEAR

B R RPHERTREA

Bk AR, BREER, R @7 5E
[CECRES TR DR B AR BB — Y20 R

it R TSR

ERSAE, ERERREERERINENRGESH. ERM, AEFURHERZEEAESVE
B,

BI5E R TR
TEEPRRT SRR, FATEE A “EREMEREER e “HRIE", s AR LeetCode T
BEE, BPR RIS AR AR R 77 T AR

1.3 &g

1. ERSEIEE

- EEIREHFEAEPEENE, WAZE IR, B L, RMEEENARPEE TR
ZRTE, AR TS RN HEE,
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- AT SRR B o S ERTAEEL T oG 2 B E EERTR AR,

- REPEBETOR)E R B AP R E R AL, MAHE AR S H MU R,

- BWERENSRAH L REBEER, DRI RTE AR S E,

- BRI AR PRI N AR R R — A TS S BIR(E P BR, TR RHET 2 S M rh AR AR 8 17 R
1753

- EORME R B RR R A, SRS R BRI, MRS RS RE AL @,

- B AT DUR B R A R BT R R LE 2 DFRAE R, BURARER, BURKE MRS SRR B R A
i, DERIERRI BRI RR,

2. Q&A

Q: TER—AREAEatN, WAL HH TP IERAERIERDOEHE, ¥REERSEEGESHEREr T, J
BHAMATLAT ; SRS EMERM LIEP R IR A 2R E AR E?

ANFHEEBER TAERRE LRI “1A5K" AOGS, AREEEAERHIERZEGR “N7,

R A E R (DUHAMERRL H) MEEARERELEPREER Y, MaEREN2R0AH, ERk
M RERFRESVE ) B E R SO JEFN A, 1M TAEM R B, B —EfEg 7, SEEXESENE THE
R

C AR A SR BRSBTS, B EE TR, I REREAIE A AR M T, BT
NEWG, RAEEARSE, B LRIMRA M ERE,

- AHANSRENEE AL, BTG HIENEH Y R AR EARE R O(nlogn) ; MR ERERZ
IE]7E AL BL A FE B (BIAnE25R) , BRBEFAMRL r] DARIRBCRE ) “ERBHEE” AR, R IRr ) M R R 2
O(nk), Hrhk 28, EERBERTURR, 818 HARKNSITIRE R ANE R A EE (AR,
BRBEFE) o

fE LRI, KREMEEH DUESIREMRN, F2MEREWN “E127 Mgk T, MENESRE—T7
T AR R REAS B MR, 59— T R B TR O O RIGt #. A\RURTRRR e M, AEBRilZe, ot
IR &R, P RERE R TR 15 B (A
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Abstract
PR AT NS r s B A T P R S
A EBAMAE R B2 S P E A S EIRAIRR, SIRE BT E,
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2.1 EEEMEL

FEMETRR TR, B ARIESR DA 8 g i ) A

L. IREBUBVEMETE : 5 RIR TR ZE A A E A A IR 9 m] 20 SR 1S )R A TR
2. woRERTL: A —ERE R REF R 2R, BRI B IRE ] RE MR TA,

WRtEH, EREFIRIRMERIRTR T, BERSCRE A BHEEES N EETEIEE, EaEI I mfE
HERE

- IR B TR R,
- ARERCR: EEIAG R R AR,

fifimn sz, JMMEERRG “BRXE” WRORESHBRERIE, mA YR RRNCR EMEE, F2
HEER, RMA RN SERERIETHL, EmESEE ARG R,

RCRFETTIREE it BERHIEA,  BEGR (G R

2.1.1 EAR

R AR A MEETA B, EMARREMIRE [, BAEFEH g mEEETARRCR, REXK
HsiER i — et AN, JUTEmMEEER, AR eI TR GRS, SRS
RES S MR L BRI, (HBAAE BRI RIR M,

— 750, HECAHERRIEAERBEH TR, RERGHAC & & B RARRRE R, e — s R A AT R,
M EREE S TE 2% CPU LT, —EHEBERNTIEEREES, 0B ElE S RE B LR &
Hr, Wt BEIREARRH S ERREARATRER A — B, SR RE M TR A A A LT
W, Sat-FEIReR, mER T HER,

77, JERe IR, S AR RIS, EREERGRALAFEZCR, fln, 1M
NERREBUNR, HEE A RTRHELEETR B G, MEMABRRECRR, HEGERIEREHER, K
I, & THEEESIRDRS, ROHEZH SRR AE R, SRR RRAEH R,

2.1.2 IPREE

HRBERRRIE R A RAREIRME, FRAM AT A5 R 5 E — L5t RAREHE T B A RIRCR, SRR T A 2
BAAEREE S (asymptotic complexity analysis), flifGEHE DT,

R RE 70T BE S BELER T SR TR U T i 5 B PR 3 P Sl N R AR 2 T B (R et v R A\ DR
BB, ERIEPI TR R R RN R8s, SEE AL, BATA] DR 73 25 = (8 SR AP
i,

- “RERRIZSREEIR” 4RI ERS RIS (time complexity) FISSRIMEHEE (space complexity),

- “BEE G RHRAIR I RRE RREE R T T BRE B TSR B A\ R R I BRR

- R RS RO AR T B RS SR U TR R El A F S R ) BB, 2 R R el
R “Pug”,

B S s IR EEREIIGEATT TR i, REEAE AN A7
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- EETEEAUTENS, HEinskaEibe,

- e REAEREE, A RIE IR E AT &,

- BRI DB R E AR FTREREERNCR, THEAERERE SHEERNEE.

Tip

ANSRARAT AR AU SR BI R 2%, SZEIE L, FM e EREEE 4,
HERE At 2 AR L T — LR RERCRIY IR, (3R AT DA BT SR R R A R A R R AN
TR, B AR R 2 MIReR,

WHE AR EBURMES, BRYIRE I RELL S, PEM RS, WSEAEE, @RI A
WA TERERIT M AIINGE, 2RI, &R R R R s BTARRr Ry, DR 7 20 HOp A TIR
s R FH 1

G EANR, EERIRER N R R B B 2 i, SESTBTRR I S M B L IR, DA RS 5 bk i
LR S HT

2.2 ECEEDR

TEETA, EEPUT TR R R0, B BB, I, 16 4R B A2 4
MR, FRIMSEE T R AT E R R B B B TR, B A R s RIS R 40, IR,
2.2.1 &

&R (iteration) 2 —MEEBHITREEFRIEHIERE, IS, BNEER L SRR NEEIITREE
RS, EENE MR,

1. foriBE

W RANEUERZ —, WEEFHTEIB IR BIREN

bl PRS2
PURBREEER for JEEEI TR 1 + 2 + - +n, RMGREHEE res iLik, FEERENZ, Python
Hirange(a, b) BEMEMEZE “ZRARH" 19, HENEHEER a,a+1,...,0—1:

for

// == File: iteration.kt =

/* for 1EE *x/
fun forLoop(n: Int): Int {
var res = 0

// BERFM 1, 2, ..., n-1, n
for (i in 1..n) {

res += i
}

return res

2-1 JEa% R AN B A AR A [



H2®| RO www.hello-algo.com 20

2-1 SRFIR AT AEHERE

IHESRAT R PR SR B R B A RERV N o IRE R, sREFUR “SRIERIR™, B L, RS
JafEl “BRPEBR. MHBNAREE T BRI A,

2. while EE

i for JERERAML, while JEMEthE ~REBUEAITTE. £ while T, BAXFWA GLmERMT, 1R
iR, AIMERERTT, & RIS SO,

TEFEMA white EEAREBHKM 1 +2 + -+ n:

// == File: iteration.kt =

/* while EFE */
fun whileLoop(n: Int): Int {
var res = 0
var i = 1 // ¥R HIEGEE
// EERHM 1, 2, ..., n-1, n
while (i <= n) {
res += i
i++ /) EHRHFEER
¥

return res

while JEpE kb for MR A HEE R, 75 while JERE M, Ffa] PLA sttt ik A BRI L s

// == File: iteration.kt =

/* while ERE (MRXEH) =/
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fun whileLoopII(n: Int): Int {
var res = 0
var i = 1 // ¥ HEEs
// BEXRHM 1, 4, 10, ...
while (i <= n) {

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

AR, For MREMIFAREEMNERZE, while IWREIEMEETS, MHHANA AEBUECAHE, SR
JERZARTE A E PR 7R R AR

3. BEikiDE

B AT DAFE — {0 R 45 N AR 55— (EE R 454, R A for JEE A5
// == File: iteration.kt =

/* & for BE x/
fun nestedForLoop(n: Int): String {
val res = StringBuilder()
// @B i=1, 2, ..., n-1, n
for (i in 1..n) {
// EBE j =1, 2, ..., n-1, n
for (3 in 1..n) {
res.append(" ($i, $3), ")
}
}

return res.toString()

[ 2-2 J2a% S ARIE Rl A i A AE 1

Fsa
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2-2  BLRIE P A A [

RN, RN E R n? BB, st REEIAS TR AR AN n B “PITBIR

FATR] DAESTHT AR, AR — IR THE”, SRR R S "SRR RS
BA(R”, DA

2.2.2 E@

EE (recursion) J2—HEEFIENRNG, Zi@KFITA E B AMRRHE, €3 EUSHEREE,

L& BT EIRAHCEI S S, @ ENENEA2E, SRS R,
2. 30 M3 “RRAbERIET 1R, BRAIERIREREE K G EIR M, MRS ERIAR,

MICEBAMES, EEAEREEEE S = E=EER,

L #abfkfE: RURDOE(T IRz “R” |,
2. JEENEM: HE R ufu;m{g% T A NECE L 28
3. IBMIAH: BE W, R RTEEE A IR E

Bl DA RS, BMAFTIE K recur(n) , BEATPASERL 1 + 2 + -+ 4+ n BIGETE:

// == File: recursion.kt =

/* EE %/
fun recur(n: Int): Int {
/] #EIEEHF
if (n = 1)
return 1
// &: EEFY
val res = recur(n - 1)
// 1@ R[EGER

return n + res

2-3 JeorR 1 xR IR IEE A
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AT 8" mE “@
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) EEE return 2 + (1)
} s —
recur(1) return 1

[ 2-3  SRANER AR i A
HESRIEET SR, ISR AT IS B RIA0AER, (B eI 1 miRlsE & A A0 R85 R TR B A i
E2v8

- 3B AW bR, (EREMERIP R, RRTEEESRIMEESER, HRER M.
C ORI CH RN MR, R R A BN 1R, 8 L R A R R R A AR R A K
PN ARG R AR A o i TN T RTRE, EREEARIBIURHME L CEARERAEZ CRID).

DA ERSRFIE R 2, SR f(n) = 1+ 24 +n.

- fEEBETEHERABR, 7 1ESE 0, SREGTRIHRE, BIRE f(n) .
ORI RIS T f(n) = n+ f(n—1), FE GEIEHY) SRR, EREARR f(1) = 1
AL

1. MEOSEEE
HETE R BRI B B IRE,  RAGUAR & 2ot R A R X PLRT R, DARA (7 (B B, DAL (S kA A 3
Fo IEREEEN T R R,

- BB ORI R e 2y “HEBIAE " ARCIRR R, EERFORERA SRR, Fit,
AR LRI AR MIFE 4 ne B )
<RI pR P A AR RSB DR AP0 Y e V] P B RAR SEAIR

GniE 2-4 FoR, FEMEIEAALIRIFRT, FIREFAE n EARREIFGEEE X, RIBREZR n o
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&

AT ‘@ Bkt ©

recur(n)

}

recur(n-1)
BERE recur(4)

! |
recur(3)

!

recur(2)

WERE
} P

recur(1)

[ 2-4 JRIEEFEIY PR

FEEPEF, BEAGES AAFRNREREEE RA R, @ IRAEE A] §E S 2 8 i (553,

2. BiEl

2, MRS NRLEIR NG RE A REPEN ) 5% ] DA s ae ol E s an i (i, HETE
RRCE FEERMEE, EREBN R AREE (tail recursion),

- R ERFOREE bR RR, REESTTREE, FIERARERHT Ll r
e

- R R AL 2 R FOR A AT R AR — A, ERRE ORI R E— kiR, AT T H At
BfE, RIERSEARF LR LT

DIEHE 14 2 + -+ + n Z6l, FIMA] UGS RS res ik AKN28, M EREIREE:
// == File: recursion.kt =

/* BIEE %/
tailrec fun tailRecur(n: Int, res: Int): Int {
/] g tailrec RS, MUBERERERENR
/] IR
if (n = 0)
return res
/] EEEEY
return tailRecur(n - 1, res + n)

IR TE FAATIR AR AN E 2-5 AR, B e IERE A R, i SR AR TR Z AN R A,

© ORI SRFIFRERAE T FERTIITH, SRR EREEERIT - OORNIRE,
- IR SRAHRERE BT REBRTERITH, T rEERREEIRE,
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AT “B mE “a@”

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+lo) ret[rn n+.+5+4+3+2+1

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

recur(l,n+...+l5+lo+3+2) EEE ret[rn N+.+5+4+3+2+1
! sibgg

recur(0, n+..+5+4+3+2+1)

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

2-5 FRIRE @

Tip
TR, FrEAmeEey B E A SR BRI R L, B4, Python THRASZF;RIREREN,
IR R O ERIREE I, 755K AT RE & i 2 S AR it 7 TR,

3. EiDi

BB “iR” AHBARERIERER, BT AR R EE, RXBEMSE, D B
BE” %l

Question

ME—EEEGREE3 0,1, 1,2,3,5,8,13, ..., RKZBHINE n MEHF,

REPACRESNE n 88T f(n), HISmEESR.

BRI 2 f(1) = 01 £(2) = 1.
WIS T RS, B f(n) = fin— 1)+ f(n—2).

TEIORAERR (R TIRIEOEN, AT EE (e AR kA, fEn] R RIS, FFAY fib(n) BIRI1SEIE
BARTRBBNEIE n fEE:

// == File: recursion.kt

/% BIRARRENS: EE «/
fun fib(n: Int): Int {
/] #&IE&HF f(1) =0, f(2) =1
if (n=11l n= 2)
return n - 1
// EEFEN f(n) = f(n-1) + f(n-2)
val res = fib(n - 1) + fib(n - 2)
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[/ REEER £(n)
return res

Bl DA EARHE, FRMAE R PR @ ey 7 i eR o, TE R — AR A 7 R 5 52, qnlE 2-6
R, EEREAENREPEIY N E, REFELE —MREEA n FIEER (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)

[ 2-6 BRI EE IR

WAE B, R T “HRESRAT/NTRIE RS, BEE RS HEE,
C CEERAEEE, . Hir. B 4. BhAEREIS 2 R R R R T S
HAER,
L BRI AEE, BE R RE S RIS R, BRI R, N A e R E S s A
507,
2.2.3 MEEHL
gast Dl g, 03k 2-1 R, IEACHNEELEE B, SRERBEANE EE TR,

K 2-1 EBLRE R RS L

IER R
"B AR BRI B &
K
IR ReRiEH R, SRR i Be g FRUR R UL AR & 22 2R B 3
%
FOfEfE A ERE A NIR R R S R U IU A] REfSE P R R A HE B e = )

fEH
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IER IRl

AR EAREHEEE R, RAER. T EAR TR, R B vE. ESE, R R,
| E253 G

Tip
RS DU AR AR R S, AT DAMTERESE “HEE” EMEIREAREE,

AR, IEACRNEIE A (BB BE? DL EIRIRE 20, SREBREERIEN " BEEIET, SRk
B ATV ) R U B LR B AR e AR ARG, ISR LAEHHIBERAY “Jo AR IR Rl ) 1,

FELE, MR R MR ISERIEMTEE CAAR R TR BEHER R EVIRR.

L &: EeR TR, RECELE “PPAHEET b2 S% R SN AR, FH 17 R A
B, 28 REMHEFEFR,
2. 30 ERASEREUTILRENR, SRR R EPE PR ERRR, IRIE AR AT IR,

DR, FRAP AT DASsE Y — i S R M B AR IS S ME B R 7 2, 1RC T R R T 2 ik A T 2K
// == File: recursion.kt =

[* EREIEEEE «/
fun forLoopRecur(n: Int): Int {
/] ER—ERETCRYHE BRI R LR
val stack = Stack<Int>()
var res = 0
/] & BTN
for (i in n downTo 0) {
/] BB NEBIRE R R
stack.push(i)
¥
// B: REEER
while (stack.isNotEmpty()) {
/] BEE HEBIRE R T
res += stack.pop()

}
// res = 1+2+3+...+n
return res

B DA ERESHS, EREERIER, BAEG E M 7 EIRRNEREAR ZH N r] LE A
e, EAR—EERIEHRM, A LUTmRREE,

- ELRAVREICHE AT RE AN & DABRR, ATRIE s 2=,
- BPASEERMEE,  BUREAR G B A1 T 2% AT RETE R IR

Mz, BREORRIBRE PR E BT, R REHERE, ERWE R E SRR RS 5
MU AR,
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2.3 BSMEREE

FRAT IR ] AT DA BB L 3 et S B SRR R, AP R IR AR PR R TR — BRSNS AR TIRF R, JERZ AT 5 1
We?

1. MEEiTEE, GifmiitE. BES. RARRSE, BERENGZEEIBIBITIE,
2. PGSR e TR BTG, BIAImEIRIE + THE 1 ns, FIERIE « FE 10 ns, FIEDHRAE
print() 7% 5ns %,

3. Bal PSP EHRERE, AR E IR BRI TIRRSRAN, MG SIBITIR
BlantE LA R 2R, WABRANS n

/] EEBRITEET

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

println(0) // 5 ns

}

MR L 759%, I DUSSEEIER BRI TR 2 (6n + 12) ns :

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

HERE L, SaHEREIANPITRBEA SBRABIE, %, RO REEEMAR AT PR, W

AR EAESEARN PR BT, HR, BREERSEIRERPITIRRE, S4a TSR AR TR
A

2.3.1 FstRREgRES

IR P M PEE AT A O R TR B T IR, i R ST T IR IR S R HR BRI A g ol 8

“IRFREIG R E SIS Eee i S, FRAME B —E G T3 DARERR, REREmANER K NE n, &€ = (EEE
BA, BFIC:

/] BEE A BNEEERE: BB
fun algoritm_A(n: Int) {
println(0)
}
/] BEE B BHEFERME: &M%
fun algorithm_B(n: Int) {
for (i in 0..<n){
println(0)
}

I
// EEE C WEEEHRE: S8
fun algorithm_C(n: Int) {
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for (i in 0..<1000000) {
println(0)
}

[ 2-7 JoR T DA = {5 SR vk e T IR R R

- HETE A A 1 ESIENRLE, EEERITRINRES n 8RTE Ro FRAMIRG I SRR A IR i 1 A EE 72
“HBPE,

- AR B HHSIENREREEE n X, HERRITRENEE n AR R, HEBIRAR A E
IR 2 “HRIERE”

- TEETR C PRYSIENRMETRZIEE 1000000 (&, SERMITRIEIRE, (HebliANERA/N n 6, Fit
C RUIRF I AEAREERD A AR, 1792 “HYBIRE™,

WEE ¢ - BHR

1000000
WEZE B — IR

HELERITRE 10
5 /Mﬂﬁ
0

@ 1 2 3 4 5 6 7 8 9

BNBEERN

n

@ 2-7 B A, B C ARG RS

MBI EFR AR HE SRR TIRE ], PR3 R A A R 0 7 TR R G 2

- B RES AT GG TERARCR, 1N, HETE B BT 2RI R, £ n > 1 RKHEEX
A8, 7 n > 1000000 FfELE R C E18, HE B, HEMABERINn BIR, @HES “HE
BE” AOTSEIE TN AR R, SRR RESNE R,

- WP ROHESR S TR, BSR, HUT RIS R IR RIS B R R T IR R A8 R B S S
DRI A B R R FEE AT v, AP T AR BRI P it R RO T RS A 2 AR R A “BRALIRe D, AT
i RHEBREITIR RISET T S “RHRIREBEMEDT, SR AR R R T,

- IR AR AE R AR TE, BN, EETEER A F C IR R AR A, (BB BRI TR R 2251
RR. [FIRR, EEEHEIL B MIRHEMAELL C &, EEMABERA/D n By, AR B BIRENE
BIK C o BORIMEEDL, TRAVREH DA IR R A B R R ReR = . ER, @E A LI
R AT TR AP IR RCR R A R 7715,

2.3.2 FXENELES

A —flE AR/ N o RO BRI
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fun algorithm(n: Int) {
var a = 1 // +1
a=a+1// +1
a=ax*x2/ +1
// BE n &
for (1 in 0..<n) { // +1 (B&Hm#MYIT 1 ++)
println(0) // +1
¥

AR AR F R 2 — AR RN BRI n R, 5228 T'(n), AL ERRAERE SR 2y

T(n)=3+2n

T(n) 22—, HEHBUTR R RES SRR, DRI e AR SRR 2 AR R

TRAAF SR PSRRI R R 2 O(n) , EMEBURFFHRM 2K O 5238 (big-O notation), FRE= T'(n) K
i 5 (asymptotic upper bound),

IR AR ST A EREHE “BE8E T (n)” AOMNE B3, EEAIHRNEER TR,

R AR
FAEEEY ¢ MBS ny , HEERFER R > ny, 398 T(n) < c- f(n), HARA f(n) %
HT T(n) —MEWRE LR, 3225 T(n) = O(f(n)) .

aniE 2-8 i, sHEWNL LR SRR f(n), S5E n @RI KRR, T'(n) M1 f(n) EIRAER
AUBERAFH, (EARZE — (8 BUREL ¢

c-f(n)
T(n)

/

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

B n>n, B, $48EE c-f(n) > T(n),
EFR%E f(n) 8 T(n) N—EHLLR,
g% T(n) = o(f(n))

2-8 HRFATHNE B 5}
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2.3.3 #HHE

ML B RBERIR AR E, (IR A e g, WEARO. BMe] DUREIRIER A, A
BEEAR, AT DOR M T R R R

RIBER, WE f(n) 28, TMEEIIGHEEE O(f(n)) . MENIHEEENL LS f(n) We? 42885
ML ECEHRERE, RERMIETNL B

1. F—%:. HsHRFHE

SRS, BT LB FEERIAT, R, B EAE e f(n) FRIEEURE c v IBUER R/, FtEE
WOk T (n) WIS RRIREL F ORI DURNE, ARPRILIRH, W] DASEATH DU R R

1. 20 T'(n) R, HaTMEeE n M, [ DU B EA T 2,

2. BWPEIREL G0, EE 2n R, 5n + 1R, #ATLAEKRC 2 n iR, K%y n AR ECE R R
GHERCESE 2

3. TR BURHE I RTE, AR ER SIS E AN g R R 2, &R ERIAR] P
B 1. BES 2. BB,

fE —EpR R, BATRT DA R B Rt at R F 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 EIREITRBIGE R, Wi IR R A O(n?) ,

T(n)=2n(n+1)+ (Gn+1)+2 52853 ()

=22+ 7Tn+3
T(n)=n*+n szt (0.0)
2. B-¥ . JEMHEESR
ISR T (n) i BRI, 1B 2N ALE n @RS KR, RmPE eSS E8EN, Hib

THH R AT DA

R 2-2 Jeon TGy, Hp—LEssRAGEDR 2 1A CREBGERIBEIEED M. B n BINERRR,
B B G IE E E
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R 2-2 IR R B R R B

FRAESUR T (n) WA 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 ERE

REAERIR N2 n, W AR M R AN E 2-9 FoR (GRIRIEIREI R AN HED .

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
RS < B < SPERE < SRIUEBEE < PR <SRBI < RESRRE

$EHME o(2")
TP 0(n2) ’Gﬁ
IR SR 0(n) o
T(m) 4
BB O(logn) iy
&
&
MR 0(1)
BRI/
n
2-9 & RIRFRE AR A
1. BEEO(1)
PR IR E R B NG RIR/ N n SR, BIRBEE n IS LTS,

FELAURERA, SEREEE size AIRERA, (HATRHEERABE RN n M6, FIHRFEEHEET 2 O(1)

// = File: time_complexity.kt =

[* BERE 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. 18 O(n)

ARVERE R E RCERAHBIR I N ER N n DISRVESRAIIE R, SR R Ia % H B B g e v -
// == File: time_complexity.kt =

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

7E 17 BB RO ZE 35 et R 7 SRR IR R EE S 2% O(n) , Hrb n 25 B3 s SR 5 R -
// == File: time_complexity.kt =

[* HRUERE (ERRET)  */
fun arrayTraversal(nums: IntArray): Int {
var count = 0
// ERERE Y REMIELL
for (num in nums) o
count++
}

return count

EFERERE, WABRRD n TEE A BRI R RS, LLan(E s — 8RBT, S8 n HmAY
BN, S ARG, HEIRE n HERRN,

3. T30 O(n?)

S5 BV ORI B AR/ o DA I R, 75 B A M B SO, 4 R P
SEE B AR R 2 O(n) , ARSI AR R 2 O (n?) -

// == File: time_complexity.kt =

/* FRE */
fun quadratic(n: Int): Int {
var count = 0
[/ EEREERERAK/N n BHFEHREFE
for (i in 0..<n) {
for (j in 0..<n) {
count++
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I
}

return count

2-10 ¥ 7 HBIRE . ARVEREAISF- 7T B = RERF ML

9B n R
1R E
i BRI BSRIAERREE
EHE o(1) 914ME o(n) EA5H o(n2)

(] RE—mEtmmE

[ 2-10 HEEE, SRPEREFNF 75 RE A IRe R 4R

DA R 20, SNBEBET 0 — 1%, MNEEERT . — 1 n—2, .. 20 1K, A0/ 2%, K
W RIRREES O((n — 1)n/2) = O(n?) :

// = File: time_complexity.kt =

/* FREE CEXHE) */
fun bubbleSort(nums: IntArray): Int {
var count = 0 // stEiss
// MEE: REFERES [0, il
for (i in nums.size - 1 downTo 1) {
/] NERE: ERHFER [0, 1] PHERATERREZEBNRAR
for (3 in 0..<i) {
if (nums[j] > nums[j + 11) {
// 3%t nums[j] EE nums[j + 1]
val temp = nums[j]
nums[j] = nums[j + 1]
nums[j + 1] = temp
count += 3 // TERXMEE 3 EETIRE

b
I

return count

4. {5 O(2")

R CHINIS Y SRASHIER RO T AR | AT, SRR 2 1, HumRE
S0 A, DULEHE, 5% n ief 2 AT,
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@ 2-11 A1 DA R RECRE AR T AR > SIE AR, RERIEEE 2 O(27) o SHIER, WA n R HE, IR
{8 count FTRAEFZIEL

// == File: time_complexity.kt =

/* ISP (EEEIR) */
fun exponential(n: Int): Int {
var count = 0
var base =1
/] EEER—SBT, EREY 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

BB EEN
BE—2%HZ EREE

20

21

22 - #n /B
2“’1
ORI (e —
20 + 21 4+ 22 ?k + 2n-1 = 2n-] jEBPE o(2n)

2-11 HEHRE g R A

EEMREELD, B E HENEE R, FlaE A FEREH, HRE—a0 A=, &8 n IRO3E
=ik

// == File: time_complexity.kt =

/* 1B (EEEIR) */
fun expRecur(n: Int): Int {
if (n = 1) {
return 1

h

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

TREPE RAFRIRE, F5EEE (BOEE, B PHEE R, BRERERERIRHE, fF8HEE
FIFRRZHY, JE R T B8 A S AR R RN AR IR
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5. HEmE O(logn)

BUSHHIR, SR T SRR L (M, SRR NS n, ERERERE L, K
IEBRECE log,n, B 2" MR,

8 212 FILL PR AUR T ARSIl K 1B, MRS O(log, n) , W% O(logn) -
// == File: time_complexity.kt =

/* HEPE (BEEIR) */
fun logarithmic(n: Int): Int {
var nl = n
var count = 0
while (n1 > 1) {
nl /= 2
count++

h

return count

BAEFIRES n sEas 18

i‘?UE%rEEﬂJ EE ﬁ@ ] H—¥ %‘fﬁ?ﬁ{'ﬁ

a

IR AN BFRIIRSEE
logon +1 H#ME 0(logn)

=~

N

[

[ 2-12  SEFEFEA IR R B

BLRBRERAML, SRS th i HBURIEE R rh, UM T — % log, n BRI
// == File: time_complexity.kt =

/x HEPE (BEEIR) */
fun logRecur(n: Int): Int {
if (n <= 1)
return 0
return logRecur(n / 2) + 1

BB HBUA BN MRS ETES, #BT “—0R2” M CELMET MEREEE, e REE,
TP HE B R ) AR IR e 4
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O(logn) MIKEURZ/D?
HEREARTL, “— %y m” HERREEEEZRE O(log, n) . MEBHEIREAK, BT USRS
ANIFIJEREL,  HHAE AR R R

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

W2, KB m fIDERH AR AT MR, FHIRMEE @ERRE m, FHEREERE
#% O(logn) o

6. iRMEHEM O(nlogn)

S B B SO R R R 5212 O(log n) A1 O(n) o HIBIRR ARSI T
// == File: time_complexity.kt =

[* HRIEHERE «/
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
I
2-13 JRR T RRIEST BRI A RO e TR — BRI 2y n, B log, n + 18, [HILEF
2 O(nlogn) o
EREMIRIEAAR
n &
O nx1=n
LA L n
S o N
# log,n+1 B
3 R 7 & I ® L
% 4 n
» & G | * —
n = (log,n + 1)
B RIRHE
1R, 1K 1k 1K 0(nlogn)
| | — =) I

2-13 AR A B ] MR
F I EBIER R R R EEH & O(nlogn) , BlantuEHey. SOHERF. HRHIFSE,
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7. WM O(n))

RESReR B BRI B "2 fRy)” R, 487 n MEAEERITR, KETARTREHIITR, 7TREER:

nl=nxn—1)x(n—2)x-x2x1

BESRIEH (AR B, niE 2-14 MDA MERBIUR, B—EoRitn @, F2EoREn — 1, Pt
i, HEH n ERELR:

// == File: time_complexity.kt =

/* PESRRE (REEIR) «/
fun factorialRecur(n: Int): Int {
if (n = 0)
return 1
var count = 0
// % 1 ESHH n @
for (i in 0..<n) {
count += factorialRecur(n - 1)

}
return count
].
ZEH EEH
DEEBE R #E
n n
n-1 n(n-1)
n-2 n(n-1)(n-2) c H g
q n
2HFINS RS (IRKENHSSE) FERDMRAEEE
nx(n-1) x (n=2) x .. x 2 x 1 = n! PERREE o(n!)

2-14 B3R R AR i 1 e

TR, B2En > 4RIEH n! > 27, FTDARSRRE LIS B RIGE R, 1 n BORRHR A A2/,

2.3.5 ®&E. RiE. FIINEEEE

WRERIR R RCRIE AR EIE N, w2t Bl AR A . (R A —ERE S n KK nums |, H
Hnums FTE 1 2 n EFHK, ST BB ETRIEFZEMETELR, T5EERIREDTER 1
HIZR5 1o Pl AT DATSH DU A e
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© Eaums = [?, 2, ..., 1], BNERETHER 1 K, TECEERY, EIRERBERE O(n)

© Honums = [1, 2, 2, ...]1, BVEERCRS 1K, HEREEYIZRAATZESUED, EIRIER
B Q(1) o

“ERZR A" BIERENE B, AR O iR, Mg, “RAERR " B m HnE N5,
Q) RSRAOR:

// == File: worst_best_time_complexity.kt =

/* E—ERES, wES { 1, 2, ..., n}, [EFHEITEL +/
fun randomNumbers(n: Int): Array<Int?> {
val nums = IntArray(n)
/] E£BES nums = {1, 2, 3, ..., n}t
for (i in 0..<n) {
nums[i] = 1 + 1
Iy
/] FEtEFTRLREEY TR
nums.shuffle()
val res = array0fNulls<Int>(n)
for (i in 0..<n) {
res[i] = nums[i]
I

return res

I
/* BHEY] nums FEF 1 FREEZRS] */

fun findOne(nums: Array<Int?>): Int {
for (i in nums.indices) {
[/ BmE 1 7EESIEEE, EIIREREERE 0(1)
[/l BiE 1 EHEFIEMHE, EFRERBERE 0(n)
if (nums[i] = 1)
return i

}

return -1

FEARRRIIN R,  FelPIE TENE PR R0 PR A R I MO, TR 20 8 U A M R AR, ATRE @Ak
SRR, TRERE T BRI E A RON, RATEIN T IR R R, AR DAL M A
%,

i SRR AT, 2 R A I R R MR L B “RSTRAOVERI M, e i R R
ATRERD, A FAEFT MR L BTACR, M2 R, TR i DURSRCO P AE RO HR A\ YOkt
RIS, O kiR,

SRS, BT AR RLA L H BEASEOR A FIOTEIRIL, Hen B3R, Hrr i A 2 T
AL, DUHTEE | HITE R RS MR AR, VRS TR Bt 2 51 R Ry —2 1 /2
| ARSI S O(n/2) = O(n) .

HERE A AT RTR, SHRP IR R L N, R IR EE AT AR M T R R RE
BB, TEISRBIGILT, FRAME (0 FH e 2R R MR P AR 2 T SRR A R T H e
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LAHEERVL RS © Ry
FTREFI O FFSDEAEIRA LT, LRI 3 F Ao m AR, (e 2% Lo, o
FEMORA R BI, 7EA TR T, FEEIL TR O(n)” MR, MHFH e
B O(n) .

2.4 TRIEHE

ERIEME (space complexity) FHF & IE R A5 A AC IR 22 A e 2 B RHE BRI UMY R 28 IS fEmE B
P AR R, R “PUTIRG R Bz (SRR,

2.4.1 EEEERITR

TR E ST R P AT PR s i S A0AE DU 267,

- EAZERE R RR R A R
- BB ARG EERIAERUTERT AR, Wik, WL I EEEER,
- i AR TR A R
—REILS, SHEMERSEER “E ST ik s,
s e AT A — 870 2 = (88 o3
- BRI EERIEI TR RS B, BB MR
- HERAAE R PR AR R BRSO R, BRAEAE RN bR IR AR & 1 B T A N — A HE AR

i, PRFGRIENR, B & PR
AW AR s RAERIE 2, EEPRSET R RIS AaT,

T —BAE R S P A Ry, JRAME R BRI A RORE, HEBe = Bl 2OR =377, 4nlEl 2-15 R,

BEER T MERENATEE

AL

4 hY
PN B =
BNER uEEM FHEE
ﬁﬁ@iﬁ
?Ei 71

2-15 TEETAME A AR A3 R

MHBAREHSL :
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/* BRI %/
class Node(var _val: Int) {
var next: Node? = null

h

/* B */
fun function(): Int {
/] HITELEIR(E. ..

return 0
}
fun algorithm(n: Int): Int { // BAER
val a = 0 /l BEER (B2
var b = 0 /l BEER (82)
val node = Node(0) // BEEE (9t
val ¢ = function() /] HEEEER (PR )
return a + b + ¢ // EwHEE

2.4.2 #HEGE

2 IR RO HE S5 TR BARF R AR R BOIR), R Eat e “IRIEBeR” s MR,

17 BB P M FE AN R 2, FRAME 3 BT E R 22 B A, ISR K 2 s iRl s e —JHRE MK, FRff
AMERRAERTA IR N EA R SR RC IR R S R TR

BURUIM AR, RETHMEMETN “RE" AMESE

1. DAl AR 238 B n < 10 B, ZMBMEEA O(1) 5 HE n > 10 B, LR nuns {1
H O(n) =M, HitEESBEMES On) .o

2. DAEEEBA TP O R 2 (il RESERUTRE T2, (5 O(1) 25 EIaikmEz)
nums I, BEXUGH O(n) =M, HWitREZMERES 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)
}

TR rh, TR STRHHE R, Bl DU RS

fun function(): Int {
/] BITRLEIR(E
return 0
}
/* BENTEEMES 0(1) %/
fun loop(n: Int) {
for (4 in 0..<n) {
function()
}
}
/* EEN=EEMES 0(n) %/
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fun recur(n: Int) {
if (n = 1) return
return recur(n - 1)

B Loop () 1 recur () WIRFEIMTIREEAS A O(n) , EZEHBIREAR,

- BRI Loop O 7EMEREHIEIY T n X function() , &Y function () ERIR AN RER T HEB I A,
Rl A 2 O(1) 6
IEER recur () ERITIBRP G FRHELE n BAIREIN recur (), WA O(n) FIHEEBEZSM,

2.4.3 BRES

REAERA N2 0, B 2-16 R T H R EEMEERA] FERBEHD.
O(1) < O(logn) < O(n) < O(n?) < O(2")
HHIRE < WS < MR < PR < feB0E

ey o(2n)

TARE 0(n2)

wEEE

seiEfie=E A/ AtERE o(n)

HEME 0(1logn)

REES.

HEm o(1)

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

PN =L SN

n

2-16 H R M T

1. B O(1)

g RN B A BRIV n EEEE, 28 vk

TEERE, (RIS F R TS RIS, B F RS e, e
SRR, SRR O(1) :

Vo

-~

/ == File: space_complexity.kt =

/* B */
fun function(): Int {
/] BHITRLEIR(E

return 0
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}

[* EEHE */
fun constant(n: Int) {
/] BE. 2. MHEER 0(1) =/’
val a 0
var b 0
val nums = Array(10000) { 0 }
val node ListNode(8)
/] BEFNEEGE 0(1) =M
for (i in 0..<n) {
val c = 0

+

[/ EEFHEGEE 0(1) =M

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

h

2. 18 O(n)

ARVEREE A TR BE R n BOE LY, SEAEERY, W, (TH1%:
// == File: space_complexity.kt =

[* ARMERE %/
fun linear(n: Int) {
// RE#% n B9EFHER 0(n) =/
val nums = Array(n) { 0 }
/] RE% n B9851EA 0(n) =
val nodes = mutablelListOf<ListNode>()
for (4 in 0..<n) {
nodes.add(ListNode(i))

}
// RE# n HEERGA 0(n) =MHE
val map = mutableMapOf<Int, String>()
for (i in 0..<n) {
map[i] = i.toString()
}

aniE 2-17 pros, R ANEEIRE 2 n, BIRKECE n EAIRER Linear_recur () B, #H O(n) X
/INFRHE A M 2

// == File: space_complexity.kt =

[* HRMERE (EIEEIR) */
fun linearRecur(n: Int) {
printin(" &E@ n = $n")
if (n = 1)
return
linearRecur(n - 1)
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“IEp PL
BT i o
linear_recur(n) return @
linear_recur(n-1) return @
" | 1
linear_recur(2) return @
BT
1 R T
linear_recur(1) return @
ERFOEITFIRRES n SRIEHEE
HEEH 0(n) HHESERTR ERERE o(n)
2-17 R e R A A P A B 2 [ R
3. FABO(n?)
SETTRE R WA ERAIE, JTEREEE n TR
// == File: space_complexity.kt =
/* FRE */
fun quadratic(n: Int) {
// JEFE(EF 0(n~2) =R
val numMatrix = arrayOfNulls<Array<Int>?>(n)
[/ Z#HBIUEE 0(nt2) =
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)
¥
}
anfE 2-18 pivr, sxBRNANEEIRE 2 n , EREEE KX P EPIaL T — M@z, REDZA N, n— 1,

e 201, PHIREA /2, FILAEREGER O(n?) 20:

// == File: space_complexity.kt =

/* FHME (EEEIR) */
tailrec fun quadraticRecur(n: Int): Int {
if (n <= 0)
return 0
// BE%| nums EE%A n, n-1, ..., 2, 1
val nums = Array(n) { 0 }
println(" &E n = $n K nums EE = ${nums.size}")
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return quadraticRecur(n - 1)

B5 nums EE BT & B

n ~———+ quadratic_recur(n) return 0
n-1 ~——— quadratic_recur(n-1) return 0

' ! f
2 ~———+ quadratic_recur(2) EeRa return 0

1 e Jlmi3Es 1
1 ~———+ quadratic_recur(1) return 0
EESERERPBIALT —ERET, BRES SRS
1+ 2+ .+ (n-1) + n = n(n+1)/2 EAK 0(n?)

2-18 RN bR AL BT 75 B 2

4. 1EHKEO(2")

TREAPE R R ook, BIRE 2-19, E#A n W N _Johl” MEBEEA 2" — 1, 5H O(2™) =M:
// == File: space_complexity.kt =

/* IBEME GEim—icE) */

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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B EIRGAEE
20
/ \
21
2 - HanE
/N N N TN
2n-1
FRAmREE & SREHE
20 + 21 + 22 4 - 4 2071 = Qg =HME o(2")

2-19 il oA A A TR B 2 R

5. H#WE O(logn)
HEEEE RN MGEE R, GIna 0y, WMAREZ n (IR, SRR s e B R E o 2w, B
R 2 log n HIRXERE, i O(log n) HEBMEZSR,

BN B 2 e, BN —EIERE 0, BRI [log, n) +1, IEEFHRRES [log n|+1
, BIHEEREES O(log,,n + 1) = O(logn)

2.4.4 (g
BUARTEOLT, B BB IAR IR R A A S R AR REE B R B, RTIAE B RIS, AR LR
Fe 8 e PR 2 o A R 0 W S TR

RRAVRIR ] B L I 5 7 22 DAV T S PRI BERE R 20 X, R ZPPR. TR R TR 2 P AR T B B R U T
R SRR Ry “ DA R Rz, RIREZ © DURFR s,

IEIR AR RS BRI A B EIME T . ERZEIEN T, Rt E e E, Rt DIk 8
HREFHARRR, ER, EERRRARIENT, SHlaMemE i E=,

2.5 i

1. EE[OIEE
HRIERCRTHS

- R RHIRCR A S R R B R A B S I M (8 T 2R E AR,
- BA] DOZE EFRHIBUREHG T RARCR, (HE IHIRAGRIGAEE, HaREREs T,
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- R AT AT DATE RR B R R A B, AT A SRIE AT A T2, i RIS R RIAE N R B
FHRRE T BIRR,

I ] BEHE

< I R R B P A M R R TR AT T IR P B R R3S, AT DU G A T B IR0, (A LB
NRTRESSR,  WNAE AR R N e R R MR AR RIS S LT LR B 55

- R R O PR, BIERAMNE BR, RIUE n ERIERER, BREMET(n) 1
14 RAR,

- WEER R 2 WD, ECEHRIERE, BB 1A

- H R REEHESE O(1). O(logn). O(n). O(nlogn). O(n?). O(2™) 1 0(n!) %,

- R BEERR AR E AR EE, R AR A, SRS e, R FYRRE
BUMERE, SERFRIEAERE AR, K2 N\ R — W T 2210 e B AR IR 1A R B SR I T

+ PRSI R A P S W SR TECE BRI N TR TRICR, i B PR I AT BE AR, BT
F5JURE T A P T B A i N L A DA B SR S TR B

IR

SRR OO (ORI, R R A (0 T A R A R B VR R R R,

BRI TR T 5 2 AR, TR, ISR, B R, WASIRIR
N ZS AR SO, WA T 5 2 MR Rk, MR R RTG 23R, b e e FTS 3 F EIE
B S S R

PR RS R, VS TE RS A VR 2B TR RS R M

- RS EEHESIE O(1). O(logn). O(n). O(n?) f10(2") %,

2. Q&A

Q: FEEM AR O(1) 152

Fam b, Rl A SR ] s ERE O(1) » MBRARZHIENXGES (B4 Java, Python, C+
+. Go. C# %) AR ABImMEMERE, FIEERH=MERER On) .

Q: BRI HE AT HE OB IR 2
@ (function) WLUMMILHTT, FPHSBEHMIRIE, 755% (method) SL—PIFFMIG, B MRS
FEILERIPIFE, RERIERIIPIR SRR T HR
AR R AR 2 A BAGRIA
C CHERRFRRRRAEE, WANEEANBS, FAEER, R BB A
(struct) SCBUREVIFFEILRET, B HERMIG I B P HL R 2 e 0772,
- Java il C# RYIEEIIERAS, RIS 075 BRI 5, T8
RUREER, A CRIBASERA L, FAENRIRER BIEa,
G+l Python MU RUFARREE (M50, WmIFgaBRis 7).
Q: [ 5 FLAT SRR A AR A A A K17
TR, WERRIREIGRRY, FURMIOR R, TR A ZMIEE kN,
BRI = 8, (T AE@ B AR IR S ST b, SR % AR o — R U, IR
S I ) — P ORI,
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FEEPEF, RARMEFENAERHET AN “HE80H” @R 2D, Frbh— Bk AR AR E n = 8
Z PRI, HEH n = 8° MR T, BRI RBHEALETET,

Q B FAEMBERMAS R, BRRER N (SEM) AREHERRED?

TERIIE T, DA NT rRE E IIE I, BIAE RS |, TRIDE RIS B+ BiskiE 2,
(K RO R, DR O (log n) $£%8 O(1) I,

EEERE RS R, ERRRE RS, flanEm AR , RECERRER, TR
EEEMMMER, EREAMYIEF AR, DEECEEGE, REREREE,
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Abstract
B A A [R] — AR [E] T 2 A FAEZE,,
TAERINE AR AL TR, EEIRS DAE R EAE B AR,
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3.1 BEHEENE

AR R ISR, SRS ARSI, HEE, (TH. MRER. B HERE. [, EfMAT DA @A 1 Y
BRASHE” PREAE T 0,

3.1.1 B SiERiEgH

AT R ROROT R Z WINGERBR, (ErESIESERsT, SRR —EIEFHS, f8TER
AURRIERR (R, WfER TR, BORMETHARA NS, Rt “fHoe” 8 R ZEIRAER R 6
ERIBTNE RN, Sk T AR AR B (R

QniE 3-1 R, GEERARERT 22 “ARPET A1 CIRARMET MIORM. ARPEATRELLECEE, fRR R (R L2
PEHES; AESRIERSREHIN S, Z2ARRIEHES,

- RRTERDRLGONE: Y, SEAGERS. HEE, (73, MERR, TTRZMEEH-RIEFRER
- AESYERDRIARE B, MERE. [, REER

TERRIE BRI ] DU — 25 87 2 BHE ST R A

- BRI B R MERR, TRZMERE -BHZHRR.
- WIRGIRE: [E, TR R B ZHIRR.

SIEEREE JEARE RS
w51 B & 2
array tree P N
g3 —&)—ED)—ED—
linked list —
push I/I ™~
ey e graph o /
stack -
pop
- - - - - — &
751 HH#
queue -— | e heap e
pop push

RS {key v ;}
hash table value
3-1 SPEERHEE BRI B R A

3.1.2 YRR EERSE

EHRAR BTN, IEAE PR ROR 3 R T i . [ 3-2 JROR T —(EEH R R R, A
BT RS — IR IR S . TR A] DURF R IR B AR G — 8 ER A Exccel 3RA%,  HAr 48 BELTTAR# AT DA
filf 7 —E R NIIE R
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FAPUE R LI AT B BATROR, anE 3-2 FoR,  SHRIRIRE I 2y R s P B B TR 70
FoaR, ECREHERC RS A G MR RDIRR AL, A T, AR FERT DA R R AR,

00 @1 02 03 04 05 06 07

0x0000

0x0010 n
0x0020

0x0030

0x0040

FIRIERESR SR 0x0012 , 1SEIEN

. EEEERSR SRR 0x0024 , SRER

E 3-2 GOIRAEMR, ROIEREsSRH. ACRREfik

Tip
EfS IR, RACIEREELIE Excel SRM2 —EMLARELL, BEIRGCIERER TIEMH bk, W
frhb=e i, FRISREEEL, DRIHEHI, R IRRE Y B R A,

ALEREITA RN ZER, ERAMRIER e RS AR, ANE R SRS MEXFERER 7. Hit
TERDRHATRE BB AR Rt b, RCTRR IR B R R, bhn, (ST RO RO IR R I (E
I AR AR RS RO IR, A0 SRR D ISR RO IR 2 ], ISV P38 P 19 ARt R0 ZE RE S0 3 17 1 70 B
FLIR R N,

qniE 3-3 R, PBRASRRR M 1 RRHESH ML IR P R X, I s (S Ao
fifife (AR, WEESHIEREDUE TR, EH, M RIETTE, MY BT RE7E R IR
s ISR T3 T S B ) EL A AR

HATRET SycE it

EEFETIMRR R RN (Eca b plEER ol P )

aaaan

R WEPME | semsempimg
B wemmiemmen permmEm | POCEIEER
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3-3 JHETER AT B B R A

ERSHIARE, BRI R ARSI, SEAG RS B S BB, flan, HEEA{THIREa] DAEEH]
BB EER, Al DAGE SRS RSB T A 09 BB a] RE RN L & T8 A St A 47

- FORBEFIRIEBL: HER, (7F). MERR. M R M. JERE SRE (EE > 3 D) E,
- SRR BB MR, (A, MERR. B R [ESE

sEERYITERIALIR, (9RT DIER U TR B R A TR, (R tumg “EhiBRrRlaimg”, MIfERIas
IR REARTTEE, Rt “FHEERAE", [ERTERNE, MYIRNEEE TR E R RS, 7
MmEM—ER “BIfEN”,

Tip

GUARIRRR SV R S R B R R AR R, R RROEREAT N — &, AARERIEAHNA,

3.2 BFEHES

B NET AR, M ERRCT. B A, fEE. 3D BASEREE N, MEELEERAHEM
JERAR, (HEE RS AR B K,

HARCRRDIE CPU nf LEHGEBATEE IR, (R B i, FROE T &,

- REEOUR| byte, short, int. long,

- FEEOUR float, double, FRAFIR/INEL

- Foeilil char , HRFRSHEEE S TR, BB E B RIERT RS,

- MBS bool, HRER “B7 H “E7 HE,
SEAERPRR DA N RITE AR sT R, — M ARG RN 1 AT, TERRZBIRRIEERAT,
1 fz7cél (byte) H 8 iyt (bit) #HA%
BRI ) BB A [ B R HAS A =S R/ R B Java 2l

- oA pyte (5 1 RITAR = 8 i, AIBAFET 28 (8,

- BREOMRI int (GF 4 fr7eAE = 32 AT, AIRAFR 232 fEBE,
# 3-1 58 T Java HEEEARGRARI G S, BUEHE R TERE, RS GETS, KRB0
Al FRERFR] DAZIEE R AR A1,

R 3-1 HAEERI I 2 R U [

iyl FFo% (=M &/ME BKE THRH
=y byte 1 fiocsH —97 (—128) 27— 1 (127) 0
short 2fiea =215 215 1 0

int 4 fhigegl —23¢ 231 —1 0
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bl Fok iz B ME RAME FHRAE
long 8 frrsl  —203 263 1 0
FHE float 4fges 1.175 x 10738 3.403 x 1038 0.0f
double S fryrél  2.225 x 107308 1.798 x 10308 0.0
FIL char 20t 0 216 1 0
itk bool 1fiycdl  false true false

AATER, 3% 3-1 $HHHYE Java FEARRRVMBIRTEDL., SEEXGESHASBNEREAER, EMrkH
23 [ A [ FE R B RT RE & 6 P AN [l

- {E Python W, BRI int ] DUREREAR/D, RZERATTHGCER,; ZEE float 2EKE 64 f7;
% char BY5l], EEFCERE LERES 1NFH str,

- CHI C++ REFEHERA G RAIRI AR/ N, TR EREREA R, £ 3-1 85 LP64 &k HHR
1S Linux A1 macOS N Unix 64 fi7E3E R4,

- FJC char IJR/ME CFl CH+ FiZy 1 Ao, 7ERZBIERGEE S HER R E N FIeamis /7%, A
“EILARIE” T,

- BMERRMEMET 10 (088 1), CELIBMEPEENEHETES 1o, ERRARKEIER CPU
TEER 1 AT E A N E kR RS BT,

AR, FEABRIR G SRR 2 A (R E? BMRINE, BRGTRR e Rt B P AR S R A7 R 7
Ko EHEERIEER "SR Mk “ER,

RAEFOR “—HEEET, BAME ARG BRI, 182 K 2 PRSI AR MR AT DA B AR 248 B (R AN I
PR, ERERHEFHINAREE int, /I float BRI char, HIEL “¥PRIGHHE" MR,

HtgEhE, FEARRPIIER L 7 RORHY “pas 7, i RERHETRER O 1 ORI “AARDT U7, i DA RE A,
TMTHMHFE R RERE (5 ARG ERFRARINEA BRG], EH5 int, float. char. bool %%,

[ ERZEEARER BRI RGN ES
val numbers = IntArray(5)

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

3.3 HF4RES

Tip
fEAEN, SEAA * FRN R EE R, WRIRR AR BRI FR AR R, wTRAeRkE, FE5ea
A T R P R


https://en.cppreference.com/w/cpp/language/types#Properties
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3.3.1 [REE. —HEM =S

£ bRy R rh MR B, A BB RE S Fon Y B BT EL IR B — (8, BN byte HYHUEHEE 2
[—128,127) . BERRHBRER, CRINERRYRER, —fE. —Hi8eompE.
BT IR, BBl “HBC BRI, R SRR 2 B, e =
TEFRo

- DS IR ECT R IR RA RS AL AT, Hh 0 FRIER, 1 FRoRA8, HERIFORE

FHIE,
© R IEBE - EBEL RS R, BB — R B RIS PRI SR AL AN A LU
© R IEEE BRI, SR M BUR AR B B 1

3-4 FOR T IRAS, — RO R B AR T I,

+0 +5 & -0 -28

0000 0000 0000 0101 =17 1000 0000 1001 1100
PREFIRALSH,
HEARE IR

0000 0000 0000 0101 —Hi¥ 1111 1111 1110 0011
E—saERE N 1

0000 0000 0000 0101 b - 1 ¢ 0000 0000 1110 0100

EMMRE. —H#8. —RNE% BHMNRE. —HH. —HBTEEER

(@ 3-4 JRAS, —HEEL B A B

RS (sign-magnitude) MESRIHELIBL, (E77 16 —LEqRMRME, — 5, COBOWIRRERAEECBT M, Bl (65
BEREE 1+ (—2), HAERE 3, BEARTH,

1+ (=2)

— 0000 0001 + 1000 0010
= 1000 0011

— =3

BT RRIRIEE, SHEMSINT —HE (U scomplement), QRBMSCHFRIGEH A — B, ME—H5
TERHRE 1 4 (—2), sE s R — g R m R, QA8 SR —1.
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1+ (—2)

— 0000 0001 (J5H5) + 1000 0010 ()

= 0000 0001 (—#H&E) + 1111 1101 (—Hi#)
= 1111 1110 (—#%)

= 1000 0001 (J5H)

——1

F— 77, WA +0 A —0 AR/, JE RS e S M R 0 oS, S
REEACER. LM PEHBT, AR AR EEMEST, AIATHE SRR, R
EREBR AR, BT SO HIBRIE, T @ AR,

+0 — 0000 0000
—0 — 1000 0000

BAIARS—4K, —WBUB A EEATEERME, Kt REME D5 T /2 (27 scomplement), e
KREE—TEFEE, M —mMERE R

—0 — 1000 0000 (&)
= 1111 1111 (—Hi%)
=1 0000 0000 (—¥%0)

EAFHN—MEBCERE LI 1 AN, Hoyte MAIMRERE 8 £, KRS 9 (KT 1 FHEE,
WEtEd, AFN#iE% 0000 0000, BEFN BN, ERWEE _MEFRTHREFE—E%F, |
AT EFRIETS 2R,

BRIRB— R byte BUBIMEUEFER [—128,127], ZHIRN—EE% —128 2UA{SZIRTE? &
MR, SR [—127, +127]) WA BBEA BRI RS, — i —ahiE, M ERAESR i i AT
DA AHE R,

SATT, MR 1000 0000 J2 MBS, ©U A SRR, FIRuo s, RPSE% MRS 2
0000 0000 . BESREFIEN, FAXEERANT 0, TH HBIEREE S, SRR ARk
W% 1000 0000 183 —128 . L, (—1) + (—127) £ % RIS REmE —128

(—=127) + (—1)

— 1111 1111 (J5H5) 4+ 1000 0001 (J5H5)

= 1000 0000 (—#H&) + 1111 1110 (—H#)
= 1000 0001 (=#%) + 1111 1111 (ZHi%)
= 1000 0000 (—#H#)

— —128

IRATRECAS BT, EIRFrARIEMRINRES, SRS ~EEERE: sHRTRR R a1 e i
JRIMEE RS, &2 R A MRE AR HMER (FLansrik, PRIZAIRGE) 2K, R E B A E il
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B, HEAGETHATORR, ERIEEER,

AR, SRR AT M RN TR, B IIA L EAGE RN EAGS, M RRRES T B RE LA
MIBEHESR, BN, SHRIIE o — b AT AR ZE SN o + (—b) 5 stREIRIERBRIEAT DI 25t B 2R
AT,

BIAEFRAM AT DASRAE HEt FAAE ] BB A BRI BEOR,  BHEMERT DUR RIER A FR S AR 1 A iR P I
BONEBRIINTE, AR EREH PR R S AR B, I H AR BIEBLIE B BRI, TSR
fe TR aar, R VERRCR,

CHERERETER Y, FREERGRRMST M ERNE, Eaa R E P IR AR,

3.3.2 ZRERES

AORIPRATREE 2381 int A float RIEAHIE, #BE 4 AocsH, HAEE float MYBMESIEE AR int ? 18
FEHEREE, NAGHR float FEFIN/INEL, BUEE E EZE NAH,

B L, SR AT Float B Y ARIZGRTTN. i —1M8 32 fIyCRER RIS :

4% IEEE 754 #2#:  32-bit R float H LA R =1AEE 9 HE R,

: ﬁ%ﬁi S: 'fljj 1 ﬁZ, %TJ‘EAE b31 o
: *E;&'fﬁ E: ,fljj 8 'fﬁ, %EE b30b29 b23 o
COSBBIN A 2361, B byobyy .. by o

THERIFIR Float HIEEAIET /T2
val = (—1)bs1 x 2(baobao-b2s)y 12T 5 (1 by by, . by),
R HERLH] R RIS A
val = (—1)% x 287127 x (1 + N)
Hrh 5 TR B 2
s {0, 1} Ee€{1,2,..,254}

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

RO S B8 E AL N
08888800

A A A A A

b3, b3y b,3bs, by
HRUETA, 2% HRIR IEEE 754 7%, 2nfISBEHIETA
S=20 val = (-1)5x2E°127 x (1 +N)
E = 124 = 1x0.125% 1,375
N =22+23=0.375 = 0.171875

3-5 IEEE 754 ¥=¥ERHY float BYETHERH

BloelE 3-5, e —EREERS=0, E=124, N=2"2+42"3=0.375, HIf:

val = (—1)0 x 2124127 5 (1 1 0.375) = 0.171875
BERM AT AR IR Float M9267 /i M AT, WROURMMRERE IR int . RIELL LA,
Float ATETIBAIER 22547127 (2 - 2723) & 3.4 x 1033, HJHRF B AT 51 B N LB,

TS Float W Y HUFHER, (HICEIERDRRYE VR, BB int M 28 32 ATTHRFRET,
BRI, T RS BLAETE, TREEL float HYBUEIBLR, HES 1 B3 & i 1 22 (EUR & il T Bk
Ko

%% 3-2 fR, 188U E = 0 f1 E = 255 ARG, MRFRE, MEA, NaN &,

*3-2 fREIETR

fRHUL E SEAIN =0 STEALN # 0 AtHEAR

0 +0 WIEHB (—1)% x 27126 % (0.N)
1,2,...,254  IFHI% IERI8L (—1)% x 2-127) » (1.N)
255 400 NaN

(EAFEIAR I, R IEARSEE SR T T TR B BIRS 1% , S/ N E AR 27120 | B/ NEWIE MR 27126 x 2723

o

EE¥EIE double HERAIBMUR float MIRRTTIE, TEHCMECENR,
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3.4 FriRlE*

TERH M, AT R LA BRI B R, 5990 char ABISN, 25 T RoRToT, TRMFEER
M—E P, BUEEHETICH A HIB M ——HERR. 6T FnRZR, stERERT g RS
RIEL NI B R T IT R,

3.4.1 ASCIl F&

ASCI B2 i R BN FIeE, H2M% American Standard Code for Information Interchange (3EE
ERER AR RS ) . B 7 6 A HIE (—ERTARIR 7 6 Fr—EFIT, RZREHFRR 128
NEFIC, dAIE 3-6 FR, ASCIIBSEAEESCFRINE, B 0~ 9, —SSERRT SR, DA — Ll
TC (ANHATRAATERERT)

R {ii ] I i) F &8 R e — i) FT s i FT R 10— FiT
2000 0008  NUL e 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001  SOH 1B 34 0010 0010 " 66 0100 0010 B 98 0110 0010 b
2 0000 0010  STX ESChlE 35 0010 0011 # 67 0100 0011 c 99 0110 0011 c
3 0000 0011 ETX EXAER 36 0010 0100 $ 68 0100 0100 D 100 0110 0100 d
[ 0000 0100 EOT BEEE 37 0010 0101 % 69 0100 0101 E 101 0110 0101 e
5 0000 0101 ENQ R 38 0010 0110 & 70 0100 0110 F 102 o110 0110 f
6 0000 0110  ACK I3 39 0010 0111 ' 71 0100 0111 G 103 o11@ 0111 g
7 0000 0111  BEL ey 40 0010 1000 ( 72 0100 1000 H 104  o11e 1000 h
8 0000 1000 BS Bt 41 0010 1001 ) 73 0100 1001 I 105 o110 1001 i
9 0000 1001 HT KT w2 0010 1010 * 74 0100 1010 3 106 0110 1010 j
10 eeoo 1010 LF HiTHR 43 0010 1011 + 75 0100 1011 K 107 e11e 1011 k
11 0000 1011 VT SHNRF 44 0010 1100 5 76 0100 1100 L 108 0110 1100 1
12 0000 1100 FF MEE 45 0010 1101 - 77 0100 1101 " 109 o110 1101 n
13 0000 1101 (=3 Elmg 46 0010 1110 5 78 0100 1110 N 110 o1le 1110 n
14 0000 1110 50 TR u7 0010 1111 / 79 0100 1111 0 111 o11@ 1111 o
15 0000 1111 SI RAER 48 0011 0000 ° 80 0101 0000 P 112 0111 0000 p
16 0001 0000 DLE Bk 49 0011 0001 1 81 0101 0001 Q 113 0111 0001 q
17 0001 0001  DC1 SR 50 0011 0010 2 82 0101 0010 R 114 0111 0010 r
18 0001 0018  DC2 ERIES 51 0011 0011 3 83 0101 0011 H 115 0111 0011 s
19 eeel 011  DC3 L5 ] 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 ool 0100  DC4 R 53 0011 0101 5 85 0101 0101 u 117 0111 o101 u
21 0001 0101  NAK {ERBIRIR 54 0011 0110 6 86 0101 0110 v 118 0111 0110 v
22 0001 0118  SYN [EE 2L 55 0011 0111 7 87 0101 0111 W 119 0111 0111 w
23 0001 0111 ETB BRI 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 riER 58 0011 1010 : 90 0101 1010 z 122 0111 1010 z
26 000l 1010  SUB ] 59 0011 1011 5 91 0101 1011 [ 123 0111 1011 {
27 0001 1011 ESC ARG 60 0011 1100 < 92 0101 1100 \ 124 0111 1100 |
28 0001 1100 FS TR 61 0011 1101 = 93 0101 1101 1 125 0111 1101 }
29 000l 1101 GS SHER 62 0011 1110 > 94 0101 1110 " 126 0111 1110 ~
30 o0ee1 1110 RS SHRSIEE 63 0011 1111 ? 95 0101 1111 _ 127 0111 1111 DEL
31 eeel 1111 us BTHR 64 0100 0000 a 96 0110 0000 N
32 0010 0000 sp o

3-6 ASCII i

SR, ASCII BEMRRESF RIS, FEE R MBIk, 34 T —FEAEM £ R Z3E S 1 EASCI Foté, &
1£ ASCIT 1y 7 1A% FIEER 8 v, REHFRIR 256 AR FIT,

et LR Y, R T —HE R AR RIHLE K EASCIL ot , BT mEanT 128 A7t —5
ASCII i, & 128 7 CEHEAR, PUHEERFEGESNE R,

3.4.2 GBK Frt&

BRARNMEEH, EASCII BEIRMELIN R FF 25l S BUREOR, N aia 8 ME, JeH %/
ARETE, TREEFEEERR 1980 FRH T GB2312 7Lk, HUERT 6763 faiEs?, AN E T HEFH
AT AR R 2,

SRTM, GB2312 KRB R M BT, GBK L2 E GB2312 AR HERISHIRY, el T
21886 fEE¥, 1£ GBK HI#fE77%H, ASCII Frofifl—Efotl &R, B AmfEn TR,
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3.4.3 Unicode Ft&E

B R EAT AEPh 38 R, TR BRI AL IR, TSR TRF 2R, —JrmH, BT IR
HERTRER S NFIC, MIXELE SRS NERE TIE, 5—J7H, RS FESETuRERE, u
SRR E AR A F ARSI, HIE & el R R & H AL,

ARMER AR 7N B AEAE : QSR HE I —fE R S s B o 8, R I SRS D9 Y B A 58 5 AT SRR Bk 3L
wh,  AEEa) DU RESTE S BR B ALRS IS 7 W57 S ARTARIEREN T, —ERm 2R F It Unicode fEE
[[=

Unicode FIHSc 4R 2y “—8”, Filah LREAAN 100 2 BEF T, ERINK 2RI E NN T ITMHASR—
fresez, SRt REMA R T T R AR BMBURASREE 5507, B R 2 A TS AR A R T 22 2 A RL A )
%O

H 1991 £ H PAZK, Unicode REMEFTHIIFES BT IT, B2 2022 £ 9 A, Unicode B S 149186
Fot, BEiESEESNTIT. MMREEREHEE, f£REAN Unicode e, HEHMFITMEA 2 Mot
4, FLEAMmTIeM 3 MoTAEEE 4 Mot

Unicode Z— @M FILE, ANE LEAEMETITO M (F5 “W5E"), HEMRABE R
i fe i oo R, RIMAZERM: B2 RER Unicode f5R5 RN HBIAE— 85I, ZReE4N
gt oe? BlansaE — MRSy 2 MRS, Rt et —E 2 Mo r v oTig 2 mifE 1 Ao
FHAFIT?

BN LR, —REEIIRIRTT R PoChif 235 RIS, alE 3-7 FR, “Hello” Hfg&EHET
JelGH 1A, “HEER” EEEFITEH 2 Ao, AT DUE @ &S AE 0 7 “Hello HEIR" FHRIAR
AT TCHRERIE 2 2 AT R, ERARFRIAT AR 2 AT — 8T, IS EEERNINE T,

FIT Unicode
H 00000000 01001000
e 00000000 01100101
RE#A 1 (AR FT
1 00000000 01101100 > g
(B{iHE o)

1 00000000 01101100
o 00000000 01101111
B8 01111011 10010111 L _

- RE® 2 (AN XFT
& 01101100 11010101

3-7 Unicode #wtErf]
SRTM ASCII HEEAS M FAMEERA, SmiB~e 17 1 hock, S IR R, Feors s AE B NN &=
ASCII #ifl FRUMIfE, AEFIREGIER =M, Hit, FMFTFE—FEEIMNER Unicode #7712,
3.4.4 UTF-8 w5

Hui, UTF-8 BaiA R - H&EZA Unicode #miE /5%, B —MaSREENMEE, #4135 4 6T
SHARE R —HFTT, IR MM TS, ASCII e RE 1 o, T #EHA IR REEE 2 AT,
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HHRRAPSCFITHRE 3 Aok, HARK — AT 4 AT,
UTF-8 AR ABHE, 7% DS AR o

- BWRRES 1 MICHN T, BREMEREsE 0, HER 7 MR E% Unicode WEE:, HISTENEZ,
ASCII FJtfE Unicode o545 1 a1 128 (EMEES, tit/2sk, UTF-8 #alsn] BAr) FHH%Z ASCII
i, SRR AT CUEH UTFE-8 AR AR ASCIT BESZF,
- BRRESA n AT T (B n > 1), HEECTHNE n MERES 1, B n+ 1R ES
0 ; M8 A CAHBRYE, BEEN AR 2 MERE A 10 ; HERFTE A REFE ) Unicode
TE5 G,
3-8 /R T “Hello HEER” HHER) UTF-8 4nfis, BIs38H, Bl m n MNElikeEs 1, FRS A UE
BN 1 EEER T e RE S n o
{H A BB H AR A A TARI S 2 MR E 2 10 WE? BEE b, 1518 10 RESERIRERRFIIEN ., RRERS
Pe—ESE R AT AL B IARAT S, (oTAHTERRRY 10 RESES B 2400 Hys i 1 8,
P 10 E1ERERTT, RRATE UTF-8 #iEHHAITR, RrlgiE FoimeEmnig 10 . SEsam T DAH
LRSI R —ET e RS MALE 10, ST RES 1, ¥ ASCII %, 1 ASCII fB1A
ENIEZE 0, BERRFE,

FIT 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

R 3 URES 1 ﬁﬁ%fﬁﬁﬁ%% 2 fi
RRFITRES 3 Ul ®iER 10

3-8 UTF-8 #fi5npil

Br T UTF-8 Z4b, & RS 2GR G5 DU A,

- UTF-16 %ill§: /] 2 2t 4 fonslARE R — 57T, ArERY ASCII ool AR, #8H 2
AT ARR, DEEFRREME 4 Aot RoR, B 2 Mot EoT, UTE-16 #ifER Unicode f§3;
HE,

- UTF-32 %ifls: &7 TiEH 4 Aot EEME UTF-32 bk UTFE-8 Al UTF-16 BEAG =M, KAl
BN ASCIT Foefl s m i s+

kSRS A ES, #/H UTF-8 Fonsix v odbi e, B EHER 1o, (R UTE-16 ARisH
Egoeyon (s EEMER, WRyeMd 2 ook, m UTF-8 alREFRZ 3 ok,

WA MES, UTE-8 RNEMTERE, 72 TAMBELSEH UTF-8,
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3.4.5 RESHNFITHE

B ENRZEREGE S, BRPUTHF B UTE-16 8¢ UTF-32 G %F RS, E5RMIET,
BATR] DUt 7 ER B MRS AR EE, SR AR DL R,

- BERERIN: UTE-16 MbSAY7 H Al DARA S TREMEI M. UTE-8 21 RAwis, ZARIKEISH ¢ 18
Fot, BMFERTFBRIFRRENDIE « f5oT, BRE O(n) B,

- FouEtEe BPEMTIRTEM, SR UTE-16 SR EBRREHE O(1) W#RfE, B2, 5 UTF-8
A S 1Y) B ) - JRE R A A R

- IR (£ UTF-16 SRR b, RB7FHERE WoH HE A MRS BR5ET, £
UTF-8 SRffSH) 785 b, TSR na W iR RN, DIRECRA & 2 ST UTF-8 AR,

B E, B SRR Rt R EREBIEE, WA EER,

- Java HJ String BURIfEA UTF-16 #ifls, SMEFICAGH 2 oo, BRI Java sE5 et 29, AM
Ry 16 AL ARRATA AIRERIFIT. 2R, 1ER—ME R ERERHIET, 122K Unicode MRS T &
i# 16 £z, FrPA Java FEYFICHfE Al REH —% 16 MAUE (R “fRBHE”) TR,

- JavaScript #1 TypeScript f= i UTF-16 Si5HY K EL Java FHL, & 1995 4F Netscape A H]
HHEL JavaScript ®B S, Unicode JBHERFER T, FRRHEREAH 16 LRSS HEE AR RFTE 1Y
Unicode FIt T,

- C# i UTF-16 #4ifl5, FEZMR A NET F22H Microsoft @&, M Microsoft FIIRZHMT (U
1 Windows (R %) #EIZ A UTF-16 4,

A DAL 3 CRE & B e SR ARG, BTSRRI “REES” 1977 R R 16 AR Z) Unicode
FIL, JEEEMICH AR, —J7m, WESHEERyHh, —EFTrlsebH 2 foce 4 A
JeAH, MR T AF RAMAISHIESS, 55—y, FRsCERE R RIME e, 181 e 1 RaET A
PERPREEHERE

HR A BIRE, BB EE S 1 1 — A RIS 7T 5o

- Python H[J str fiH Unicode #ifi§, IfifRH—MEENFHERTR, MEENFZTRERRAFEH
B KM Unicode W58, #7822 ASCIL Fot, HISM@EFICiH 1 Mocs; R EFor@Et 7
ASCII #i[#, [HeWARAZES YH (BMP) W, AlEETICiA 2 focs; R AEEH BMP 195
7., AT 4 Ao,

- Go B E M string B BIAENFE A UTF-8 #iff. Go 56 Z B4 T rune A, T RN KR REM
Unicode f5%,

- Rust #E S str fl String BUFILE NG UTF-8 4ifiB, Rust 42457 char AR, R FRREE
Unicode H5%,

TETENZE, DEawmERF RS aET X, M E e S b il 7 s e 4 v 4
RAFMBE, (EAE R ST, TRMEE &7 BmiEe UTF-8 /8K, DUERIREHEAEMEM S
Fﬁﬁék%o
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3.5 Ih\&E

1. ERSOIEE

- BRI ] DA R A AR Y BRSSP A P T 0 B BRI TR TR Z MR R, mi
YIEAERETEIR TERHE R B IR B O RE 1 T 5

- W RS RS A EEARME. BHRAIAIRSE, @ E RIMIR B E AN R G RS e (BRI, SEAS E
A, HEB, (TF)) FEAEARE (B, (Bl HERD) iR, FRERIVE BRI RERIRME SRR SR IR
ERIEER,

- EREUTRE, BRI ES AT IR, SRR S S BRI A, BEERE
=t AR )= g

- YIEEERE E E ) AEESERE () RMOBEEREE GEREY) . e B EaE e m ), 5
& BRI 2 AR & B IR

- BB A E R B4R byte. short. int. long, FEE%{ float. double, “#JT char
FIFIAR bool o “EAM A B R [ R A e 2 R/ AT R R 75 2K

RS, B R R B P RIS B R =R T IR, B 2 R DA B, O R R ) e
NRTFENL, HERDEETFIIE,

- REERT R R DL MBI EER, £ MEEORT, sPEMR DA EBR A B L —EE
=, APRELREEREEERE R ERS, I B ATEE AT R NEE,

© TFEREUNARTEE 1A SRAL. 8 LRI 23 N BUNIAE AR, HHAATETESRELNL, IRl B B BB A
B AR RS, BT TR,

- ASCII B2 i RIS 7o, REA 1Aoa, kst 127 50, GBK Foos s A
FoulE, HUERMWNE 2T, Unicode BURIE Mt — R o muE ikt i E R ES M
FIT, PETRTR R T CAR IS 77 15 AR — R S S LA .

-+ UTF-8 Z&ZEUNH Unicode #fi5 771k, WHAMIAEELT, ©R—BERNMIE L, BERGNIEE
M, BRERF T REESRIRE AR, UTF-16 #1 UTF-32 2% -BHISIS 7T %, TE4miERSck, UTFE-16
M UTF-8 B/, Java fl C# A2 7GE S TERLEH UTF-16 4R,

2. Q&A

Q: Rt EMRR AR E SR RSN TR T B RS ?

MERAR RS, T 7R E S, WIMTPTREE A "R (RS MRER” EEEE) M
S ERfE R — ARG Y, BRI REER —ERIER, SCTRESE A OB BALRED.

TR AT, MERRIVRE RS, Hbfg e n et S —MEE, st s — sl 5L
—RRE. B, FERRATRERIR SR IE R (Fy1), SESERS)) FARSRIE R RS ().

Q: char BUBIKRER 1 hyCAHIE?

char BRI R E RS S BRA RIARIS 77 150 &, Bil4N, Java, JavaScript, TypeScript. C# #£#fH UTF-16
#mis (f#1F Unicode W55, [HUt char BURIMREZ 2 fiotiH,

Q: EJAMEFIE BN G RHE MR “SRRERAENE B A 307 B AT DOEAT @A A HEB SRR, 18
LERRUERE “ENRET 1Y,



3w BRAHE www.hello-algo.com 63

HEBEE ] DI B ERERRORHRE, ERRUSHIRR 8" (REAFE) 1Y, @8 RNk G
A DABh BT s ER TR, EeMivEERETH, MREREBH 7 HE2 BN, i Z L —
AATSE R AIRHEA], - SIS Bek 1 R P 7 AR S E T R 1) v

Q: fERSEHEE (T BIRHE, RIEEEHRRD, DAEEMZ “FHEERGEE" e?

fEmPEREGEES T, TMEAN LT (T35 ReaE, EETERERINEEEIE K. fla, Java
[ ArrayList RIWIARRIER 25 10, 75h, BARIERZAEEBIN, S RZEN “HBH7 =i,

Q: SRS MBI ER “eBURRN 17, IR B A R R E . IR 1 R, T A
JEHS L —AR AT DUEE “SEBURARIN 17 153, 1SR T ENe?

TS 2 TR 2% SR A A EL R B R BB R R e, BB ER: Bta +b=c,
BB a 72 b 2 c (B, R B b2 a 2 c AIHEG

ME M n = 4 A RER EMHIE 0010, WASEETEEREE (NEEFRAD, IEER
TEW el 17 1520

0010 — 1101 — 1110
Mg, RS —AEBAEIATZ 00104+ 1110 = 10000, thgitds, —wi# 1110 2515 0010 £/ 10000
) “FHEC, EEWE LR “Selueizm 17 B st 52 10000 RIwiEREE,
AREE, —#% 1110 2 10000 By “HHEC 22 /0Ue? HMRARRTDUH “JelUigm 17 S2e:

1110 — 0001 — 0010

et JEESHI O 28 E] 10000 B9 “HIBC, [FIL “BEREE B0 R “ B R AL
RN GeBUR B 1) B,

B, TRIPHIAT DUHE S AOR —H% 1110 ROGERS, BN “Jeil 1 EUR"

1110 — 1101 — 0010

MGEARE, “SEBURIEM 17 A0 YRl L REUR” iEmEE R R R E] 10000 FIHEL EIFMREE.

ARELER, BT BEEREEXRE 1111 fE (RAEE RIS + —#8 = 1110); ME—MEEE L
A1 RN R, U2zl 10000 BAHE

EIRBAn = 4 Z5, FATHE R AR R AL B AL
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Abstract
BRGS0 RN [E] — 5 R B Y RS,
BB R RE AR HES, B E B, SlAS ER Y AR B iR, JEARIVER 2 B AR A 4% > [,
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4.1 PEY

k5 (array) 2 —REARPEECRIGHRE, HIRARRIZIBIA TR G R LB R s . IR TR RS H
AIRLERE 2% L RAZRS | (index)o [ 4-1 FEoR T[S A 3 SEME A% 7 77 Ko

fEFRET pYsE s R S R R AR RY

TR
element
3
array
;%6[ e 1 2 3 4
index
stERE it

i 00 04 08 12 16
memory location

o] A
B o tarErImEt ISR

4-1 PHFIE R 773

4.1.1 FE5ERIRE

1. #haepEs

T AT DAARAR 75 K% FH B A1 Y iR W) 4k 77 3 IRRIEGME. AT WIME. TEARTEEVIIRERNEN T, K28
FEGE S &k bs TR Iaa 2 0 -

// = File: array.kt =

/* HEES */

var arr = IntArray(5) // {0, 0, 08, 0, 0 }
var nums = intArray0f(1, 3, 2, 5, 4)

2. shRTTE

BB TR ARSI RL IR S T, EEWE R RS TR AR A AR A 5. e R IR AL
it (ECsReiEmnat) FRMETRIRG, BMTa] DUERE 4-2 FoRiy ARG RS SRt R rsC g AL,
T BRI HRZ TR,
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(£ 2]

TE®Sl o 1 2 3 &

oteREMat o0 o4 08 12 16

TTRRE -4

wRCERAE - EIRERE + TRRE « TRES|

(B &) (fhHRFS 8)

fl: REFIRS| 3 EHTTRRCIEREANE
012 = 000 + & x 3

& 4-2 FEFITTRAGE R AEE R

BlRiE 4-2 , FMBEBEESEFETTRNIRTI2 0, EUPFAERER, KA 1A BEEER, B
HEETEARNAEE, KIIAE LR ERMImWE R, SETROMIERERER 0, BIERNRII%0
AT,

fEpEG TR AR mAL, FRAMATDATE O(1) MR RE Dbl b T A7 FR AR R — DT 2
// = File: array.kt =

/* BEMSEARE TR */
fun randomAccess(nums: IntArray): Int {
// ZEER [0, nums.size) FRFEHEIHEN—EEHE
val randomIndex = ThreadLocalRandom.current().nextInt(®, nums.size)
// JEBRIIIR[C| TR
val randomNum = nums[randomIndex]
return randomNum

3. ATTE

MR TRIELIER TR “RREN, M ERASEEEREMER, E 4-3 For, 0RAETERS R
MA—ETR, RIFRERZTR BRI ATITRE R, BB RMESZRI.
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fEFIh AR TRERE =

8800 ) .- e
|
N

nums[4] = nums[3]

:

HETTRIRA

o Il  [2]s5]s] 4]
1 N

RT3 1 BENTTE 3 e

800800
N
nums[2] = nums[1]

(s W1 ]s]2]s]¢ ii@ﬁiz;—zg 0 Bk

nums[1] = 3

:

4-3 (IR ATTRRGI

ERERRNE, HRESINREZEEN, FHifMA—ETRoe S8 EETR “BK" HFRIEME
FIRERIIRIRTT SR AR “ER3)” BEEI R,

// == File: array.kt =

/* 7EMEFIMZES| index ERIEATTE num %/
fun insert(nums: IntArray, num: Int, index: Int) {
// BZFE5| index UKRZENFIBETEREZE—I
for (i in nums.size - 1 downTo index + 1) {
nums[i] = nums[i - 1]
+
// # num BR4S index BRHITTEH

nums[index] = num

4. MpRTTE

AR, 4nlE 4-4 ForR, FHEMERRS] 4 AR, RTREERT] 0 KRR AT — L
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felipRTR

LBEEE

2|2

H
B

n1] = nums[2]

T TTERERMER

il TS E—
EREFIRRRES 1 BHTE ﬂ 5]5 ﬂ
N

nums = nums[3]

80080 -
~—
nums[3] = nums[&]

seRERER, EBIERTRUEH
1

AETE 4 BEESE, BRNEER

4-4  [EFIHERTCR R G

R, MBRCRTRIE, R RERITESES “MEER" 7, URMBEEREEBNRE,
// == File: array.kt =

/* MIBRZES|] index ERHITTE */
fun remove(nums: IntArray, index: Int) {
// 1BZF5| index ZEHFMBETERRIBE—L
for (i in index..<nums.size - 1) {
nums[i] = nums[i + 1]

h

MEARE, AR ASLMERR(E A DA B,
© IFREIBTRREE G BRI AFOBRA TR B E LS 2% O(n) , Horb n 2B R,

- RIOTR: HRESIREARE, FILEmAGTRRE, BHEYRERERNTTRE AR,

- RCIREMHRE: AT DAY — bR ARSI, U AT &0, SRR RRIR, RRMRETT

REE “HEER" 1, (HIERMEIE R R IR,

5. EzsES

FERZHREAGES T, MR DOZAR S EFMA, n] AERGE R E RS - ) R E TR

// == File: array.kt =

/* EFET] */
fun traverse(nums: IntArray) {
var count = 0
/] BEBES|EHRET
for (i in nums.indices) {
count += nums[i]
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}.

/] B¥zEshREYITTER

for (j in nums) {
count += j

hy

6. EfTE

FEREA &SR T TC R TR A MY, BT R ER AU, A VLACRIE RS,
K 7 FAI R AR R RS, P DA LR iR e i 2 AR,

// = File: array.kt =

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

return -1

7. BT

TEEMER RS T, P IR Y 2 RV S M2 v R, TEmsEk e et Ry A&, Kt

FERZEREAGES T, MR A 51,

QUERBAM A B EA R, AR E TR S, — E B RAIRES, SRR RS T R AR TS, &2 — 1A

O(n) W, EEFIRKIEN FIEEFER, RN TR:
// == File: array.kt =

/* BEREIIRE */
fun extend(nums: IntArray, enlarge: Int): IntArray {
/ Bt —EERREZRNMES
val res = IntArray(nums.size + enlarge)
/] EEREYRRERE TR E R R ES
for (i in nums.indices) {
res[i] = nums[i]
}
/] REHEREAFES

return res

4.1.2 FEFIRBEIERBERE

bEZ AR LIRS N, BooRABIHEE, EEMECSEEREREN, R DFIHELEE R

A AL R RERTR I ERCR,
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- ERRCRR: Y BRI TR AL IR,  ERRE NSRS BR B

© SCREREREGIR RS RFEE O(1) R NEIRHMEMTR,

- PRI EARESITRR, SHEMAMEGRA Y, JBEPRIBCHE E R AR, TR s
RS THR SR R TIER

R R TIR, HAP DA NRRME,

- BRABUNBRBCRIR: EfEFI bR LR, A BB R R AR RN TTER,
- REAWEE: MHIEGHIRREMEE T, EA ST IR ERHERERTRES, FSHRA,
- EWIRE: WRES AR NER BRI, 0B S RIS RMARE T,

4.1.3 [E5I|HBIFER

bz — R AL EL R AR, BURBIE SRR T, e AR E B AR AR R A

- B G SRIRMVAERERE R — LA, IR AT DU A A, A R —EREM T2, MRIRRSIEHB
B AR

- Hp RS WY HE P RS SRR G R, Ry, S0P, s
Fei %] b3

- AR B E PR RSB ER R, A DUEAFESIE R AR, (RN E B IrE
ASCIT HEHTSHR,  RIIa] AR ICH) ASCIT BS{EIERZRS], EHBRITRF AL SIS B A,

- BRARERE L MRS TPREM TR, R, SREZHERARIENRBIER, BLEERIECZ IR R
RERER, P12 S A R R s i o O R A

- ERHSREEBL: SR DU SRR, (TH, MERR, HERE. ESERORIES, BN, [ERAR R R
TN PR b2l e

4.2 §ELEERT

LR HEMERERNALER, £ MR RFITERET, SRR M RERrs LB
ik, TAVRIIE, a7 FsARC IR 2 P R AR, B RS AR ORIy, RO IR nT RE SR SR A AN I e
B, SRS ARSI A BRSPS R B A T

s84EERT (linked list) Z—MEARMEORIAHHE, HREETTRARE @RI, SEERNES “5108H” A
HAR, 51 T N —EEB A RO IS AIE, 7 e AT DA E ARG 5 R B T — I iR,

S R A A RE A A E ERG A] DAy B A (e RO IR RE 2500, B FMARC IR RS A SO A,
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(Eca b N ER e P s )
piLEE 3

linked list

0-0-0-0-0-

M TE R
& 518 (s

BR
node

R ER ]

{77 EPRL(E 1_ﬁ§ﬁﬁ$ﬂmﬁ
ﬁﬁ?ﬁiﬂﬁﬁ,‘mﬁaﬁ%iﬁﬂ

[ 4-5 G H H1E 2B 7 7530
B 4-5, SEASERYIRHKEAZER (node) WIft, RHEETEACESWIHER: HIBH “E" FFEAT
—HIRR “5IH7,

- PEESERYI e E ST 2 “THETRY, BB (AR A RS,
- REIBEMR “227, BAE Java, C++ fl Python H43BI#%EC A null, nullptr #1 None .
- {E£C, C++, Go fl Rust FXFHEENES T, EIR “SIH” BHEhs “fae,

MPANREIEATR, GG ERSIETR, ListNode BR T RISE, BHFRIMESF M5 IH GFEED. KIEEHRER
BT, f&THS LRSS T E % R B A i

[* SBESERTIEIRGAER] */

!l EBF
class ListNode(x: Int) {
val _val: Int = x /] EREL{E

val next: ListNode? = null // i8E T—EEZERI5|A

4.2.1 SESERIIERIRE
1. MRS

EN SRS 2, B DRI EETRY A, SRR R IS B (R, WA TERIR,
B n] DATESE RS B2 A SHENRG 3%, IR S5 HITEM next MRUGHFIFTA BIRG,

// == File: linked_list.kt =

/% THEWSBEST] 1 > 3 > 2 -> 5 -> 4 %/
/] WA,

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

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

Pe 51| B2 — (B ,  PLANBES] nums B3 7T3R nums [0] A1 nums [1] 25, S4s B 212 B 22 (8 9 32 A iR
IR, AT H 1 S B RG E ESA eR SRS, bt an DA BRSNS Hh St 5B 27 T RC A AR 5471 no o

2. HENERRS

TS R A Pl N AR A o WNIE 4-6 R, R MAAEAARAT M (S ERE no 1 nd 2 R\ — {7 &
B P, HTSEEMMEERGIN (6D Bnl, RRrEEES O(1) .

M2 T, TERSIhEATTRIR 2 O(n) , TERERE FRRERBRR,

r A
n@ nl
A

P
P.next = nl

B P ¥EM@ n1

= ./
FERRASREIEEE no A0 n1 ZRSIEAME P o i

[

nd.next = P

Bl< no 5@ P

A \\1'I'V/’ .

no A nl
P

4-6 SEAEHSIE N\ HIRRB]

// == File: linked_list.kt =

/* TEBEAEERYIRVENEE n0 ZIBIENEIRE P x/

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

h

3. THPRERES

QuiE 4-7 AR, fEsES RSP INPRETR AR T 68, N s i GeED Binf,
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FEER, S EMPRIERIESE AR TR P DSAER n1 , (HEIR BAEFIHAL RS CAERUATIFEI P, SR
& P RN HERZEA RS T,

n@.next = nl
Tl B4 no 1E@E n1

FEREEFIPRIRES P

A A

ne nl
A

fbRsERiR, B P HAER
nl ,

BERREETIBERENHE P,
Bt IR P W

& 4-7 S ER AN R GRS
// = File: linked_list.kt =

/* MpREEAERTINENEE n0 ZERIEEES */
fun remove(nB®: ListNode?) {

if (n@?.next = null)

return

// n@ -> P -> nl

val p = nBO.next

val nl = p?.next

n@.next = nl

4. HRIEHES

TERIEHS P B RmeNE, 4 E— A, FRIVATLAZE O(1) W Rasfess o (R T, s
EEIRIRS, FRRXA TR, B, P E RS, WA, RIS IR
(AR AEEE i — 1, FERBREES O(n) .

// == File: linked_list.kt =

/* FhfEgEAEERY|IFERS|%A index HIEIRL %/
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. EHIENE,

ERBEAL Y, AFHEHPEZ target AUGIRS, dH sz EIBEEAS AP R S, HBREHLERG SR, 2
AU AR

// == File: linked_list.kt =

/* 1ESE4EERY|PEHRES target HEEERE +/
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 [E5) vs. ELEERS

R A1 MRAS 1 ISR GRS ER Y5 TEREREAR 3 b 7R ERCR . R E MR A AR S RO faf 7 R, IRt A A

PR AR R B BB S ARG

R 41 BB B it 5 S R BT L

fei21]

BRI

ARWE B

SR EEMGRED, (HRR s
BiEE  0(1)

wiE  O(n)

MEE  O(n)

4.2.3 BRigEHRTIER

GniE 4-8 Frow, ARSI LS =R

s R A

Sy
] 5
LR
O(n)

O(1)

O(1)

- WP EAS R BRI A s A B Y, B A B A A TR B S AR A R — RS A 5 1 NI

Bkl FRARE (B ETRGRE 2 SR ARG, KRR —(EETRRE 2 R, EHIRGERZ None o

- BYBRGETHS: QIR BAMT B RS B S R R AR R A SEETR (B R, RIS R B8,

BT SRS, TR ETRAR AT DAL SR RS,
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- BEGEATERY . B A SRS A SR L, BB R AIRCER TR E T AT . BB B A R TR 3R
[l S fa A RAR RS O — () MAmERERS (L— @R A5 (). MBI ER Mgl 1,
BRIt ER A SE BTG, AT DS 75 A E A A B8, (EURE Pk th AR A0 Y BE 2 O A IR R 2

[* BRiEERTIENRER «/

!l EBF
class ListNode(x: Int) {
val _val: Int = x /] EiEk{E

null // fsmEERRRSIA
null // fEmEmiSEEREEYS| A

val next: ListNode?
val prev: ListNode?

h

oL L)

singly linked list

—> —>| — —>{ —> None

IR SR

circular linked list

[ & V]

SmiEsR

doubly linked list

o/ 3 — — —3> None
None <« -— -— -— —

4-8 i RS RS

4.2.4 $ELERY|HEIFER

BRIl A ERAE R B, (21, FEE R E R A

- HESBERYTH: E AR AR R E S A R A — S TR, ORI AR, BENEE, &
AN BRCEAESEAS AR — (T, MPRERIEAE AT RIS — (T, ERBINRHE R e, HE
751,

- pEESR: SRR MR E R BRI R —, EIRET, FrAERITTERAS GBI —EEss
FRAIH,

- B AR FORIE A AR AT 3, I 1 TERG 0 B S A SAR B, Sl R A R O (A
TLERARAAR B TE R AR D ) LA TR

B [l 46T R U1 Y DI TR S PRI S At — (A0 12— R T R A 5t

© ERERORLERE: LAITEALRRE, B b, TR EAHIETRGR QERG, 15 AT DU L EIRG P — (A s
ARG S | AR EH, FPUR sl #i51),

- RISEAEL EEERS AT, B P RERNE SRR TGN, BT AR TR NI A R R A A — 1
T —MEdE H, B gt 5B 51 AR RIS IS AR R A A T T B
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- LRU #83A: ik (LRU) {ERES, BT EPRREISIT R D ER R, DA PuR
HOERIMIPRETR, I e e F B Gt eR Al AR B 5

BUE G R A RN R BRI R, BRI E IR

- WA REHEREEIL . EOEERST, A WEHRREEERR R R CPU A%, EF
TR RETIEE, SEEF SR T AR, ERER SR, CPU R UHRE N —EfefF, 8
T [ $5 'F T DAY S8 BRIP4t E 51| A B B

- RORMRM: R RREE O EB T, IR e BRI, R, A RIEs T,
BERHA AT AE & 15000 B R AT N — (BB S A3 51, DA BB A R ik

4.3 &%l

B/ (list) 2—EMRIEREEEES, ERPTRIAEFES, XRoTRGRH. B i, MERNE
FRME, BUAMEHE SR ERRBIIFE, 5 AT DAL G S 51| s fe 1 B B,

- BEEERSIRIAT ABE—E RS, HSRTRE A SR e, i Bl s S B A,
- At RTRE AN, HEREREAAE, Rt REEE—EEE RERGIHIHES,

B Y BB AR, REAEMEE GEBCRINE RS, &2 R ARMEE EEFELMETRE
ffFZ/ R, EmE LRSS ENBEYRE, SHRER/D, ARREEENEHHTER; SRERLK, H
SRR S IR,

AR, B n] DAEFHEhRERES (dynamic array) 2REILERY, TREA TS IEERS 36 H AT
ERERPITIBEA B TEN B A,

B L, SRS PR LA R SR B R B BRI BB, BI40 Python FHfY 1ist | Java H1#Y
ArraylList . C++ FfJ vector #1 C# FPIY List 55, TEE FARIF R, TIHE “HBs1” 1 “BhiefEz]”
2 Rl I,

4.3.1 BRIIEREE
1. MRSl

FAMPEEFEH “EyaE” 1 “BeaE” EmEa T
// = File: list.kt =

/* ¥REs +/

/] EEXRE

var numsl = 1istO0f<Int>()

/]l BYEE

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

A 2R, FEIATATE O(1) RERINFIRIATERT R, MR e,

// = File: list.kt =

/* TR */

val num = nums[1] /] HREE5| 1 BMTE

/* EITE */

nums[1] = 0 // #FE5| 1 ENTEEHA 0

3. EARMRTER

MHEGRRES, B 5] DLE s SR T R, (R RSB EHTI TR AR E S O(1) , B AFRIMER
TER MR EERSAAIE, FERREZ O(n) .

// = File: list.kt =

/* BB */
nums.clear();

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

/* TEFRHEANTE */
nums.add(3, 6); // TEZER5| 3 BIENEF 6

/% MBRTE %/
nums.remove(3); // MBRZES| 3 EHITE

4, EHERY

B —A%, BRI DMRIE RS ER, el LEEET&ITER,
// == File: list.kt =

/* BARS|EHEBY] +/

var count = 0

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

I
[* BIREFHBRIITE «/

for (num in nums) {
count += num

}
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5. HHERY

447E —EHT RS nums | TRAFTAT DA ECHERE 51 B 51 A 2,
// = File: list.kt =

/% BHEMESY «/
val numsl = intArray0f(6, 8, 7, 10, 9).toMutablelList()
nums.addAll(numsl) // #%8%) numsl BfEE| nums 218

6. HIFERY

SR RS HER 1%, FAME AT DAGE ARSI E BT SRR R E B &R “Tos” i SR AL,
// = File: list.kt =

/* HFEY +/
nums.sort() // #HFE, SRFITERINEIKHES

4.3.2 BIER

AP EAGES N T H#, Hlan Java, C++. Python %%, EMIERLEEM, SESBRELEES
R, BlAnPaA R, WA RERAHEE A DAER RIS T2 E,

7 TN B AR PR P, B E BB —Ef Z AR RS, IR =8 SRRt .

©OPRAR: BRI ESERESI OGS R, EAORGI, FRFIEE 10 fERA R AR,

- BEGeER: BE - EEE size , HNEEERBSIENTUTREE, WHEETTRBAMMEREIR EH, RE
SR, WA DUEAL R AR, PAACHIBTE & H A,

- PRARH: SREACTRNBIIARCH, AFRZEETES, SRREA SRR EE RN, i
ERIFEAIIFTA TR RSB E RS, ARG, P BRI A £ /i) 2 %

// = File: my_list.kt =

/* EBHEER x/
class MyList {
private var arr: IntArray = intArray0f() // F&%| (#7857 X)
private var capacity: Int = 10 // B3RS
private var size: Int = 0 // BRIRE (EFiTt=E=2)
private var extendRatio: Int = 2 // SXRBIIEEHEEH

/*x BiEF */
init {
arr = IntArray(capacity)

}.

/*x ERRIIRE (Efixti#=E) */
fun size(): Int {
return size

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

}

/* TR */
fun get(index: Int): Int {
/] FEIWMRER, MEBEE, 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
+

/* FEREFIETTE */
fun add(num: Int) {
/] TERBEBHBER, BEESKS
if (size = capacity())
extendCapacity()
arr[size] = num
/] BITREE
size++

¥
[* TEFEBATE */

fun insert(index: Int, num: Int) {
if (index < 0 || index >= size)
throw IndexOutOfBoundsException(" Z=E3|@5")
/] TEHEBHEER, BEESES
if (size = capacity())
extendCapacity()
// #F5| index UKZEMNTHEEAEEZEE—
for (j in size - 1 downTo index)
arr[j + 1] = arr[j]
arr[index] = num
/] EMTERHBE
size++

I
/* MBFTE */

fun remove(index: Int): Int {
if (index < 0 || index >= size)
throw IndexOutOfBoundsException(" ZE3|#MHE")
val num = arr[index]
/] RS index ZEMTRESEEIEEI—IL
for (j in index..<size - 1)
arr[j] = arr[j + 1]
/] BFTERE#E
size--
/] REEMFRR TR
return num

I
[* EBHER */
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fun extendCapacity() {
/] HE—EREAEREREY] extendRatio fEZAVHRFES!, WigERMEESEEEFHES]
arr = arr.copyOf(capacity() * extendRatio)
/| BMBIRE
capacity = arr.size

}.

/* iSEBRYIERAES] «/
fun toArray(): IntArray {
val size = size()
/] EEERREHENNEY TR
val arr = IntArray(size)
for (i in 0..<size) {
arr[i] = get(i)
+

return arr

4.4 FoiSESERtREY *

TEARBRIRIPETT, TR T FEZF1 A B 51E AR AL i B B A B, BN RIRER T “Eaf#E”
Bl TR PSR,

B L, PBRARERORRE EPuE v RUB AL IRm A R I AR R, i s SRR N B B R RE

4.4.1 EEHFEE

SHE MR LR =R SEE 1R (hard disk). 321882 (random-access memory, RAM), REX (cache
memory), & 4-2 J&/n T BEMTER AR S AR EAIRGER B,

®4-2 EHEMIIRFRE

(TES RO IR PRI

& RIGFER, WREERR,  BEREFEMPUTIERNE  @EEHETRNERNES, B
W S TE R BT R CPU il RC R A

EN BrERERAEELX BEREREEKX ErERERgEKL

R 8K, TB A B/, GB Al FEH /D, MB #RGI

HE B8, 2T MB/s ek, 1 GB/s FEH R, A2 GB/s

B (N Wi, EHT/GB e, #TE%EIT/GB e E, bE CPU FTHEHE

R

T AT DR R 7 R R 2 [ 4-9 FIRAY B r BE A, AR 1T 5 5 B8 TEUm 1) /7 26 B AR P e, &
BV AR, TSR AR AR AR, TR R RSN TR AT M AR RS 2 AT R
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- WAL IR, Bk, REETTNEREEEREEA, FitErESRIIFEER, HX,
FCIRRE A A AR 1%, SRS EH RN EE TS .

- BIRR A RS DGR, B8 L1, L2, L3 BRIV A RS AR, KPR~ &K, B CPU
oDz IR YRR A& TR, BB ki N, JTRAIMEREE S, EERTN T, ZEHK
AUPREE R R AR, TR A Z I B (P

CPU

L1 Cache

L2 Cache

-

R B8
fE% KR

4-9 BHEM RS

Tip
AT AR O R TR, AR AA =3 AR -F i, B b, SRR AR
i TR, BESRBAHEA R BB BHMIBR ] < RS B -

RS, REREATRR RV R RO, st AR BN Gl £ AN BT AR BRI RORE, i PRI TR (il
FEHUIRINBERAE S, DUEEREABITICR, =FHFAGE, WA EMARR ST,

qniE 4-10 FioR, fERXPUTE, ERMETERI PG RIS, f#t CPU atBMEH. IR EAEE CPU
A—iR7y, EEBE SRR RERL, 4 CPU Rt s ER Y, EmBEE iR BT ReR,
Tk /D TR A R TR R A

|y 1y
10f = — — e\

ERIZE REX soishe R

CPU

[ 4-10 BERE, RCIRAEAI DRI [ B RHAUE
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4.4.2 BRHEHENCISEEMER

TERCISRE SRR 75 TH,  FRAIASAS B 5125 B BAA SRR,

—J7iH, seiERbR AR, HE—BRC R RE S MRt s, R R B R s RE 500 (3 T RE S Ot
MMz, FEFIRTTRBEEHS, A ERIMNO 2 A 7 s B S ETRE RS T (FEED), R EReR =
o SR, FEAIFREE — O B R AR IR S, IS TR S BGERRR Y, S At 3R SR NI IR
RIS A, M, SEESERSIDL “HiE” ZBAOETEIRERC ISR piCmEI, fRAt T S RAYEETE I,

75, EREETR, BEE R W G BRI, IR R AR A LR Rk, (MR EGT
TRERAA ORI, SRR T, S AEZSESELREN A, Mk, SERHSIRITR
TR, TESHEHE A BLMER R, EA 5 TR IR,

4.4.3 BHEIBRVIRENIE

TREUHEAFE S A B B/ VAR IR, EEttiEiRG 2, £RTEE HEE =M EEAEN, JR
PR AEAR, REERF— MR MHET M ER, HItE CPU Balaifm i B AR, & 4%
A IREXKEH (cache miss), Itk CPU AMGAMER I EAR AL ISR H B TR &AL

BR, “DrEURaRTR” @D, CPU MiRRRHAIZCR MR, MACRE ey, BT CPU PRI h &
HUE RHK LA 25 IREXE 2R (cache hit rate), S EFEIRIE H FH A i SRR

7 T EATREER E mATRCR,  PRECE BRI AT R A M

- PRIRAT: PRI R BT R BRI DAPRIRAT 2 AL, AR EERR R T AR A (e, PR
BT R A= R

- TRIUEH: pEFLE G B STEN R R RS (BINNER G, EE P RGBS, AR E X
BRI SZREZ H, fEmET a2,

- R R EEER G, AR EHRER R ] RET I S, i, REERAR B
FHRE, tha s KNSR, PURmahR,

- IRFIERIRTE AR ARG, BB EAE N A R ARAR AT REFHR B, PRIRMI S — B, &
TRE BIL A AIB AR AE man

B L, EERGESS RSB PRI AR RA RN, 32 SR A DL %675 T

- AR S ERYITTR ST R S 2, BRI AN A AR R E D,

- PRIBAT: SEASE SR BUERC IR AR, TIIRIBUZ “HATHEN 1Y, RIE AR R EL B 5 =,
- PSR PRSI BT HR SRR RN B Rl TR, RIS A 506 H BR aRNRERL
- IR P A R A RURC IR S R, R RN BRI A e S A R RE R 73 e

EET S, MIARAE G R, RCEfERIERCR BB R, IS fTS AR R TAR
IRe, RS B A B R R s SZ O
TETFRE, PR EWRE BT T DU PR B SEAT RS, BRI A s WA R A6,
MR HBERRSRARTIE, BN, FESIRSRAS RS ET ] DUEEL “HEB” BoRlai (R —= & dns), Helr
AR F 5=
- FEMIERTRRER, A GBI RN S E AR, K2 TR T i AR AR A B T
HIRET), RUEMER T ZE IR B —E R iR S
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CAERERHRARF R, BhREMRE. HEBATENIR/ NG DALY, ARG R 2 BB A HE B T N S
S HR A RESIE B R ) AU A7 IR R IR AR N [RIRR 20, 3lf EL3E S 1 Peiis) i 2 7 2 A RS M BA S

4.5 Ih&L

1. ERSEIEE

- [EBIRNGRAS HR AR AR R, o BICRERHE St B R T R AR R A 77 5 A SR
R R, P ARG 8 B AR

- BSISZREREREAH, G HRCIRASEL D B ARIMERTRICR, HAGR RN,

- EASERSIEMENG I (GBI BB SRAERGTE A BLMER, Hal SRR, (HERGE R
%, (HHRCIERE R, W ARG RSB G CAE B Al B 51, BUR S # Y, EEh i Hsl,

- BAIEESRHE N E KRR TR A PR S, ARSI EE, R TSNS, [FRA] DI
BRI,

- HRAIRHBURIEEE & 1 AR E A, (HATREEE sl R s IR &

- BT, BRI TR AR, AR A SRR IR s R, s S AIfE R IR AR
BB ANEES,

- PRIBOZE R PREAT, TEIUMEHI DAK 2 [T s R AR ] s S S R LA ], 2% CPU 1R At PRIR BRI B ],
BE TR ST TRICR,

- HPARSIEA S A PR ar R, IR R LR RS S Ak, (R, BRI AR K
R S A 1A

2. Q&A

Q: MAIEFEYES EAFERE L, BRRERCENZE R R G E R E?
FEAFEAEE A _EAIHERE L YA A R IR S N, BRHRERCRE A —8, A, HEBNMHHEA
A BRI, TEMMESCL A FE,
1. ECATREINE . B2 — R/ NECIRRS, BCHhAReEay BETeRk; MR IRaEE S E R, TRUE
RS EIREL, EAZWE L, Bk, HERE R ECRTRE R IE H LHEE LAE,
2. R/DBRA: HeBEC RES B, HEABRI R/ N— RS2 RR A T RO IERS, A I MRS B8 i & {5 72 KA ez,
3. EEVEME: HEE RAYREHIR K/ N B SRR e, TR R ARSI A KN AT DATE B TR B BB A
Q: ZfHEMAERAFRIBIAIICER, W ESEA R 21 R AN A S A [ 21 e
PGSBS HET R, EiRREESIH B HEH, SEERA] AGEE AR E R, Fla int,
double. string. object %,
FHEH, FEFSTREREEERZRIN, ERAREE B BRE BB BT R E, flan, FEYFERR
& int f1 Long WAL, BE TR AIGH 4 AcsHR 8 e, HERAREAU TN ARG EREE T,
Rl a5 8 T i TR RE,

# TRCEREMN = FEERERA (BxRaEREu) + tRZRE x TRERS5
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Q: MHEREIES P12, BEFREH P.next &4 None WE?

AMEX P.next WA LL, 1% B SINIMEE, HHEERGEND R CETEEBTE P T, ERREHIE
P EASTEREAT ERAIFP MR 1, HERFERRS P FE MR AR A & bRl eR S A R

EERAMEEETR (B8 NARE, NEFRERGER, NEAERANGERZ EMOHTT. EERER
fEE, BFEMZ e, EEEINEW. GRAEE, REMERERARPOIER EI, R E &R R
RHEC IR A

Q: TEGEREHBIFEE \FIMBR R (RS R 2 O(1) o (BRI Nis A O(n) IHIENTE,
Zoft BRI 2 O(n) g2

MR RSeEseR. BMERTER, EEMERER O(n) . A, SEEHIH O(1) MM E AT DIEHE
fIEH] LIS 2IREE, BIan, EErafTH0E & 6 HSEss RS BB, IR — e BUn I am AR, 2
B, U BRI O(1) o

Q: “asL Y EREMEFE T P, REONHTHEEEESH — RSN E? BRI ES
fl5—2f:0e?
ZonEEREENRR, EEFRRNTEREEMEENET O,

- AEZIBIREEMENS S B2 AN ER, g int. long. double FIFIEYIHE,

- FEIESEREUG A P RO IR RS 2 /MR IR A I ESE R N s BRIR T e, K224 8 (otaHEk 4 (iotaH.
Q: TERFIREFIG TREARIFLIZIA L O(1) ?
EsEE RN EARE, RIFFEAEA LI, RAGHE IR, WEEBSINRE
TCEMGEIE L, ERHERFEEMEREZ O(n) .
Q: “HAIR B AHEE & T A E M, (HrlaBEBE B SEIRE”, BN EIREEIERES
WhrEEB AR, RE., EASEAT GG IRRES?
BHEAZMEETEEAMAESFE: —/AH, fFEgse—lvaRE, RMA—EFEREES,; 5—
i, 2 7RISR, WA Mg RA—ERE, a0 x1.5, Ef—K, tghBEeass, R
HARESEEEINE M,

Q: £ Python FF#ltAft n = [1, 2, 3] 1%, J& 3 EUCRAIMALZMHER), EZMEMLn = [2, 1, 31 &
BHEMEFEITRA id WA ZHEER, 225 n RRHEE, ELTRIMIEAES, TR n B2 E5)
W52

RUNAE Y T E R R A B A% n = [n1, n2, n3, n4, n5], J@EHEIEN NE 5 EEIEYE O EGET
fERUIBE AR, A, B —EHBEFIRS], BMBARTDE O(1) RER N ERER B DS aaE, fEmn 2l
HIERERS, &R E AP ZER S H, mAEEEAS,

SlFF 2 S AR, Python VBB DY, SHIPMENARET AL, MBS,
I, B S BB (A RS PR R B A R — M id, 3 IS8 AV RC RS A SR A

Q: C++ STL #lAY std :: list CACEB V&ML R, Bir G EHERE L AEEERENE, 21
R R A ERIREDE?

— 77, BEEE G ME R EBEETE, AR R A SRS E S, ERAmEER R,

- A HRSEICEFEWEREINYEE (—EBERET—ETE, —EHRE—ETER), A
std:: list @ std:: vector BEA5HZR,
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SRR KM HRBER AR EESATERN, Ft std::list B PREBAOA H R, — KB E,
std:: vector HURNBES H LT,

S5, T LS RIS TR e, e T A AR R GE S IR stack fI
queuve , ARG EA,

Q: #fEres = [[0]] * nZEp T —E 44|, Hifg—{F [0] &2 AIUE?

AR, WEHERSIF, BT [0] BER ERR a5, REFESH S TR, §3%5
FITE B TR0 & e 2

WA 4R A TR [0] BRRMEALRY), FICM#ER res = [[0] for _ in range(n)] ZKEH, EME
TR FEBE R T n (G828 [0] B4,

Q: #HfEres = [0] * nEpT —fE&S, Hrbf—E5E 0 482 BILHINE?

FERZHHIR, AT %80 AR —EY ARSI H. 1ER2K % Python B/NES GEFZ -5 2 256) $RH 7k
Wt e,  DUERARIER, TEMiRTHRLRE.

HEREMHERAE @Y, ERFUHART DIEZER SRR ETTR, 1EZ2R % Python RIEEUE “Fr]
BT, ERMEUSSEETTRR, BR ERURS S —EWFN5IHE, RS EEWEARS,

SR, EESITTRE “AIEYET N (BIanEY, s ERIGIES), BUOEETTR & BRI A S,
AR 5 PR TR A & 2 LM R B
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Abstract
HEBONFEIEBSET, TSRS S HERK
P 7 IR SE N1& AN S A5 Y A R B 1R
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5.1 &

& (stack) 2 —REIEC AR HEEH AT E RS,

BATR] DR HE B L 2 S B — Bt T, BUE SRR e —ait v, AREREH RS, AIRE.
i L EREROREE, TR T E R A SRR TR (WS, oo, WFsS), mies T HEisy
Qi 5-1 foR, FIHEHERBITRIVTHARE 2 “HEBTH”, IRHAEZ “HEBRR”, HHTITIONH 2 B THA
PERUPE “AHER”, MHERHEBTEOTRAVER(EI(E “HIHEE,

G NES NS HES S
stack push(5) push(4) pop() pop()

A

res | |faes

HERIE

5-1 HEBRITEARHA

5.1.1 ST BIRME

B E FHEREWR 5-1 Fivr, BRSNS IEA R ZMRBE A AR GE S AR M E, fEik, HRMAE RN
push(). pop(). peek() s 2,

R 5-1 HEBATHRAERNCR

ik 0k B TR
push() JEENMEE (HHIZEHEMED  O(1)
pop()  HEBTETEE: HiHem o(1)
peek()  HiMHEBIETH o(1)

WA, BT IERE AR GE 5 AR, AT, FLEE S n] R A SR AEEER, 8
PR ] U R%AE S RO “PA” B “GlAk RS EVEHEB AT, G AERE IR I s B S B 1 R 1
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// = File: stack.kt =

/* FREE «/
val stack = Stack<Int>()

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

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

/* TTEHEE *x/
val pop = stack.pop()

/* EEUEENRE */
val size = stack.size

/* HETRTAT */
val isEmpty = stack.isEmpty()

5.1.2 HEMNTIR

7 T RN HER A THR, BRIRE R B CEBR — AR

HEBEIE e NR AR, R R RELE B TEGHT i s BR TR, JRT, BB Gt 3 1)K ] DATEAE TR AL
ERTEFIMERITER, RSl DA 2y — RS2 BRI RS sk R 81, ety atas, FMTa DL “MEw” fes sk
SEAT ER A B BR O SERR R, LSS REE AT S B AR

1. BREsERIINER

(o PSS ER A BB HEARIE,  FRAFT AT DA 545 B2 OB IR A 2 HE AR TH, IR 2 HE RIS,

aniE 5-2 R, BIRAHEBRERNE, TR TR A GG FR Y SHER, ISR AR A\ T IR 2 CHERT,
A B, AR A ARG 465 B 81 A R B AT

SR 4
IR E GRS
wi] mon (@)
push(4) 4
SRR l
FRENR X
Nt 1 T i l ‘7 !
RERRZEERT i RRRRR SRS 1
HIMRRAEE HMRRRER
| |
RER | RER

SRR
Step 1 Step 2
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i

pop() AR

o @

!
RERERRMSHET i
HMRBREE (?

N @D

|
‘ Step 3 |

5-2 R AGE ER A BT T AR A A HE AR L B PR

DA /B3R Bl 4G B 51 B IR B A AR I -
// == File: linkedlist_stack.kt =

[*x BERiEERIIBIRESR «/

class LinkedListStack(
private var stackPeek: ListNode? = null, // HSEEERZL(EAMETE
private var stkSize: Int = 0 // HENEE

) {

/* EEGEENRE */
fun size(): Int {
return stkSize

}

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

}

[*x NHEE «/
fun push(num: Int) {
val node = ListNode(num)

node.next = stackPeek
stackPeek = node
stkSize++

}

[x HHEE «/
fun pop(): Int? {
val num = peek()
stackPeek = stackPeek?.next
stkSize--
return num

}

/* FHEEEETE */

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

}

/* #& List &M% Array IHR[E] %/
fun toArray(): IntArray {



5w HEEE T www.hello-algo.com 90

var node = stackPeek

val res = IntArray(size())

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

h

return res

2. BREFINER

(o P ) B A, R AT A IR R D 2o AR L, 41 5-3 o7, M B e 4 49 RIS O
e R T TR B TR, R O(1) .

At
push(4)
R b mSIERE _
"‘“1 ]“”“ / n ERE ggzv;w%zu
a EERREMET RE a a EERREMET
g HrRBAEE g g HrRRAEE a
g HRE a8 HRE &/
| Step 1 \ o Step 2
e ) o
pop()
ABMSI TR
a EERREET] R n
n RN EE a
8 B8
a8 uxz 1)

Step 3

5-3  HL7 R A B B S AR A S ) HE AR R

H AR ANHEB AT SR v] RE & IRTECN B in, DRI n] DU EhRERES, ISARmEAEZE B 1T iR BR 81 7
DA Z R Bl zHs :

// == File: array_stack.kt =

/* BEREYIERES «/
class ArrayStack {
/] WaiEs (FhagmEs)
private val stack = mutableListOf<Int>()

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

}
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/* HEMEERTAT */
fun isEmpty(): Boolean {

return size() = 0
}
[* NS «/

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

[* HEE «/

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

}

/* HEEETETER */

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

hy

/* #& List &M% Array IHR[E] %/
fun toArray(): Array<Any> {

return stack.toTypedArray()
}

5.1.3 MEERHL

SRR

PPIAEE B S SR HE B E S TP R TER A, PERA BRSNS B, (ST T B E SR, Kt
—fAEHE,

I R8R

TEESARA R BB AR, N AR L B R (0 A T S8 0 T O DB T IR POt 1T, VR R I PR BB 1,
RIS, AT, AR AMEBRHE AR, SRR AKE], BRI R IRF A A 2
%0(n),

RN GG RV BB, GG ERVIRIR AR R TS, A LIRS AR BRI RAHE, 2, A
BT EONGCE BRI B IEE, RIBCREBRR, NE, RAMEEBTRA SRR SR, I
JERT DA BRIV BR, EmiE iR,

AR ERTIA, B ONHER B HEBIRIEA TR B EA G R AR, FI40 int 3¢ double , FRAMTATDARSHI DU 44

A
fiffl o

- SRS BB SR R SR A RCR G R, (AR IARE, IR E R,
- BRI ES B BB ) HE A T DATE (3 SR B RAR R B,

SRR

FEVIEIL RS, R ERRIIDE “WIEHRR", AR RBEHERTR, WH, RAWHNE R 2R
SERER (B 2 %) ETHEAN, EARNARDATREEHEIRFRR, Fitt, JLRESIE SIS nl GEiE R
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—RE 2 TR
SRIM,  FHR SRS B 5 B RG T R MR A7 1A, DRI LA e 5 i 8 06 P P 22 R TR
AR b, TR RERG B AR E DERE B B S N ET A RO IERE, R AR R TUE T O

5.1.4 fEERHRIFER

- BISESPPRIRIBEAGE, WAEPAREEEEIREE. SERMBBGTIMEE, 258 L —EEEHR
TIAHER, JERETRIMELAT DOBIB RIBHRIERI | E—EM H, RIBRFER LRAEPIT R, RER
IRFSCRFZ IR AN, J910BE 5 2 o 18] B A i 5 B

- PESRRCIERIE R, ORI R, RGTER G EHEBTENTHY —(E e, AR AR N B RS E .
FEIRE PR A, 1) IR HERS B& NErEd T AHEERE, e L B RS B & A AT R,

5.2 {75l

175 (queue) 2—HHENEE AJCHIRRIRISRIE B RIS, BAERE, (THIEHR T HERELS, RVRE AT
IONATBREHE, AL T H SEHR A N2 A8 BB o

aniE 5-4 FoR, BAAGRHTHIERRER “(THIE", RBEMA “THIR", MHTRIMASIRRIBRERS “A57,
MR 721 & TER A IRAERE 2 “HiF7

75 H 7
queue pop() pop()

=) f /
sy |

A |
A

175

N5 P
push(5) push(4)

5-4 ATHIRIFe ATt AR

5.2.1 {THIEREE

(THIRYH RER(EINR 5-2 fiR, fREERNE, NRABRRESTEAMAIREE AR, WAIHE R
HEBA R R 75 TR a4,



555 HEBE(T

www.hello-algo.com

93

BATA] LE R (E AR

/] =

[* EITE «/

File: queuve.kt

===

*® 5-2 ATHIRERR

A A RS FT A
push() JEEAF, EGEEHMERFIE  O(1)
pop()  (FFIETER A o(1)
peek()  FHMIFFIETEE o(1)
FRER AT BRI

val queue = LinkedList<Int>()

[* TTERENF */

queue.
queue.
queue.
queue
queue

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

offer(1)
offer(3)
offer(2)

.offer(5)
.offer(4)

/* TTEREHF */

val pop = queue.poll()

[* EBRITIHNRE */

val size = queue.size

[* FIERTHIRERE */

val isEmpty = queue.isEmpty()

5.2.2 {FHIBIHR

& T EBUTY, BIMHEE RGN, eI eR, WS —umiBRITER, S5 AR RIS

BEXR,

1. BRtigERIINER

qnie 5-5 Fw, FAAT DR SESTERSIRYG “SRENRS” A1 “REEIRE RIS MTHIET M THIRET, BUE(TA
FRERTHE IR, (75 AT IR
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{ Step 1 |

50 TRERRS 9
w | g o
a R ET) (2)
a ORI
o | rox (@)
3R
51
pop()
e ()
|
EERTRREES (- )
a HIMRRABTT
‘ Step 3 |

HEEARE 4
G E G RTIRE

A7l
push(&) FRETRS @

EERRRRSRT
HIMRRBTTI

[-[-[~]-]-]
0000

R

Step 2

RIBREREDES

5-5 FERGEGSE RS BB THIH AL S HR(E

DA 2 St B 1 B B 7 27 O R S -

/!

== File: linkedlist_queuve.kt =

/* BEREERIBRITY] «/
class LinkedListQueue(

)

// SBEREY front , EHEE rear

private var front: ListNode? = null,
private var rear: ListNode? = null,
private var queSize: Int = 0

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

}

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

F

/* NBI %/
fun push(num: Int) {
/] TEEEEEIIE num
val node = ListNode(num)
/] MRTHAT, AISTE. BEEEIERZER
if (front = null) A{
front = node
rear = node
/] WMR(TFHFAET, BiGZEnehL s ERRE
} else {
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rear?.next = node
rear = node

}
queSize++
Iy
/* HFH %/

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

}.

/* SHETIIETE */

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

}

/* HEiEEERYEAE Array MDHRE] x/
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. BREFINER
FERRF R E TR AR RIBARE R O(n) , EEESHIFIERERCRBAR. AT, BT AR L RS2 75
AR IE M TR

A AT A — 52 8 front FEMATHIE TCRINERS, WA —H2 5 size FARTEITYIRE, ER
rear = front + size, EARXEFHEHN rear f5THIRITTEZ BN F—EA E,

BRI, MAIP R E TR RS [front, rear - 1], SERIEREITTIENIE 5-6 Fn,

- NFIEEE: R AT RIRIELS rear BRI, Wil size N1,
HHEE: HFEF front N1, WA size B/ 1,

FIDAEERI, AFIFIH SR T T — e, RS O(1) .
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front IEMFHIETR
rear {EEIFFIRTR + 1

rear = front + size

front >

FHIRE
size = 4
u EERREET
a HIMRRBTTI
i |

rear >

Step 1 Step 2

A7l
push(4)
a8
a
n EERREET
a HIMRRBTT

1.4 front B 1
2. 4 size HH 1

front >

RERRZMET

a
g HIMRRBITTI

Step 3

FHIRE

size = 4

5-6 FLREHAIEHTHIHI AT SR E

1. 5tHEIER rear

2. BTRMNE rear &

3.1 size B 1

front »

rear >

{.u

1FIHRE

size = 5

YRATRE & S5 3 — (R fETENET ASIMHSIRERES, front F1 rear HRFEAIG IS, B EMEERS

IR AETR AR SRS 1, 2 7RI, BT DA ISR 2 B AR “ERIE A

BRBIEMES, WIMTZE front B rear fERUBRMSI BRI, LA 22 SERAESUE T, EREITER

HATDAEE “BUERRIET REH, XA RER:
// == File: array_queue.kt =

/* ERIREEHEIRTY] «/
class ArrayQueue(capacity: Int) {

private val nums: IntArray = IntArray(capacity) // RARHEFTHITERIES)
private var front: Int = 0 // {THEHER, ERTIIETER

private var queSize: Int = 0 // 1FHIRE

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

}

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

}

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

}
/* N5 %/
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fun push(num: Int) {
if (queSize = capacity()) {
println(" {FFIE®")
return
IF
/] FEFTYIEREE, EafTiIEERSl + 1
/] FBEERZIEEIR rear HIBMESIEZZ[CIZIZESP
val rear = (front + queSize) % capacity()
// #& num FIEE(TEIE
nums[rear] = num
queSize++

}

/* B */
fun pop(): Int {
val num = peek()
[l THEEEREREE—(, B8R, ALREIEESIZES
front = (front + 1) % capacity()
queSize--
return num

hy

/* SHRMTHIE TR */

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

}

/* REIEY] */
fun toArray(): IntArray {
[/ EERERNREDENNEYITE
val res = IntArray(queSize)
var i = 0
var j = front
while (i < queSize) {
res[i] = nums[j % capacity()]
1++
j++
+

return res

PAEBEBRAUTANIRBA RIRYE: R AT, AT, SRR, TR AT DA RS 2% Bl RE e
B, Mg I NEA WS, A BRI E ] LB BT EEL,

PPRE BB B LA S B R — 5, RN AR,

5.2.3 {THIsEIFER

- WBGTHL, BEY)E TR, TR, RERER ERIRIERF BRI H AT B, e+ —H
), RN EELTRTE, SO TR ZEER BRI,

© BRI, EMREER CRRE]” HRERISR, BIGHENRERIES(TY, BB T,
(TS L35 5 AT DA R A 3 R BRI



5w HEEE T www.hello-algo.com 98

5.3 £r(T5!

TEATHI, FRMEREMFREEE TR SAE R HTE TR, WE 5-7 R, @5 (double-ended queue) 12
7 ERmAEEM, AR BT TC R A B PR R

Erryl FFIEAT FHIEESY
deque push_first(1) pop_first()
il =}
wo ||| A

2o {1 |

DooDE—
0ooe g

F5IR

THIRAT bndl)==t k|
push_last(4) pop_last()

5-7 BEATHIRERIE

5.3.1 €RTIIERARE
BRI T AR FHEREANER 5-3 Fow,  EBRAY75 A M 7 ZEARR A A1 AR 2AE = AR E

%53 BFIRIESE

TTiEA fifii I i A e

push_first() HCEFETHIE  O(1)
push_last()  HMcEFEE(THIE  O(1)
pop_first()  MERTHIETTHR O(1)
pop_last() HERAT5 BT 2R 0(1)
peek_first() #FFTHIE TR O(1)
peek_last()  FFTHIEITLR O(1)

IR, FRAITRT DAERE T AR GE = C BRI A {51 -
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// = File: deque.kt =

/* RERITS */
val deque = LinkedList<Int>()

/* TTENG %/

deque.offerLast(2) // FEETHIE
deque.offerLast(5)
deque.offerLast(4)
deque.offerFirst(3) // HEZEFIIE
deque.offerFirst(1)

/* TR */

val peekFirst = deque.peekFirst() // 1THIET=
val peeklLast = deque.peekLast() // 1FHIETE
/* TR */

val popFirst = deque.pollFirst() // {THIETEHT
val poplLast = deque.polllLast() // THIETELS

[* ERERTIINRE */

val size = deque.size

/* FEIERTIIEEAT */
val isEmpty = deque.isEmpty()

5.3.2 £mTHIER

BT AR BB T AL, n] DOSSERGELS ER 2 sl A1 0 2 R e Rl At

1. BRtEmigsaTInER
[ b — Bz, Pl B g FR S AR BT A, R 2% e m] DAY (M PR AR CEFRE H SR E)
FITE IR OB BT TR CEHBASIERE)

BNER(THIT S, SRR AT AR SIIRIE, RAass, Srfrd| R EZ EH S — s ITm
AUIRIE, Zuitt, FRIERA "Gt ers” 1525 a2 R B

e 5-8 R,  PRAMIHFEE A S £ 47 RO SR E R AN 2 BT RG24 B T AT A E AT AN, () iRy B L it 7
HEANMHER B AL A EE

IR AT TREE 4

{550 push_last(4) T e e
5508 50 TRIDE: ey (@
ol | g} S 2 1
B EERRESEEEE) e 2 ERERRS AR (2)
= HIMRIRABBEITF N 51 HIMRBASRTS i
Ewk
ROl o .
Py
55U mon (@

Step 1 Step 2
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MIBRRERES
1FFIRHE]
pop_last() TR A@B
it
a EERRERREERT (g)
a HIrRBRAYRTT
ron (@)

Step 4

MIBRERETRS

mon (@)

EERARS R °
HIMRR ARSI

RS @

5-8  FLJRGHEAS RS B A (781 9 A SRR

HeEEs 1
S T
5FIHAF
push_first(1) FRETRS @
a o
[ [ @
o BHIRTB BT
o
ron (@)
| Step 3
{5 51
pop_first()
a
<]
| Step 5
BHEXHS AT AR
// == File: linkedlist_deque.kt =

/* LrigsEBRyEEy «/
class ListNode(var _val: Int) {
/] ERELE
var next: ListNode?
var prev: ListNode?

}

/*x EREREERINBRNER(TY] /
class LinkedListDeque {

null // eSS
null // wmiBEEIEES|F

private var front: ListNode? = null // FEESZL front
private var rear: ListNode? = null // EE&iZ rear

private var queSize: Int = 0 // ERTIINEE

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

F

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

}
/% NFUHRIE %/

fun push(num: Int, isFront: Boolean) {

val node = ListNode(num)

/| EfEERT|AZT, BI$ front A rear #FfSME node

if (isEmpty()) {
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rear = node
front = rear
/] ATHE NG

} else if (isFront) {
// #& node FTEZEHEAEERTIZESD
front?.prev = node
node.next = front
front = node // EHEEEIEL
/] ATFIRNTHRIE

} else {
// #& node FRIEESELEFRTIEE
rear?.next = node
node.prev = rear
rear = node // EHEHIRL

+

queSize++ // BEHFITIIRE

¥

/* THIENG %/
fun pushFirst(num: Int) {
push(num, true)

}

/* THIRNG %/
fun pushLast(num: Int) {
push(num, false)

}

[* HHPRRE */
fun pop(isFront: Boolean): Int {
if (isEmpty())
throw IndexOutOfBoundsException()
val _val: Int
/] THEEYIRE
if (isFront) {
_val = front!!._val // H{zEEERELE
/] MIBREBEARL
val fNext = front!!.next
if (fNext !'= null) {
fNext.prev = null
front!! .next = null
}
front = fNext // EHEEHEIZE
/] THIEETIRE
} else {
_val = rear!!._val // EzREEE
/] RIBREEIRL
val rPrev = rear!!.prev
if (rPrev != null) {
rPrev.next = null
rear!!.prev = null
¥
rear = rPrev // EHEEIEL
¥
queSize-- // EFMTIIRE
return _val

h

/* (THIEEY */
fun popFirst(): Int {
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return pop(true)

}

/* (THIRES] */

fun popLast(): Int {
return pop(false)

}

/* SHREMTHIETER */
fun peekFirst(): Int {

if (isEmpty()) throw IndexOutOfBoundsException()

return front!!._val

}

/* FHETHIRTE */
fun peekLast(): Int {

if (isEmpty()) throw Index0Out0fBoundsException()

return rear!!._val

}

/* R[EIFEFIERPIED +/
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. BEFINER

4niE 5-9 FoR, BLEREESIE BT AR, B thal DAE R BRE IS E R B 751,

front 1EATFIETR
rear EETFFIRTR + 1

rear = front + size

f750E

fi lf?ﬂa front » n STIRE

size =
n EERRRRDEES] a
HPRRHRETT]

75 n l 75 a

A7 H3 rear >
73R

| Step 1 U

3

1. StHERIEE rear
2. BTRFHEE rear iR
3.4 size B8 1

{FFIRNT
push_last(4)

front > 1FHIRE
size = 4

EEERZCEES
WhRBEAEETT]

IE"E'IH"H'

rear >

Step 2
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1.4 front EH 1
2. BTRMIME front &

3. % size B} 1
1FFIEAT
push_first(1)
n FHIRE
a size = 5
li. EEERZDERES
lal HIPRRAERTTI
[ step 3 |
fFHIEHEI
pop_first()

ERERZTEET)
a HPRREAHRETT]

Step 5

( Step 4

1.4 size BH 1
FFIRHF
pop_last()
front >
FHIRE
n size = 4
EEERZEEET
a RIPRBAERTT

1.4 front B 1
2.4 size B 1

front >

PR

8 o
g

5-9 FLR P B A 78 AL SRR

FEATHIR BB b, (ERHI “FHIE A" 1 THIRHA" 77k

//

== File: array_deque.kt =

/*x BIEF */
class ArrayDeque(capacity: Int) {
private var nums: IntArray = IntArray(capacity) // BRMEEERETYITERNES)
private var front: Int = 0 // {FHIEEE, ERTIIETER

private var queSize: Int = 0 // ERTIIRE

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

}

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

h

/*x FERERTIRE AT */
fun isEmpty(): Boolean {
return queSize = 0

I
/* STEIRWEFIRS| «/

private fun index(i: Int): Int {
/] BEBEERIRIEEIRMES B EEE
// B i #BMEyIEIE, [EFIsEE
/l B i #BMEyIEEE, EIZIEE
return (i + capacity()) % capacity()
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h

/* ATHIENT */
fun pushFirst(num: Int) {
if (queSize = capacity()) {
println(" Zm@THIER")
return
¥
/] (FHEEEa B —
/] BEBEERRIEEIR front HiBMEYFEZELETEELE
front = index(front - 1)
// # num FIEETHIE
nums[front] = num
queSize++

}

/* (THIBNT */
fun pushLast(num: Int) {
if (queSize = capacity()) {
println(" €mE{TFIER")
return
¥
[/ FETYIEREE, ERTIERS + 1
val rear = index(front + queSize)
// #& num FOEETYIE
nums[rear] = num
queSize++

h

/* THEEH %/

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

}

/* (THIRES */

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

}

/* SEEMTHIETER */

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

¥

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

I
/* BEFEFIARTIED «/
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fun toArray(): IntArray {
[/ EEREYNREDENNEYITE
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 EmT7IER

ey AHEE BT EE, Rt en LEBEME NG, RN S B B,

BAMEDE, BN W THREEE A B EE: R SRESARIE push ZIMEE+, ABIEE pop
HHUREH, A, SREIRSEIRAIRA], HEEs SRR S8 (FInERTFRFE 50 ), EHEaR
RIS 50 K, MEGTZAHBIE (THIE) BATMERERCE, (HHEBMILEBIZIIRE, PR A
{PFIAREARHER . ST, “WEH” ARLOIBER R IEHE B SE AR IR, U= 751 RES) S0 3R 15 1
BH LR N,

5.4 /Mg

1. ERSCIEE

- HERJE MR T AR R AR RS, Al Y B AR S AR B

- TERFREIRCRT T, HEBARES BB R AR A PEIRER, EERAERET, BB RN R
EEHNEO(n) . MELZT, HMAGEAS Ry BB EA E A FE R R,

- AEZERRCRTTH, HRRIMEY BB AR RS MR, (AREERENR, EEE SR
PR RC T AE s ] EE RS TR R,

- ATHIR A A S R AR ORGSR AT DUEIE 5| sl A5 AR AR BB, 7 IR ] AR A 23
RCRHEIEL b, 751 B Al B iR HE A O A5 AR DL

- BEAMTAR RGeS H AT, BRI mETTIT R AT A PR,

2. Q&A

Q: BITETRHURMERIBZ 2B sl th A T ?

BIRTERAUAMERIBIIREAE B2 “HEB” AURSEL, BRI AR —EH By, XEm oy s gE, 8
P BERIBAL IR, 2% E I G B IE (T8 m] DT [ BB — L2 RN, EMEE A
T51” EHIHRE,

Q: FEHHEER, AR HHER ARG IRRE?
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QNSRS TR 2 A S R, AR TR 2 REGE a5 2R ATREME], Java fl Python SFFESHEA HE)
B sl R R ETFERERGEERE; £ C M C+ R ETERE IR,

Q: BrfrilgEmEHE B Il 17—k, Rt E?

BT HIt G2 BT YR S e B P T, ERBIRZHEE + (THIRERE, [KIRT DAE B
BETHIRFTH M, A HEINEE,

Q: ##E (undo) FRH#EE (redo) HEBEZUAIEII?
[ P S, B A FHATEH, M8 B ARG,
1. BEMEHERIT ERE, FEEREBAKES A, HESHSEB,

2. BERPHT “HEH" R, TCHER A rREBORRIERCE, MR AHEE B .
3. BHPBIT “IHEH" W, (CHE B Fh HITIRE, M HBAHER A
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F6E MER

helle=algo.com

Abstract
TERT B AR MBERNE—RENEEESHE,
REIN A EREDR, €T DAPREER R B A E .
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6.1 HER

&R (hashtable), XMEFIR, TIERETH key B value ZRIVEML, EHRSMTEEH, HEl
ma, FHMEMEERRPEMA—E# key, RIFTLAE O(1) ReRINEBCH ERIE value .

i 6-1 FiR, 4A7E n (E24, SE2AEE “Wa” M 2577 WiEEk, RuBRMAEER ‘WA
2a% RIS ENEA” EHDIRE, R ARAE 6-1 FRiEHER R BB,

HRER
hash table
25 key
| | | |
e value

BN—E25 key, TAHMESR value
HERPIMIBENRERES 0(1)

@ 6-1 HERRIMRER

BPRAEZRASN, FEEFD A R tha] IEBI A IIRE, EMAIRERBEINE 6-1 iR,

- OBCER: (EFRAOTRFIN RS GRS MR, A O(1) KR,
- A mRES] GRS ZEUTH, RLFREETHPRATR, A O(n) K,
- MR CER: FRELERDTR, BIEMY] GELGERY]) PR, R O(n) Kk,

*® 6-1 JTLREMTCRE L

PeHZY GRS HERR

s@iE O(n) Om)  O(1)
FatE O(1) O(1)  O(1)
WiiE O(n) Om)  O(1)

Blat s, TEMERFRIE TN E SR IEEDERR O(1) , FRER0

6.1.1 HMERTERHRE

MHERAH RIRIEAS: Pldafk, SR, b ERIMPREESSE, REEENT:
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// == File: hash_map.kt =

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

[* FBIRIE «/
/] TEMERPIIEHEES (key, value)

map[12836] = " /hBR"
map[15937]1 = " /"
map[16750] = " /JE"
map[13276] = " /E"
map[10583] = " /\fE"

/*x BEIRIE %/
/] AEREERBPEANE key , B32E value
val name = map[15937]

/* MHBRZIE %/
/] TEMERDMEREES (key, value)
map.remove (10583)

MEERA —MEEHNET T ERES. EEAETE, R
// == File: hash_map.kt =

/* EHHEER x/

/] EFFREE key->value

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

¥

/] EBREFEEE key

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

¥

// EBEREHE value

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

¥

6.1.2 MERMESTIR
A5 R RS T, (R — MR A B B R R, TERRE R, TR RS o A B 23 L R A
(bucket), FHENIFIEEE—HEES, Fit, ZERIERERT key BENNE, YEAHHEE value .

AR, AUIELIR key TE LB ERIMNE? JERIEBMRRT (hash function) BB, HMEZE AR —E
TR A\ 23 RS — (i Nt s ], fEARE R, ARG key , WH=ERATER (51
RoDo HAEEH, WA —E key , BT DUZBMZ RS key BHERISETEE RSP RIGE A0 B

A key , MEZREAEHREBEED 2L TS,

1. BIEFAEREZREERIE hash () SHRISEIFEE(E,
2. MR EEEE (FFIRE) capacity BU, EMEHGZ key BIEAIM (F5IZR5]) index,



o MRK

www.hello-algo.com

110

index = hash(key) % capacity

BETR, TR AR index FEAERR AT FIBIERIN, MR value o

4R capacity = 100, FE7EHEL hash(key)

key S50 value B4 /0, R 1HER R ZNAY TR EL,

DAITFERIEER 7 —EfEMER, HA, T key 1 value HER—(EXER Pair , DAFREEES,

BN key

ED—
B3 -

[

/| == File: array_hash_map.kt

/* BEH */

class Pair(

var key: Int,

var _val: String

)

/*x BERMEYIBRNMER */

class ArrayHashMap {
/] Ve, & 100 @EF
private val buckets = array0fNulls<Pair>(100)

[* BERERT */

fun hashFunc(key: Int): Int {

val index = key % 100
return index

}

[* BHRE */

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

val pair = buckets[index] ?:

return pair._val

=il

37

igmm

key % 100

83

". I '" I ".

FE51

key value

-

— “Jg”

15937

“ N

i 16750 § “/NE"

13276 | “INE"

10583 | “/hER"

e .

(’E’;@ﬁ?ﬂﬁ?ﬁ—@ﬁfﬁ

6-2 MR TR EE

return null

E. "-
J

Wi value

— &3

—&3
— &3

J

key , Z19HMERA key % 100, [E 6-2 DA
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h

[* FTIBIRIE %/

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

}

/* RUIBRIRIE */

fun remove(key: Int) {
val index = hashFunc(key)
// B% null , KERMER
buckets[index] = null

+

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

y

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

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

}

/* HIENFEER */
fun print() {
for (kv in pairSet()) {
val key = kv.key
val _val = kv._val
println("$key -> $_val")
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6.1.3 MiEEHREER
WAE B, MERXER R key MEARIVH A2 BT EBLSI S T 25 MR I H 23R, misiAzs
RIAE XA 22, ik, PR b — 1A “ S0 SRR s,

BN EIRORGIFFRMERE K, EEAR key RAAHFRS, Hik R e R AR, flan, ERSE5
12836 11 20336 AUMIMEEEAE RS, FAMFE:

12836 % 1060
20336 % 100

36
36

WniE 6-3 Fiow, MEESEEA 1A — @4, SRR NE N, FAM S 2 A\ B R — 6 S RS
2iEEEE (hash collision),

WA key EA] <37 B value

key value

HiwiEmse

N

— s 36 —

m// 3:7 15937“11\1!" \m

/ MERT 50 16750 | “/hNE" \
@—/ key % 100 . \W
“NE"

76 13276

83 10583 | “/hiR"

r

6-3 HERE IR

AR, FMHERAE n 8K, ZH key HMHCEI A — AR AR HIEMR, ERatED, Kk, L
GniE 6-4 FR, IRARTHEES (136, A) M1 (236, D) #AEMER, WMABRERHK,
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HMBRRTE - 100 HRRRE 2 13 HBERTE - 200
MEE key % 100 » HiEEN key %200
EE] key value e~ key value
7 36
36
136
50
150
83
183

& 6-4 HMERRBAE

ARSI, MEREATEITE R ERE MR RES ZMER, IEWAER,; I HHRMERAR
capacity ti%#, (TR ZIEBMER K AR EHE ET A RENRFEVE, SE DN 7 EFEERNE
R, Ait, BAGESEEGHE R RNHERSY R, PIHAERA,

&#HEATF (load factor) EHMEERN—MEZMS, HERMMERIVTRBERDMEE, HREEMRE
REVEERRE, WHEERRREARIERIRCE. I Java b, EESRE TR 0.75 K, REERMER
RIEHEZEFITH 2 %

6.2 FEEER
B w02 U X I RV Y 2 3EJE M N AN 1 BE: DA A s vl PR vl o 3 C s g AT 7Y = 1
AT H 2 2R, WM SHBEYERRRDN, AR ZEBEAMRER R
MHEE R G TR AR R, MELEMRERINAT M, & TR, SEERIMRE R, T
TR RS, EEERNASIL, BITEMEEREAR, ERERKR, HAMEREATREETAR
AUBERHRE BRER (B SR, 2 THRTIRCR, TR DASRA DA T 5,

1. B RARERERIERE, MBS RE R T DU BUME R 0 8N I3 LA

2. {EFERER, BVEMRRE R ER, A HITIEARIE,

FMHE RGN R AR “SaUAmE” A “FcE L,
6.2.1 fi#z({iuit
TERGEHEZR Y, BERERE R F —(M#EE, 8L (separate chaining) ¥ BELAE T R 2 HE45 R 1,

AF SR AELSETE Ry Sl i FR SV BITRS, TR P S AR SR A SE B AR (R (7 A2 [R) — B R 2 R, 8 -5 JRomR 1 — MRS XA
HEAER R BT
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#=5| c2 7] fHEEERY (misAgEy)
:
= e | OOHDO-00-00
5], g :
HNEAFEERTE » | D0
HEE key % 100 7'6 -
%zmm:aﬁm_ key ‘ n
BREREHER o n

6-5 SEFNIALAERR

ER A HE AR R ATIRIE T TR L T DU,

- EFCE: WA key , FOBMERERGRINERS], RIA] R R I GEETR:, AR E RS R A
Et key DA HAZS(EE

- WINpTR: E/OERMER ARG FR S HETRE, RO ETR GREYD BrEEes R,

- MHRRTCER : AR R A5 SR T Al R 27 RTS8 ) Aty 3 71 A2 B AR BRI 1 R

SEFNHEAFAE DA N RIR

- WHEERENEOR S R S BRTEAR, EOAH LRSI S AR B RO IR R e
© ERRCRIRIE: 5T B R B B Y AR A R B TR

DA RS AG T SRR R AV BB, SRR,

- fERI RS (BhRERY)) ARSI, MmN, EIEMRCE T, MREE () 2,
BpfEtmEr 2 — A& 5,
- UTFEBRGSMEREA A RN TR 2 R, RIMEREREATIREN 2 15

// == File: hash_map_chaining.kt =

/% SEICAIIMEEER */
class HashMapChaining {
var size: Int // $BEHHZ
var capacity: Int // HEXRA=E
val loadThres: Double // EERHNEEHERTREE
val extendRatio: Int // EREE
var buckets: MutableList<MutablelList<Pair>> // #&pE5

/*x BIEF */

init {
size = 0
capacity = 4
loadThres = 2.0 / 3.0
extendRatio = 2
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buckets = mutableListOf()
for (i in O..<capacity) {
buckets.add(mutableList0f())
r
+

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

}

/*x BEEF %/
fun loadFactor(): Double {

return (size / capacity).toDouble()
+

[*x EHIRE */
fun get(key: Int): String? {
val index = hashFunc(key)
val bucket = buckets[index]
/] EHWE, EiE key , BIR[EI¥EFE val
for (pair in bucket) {
if (pair.key = key) return pair._val
¥
// BEFREF key , ALRE] null
return null

}

[* FTZIRIE +/
fun put(key: Int, _val: String) {
/| SEEEFEEHER, BITESR
if (loadFactor() > loadThres) {
extend()
b
val index = hashFunc(key)
val bucket = buckets[index]
/] E:HE, FBIEE key , BIFEHEHFE val WiR[E
for (pair in bucket) {
if (pair.key = key) {
pair._val = _val
return
}
¥
[/ EEZ key , ISR EHMEEED
val pair = Pair(key, _val)
bucket.add(pair)
size++

y

/* RIBRIRIE */
fun remove(key: Int) {
val index = hashFunc(key)
val bucket = buckets[index]
/] EHIE, WPMpREES
for (pair in bucket) {
if (pair.key = key) {
bucket.remove(pair)
size--
break
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h

/* ERHER */
fun extend() {
/] EEFEMER
val bucketsTmp = buckets
/] BERERINRBER
capacity *= extendRatio
// mutablelist ZEREEA/
buckets = mutablelListOf()
for (i in 0..<capacity) {
buckets.add(mutableList0f())
¥
size = 0
/] #BRESRRERBERBEESMMER
for (bucket in bucketsTmp) {
for (pair in bucket) {
put(pair.key, pair._val)
}

}.

/* BIENHEZER */
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, EHASREIIRRER, PR O(n) RZE, WU SRS “AVL B o “4L%

B, QTR R R R B O(logn) -

6.2.2 BAEHE

BIMELL (open addressing) 5| ABESMURRIERE, TIRER “ZUEH" AEMMZRER, KX E

THAERIEIRE, P IRRIMN Z OO R
N DARPEIRE 2B, A5 BRCE HERERE R A A ERH

1. B4R E

BIERE R EE D ROV SAGRI TR, HaR(Er ik @z R G i &,

- AR BRFZEEAGHRERRG], HRBEMNCEICR, MIEERVEABRRIET PRERE R

1), ERKEIH, MTREAEF,
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- AFLER: ARBRREER, NERAMHES RERETHRIEE, BIREBEITR, &E value HI
Al WNEIBEISA, S EETRAERERS, JRIE None o

6-6 JEoR T RUE L (RRMERE) MERRAVESR 2. MRBEAEEEX, SERMVHER key #NEHEET
BREVFHFERIM, THEEARMEIRE, BRI %A DA IR,

#i5| 2]
BsELE 01 500 | D |
BELER, HEB 1 02 |
7 < | (COED
ERT key % 100 27
EmAERR key o
BREREER 78 (276 £
676
776 [ x |

@ 6-6 BAMCEIE (BRIERE) MERRAVEES 2
AT, MRPERER S AL “REBIR”, B, ESAESAE A B R, G B A R
REJATREVERRK, (e — D ez A BRI R, TWACEITERE, SAES0HMENRRIERCR AL,

EREENE, BIIAFREERBOENEGRIO P ERMERITER, E2 R & MPRT R & £ RS N 2L — 24
None , MiHEAMITERR, MRUERERZEMMEIRME, KItEZTL NTRAEER R, f2A]
RERRFIBLLTCRAMFLE, WA 6-7 Fro

=5l e 7]

00 <

wu [
=3 (K=
S| S

01

02

w
S
S
E

76 <
s (B0 2%,

MEEEATEZ THTERT

~
~
=3
~
o

78

6-7 AERIBUEHEFMBRIT R B AR E
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2 T RDGZIEE, B AT AR MIRR (lazy deletion) #dfil: SR ERAEHEERPBERICER, mMAH—M
H B TOMBSTONE REECIE ARG, fEs%M%H] R, None 1 TOMBSTONE #{R3R==MH, #n] DUBCE H(E L, (HAH
/2, #REIREZ] TOMBSTONE RFIERZABRUER, [NARHZ NAlREETF /R RS,

ST, MRMHIBR T 8 € MNGUEE R R AR IR, 152 R 2 B IR BR A5 VR A & 2 28 — MBI ERASEAL, BE3 TOMBSTONE
BIsG N, SRR, K8 MRA rTRERR ke 218 TOMBSTONE A REHEIHETTER,

Ak, FREGAMEREPTEOERIE @ TOMBSTONE &S|, i F =211 5 TR % TOMBSTONE X
L8, BRRMAGEER B R E RS TR, TR E R AN E (RARGEED) BRI, 7%
MR ERE,

DARESHSE R 7 — S MMPRBRCENE GRIERE) %R, & T EMsE o AR RN =M, 3K
MR REE—E “BEREE, EuEfEy| R, [EEI RS E,

// == File: hash_map_open_addressing.kt =

/* FAELHEER */
class HashMapOpenAddressing {

private var size: Int // R{EHEHE
private var capacity: Int /] BERR=E
private val loadThres: Double /] EEEANEEHEFRE
private val extendRatio: Int /] EREE
private var buckets: Array<Pair?> // 1&kE%5
private val TOMBSTONE: Pair /] MpFiE
/* EETF */
init {
size = 0
capacity = 4

loadThres = 2.0 / 3.0
extendRatio = 2
buckets = arrayOfNulls(capacity)
TOMBSTONE = Pair(-1, "-1")

}.

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

}.

/* BEEATF */
fun loadFactor(): Double {
return (size / capacity).toDouble()

}

/* #Z key HENRES| x/
fun findBucket(key: Int): Int {
var index = hashFunc(key)
var firstTombstone = -1
[/ BERE, EBITHEBE
while (buckets[index] != null) {
/] EBE key , REIHEMNRERS
if (buckets[index]?.key = key) {
/] Bzands T mERrMERS, BIRRESHBIHEZRSIER
if (firstTombstone != -1) {
buckets[firstTombstone] = buckets[index]
buckets[index] = TOMBSTONE
return firstTombstone // REIFZEHEEZRSI
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b
return index // iR[EIFEZERS|

}

/] seERBEI B EERBRES

if (firstTombstone =— -1 8& buckets[index] = TOMBSTONE) {
firstTombstone = index

}

/] ETERBRS|, HiBEIFRIREIZEER

index = (index + 1) % capacity

b
// & key AEFETE, BREFIGEHIZRS]
return if (firstTombstone = -1) index else firstTombstone

}

[* EEIRE +/
fun get(key: Int): String? {
/] 5 key HIEMFRESI
val index = findBucket(key)
/] EIEEEE, ALROIHE val
if (buckets[index] != null && buckets[index] != TOMBSTONE)
return buckets[index]?._val
+
/] EREHAEFE, BBRE null
return null

y

[* FIZIRE */
fun put(key: Int, _val: String) {
/| BEHRATFEBBRER, BITES
if (loadFactor() > loadThres) A{
extend()
+
/] S key HIEMFESI
val index = findBucket(key)
/] EIEEES, AESE val WiR[H
if (buckets[index] != null && buckets[index] != TOMBSTONE) <
buckets[index]!!._val = _val
return
+
/] EREHFEE, AFMEZRES
buckets[index] = Pair(key, _val)
size++

}

/% MBRIEIE +/
fun remove(key: Int) {
/] = key HEMFERS
val index = findBucket(key)
/] BIEEES, ABERMRMERCESTE
if (buckets[index] != null 8& buckets[index] != TOMBSTONE) {
buckets[index] = TOMBSTONE
size--

y

[* BERMER */

fun extend() {
/] BEREER
val bucketsTmp = buckets
/] R EREBIMEER
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capacity *= extendRatio
buckets = arrayO0fNulls(capacity)
size = 0
/] ERESNEREREEMMER
for (pair in bucketsTmp) {
if (pair != null && pair != TOMBSTONE) {
put(pair.key, pair._val)
I

h

/* BIENFEER */
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. FHA

EIT R B AR E IR AR, ARR PO IR RIS 2 —, IR, TR 2 i E Bk —
ERPE, TEBNE “HREIREETTT PR, B, 4,9, .. 8

FHRIEEEA MRS,

- P IRRE B BRI BT 7T R, SRR AR TR A R IR,
- PRI g PR E KRB R S AL E, A BN E RS N A,

SR, PO IRRIALE AR SE SRR,

- RFEREBR, RN E LA B EA S PEH.
© HCEIRBER, CFARRIRTRES SRR AR R, ERRE IR R A, o RTIth A6
HIRIIH R,

3. BRME

AR, 2R RERZERERR f(2). fo(x). fy(z). .. TR,

- WACE: HHBEER f) (v) HBRER, WER fo(x), DU, BEIEREIBAEEATE,
- AEheER: EMERMEZEE IR TETER, ERHEIEETTRRRE; FERE A EE A
B, SRITRERR A EZLR, AR None o

SR PEIREMLL, Z2UGERTTEN D ELERSE, B2 HRRE GRS R R,
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Tip
FTER, BIMCELE (BRYERE. PRI 2R MEEREEE TREEEMR TR R,

6.2.3 IETESHNEE
AR GE 5 BRI T AR R R EBIRNS, SR e] 1,

- Python $RHIBICE L, T8 dict fFHZAPEMBOEI TR

- Java $RASEALE, B JDK 1.8 DAZK, & HashMap MFESI-REEZT] 64 HiEshBYREIES] 8 I,
i R A S 2 KL PR AR T+ S AU RE

- Go BRAEAAIE, Go MUE MR Z M7 8 (MY, BMHARAER —ERRAM, ERfMmEz
IRF, EEIT —RRROSE BIRAIRIE, DARELRICRE.

6.3 MFEERFE
HIPNEI N EE 7 R R I TR A AE R R P 77, AR 2 B e B 2 a0k, MRS

MR T DA E M SN IR 5 A, SRR R R 3L

ISR B AE, IERNRE G AR5, WIF 6-8 Fir, BRIRGHEEER, BB TR
(BT AR, SRR EERCR; RN A R SR — AR, B
% O(n) .

SRR

E B...a
firt

REER:
BEHTHDHESERES
FIERE o(1)

000000000000
BEMR:
P —

RifEEHRE o(n)

[ 6-8 FEFEME R AR R ZEHE N

SEAFBI TS DL A D . [IIEAER R RRH RV B, Jest AR E, RSy R e
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index = hash(key) % capacity

BIRDL RS, ERERAR capacity FIER:, MEREEIA hash O Ju vHih{E, MEMRE T R(EHE
MEE R E DL

ERERE, 2T REMEREROREME, RFEERERNEPEREEEX hash() IR Lo

6.3.1 HMEEEZNEIE

2 TEB BRXAY” RRERRERIEN, MR AR A DU TR R,

- O WEETE: BRMHEIREA, MREEAEAARE AR T SR RERE SRR R R AT S,
©OReRE: AHERRRERRREEZ RS, SRR, MERRAE AR,
- WA R EIRIE S R E R S MR R . MRS, R E SRR R,

BRE b, MEREEIERR T A DR EBIMERR, BB H A,

- ISR & T OREMERIE RIS Z e, REUEE G ERMHFERE NSRS, R R R
BE, ERPmAESR, ROEHMANES EMRE, RARERMFIMREETHE, WRmWE
DLHC, JI R WA A 20 IE B

- RORERE R BRHENR T ] DASH SRR R R (E AR HL— R0 $RIOT AT AR R A SRR IR Y
ERARERE, A BRI MR EDEIT LR, GRMETLAC, AREERIRIAE e,

BINERSRAMHBIER], % 7R ERER EEE R a TR, MR AT B E SR %
2FRHE,

- R RS FER(E S L B A BRI
- PibEENE: EEMEHEIRENFEERA, FEEMRREEEMER,
RO RN (T R R BERE B R TR RS

AR, “BIh” B CHimEErE” RWAENLIEEE, R B R PR B, TEREH
WA key T, HMZEHE key % 100 7] DUELIG MR E . IR RAMREE RGNS, Fra M
SEMY key AR HESHHE,  [KHEFRAM AT DURA 2 O ER E S R P key ,  FETBR AR S

6.3.2 MEEEERRE

R R AR — AR E S B 2 R EAMRAE, RmBIRIEEEORANm AR, BT RaERE—L&
i B AR T LT

- OMIEEEE . EE AR EET TR ASCIT BEEITANN, S RIRARHIE R AR,

ORI FIRSRIERAHBINE, SRR ERE, FRETITH ASCIL SRR A,

- WG R AERIREETTRIER I SR E R AR E T,

- TR A IR ASCIT HS R — AR EN, SR EM AT & BRI T e 51,
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// == File: simple_hash.kt =

[* NEMEE +/
fun addHash(key: String): Int {
var hash = OL
val MODULUS = 1000000007
for (c in key.toCharArray()) {
hash = (hash + c.code) % MODULUS
}.
return hash.toInt()
}

/% AR «/
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()
¥

/* BEREHHE */
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
}
/* hEEHE «/

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()

B3, SEEEEEIRNRE PR REREE 1000000007 HUs, DARECRFEZ(ELE S BRI, 8
SEBRR, AR E R, S S S B R Som 2 E? i8R — A BRI,

Jesa e SERIRHBESBE, ol AR KRGS MR35 S0, A2 B B Bt B 7 A%
L, AT DATR/D IR OS2 2R AR S, P e S AR 1 2R

BEG T, PERIMTEESE O (ER R, B DA 3 580, AREFTA AT DAL 3 BERRIY key # & HAMLE] O,
3. 618 =MEHEEE,

modulus = 9
key = {0, 3,6,9,12,15,18,21,24,27,30,33, ... }
hash = {0, 3, 6,0, 3,6,0,3,6,0,3,6,... }

QUSRI key TEUF IR C ISR ZRIIRVE R M, AR E & HBIREAE, EminEEER, BiE,
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(%K modulus BB # 13, HIA key il modulus ZFEIREIEAKE, it A ERNIY IS
TR T

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,... }

EFRIRE, WIREHIRE key R oM, IREBEHBEE SBIERHHEEHEATLL, EMARER
HEIE D GRIAERE, TE key M MifAEXAEIEMMNRE, HEBIRERS HBREHS,

mimE 2, WMEFEREEEAEE, I BEMEBRTRHIR, DUEATREMPRBIIMERR, SRz
RIRRIRR M

6.3.3 BERBEREEZX

AT, DA B MR B RAA LR “iss”, MR A ERIMREEEIAR R B BN, B
TEAN LR s /e et (R NTR R A L R R 2 T I 0 N AR TRV (ENE AN R ) 6, 0 ] RE e
REE, Aoz 2R,

TR, A G H — SRR E R, #l40 MD5, SHA-1. SHA-2 #1 SHA-3 5%, BfMA] UKE=E
TR A\ BRI R A RER(E

At AL AR, HEREE ISR BT R R AR R, — BT R N B S NIRRT R RRLRE,
o — kit N BMEZF IBOTN S BOREEIRN Z 2R, R 6-2 R T EEFRER R Az
Rixe

- MDS5 1 SHA-1 EZIRBINKE, RIteMp e eBEmEm,

- SHA-2 RHIFFH) SHA-256 R Z2MFHEHER IR —, TRHBBEDIKRERREG], FitHAESHEYZ
L S ik

- SHA-3 tH# SHA-2 FUEBIFIIHER, stRENCRE R, HEATEHEZRERZ AW SHA-2 R4,

*® 6-2 W RAHREER

MD5 SHA-1 SHA-2 SHA-3
e 1992 1995 2002 2008
5]
wmHE 128 bit 160 bit 256/512 bit 224/256/384/512
& bit
MEEm % R/D R/
%
% R, CHRshuE s, B¥RI% & =

4 L
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MD5 SHA-1 SHA-2 SHA-3
FEH CWERH, (HREREEES 8N MERW R A0, Brse AR SHA-2
# ¥

6.3.4 BERSIBNHEE

TMHITE, FERR key Al DUZREEL, /NEELFHEERRG], RGBT G 2E LR AR AR
FEEES, FUREIEAERPIIMZRS]. LA Python M, FMa] DARELY hash () B=UAREH RS RE R
HIHTHER(E,

- BB MR RERE R HA S,

© TERREON T ERRRRR ER BB M, A LB AT A BT R,

- JCUAHAVHERER EH A TR TR, RNRREEMERER SRR, 28 —-REERE,
- PIFRURERE RN H RO R, ERERYIFRIRE TR, AT EBE RN AL SRR,

Tip
LR, ARIERGE S R NEFEEEH R R XA E 25 EA R,

// == File: built_in_hash.kt =

val num = 3
val hashNum = num.hashCode()

/] EE 3 HEER 3

val bol = true
val hashBol = bol.hashCode()
/] fME true BWHEEEA 1231

val dec = 3.14159
val hashDec = dec.hashCode()
[/ N8R 3.14159 HVEEES -1340954729

val str = "Hello ;EE%"
val hashStr = str.hashCode()
// FE&B “Hello BEZX" HMEEZS -727081396

val arr = array0f<Any>(12836, " /&™)
val hashTup = arr.hashCode()
/] FE5I [12836, /NIG] BIMEEER 189568618

val obj = ListNode(0)
val hashObj = obj.hashCode()
/] EREEMIE utils.ListNode@1d81eb93 HY¥=(EA 495053715

ERF LA ST, HARIEYEA 2R RN key o (RUFRMRF RS (BIREMS) (F2% key , &R
FIMINA IR, ERIMERETRRE 2o, FFMERENERPER LR valve T,

R B E YA (LLansas S EnRG) AU B BUR T, (HERrIAERR. TER R APk R aE
SRR E R, BIEEIAERIN A SR A T ML, (HERIECIERE AN, FERETRR TR,
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ADLDRYIRATRER B E A AR TR, @t AR ER RN, &R % Python ERFERERREL
BIRE, W& 2R UM —HRERAIEE (salt) i, EREMIERTLIARPT 1L HashDoS ¥, 1@ 7HiER:
AR 2 21,

6.4 /iS5

1. ERSCIEE

- A key , HEERAESE O(1) FRINEZIE] value , JCRIEH &,

- W RRRERRAR IR, RS E, MERSBEE R R R,

- FEZEIUR key BT FESIZRS], HET G IS EAR I EH value o

- MEARFEIRT key AIRETEASEMERZ R AR SRR RIS R S|, EEERAIR IS, ERBI QN
RER,

© MEREREERR, MREERIMRHURC, Rt A] DOZ B RER R AR MRS R, By A
L, MERREARIER SR,

- BB ERAMRERPTREERDMEE, KU THRERNEERE, ®HERRERRER
o

- SEEATHEE IR BT R I 2 A R 8, TR &R T R AR R — (AR Er 8 h, JRT, SlAG RS
B R G RERRCR, A DOEIEIME — D1 sl o 51 i 2 ALR AR A R

- FRCE SR 2 IR R PR E R, SEIREMEAEE D K, SRR AREMBRTR, HABELR
%o ZURMHE T 2R R UETIRN, MESRIEIRE E A R A RE, H2EMERE G 1 EE
Ho

- AFEEREE SR T ARERERER, B4, Java i HashMap fEAHEXNA4E, i Python Y Dict
PR BT HE

- AEMERSRT, R EMEREERAAWE, SRR MR RS, MEEERE
VR HL A URIE R M AN S5 A AU

- MREERIRERE SRR E B E A EE, DR REERES I 0 M, BOMERER,

W RARER A RS MD5, SHA-1, SHA-2 fl SHA-3 4, MD5 # RS R ek, SHA-2
P 22 2 8 P B otk

- BEAGESEE @B R HNERMREEER, ARG EMREERTIMRG EEENT, AR
SRV R R R,

2. Q&A

Q: AR R (HEE I T2 O(n) ?

BAEAME SRR, FEAR NI @B E O(n) . BHERR RGBT, 28R R
S, EIEHBOTEING, BERIREREE O(1) o TR S IO A R, A 2R A R R 2
o(1),

Q: BHEREIMERLR f(z) = o B? BERFEEERT.

16 f(x) = o MERR T, SETENMEE—MERT, ERMAISE, AT, SRR
(IR, RIS — S AR S S RRE, t 36, AR R — Rk
RAEZS IR — (B M2, ARAE O(1) MBRER,
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Q: MERIKEEBUZMES, R, o, HAM B DI Emle?
B, MRRIRRRCRES, ESEYEREIRT ., MEEAMHE e EiRER,

HR, HOBMERPE TSR MR REIRCREE S 1o Q1R — e RERES 75 AH R AR ] 4 FEE T~ {6 P Pei 271 e i A 5
SIEHEL, JREER LR RE R, EREAMRRN G AR, RN T BUEE R,

%, MRE RIS IR R AT RS S, BIANTEREARIHE TR, Pl ERER 1F GAt o S AT SRS T 25 30
1k, IBRAEIRILE O(n) HRIER.

Q: ZRFEEATREEFEMBRITRIVEIEIE? a2 MR 2 R A R IS ?

Z UK EBACE IR — R, BRRCEHETREA S REERMIPR TR ARG, FEEIBLMER, a2 EmMpR
A2 T DARHRBE . B e sRim AR AR, I H OB d R iR SRR R 2 CMPRAO G, By, %A E AT DA
BHTCRMEM ERMBEREARFTRE RAIIRI FFI A, RECRFEMER RS 2R,

Q: At EERIEIRET, EHMITRAIRHRE HBUMERERE?

AR ARG R bR R BB AU S (B, 328 key NILHE, EMARAMEER, Kk, HRERE
RERIBTHICRUE NP RARR G N, EEREE MRS (A s EI R Ry 1k

Q: 7RG IR A RS R AR R

HEZ RN R R — DT REESIRE n BUR (IR, EHEREEI R MEN,; EEAR, MR
JE n SRS, T key BEMIRS BRI REZE LML, [FUTEIER M Z1E key , FEEBIRATREEHIIAC
FZfammh, 1 EBREE E R,

Q: GHERZ TR SAIAFER, AR B A S A ar 1 WS ?

BRI key BN/ NEETRER, HERMMESIEN], SES% HE key BHMRA] (Bla05H) K,
WL EFE MR R TR key BB IHSIRSG], FIEBMRSIGKT TR, SRS ZHZRR,
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Abstract
SRABFEWAEM S, RIREX, 2R,
TARMER T &R RE,
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7.1 —ciE

—7oi (binary tree) J2—fEARARMERRIAME, AR "ML B RAT ZEIIRERGZR, BRT 0%
=7 W iR, B ERYIREL, —UTEEARITRER, SEERMUESE,. RS ARG T ETE
ElLER

[* ZITRIENEEER] «/
class TreeNode(val _val: Int) { // Ei%i(E
val left: TreeNode? = null // AFEIE:S|HE
val right: TreeNode? = null // GFEESIH
}

FHEHEEAMMES I G5, 2 RfEAETFEE (left-child node) Fl1#HEFEIB (right-child node), #%HiZs
WA 235 P IE T ET B R ERBE (parent node) . & 4AE — 8 —JTR AV ETBLRE, Tl H s 8L A /2 1 B S 5
DU S BT B R 2 % B A F48 (left subtree), FIFERISAFH (right subtree),

fE—ockdrh, BRIEEGA, HAhPA MBS FEmEsmIE w8, @ 7-1 For, SRS “HiRh 27 HAR
gy, RAIHEFEBFG FEIB Y RIE “HiES 47 F1 “EiEL 57, EFEHE “EiEN 4 R HE DU ETEE R,
G “HiR 5 NI DU NEIRTE AR,

— 7o SRENRE

binary tree

|
E@V ﬂm&

AT aFiH

ANV
Vivivi

7.1.1 ZcistsE Ri:E
—ouiH Y E BN EE A0 & 7-2 Fis.

- 1REAZY (root node): AR CITHERIEIR,, RE I,

- EEENEL (leafnode): WA FEIRIIVETRS, HmEFEIEEIFER None .

- 18 (edge): HALMNEEIBEAYAREE, BNEIRGSIH (FEED.

- HBEATERIE (level): ETHZIEN, RETEIEES 1,

- HIESHIE (degree): HEiESHYFHIBSIVERE, fE i, ERVEUEHEERZ 0. 1. 2,
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- BB (height): FERRENRGE AR IE ARG AR B VR,
- HIRSHREE (depth) : (R ARG 21 5% B RG FrAS I 118 1Y B0
- HIESHIEE (height): {ERRAEZHIRG BOR A SERTR BX BRI AE RIS R BUR.

B ©
FE =1

Zioid
BE =2

EER

7-2 TR E R R

Tip

AR, MEFER ST N RET ERA CRRNBMEER", (BH S H B ARG HE

Fhy ROERERHEER", TEEMEENT, SEAREEEEM 1,

7.1.2 ZiiEBEAIRE
1. #yate—scit

BRGEASERAIRML, EColanieEnRs, REMEEIIH (8.

// == File: binary_tree.kt =

/] BRI

val nl = TreeNode(1)
val n2 = TreeNode(2)
val n3 = TreeNode(3)
val n4 = TreeNode(4)
val n5 = TreeNode(5)
/] EEESEZENSIE (5
nl.left = n2
nl.right = n3
n2.left = n4
n2.right = n5
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2. ENEMIBRERRS

SAGEASERSIRALL, £ oo rhim A BLNPRETR ] OB B ISR AR E L, [ 7-3 &t 7 — (B,

HRNEE THpRERES
@ ni.left = P nl.left = n2
A P.left = n2

7-3 e A B PRETR:

// == File: binary_tree.kt =

val P = TreeNode(0)

// £ nl -> n2 FRGIENEIEE P
nl.left = P

P.left = n2

/] THBREREE P

nl.left = n2

Tip
FETRAR, AR TR GOt oAy A TR, T IR G e 5 TR I PRk 17 A
FEFRt, R, 7E—Joirh, MARMREEZH —EREL SR, UEIRA BERERIERE,

7.1.3 BRZTHEER

1. SEE= i

niE 7-4 iR, Se_Juft (perfect binary tree) Fir g RIEIRGET#E 2N, TE5EL —ooiifrh, HEENRGATRE
B0, HERFTEEIBIIEES 2 ; HEEER b, AEBEES 20T — 1) REEREEEERER, R

Y B RS AR R AL

Tip
AR, TEFPSCHERED, SE38 TR SR 2 — ol
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SFERyTH
perfect binary tree

(o B %M — o)

FRB FE R B REET 1

7-4 SER It

2. T

aniE 7-5 Firr, S22 7o (complete binary tree) % 70 FF i i fE M EIEE Ao MW, HAICE I HETE4H
AEBEROEREHRT, TR, wE Il —fRee —Jusl,

ST

complete binary tree

RREHRELER, EtEEReREn

7-5 FEETIst

3. FEm—rch

niE 7-6 Fow, sTm—so (full binary tree) BR7IEHEIRG AL, HERFTA EIRGE A il 7 EIRG,
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FEmTTH

full binary tree

FREEERERS 0 = 2

& 7-6  SEim ookt

4. FEZroH

GniE 7-7 piR, FZsoil (balanced binary tree) F IR 1 42 iR A T8 ) 2 2 ZE AR SBHE
W1,

o

balanced binary tree

RO ETHSE - SFHEE - d
I TR BERE d] <1

7-7 okt

7.1.4 ZiEn0Eik
@ 7-8 &R T e i BARAE RE BLR AL 5 R, TR0 SN BT R, 2“2 TRl WS
A EIEE R — I, —eEhRA “BEEERY,

- SERITRHEERNN, ATDAEr T iR MEE.
- GEESERBIAILE 5 — (AR, A TEBREEE 2 AR R, IERIMIRERILE O(n) .
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4
N P
S\ ,
4
pieiet: J/ IB{LEEHE
b S— | fRA5ERT

[ 7-8 —JTRARIR AT B iR A
R 7-1 AR, TEREMSHENRZEGHE T, oM ERREE, RRE. SEFEIIRAESR]ME,

R 7-1 TR R R i 2= A

SER Ik s H
5 1 JERIEN R B PA 1
FE A b BRSO 28 1
FEE A h B ERREs 2h -1 h+1

MBS n ORI log,(n+1)—1 n—1

7.2 ZychliERR

YRGS A ERE, B —EERAS R SRR, REES N EE R EREE R, A
m, BE—EIERIEERGEN, BESERMLET AR EMEM, FEEESEEEREH,
ookt RRER A NEERE R EN . miFES. HERETMEBEETE,

7.2.1 EBFEH
E 7-9 FR, BEESR (level-order traversal) #ETEERRIEERIZ G LR ook, WitES—EHZBIE ARG
JIE 7 575 R i 2

J@RESAE FEREERLES (breadth-first traversal), tLiEEEBLIESE (breadth-first search, BFS),
BT “—E-ERSMER NREET T
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RE@EED

/4’\\\
’iﬁf BEEDG (B @ B

)

/ "'\'"j_‘;‘"j_‘_jj:i:t-‘/—-‘-‘\ R

7-9 ZIUERIE R AE

1. EXBER

B ERNE R RED “TH” AREBL, (THEE “JoEe” A, R e RIEE CEEE”
AORIRN, ME EIRA SRR 2, BEERET:

// == File: binary_tree_bfs.kt =

/* BFES */
fun levelOrder(root: TreeNode?): MutablelList<Int> {
/] EfTs, MNRERS
val queue = LinkedList<TreeNode?>()
queue.add(root)
[l B —ER, BREEERFS
val list = mutableListOf<Int>()
while (queue.isNotEmpty()) {
val node = queue.poll() /] BXHIHBX
list.add(node?. _val!!) /] {H1FEEEE
if (node.left != null)
queve.offer(node.left) // EFEIZENG!
if (node.right != null)
queue.offer(node.right) // AFEIZEANG
¥

return list

2. WHRES
WERIBERRIE 2 O(n) © ARG RSB R, M O(n) W, Heb n BEEEEE,
- OSEEBRRE S O(n) : EREWMIT, B~ oHi, EHRIRRE AT, 17500 5% F 7
(n+ 1)/2 (665, 158 O(n) 22/,
7.2.2 giF. PF. EFEH

HEH, w7, PRMEFEHEBIRRERKLES (depth-first traversal), HWHERERALESE (depth-first
search, DFS), EREBI 7 —Ff “JoiERIHUH, FHREWESE ME 77
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7-10 JE7R T B TR T IR BT E A A AR, SR BE B Wi S TR ek ShE A —
b, fEREEREEIBR=EA0E, ohlBIERTFER. B ERMREER.

REBEES Ok,

def dfs(root):

" SRR RS

if root is None: return

@ BENigsR AT
dfs(root.left)

® EFMEFH, MRHAEFH
dfs(root.right)

@ EEFHEAEHM, HXEE

HIFFED (F @ EaAfNEE)
1, 2, 4, 5, 3, 6, 7
RFEED (7 @ RaAREE)
4, 2, 5,1, 6, 3, 7
#BFES (F @ EahfHEnss)
4, 5,2,6,7,3,1

@ 7-10 —JosSBIRTTE. TP RFEET

1. EARER

R B = AR R E B B
// == File: binary_tree_dfs.kt =

/* HiFFE */

fun preOrder(root: TreeNode?) {
if (root = null) return
/] hREMESIER: RENE -> EFE -> AFE
list.add(root._val)
preOrder(root.left)
preOrder(root.right)

}

/* HEFEEF */

fun inOrder(root: TreeNode?) {
if (root = null) return
/] REBEEIER: AFE -> RER -> AFH
inOrder(root.left)
list.add(root._val)
inOrder(root.right)

}

/*x BRFESF */

fun postOrder(root: TreeNode?) {
if (root = null) return
/] EMEKIER: AFE -> AFE -> RERL
postOrder(root.left)
postOrder(root.right)
list.add(root._val)
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Tip
REEc = W] AR RE, AR FEE v AR TR,

[ 7-11 J&oR T R ERT —CRRNRIEIERE, a7z “B” " FE A EE .

1 B” FORBABCHTT1%, R T —E iR,
2. " FoRAIRME], URE RTHIR QAT 7EER,

B mTER
@: i e

WIFFED (@ RIRIER)
1

B BTERE
@: e e

HIFED (7 @ MR

Step 2

iB: mTER
@: fLEH

HIFFER (7 @ Rk
1, 2

B TR
&: AEE

HIFEN (7F @ mURIENE)

1,2, 4 1,2, 4
Step 4

B B TFRE iB: MR

@: e e a: @ EEH

RIFFERS (7F @ mRIEE)
1,2, 4,5

B FTEE
@: fEEH

RiFFERS (75 @ EasfIEEs)
1,2, 4,5, 3

Step 6 |

Step 8

WIFFED (7F @ EIRIER)
1,2, 4,5

iB: AR
&: L LEH

HIFED (£ @ BRI
1,2, 4,5 3,6
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B TR

@: e

WIFFED (7F @ RIRIER)
1,2,4,5,3,6,7

Step 9 Step 10

B mTEE

&: A e
BiFFERD (7f @ ERasfaEnes)
1,2, 4,5,3,6,7

Step 11

& 7-11 A ER R @R

2. EHMESR

- EEBAEES O(n) - PRAEEREIR—R, EH O(n) K,
- IR O(n) © (ERZENRT, HEHRL A ESNE, SEEREES 1, R4 O(n) %
égé[héigig ﬁ§1o

7.3 ZifEdIRT

TESEGERAIFR R, IR BT A HiBS TreeNode , HiBG IEIBFEEMHEL, F—HiM4H T HATH
FIFTR B TR A TEE AR R A

AR, FeAFIRETS FIPEAI AR R —oekifle? A58 HEhl,

7.3.1 RERFTEZiE

Jeotr— (ARG, e —MRoee ook, PR ATE BTRHL I E e v FIE A 7 —(EpEs b, Al
18] 5 R 1 S I — RO PRSI 2R 5

IR e RO, AP AT AR AR R R 5 | Bl HTRE R 5 | IR "B A" HEEENRS 2y 0,
WIEZE e FEEE RS 2 20 + 1, AFEBERSI2 20 + 2 B 7-12 R T B EEIRR 5 | 2 AT H R
o
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EFHEES 2i+1
EFERARS|: 2i+2

18 P P 5 2R — e Al

EOEA®E] 0 1 2 3 4 5 6 7 8 9 10111213 14

Lzl 11234 [5]6]7]8]9 [10[12]12[1314]15)

& 7-12 583 TSR

B A ERE R BEAT RSP ERGS (66D 467E s R R — (R, FMEnT POZE B A
ARFENE () FHik,

7.3.2 RREE

e e R — ARG, 1E ot R EE E FAERT 2 None o HITRJE P ERT 7 FINE AL 21548 None
A SR A 1B S AR None RUBCRAN ZMITALE, TEEWREAA1E 2 M oA Rl TY i v 8 Wi )y
5l

qniE 7-13 fow, #AE—HRAEER T,  EIRMSIRORTT TR E AR

T (FE5)) SeAME—MRRL ok

pEFI&FwS] 0 1 2 3 4 5 6 7 8 9

[ 13Tz 0 1]2]3]4]6]7]8]o]12]15]

[ 7-13 JE e 78 B IE S R TR AT RE
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7 T RRDUERE, BRIl DA IR AERE L d S R A None o 4N 7-14 FiR, JERREBIR, &
FAE P8t a] DAME—FoR ook 1o aRBIEEZIEEAN T :
[* ZeiESIRE «/

// R null ERRENL
val tree = array0f( 1, 2, 3, 4, null, 6, 7, 8, 9, null, null, 12, null, null, 15 )

00O

10 11 12 13 14

ZFTI (7)) mME—#hRTmI = ok

EFIRSI © 12 3 456 7 8 91011121314

s @BE00 0008 | 8 @

=i

714 FERUHBI = SERHHIIES %

ERHRANE, 522 JuhHERE GRS, FEEE " TEiER, None {HWBIERIKE HEEH
MR E, IKILRTA None —s& tRBUEME ) EHIFFIRIA RS,

TS TRIRRE S R e 2 —TThiiRg, FTDAEISREEATA None , AEWTIME, [ 7-15 45 H T —(EHI

EEESFET (FE)

ERTETH
FIRES: fea=i)

BEEDGFS (FE5)

8880808000

[E 7-15 7242 oRyEERR

DANAE U 7 —AREL R SRR B ook, E0A5 DA AR
- MUEHLETES, EHERME, £ () THIRL KHIE,
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AT E,. TREd. BFEN. BEETRFY,

// == File: array_binary_tree.kt =

/* PEFIRR TR ZoiEiEn «/
class ArrayBinaryTree(val tree: MutablelList<Int?>) {
/*x BIEE %/
fun size(): Int {
return tree.size

}

/> ¥EBNZES|A 1 EEEE «/

fun _val(i: Int): Int? {
// BEFRSIEHR, ARE null , KRZM
if (i <0 || i >= size()) return null
return tree[i]

}

/* EEVERS|A 1 ERhAAFEIREAVERS| +/
fun left(i: Int): Int {
return 2 x i + 1

}

/* EEVES|A 1 EEMNAFEIREIERS| +/
fun right(i: Int): Int {
return 2 x i + 2

hy

/* EEVES|A 1 EiRHIREIREIERS] */
fun parent(i: Int): Int {

return (i - 1) / 2
¥

/* BFEH */
fun levelOrder(): MutableList<Int?> {
val res = mutableListOf<Int?>()
/] BiEELkE
for (i in 0..<size()) {
if (_val(i) != null)
res.add(_val(i))
+
return res

I
[* REBFTET «/

fun dfs(i: Int, order: String, res: MutablelList<Int?>) {

/] BBAZ=L, BRG]

if (_val(i) = null)
return

/] BIFE:S

if ("pre" = order)
res.add(_val(i))

dfs(left(i), order, res)

!l HFEEH

if ("in" = order)
res.add(_val(i))

dfs(right(i), order, res)

/] #BFE:S

if ("post" = order)
res.add(_val(i))
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}.

/* BIFEH */

fun preOrder(): MutablelList<Int?> {
val res = mutablelListOf<Int?>()
dfs(0, "pre", res)
return res

}

/* HEEF +/

fun inOrder(): MutablelList<Int?> {
val res = mutablelListOf<Int?>()
dfs(0, "in", res)
return res

}

[/* BFET */

fun postOrder(): MutablelList<Int?> {
val res = mutablelListOf<Int?>()

dfs(0, "post", res)
return res

7.3.3 BRERREMRE

TR RSN A DL R,

- SR R R S R, ERBORYE,  wARBLE AR b,
- AHREGHAEE, AR,
- SRR BB TR

SR, PSR A — 2R IR M

- MR IR R S, R ANE & R BRI R AR
- TTHI R R O R P 1 N\ BB R AR A B R, R,
- B TR AERE None IR, (IS AR LS B BITRG RERT ELERIRAIR, 23 PRI FH 3R

7.4 —igSE

anE 7-16 FioR, —ioi€34 (binary search tree) i & DA N4,

L. BRRETE:, 22T B ATA ETRRIE < RETESHIE < G R ATE TR HE,
2. (EREHEIRHE, AreE —orias, RIFEBGN R 1. .
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7.4.1 i SEigE

S as

binary search tree

B 7-16 —yCiy st

Bk — et B L — (@ BinarySearchTree , Wi & —{EKEEE root , FRAIBIAIHRETERS,

1. EENES

%a0C HAZETRNE num , AT DUARSE el S E AR &R, qHiE 7-17 FoR, TME S —EEiR cur,
TURHHIRRENRS root HiZE, JERE FLERETRNE cur. val Ml num ZFAFI AN IR,

- 5 cur.val
- #cur.val
- #icur.val

Step 1

< num,
> num,
= num,

St B ARERGE cur UG TR, RIEBAT cur
St HAREIRGTE cur BYZE TR, [RIHEIT cur
At TR ARG, Bk R 0 3R [ A

EZ IR BRI IR

cur.right,
cur.left,

ETIRSHNE R

Step 2
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Step 3

EZ RSN EIEIES

7-17 i s pE R EERG]

Step 4

EZ RSB EER

ZoniE B E IR OE S ETAR TR 2, AR AR 16l TR BRI

AR,

/=

N

2 TR, 5 O(log n) FEM, B EEAT T :

File: binary_search_tree.kt

/* EHEEE +/

fun search(num: Int): TreeNode? {
var cur = root
/] BEEN, HEEMEEE
while (cur != null) {

}

// BIEERTE cur BIAFEH
cur = if (cur._val < num)
cur.right
// BIEEIEETE cur MUAFREIR
else if (cur._val > num)
cur.left
/] REIEZEE, BiHaE
else
break

// R[EIEIZRERE,
return cur

2. HENERRS

M AR ATTR num, 2 TOREE TS e TR < IRETES < AT AOMEE, AR E
7-18 fRe

1. AAHARAGCE: BAGIRIERC, MORETR S, RIRE ATERSERN num FAVNRERIEE R TS, B
FBEIEHTRG CERGZE None ) RBkHIENE,

2. (ERZALE R UGG ILETES num , HERZERRSETL None MURLHE,



www.hello-algo.com 145

E-rRsETEAER @

2. EEZIERENEGE @

R #1T pre.right =

& 7-18 1E —JTi R il A\ EiEs

FEREAE T, TEER DA T HiH

- oS R EERER, SHRNERIER. Fit, HFEARRES T EAE, AN RITHE
A, BEIER[A,

© 7 T EBURAEIRS, IR EFEIHTES pre 7 LR ERIETR, EHRIEAEDIE None K, FRATAT LA
JER R HACHR, TEm o i E R i A Ao

// == File: binary_search_tree.kt =

[* FENERRE «/

fun insert(num: Int) {

/] EEBE,

RUADIR AR EDRE

if (root = null) A{
root = TreeNode(num)

return

}

var cur =

root

var pre: TreeNode? = null
/] EEZEN, SBIEEEEBEY
while (cur != null) {
/] XEIEEREE, BiERE
if (cur._val = num)
return
pre = cur
/] EANUEE cur WAEFHH
cur = if (cur._val < num)
cur.right

[l NGB cur WAFRHR

else

cur.left

¥
/] $ENERES

val node = TreeNode(num)
if (pre?._val!! < num)
pre.right = node
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else
pre.left = node

BUA R EIRGAAR], AAEIRER O(logn) K,

3. MBRERRY

JelE e R AR EARENRS, FRRRENER, BUEAERGECL, RMTERBEMRRERRR, s
B e TR < AREES < G FMEEIARTNS, Bk, BPIRRERERE THREE, 20, 12 =
MEIRDL, FUTHERIMIPRETR R,

GniE 7-19 FoR, ERHHERETBGAEE Ry O Ky, FoRZEBGRIEHTRS, A DAEEMIPR,

et L2 L )

00000000©

A
cur

1. EHSHIREE: cur v EIBE cur W 2. HiEMER cur BIET

FEIRLEBIE = 0 #1T pre.left = None

7-19 fETiEs e mPRETR (B2 0)

GnlE 7-20 A, ERAMBRETRGAIEE Ry 1IRE, R HIBR ERGE 0 2 H - HiRG A,
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E= TS BRI B NS @

v ik cur B9 2. ¥ cur BiaBHTEN

1. EMRMIEER cur FEHRME - 1 847 pre.left = cur.right

7-20 fEJCiES R mEREIRS (2 1)

ERMPREIRG A Ry 2 By, BMBRRERMER T, TR — R R, R R T S
CETR < MRETE < AT BOME, RstiE iE i eg DU 7 R0 B R el A 1 B B B
(RERBAMEE TR RN RS (P Ea R~ —EER, RIMBRRCERRNE 7-21 R,

L B MBRETRSE i ERITE)” S —EEIRE, T2 tmp o
2. M tmp FMEEZEFMPRETRAOE, MAERHIREMERERS tmp o

E-asmTaEE (O EoEaETIREs O

o
1. BSMBRENES cur /n/o\@ 1. BSRIIEES cur
A / \ < BB cur WFEMME - 2
(: ] )

oa 2. MEREDRS cur BR=S:
[ ﬁ\ (1) & cur ERFEHNRBEEE nex

Step 2

\ 1. EHBMSELY cur

)
ur /ﬁ\ v g cur WFBMME - 2
u
) Y o 2. MFREES cur RA=H:

(1) T cur FEHFEHNREEHE nex
(2) FEZTEPIECRHIERER nex
(3) #4ER%: nex {EMEAAEE cur

1. ZHFFHIBRETRS cur
v HE cur WFHEBE - 2

2. MEREDRS cur HHBR=H:
(1) #H cur HEHFEHHERBE nex
(2) E=THPECRHFRER nex

00000

Step 3 ‘ Step 4

7-21 e pRETR (2% 2)
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THIER T BV R P O(log n) B, SLrR 25ty FEMRR ETBN 3 O (log n) BER, JEIR-P e i 4 A8 el
F% O(logn) B, REFRTEN T

// == File: binary_search_tree.kt =

/* THBREREE +/
fun remove(num: Int) {
/] EEAT, BizankE
if (root = null)
return
var cur = root
var pre: TreeNode? = null
/] BEEN, HEEMEEE
while (cur != null) {
/] HEIGHBRETRE, Bk EE
if (cur._val = num)
break
pre = cur
/] FMBREELTE cur BVAFEIH
cur = if (cur._val < num)
cur.right
/] FMIBREAELTE cur BYAEFRIH
else
cur.left
}
[/ BESHRER, BEER(ED]
if (cur = null)
return
/] FEIEHEE = 0 or 1
if (cur.left = null || cur.right = null) {
[/l EFEEHEE =0 / 1 K, child = null / ZFERs
val child = if (cur.left != null)
cur.left
else
cur.right
// MBRENEE cur
if (cur !'= root) A{
if (pre!!.left = cur)
pre.left = child
else
pre.right = child
} else {
/] ERBREIREAIRETE, BIEFIEEIRERE
root = child

5
/] FEIRLERE = 2
} else {
/] EEXFFEFH cur BT —EERL
var tmp = cur.right
while (tmp!!.left !'= null) {
tmp = tmp.left

¥

/] IEEMIFREREE tmp
remove (tmp._val)

// B tmp BZ cur
cur._val = tmp._val
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4. HEEHERF
GniE 7-22 fiR, ZIoBIHRERIEE fE — R — 57 WEFIER, o T SBhN e IR < AR
iR < AFHIEE BRNER,

ERWEAE oS8 TR RN, SR GERICET N RN, e EEENE: o
HaBh R E TR THF .

AP EFHTHPEE, BRIMEZ TS EEA B RHER O(n) R, SZDETRIMHET BIE,

FEH =L

RSP EESFT]

2, 4, 6, 8, 10, 12, 14

TERAF

W EEE,
ENRETE @ BEHEAR

[ 7-22 —eissH T E S

7.4.2 ZiESBRRE

M AR, BRI @AY s T S, BURAR 7-2, i S B0 TEIR VR IR R MR L AT
R, BARE Heiikat. RATEREHY, OAERMPRERIFISRT, M o a8

SR,

R 7-2 [ B S R R B

Eii35 L TR )
##rE  O(n) O(logn)
AR O(1) O(logn)
MiExT®E  O(n) O(logn)

EHARTEIT, —oriEfhE “FE” /Y, EHREAT DATE log n il 8 N 2 5 (R R,

SR, ANSRFAAE e SR e A B el AFIHIBR RS, AT REES I TRR (8 7-23 FosrIsEss ersl, 18
R AR AR R A @RI 2 O(n) o
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o o
0000

ERNrcie S

plaa i o s

7-23 —JufE=fhRIL

7.4.3 —iESEERER
- FAERGHRINESRED], BEHEERNER. AL MR,

- AR R R SRR R E B R,
- HREEFERT, DREEA IR,

7.5 AVL ## *

£ ol EETPRMIER], EZREARMPRRIER, —ooaE I RER DA R, EERE

WR, BRI ERE S O(logn) %1E% O(n) .
WIE 7-24 i, SEOERIRIRETEHRIE, ST e fE L A s,

o o 0

@ @ BISEORS 5 @ BIRSERS 3 @
o o (N - o

B B
T o B ol el
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7-24  AVL SHEMPRETRR R AR

FBIn, fElE 7-25 FoRisesE oo b il A S EIRG R, SRR A AC R, AR R R R R e
1o

[\ [\ [\

NGRS 2 FRNEIRS 1

B Bt
b b T il o

7-25 AVL e A\ B RG22 AR

1962 4 G. M. Adelson-Velsky #1 E. M. Landis 7 & X “An algorithm for the organization of
information” HH2H T AVL#S, GSCHEEAIIR T —RVR(E, HECRTERHERTIEFIMIFRETRI®E, AVL A
IRk, MR SRR ER R SRR LRE O(logn) $0l. #AUEERR, (EFRZAH BT M & ki e
A5, AVL BHREGGAR RIF e ERHRERRE, AR RIFAIIERIEIE.,

7.5.1 AVL iE RA5:E

AVL §fBLR —onias, R Pl ook, FRmeEmE —ora e, FIbeE Mg e

(balanced binary search tree),

1. NHEE

HIHR AVL RAAHBASR1E TR S IR =, [R5 BB SEA BT height L

/* AVL HIERBEEER) +/

class TreeNode(val _val: Int) { // EiZ4(E
val height: Int = 0 // EEEE
val left: TreeNode? = null // AFEIE:
val right: TreeNode? = null // HFEIZL

}

“EiIR T RIGCZETR R E A RIEE R A, R 87 EE., [FERITEER, BEERS
MR O, TSHERAEER —1 o TR M8 TR, 0l A 58 EUR 58 3 6 A v



BT7E M www.hello-algo.com 152

// = File: avl_tree.kt =

/* EEERSE */

fun height(node: TreeNode?): Int {
/] EERESEA -1 , EHNHSES 0
return node?.height ?: -1

i

/* BHEHESE */
fun updateHeight(node: TreeNode?) {
// BHEEEERRSTEHEE + 1
node?. height = max(height(node?.left), height(node?.right)) + 1

2. ENBAFEREF

HIEHFEEF (balance factor) €A IR /A TN S EIR A RIS, [RIRER E 23 #1851 SR+
%5 0o FAMERR S B BRI I RE BT HE AR =X, R -

// = File: avl_tree.kt =

/* EEFEEF «/
fun balanceFactor(node: TreeNode?): Int {
/] TEEFEHEAFS 0
if (node = null) return 0
/] EETFERTF = EFERE - AFEEE
return height(node.left) - height(node.right)

Tip
ROPEA 2y f , AI—#R AVL SHREREER R PR W -1 < f < 1.

7.5.2 AVL ithEss
AVL BHEEBEIER “FE” 4208, TREMIE R TR E S R AIRHE R, e 685 E BTk T
5, HAIEER, TOEHRCEREREORRE “ TS VEE, WARERIENIEL R oR,

BTl IK AR EHE > 1 AOETRRE 2 “RHTETR . HURETRAHT IR, DEEIRIE UM ATE
FEE. SehBER e, SCENRG . DA A IS L e R,

1. KBk

QniE 7-26 R, IR AR T, (ERETEE, o E A ETRTE “HRG 37, BB DA%
FITRE A IRETRGR T1, N RXENRGEC 2 node , HETEIRSECZ child,, $UT “HHE” #1F. ENGHRRER, T
BRI, S AP e BB,
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RAEAGHFELE
HIREIESEES node
RAEFEREES child

o
Zl
p
«»
-/
')
| Step 1 | Step 2
\ B RIERRE: \ “HHE BIERRE:
BHETE
1. 1 child ARE, ¥ node MHAHE y 1. 1 child AFES, # node NN
i
P S 2. A child #LAT node BYIE
rhER @
o » e, BT RERET
node
(: )
(3 )
node
| step 3 | Step &

7-26 HHEBREAER

QnE 7-27 flir, & iR child B4 i (i0 % grand_child ) B, FFEEATETHE—: # grand_child
{E%5 node BY/E T EiiBh,

o/
)

© )
o

7-27 i grand_child 4 BESAE

“MifieE” 2R, B EFEEERBKEEEERER, BB IR
// = File: avl_tree.kt =

[* GHERIE +/

fun rightRotate(node: TreeNode?): TreeNode {
val child = node!!.left
val grandChild = child!!.right
// L child AEEE, % node MGHEE
child.right = node
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node.left = grandChild
/| BmEHEE
updateHeight(node)
updateHeight(child)

// R[EINEEE FRERVIRETE,

return child

2. EBE

THIENE, 4SR5 RSk — ey “meR”, RIRRZHITIE 7-28 AR “/he” #fF

7-28 FEhEfR(E

B, anf@E 7-29 pvR, EEiRG child B4 7% (G024 grand_child ) K, FEAELEFFHE—D: #
grand_child {E% node A4 T-HiiE,

\
\ ) )

7-29 # grand_child (A FERAE

ATDABLERE, A e ek CE i g BRI, Mo IR IR R B DL LR BRI, LR
M, BMTAFTRATER BB PATE R left Bl right, #TERY right Bz Left, HIRITE
F e Er BB S
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// = File: avl_tree.kt =

/* EEBERIE */

fun leftRotate(node: TreeNode?): TreeNode {
val child = node!!.right
val grandChild = child!!.left
// L child AEEE, #§ node MAhesE
child.left = node
node.right = grandChild
/] EFEESE
updateHeight (node)
updateHeight(child)
/] REIFEEERFRRVIREIE,

return child

3. FEhEigahE

EHAE 7-30 AR HTERRS 3, (EE A A HEAT A TR RS S, IR RS child YT “AERET,
¥ node #T “HHE

% child #fT @ ¥ node #{T
e HhE

o

7-30 JLEENERAE

4. FSBREELE

qniE 7-31 Fow, EA_RIRSMT IR AL, FRESCHE child BT “HHE”, ¥ node BT “FEhE
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ERETH

& 7-31 SetlEs e e

5. RedgpyRE

[ 7-32 /R PURER MG DL EIRRBIBEEE, 2hlRERAAIE. SeeieRahe. JohieR /e, 7ohe
HEES(EN

hN
o
o
o
ke FAhE
s &ahe &AihE =

7-32  AVL K4 VU A g s i

QUTRARAIR,  FRAMIZ 0 A B o 1o B R -1 R 5 DA R e v — 0 7~ B RGP TR 7 B TE B3R, AR SR R
JE R E 7-32 FRRIURRETE UL,

R 7-3 VUM DA R R
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KETERGH PN 7 TETRAEEIN T R R e Tk

> 1 (Kl >0 filie
> 1 (EfmAD <0 JelE R e
< —1 (Gfwth) <0 TEliE
< —1 CHfwS) >0 Feti R e liE

2 TEREER, B ieE R 2R, A TigfimX, RIRREB SRR H IR TIe, R
PR E AR, RSB FAR:

// == File: avl_tree.kt =

[* HUTHeEHR(E, FZFHREMMETE +/
fun rotate(node: TreeNode): TreeNode {
// YEEXEIZE node BYF#EF
val balanceFactor = balanceFactor(node)
/] =l
if (balanceFactor > 1) {
if (balanceFactor(node.left) >= 0) {
/] &k
return rightRotate(node)
} else {
/] TEheEAahE
node.left = leftRotate(node.left)
return rightRotate(node)
+
}
[l G
if (balanceFactor < -1) {
if (balanceFactor(node.right) <= 0) {
/] FEhiE
return leftRotate(node)
} else {
/] AR
node.right = rightRotate(node.right)
return leftRotate(node)
+
}
/] Fr, HEANRE, Hi%ik(O]
return node

7.5.3 AVL &% BiRE
1. HENENZY
AVL Rt (5 BhE A SR 0E B — e S e 08 L, ME—RIIERILER, 16 AVL KR N EiEi%, Wa%Einss|

MRETRABE S LT & B — YK MHIR, Bk, T EREMERBLG, AaRm LT hemRee, (8
P R R P, RS A R AR :



BT7E B www.hello-algo.com 158

// = File: avl_tree.kt =

/* HENEIEE x/
fun insert(_val: Int) {
root = insertHelper(root, _val)

h
[* EEHENEIRE (EBNSE)  «/

fun insertHelper(n: TreeNode?, _val: Int): TreeNode {
if (n = null)
return TreeNode(_val)
var node = n
[* 1. BEENUBELIENERE +/
if (_val < node._val)
node.left = insertHelper(node.left, _val)
else if (_val > node._val)
node.right = insertHelper(node.right, _val)
else
return node // EEEHEAIEN, BiHRE
updateHeight(node) // EMEHEE
[* 2. BIThEEHR(E, FZFREMRETE </
node = rotate(node)
/] REIFEBIREIE,

return node

2. THPRENES

R, 7E TS BRMBRETR AR L, TERIRETEPUTIEERIE, M LM E R K E T,
RN R R:

// = File: avl_tree.kt =

/* MHBRERZL %/
fun remove(_val: Int) {
root = removeHelper(root, _val)

I
[* ECMPREIRE (EBI75E)  */

fun removeHelper(n: TreeNode?, _val: Int): TreeNode? {
var node = n ?: return null
/* 1. EHERLRIER */
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
/] FEIERENE = 0 , BHEMER node R[]
if (child = null)
return null
/] FEIBEEE = 1 , HiEfMER node

else
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node = child
} else {
// FEIFEE = 2 , AP EESN ESRMIER, qAZEREIRERIERS
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) // EHEESE
/* 2. BITHESMR(E, B TFREMRETE */
node = rotate(node)
/] R[EIFEEVIRETE,
return node

3. ZEHENEL

AVL SRR E AR e i e s — 2, TR EEIR,

7.5.4 AVL {i8aBYFER

- AHAR R RTEDRL, B A R, (RIS N R

- HRHERERERT R

- ALRRRHR—REE R eSS, MR AVL B, ALSRR TR IR SRR, A BRI R A
TR BE MR E S /D, BB TR AP ReR B i,

7.6 Ih&E

1. ERSEIEE

- R R REARARPE RIS, BEEE TN MR, S TR RGBS —EE DA R e
12, o RIEAH A ¥ ERAA R,

- BRI RIREETES, HAE () THIR NI DU N R BRSO S Z BB () TR

- ZOURAUMBNEE ISR, SEETEE. . L B, SENRES,

- ZTCRAARIARML, TR AR ARG BR AR 1 B A E SR T IR

- W R ZITRIRIA 7 T, e Tkl eI TR Tk, 5838 IR AR AR
R&, T H SR IRMLR AR ZERE,

- ookt el DURHFSIEOR, 75 5 B R E A S AL e aE A NE P RS, AR TR AR Bl RG B iR < e Y
G| BB R AR H BB,

- CToCRE R ER R R e S, BB “—EERIMERT WBEE TR, BEE
IBfTHIREHL,

- RIF. . REETEBERREERLES, EMEER T UESIEE, SRS rEsT N,
e R E AR E
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- ConiSEE - EEME T RAE MR, HA, mAMMERRER R EMEES % O(logn) .
B TS R 2 SRS RS, RIERFRIBAEE & SHLE O(n) -
- AVL B, tORS-PHy —ooia, CiEE hEmR (R CRAE AN B i AR PRETRS RS T IR ORF5F- 187,
- AVL BB ERE RS e, fohe. Sohbeseie. Joeemahe. A SMPRETER, AVL B&
TERATHS THE MR, Rl R ITE -

2. Q&A

Q: BNHE—EENR ook, KRS ERRETREIR AR O U5?

B, HRmEMREEEER RS HEE",

Q: I AR A\ B HER — e i — EIR(ERC S e, SR “—EHRE" feTEIE? AT DB 2 B IR 1
BTG B TR PG 2

FE ol SR, MERETRERIEZE y —ERIURE, Hrh R T 20T 28D BRIV ETR A,
Q: #fH/E DFS Ewi il al. . R=MEHF, 2hlH1ERE?

BRI e E R R, /i, . Ry ETTE =M ITES 7T IE, BT DU e R — ks
TEMEFFHIERIA R, Pl oo, mRER NN A FERE < REME < GFHME, Hit
TATHEEI K — R — H7 ESEIEFED, wrT UERSA PR,

Q: FAhEtRE R R H % node. child, grand_child ZRIIBAR, 7 node YR HIEEFT node JHEZR
AN REEERE? GRS e T?

A 75 AR A4 A AR B IS AR, A BEHR 1 right_rotate(root) A RYE 7RI RUMRETRS, &
return child JR[AIGEHE R T RIRTHRETR, Rt AXOAR BT ARG A BT RS B AR £ 7% PR ZUIR [ 52 Y,
ANE A BE R R MERE

Q: £ C++H, gkl F private il public #, EAHATEZEWE? AMHEZER height () KA
updateHeight () K=\ BIAE public #1 private HlE?

FEEFENGERER, WRFEREENNTMER, IEMZKEr % private o Fla0, i B0
updateHeight() BREEZEN, BHEWMA. MEREREFRR—D, W height() ZFHMETENEE, FELUR
vector.size() , [KIERER public PAMEREH,

Q: anfarfe—AH i A BRI — IR T S AT ISR TR IREE?

FE, WEBIR7ECE o SR ) build_tree () /74 . ERIREER VRS, RIMTEE
A G R, REREPRUTREARET, FHREMEE A T, SRR DUR KR R R A
ot

Q: f£Java H, FHEILEL —EEMH equals() HIE?

£ Java H, BHAREARERIAIR], = FRNE L ESENER O, SRR, MR TIE R
EAE,

o AR b E R SR SRR —E 4, BNE M IR AL E R S,
. equals(). FHACE LAY R B E R SR AR
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H7E M

R, nR=SEEbE, BRIMEZMEH equals() . A1, & String a = ?hi?; String b = ?hi?; %]
W7 B AR R SOt eMfEmE—EY e, Fitthe] DI a = b R EEEME T BN,

Q: BN FIRIE 2 f, (5B 20 152
R, B b = 2 (06— TeR, HERA n = 7, AREESSE 4= 2" = (n+1)/2.
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Abstract
HerERt G R LRSS, EaRR, TBRRE,
JRE PR LU i ER BV, T e e O L I AR A ST B N R B
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8.1 iR

HHE (heap) 22— ERPEMRMAITER o0k, FERIZ2mERA], aniE 8-1 ffn,

- INEMERE (min heap): (EEHIEIE < HHiBHE,
- KIEHERE (maxheap): EEHEIBHE > HTHiEE,

N N
/N SN N N

Wy Wy

B ‘=2 B 2 ‘Re’miE” B
ARMMNE <« HFOHMNE ERERNE > HFHHaE
INEMTR KIBEH
min heap max heap

8-1 /NEHERREBLATEHERA

HERRTE Ry e & el iy —(AREB, BA AR,

- RIS ERG SR AT, LAt I B RS ED RN
- BRI RUAREITRRE 2 “HERATH”, AR ARG AV BRI “HERR
- BPRORTEHERE CNTEHERD), HERRTEDTER (RETED BEZ&EAR &) 1,

8.1.1 #TRRVE FBIRME

TEEHAR, 2GSRI ZEETT (priority queue), BR—FEMRERIEHE, TRABAE

FelE R HER T4,

TR L, HeROEH AR B ErS, KT R R C S RS MANE W et o1, G A
A&, BWMATDARE “BJefra)” M “HERE” BIFFERERASE, B, ABEEWE SHERRIEY, S

“i&%”o
HERRR B I BRE AR 8-1, T3 TAA T BRI T\ = AT

* 8-1 HERAIBRIERCR
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Tk IR IR RS
push() TERAHERE O(logn)
pop() SRR TE TR AR O(logn)
peek() IFHERETE TR (B [ /NTEMERA ) B 29 B K [ /IMED 0(1)
size() MR R T 2 o(1)
isEmpty () HIBTHER R 5 222 O(1)

FEEPREA, BATa] DLE R AR EE S 1R A HERERE R (BB THIRERD

FCUAHE P IR 1 “ R NEIRHES” #1 “TERENHER”, FAT ] DUEIE 3% E — 1 £lag B{E4 Comparator
BHL UNEAERET B ORTEMERE” R, R TR

// == File: heap.kt =

[* WIEIHERE «/
/] RN IEHR

var minHeap = PriorityQueue<Int>()

/] B KRIEMTE (A lambda FRRIUMEEK Comparator EIA])
val maxHeap = PriorityQueue { a: Int, b: Int -> b - a }

/* TTENHERE */

maxHeap.offer(1)
maxHeap.offer(3)
maxHeap.offer(2)
maxHeap.offer(5)
maxHeap.offer(4)

/* EBUERIEITER */
var peek = maxHeap.peek() // 5

[* HEARIATTRLIERE «/

/] BT RE A —ERARENFT

peek = maxHeap.poll() // 5
peek = maxHeap.poll() // 4
peek = maxHeap.poll() // 3
peek = maxHeap.poll() // 2
peek = maxHeap.poll() // 1

[* FEBUERRAN «/

val size = maxHeap.size

[* FEPERRSRT

val isEmpty = maxHeap.isEmpty()

*/

/* SINBRFEER +/
minHeap = PriorityQueue(mutableListOf(1, 3, 2, 5, 4))

8.1.2 fFEMEIR

DXEHRZARTERER, 75 BN RS NEERE, TR AT A NE B T (B, i > F R
<)o RERELERAIFE A] DAEATEEL
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1. ERNREFRRT

“oTH” EHETEEE, e TJTRHFRIE G HESIREOR, BN IE R e e ek, I ERATIF R I e

IR it ¢ HERH o

B HEIFRR ok, JTRAKRERE, KRIURERE oA E, WETEENER RGN

AREBL

niE 8-2 fiR, #MERSIG, HEFHBMNRSI R 2+ 1, GFHBNRTIR 204+ 2, REBNRTIH

(i—1)/2 (AR, HRIMANE, ForasfBR s R T,

HTRAEEAE I
“YER B—IR ‘R
ﬁn

ERBYIRESH (KEHE)
A “®I ®T ‘TR

#F; o0 1 2 3 4 5 6 7 8 9 10 11
300000000008
(i-1)/2 i 2i+1 2i+2
SERES BB g; ga
EBERE | B EIREEEE

8-2 HERAHYFRELfH 1T

FAM AT DA 2R 5 [ A B AR X, 77 R -
// == File: my_heap.kt =

/* JERUEFEIBRAVERS| */
fun left(i: Int): Int {
return 2 *x i + 1

}

/* EEATFERNZRS] +/
fun right(i: Int): Int {
return 2 * i + 2

}

[* JEEVRENEEAIERS| */
fun parent(i: Int): Int {

return (i - 1) / 2 // ATERK
F

2. FHRPBEIRIETTE

HERATE TR B2 I CRIRUARERS, tHRtE ByIn e ErR:
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// == File: my_heap.kt =

/* SHEERRIETR +/
fun peek(): Int {
return maxHeap[0]

}

3. TENMEE

METCER val, FRIMTE SoiF HopT g BIHERE I, #ril 1%, B val RIRERIRHEREH BT R, HEREA LRI
FIRECLRIE, IRIER BB T IR A\ SR SRR IR 12 B PR 2 eI EiRs, IS (ER VRS 281 (heapify),

FBICAMEREETE B, OREHPITHERL, NE 8-3 AR, T b A Bkt B A B AL AO(E, QSR
ANHIBETER, AR e, MRESTITILRE, (UREHEBEHERETIAEER, BEEERERE0E
BRI S B RGN A5 TR

-6 @ NittHR i @ Nt
1. HSHEIEL 7 SINEMME
ZRMERT
g n BIRT
00008680806 step 1 | 0000066800080 Step 2
R @ Nt -1 @ Nt

1. fER 7 FOREMBE
2. MRETEETHEL (Sift

1. GEES 7 MIEEMBIR
2. WERERETHEK (Sift
U‘E)Eﬁiﬁ 5 < Hig5 7

~ BRI

Up)
v Hifh 5 < HiRG 7

f00opoEaDacan step 3 | 0000BR0B000ac [ step 4

B8 @ Nem

1. HEHER 7 FIMERER
2.)%E§]Ei@ﬁiﬂ!% (sift
Up.

v Hi% 6 < HIRE 7

8 @ MR

1. fSERRS 7 FOREME
z.)?ﬁéﬁzlﬁﬁﬁt&aﬂc (sift
Up

v Bk 6 < HOB 7

-~ MM

ROz EEEEEE [step s | @0os0200808080 ELX
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() AR k(@) AR
1. GRS 7 FINESRBR 1. GEE 7 MINEERR
2.)&E§Ei§ﬁiﬁﬁfl (sift 2. WEREREITHEK (Sift
Uj Ui
‘?§$9>§ﬁ¥57 ‘E§ﬁ$9>ﬁf5$7
~ RPATRHR
0000000808080 | Step 7 (o]e]7]e]7]6]2]a]s]a]o]2]s] Step 8

B8 @) N

1. fSERRS 7 FUREMRE
2. RERERETHERL (Sift

Up.
ERTEME, ATBERMNERERIEE

OooonooBsDooan [ step 9

8-3 JERAHERDER

SRR 0, FIBIIIRERES O(logn) » RILATAL, HERULIRMEREBBEIRE% Ologn) , JERA

HERRERE IR R ARIE 2 O(logn) » AT FHIR:
// == File: my_heap.kt =

/* TTENHER */

fun push(_val: Int) {
/] FIGEEE,
maxHeap.add(_val)
/] REETE#EREKL
siftUp(size() - 1)

I3

/* RERRL 1 BHMR, NREIEETREL +/
fun siftUp(it: Int) {
// Kotlin HYRNXBEARAE, FALbEIIERRFEES
var i = it
while (true) {
/] FEEREIREL 1 BIALENEA
val p = parent(i)
// B “HBIRENRL 3 “ENELMIABIRT K, ARIERL
if (p < 0 || maxHeap[i] <= maxHeap[p]) break
/] RIRWEIEE
swap(i, p)
// BRI EERE
1=0p
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4. ERIATRLHER

HERATEDT R 2 —CRROIRENRG, BIEFIE TR, R BRI MERE TR, BB ok T HiRs
ARSI IR AERAME, ISR RSB M RGBT RS N, 7~ TR TTRRGIEE), xR
FIBA N RIE B

1. ZRHERRTE TR BT R GO ARG Bl 5 R
2. SR, AFERURIEERSITMER R, mRCAER M, KILERE EMERAZERHERTETER).
3. TEMRENREGALS, RETHFEIRPITHERIL.

Qe 8-4 R, “UETHENRHERIL” MERIETT B “GENSEETHMERL” M1, FRAIRAAR 6 MRS e B E oy 18 -
REAEEAT LR, R ERORHY 7 B RG BAR BT RG SC i, IRRIGIRE AT IR, B2 T B Y a8 2 S JH S AL

EIELE
6/jl\h 6/j1\5

0 ex@ ]@{)\” © ©
L] él@@

e SERIATR IR

1. RERETRIBERNRTRSIR

)

: > @ O €
000060 X
_ s AT —
IR IR # pad

0000000008000 00020000000 ===

Step 1 \

: SERIATR R

1. BERETRRERRTRIE
2. BHERMEREETER

) ) e/ 3. HEEEETEMK (Sift Down)
[ gé v fEERRS 5, 8, 7, Wil 8 BA
000060

000000080808 Step &

SRR RN

1. RERRTREBERRTRRIA
2. BHEHIRERETR

W

s [N P EY [ step 3 |

SERIATR R

1. HERIRT RIS R TR

2. WRHMHERETR

@ 3. WESEETEEE (Sift Down)
- TEEDEE 5, 8, 7 T, HiEE 8 ®MK
- XBESS 5 SRS 8

000000000000 step 5

P

ﬁigé
)OO0 0O

oonoaoosooon

SERIATR R

1. RERETRIDERNRTESIR

2. BHERIERETE

3. WRERETHERW (Sift Down)
= EEDEL 5, 6, 7 R, BB 7 ®A

Step 6
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ERrEazEzuEEe)

ERIRTR IR SERATREER
1. ERRTRIBERETRZISR 1. RERATRIBERRTRRZIR
2. BHENNSBEETR 2. BHERNNMBETR

w

. WRERETHEAL (Sift Down)

< fEEp%E 5, 6, 7 R, HE 7 ®K
- IREDRS 5 EREDES 7

3. WRERETERL (Sift Down)
= 1EEE 5, 3, 6, Hik 6 MK

7| ($OO000080000 (swrs
RRETREER ERMIETTR LR
1. RERIETREEHRTRN 1. ERAETREERRTRM

~

. BHEAAERRTE
. WEERETERL (Sift Down)

w

v 1EEEE 5, 3, 6 R, HIRE 6 A

2. BHERERETR
3. REERETERWL (Sift Down)

ERTRER, KIBERIEAREIEE

- 3SREES 5 REE 6

002000080000 s (030000080000 step 10|

8-4 HERHTHICER HiHERE D BR

SATTE NMEAE IR, HERATE O R MR R RE R Rt A O(logn) o FENEBAN RATR:
// == File: my_heap.kt =

/*x TTERUER %/
fun pop(): Int {
/] HI=RIE
if (isEmpty()) throw Index0Out0fBoundsException()
/] RIMREIRRSAENY (RIRETREETR)
swap(0, size() - 1)
/] MIBREREL
val _val = maxHeap.removeAt(size() - 1)
/] WIEERH¥ERENL
siftDown(0)
// REREEIETERE
return _val

}

/* WEENRL 1 FAtR, WIBEREREL «/
fun siftDown(it: Int) {
// Kotlin HYRNXBELARAIE, FALbEIIERRFEES
var i = it
while (true) {
/] FIERERRE 1, 1, r FPRERAKNERL, 524 ma
val 1 = left(i)
val r = right(i)
var ma = i
if (L < size() && maxHeap[l] > maxHeap[ma]) ma
if (r < size() && maxHeap[r] > maxHeap[ma]) ma = r
/] EEiEE 1 &RAHKRS| 1, r @7, BEBEEERK, Bk
if (ma = 1i) break

1
—~
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/] FIRMEIE,
swap(i, ma)
// BERTHEREK

i=ma

8.1.3 fRME RIEA

- BESRATH: R A R T BB T E R RS, HSIR SRR R R 9 2 O(log n)
, TEHEREIRIER O(n) , BLEBRERARE SR

- MEREHER: faE—sERL TR DUR RS —EHERE, SRR NET T TR R R, EmiSE]
fArrErt. Am, HMEEEEN -EEREN T NEBMRE T, SR MR =,

- JEHURRI kAR e SR ARSI EIRNE, RN R R, B ER R AT 10 BT
VR R T AR, S EGH EEHT 10 AUR AhSF.

8.2 FEITRIZ(E

FEFLARILT, TR — 8RR TH TR AR — (R, SRR EHERRIE,

8.2.1 FEBINMIRIZIFEIR
WM E S — AR, RRAETRS, RCHRETTRIT “AHERRIE", BoTsbl S e
i, HEROTRPIT REE" HERIL,

BE TR, MR RERN—, HRETRR R THE AR BOIHIE T, FtHERE “A L
MR AR,

BT REE 2 n , BETTRIAHREIREEH O(logn) IR, FIa% @ HER 7 AR M 2 O(nlogn)

o

8.2.2 FERESMRUEIR

B E, PR AT DB A B 2 R T 1R, o i

L R ERAIATA TR IEEA BT BERE T, R AR TR E MRS 2T e
2. IR ERHERE (g BB, RUCEHHEAEERRFNT “TETHERHEREL

R HERE —MHEETR, DARKEIES 2 RRENAG B R — N 51500 HER, TR iR e, (Rt HEAs
2 AW R,

ZFr DR E R, B A IERRRESREE B ATETR . T FRICAR SIAN THEM, SRR L E AT EIRS
ARARHI,

EFHIIRE, HREMRRA T, RILEMRRMR GTIAN FHER, MRMERIL. MDA REITR,
BRI SEEN R R A 1R — (W ARG AT ACHITES, BT ERAMAMEI R E F I THER L :
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// == File: my_heap.kt =

/*x KIBHERE */

class MaxHeap(nums: MutablelList<Int>?) {
// ERBEYIMmIEREY, EREEEBIESME
private val maxHeap = mutablelListOf<Int>()

/* BT, RIBmABRYEER «/
init {
/] BEBYTERRENAEFIGEETR
maxHeap.addAll(nums!!)
/] HERRUPRERRL SN E PR E B R,
for (i in parent(size() - 1) downTo 0) {
siftDown(i)
}
}

/* JEEVETERREAIERS| +/
private fun left(i: Int): Int {
return 2 * 1 + 1

}

/*x EERATERNZRS| */
private fun right(i: Int): Int {
return 2 * 1 + 2

}

/* ERREEENZRE| */

private fun parent(i: Int): Int {
return (i - 1) / 2 // BTERK

¥

[*x TR */

private fun swap(i: Int, j: Int) {
val temp = maxHeap[il
maxHeap[i] = maxHeap[j]
maxHeap[j] = temp

¥

/* FEBUERA/N %/
fun size(): Int {
return maxHeap.size

}

/* FENERRET AT */

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

h

/* HRERIETR */
fun peek(): Int {
return maxHeap[0]

hy

/* TTENERE */

fun push(_val: Int) {
/] FhIZEnEh
maxHeap.add(_val)
/] REETE#ERENL
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}

siftUp(size() - 1)

[x 1EERE 1 FEtR, WRETEERAL «/
private fun siftUp(it: Int) {

}

// Kotlin BIRNBEARRIE, HEILEIERRIEE
var i = it
while (true) {

/] TEEEIEL 1 BIALESEA

val p = parent(i)

// 8 “HBIRENEY 3 “ENELMIABIET K, ARERL
if (p < 0 || maxHeap[i] <= maxHeap[p]) break
/] RIREEG

swap(i, p)

// 1EEmR AL

1=p

/* TTERHER */
fun pop(): Int {

}

/] HI=RIE

if (isEmpty()) throw Index0Out0fBoundsException()
[/ RIREIERRAEME (RRETREETR)

swap(0, size() - 1)

/] MIBRETEA

val _val = maxHeap.removeAt(size() - 1)

/] WRIEERBEREL

siftDown(0)

// REBEFREIETER

return _val

/* XKERRL 1 BAMR, HIEZERERL +/
private fun siftDown(it: Int) {

b

// Kotlin BIRLBERAIEE, RIEIERRFEE
var i = it
while (true) {

/] FEERRE 1, 1, r PESAKER, & 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

// EEE 1 RAWERS 1, r BR, WEEEEEEK, B

if (ma = i) break
/] IAREIRE
swap(i, ma)

/] EEETHEREL

i=ma

/* BUEMERE (Zioh) */
fun print() {

val queue = PriorityQueuve { a: Int, b: Int -> b - a }
queue.addAll(maxHeap)
printHeap(queue)

1
P
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8.2.3 EMESN

N, TG SRS AR A T TR A IR MR

- RS ITEHI RS 0, RISEEORS (n 4+ 1)/2, Hb / BETFER, FRE R
HORB R 2 (n — 1)/2.,

- TR MR AR AT S MR IS, IR AR — TR log n
W ERTEMT, SRR IR 2 O(nlogn) o (MM EES AL A emE, PRI
7% 18— TR B ORI 2R T AR P L
B R AT AT B 2 SRR 550, 2 T W ISA TSR, (in e — (R 2 o . I h 1 52—
TR, M O LA A TE R

HEEE H R E

(AR AIEHR
)
[ Y—— 20
/ \ 1
[T pe— 2
SN N |
e =2 - 2
[N N SN )
A 23
i — 2h-1
GiER, RREEER e e 2h

0)

8-5 SEE UM E ER R

qniE 8-5 AR, HiRE “PETHERHEREL” BIRAOEUREF N Z HR B ARG EE e, TRXERaE 2 “HRS
T [, FRAMATCESERT “HTRECR < ETREET SR, 1921 BRI HERTLIE AR B AR,

T(h) = 20h + 21 (h — 1) +22(h —2) + -+ 2= x 1
et EAFEFE P 2SI, ok T'(h) L2, 155

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

SRR, AT 2T (h) Wk B T(h), Al

2T(h) = T(h) = T(h) = —2°h + 2" + 22 4 . 4 2" 1 4 2"
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Bl X, BB T(h) 2—EELEBY, rTEREHARMAR, 520RHEMRER:
1—2h
T(h) = 2> —h
=2 —h—2
= 0(2")
M4, A h RETHNESSES n = 2" — 1, SEEEES OR2M) =0(n)., DLEEE

R, WGBSR I BGRE 2 O(n) , ERERL

8.3 Top-k fiR&

Question

ME—ERER n AP IHY] nums | GHIR[EI A AR ERRR) ETTER,

BIREZEE, BRFIE A AR RS LR BRI, B AR RCR S SRR

8.3.1 FHiE—: Ein#EFE

AT LTI 8-6 ARAY K dwEw, S BIAE SR IREGE 1. 2, ... kK RIICR, KEBEEEZ O(nk) .
WA IRFGERR k< n BIER, WA k8o Bns, HREMEME-Emn O(n?), JEwFER,

nums EGHESRATE

) = wno® 1 Ak

DB #-wuzz 2 x==x
[j[:][j ESHRIE 3 ATE

I 8-6 ik AN k fETR

Tip
Bk =nk, RMAIDUSIEENERFFY, WREER “EET” HEXK
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8.3.2 F#EZ: HF

Qi 8-7 pR, FRAATLASEEHS nums HEATHER, FHREIRAIBN kETR, RREHEZ O(nlogn) .
BOR, womik R ERER T, HARMRTHHERE b ETRAE, AR EH EATTER,

k=3

s |EEEIEE]

HEFETHF

HEEED

EERA k ExR

Lo

8-7 Hir =ik Al k ETER

8.3.3 FiE=. iR

FATAT DAFS R HERS SN = RO TR Top-k [, AEANE 8-8 AR,

FeR BRI AT K AETCRMARIRAHER,

sl N

@
- @0008)
i

1. #a0 k ETENER
ZRRE
ByIRR

v (@

Step 1

Ha e —fE/NTEHERE, HHERETETCR RN

58 k + 1 EUCRbs, HEATTRANHEREIFEILER, AT REHER, W EATTR AR,
ERTERRIR, HERFP R RORHY kTR,

-3 BRI \‘ED
nums
oooen /
: o
i
1. 0 k ETENER
ZRMRT
= SRR
nee (EED)

Step 2
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k=3

(2000
.

i

1. #H0 k BRENER

k=3

(2008
.

i

1. #80 k ERENER

2. #E kel ETERBAIE
- BEITER > WHETR
- HSERIRTTRLIEN

k=3

w OO008
:

i

1. #80 k ERENER
2. #% kel EFTRRAKIE
v HEITTR < BHATER

Step 7

RBIRECHSA :

// == File: top_k.kt

ZRRT
‘ ke EFIRT

SRR @
o

ZRRT
‘ K EFIRT

SRR @
o o0

ZRHRT
‘ kil EHIRT

k=3

w: (@008

FERATER, BBl heap EIET

Step 9

k=3

w: (D008
.

i

-

. 1A k ETRENER
. HE k1 ETEBEHE
v EEiTE > HRETE

~

w: (2008
.

i

1. #80 k ETENER

2. 5 kel (EFTEBEHIE

v ERITER > #MATR

o RERIETT RS
HRERTRNSER

e

k=3

w @000
:

1. #6A0 k BEFTENER

2. #% k+1 EFTEBBFIE

v ERITR < BMETR
- BB

SRR @
o o

= o
7 By
‘ mIIRT

8-8 FLNHERES A k fEITR

/* BEFEREAMEYFRAN kK BxE +/
fun topKHeap(nums: IntArray, k: Int): Queue<Int> {

AT @
o o

MRS
‘ s by

B @
o o

R
‘ “d EPIRT

#RT @
o o

R
‘ Rl EHIRT
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/] B NEHERR
val heap = PriorityQueue<Int>()
/] #EFINE] k ETERNER
for (i in 0..<k) {
heap.offer(nums[i])
}.
[l #%E k+1 EcERR, RIFEBNRES K
for (i in k..<nums.size) {
/| EERTEARERIELER, AERETRUER. BrixiENER
if (nums[i] > heap.peek()) {
heap.poll()
heap.offer(nums[i])
IF
}.

return heap

HIERT T n W ) HERGR R, RIS kb, RIS O(nloghk) » 07 EHIRCRIR
B, B kBN, BSRIRREER O(n) 5 2 k Bk, BSRIMERAE R @E O(nlogn) .

HAh, BITIRERRNEIREE RIS R BTN, TP T DAR MRS RN T R, T E
BURRH) k TR AIBIREEHT,

8.4 Ih&E

1. EEBL[CIEE

- OMERUR RS e IR, MR AR 4 A TEME AR MBS, ke (1) TEMERAHERE T 2R
K UM,

- BRI R B AR A, SR R B,

R PR R R R AR B A TE R AMERY O(logn). MERITEEE HERY O (log n) Fil
DiFHERTETCE O(1) 25,

- SeA T IRHERE & IR, DRI R IIE 6 5 e R 1 MR,

MR R RO, 8 )\ HERORN R b R 51,

- n AT R R R AR T DU L O(n) , FEREL

. Top-k & —(EACHURELTARIE, 7T DA P R GE R BRI, BERSTBERREE 2 O(nlog k)

2. Q&A

Q: ERUSMENY “HERT” BLRCISRE R “HERE” 2R —EHE&ns?

W SRR —EHES, FUZREE “HERT, sHREMARSC R PR R BRI — ), X
FEFITIR AT DAME e R k. BRaCA] DARE SR — & B AHERERC IR RS, R RE AN R 0 P 51| <5 4 A
EIEEEA A ERER, EATEREEETEng, DPbCEmiAk, MR EC IR, AR
BT EEEE, AR SRR A E AR .,
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Abstract
EAmIRIES, MG —EEETR, $REE T RAEHE,
H— ROV B, ERTEIE TRk ER B AR B HH B R I ERED,
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9.1

(graph) J2—FEAEGIMEORGEHS, HITEES (vertex) 38 (edge) ALA, FIATLUSIE G MgutFms—
UTERE V R —4L8 E RS, RIS T e 5 MEELH 7 R,

vV =1{1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5), (4,5)}

G={V,E}

GNSRAFTHES B (RETRS, BB (AR AR RIS IR (Fa), TR RT DURFIEN S 1 — RISl Af ER A1 e T 2
AU RIS, QniE 9-1 FrrR, HIBIRSRIERR GERTHS) RIsriGRGR (8D, MsBiE (8) KB dEE,

* [\ TN

b i} -]
(AR 1ERRTR) (533aRR{R) (HBERRR{R)

B EEEHERS, AMthRsEM

[E 9-1 SEASHRS, K, (8 FRIR R

9.1.1 EMERBRISEAE

RIg RS A M, n5rAEmEE (undirected graph) fliEME (directed graph), 4nE 9-2 Ffi7R,

- TEHEEIE T, BFRORMITER IR “EEa” EARBRR, BIANRIEE QQ HY “4F KBR”.
- tEAmES, BERATAYE, A — B A« B WE7 RS R BN, A ieelE -
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SRE FRAE
(B m) (BHFHm)

9-2 A 1 ] B A ] ]

MR ATE THR R EE)E, 7] Z%E@E (connected graph) FI3EE&EE (disconnected graph), &NfE 9-3 Fir
o

- BEEE, (CRMETER RS, AT AR H AR TR TR,
- BRREDEE, AL TR, B0 ETEREIRENE,

N

EBE JEEEE
(FrETRA EEE) (FETRRARATE)

-3 Ju it f] il I 3 [

BTAVERT DAZIB WY “REE” 2%, [CMSZIANE 9-4 FRiE#E (weighted graph). BIUNTE (EHZENME)
ST, RGN ER SR AR IR < R BT, ISR AR R] DU A REE R RR

G)“@ .

FRAEE BiEE
(FrEB%E) (ERAEERT)
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9-4 eI B ARt ARE

[ A A A L 25 AT B AT R

- $B#E (adjacency): HEMITHELZ HIFIEIBAHEI, REISWIESS “H0HE", 7EIE 9-4 rh, THEG 1 AAFHRETEE,
ATEEE 2. 3. 5,

- BBAE (path): ETHES A FITHES B &EAVBRERNFHIBRE 27E A B B 1Y “B&C7, 1L 9-4 1, BF
| 1-5-2-4 2 TESG 1 BITEES 4 19— REE1E,

- E (degree): —fHTHEMERRISE., ¥NAMIE, NE (in-degree) FnA Z/MKBIEZIES, HE
(out-degree) FnA Z/MEBIEXTHRTE L,

9.1.2 EIMERT

[ ) 5 AR 7T UG AR AT “HBRERT, DU A S [ A TR

1. MBiEREpE

RETHE SR A n, AMEMERE (adjacency matrix) HFH—ME n x n K/NHEERFRE, 8—17 F) 1R
F—HTESS, FERUTENRE, H 180 ZoRmiEES 2 MRS E R,

WE 9-5 Ff R, SRHSBEkER M., TEBGERSI% V| ASEEMITE Mi,j] = 1 FoRIEs V]i] 21 V)]
YRIEER, B2 M[i,j] = 0 FonmTEs: > M,

TRRsETI

#l o 1 2 3 &
o e 1 10

‘ ’\\\\ 101 e 1 0 @

SpIEIERE

graph adjacency matrix

9-5 [EIRABEAE AR

HPEFERLEA DU R,

- TEMEIE, THRGNRESL A, CERP R A AOTRIA B,
- BRSEE, E TS T, AR R R S A AR TR
- R EERIR RN 1 A 0 B, RInRoRAHERE.,
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(AR R P R Ry, TR AT DAERERA AR TR DB EGE, (RIS & R O RCeR R, R A
¥k O(1) o AT, ARSI S O(n?) , iEm s HEZ,

2. MpER

AR (adjacency list) ] n (EEEAS ERSIACRIRE, HEALSHIHIRIRORTHRS 5 ¢ (A5G RSB IETHR o
, HAPlAE 7 RZTER BT A AR L TR (Bl THRS AR A TER) o (8] 9-6 Jeom 1 —flEl (o FH A 42 R A 17 ) [ ) s
1l

TRR  ERIRRSRENFTA IR

N\ >

RBHER
graph adjaceney list
9-6 [ERMIERLTR

AR BRGNS, TSRO E/NA n? , WItEENEEa, A, EMERhREE
I E AT A RS AR A GIE, TRl ELIRF VSR AN AN AR R e

BUERIE 9-6 , MILRAREEUEERPH “SAE” AERAHOL, DRI ERAM el CAER ATSRL 75 15K B AL 3X
B, L E ARSI R, AT DRSS R 2%y AVL BTaRALRAN, MR RRERRE O(n) R s
O(logn) ; IEr] DAEGESS S5 ER MR R, TEm R mERER=E O(1).

9.1.3 EMNERIER
G152 9-1 FiR, FF2BiE 2% A] DU B ACH S, AH 0 RS Rt AT DARL 2 [ 3t B R R,

®9-1 BEALTEH RAYE

HE B [ AL
A R KRR TBAELT JCHERS
HhERARES  uhERE UEREREIAEE M B R BR AR RS

ENZER B ERMEEASINER  TREYEEE
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9.2 EIRVEREHEF

THE 2

V] &+ AR

[ Y SRR E AT 0 29 387 ROTRCEANSS “THRE” BUBRME. £ “MPREIERT 1 “MPREER” MMERRTIE T, B
B AR,

9.2.1 EAMHEIERERETR

A —(E TERR R 2y n ORI (E, RIS RERERER BB 7 S\ANE 9-7 Fm.

- WIERINRRE . ERAE AR B SR E ANEENAT, A O(1) R, iR M, R
IRy SE T 177 T 32

©OBTTERG: 7EABRERRA AT — AT 5, WM 0 BIRT, [ O(n) R,

- RRTEEE: FEASEEE R T, MR TSI BRI, BEE (n — 1) R
“Ffe LRSEY, FETEA O(n2) IR,
- WA (A n TETERS, AR S n (UTEBE S vertices , AT O(n) WS WIGIL n x n K
AN EEAERE adjMat , 5 O(n?) KSR,

Step 1

Step 3

TRRGRT
=3l

MEE

N Y

TRRGERT
=3l

ipRE G-

~ W N ke

S kB o kB o ©

S kB & o ©

s & r & »r &

s & r & e =~

B e ke kW
S r Rk o & =

B R e B e N

HpiEIERE ]

Step 2

B B e kW
S kB o ©

BR e kRN

HpEAERE -]

Step 4

s kB B B o ©

®© o r B o o ©

S & r & »r B

® o o »r o & »

PR e Rk RN
B e Rk e kW

ABIEIERE

®© kB e k| kB N
® B o B o B W

ABiErERE

S B B & o &

® o r B o o &

e o | ® o o
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ms @0 000
/) 1 2 3

=3l

4
) @\ o o 1 1 o0 o
@—@ MR ©)

T \/\ 101 0 1 1 o
’ /0) 2 1.1 @0 1 o
\\0} 3 0 1 1 0 o
@ 4 o o o o o

] FPIENERE

Step 5

[ 9-7 HRFEMAIRTIAIL, BEME, S TERS

DA & J5 7 5 ek 2 s [ ) B B AR T -
// == File: graph_adjacency_matrix.kt =

[* EREMZEEEIRNVERELER «/

class GraphAdjMat(vertices: IntArray, edges: Array<IntArray>) {
val vertices = mutableListOf<Int>() // TEE&ERT, wREAKR “TERE", R3INK “THRIRS]”
val adjMat = mutableListOf<MutablelList<Int>>() // #PiEJERE, 175IZE5|HFE “TBHEEZS]”

/* BEEF */
init {
/] IETEE,

for (vertex in vertices) {

addVertex(vertex)
+
/] g

// AR, edges STERNAKRIERZS|, BENHE vertices THRERS|
for (edge in edges) {
addEdge(edge[0], edge[1])
¥
}

/* EREEEHE +/
fun size(): Int {
return vertices.size

h

[* FISTERL */
fun addVertex(_val: Int) {
val n = size()
/] EIBRERYPHILHIERAEE
vertices.add(_val)
/] TEAMZREPEARHTIE—1T
val newRow = mutableListOf<Int>()
for (j in 0..<n) {
newRow.add (0)
+
adjMat.add(newRow)
/] 1EHBIEIERERFTIE—5
for (row in adjMat) {
row.add(0)
+
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/* MBRTERE +/
fun removeVertex(index: Int) {
if (index >= size())
throw IndexOutOfBoundsException()
/] TEIERRETFIZRERS| index BITEEA
vertices.removeAt(index)
/] TEABZEERERMIBRZRS] index BY9T
adjMat.removeAt(index)
/] TEHEBIZEEREAAMIPRZRS| index BYF
for (row in adjMat) {
row.removeAt(index)
+
}

[* FgE */
// 28 i, j HFE vertices THRZERSI
fun addEdge(i: Int, j: Int) {
// R5|MREEFRIE
if (<0 [l <o |l is>=size() Il j >= size) || i = J)
throw IndexOutOfBoundsException()
[/ EEEEAS, #MEEREEREHAGEE, BURE (1, j) = (G, 1)
adjMat[i][7] 1
adjMat[j1[i] = 1

}

/* RlERE */
// B i, j HFE vertices TEHZESI
fun removeEdge(i: Int, j: Int) {
// E5|MREEEEE
if (i <0 ] <0 || i>= size() || j >= size() || i = J)
throw IndexOutOfBoundsException()
adjMat[il[j] = ©
adjMat[j][i] 0

h

[* BHUENARIZREME =/

fun print() {
print(" TEEAERT] = ")
println(vertices)
println(" #BiEERE =")
printMatrix(adjMat)

9.2.2 EiMERMNER

A SRR | A THRG ARy o, IBAREZ m, RIRTARIRIE 9-8 ARy IR B BUS AR,

BT (ETERS N A BRSO R BT, R O(1) IR, D R, BT AT
R 7 IR,

- MMRREE: TETHEESHREGEAS SRS A MRS IR, I O(m) B, (EREAE T, R
(7R3,

- OWTRTESS: (AR RS R, T TE s B FR USRS, (A O(1) WL

- MRRTES:: TR, MRA AT EERNATEE, B O(n + m) F,

- WM TERSEER S o THEEA 2m 8, T O(n + m) .
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TEY  REZAMEENFEIRY TRES ﬁﬁ]ﬁ%ﬂﬁgﬂ‘]ﬁﬁ TR
@—@ MBKE @_,/@ (G @/\ wee @-0 r @_,@
S BANG o=+
0—© o »féﬁb 0—0 @T@) -
] hER ] mpER
| Step 1 Step 2
TR ﬁalﬁ%&ﬁ%ﬁgﬁﬁﬁ TRES TRR ﬁ%ﬁ]ﬁ%ﬂggﬁgﬁﬁﬁ TRE:
o o-0-0 D—-0-0
C \—(j 7 miss @-© 00 ( \ﬁ@\/\ wiEes O 2 )
>@ 0-0-0-0-0 | ® 0-0-0-0
© ) 0—-0-0-0 0—0 0-0-0
o 0-0 - o-0
¥ e - =
] ahER -] mER
Step 3 Step &
\ﬁ\ _(@\ R ©)
| e
] apER
Step 5 |

@ 9-8 MPIERHTRIGAIL, HMIE, HEIHTERS

PUN iR S EE, BILE 9-8, BEER G LI,

7 TR B PRTERS, DANAECRESES, BMER AL (RS AU H 5,
- ERTMERIR AR, key ZTHEBIIE, value ZrX HBGHIARETERL RS (BEASHS),

FIh, FAHERER DR Vertex JRIZRFRTARS, SRMAVIERZ: WUEREMPIER 1K, HEBSIRTIHK
WA FEITER, AR EMERER 5% « RITEHRG, RITHERRMEMER, HMATA RN « IRIIEME1, %K
FRIRMR, TIANREHETERAR 2 ME— ) Vertex BIIH, MRS —TER: 2 Rt S 2H BN HLMTHRS 7

// == File: graph_adjacency_list.kt =

[* BRAMERERNERDERR +/

class GraphAdjList(edges: Array<Array<Vertex?>>) {

/] #BHER, key: TEEL, value: :ZIBRARIFREHMEIEES

val adjList = HashMap<Vertex, MutablelList<Vertex>>()

/*x BIEF */
init {
/] FIEFRETERNAE
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for (edge in edges) {
addVertex(edge[0]!!)
addVertex(edge[1]!!)
addEdge(edge[0]!!, edge[1]!!)

}

/* EEEREE */
fun size(): Int {
return adjlList.size

}

/* FigiE «/
fun addEdge(vetl: Vertex, vet2: Vertex) {
if (ladjList.containsKey(vetl) || 'adjList.containsKey(vet2) || vetl = vet2)
throw IllegalArgumentException()
/] FiEiE vetl - vet2
adjList[vetl]?.add(vet2)
adjList[vet2]?.add(vetl)

}
/* MBRIE */
fun removeEdge(vetl: Vertex, vet2: Vertex) {
if ('adjList.containsKey(vetl) || !adjList.containsKey(vet2) || vetl = vet2)
throw IllegalArgumentException()
// MERE vetl - vet2
adjList[vetl]?.remove(vet2)
adjList[vet2] 2. remove(vetl)
}

[* FIETERL */
fun addVertex(vet: Vertex) {
if (adjList.containsKey(vet))
return
/] TEMIERRPHIL—(EHEAERT
adjList[vet] = mutableListO0f()
}

/* MIBRTERL */
fun removeVertex(vet: Vertex) {
if (ladjList.containsKey(vet))
throw IllegalArgumentException()
/] TEMIERPMIPRIER vet HIFERVIRAEERT!
adjList.remove(vet)
/] EHEMIERHEEESRS, RERFIEEE vet HE
for (list in adjList.values) {
list.remove(vet)
¥
¥

/* BUEN#MZER =/
fun print() {
printin(" #MEX =")
for (pair in adjList.entries) {
val tmp = mutablelListOf<Int>()
for (vertex in pair.value) {
tmp.add(vertex._val)
}
println("${pair.key._val}l: $tmp,")
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9.2.3 MFEHLL

AR PP AE n (ETERGHD m (R, R 9-2 BHEL TS EE A BER AR AR I ReR, SER, MR
(AGERS)) BIEASCEE, m#iER (MEER) S5 AT E s Ry RN MR R RV EEL,

R 9-2 HifRA P BB R P

ARPEERE RRER GEASES)) MR (MR

HERAHE  O(1) O(n) O(1)
e o1 o 0(1)
e o) o) on)
T om)  0(1) on)
A TEL Om?)  O(n+m) On)
AR sREA O(n?)  O(n+m) O(n +m)

BIRK 9-2, PIPMRER CERR) HIRRRCRE S HRCR R, HER L, MR EEnReR
i, SR RIS AR ERERTR], SR8 2KE, AHRAEMREEL T “DIsRsuRe R R, AR
BT “DARpf e R,

9.3 EfE:H

BHURAZE “ 82" BER, mENAAESNEBE, JDFRNMEER “2H2" iR, Kk, KPR
ERE VR — R B, BEAR, RIE o PR i I ) s R I — RRE B

] A 7S 22 PR PR R T R AR B E A5 [EIAE R s n] > 2 i . BB EANIREB L EH.

9.3.1 FEERKEDS

BB g — R AR, AR 3%, s EeRi R R L TS, 3E— Mg sk
gk, aniE 9-9 FivR, MEfE BATERGHEE, EIUENRXERARTE AR, RRER N —ETHRA A 8
PRTERG, DUCSEE, B EATETHRG M e,
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1.

©
©

0

®
©

0

-
©

B EE@EES
(BFS)

wuess (@) mess,

E RS, fE/E Rt P TR

ESHFETIA
e, 1,3,2,4,6,5,7,8

9-9 R B ER

REZES

BFS i@ FEI(THIARED, AWM AR, (THIEA e Aeti” F9ME, S8 BFS /Y “HilfoE” A=
LT

1. AEFTEIATERS startVet AT, MBHROER,
2. RN SEIEAT, BT ETHRN ORI, R TR B R TER A ZH TSI,
3. EDER 2., ERIFTETERBGIF 2 SRRA A,

7y TR BT TERS, PR ERER —ERE S visited ARECERIFLEENRL C 4,

Tip

FERE ST DB E— M F key MARF value HUEER, ©RIIE O(1) RiHEAEE NEST key
AURE B B, ARIR key BUME—1E, MERESEHEHNRENREFS R,

/!

== File: graph_bfs.kt

[* BEEBEES */

//

fERAMERRRTE, UEERIEEIRRIFAIBAMNEIRR,

fun graphBFS(graph: GraphAdjList, startVet: Vertex): MutablelList<Vertex?> {

/] TBELEFRRFY
val res = mutablelListOf<Vertex?>()
/] BEES, BREREWAMBIIER,
val visited = HashSet<Vertex>()
visited.add(startVet)
/] 1T5IBREIR BFS
val que = LinkedlList<Vertex>()
que.offer(startVet)
[/ VIBRL vet Ak, EBBEZEHM5EFETER
while (!que.isEmpty()) {
val vet = que.poll() // {THIETEREEEK
res.add(vet) /] ECEREHRITERE
/] EFHHIBERAVERE #DIRIER,
for (adjVet in graph.adjList[vet]!!) {
if (visited.contains(adjVet))
continue /] BkEBEHEARRIEE,
que.offer(adjVet)  // RAFIRFREBITER
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visited.add(adjVet) // iZsCIBEAEWAAR
}
+
/] REIEREHFS
return res
+
FEXIEAHE S, ERBHRIE 9-10 2R INTREEAE,
EHFT res ERFT res
[ () ]
75 que 1551 que
o (:1:)

s () 5, SRR

1. WZIERMNEDFS] res
2. REIRESHIFT AN ETRASHT
AF que AN visited

g () 5, SRRITLUTHRAE

1. REREMAESFT res
2. HEEIREHATEMHERERIT
A%l que M visited

( ]
o—0—90

T () ), R

1. HEREMAESFF res
2. HEIBEHATEERERIT
A%l que M visited

MEEE visited

[ Step 1 ]

EWFF res

e () w3, WA

} 1. REERRINEBFS res
2. WRTRRHFTABETREST

A5l que IEAMA visited

(00

75 que

000

«—

Wl

MEEL visited

(o0000

TR () 51, SRR

} 1. HEIBRMNESFS] res
2. HRIRRSHIFT AR RTRRT
A% que IHN visited

FEHFFF) res
(0000 )
1751 que

000

RIS visited

(0000000

TR () 51, SRR

} 1. RBEREMAEHFT res
2. REIRRSMFRE MR ETRRT
A%l que IHIN visited

TEMIFT res
(000000 J
751 que

00

HREE visited

(00000000 |

s () 3, BEETATHRE

1. HERMMAERFF] res
2. HEIBRHFTEMIETREERIT
A5 que WAIN visited

HRES visited
(000 |

[Step 2

EHFF res

(000 )

1551 que

000

HFl A5

BEBEL visited

(000000 ]

FEFS) res
(00000 )
1751 que

000

BEBED visited

(00000000 |

EWFF res
(0000000 |
00

HRES visited

(000000000
[step s
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FEHFS res ERFS res
| ] ’
| —— 1751 que —— mca— 1551 que
| | = ° 1 = 0
@ 3! PN F— @ it PN
- _ MRES visited . _ HRES visited
TR () w5, SEMITUTHRIE B TRRS \) HF, LMITUUTIRE B R
1. HEETERNNESFS) res (7) l 1. RETENNESFS) res (s )
2. REREMFIEMRIARRT b ’ 2. RERMHPAEMBRIERAIT g
A7 que AN visited Step 9 ‘ A7l que AN visited Step 10
EDFS res
‘ | ‘
= = 1551 que
\ A Hyl A

HRES visited

= {75 que A%,
« FEEE, FeRER

Step 11

9-10 [ERIEEEIETIP R

JEE B A HE 1 M —?
ANME—, BEREEITER R BRI WL IR RINEFERT, 12 A A1 AR TERS R AL Sl e SO 1
{EZATAL. DA 9-10 2, TERS 1. 3 AUFIMHINER AT DAZZ e, TERG 2, 4. 6 AFGRHIER tha] DAMERZE R,

2. ERRES

IR . P THES & AFNE R —IX, H O(|V|) Reffl; (EER AR TEBE B AR, 2 e
UL E S E g w2 ik, A O2|E|) Kifd; AR O(|V |+ |E|) Ko

DHIBAEE: #5 res, MBS visited, {75 que HIITEREERRZ S V], #/H O(|V]) =M,

9.3.2 REBKEDN

W — MBS E R, MRl E mEERES TR E 9-11 FoR, 17 EATERGHEE, FifE
ATTECRG RS M8 AR TERY, EEDERIREERIR M, HESUERSRERE, DU, BEEArATERGE <
o
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@ @ ElRREERSTER

(DFS)
13 12 IWQEL BikLhA,
) 6 (J BUlEEH: - EESRED
¢ EETIA

GZSD 0, 1,2,5, 4,6, 3

9-11 [ERIREEICER

1. BHZER

et “EFISRIHFIR AT AEEEARR SR BRI AR E, BEEEETEM, EREEENT, &
P TR REB — AR R S visited ARECERTHFIFIRITERS, DU BRI THRY

// == File: graph_dfs.kt =

[* REBIFEFEHBE */
fun dfs(
graph: GraphAdjlList,
visited: MutableSet<Vertex?>,
res: Mutablelist<Vertex?>,
vet: Vertex?
) {
res.add(vet) // uaﬁnﬁF‘iIﬂS
visited.add(vet) // 1EscIBRAE#HEAM
/] EFHZIBRHIFRE AP IRIER,
for (adjVet in graph.adjList[vet]!!) {
if (visited.contains(adjVet))
continue // BKBEWFHRIAIIEES
/] BB A ETER,
dfs(graph, visited, res, adjVet)

s

[* REEBIES */
/] EREERIRRRE, UEEBYETEIEREIFRE #MiEIER,
fun graphDFS(graph: GraphAdjList, startVet: Vertex?): MutablelList<Vertex?> {
/] TEEREREFHFS
val res = mutableListOf<Vertex?>()
[/ BEES, BREREHEEBHIIER,
val visited = HashSet<Vertex?>()
dfs(graph, visited, res, startVet)
return res

RS ER BRI E 9-12 FR,
ELRRARTR I NIRHE, FORBHRC T — (BT IR 75 75 A6 w5 8 TE R
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- HRR M _ LRI, FRMRE T ECAORE], [BIHE T R T ERI AL E.,

7 VINRERR, R E 9-12 B ABAT Sl fEMSPREE (BEHEE T BE DFS e, Uit
(G EWRER (11535 O CITE S EAET

@ @ MEEL visited

BERE: BRER:
- ) s () rewmss () oz TEms
mewmms @)
[ step 1 |
EBIFD) res

EHFF res

000

HREE visited

(0o0@ }

o000

HRES visited

(0000 |

B BhmR:
e (E) oz vt () o
mavmms @) e ©)

&=

FERFT res EMFT res

(00000 | a (00000 |

BEREL visited

(00000 |

MEEE visited

(00000 |

IRHEREER R

wmn (O momsmns mr () omamERREEm

wesmm @) RitssEE, ensmEs ©)
EWFFI res EHFF res

000000

HRES visited

000000

HREE visited

(000000 |

(000000 |

B PR
w0 somens mx (O wramERREEm
mavmmEs ©) Bitesisam, mnsEms O

Step 7 [ Step 8
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2,

FEHFT res EHFT res
@&
@
HRES visited HEES visited
2 3 Y 2 3 a N
. ‘ . { J 12 ‘ ‘ 5 \ (5)
( ) a s
@ oS
’ ‘ ¢ ELAAPER 7 "* BHEREEL:
m () wramEERSem s () somizman
Btk 4R, EHAETER wewrms ©)
LU - REEHETRL
Step 9 Step 10
EDFT res

1 10
MRIRE visited
2 3 .
) ‘ ! {

‘ ¢ EIHAPEER :
Tak BIFE A TRE AR E
BitE75HEE], EETRR
Tk () 757%tiRE], BISERED

Step 11

9-12 [ERIREBIER B

TREEB AL R 51 2 75 M —?

Bl S E ML, IR PRI AR ME— Y, AR BETERS, SerEmbE s R R A AT
DA, BB EETERSHINEFS ] DUERATEL, #RRIRE BT,

DISHEF 2B, “|R— 7 = H" “E R0 £ —=H - R 2hIEEHRF. FF BFE
#, EfMRER T e B, AmiE=&ENREEE,

EHE S

BERIBIARRE: TS TR @I 1 ok, 0 O(|V]) Be; e ersing 2, 58 O(2|E)]) m;
wp s O(|V| + | E)) Wk,

BRI : #5) res , MEERA visited HEHRRZS V], BERERAS V|, EitER O(|V])

=,

9.4 /Mg

1. ERSEIEE

- ERTERSFNB AN, A DAFOR 2 — M ITER A — B R RS,
- MHEBGRARIERIR GEEGERS) FIoERER (B, MEEER (8 RAE&KEEE, KiE e,
- BREFEEATT RN, EEE R R TERE A, A REE RS A SRR R
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- IR R ORI, BT ) R ETER, EEOTRAERE, W 180 FormiETEE
MAIBeES, ARSI SR IE LR R, B HERZ,

AR 2 RS R AR FORE, 5 MRS AS A ST ETERS ¢, HrPfEE 1Rk TER R AT E AR TE R
FTER A AR R M SE AN B 2, (E TR EOE A A ER S AR RIS, (RIS SR B

- ERGERTPAVRAS ERYIE RN, AT DU ISR AR SRR, MR AR,

- PEEETR AR A AT, ARERERERET T DA RN, AREEREEE T DARFRE s R

- RS B AR, LSRR, MBS

- BRI A — AR, e R R R A E T Y — R B

- R EEECEN R LR, EERRI SR, EEE T,

- ERREESET R EESERR, MR AER RIS K, ERERREARED,

2. Q&A

Q: BEHIERETHRFYERIBF5?

HERER EARESRANE RS~ g “BER—EEFy”, msaivg “BRISE —EIER
HI”o PATNBHESCRRIE S : In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.

TEASLH, BB 2 —EB ], mAZE—ETER Y, 1SR K 2 i fE TR W AT REfA 1R 2 i s, it
fRp FR {12 AR S0 JE — R

Q: AFELEE H RS & A HEIRE 2R ?

FEAREIEE A, ERETERS A, B0E (ATHREIREE, R TR 7 R 2 R,  DUERT 2 E
AT A EIE 7 &

Q: MR, TERSAHIE AR A TR RUTHRSIE 2 A5 A 2R

A URERER, (BEEREM , AIReREgiiiae SRR, HAMEIRTER RSy, BB %IRTE
BEERNIINERFSE, EHRA B PIEERH WA ERE ATER,
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F10E g

Abstract
M2 —IGARAMEbE, BMelir 2GR S e AvE, XEEFRT PAPIEEH E B,
EESG=mRZIRY, SRR A RS2 — AR G RHENE R,
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10.1 =—HiEs

—5#% (binary search) BN IGRIGH SRE SRR, EMAERIE R, S h—FEs
filE, EEKFHETTRSE SR AT 1k,

Question

fE—ERE R n KIS nums , TTRIZNEIRIIIERFHP HAER, #E#HIHREITTR target
PSR RIRG ], HRPIAE SR, ARE -1, /~E4NE 10-1 Fis,

35
31

26
23

15
12

fERERERTES]
nums

BAEFES] nuns , EHEETE target = 6

10-1 =orisonplEr

AnE 10-2 Fior, MRS i = ORI j = n— 1, S BHEABMSIE TEMRITE, (REEaER
0,0 — 1], LR, PERFRMAGRE, HOSEREAY,
R, TR,

L GtRARERE I m = [(i 4 ) /2], Ho | | FoRMA FIOERLE

2. H|Er nums[m] 1 target B R/NEMR, 7224 LL N =F1E M,

1. & nums[m] < target I, &BA target 7EIEM [m + 1, 7] 1, EHBHITi=m+ 1,
2. Hnums[m] > target W, A target &M [i,m — 1], FHHITj=m—1,
= target I, ZRPHERE| target, HRIMIRFEIRS] m .

3. & nums[m]

LIRS HETR, MaERREEH M 2, KRR -1,
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35 35|
; 31 i i 31 i
§ 23 2 23 %6
i 15 15 [
: 12 12
-”BHH = apill
TR ; ‘ H I} TR “71 ‘ ’7
#;El oo 12 3 4 5 6 7 8 9 #®l o 1 2 3 4 5 6 7 8 9
A A N A A
i j i n b
EE=3ES:
Weate i, j HREAETIETR. BTR 1. StEFE m = 1+ j) /2
WmERTHER [i, j]
Step 1 Step 2

= | 3 i == 3 i
=lanll =.lalll
#®l o 1 2 3 4 5 6 7 8 9 #l 0 1 2 3 4 5 6 7 8 9
A Aoa Aa »
i jom i om b]
EE—31ES: EE=3EE:
1. st8RE m = (i +3) /2 1. tEPR m = (i + j) / 2
2. ~ nums[m] > target
step 3 LT 5 = - 1 MESER Step 4
= :anl = :anl
#l o 1 2 3 4 5 6 7 8 9 #l o0 1 2 3 4 5 6 7 8 9
N A A A
m i j im j
EE=2E8: EE—ES:
1. StEFE n = (i +3) /2 1. MEhE W = (i +3j) /2
2. = nums[m] < target
Step 5 A #T A= m o+ 1 IMEBER Step 6
- H
e B
#l o 1 2 3 4 5 6 7 8 9
A
m

EE=5E8:
1. BB m = (1 +3) /2

2. ~ nums[m] = target

(step 7 | = EEES|

10-2 —n#smns
ERERRZE, BN f j AR int 2451, Wbk + j nIREEEE int BUBIRHUERIIE, % 7k RBHESR,
BIVEHRALR m = [0+ (j —1)/2] KatEAE,
RN R R:

// == File: binary_search.kt =

[* Zonw (BRER) */
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fun binarySearch(nums: IntArray, target: Int): Int {
/] Ve EEER [0, n-1]1 , BP i, j @iEEESIETR. BExx
var i =0
var j = nums.size - 1
// EBE, SESERATENRE (B i > j BAT)
while (i <= j) {
valtm=1+ (3 -1) / 2 // 5tEHEHESI m
if (nums[m] < target) // WiBENEREA target 7EER [m+1, j1 #

i=m+1
else if (nums[m] > target) // WIER:REA target 7EERM [i, m-1] &
j=m-1
else // #XEIBExTE, REHZES|
return m
¥
// KIKFIBEETE, RO -1
return -1

BERIBEEEIE 2 O(log n) = fE—SNEE, RSN, FILEERES log,n .
SSIBIERESs O(1)  $518 § A1 j (A WOV,

10.1.1 ERERTAEZ

bR T LAEPHE RSN, W RNRMFTES AT B, %% [0,n), HEERESHS, HER
FEEES, EEZRRT, B [i,)) £ = j A=,

FefMr] SRR BB A AR RER — S A
// == File: binary_search.kt =

/x ZH#Es (CERGHER) */
fun binarySearchLCRO(nums: IntArray, target: Int): Int {
[/ B ERARER [0, n) , Bl i, j KiiEEESIETR. Bxtx +1
var i = 0
var j = nums.size
// EE, EESERATERE (8 i = j AT
white (i < j) {
valm=1i+ (3 -1) / 2 // 5tEREESI m
if (nums[m] < target) // LLIERHREA target EERI [m+1, j) &

i=m+1
else if (nums[m] > target) // LLIEMEREA target 7E&EM [1, m) &
j=m
else // HEFIBEETE, REHZES|
return m
+
/] KIXEIBEIETE, RE -1
return -1

4niE 10-3 fow, fEMEEMZRR N, S RARRIG L. TR PERSE N R A PN,

M “EEPARER” ORI EAE AT FRAPAIRR, RILEBIEER ¢ FIHERR J M/ R AR 1 tU2 B
M, JEHEEAA S e, It —RaaieR M “SEPHER MR,
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7_1'.§ E H H
ﬁ%l‘"@ 1 2 3 4 5 6 7 8 9"1 ‘"m 1 2 3 4 5 6 7 8 9"‘10

i by Lo =F-4 j i AEaEReEs8s HERFE82E8E j

ERERWN: 8FEMH [i, j] ESEM: £AAEEM [1, j)
MiatkiEi®: i =0, j =n - 1 aMkiEiE: i =0, j = n
OEELIEfRA: i > 5 EEERIEES: i 2 j
SNERMEME: i =m+ 1, j=m- 1 MOERHEE: i =m+ 1, j =m

& 10-3 P [ ) 7 5%

10.1.2 {2ELEMERE

oy AR AR IR TR 23 R 5 T T A AT A RRE

TS IR RR . FERRHR T, SRS AR R M R B B B, I, B RN = 220
R, #RMEAHEE 220 = 1048576 i, Wi~/ ESEF log, 220 = 20 i,

- DS EARAN BN R EREB RN M e AR (PlniEEER), s EmEE
aliie

A, ZofEsIrEEARTA SR, EEADTER,

- CoEREERINERER. AWMAERHER, & THEH o RImEFTE T, SMEK, KAk
FPE RN R BB R 2 O(nlogn) , HARMEEM S48 =, BRVEZEEATENS R,
AR A P, FERTRBAZRENE, MEEEEZ O(n), WE2IFFHER,

: *%ﬁ%@@%#@ﬂoiﬁﬁﬁ*%ﬂﬁﬁ(#ﬁﬁﬁ)%%ﬁ%,ﬁﬁ%%$ﬂ¢%ﬁ%%ﬁ%ﬁ
AORCRIGAI, PRI ANIE 5 M FH A St £ 71 e R S £ 71 BB S R

- NERET, MUEERSREELE, ERIEERT, SREE L RAERRE, mE_osh, |E IR
%, VIRBRIE. 1~ 3 UCHIBHRIE, 1k (BIR), 34~ 6 ERTTRME; B, EERE n SV,
SEER R M == R,

10.2 ZHiESHNES

s NS BETTER, BEa AR SR, s B ETRIEA N E,
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10.2.1 EHETEMNER

Question

i —EREZ n WA FHS nuns fMl—ECE target , MFIRNFEEEICE, B target
ABEF nums /) WRFFHA P, HESITCEFETTE target, HFEAZIHAETT, FIREHFAR
target 7EMFIHFHIRG ], REIAE 10-4 AR,

nums

BAR A target

nums

BAEFES] nums , BiZTER target = 6
Bl target RUIEAEIES|% 2

B 10-4 —SHESHHABRHIRDR

QUARAEHE ] b — B oA s, AIFRE I DA R A .
P8 —: EEYITHEE target K, HAMKNRIIZELZZTRNRG?

A EHE K target FHAZMHEF TR AR, BEKENEAN target B TJEXK target N E, 5L
i, ERYIEE target I, HMABNRSIEREZ target &S],

FIRE—: EEYITALETE target I, HABZWHMETTRIRT?

P EE M SiER: & nuns[n] < target I ¢ B8, EREMERRER  ERKRER target AITER
S, [FIEE, IR J SA%AEAVIVRSEIR target HITTREEID,

Rt — SRR —E @ fBAEERR target RI7TER, j fRAIEME/NR target KITTR. HIFEHSIAA
# target B, WARTIZ i BXBWFITR:

// == File: binary_search_insertion.kt =

[* ZHESENY (BEETR) */
fun binarySearchInsertionSimple(nums: IntArray, target: Int): Int {
var i = 0
var j = nums.size - 1 // #I3AERAEE [0, n-1]
while (i <= j) {
valm=1+ (j - 1) /2 // stBHH=RS m
if (nums[m] < target) {
i=m+1 // target EER [m+1, j] &
} else if (nums[m] > target) {
j=m-1 // target EER [i, m-1] &
} else {
return m // #F target , REHENEE m
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¥
I
// F#E target , REIHEANE: i
return i
}

10.2.2 FHEEETENER

Question

1E L —TERALRE b, BUEMIATREE S EIULER, HRTE,
[BRIEY A AE LM target , BUFHE ~SMERIAEIRE 1 target 93], MMEEHEZLRNAE
BAEIRA 2/ target,

HZRGR TR AR AE, B AR & E A PSR target RG], K155 8% i
10-5 FsHIP BREHL,

L ST, SEERE—E target MRS, iR ko
2. PER51 k Bth, MAEITRMGEY, EIREIR/AEN target KFR[EL,

target

e

X ,.*\ PP

1. £-HIETIER—E 6
2. BigEEHERAEN 6

10-5 ARUEANEEITRAVEAR

U7 IEEEATTH, (ARG EHREER, NUREERES O(n) . EMHIRFEERZEEMN target K, %
TR,
BEEnE MR, WE 10-6 R, BERERR A, SRTsHETERS m, FHE target
1 nums [m] MIR/NBAIR, 23 A DL R &EED
- B onums[m] < target B nums[m] > target I, FREAIEIZEHE] target , HIHERAEE /=
AN R E, PEmEEFEE ¢ f1 j M) target S8R,
- Enums[m] = target Ff, FFA/NA target MTEEERM [i,m — 1] 1, HIERH j=m — 12k
fE/hERE, femfEREE 7 ZNR target yCR I,

eI, @ fRfR/CEN target , jIRAE /R target ALK, HILRG] 7 SU2HAR
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15}

10

6 6 6 6 6
oo |
= .0
#l o 1 2 3 4 5 6 7 8 9

o Br

Mt i, j HRHEEESIETE. BaE
MERTAEY [1, j]

Step 1
15
12 []
10
6 6 6 6 6
mE 1l 1
™ im
#l o 1 2 3 4 5 6 7 8 9
A Aooa
i m
EE=ER:
1. B8R N = (4 +3) /2
2. v nums[m] = target
[ Step 3 < BT § o= m - 1 RMNEBER]
15
12 [
10
6 6 6 6 6
3 |
= B i
#®l o 1 2 3 4 5 6 7 8 9
AoA A
m i j
EE=ER:
1. B8R N = (1 +3) /2
2. ~ nums[m] < target
l Step 5 < BT Qo= m o+ 1 RMNESER]
15
12 [
10
6 6 6 6
3
b |:|
# o 1 2 3 4 5 6 7 8 9
A oA
j im
EE-SHEE:
1. BERE N = (4+3) /2
2. ~ nums[m] = target
l Step 7 < BT § o= om - 1 MMNESER

Step 2

Step 4

Step 6

Step 8

<l

1
L.
#l o 1 2 3 4 5 6 7
A A
i m
EE—53EE:
1. s8R m = 3+ j) /2
10
6 635 6 6
o | 1
SelCR RN}
# o 1 2 3 4 5 6 7
A A N
iom bl
EE=EE:
1. 58P m = i+ j) /2
10
is 636 6 6
3 | |
& 1[0 |
= i =
#l o 1 2 3 4 5 6 7
A oA
im j
EE=3HEE:

1. 8RR m = (i + j) / 2

3
b2 ‘1‘ P

# o 1 2 3 4 5 6 7

v NRBEEEE i< j
- BHHZSHIEE, EEHRS| i

10-6 il BT R AT AR BR

12

12

12

12

BIZX DU RAERE, #7502 nums[m] > target Ml nums[m] = target AYIEIEARNE], [RIHRiE AT DLEBE,
BB, FR(MMIIRRT DRI BR R OR 4 B, R 2 @R s hnys iy, nIsl e sa 4f,

// == File: binary_search_insertion.kt

[* oSN (FEERTR) «/

fun binarySearchInsertion(nums: IntArray, target: Int): Int {
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var i = 0
var j = nums.size - 1 // #I%aEERER [0, n-1]
while (i <= j) {
valm=1+ (3 - 1) / 2 // stBHEZFRS m
if (nums[m] < target) {
i=m+ 1 // target ZERM [m+1, j] =
} else if (nums[m] > target) {
j=m-1 // target ZER] [i, m-1] &
} else {
j=m-1// BENN target MTEEER [i, m-1] &
¥
¥
// REHENEE i

return i

Tip

AR E “BHERN” 85k, FREBNEETDBAITER “LEaEH" 8k
HRRE, SRR AT M1 R e B, BErREE —MEAMNITE (B target ),
trl e e — e EH#E (Fla/NR target FITE),

FEAETRTERE — o, $61% 4 M1 j MBENEL FCROE N B IR, B, EfER ikEIE R, sz
gk,

10.3 —HiESER
10.3.1 EHEER

Question
HE —ERER n WA TS nuns , HARTRER S EEITR, sHRMEIRY| P RAE—{H7TR target
MR5l, AT EZTE, ARE -1,

O 1 S 4H AN B 7%, S 5eiE ¢ Bk /A —M target , RIEEGEABAE ERIiEEHRA—
il target BIZSI,

ZREEERHARNKAERERALBR, FiEE, WY F g ~EE target, BB ATREESDLIT
LS R

- ARG G,
- JeE nums[i] B target FHE,

EBF| DA RSN, ERIRE —1 BInl, X RAR:
// == File: binary_search_edge.kt =

/% “HEESEE—@ target x/
fun binarySearchLeftEdge(nums: IntArray, target: Int): Int {
/] HEREH target AUHENEL
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val i = binarySearchInsertion(nums, target)
// &#%EF target , &[E -1
if (i = nums.size || nums[i] != target) {

return -1

hy

// 3% target , REZE3S| i

return i

10.3.2 E:HHER

BN &R A — 1 target WE? BT FRBAEEE, BRAE nums [m]

R R, RCHSTELL AN, A BRI EE T LB TR,
NS A A B AN R T

1. ERAEMEESR

target 16 FHYTE

HEE L, TIA] UAHERRATRINARERRGTR, BRSNS FEWEA M target BLS

e M target + 1,

GiE 10-7 fiR, EHZERUR, f6E ¢ femR A —ME target + 1 (WRAFETE), 1 j #EMRA—1E target,

KgE3g Il 5 BIRl,

target = 6
- (000000
j i j i
EHRE—E
target +1
M|
EARE—E EmG—E
target target

10-7 f&EsAIR S E DA /B 5

AR, REIEARR ¢, BRI L, ©mES ;.

// == File: binary_search_edge.kt =

/% ZHEESRE—E target x/

fun binarySearchRightEdge(nums: IntArray, target: Int): Int {
/] BUYAEHRAE—E target + 1
val i = binarySearchInsertion(nums, target + 1)
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// j EAREAE—E target , i IEABEMEAR 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. BUREATE
TFANE, EFESIAEE target I, &AL j GoRHEREERR,. /MR target FIITER,
(It 4nfE 10-8 Fw, FRfF AT DS —(E RS A A ERTTR, HRE#AAGIES.

- AR A —{E target : DAL A target - 0.5, ARIEFERE T,
- ARG —E target : A AEML AR target + 0.5, WIREFER 5

target = 6
nums
j i j i
i) i
target - 0.5 target +0.5
FH FH
EHRLE—E EHmEa—E
target target

10-8 & S L &It R

RSN, DU mEES R,

- AE RS AL E/ NG, IS TREIREE T ZE R O an AR BEAH S AT
- RBRZITESINT /NG, B AR EAS R 8 target 2 ERECA (Python HEZHKE))

10.4 HRmIEWRE

TR, BRI AR LA S 2 B R R R PR TR A R IR BE . TR B — (R SR
AEHMIRER S
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Question
4 E —ERE B nums A1 —fE HEECE target , sEEMFIFIER “F1” % target IIMIEITE, if
REIEMEIRESIRG ], IR ENEE—E &R,

10.4.1 #teEs. LURRIRER

R ERGEV A ATRERVAR & WNIE 10-9 Ao, FRFBHRC— (MR, £ & B B RIRR S 5
target, #HE, ANREIEMIRS],

target = 13

nums =

EFHFFEEE, EBIMS
target A EHHR[E]

10-9 #RMEE SRR ECZ N

TS RFR:
// == File: two_sum.kt =

/*x FE— BH5E «/
fun twoSumBruteForce(nums: IntArray, target: Int): IntArray {
val size = nums.size
// MEBEE, FEEEMES 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)
I

WP IR R AR 2 O(n?) | ZERIHEREE 2 O(1) , fERERHR NIERFERS,

10.4.2 HETH: WUTRGREER

BRaAE —EMERR, SEEHDHIRMEITRNITRRS . WEGEES, SHmEITHE 10-10 iR,
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1. HIEREY target - nums[i] BEAEMERT, HE, MERREIEMETRIRG),
2. FSHES nums [1] AR5 1 HrifiEREZ R,

target = 13 target = 13
) - @000
i i
[ " a ] . { o s J -
map = map =
value #=3| value 1 =5l
FEHMES] nums EFHES) nums
~ 13 - 2 = 11 F map F 13 - 7 = 6 T map
o HTTR 2 FiEE map ~ RITR 7 WigE map
Step 1 Step 2

target = 13

ws - @000
:
i

[ N 8 } -
map =
value 1 =3l

EHET) nuns

13 - 11 = 2 £ map P
~ BETREEFRS| [0, 2]
Step 3

10-10  WBHER TR B 1

B AN MR, (S5 B R E Al

// == File: two_sum.kt =

[*x BRI EHBNMEAER «/
fun twoSumHashTable(nums: IntArray, target: Int): IntArray {
val size = nums.size
/] EEBIHEER, THEEMES 0(n)
val dic = HashMap<Int, Int>()
// EBEEE, FBEEEES 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 R A AR R AR L O(n?) BEZ O(n) , KIBIRTHAITAR,

IR T LA 8 — RN ARE R, BRI MERE S O(n) o MEWIL, %07 IR BRI 208 o 2 b1,
PRl E e R A R B B R
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10.5 EHIESERE

EREZE (searching algorithm) FRTEERIAINE (BIANfHA, SEAGERSY, fHeliE) R — s —Hii e
REERIFRITTR,

AR ARRE TSR 70 % DU R,

- EBERTRRIASRACE N H TR, BIanfEs], SEakeRs, R A E A,
- PRI A R BRI S e, BBIRMBOTREN, flu =i, MR A ool
AHF,

THEEEH, JELEREE ORI R RS, FE SRR M AR A, fEAHF, X
FIRTEE MRS ATIN, HEHEFHEESERR

10.5.1 #hHiEs

2SR E TR R ETT R ACE M BT R,

© RRMEEET B RRESIISEAS RSE AR BRI, IR AT R — bR, ZEFIEITR, HE
3 BT REENE S —unl i A IE HAT R M1k,

C CEEESTEST M REESE R R EFIS I IEE ARG, B ST S IR ETR A6 2
=, HOEMIRMET TR, IR B SERIGERERG, W — R IOESIEE, F g el
A, EEEH e R BRI

2 ER R AL, SERBRRRHSrE PR BIMG RO R

SRIT, MREEIARIRBEAREZ O(n) , Hbn 2uREE, FIHEEREBRARIED NUEEERZE,

10.5.2 BHiEfEES

HEEE SN HERREEE (GInEaFh) Rt isa, 1EmEmsutE s HETR,

- s MAERINA PR EB SR, (SR,
- MEEERT MAMBERHE SR B RRE N B R, 1ET B AR,
AR ERUERTEIEE (B ool Hh, B CRERG E A IR HERR B, e A TR,
SRR ERERCR S, MBS ES] O(logn) £ O(1) .

SR, MEAE R RIAE R E R R THOERL, B, — s RETAEEETHY, Mk
R RN R EAE BN R SN A, MR8 L BRI th 7R SRR SN IRe R R 2 e el B

Tip
A s RTA T N A AR, RRRERE B R R DR HEDT R
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10.5.3 EZ7A57EEN

MER R n BRI DMERR S, e, B, EERS AT R EE
TLR AT TAR TAE R ERUN[E 10-11 Fim,

SEEE o(n) HETM 0(1) W\ key & value

28033539580

AAAAA
KRMEEREDY

Z51E8 0(logn) 7 0(logn)

EZ eSSt

MR R
oJ1[2]s]4]s[e]7]8]o]
—

RIREN AT SR ER

[ 10-11 227 = 50K
IR RERE T IR AR ERCR B A 3R 10-1 B,

% 10-1 EFEHEFNERE

st s 5 i R
AFHTTR O(n) O(logn) O(logn) O(1)
fAATCR O(1) O(n) O(logn) 0(1)
LillEveS O(n) O(n) O(logn) 0(1)
BRI O(1) O(1) O(n) O(n)
ERLFE R / ¥ O(nlogn) ##5 O(nlogn) #ikER O(n)
BRESHF i35 2 A A ELida 2

BTSRRI, a3 0REEOR, BRI AR B RS,
L=
- EAVERGE, HEAETERITER PR, (RUNRFETR L — KGR, IR HA =177 TRA R TR R B
AOHRe A AR P HE 2 AR DB ZE B
- EARHEREUNTER, TN R A SRR
- EARERERURRR SRR, WA AN TR SRR T TR M
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o=

- OEARKERENEDN, SRRBREE, RERMERES O(logn) .
- BRIEAREIRR, R Zyfk i beA R A A A TR e
- BRSNS R, R M A RS A R B A

M A

- EEBE MR R R ESGR, FHEREEIRES O(1) .

- NEAHEAFERSEEERNSR, RNAMRRERMEEERE T,

- PR R S UNIRER 1 SR BRI AU e s, A EORRTRRE S LR R,

- PEEEREIEKIIEDT, BAMRR TSNS AR AR R D &5, Mgt R i &Rk

[\
HEo

- EFRHERER, AR ER A R SRR R R 0 B AR

- EATHREMEE A PR s E AR

- TERHEN M ERRSERR D, ToTiE ST REAE AR MR, RRIBIEEESE O(n) -

- A AVL B SAT R, RISERIERE O(logn) HeR FRREHAT, (R4S E R 0F e i s
SRS,

10.6 /&E

1. EEL[CIEE

- DoEsOEERE Y, BRI ER D GRS E R AOE TER, BERMABREF, HE
188 FH TR L8 B TR 27 B B A S e A

- BRIESERET BRI RACT AR, AR S0E RS RIS B8, R et S IR
0 AR A, WEEEIRE A, SCERRRLE TR, (HIRFREAEE O(n) B,

- MERAER, BIESN o EesEREGRE ST, AERE BRI h PudE 7 BT R, TR
Mo, KEERERE O(logn) #£2 O(1) , H@HFHEHBREINERAEE,

- EFR, RMTEBERR, EaREER, ERERN RSN RE TR, EmEES
NS YARrS

- MR EE AR NUSSREE ISR, oSBT, HUPRIER, REREE AN B AR
FREORE e H AR 0 R A AR R s i 7R S R NE e A SR R S R B RE R

- MR AR AR M A — R T AR R B TR R SRS, AT R RARIETE O(n) B2 O(1) ©
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F115E HF

Abstract
HE iU — O RHRBLE AR P B AR, (HFRIMRE DA &k 7y SRR g B R B ke
R T, BRI EHEY, Hipa R ER TR RIS E,
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11.1 HIFEEZ

HFiEEE (sorting algorithm) AIRS —HERHZ IR EIEFEITHS . HFHEEAERIZAEN, FX
AP ERRE F RES S MO, AT IR EL,

qniE 11-1 s, HrEEEPRERRA AT DURREEL. PR ForsTHSE, HE RO I AT AR SR R 5K
ROE, BRI/, T ASCIIL HENEFP Y H & R,

EREFNFFEY

HRFHFAIFFSH

EREERRUAFES

11-1 BRI B B AR A1

11.1.1 HELEE
BATECR . BAMEAEH R EE LR R S R A, HARRSREEER /) (RRRIEME P EEIEEE N,
HRKEREEN, BUTHRESILAEE,

Rt A ER, RHRIEIR AR - ERAREE Y, SRR RSME N, 1E A R
B, EHEWERT, Bt ERHRE R, SUTIEE D,

RErE: BEHFAEESHIFR, MHSETTRERSHHIABIE P A 34 s,

REH R R 2P 5 R AR E R BRI — A2 EMAIRRS, 5 1515 2 510 B2 2
ik, EIEMEBIT, FEEHFATREEE AR A TR

# BMANBHERRY R AT

# (name, age)

('A', 19)
('B', 18)
('c', 21)
('n', 19)
('E', 23)

# (BREAIEE R BB E R T R,
# R ('D', 19) A (A, 19) WABRIENE,
# BNEREREHENERE

('B', 18)

('D', 19)
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(A", 19)
('e', 21)
("E', 23)

FIEIEYE: B@EaE e s A i AR CARIER B aURED R R, R EENREECR, BEET
T R TR ) B A P R R P 5 (B 1P g B P MR

AR EREBRNHEIFMELEER T (<0 =, >) KHABTRIOHEINER, 7EmHEsE e,
MR R R 2 O(nlogn) o MIFLLEHIF A LLBGER 7, RREMERE O(n) , EHEHME
M,

11.1.2 BEHIFEEE

PUTHR, L, R, BEEE. JEMPELE. B, IESRIEMOREBIRA DL ERTERHERHEE AR, K,
FERHE IR, TR AR B A R R AN R RERR SR AR ERE

R, TR ILRISE SR AR, MR LR SHE M B A HE e T R TR B A ET 04

11.2 #EHF

EIEHF (selection sort) AYTAEFEHEHERE: FM—IEERE, SWRICAHFEMERR/DITTR, fFHK
FIEHFEERE.

RIS n, EEHP BRI E 11-2 iR,

. PIEIREETR, FTETCRAHT, RIARHT (R5D ERMZ [0,n — 1],

R [0, — 1] PERANER, HHEERS 0 BRTRRM, sEiig, MEH 1 ETRCHT.
EEER [1,n — 1) PIRANCR, REERT| 1 RINITRSR, e, MEET 2 Ry,
o DARSEHE, #6080 — 1 WSRE YR, [IET n — 1 EoREHRF.

- ERE—ETRAE R RATTR, HAENT, BIESIHER .

KHIFER FHIFER

. @ - @
Aoa i
i k
21 mE 1R
iﬁ*}#ggﬁﬁx BER/TR nums[k] E%ﬁﬂiﬂﬂ?@lﬁ, BIER/NTE nums[k]
HBNTR nums[k] FRHFEMNEETE nuns[i]

Step 1 Step 2
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RHFEN KHFED
Pk -

%2 nu % 2w

ERHFER, RARITE nuns(k] A

ZHBRTR nums[k] FFHFEMMEETR nuns[i]

Step 3 ] Step 4
KHFER RHFER
- (00000
i k
# 3 W %3 B
: - M
EWRHFER, BBR/TE nuns[k] EHRAFER, BIERTE nuns[k]
TR nuns[k] FRHFEBNEETR nums[i]
[ Step 5 ] Step 6
KHFER FHFER
- 00000 - 08800
i k
; 4 g ; 4 W%
EBFRAFER, RER/TR nums[k] téﬁﬂiﬁFﬁfEFﬂ, SBIERTE nums[k]
TR nuns[k] FIRHFEMNEETR nums[i]
[ Step 7 ] Step 8
RHFER KHFER
nums nums n 4 5:]
A A —
i k
; 5 W ; 5 W
EHRHFER, BBR/ITE nuns[k] téﬁ;ﬁg;[:ii@ﬁﬂ, SBIBRGTE nums[k]
TR nuns[k] FRHFERMNEETR nums[i]
[ Sxp O ] Step 10
KHFER
nums
%ﬁ#ﬁ (RsF—ETRERAE
Step 11

11-2 BEEH PR

AT, WM kARG EE N &N TR
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// == File: selection_sort.kt =

[* EEHE «/
fun selectionSort(nums: IntArray) {
val n = nums.size
// MEE: ®HEFEES [i, n-1]
for (4 in 0..<n - 1) {
var k = i
// WNEE: REFEFEBENNRINTER
for (§ in i + 1..<n) {
if (nums[j] < nums[k])
k = j // s/t ENES
¥
/] #EmNTEREREFERNEETERR
val temp = nums[i]
nums[i] nums[K]
nums[k] temp

11.2.1 BEZEH

© WERIBIRRE 2 O(n?). JRENBREHE:: SMERSE 0 — 1 8, S RIAHFENRES n, #E—h
FIARHEFF I RRIE S 2, EVEMINEBARIES n, n— 1. ... 3. 2 MgEE, iz 002

- SRBEREE 2y O(1). BRHRHERE: S5HE i A j (A B WO MBS,

- R WIE 11-3 B, 0% nuns [1] A ATRERS B UL T RIS, SERE
[ ZEC

FHFEM

oo @

PITHE—mEE

RAFER
308080
RRE—RBEE,
WETE 4 MOARSHEEE T e

11-3 R AERE R
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11.3 BFHIF

BAHEF (bubble sort) JZ @AM L ELSHRAMHA TR E BT, IS EE AR SRR T B THE — 4%,

KA A2 1R HE

qniE 11-4 foR, B iEERE AT DRI TR A R F AR RS e mbrda AL 7, MR ELEBAHA TR R
N, AR HETER > AR BB EE, BRI, BRARHITTR GBI EIA R A .

009900

TSRS —H R
TERANGERRBRIEL

- 00000

Step 1
- 0QQoQo
o

WEEEEHEMTE:
v EBTER > AETE
o ZHEMETE

Step 3

nums °°°°°°

W EEESIRR:
v EERE < ARk
- R

Step 5

Step 7

11.3.1 EBEERIE

WEEGEHEMTR:
v EBTR > GETR
~ RIREMETR

Step 2

nums 966¢°9

WEZEEHEMTR:
 EBRR > GETR
- ZHMEMETE

Step 4

WEEREHEMTR:
v EBTE > GETR
-~ RIREMETR

Step 6

IKE KE
nums o ° 0 ° o °

B n-1 EEEEHE

ERTERE,
BARETHAE

11-4 FHTTERRR e E i

R ESNRER n, IR HIDERANE 11-5 R,
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L B, ¥n@TRIT B, FRESINERTR LR IEMAE,

2. BN, BFER n — 1 E7TRAT “EilR”, 8 IROTR M E IR E,

3. DUKEIE, & n — 1#m "Bl &, Win — 1 K CERARPERE IEMAIE,
4. (R —ETReE R R TR, BANR, FIRESIHEE 72K,

“BHAkE"  KHFERM
BT

- 00088 o,

7% 1 ®EE

0a0000 B oo

BiT%¥ 2 HER

R - |

BITE 3 WER

=
80 a8 o=

&l

=

[0, 3]

BITE 4 BEHR

- ao8aoa

BiTHE 5 WEHR

- 08000

FRHF (Rg—ETERERHF)

[o, 1]

[0, 0]

11-5 JERHEFE RS
RPN

// == File: bubble_sort.kt =

/* EFHE */
fun bubbleSort(nums: IntArray) {
// MEE: ®EFERES [0, i]
for (i in nums.size - 1 downTo 1) {
// WIEE: BERHFERE [0, 1] FHRATERNEZEHMNRGIH
for (3 in 0..<i) {
if (nums[j] > nums[j + 1]) {
// 3 nums[j] B nums[]j + 1]
val temp = nums[j]
nums[j] = nums[j + 1]
nums[j + 1] = temp

11.3.2 ¥EREWK
TSI, ARG B AR A BUT TSR, SR Y, TEBRES R, Eit, A
DA I —ERESE 0T Flag ZRESHNSAEEN, — B3Rt BhR(E,

OB, ORISR AR R0 5 O(n?) ; HEW ARG, fE
FI AL IR O(n)
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// == File: bubble_sort.kt =

/* BFHE (EEREN) */
fun bubbleSortWithFlag(nums: IntArray) {
// 9NEE: kHFEME [0, i]
for (i in nums.size - 1 downTo 1) {
var flag = false // #JMAMAZESNL
// WiEE: FXRHFER [0, 1] PHRATERREZEBNRAR
for ( in 0..<i) {
if (nums[j] > nums[j + 1]1) {
// i nums[j] £ nums[j + 1]
val temp = nums[j]
nums[j] = nums[j + 1]
nums[j + 1] = temp
flag = true // =CERMTER
¥
¥
if (!flag) break // lt#gm “BE RXMEMRTE, BEEHE

11.3.3 EEZRE

- WERIBGRIE S O(n?). ELEHEHET: & “EIE ERIETIEERIEn — 1 n—2, .. 2 1,
B2 (n— 1)n/2. E5IN Flag BT, RERERIEETES O(n) .

- BRIz O(1). JEHRHEIY: $5I8 6 F1 j GERTRBOC MRS AR,

- RBEHDY: HAE B BRI R R A,

11.4 EANHF

HANHEF (insertion sort) J& MR EAVHEFEETE, CH TIER BT B — R AR IEE L
B, BRI MEE - EERETR, R BHARCHPERBETRZE — gD, A
IR A ZIERERIA B

11-6 /R T FSIHE AT RAIVIRIETRE, RFAEMETTERS base , HIMTTFEARIEEIERT1E] base ZMHIFTH
TLRAGRE (L, REAF base IELK HIERSI,
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nums[5] = nums[&]

& 3 AR nums o N
N LHETTERRR
EHFEROERLE PRI —f | gl
;-.....h.

nums[4] = nums[3]

BRTER [
wmEEEs| |\

11-6 BRI NIRSE

11.4.1 BEZERIE
376 N HE R (B R ] 11-7 TR,

1. WIEARRES, FESIRSE 1 TR CeidE .

2. BEEFINE 2 HCRIER base , MHMAZIEMA ER, MHIRGET 2 TR EHim.

3. BEHUGE 3 AUCRIES base , AFHIBHAZIEMAER, WS 3 TR CHi.

4. DAMCFEHE, fERB T, BEURE—ETRIER base , MAHMAZIEMAMER, rARICEHNT.

EHFER

[o, o]
[0, 1]
[o, 2]
[o, 3]
[0, 4]

[o, 51

11-7 AR

RBIRECHSA :
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// == File: insertion_sort.kt =

[* HNHEERE +/
fun insertionSort(nums: IntArray) {
//9MNEE: BHFExEAS 1, 2, ..., N
for (i in nums.indices) {
val base = nums[i]
var j =1 -1
// WiEE: #& base WAZIEHFERE [0, i-1] FHERAUE
while (j >= 0 &% nums[j] > base) {
nums[j + 1] = nums[j]1 // #& nums[j] mAHE—IU
j--
IF
nums[j + 1] = base // # base HR{EZ|IEREME

11.4.2 BEZFH

- BEEIBEE S O(n?), BEIEHEY: fERZEWHN T, SUENRESBFEEE n — 1. n—2, ...
2. 1R, KAE2 (n — 1)n/2, HILRBERES O(n?) . EIBRHFERHR, HARIEGIRATLE
ke B RE TR, HAHTERRERBERE O(n) .

- BHBGRES O(1), WHHDT : 4868 ¢ f j (R EEO RSN,

- REHEE: ERAREEET, RMERTTRBAZMEETRNGH, e EMrIER,

11.4.3 {HEANHIFRES

FAHEF R A 2 O(n?) , MFMETIER S POt P IR R BIRE 2 O(nlogn) o (RERAHET
RO s, (HAERDRHRBU DI DL T, WA E R E DR,

T2 8 st B AR VA AN — 0 S A0 A DAL, POl HEFIE M O(n logn) MITHERIE AR 016
SRS HHE PSS, A S 2 HUTE R, TERRHREBUNEE, n? flnlogn MBUELESEE, ik
JEAME TGN, B A BT B B PRE PR

B E, #r2EGES (B0 Java) RINEHDFERM TRARNY, KEUERZS: BRREZ, SRAZER
SHARMSHHEFEETE, flanbists; SRS, BREEHEAHT.

BESRIETRHE R, RIEHEF RS A F R R B #E 2 O(n?) , EAEEBRRENH, FAHEF I SR
FrRiRRHpEEEy, 1EA DT,

© EFRHEFREROTR IR E R, RERE R, N 3 MEITRME; mAHF AR TR (EE
B, £/ 18T, Wi, RuHbRREH RS Leid A HER 35,

OB TE S NIRRT A R O(n?) o MSEAE LIRS A IROR], I HE @ g
FRHEP R T .
B AR, BRERR 2.
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11.5 RiEHIF

BREHF (quick sort) B—RERMERISHIHEF AR, BTaik, BHEZ.

PRIEHE PR LR “THI#E D", HEER: BRI PR ETTRE R R, AFFTA /IR
RCRBEIEAMN, MARREARGE I TRBEHAMN, B8R, WHR# o AFiEmE 11-8 Frx.

1. BEHRPES e e T R 2 IR R, WAL ETERE 1 A0 J 20 BIa e R A1 T it o
2. o, EEwmHER 1 (G) 2RlSEE - EHEEER (N KR, RERSHUSHETTR.
3. BEHITHER 2., EHEI LM jANERHE L, SRR B 28 w7 51 9 70 AR

Step 1 BEY Step 2 By
left right left right
v
wman nna ms
i J i j

def partition(nums, left, right): def partition(nums, left, right):
p 0 ,

"HRRIS "IHRRIS
i, j = left, right # B nums[left] AEAEH i, j = left, right # B nums[left] AEAH
while i < j: while i < j:
while i < j and nums[j] > nums[left]: # HERARERE I BRENNTE while i < j and nums[j] > nums[left]: # WEAERERERERHNTR
j-=1 j-=1
while i < j and nums[i] < nums[left]: # REAAREEARBEMNTE while i < j and nums[i] < nums[left]: # SERGREEAREEHNTR
i+=1 i+=1
nums[i], nums[3] = nums[3], nums[i] # RIRERBTR nums[i], nums[3] = nums(j], nums[i] # RIEETR
nums[i], nums[left] = nums[left], nums[i] # BREPCHRERT RTINS TR nums[i], nums[left] = nums[left], nums[i] # BEEHCHAERTFRIINS R
return i # EEREHNRS| return i # EEEEHEFR3|
Step 3 BEY Step & BEY
1eft right left right
v ) v
e | ooDoo
: L
i j 1 j

def partition(nums, left, right):
"IMREIS
i, j = left, right # LU nums[left] XA
while i < j:

while i < j and nums[j] > nums[leftl:  # WAMAREEIMIBRENTE

def partition(nums, left, right):
"R
i, j = left, right # LA nuns[left] AEER
while i < j:
while i < j and nums[j] > nums[left]:  # WHERAEREENSBRBNTR

j-=1 j-=1
while i < j and nums[i] < nums[leftl: & HWEAGREEARBEMNTE while i < j and nums[i] < nums[left]: # RERGREEAREEHNTR
i4m1 i4s1
nums[i], nums[j] = nums[j], nums[i] # REMETR nums[i], nums[3] = nums[j], nums[i] # EMETR
nums[i], nums(left] = nums(left], nums[i]  # HEEHZRERTRIINHAR nums[i], nums{left] = nums{left], nums[i]  # WEEHSHREWFHIINSRA
return i # BEREHETRS| return i # EEHEEHET|
Step 5 BEM Step 6 M
'left right left right
v
lﬂﬂﬂﬂﬂﬂJ - (000808
-y S Y . —_—
i b
i

def partition(nums, left, right): def partition(nums, left, right):
P 0 , rig

L e YR
i, j = left, right # L nums[left] AEEH i, j = left, right # LU nums[left] AEEH
while i < j: while i < j:

while i < j and nums[j] > nums[left]: # WERAREENCEEBNTR while i < j and nums[j] > nums[left]:  # fEMARERENEEBNTR
j-=1 sl=o 8l
while i < j and nums[i] < nums[left]: # WERGREEANERMNTRE while i < j and nums[i] < nums[left]: # RERGREEARERHENTR
i+=1 i+=1
nums[i], nums[j] = nums[j], nums[i] # REMETE nums[i], nums[j] = nums[j], nums[i] # SWEMETR
nums[i], nums[left] = nums[left], nums[i] # HEEMCHRERTRYINSRR nums[i], nums[left] = nums[left], nums[i] # BEEHCHAEH T RIS R

return i # EEEEMAFRS| return i # EEEEMHFRS|
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Step 7

BEY
left right

~ 000008

J
i

Step 8

def partition(nums, left, right):
RS
i, j = left, right
while i < j:

# B nums[left] REEH
while i < j and nums[j] > nums[left]: # WERAREERERBNTR

j-=1
while i < j and nums[i] < nums[leftl:  # HERAREEARBRMNTE

i4m1
nums[i], nums[j] = nums[j], nums[i] # HREMETE
nums[i], nums[left] = nums[left], nums[i] # HEEHCIMERTRIINS R
return i # BEREHNZRS|
Step 9
‘ BEY
v
e [ ERCEE)
EFES HFES

“HRBIS SRR, MR

left BEH

right

- 00000

H
1
def partition(nums, left, right):
BT
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]:

i+=1
nums[i], nums(3] = nums(31, nums[i]
nuns[4], nums[left] = nums[left], nums[i]
return i

EFESIERTR < BEY < GFBIHEIRTE

11-8 M7 20 BR

# LU nums[left] AEEH

# WEREREE N EEHNTR
# RERGREEAREEHNTR
# EMETR

# HEEHCIAEMT RIS R
# EEEREHT|

WSLEI D SE AR, JRESIRE R = TR, BEEL AT, Hile “ETREHERTTR < &
B < ATESUERITR". Bit, R TRATEISME 7 EETHR .

PRadeHE I 53 6 R

N S ) B R — M e R 47 P P o L 1 25 M e R P 471 T e R R

// == File: quick_sort.kt

/* TR */
fun swap(nums: IntArray, i: Int, j: Int) {

}

val temp = nums[i]
nums[i] = nums[j]
nums[j] = temp

/* HEZ|D */
fun partition(nums: IntArray, left: Int, right: Int): Int {

// LA nums[left] BEIEE
var i = left
var j = right
white (i < ) {
while (i < j && nums[j] >= nums[left])
3j== /] WEEAKREENREEHNTER
while (i < j && nums[i] <= nums[left])
i++ /] REMAKEEANREEHNTER
swap(nums, i, j) // IREMETE
+
swap(nums, i, left) //
return i //

TSRS F Y AR
REEEHZRSI
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11.5.1 BEZRIE

PRIdHE P AR RE AR AN 11-9 FrR.

1. &L, BEEFIST X WD, SEIRHER B TR 7R,
2. 1%, BT RESIRAG T RS BBRERAT I
3. FERE, HE YRR 1KLL, FEmse s M@ HET

- @00080 \

FARGEE
8 HUEE
TR
B - BER waTmoI HREs
@A F s EESEFES - EEFEIIRES 1 L

, ([ na BIRTSERk B HEE

RS B

: (8008
ERIEEE
0888008 |

11-9  PudHerrimg

// == File: quick_sort.kt =

/* RIRHEEFE */
fun quickSort(nums: IntArray, left: Int, right: Int) {
[/l FEIRES 1 KRG
if (left >= right) return
// HEES
val pivot = partition(nums, left, right)
/] IEEAFEY. HFET
quickSort(nums, left, pivot - 1)
quickSort(nums, pivot + 1, right)

11.5.2 EHZEN

- IFHIBHEEZ O(nlogn). AFEBEEHDT: £ FEN N, WHESREEE S logn , BETH
AEEE A n, HEEHE O(nlogn) K, EREBNT, Sy SE 0 BIEE - RE S n (9HEZ]H|
SRR O M — 1 ME 7R3, WREEEEEOES n, SEHIEEES n, SEEH O(n?)
E#FEﬁo
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- ZBREBEERE S O(n). b : @AY E2E P IER T, ERRZRERE n, #H O(n) #
B, HPRIERAEERS BT, AREEBHEESMES,
- ARl EHEEONRE P, ARG IR ERFTRIA AL,

11.5.3 REHIFEAHER

e ERtRER t, PORHFFERCR T HEZEA —ERES, @8 PR R e 50k
B R CHERRHERST M), EXEE PEHE IR Em, EEATERRL,

- HBURZERE DU BERIME: SEADOREF R ERIEIRE S O(n?) , WHAIHTRE, BEER
ZHUBWR, POEHTERELE O(nlogn) MR EIMEREEE TEUT,

- PRHERIRCR S EPUTIN B 1R IERE, RAADR R T ARSI PRER, AT R AR
o MR “HEREHE" S AT ERkRATRITR, RmEi=iE Rt

- BREREBURBUD: £ RA=REEET, POk, R, SRS R REER R, B
AT e kT E AR AL,

11.5.4 BEHREWL

POk e R Ll A PRI RISCR nl RERRIC, 22 —(EMsm(l 7, IREmARSIZ 22 PR, HRTErEeE
BRIEUTCRIERAETEE, BN RE D IR, ARBWEREMY I RA W, B TEYIRER n — 1.
AFHPIRER 0, WHIEE X, SHEEEIMREE —~EFESIRRER 0, 2IARIBRN, PudHr
By “VERHEF” RERTE R,

& VBRI ISHEEDORE, AT DAL Sell) 73 v SL R BB IOR G . Ban, FR(fnT DAREHOSEER —
TETCRIERAETREL, AT, WSRERAE, FREERE AR RS, BeRMAT TN,
TEERNE, BGESEEERIE “RREMET, WIRIMIE B BB IR — 8 IR,
AREEPRIAHE P B RCR AT PR T RES 1L

7 VE—DUGE, BT DERS IR =0T R (GEEAMAINE, B, PRICR), WikieE = afxiE
FURI PR B E R IR, SRR, FEREE "BEAAMEAAR” MRS RIER T, ER, FFER
BECE 2R e R, DUE— SRS AR, RS, RREERMESKE O(n?) MHERK
RFEAR,

N/ lEESa T

// = File: quick_sort.kt =

[* FEEN={BfZETTERNPUEL «/
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 & 1 M r 2/
if ((U in m..r) [| (L in r..m))
return left // L& m M r Z[H
return right
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/* HEED (Z8EHE) */
fun partitionMedian(nums: IntArray, left: Int, right: Int): Int {
/] EEN={E{#E T RPN
val med = medianThree(nums, left, (left + right) / 2, right)
/] SRR E B R A i
swap(nums, left, med)
// LA nums[left] AEZEH
var i = left
var j = right
while (i < j) {
while (i < j && nums[j] >= nums[left])

J-- /] WEELKREENAEEENTER
while (i < j && nums[i] <= nums[left])
i++ /] REEAKREEANEEHNTER
swap(nums, i, j) /] REMETTE
+
swap(nums, i, left) /] BEEEHINE N F YD RER
return i /] REIEZEHZERS|

11.5.5 BEFRERENL

TSN, PUBHPPWTREAS BRI Z ., DAE2A s A BE 26, SORE )7 YHRE 2 m
i M e BRI A AR R IE 2 O I AE FRIFIRIREZ m — 1 BAFREY, 8RR — iR E ey s
AIRERRAERE /N (R —ETR), BESNSEEES n— 1, HRFZEGH O(n) K/NEIHERIE
FEﬁo

7 1 PRI R R R, MR e R IE e e iR, Eeimi e AR, (R 1 i)
AR, AR TR RENGEE n/2, RIS SERERRERE B logn , (EMkRzE
B REMS O(logn) . BRI RATR:

// = File: quick_sort.kt =

/* BRI (BEREREN) */
fun quickSortTailCall(nums: IntArray, left: Int, right: Int) {
/] FEIREZD 1 K&k
var 1 = left
var r = right
while (L < r) {
/] HEBISIRE
val pivot = partition(nums, 1, r)
/] EWEFEY R ERERBMERI TIRIRHF
if (pivot - 1 < r - pivot) {
quickSort(nums, 1, pivot - 1) // EOHEATFES
1 = pivot + 1 // FeRKHFEMR% [pivot + 1, right]
} else {
quickSort(nums, pivot + 1, r) // EEHEAFES
r = pivot - 1 // REFERHFERZ [left, pivot - 1]
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11.6 &HHIF

BHHFE (merge sort) B —RENMARISHIHF AR, WEE 11-10 Forig “81237 1 “G0F BB

L #oyREBE: BRI A R RS e B o B, SR B 14 P P REL AL 22 T e 71 O e P
2. APHREBE: B ISR S 1 R EE Sy, BRIAEOF, FREMfE /oG R 7 81 & OF 2y —
REIVAFHZ, HEAH,

PEEEREEE
RIS REER
J - AamEe
T ARIEfA
SRR

11-10 & OIS B & fFFE B

11.6.1 EBEZRIE
WNiE 11-11 fiioR, “ENBEER” 1ETE 2 R i R 5147 o B 1T 73 2 D 1 - B A7

1. FHEMEYE mid, RIEHE ) £7 Y] (@R [left, mid] ) 4% (& [mid + 1, right]
)o
2. REHITHER 1., BEFEFIE-RER 1 R,

“EORER” R ETHMR e TR A S O 2 — A RS, REERRE, ERER 1 KTH5I5
waaEdr, AHFREEIVEE TSR G P,

(7 ]s]2]s] [ @880
BEEHS < BEHS < a
BEE HERE
LG ( ET

Ef&Es < EHEH -

Step 1 ] Step 2
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EEEIS BiOES -
EEHEE
fJ1aE30
EAs EAs -
| Step 3 Step &
EO#S < BE#S <
‘\ _ EmgEa
" 3125000
EE \‘ EEs -
[ Step 5 ] ( Step 6
BOES -
EEHEE
fJ1aC30
EMEs -
[ Step 7 Step 8
BEOES
EEst -

[ step 9 | [s:ep 10

11-11 &0t ER

B3, SOt B TR L R RIRENE 2 — B,

- RN SRR TR, FREG TR, REEFARETR,
- AP JEREAE TR, FRES T, RIRER S D

HERE
(315500

ERE
[315500

AR BB LI ERSAUR, SR, nums RIRFEOHERZ [eft, right], T tmp AYBHELRE K%

[0, right - left].

// == File: merge_sort.kt =

/* BHEFEIINEFET «/
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fun merge(nums: IntArray, left: Int, mid: Int, right: Int) {

/] EFEFEMA [left, mid], AFEFIERZA [mid+l, right]
/] BA—EERRREY) tmp , AREREHENGER
val tmp = IntArray(right - left + 1)
/] M E TS A FREYRERZRS|
var i = left
var j = mid + 1
var k = 0
[/ EEAFREIEEEITERE, ETHHRIGE)\NTRE R RS+
while (i <= mid && j <= right) {

if (nums[i] <= nums[j])

tmp[k++] = nums[i++]
else
tmp[k++] = nums[j++]

+
/] WEFRESIFNG FRESIR R R TR E N RS
while (i <= mid) {

tmp[k++] = nums[i++]
¥
while (j <= right) {

tmp[k++] = nums[j++]
¥
/] HEEREFRES tmp HRYTTEBHEIERS] nuns BYHFERRME
for (1 in tmp.indices) {

nums[left + 1] = tmp[1]
+

F

/*x aftHE */

fun mergeSort(nums: IntArray, left: Int, right: Int) {
/] &I
if (left >= right) return // EFEFIEEZA 1 BFRILED
/] B PEER
val mid = left + (right - left) / 2 // stEES
mergeSort (nums, left, mid) // IEE/ZFFET
mergeSort(nums, mid + 1, right) // IEEHFES
/] EHREER

merge(nums, left, mid, right)

11.6.2 EEHZFH

BEIRIBIARIE 2 O(nlogn). JEEEMERET: 815 LR 2 log n NGEEN, IE & DR IR
Zn, FIHAESEIEIE 2 O(nlogn) .

- SSEBERIE 2 O(n). TREUHEF: BERRES logn , 5 O(logn) A/NUMEBIEZE, &0k
FEHO RIS BB, (5 O(n) KNS,

- RBEHNY: EADRRRNR, HSTRNR R,

11.6.3 $ELERTIHIF

S ES, A OFHET AR L Bk EL B %, T DSBS AR A L 00 2 P B I
E0(1),
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- B REBL: AT IEAQT X BRI ACEBRIGEAS ARSI o> AR, PET A 200 fE A A e
© APRREE: 1EREASESIR, EIRCE IR HERSEES N (e HRTEE, RS GEmfEES
FRisfs R SOt R RA P R A1) N BRI NS R A,

HEGE AN LR, A R p T r] A R b E T2,

11.7 EFEHIF

Tip
BB AHTHT, FERECRT A58 “HERE =,

R (heap sort) /&R NHERTERHGS I BB S AP RTR, FRMTA] DA A CAS SRR “HHERE
BRIE” M1 “TCRMHERERIE" EBIHEREHT,

L. S PRSI S/NEHERE, IR iR/ N TSR R HERATE,
2. NErETHHERRCE, XL EREHERDTR, AR SEIE NEIRHE R 5,

DA BT TREEPARIAT, (HFRZERER— RN S A 7 B TR, RS, EEPRT, BNEEEH
— AR B 7T

11.7.1 BEZXHE

RPN RE R n, HERHEFPAOAZANIE 11-12 Frr.

L. #@ PRSI RTHHERS, SEiR, ATTRANHERETH,

2. FERETECR (B —iic®) BMERROTR (RE—ETR) . Esig, HRMRER L, B
HiPeREEM 1.

3. TEHERETH TR, TETHBRBITHRELIRIE (sift down)., SERUEREILTE, HERMEESINEE,

4. EEMITH 2. PIE 3. D WE n — 1 @R, BRSSPSR

Tip
HFE L, TREMREREPHEEE 2. PHE 3. P, HEZ 7 —EHETRIPER,

ERHE ERHE
/ \ / 1. BRI / \ B 1. BAMBILEER
6 2. EEEETRREATE
PRS- (1) SRR R RETE
SHRGENEN BHFER
EROBSIET

| |
SERRTR HRRTE

Step 1 Step 2
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0060

HAENEREN EHFEN

nums

| step 3 |

oo

EMNEREN SHFER

Y

nums

[step s |

@
© o
000

HRANERER BHFERR

nums

| Step 7

e o
000

EMNEREN SHFER
—r

nums

[step s |

000

HENEREN EHFERM

|s:ep 11 |

ST

1. BNEFERER

2. EEMSERPRIRATR
(1) WEFRTRBEERTR
(2) RTRERETHERW

SERHF

1. BNFREFIIEER

2. EEUSERPEREATE
(1) ZSERETRBERRTE
(2) REERETHERL

ISR

1. BNEFEER
SERPIREURA TR
(1) WERRTRIVEBRTR
(2) RTREREETHERY

SERHF

1. BINFEFIIEER

2. EEUSERPEREATE
(1) ZSERETRBERRTE
(2) REERETHERL

ISR

1. ENEFERER
SERPIREURA TR
(1) WERRTRIVERRTR
(2) HEEFEEITHEL

000

HEANERER BHFER

Is —

nums

‘ Step 4 ‘

0
© o
000

ERMNENERN SHFEM

—

@ ©
000

ERNENER BHFERM

‘ Step 8 ‘

000

EMNEREN EAFEN

nums

Step 10

0060

EHFERM

nums

‘ Step 12 ‘

SETRHIF

1. BINRDIEERER
2. EEMSEEPRBATR
(1) RERATRBERETR

SETRHIF

1. BNREDI R
2. EESERPRIRBATE
(1) ZSERATREERETR

SETRHIF

1. BINRDIAERIER
2. EEMHSEREPRBATER
(1) REREATRBERETR

R

1. BNEEDIL R
2. EESERPRIBATE
(1) ZSERATREERETR

SETRHIF

1. BNRDIAERER

2. EEMSEREPRBATR

(1) HERRTRIBERRTR
(2) WREREITERMWL

3. Ff—ETREARE, HFTM
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11-12 HEfEHE B

RIS EEI A, BRI 7B “HiA” SEAERIRIRETHZE FRHERAML sift_down () M, (ESERNE, B
RHERER R G e TR TTR MR/, FIERMFEZLS sift_down () BV —~ERESH n, AR
TEEHERER B AT A RCRE, RIS R ATR:

// == File: heap_sort.kt =

/* HWRHNRES n , R 1 FEiR, RIEERHERLK «/
fun siftDown(nums: IntArray, n: Int, 1i: Int) {
var i = 1i
while (true) {
[/ FIEREREE i, 1, r PERKWEER, 585 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
/] BER i RATERS| 1, r @7, EBESHEL, B
if (ma = 1)
break
/] AHAEE,
val temp = nums[i]
nums[i] = nums[mal
nums[ma] = temp
// EEETHERL

i=ma
¥

/* R +/
fun heapSort(nums: IntArray) {
/] EERRIRME. HRBRESIIMNIE M EEIE,
for (i in nums.size / 2 - 1 downTo 0) {
siftDown(nums, nums.size, i)
+
[/ EREPREGRATSR, EE n-1 &
for (i in nums.size - 1 downTo 1) {
/] RGREMERAENY (RRETRERTR)
val temp = nums[0O]
nums[0] = nums[i]
nums[i] = temp
[/ DIRENELAECE, RIEERETHERNK

siftDown(nums, i, 0)

11.7.2 EEHEZESN

INFRIBAEE 2 O(nlogn). EEEMEHE: BHERRIEMH O(n) Wi, e BUR AT RN
BIRHEE 2 O(logn) , HEE n — 1 .

- BHBRES O(1), WHYY . SEEESEEEH O(1) M, TTRIAHER R EER R (E R R
AT,
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- ARREHY . R RHEIETRAHERROT R, A TR AR LS ] RESE AL,

11.8 HHiF

HA AR R AE Y SR LR HE AR, E MR BT RMR A MRE BT, HOBHER T
BRI R M O(nlogn) o #ERAK, BAVKHRS %M “IEHeBiirsais”, emmr sk
J& AT DA R SRR RE

#@HE (bucket sort) Z7ARISHI—ESVREN, EE@BOE L EBAR/MERFP I, B85 E—E 5
TRELE, HERPEI RS ER T R, EEMNEOBITHEE; BAERMRER T B RS
{78

11.8.1 EEZRIE
ZEERER n WHZ, HorR2HE [0, 1) NNTEEEL FHEFIIREE 11-13 Fix.

L. Wigafe kM8, A% n [E7TRIECE K ERT.
2. BHgfERE o BIBTHEY CEfRAENGE S RINEHF D,
3. TZIRMIE NEIRRINEF & B R

s dachll (0.5 [ 0.56 [ 0.2 [0.05 J0.57[0.43 [0.51 [0.75 ] 0.15] 0.57 RS SN PTES
T S ERBIH
1 HSEBS
buckets S H
BFHE [0.2; 0.4) [0.4, 0.6)
| ' RERABIET
R U BOHER
L RF) :
nums
11-13 WiHEpEE R
B RFR:
// == File: bucket_sort.kt =

/* WEHEE */
fun bucketSort(nums: FloatArray) {
[/ Bk k = n/2 @1F, FEIRREERSE 2 Btk
val kK = nums.size / 2
val buckets = mutablelListOf<MutablelList<Float>>()
for (i in 0..<k) {
buckets.add(mutableList0f())
+
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/1. 5T RDERZERES

for (num in nums) o
/] BANEBEEEES [0, 1), B num * k HMAZRS|EE [0, k-1]
val i = (num * k).toInt()
// # num FIEER i
buckets[i].add(num)

}

/2. HEERRITHF

for (bucket in buckets) {
/] ERREHFRT, SRR MHREERE
bucket.sort()

¥
/3. EREHER
var 1 =0

for (bucket in buckets) {
for (num in bucket) {
nums[i++] = num

}

11.8.2 EEZIFH

MHE R B R R B RS RAR RV RL, Blan, SAERMUE 100 BETR, mRTHRS, RetcEeEL—
RMERAFTEERL R, a] DUREERLZ R 1000 fEAE, AR BB ERETTHER, REREREH

- WERIBIRIE 2 O(n + k) BRETCRIES BRI TS, AN RS 2 . B
BUERGERT O( log ™) B, HUHEPRTE RN O(nlog ™) KSR, EENIBOR & HBOHS, WS
BERIRIDR O(n) . & HHSE ISR ESFEMNTE, 8 O(n + k) W, EEEHNF, FiEw
EHEAEE AT, EHEF S O(n2) W,

- SSPBRRES O(n + k). AEEUOHEY: TR k BRI o [T R0,

R T R BRI R T R R R AR,

11.8.3 MAIERFEIIHE

ArHE e O IRF P AR B L T DUER O(n) , BRSNS L3I Sr BB iAih, [R5 B R E 2
B15if, B, B ZEATEE_ERIATE R R E RS REE 2 2B 10 Ma T, (ER A ER iR,
% 100 TERYER 2, MR 1000 TTHYAER Do FEiF MRS R P E 73 % 10 {8, SEMHrmssEEng
FEH K.

BT, BRI DASERE — KBS AR, SRS E) 3 (AR, SYRCSCRiE, ORI,
BRI ) 2 3 (A, AT ek 76 RS,
QITE 11-14 F%, DR LR — BRI, FELRMEA TR T, B, ey
W ORI 2 3 R, BV S AT R B BRI,
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R
-— HHEISER
RBE — 65y 20% 15% -
FEIEER BRI
MEEM —1bo 100-500 >500 <10 8%
- . 10-20 13%
e 0 20-35 12%
18% 35% 12% 35-50 10%
50-100  12%
<10 10450 50-100 100-500  20%
>500 15%
13%
10-20 20-35 35-50

11-14  JEEEH| 734

QR BAME ARITE P b S O MR 41, BT DURRDR ORISR 70 i S TEIS RO J0 SRAR. (EISHERRVE,
BRI A —E TERESET,  a] DARIRE R RE PR SR MR R A T AL

qniE 11-15 Fio, B ah AR ARTE I RE 70, ISRl i DA B 3 e (B I ], FRE T R A 125 20 i
FBEE

HWEEE

0.4

- K
0.0

+oo  Em{ERE

’ ﬁ@ﬁﬁ@ﬁ

EHiBsEE <3 3~10 10~25 25~80 80~200 >200
11-15 HABEHER M E

11.9 HEHIF

stEHEF (counting sort) ZEiBMAH T REEAEE Y, 1EH ERREEHEL,
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11.9.1 fHEEIR

FeRE —EMENBIF. 58 —ERER n UES] nuns , HAPR TR “FEREC, SHEHIP RN
FRUNIE 11-16 Fm,

1. ERAMA], RHEHPPRAKET, A m, REETERES m + 1 (W] counter .

2. B counter Sl nums BB BUREL, HA counter[num] ¥EEIF num FUHBRIREL, #ist
FIFREEE, RFEEN nuns GEERTEIT %A num), A% counter[num] #4101 BIw],

3. HIR counter MAMARTIEARAF, HUHERMABZERHDTEH 7. 8 R, BMER counter
FRAE 25 B BB N BRI IEF3E N nums BITA]

SHIFMES nums

\ S T nuns MAMERTSLIIR

WY o ' counter[num] T num HYHIRKEL
=5 (B o 1 2 3 &4
F)
2 A\ E#H counter , WEHTF

| \ \\ FERRHIRAEUEN nums BPE]

LERES nums

11-16 stEEHERERE

A FFR:
// == File: counting_sort.kt =

[* SHEHE +/
// BEEBR, \ERARHRY4G
fun countingSortNaive(nums: IntArray) {
// 1. }L,D+|3$7)7|Jﬂ_j(7t§ m
var m = 0
for (num in nums) {
m = max(m, num)
}
/] 2. GEEHFHLIRRE
// counter[num] & num BIEHIRRE
val counter = IntArray(m + 1)
for (num in nums) {

counter[num]++
+
// 3. FE:h counter , BFZTHEEBENEREEESI 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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A P ECHE P B HE 13 ) B i
eI S, Bl AT DU AT 8 FR RO B8] counter RYRHIEIZR G142 — (8, st 2
BB P S ETTR IR EERNT, AHLE, SHEHEF MR ER T B —ERH5,

11.9.2 TEER
MDHEE ATRER I T, MR ANERIR I, R EE 3. SR T, B NGRS, TR
SRR SR ERS CEBINRR BB B METHER, M R R RELS B AV HE R 45 5

TREEGRI A REAS B R HEFP 45 SRIE? TR S5 counter 1Y “HISAI", AR, Rl 1EAIFIR
i prefix[1i] SFRMHIRT 1 TR ZH:

prefix[i] = Z counter|j]
=0

HISEAL AT WIRERTESE, prefix[num] - 1fRFILHE num EATIRES] res iR —IRIMBINIRSG]. ElEE
AAERBASE, HRE SRR MSETREZ BRI R AR B, 52K, FRFEFE RS nuns
AIEEETTER num , FEEEIEARFRTLRMD,

1. # num ARSI res &S| prefix[num] - 1 &,
2. DRI prefix[num] BN 1, REMEE] NRRE num RS,

ERTERIR, [ res FRUEHITFRIAR, BAREEH res EZE/FMES nums BIAT, & 11-17 R T 528K
At B R,

[FFE5] nums JFRES) nums

sl [ [ [ [ [ [}

HBFoum 0 1 2 3 &4 HFoum 0 1 2 3 4

v e (DEO0G wa e (@OOOD)
ul
FEBH nums WHAHSEBFHOHIRY EtH counter WIHIRA, 524 prefix
counter[num] f£&F num BIHIVREL prefix[num] - 1 &R num 7 res FRE—RHBENERS|

Step 1 Step 2
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RS nums

KERMET] res

HBF num

Hi4EH prefix
(counter)

FIFFED nums PRSETE nun , SHAHT:

1. # num N res WFK3| prefix[num] - 1 &

2. PHIEA prefix[num] BRE 1 , #MEHTRKE num HZR3|
[ step 3 |

num

:
= (000000000

RS res

BFom 0 1 2 31;

WM prefix nua

(counter)

EIFES nuns RNSETE nun , SRHT:
1. #§ num N res WF3| prefix[num] - 1 &
2. LHIRA prefix[num] il 1 , RFMEHTRKE num BHR3|

Step 5 |

= (000000000
wwen - (000000000

HBF num 012/31;

BUEA prefix nun

(counter)

HREFIREDRE, HENRITRED
1R res HREBHFNER

=

REF nums

KRS res

HF num

HIgEA prefix
(counter)

BIFFEDS nums FRSETE nun , SHRAT:
1. # num N res WHS| prefix[num] - 1 &
2. QRMBA prefix[num] BFE 1 , KWEBTRKE num W5

Step 4 |
num
v
RFES) nums
KERET) res
HF num
BIEEA prefix
(counter)
BIFFES nuns RESETR nun , SRHIT:
1. #§ num 3N res WF3| prefix[num] - 1 &
— 2. QG prefix(num] B 1, HMEATRKE num K3
Step 6
wen ne: (JOI0EB008000
o (000000000
HFoum 0 1 2 3 4
wan e (OO0
(counter)
PSR res WERMES nuns EIR]
[ Step 8

11-17 a8 BR

At B R BB RS A TR

// == File: counting_sort.kt =

/* stEHE +/
/] REER, AHEYE, TEREEHR
fun countingSort(nums: IntArray) {
// 1. #EtESIRATE m
var m = 0
for (num in nums) {
m = max(m, num)
b
/] 2. HEBEFHILIRRE
// counter[num] & num BYHIRREL
val counter = IntArray(m + 1)
for (num in nums) {
counter[num]++

}

// 3. K counter BIFIARA, & “HIDRE WA “BR3I
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// BD counter[num]l-1 @ num 7£ res HHRE—XHBIFENZES|
for (i in 0..<m) {
counter[i + 1] += counter[i]
}
/]l 4. EIFEES nuns , FETRBANGERES res
/] ¥Ma1kRES res FRRECEFAER
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 REZHEZRSIR
counter[num]-- // 2EIERMBRE 1 , BRI TRRE nun BIZE5]
}
/] 1ERERMES res BE/RMES nums
for (i in 0..<n) {
nums[i] = res[i]

}.

11.9.3 EEZIFH

- IFHIBERES O(n +m). IEABEREHDT © W ER nums AIZEH] counter , #EFHARMERIE, —%
B R n > m, REEMEER OMm),

- BEERER O(n + m). MY #B) T REDAIZ n F1 m KR res #1 counter .

- By HRM res FIEFECEMIER R “DEATA” 1, REEFER nums 7] DUEE S SEEMHE T
EZMHSN B, CmEREREHF, BELE, EFE nuns el IS EIERHEF R, (H55%H
EAERREN,

11.9.4 {EMR1E

BiiEd, RUFFEREHEHFIFETY, (EERsEH RN DEEEREHE, A, EHEHEEHE
AR B A S 2 A

Al By BRI RS, AR AR AR ARk, 7R AE R ] DU R IR R, I H
FEE OB RPN REEE SE TR Z FIRAHE UM R, B0, BNt E B BRIREES, DU TH BT
E— R, RFelBrEl Ry, Hrsepig mERm s,

AR R RO RO RORHR R B MRS DL, Eean, 72 BSRRBIT m REERK, 5 Rl A i 2 22,
Hn < m i, FHEHEFEEH O(m) K, "TEEEL O(nlogn) MHFFEEZEZE,

11.10 E&3HIF

T RN, EERR YRR n BOREREEE m BB, BERRIMFEEE n = 100 (552
OEITHER, TESRE M 8 M, JERKE REE m = 10 WK, AEHEUER R EOA R
TR =S, MR BHE R AT DO IS R 5

HEHF (radix sort) AURLEAHEEHEHE — 2, thEBESEHEBCRER T, fFHER L, EEHFA
MBS0 MRNBERR, RUCEE—AOETHF, 1S 2B RIHEP AR,
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11.10.1 BEERE

DAEHSRERL 0, BT IRIOORS 167, Sefo2ss 8 i, HEEHFRIRARIE 11-18 iR,

1. etk =1,
2. BPERSRAVE kACRIT RHEERTT. SRR, BRIERIRE k AEDEIRHER .
3. kXN 1, ARRIREPPER 2. BEUENR, BRIFTAEHER ERIRAS R,

NS nums

LU, HE HEFEE 8 i
WA k = 1 ." .”

oHFELfG 1 HFE 2 = 37 1t G

10546151
35663510
42865989
34862445
81883077
88906420
72429244
30524779
82060337

35663510

88906420

10546151

63832996

81883077
82060337
42865989

35663517

88906427

82060337

81883077
30524779
42865989

10546151

30524779

34862445

35663510

42865989
63832996

72429244
81883077

82060337

63832996 63832995

30524779

88906420

11-18  REHrEE R

TEF RIS EB, BN d EAHREE o, BEREE kAL x, , ATRMEADIRERE AT

x
Ty = |‘dk—1J mod d

Hrb o] FoRENEI o 1 R, T mod d For d BUSE (IR, BHREeekl, d = 10 B k € [1, 8]

o

A, BHMFHFEIMELREN S B RS, 2 o] DURIRECRISE k AOETHET
// == File: radix_sort.kt =

/* ¥EBUTER num 958 k i, HA exp = 107 (k-1) */

fun digit(num: Int, exp: Int): Int {
[/ BN exp MdE k AILLBRELEEHNITRENRAGHE
return (num / exp) % 10

b

/* stEHEE (BB nums 8 k UHE) =/

fun countingSortDigit(nums: IntArray, exp: Int) {
[/l TEAHNUEES 0~9 , AEHFEERES 10 AIREY)
val counter = IntArray(10)
val n = nums.size

/] 5t 0~9 REFHIHBTARE
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for (i in 0..<n) {
val d = digit(nums[i], exp) // ¥EBY nums[i] % k fi, 5% d
counter[d]++ /]l #ETEF d BHIRRER
}
/] KEIEEM, 4§ “HIRES Sins YIRS
for (1 in 1..9) {
counter[i] += counter[i - 1]
}
[/ BIFET, RIBBNAER, BBTREAN res
val res = IntArray(n)
for (L in n - 1 downTo 0) {

val d = digit(nums[i], exp)

val j = counter[d] - 1 // JEBY d 7EREE5|HZES| j
res[j] = nums[i] // EERITTRENERS| j
counter[d]-- /] & d NEER 1

}

/] ERERBEZEERS nums

for (i in 0..<n)
nums[i] = res[i]

}
[* BEHFE */

fun radixSort(nums: IntArray) {

/] EEEYINRATE, BARFIERAME

var m = Int.MIN_VALUE

for (num in nums) if (num > m) m = num

var exp = 1

/] BREBRMEARISAMNEFRESTS

while (exp <= m) {
[/ HEFITTENE Kk (UHITEGEE
// k=1 ->exp =1
// k=2 ->exp = 10
// BNl exp = 107(k-1)
countingSortDigit(nums, exp)
exp *= 10

St RARNL B 4G HER?

e PR, By @ EEN WA, BAIRER, MRS A R a <D,
M —WmHPAR a > b, BRESE WIS —WAVAR, BRET IS A EIEF SR
iz, R ERZ S HE AR AL B HE R

11.10.2 EE IS

MG BUHER, SLBCHE R AR B E SR RIS DL, AT RORL S n] DAFOR A e GBI R 2, HLAE
BARRER K, BN, IZEEONE S (BT, RAEAME LB, ATREEEREAEE O(nk) > O(n?)

o

WERIBERRIE 2 O (nk). TEEDENHDY: SRR . SRS B, BRI &, RIS
SUTAHHERF AR O(n + d) W61, HERRTAT ke BT O((n + d)k) RS, SRR, d 71 K #6H
B, FERIBGEREE O(n) .
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- SEERIES O(n + d). EEHHDT . SEHEEEFEHER, SEEHEF B RES n f d Y] res
K1 counter .

- ey ErtEgEEREry, REER AT, EitEHEE A RRER, B EA RS ERR
HEFP &5 5

11.11 /&

1. ERSOIEE

R A A TR A B, BB HTY R R ACER AR, R DU R
OS5 FE IS R MR I L5 O(n)

R A R 7T 2 A S R R G, TS, BESRIE ARG
BRI 2 O (n2) | {EHTRBLTEIRIERTE D, e NG RHR O HE R (D PR R 20,

e AT R B R E R, (ENREI R, A TR R Y, R
MBI O(n2) o 51RO Bk b B BT AR IO RES (LTS, 1588 e a1
R, AR NEIETREE, AR R LS O(logn) .

BB EEBI R A AR EL, ST T AR, TEA GRS S e
5II, SRR 2 O(n) 5 SRTTHER kS R HI 2R T DU L O(1)

RS SIS SRR, RIS AE R, TR T A, A AR A R R A
BN, R B AE T R AT P19 53

CEFRCHER AR R, BB R B RS B, SHBCHE BT R K ()
VORI IR, o LS SR GOk A S TS,

W BBE R AR B, BRI R BB,

- HRIAGR, TRIMA RS R, BUA SRR, R, LA R s, AT, 4
R AR RIS RS, 10 R R AR S RIS R T A L, TEEERIE I, TR
T R R M AR A O

- 1119 B T R AR, R, RRHOMER E RS,

B SRS R
st ms  me  ge | BEE  wem  samm sRue
mEHE  OH  Oe o) o | HEE  EE  EER ke
FUOAT . wAws  om oM o)  on | W&  me  EEE B
AR Om  Om)  om) o) | WE  FM  SEE  HE
BSEHF  Onign) Onign)  O(M)  Ologn) | FEE B  #E@m  HE
é}(ﬁf;'f) | &4 Omign) Omlogn) Ofniogn) O | ME 5 FEEE WK
#@HE  Oniogn) Ofniogn) O(miogn)  O(1) ‘ #EE R FEEER BB
WHF  On+k  On+k)  Om) On+l | ME  FFE FOEE
BEAR . WEsps On+m) On+m) On+m) Omem) | ME  HEE  FEEE  FER
EyHEF O(n k) O(n k) Oo(n k) O(n +b) BE 3500 EEEE  JEHE
n AERERN
= th & WHEFEF, kK AEHE

HHAFED, m AERGE
BEHHESD, k BEAR, &EEa b &R
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11-19 HeplEEEE L

2. Q&A

Q: HFHEERE M RN M EaTH?

EREH, BMETREER YA @B THE ., Flan, 242 gsmEEE, RMmEEH—
e fotairiE2ErrHer, 1950 (A, 188) (B, 185) (C, 170) (D, 170) ; H¥H & EETHF.
HRHE R EE A REE, FIrTaefS%] (b, 170) (C, 170) (A, 180) (B, 185),

AIDAZEER, BE DRI C R EIA 7, WRIARERE 7, mERERMARERRIN,
Q: My “EAEAE#” B “EAEAEHT IR AT DASSHE?

AT, BERMCARATRAATEER, G A EAER” B REEAENR, Bl ERER,
BAAEE I — RIR A

M5 52#07> partition() WIRE—H R nums [Left] Fl nums [1] . 5EMAc 1%, FLERU/E B TT AT <= A&
MRS, e R 1R — A A nums [Left] >= nums[i] 2R, MM “WATLEH, BEEWR
A AREGERATER, MEE 1 = j RpkiinE, stRialE nuns[j]1 = nums[i] > nums[left],
WAtEH, MR RIE— P R G —E LA BOE R T R AR E MY i Ao, B L] 7 R

BEF ¥, sEks e, o, 0, 0, 11, WRE “WEAAER", HHM2EZ% [1, 6, 0, 0, 0],
TEfEAE AR A IEERT,

BRANEBE T, RIEMESE nuns [right] AR, JREEIELF OB, »H%e “EATHER,

Q: BN PUEHET AREIRE R, At BRI A FHEA BE LR SR E R N8 log n ?

MR TR PR A 2 AT AR [ A3 77 VR A B, 4 I S 1 A7 [ ek 71 1 20 T {1 - FeRL 1), PRI B VR A
Het2, A FRER 7Y R ER KRS REN—F, BE&EERT, —BA—FRE, BERZIIE
TERERZ logn .

[l AR PO HE Y, RIMA FTRE AR E R R KM, REBR Fan, n—1, ... 2. 1, &
ERER n o IRIETRE R A] DUgE SIS I Il

Q: EMHIHFTE TLRAHERE, POdHEF R 2 O(n?) W52 B4 g Bl IR 15 ?

. BIRIEREEI, w] DA RE BN ST RS E] o 2 =B /N SEIRL RN (A IR
M NAFURIS MR e FERZITIE S, EATTREMHFRIRES], (2 Id] o BT 2 e,

Q: FEHEF IR IR 2 (HEER O(n?) ?

BEWMT, FrETEM SRR, GRRPHRE 8 O(n?) WEikAcH FEtet s, RN
s O(n?)
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F£128F #74

Abstract
HEMOR B, BRI e S B A R,
DMEZER T —AERENEE: HBEME, —UEIEEH,
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12.1 SasEE*
334 (divide and conquer), £z, BRI EE B RIEETERE, 268 FERIEEEH,
BEE “57 MO9RT miES R,

L g3 (B REEY) « BRI I AR o) it 2 IR B 2l 1 R, B EE R/ 7 R AR 1L,
2. 16 (GOREED - REAIR R/ T IR, PORETEME MR MET S 08, TEmm t s

HfiE.
qniE 12-1 fow, “GHHEET ZoERIH I EHN 2 —,

L g3 JEEMR RS (D S 2mifE ) (7R, E2FRIRE—ETR (G FHE,
2. 16 WREEMEAFR S (FRENR ETE0F, RmEErE RS (REER.

roar (BIEE
E)

BFHIE

- (B
B)

12-1 AP I TSRS

12.1.1 NfATRIERS JERIE

— (TR Al & I SHERRIR, JEH AT A2 DL B R
L. PRI CA R s FRE AT DA OSSR+ FTRE, DA RES DA R 77 sOEE st 1 T 81 7

2. FRIERENIN: FREZMIRAESR, DM, o] DIESZRR,
3. FRIERRT GO R BRI RER & O 7 FRER RS,

UK, A0 IR DU = MEH R iR,

1. PRI DA SRR s (SRR 850 2 1 ps] (R
2. FRIERBNIN: B8 REE T DI HE THE Y (PR ] DUBSLETT KA
3. FRIEMMTAE0E: WEGR Y (FRERE "] EH 2 — RS (RFERR
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12.1.2 BB BIREAME
SYIEAME] DA RO R D R, TR DRI R, TEH A, kY. S0,
HEREHE MRS, B, AHFED, MERATMER T 6%,

AR, FITALEEER: R n] DAPRTHESIARCR, HR s (g fasis, MRMEDMAZ
8 TR, BER T, # T RIS OF % IR ERERIE, ISR FIRCR 2B L R DR T RE AT R 3
o2 IS M T RE A] AR BRI A T 5 5 75 T A Ao

1. BFHERENL

DL kbR A, EpE A RS n SRS O(n?) B, BRBMRIEE 12-2 FrRirR, 1
FBUGE B 20 2 A TS, FIBIA T O(n) WERE, HEF A TRSITRE O((n/2)2) Wi, &OHmME
TRFIFE O(n) B, HOBSESRI BRI %

2

O(n + (g)2 X24n)= O(% + 2n)

FEEEEEEE FEEEEEEE
b

o(n)

EHE BEHF BEHE
o(n?) 0((n/2)2) 0((n/2)?)

DEEEEEEE

4888 o(n2) 4888 0(n2/2+2n)

[ 12-2 &7 AR R AR
R, BAEHEATAER, HAEEMNAGE 7 28 7w # o &R R

2
n
n®>—+2n

2
2
s M
oo
n 5 n >
nin—4) >0

EEWER n > AR, BIRMOREBERED, HipReRlZeEn. ST, 0 RNRREMETRR T
JilE O(n?), FURMEME P EUESN T,
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DA, RN 7 RSB e bRl 7 2 i - Bies, B 28 B L — e T R R 1 1 e ?
R ER EAUE “BOHEET, REERES O(nlogn) .

A, WURBAM S e a3, RS E 0 2% K E T REEIe? ISR AT AR,
AR BESH T IERER, M LFREERE DUESI On+ k) .

2. FITHERERL
PRI, 204y TR AR AR hy, RO o DO TR, thRLA, SN AT ARSI
FIRTIRTREIE, AR SRR T AR AL

WATRAENAE S Z R ERH BRI AR, BRG] DRI R 208 1, Emsen A Hat A
IR, REE T DR A TIRE

FRANTERE 12-3 Fomfy) “MHER” d, B ERERPEE S ECE S EA T, RIRTHE AT A AR B HE RS 70
FIREEHRETT, EREREEIHER

{/Eé \\% |

12-3 PRI TR R

12.1.3 8ERER

—J3MH, Z3E ] DAR AR 2 AC M SRR TR

- SIREOEEE: SRR E SO BRI EE r, SRR BIERH MR 0 AR O R, AR R
R B RO R

- ORBEERIL: U0 Karatsuba 5%, ERRBEEERIE D R 72 2088 N R BIHISRIEATINE,

- JERESRTL: BN Strassen BT, EORFAERHIRIE T i R 2 8/ NE R SRIE R AN TR

- ISR R NRERE AT DOBEIEIE MR, 1SR S IR RIS

- ORMEREE: EEFAI, RATH BT NI S, ISR R E S, KR
Wi pr B T DM R R AR, REBh & OFHE R T SRR
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T3, SHATEEEIAME RSN P SRR Bz,

- DS SRR ARSI EER S R ARy, SAERAR HARE B TR E A R,
DRAEHERRIR—F=[5 [, A SR BRI R A TAH R = 0 1

- AbiEE: AEBRECE, SR,

- POdHEE . PREHE R R AR, SRR ) R M E S, —{E RS TR EE R DN,
b — P RESIRTCR LA R, FHERNEM R EIT RIS 2180, HETHEYIHE T —ETR,

- WHE MR U EA AR R B R BB 2 EA, RRBEERMNETTRETHY, REFSER
TERMIXE, M2 —E A R,

- OB Bl ToTEEt. AVL R ALRE. BRI, B+ 85, EMAVER. fEARIMERSE SRR T DAL A
THERMEHIE

- MERE: HERERR RERPRAVSER TR, HARERRCE, A MIBRFIMERE L, ERFR EARRRE T ARIE
i

- MRS MENMERR S ERIENI G, (BREARRE R R ERIER T ek, fln, s
b rR RS ER A1 S BB S KLR K, DRI ERRCR,

AIDVEN, it AR AR, S SRR R .,

12.2 9ARIESER

BMCAERE, B EHETR R MR,

RIS CEBBETEREHER, RRES O(n) .
FHRRES S SRR VORISR BB, I T2 R O(log n) #% O(1)

TR L, KRB S O(logn) MHESBEIRIE T IR IR GRS EBIN, flan — 70 208,

- oSN E PR RE ERYTH R BETTR) DN —E/NEE FERAIN— SR BT
F), B —EREEINY 22 s S BT R 21k,

C BRMIERENARR, £ TESH, AVL Bl HERESEREMET, SERENREEREZES
O(logn) »

oS E ARSI,

- FRER PR o SR R R (TERRS A T AR s T (TERFIA —F i T &
i), EREE L I T RN H TR AR E R,

- PRBERENE): EooEsd, VR T HEE, EASZ M T HERE A,

- TRFENEHSOR: —oa 5EER A TTR, HARES FRENRET S0 & FRE
TSFRIRTRIRE, i Pl & (R IRF S Z TR

IMARESITETHE R RCR, AH ERK AR S LR —EEIE, moraiEa s v DUHERR %
ﬁ@

1. ERaAaBlR—_niEs

fEZAiEF, —o@sFERERE 050 HEK, BERMERDE (BE) KEBE.,
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Question

M —ERER n AR nuns , HARFTATRAERE K, EEITR target

fessinarE, TMEHEBER [1, /] BEGTRIEEES £, ) .
DU £(0,n — 1) ZfEta%s, EB0 RSB —5Hea,

1. sHEEER [, 5] PR m, RBEHRR— SRR,
2. MR SR RIS N — I TR, AIRER f(i,m — 1) 8 f(m +1,j).
3. S 1. B 2. B, HEE target Bl 2RI [E],

12-4 JoR T ARSI rp 0 80K 6 I TRIR,

(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

BAERETE 6 MHR3A 2

12-4 o ¥sK061ERE

EEBEEREY, BRMES—EEEFN dfs (O HCRIERE (6, ) :
// == File: binary_search_recur.kt =

/* ZHiES: BE f(d, j) =/
fun dfs(
nums: IntArray,
target: Int,
i: Int,
j: Int
): Int {
/| BEEAT, {KEBEZExTER, lRE -1
if (1> 3) {
return -1
¥
/] ETEAHEEZRS] m
valm=(i+3) /2
return if (nums[m] < target) {
// EEFREE F(n+l, )
dfs(nums, target, m + 1, j)
} else if (nums[m] > target) {
// EEFEE (i, m-1)
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dfs(nums, target, i, m - 1)

} else {
/] REIBEZETR, REIHZES]
m

}

hy

[* ZHHEE «/

fun binarySearch(nums: IntArray, target: Int): Int {
val n = nums.size
// KfERIRE (0, n-1)
return dfs(nums, target, 0, n - 1)

hy

12.3 #BE_ERE

Question
457 — R ORI ERT preorder FIHFEERN inorder , sEIEAHRERE oY, IRME —IoRIRIRRES
2, R IoBHIREEEEES QNE 12-5 iR,

HiFERS

/ \ EE i preorder
4‘. i ED

inorder

12-5 TR R RBIE R

1. HERRERSEME

JREEE R AN preorder F1 inorder M —JCKE, 2 —EBAN M IARMTE,

- BIEN B IR I, BT AT DA SRR o 2y 1 P R A TR, ARG T,
I E—S 5 OIGHARERE, TR SR (FRIED, IMHIART DM DA LB 771k, RHE
DRENN TR (FRE), BERERENFHE (ZFE) Rk,

- PRIERBNR): oSG RIS RN, B MRAE, TRk, JIMATREE
PR AE A P E 1 Fh B A R IR e 5 R R B

- THEERIATLAEHE: — BRI T ARG TR (FRIERIM, TR DU eSS RIRER -,
2 R R
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2. NfAEISFHE

WRIBLA B34, ISXE-E AT DAEA IR AOKR R, (HAWZR AT E 5 preorder FIFpEER inorder I 51 /e
TR T E?

B EZ, preorder F1 inorder & AT LAE S 2 =1HEE 57

- BIFER: [ RERRE | AT | AFE ], BB 250l 3 1 91217 1.
- hEsER: [ EFE | RESRE | AFE ], BIANE 125 L 9 | 31127 1.

DA B R 25, Fff T DOZIEIE 12-6 Frsiyb SRS 2 H) 7> 4558,

1. HiFFEFNE TR 3 BREHEE,

2. EFHMRETRS 3 £ inorder HIURS], FIHZRSIAHF inorder #llAa [ 9 | 3 | 227 1,

3. ¥ inorder NEIT4HE, SIS TG FEIIEEBES A 1R 3, Emal# preorder &5
HI31912171,

BT RARER

HifFESS  preorder

@ B HIREEER S|
@ @ FEER  inorder n n P

@ @ 1 {EERS %

HiFFES  preorder nnn

12-6 TERTFERFIH R ERHE 756

3. BERERERFHER
RIZCA_E#777%, BMCESIURERS, 278, 43 7BHE preorder Ml inorder IR GIER, % T
ARG EE, TR EHEB AT

- R E RIS IRETETE preorder YR IFEA € o
- ERTBIAREIEE inorder YRS S m .
- FERTEIHE inorder FIRGIIEBE 2 [, 7]

A 12-1 o, % DL BB BRI RORIRET RS TE preorder YR S[, DA FHRIE inorder HAYR S| 5
8

R 12-1 ARERFI - RHERT P E A P E R P IR S|
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MIEBE1E preorder YRS FHE inorder Y2RS5 RS
H A i [l,7]
T i+1 [[,m —1]
AT i+ 14+ (m—1) [m+1,7]

SR, ATERETESRSITE (m — ) SR A TRINERER", S aE 12-7 FiE

(:) B
20000
preorder
A A A

@ @ i i+1 i+1+(m-1)
D

inorder naa

o O v s

12-7 HRENESNIZE A TR R S |18 RN

4. EXBER

Z TIRAERR m IR, BAMFER—EFEER hmap K G#EZMS] inorder HITREIR S| HYEL:
// == File: build_tree.kt =

/* WBEZTE: 98 +/
fun dfs(
preorder: IntArray,
inorderMap: Map<Int?, Int?>,
i: Int,
1: Int,
r: Int
): TreeNode? {
// FiEEEATEHELE
if (r - 1 < 0) return null
/] VIETCIRERR,
val root = TreeNode(preorder[i])
// &E# m, MmN EETHE
val m = inorderMap[preorder[i]]!!
/] FREE: SR
root.left = dfs(preorder, inorderMap, i + 1, 1, m - 1)
// FRIE: BEATFE
root.right = dfs(preorder, inorderMap, i + 1 +m - 1, m + 1, r)
// R[EIREES
return root

}

/* WEEZTE +/
fun buildTree(preorder: IntArray, inorder: IntArray): TreeNode? {
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/] WAEEER, #7F inorder JTEZZES|AVER
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

f# 12-8 Jor 7R TRIRRIEER, SEERRER T B” FRREEA, marE (5IH) =ZAER
BT R AL,

wreorcer (N ENEIENED
worser (O OEE o

preoraer (3 (@2 (1 (7
inorcer ({3 (127 @

.

Step 1 J ‘ Step 2

wreorcer (E)E)EDEDED
norcer ([E)E)ENENED

/ 39 n preorder

[ ]
| step 3 [ Step &
inorder @
=0 [
Step 5 Step 6

/ / 39 n preorder

/ @ 9 3 a inorder
39 2 1 u preorder
@ 5103 (12 B iroreer @ @

Step 7 J [ Step 8
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wreorcer (E)ENEDEDED
inorcer ([E)EEDEDED

Came J 7 | 27 |

Step 9

12-8 feft st AR AR

BRI K N R AT R E T preorder M FERT inorder AYEHI 7 RANE 12-9 AR,

.
—

preorder | 3 92 1 7
inordern3 12 7

preorder || 3 9 | 2 n7
inorder | @ | 3 n2 7

39 2 lnpreorder
9 31 2 u inorder

I =0 B

12-9 {0 2 R X O ) 5 2R

SRR 2 1, DML (BT —EEE R dfs Q) 5 O(1) Wi, [HAIN B
Bl On) .

HMEBERRF inorder TTREFIRSINEB, SHEHRER O(n) » EREBIT, B ICIRK 2545
I, REREEER n, A O(n) MHEMEER, KISz O(n) .

12.4 FANIERE

FEE OFHE R AR T, AP R o PR 08 7 P B AR 25 S R — - - AT, RIS TAT S )
, FAIER AR 70 R RS
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Question

ME=MMT, i A BHIC, EIHRET, 7 A LEZE n FEEE, BEMRELEETHZRIENEIK
RINEFEHES . MR R ZIE n MEBBEET ¢ b, WAREMVEAEFR A2 (nlE 12-10
FR) . fERENERAERES, TEEF IR

1. (A8 HRETE — AL T THER S, 185 —HRAE T THRR
2. BIRAA

b
=
HRERS B —fEl Bl
3. /NEER AR ZIN KB Z .

ALl

Y wEEEELE A BBHE C
A B C

12-10 {RINIERTERBI

TRV BUELR @ R OIERTERCAE f (i) o Blan f(3) FRFK 3 [EERRE A IR C RV,

1. ZEELHHER

aniE 12-11 Fzs, BARE f(1), BVE A —(EESER, M e ERE A 8= ¢ A,

8 N B

A B [ A B c

MR f(1) RBR £(1) TR
BEiESERYE A BBHE C AR

Step 1 Step 2

12-11 R A 1 RS RE A
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aniE 12-12 fow, $HREE f(2), BIEAWERESR, RN MR ERRE b, R
B AR5ERFZ

1. Jeif EEE/NEERE ABEB,
2. HiEKEBEABEC,
3. BREKNERIEBREC,

=l 1l Lil

R £(2) PR
FiE £(2) 1. WERE A BHE B
Step 1 ‘ Step 2
A B c A B C
R £(2) WER: BR £(2) MR
1. #ERE A BHE B 1. #ERE A BHE B
2. RAEZYE A BBHE C 2. BAEEYE A BBHE C
—— 3. RNERESE B BBHZE C
Step 3 Step &

[ 12-12 Az 2 iR RE R i
R f(2) B AT AR 2y R EERAED) B R A S C . Hrh, CBABEEM. B MARE,

2. FRESHE

BRRE f(3), BVEE=(HERR, SRR T —L,

RZCHA (1) F0 f(2) Bf, FrARMTATiEmiam RS, A% A TERRIK s BV A 1 —fafi, BiTiE 12-13
PR ER, SR =B IEF e A= C T

1. 2B & HEEAE. C A&EE, HmEEREABEB,
2. 1% A HRIERH—EEIEETE A EREBEIE C
3. X CAHARHE, AR, MMEEBREBHEC,

all Lal

R £(3) WER:
iR £(3) 1. RW{EEZEYE A BBHE B

Step 1 Step 2
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lal Lla

A B C A B C
fRR £(3) MPEW: R £(3) WM
1. BTWEESHE A BBHE B 1. TEEER A BBHE B
2. BRIG—EERYE A BBHE C 2. BRK—ERSRE A BBHE C
3. MR B BBHE C
Step 3 Step 4

12-13  KifsEZy 3 AR R R
WAE LF, BATSERE f(3) 8155 Zmifd 7R f(2) M— 7R f(1) . e RNE =8B 1%,
JRFERE 2 2RI, IS T SR ALY, T ELA#A] LS OF,

b, FePTAT A B 12-14 ORI NS RN 5050 : JSEIRE £ (n) 815 2 TR f(n—1)
(A TR £(1), AL PR RS = (8 7R,

1. #n—1{EEE#ECIEAREB,
2. #FER 1 (EEBME A B ZEC,
3. #%n— 1 AEEFEB AREBEEC,

SHARTE T f(n — 1), USRI g HREES, EEEsR TR f(1) . 1 f(1) 1
RBERIN, R — DB (T,

FRIE f(n-1): #§ n-1 EEEK A BHEB

A |

) 4
FRE £(1): $HE 1 EESNE A BHE C

.é—.*.—

FRIFE f(n-1): ¥ n-1 [EEENE B BHE C

TTA

[RR3E f(n): ¥ n EESE A BHE C

12-14 R NS TR E R 70 16 SRS

3. EXRER

ERERER, BMES —EEEER dfs(i, src, buf, tar), BERTERZF: src THERY ¢ (EEEFE)
REAE buf BEIE BT tar :
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// = File: hanota.kt =

/*x BEI—EEE +/
fun move(src: MutablelList<Int>, tar: MutablelList<Int>) {
/] %% src EFEZLH—EELE
val pan = src.removeAt(src.size - 1)
// EESBBRN tar TEIP
tar.add(pan)
I

[* REBFIPERE (1) =/
fun dfs(i: Int, src: MutablelList<Int>, buf: MutableList<Int>, tar: MutablelList<Int>) {
/| & src RET—(EELE, WEEEERZS tar

if (1 = 1) {
move(src, tar)
return

+

/] FRE f(i-1) : #& src TEEP i-1 {EE#EFEEY tar #BE buf
dfs(i - 1, src, tar, buf)
// FRE (1) : #& src REF—EEEHEE tar
move(src, tar)
// FEE f(i-1) : #& buf TEEP i-1 {EEREFEBR) src #BE tar
dfs(i - 1, buf, src, tar)

}

/% REEAIPIERRE */
fun solveHanota(A: MutableList<Int>, B: MutablelList<Int>, C: MutablelList<Int>) {

val n = A.size
// #& A TEZF n {EEEEFER) B #% C
dfs(n, A, B, C)

4niE 12-15 AR, NSERER K — IR 2 n BORERE, S8 ER AR 0 7R, BIE—ER AT dfs O
B, BREERES O(27), SHEMEL On) .

M @ @ O O G G o

12-15 (A NSE I RE AR e At
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Quote

PN RETR B — S E e, EhEEN—ESEEE, BEME=RERNEaET, DAk 64
TEHR N —HEE R, BEMNEEEER, MMEEERE — [ ERYOEMRENI—Z], B
TH SRt & AR,

SRIM, BN PSSR —k, SHTEARL 204 ~ 1.84 x 1010 #, &% 5850 {4, isid
8 7R T E AR, TR, MEEEERZEEN, RMEZAFEROETRHNEIR,

12.5 /i

1. ERSOIEE

- oriaR R RREETARGET RS, EAE o @) fe (B0F) Mg, 8 RRIREEE,

- BRSO IGTEEIAFE IR MRS R, TRER SR, TRIERES S,

- AR R TR RIS SR ER], R bR P A 03 2% R AR E RS, EE R AT R R
wEa v, 1EmsERidHET.

© BIAARIGERE R DARTHERIERCR, — 750, 2ERIEED TIRIERE,; H—Jim, SHaREAIR
RHIAMATIREE,

- oMIAREA] DURIRET 2 IR, Rz B e R B RA RS, R n] R B,

- MEBR RS, BEEMSECRER, FEEMEZ O(logn) MRS ZERHERIRE
B,

- S ESEIRRIEH S IR, ENE SR T REERRET S A RIP B, I AT DO E IR
THAEB i,

- ERME TR RTE S, MR (SRR AT DAB ) i e TR T (D, g Rl DAEE ]
SR AR R AE AR 5 | [ AR B B

- AEFINIERES, —E R n AR R DAE > 2 MR 2 n — 1 B9 R — BRIy 1 A9
o TZNER RS = 7R, JREERE SRR,
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BE13E [

Abstract
BN ER = R RIR RS, FERTERIER ol sE e 2| K&,
[EIWARY D &R M RE S E TR LR, TETER, RAIRENEAEHNE M,
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13.1 [EIEEZE

EESEE (backtracking algorithm) & —fHiEE 53 AR IR ER 7%, B0 B ZIE—EIiaIkGE
3, RAOMISFERTREIMIRTT R, EEFEMARIEERER, ERHEIMEEER T rTReny e
IR AR A 1k

mIEEREFE RN REER RS AGETRSH. £ "ok BEEh, BT, R RFE
BN, AR, BRI E G — (8RR, 25 R s R A LR,

ol —
fE AR oTh, S RCERATAER 7 RIETR, SEIREIEIR S,

BRIGE, WA ETSRE, WHEERERMIER SR 7, A2, ANZEREEMALSRES] res
2, FHEDERE BN 13-1 F1 2L RS R

// == File: preorder_traversal_i_compact.kt =

/* BIFEES: BIE— +/
fun preOrder(root: TreeNode?) {
if (root = null) {
return
¥
if (root._val = 7) A{
/] ECERAR
res!!.add(root)
¥
preOrder(root.left)
preOrder(root.right)

BIFFEsA—7ui,
WECHRMER 7 BURARS

AiFFES
£ @ RERs

[ 13-1 FERTFEAE A IR TR

13.1.1 ExFE[O);ER

Z i DARE 2 25 IR R, RN 2 X RA R SRS IR G ER L “ERL B R BSRIS, ETERIATE
B B R SR R TR ST TE B TR BTN R R AR RO, B RGP RRE, RAIF AT
ARRE, & R H A AT RERIEEE,
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BRBIE—, FEEEERHAAR X BT, MR EEE R EOR AR EIRE return RIFOR “[MHR”

ERHRIRE, PR EERREGRN, ZipRs R, BIMTBEGIRE—MIEnRE.

Pl —
FE TR RATEE R 7 AOHIRS, IR IR S L R B

TEBIE— TR Y BESR b, FAMFREER) — 5% path sCdkan B AV EIREERIE, Eanfi2HEA 7 RYEIRLEE,

I % path AHTHDES R ARSI res . EFITEMIR, res HREFRIHUZATE B, RXHEIN FR:

// == File: preorder_traversal_ii_compact.kt =

/* HiFFES: HIEZ */
fun preOrder(Poot TreeNode?) {
if (root = null) A{
return
¥
// ER
path!! .add(root)
if (root._val = 7) {
/] ECERAR
res!!.add(path!!.toMutableList())
¥
preOrder(root.left)
preOrder(root.right)
// [Eh&
path!!.removeAt(path!!.size - 1)

fEFR “El” o, FRDEEAEATHIRGHTEE path RECERISAE; WfE “ENR” A, FRITEZEAFZE
path EPE'E:EH, DAPRIEA O wl Z BT AR

BUgzlE 13-2 FonfiEts, BT PO E sUMERBEE 2y “HidE” B “HE”, MIER(EE 20,

f @ P N
4 1) R 1 )
Q BHl: BEEDS, ERRE Q\ B BOES, BMRE
i ER: IR, REE , EhE: R, &R
0 ( path = [1] V‘/e path = [1, 7]
/ \ / \ \ / \ BIIEE 7 , ASBREHIEEAR
o

res = [] 7 ;’/ \‘ res = [[1, 7]]

Step 1 Step 2

Y i

‘0 ‘0
/‘J\ BE: BOED, ERRE /¥\ B BOED, EARE
ElE: RERE, WRE ELE: IR, ERE

/° path = [1, 7, 4] \/ ) path = [1, 7]
/N /0 I\ N\
' D res = [[1, 7]] “/ ) res = [[1, 7]1]
\ " 4 : ; ) @

Step 3 Step 4

TRLTE
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=0

13.1.2 B9

AR RHEF) [ 1 o R O 35— (B B AR AR R A, AR PFIm TR “BIEL7

BHl: BEEDS, ERRE
EB: tREiAE, RRE
path = [1, 7, 5]

res = [[1, 7]]

BE: BOES, BRI
ElE: RS, REE
path = [1, 3]

res = [[1, 7]]

BEl: BOEDS, BERRE
ELB: kg, &sUEE
path = [1, 3]

res = [[1, 7]]

[Step 10‘

W BOED, ENRGE
ElR: RERAE, RUEE
path = []

res = [[1, 7], [1, 3, 7]]

13-2 EilHENE

EE: EOES, EMRE
EB: RERE, KRR
path = [1]

res = [[1, 7]]

EE: BEE, BHRGE
[EHE: PRERE, KRR
path = [1, 3, 6]

res = [[1, 7]]

B BEEY, EMRE
E1B: RERE, RUEE
path = [1, 3, 7]

BEEE 7, ARERETNESR
res = [[1, 7], [1, 3, 7]]

B =

TR R AT (E Ry 7 HIERS,

IR

AR (AR ARG EIE LR RS RS S, M BRI AR F A 3 1
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2 TR DA BRI, BT R A SRS, HBEMES 3 WEE, RIEEANEE,
Adr s, BEIUHBUN RTR:

// == File: preorder_traversal_iii_compact.kt =

/* HiFFES: HIE= +/
fun preOrder(root: TreeNode?) {
/l B
if (root = null || root._val = 3) {
return
¥
// EH
path!!.add(root)
if (root._val = 7) {
/] ECERAR
res!!.add(path!!.toMutablelList())
¥
preOrder(root.left)
preOrder(root.right)
// [Eh&
path!!.removeAt(path!!.size - 1)

“BIR” REARREIERI G, i 13-3 R, fEfsEiET, Wl 9T 7RSS SRR S
X, R SERERIER, EmiEm TSR,

BB BEES 3 AERSRRATRE

BB RES B R EAES TR
miEFHESME

13-3  HRARKIRARIF BT L

13.1.3 tEZIENE

TR, BMESREMN “E5. FNR, 3987 MTRIEZRIEMI, e asaiE .
FEALMEREKIE S, state FoRHERIERTIRAE, choices R RIRRE T AT DA TSR :

/> EIEREEZR */
fun backtrack(state: State?, choices: List<Choice?>, res: List<State?>?) {
/] YERR B AR
if (isSolution(state)) {
/] ECERfE

recordSolution(state, res)
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/] T BiEELEs
return
+
/] EFHFREIEE
for (choice in choices) {
/] BN FIEREIER TS
if (isValid(state, choice)) {
/] Efl: MUHEE, FHkRE
makeChoice(state, choice)
backtrack(state, choices, res)
/] [EhR: HEHERE, MERIZAIRIAREE

undoChoice(state, choice)

R, IMEERHEZRE IS AR R G =, RRE state ZHEIBEDIETE, #E choices 2y HE ARG A
TG TR, AR res EEKEHS:

// == File: preorder_traversal_iii_template.kt =

/* FEREFIIREEE AR «/
fun isSolution(state: MutablelList<TreeNode?>): Boolean {

return state.isNotEmpty() && state[state.size - 1]2._val = 7
}

/* GCERRE X/
fun recordSolution(state: MutablelList<TreeNode?>?, res: MutablelList<MutablelList<TreeNode?>?>)
o 1
res.add(state!! .toMutablelList())
I

/* HIEREERIRRET, ZRERTEE +/
fun isValid(state: MutableList<TreeNode?>?, choice: TreeNode?): Boolean {
return choice != null && choice._val != 3

I
[* BEHTRRE */

fun makeChoice(state: MutablelList<TreeNode?>, choice: TreeNode?) {
state.add(choice)

h
[* TRIEHRRE */

fun undoChoice(state: MutablelList<TreeNode?>, choice: TreeNode?) {
state.removelLast()

}

/> EERE: fIE= %/
fun backtrack(
state: MutablelList<TreeNode?>,
choices: MutablelList<TreeNode?>,
res: Mutablelist<MutablelList<TreeNode?>?>
) {
/] BEREAMR
if (isSolution(state)) {
/] ECERAR
recordSolution(state, res)
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/] EHFREIEE
for (choice in choices) {
/] B WEEERT ST
if (isValid(state, choice)) {
/] Efl: MUHEE, FHRRE
makeChoice(state, choice)
/] EIT T —EREE
backtrack(state, mutablelListOf(choice!!.left, choice.right), res)
/] [EIR: HEEERE, MERIZAIRIEE

undoChoice(state, choice)

RIGEE, BFHERENERS 7 MRS IEZ AR, LT EOF st 1219 return sHAUIMNER. (@ 13-4
B T IR SMER return SEATRVIE SIBHE,

¥ return Mif% return
CERMRRIRE, THElEES ERMRETERD, BEES
13-4 {REFELMER return AE SRR E E
PR AT EF RS B, R EIEEIEEZR R IS E R ARG ER, (EHA S, EE L,

FF2 [ AT PAERZHERR PR, I FARBR AR A E K state fl choices , M EBIHER A
{[pRE IS

13.1.4 ERAW:E

7 7 BRI AT SRR, BMIARAS — N R R R R AR RS 3R, B ARG =46 R B,
% 13-1 Fimo

& 13-1 H RREHEEIANE
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E T plE=

fi# (solution)  MHRINEFMERIEMFIESR, AIREH el MRETEEIENRS 7 FR AT IR R A B
KRR A KRR R R BRI AT AT T IR R A, R RS R 3

(constraint) ABY

RRE (state)  REERRMIEER RZIRVEN, WACEMER EaTCHHERREE, B path GiF5EH5

i
B BRI R AR RMS e, SR BuESEmE (B) T, A5 path,
(attempt) HOEER, EnikeE, MERE AR MRS A 7
[EIBE] EREFBE AR E ARG IIARERE, WAy ERIEETRE, AHRETRR. BREA 3 W
(backtracking) R, [MF] L—EikGE HiBGRAS b S FURE
B BRI R R A R R R R RN BBRES 3 NEISRE, RIRHEsAE=
(pruning) RIS TIE, PR S SReR

Tip
IR, . RRESFMERIEHINY, fE016. B, BhRERE|, SEEBETHREY N,

13.1.5 {ERLEA(RMRIE

Ml EEAE LR RS AR, 8 ra TR T RE R e R, SRET
RN BEERSTERRES PR BIFTA RTREMIMRDR T 2, T LAE SN BIRLRAE N, RATREIIR,

SRIM,  AEPRFHR IR E M I RE R, [l SR B T 203 mT e DA 52

- WRER R SR R R B IR S IR A AT RE,  IRe AR T DURE S5 B E R SR
- 2 FEIREREI R R E A EATAGIRAE (BN, FRBIRCR BN ), ERERRR, a3
oK A RE SRR,

RIELRLE, Dl SRR R R S Lt B A R T TR RO R BN, R TE
MR LIS T AR A R, R R B AT Al RERTSERIEATAE R, fEIGRETETL T, BRSERu iRk
B, RRRCRE AT TR WL,

- BB RIS AN A AR S, R B R IR A 2
- EENE S ARSI LERIESE EHE, T ois R Al REEE A RUR IS

13.1.6 [ClAHBYIRE

(e e B 725 ] A TR 22 A R A SR T RE A A S B AL R
S SRR B AR R R R R R 7T 5o

- EHPIREE: S-S, REHATEATRERHPIM S
- TEMNERE: e EESN—EEEN, KEIRSTHITERZ BRI TE,
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- INSERE: A SRR RIIDONANE RIS, ERGR T BRI RAE BN E S —IRAE T,
AR —EELE, HAGRERREBR B MEE -,

HI R T SRR R E SRR R TR SRR R AR

- n2iE: £ x n ARG ERE BRI, #REMEAKRE,
- BOE: E9 x 9 WERTHIEART 1~9, fESET. BYINEE 3 x 3 TR HRIBT A EE,
- EFEORE: A EERE, HEORE GG B ETERE G, SIS HEBTERE AR,

A AL : SRR B AR AE — AR & 2 R e S R A AR

- 01 HUME: SE YR —EEE, SEYRSE -EREEMER, ERETUFRRGIN, &
EY SR EEE R,

- RATRIFE: fEEE, (EERGHIE, SR A AR OURIR AR, SRR,

- EROREIRTE: A —EE e, PERORRY S e, R T M TR < PR A 38 A

AL, BIRFF A G BB, R RERIRTT %,

- 0-1 RS BB E AR,  DOERE = AR RRCR.
- RATRZ —EE A4 NP-Hard B, #AMRA B B R IAMS RIS,
- ORI R G P B — RS SR, T S AR R R R SN IR R R

13.2 2HYIRE

S HRP R B A A — E VB, BRE RS T —~ERE G —EEs s 8) BERT, &K
HHATTRIIFTH RTRERIHES

R 13-2 FIBR T RERGIE R, G ARSI BT A HES

% 13-2 EHHIRE

i A\ Fe %) FrEHES

[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 EHEETENER

Question
A\ — ARGy, HP S EEE, REIFTERTRERHEY,

TR RIAR f R, FRAMTAT PR RS B A AR SR — R VLR ERIA R R ARSI % (1,2, 3],
GURTAMSCEE 1, MRS, BIREE 2, AUESHY[1,3,2] . EIRFREGH R, JBEmER
e,
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TEmRE SRR, BE%ES choices BEIAMIIHAIATAICR, KR state BHE HATCHIEEN
TLR. mlEE, BEFTR AT POERE X, Kt state WPHIFTA yCRAMEZ R M1,

qniE 13-5 AR, BAMTA] DUk @ R Bl s — PRI, B R ETR AR E ATIRAE state o FEARETE
Bith, AOE ISR RENEIEMES, IEIEERAREE A,

choices = na state =

E—imiRE

EmRIE

BowmEE

13-5 2HEF 1R E s

1. ERBENK
7 VBB ETRAPOESE K, WMHEI A — AR AR selected , HH selected[i] &R
choices[i] BECHORE, WHNEEI LT ITEHERIE,

- TEMHIEEE choice[i] 18, TkfMmkif selected[i] BlfEA True, RFE T CHHELE,
- FERHEIEHRY choices W, BLEATHE CHOREMNED, BIBTAL,

GniE 13-6 Fw, REcFRMa —imidEE 1, 5 imiEE 3, H=mEiE 2, AIREAES wmIRICR 103,
1E5 =#mBTHITER 1 TR 3 930

e

,L axnEH 1, 2, 3

E—E 1 8 (- I
B o
o —'l'

o R EERIENTR 1

EoWBE 3 iuﬁ%ﬁiﬁﬁi?&i, 3
-08 5 o}
A

HoREE 2

HCHSENTE 1, 3
FIFEETRES 2
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13-6  ZEHHBTETRA

B 13-6 35, ZWHHREIHESERAME O(n™) BNE O(n))

2. ERRER

BB DL BB R, BMin] DENERRE SIS i "B 7, % 7 inie (s, R emE

FIHEZEAE IS Y SR X, T2 e MBI backtrack () BRzH:
// == File: permutations_i.kt =

/> EIESRE: 4% I %/
fun backtrack(
state: MutablelList<Int>,
choices: IntArray,
selected: BooleanArray,
res: MutablelList<MutablelList<Int>?>
) A
/] EREREZFNTEHER, LR
if (state.size = choices.size) {
res.add(state.toMutableList())
return
I
/] EFHFREEE
for (i in choices.indices) {
val choice = choices[i]
/] Bt AAFEEREETR
if (!selected[i]) {
/] EFl: MHHEE, TR
selected[i] = true
state.add(choice)
/] EITTF—EREE
backtrack(state, choices, selected, res)
// [EhE: #EEEE, MIEEIZ 89K
selected[i] = false
state.removeAt(state.size - 1)

¥

/* 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 EEBEFTERER

Question

N\ EER RS, MR RER S HBDCR, IR ATE S EERHE,

P 5% (1,1, 2] . AT EESHEEETE 1, R —E 1aes 1.
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Gnie 13-7 FoR, _ERTTIRAERRBHS A — R EE R,

choices = state =

F—imRE

B wmRE

BowmRE

AR AERHS)

13-7 EHEHS

AR RERERAHESIE? e, #EE— R R S, EREHPIERETRE, RS
S, B2 ERE BRI S0 SRR, IERRERTRNEET R, IEREAT DOE — PR THEE TR NCR,

1. 1B&ETEY

BRI 13-8 , FESH ik, JEIE 1 SORIE 1 RSN, ERMEEREY TERNIAHTIRERN, Kit
WEZAE 1 B,

FIFE, 7E55—WBIE 2 2%, S BiEdm 1R 1 heEdEng s, FIhmEEE e 1 35k,
TEARE BB, TRIMIEEURERE B, RS2 MRS S ORIk,

H—mEE

BwmRE

13-8 EEHSIBIAL
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2. EERRER

£ b —RER RIS AR I, B AR —Ims R B — R & duplicated , MIRECEGZIRHE

KEGUBRITE, WiFEETTEITR:
// == File: permutations_ii.kt =

/* EERE: 5% IT %/
fun backtrack(
state: Mutablelist<Int>,
choices: IntArray,
selected: BooleanArray,
res: Mutablelist<Mutablelist<Int>?>
) {
/] EREREENRTERHUNER, CiRfF
if (state.size = choices.size) {
res.add(state.toMutableList())
return
}
/] EFHFREIEE
val duplicated = HashSet<Int>()
for (i in choices.indices) {
val choice = choices[i]
/] Bt FARAFEEREETRE B FAFEEEEESE TR
if (!selected[i] && !duplicated.contains(choice)) {
/] EFl: MHEE, TR
duplicated.add(choice) // EEEEBMTEE
selected[i] = true
state.add(choice)
/] EIT T —EmEE
backtrack(state, choices, selected, res)
// [ELR: #EEEE, MIEEIZ 189K
selected[i] = false
state.removeAt(state.size - 1)

i

/*x £H5 IT %/

fun permutationsII(nums: IntArray): MutablelList<Mutablelist<Int>?> {
val res = mutablelListOf<MutableList<Int>?>()
backtrack(mutableList0Of(), nums, BooleanArray(nums.size), res)
return res

RETCRMMZ AR, Jn ECRAE n! HHES (BE3R); fERCERAT RN, TEERRES n KBRS,

H O(n) FefEl, FELRREBHEEZ O(nin) .

BRRIBERE 2 n , #H O(n) #BiE2M0E, selected M O(n) 2, F—FRZIRZ LA n 8 duplicated

| 5 O(n2) 25/, HIZMBARE S O(n?) .

3. MTEERELL

FETERE, BfESR selected Al duplicated #FFHABIR:, (HME A HZEARF,
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- EEDRIENE: A SafETt A —F selected . BRI EATIREER SR TE, HEHE
B EARTTELE state HEE T,

- M ENE: SimEE (BEMNIUAY backtrack AX) #EE—E duplicated . ERCERAEIEAR
iR (for MERE) L TR HOEER, HIEHBRBHE TEAEERE X,

il 13-9 Jeor 1 MBI AR RO A TR, T, MR EE RGOSR — (A8, TERETR RGBS
A5 Ml A B — B S

o 5o
CS_Q%\ e
NEBE— 3<
WHHTIS [1, 1, 21 [1, 2, 1] (2, 1, 1] nEMft= S

13-9  PREBY R kA HO 1 S =]

13.3 FEMRE

13.3.1 EEERENRFER

Question

457 —EEREBHS nums F1— 1 HEEIEREEL target , sEIRHFTERIREMIAR S, FEISAHEHRIICE
MR target . 4EMYIMEERITTR, BEITEATDPGERZ R, sEARSIERIREELEM S, &
FI R Ef S EEA S,

B, WAGES {3,4,5) MBSO, 8% {3,3,3), {4,5) . WEIEELL R
- HASR A TR 2 DI BRI,
- TRRESTTRIER, A {4,5) F1 {5, 4) BT,

1. BELHTIESE

FELUR 2HEFIRIRE, B n] DHE RN BGEFEER N — RVEENAS R, W& E AP HIRER TR
M7, EICEMER target I, B FERE R85,
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iR A RN FE R, AR ETPITE ] DI OGEI, [KIHSEZHFER) selected ARSI E
TR PR, TR IS e H IR EE T/ MBI, P15 2R s

// == File: subset_sum_i_naive.kt =

/> EIESRE: FEM I %/
fun backtrack(
state: Mutablelist<Int>,
target: Int,
total: Int,
choices: IntArray,
res: Mutablelist<MutablelList<Int>?>
) o
/] FEMZER target B, :LIRAR
if (total = target) {
res.add(state.toMutableList())
return
}
/] EFREhEEE
for (i in choices.indices) {
/] BiF: BFEMBA target , BIBLEZEE
if (total + choices[i] > target) {
continue
+
/] ERl: MUEEE, FHTEM total
state.add(choices[i])
/] EITTF—EmEE
backtrack(state, target, total + choices[i], choices, res)
// [BIR: #EHEE, MIERZ giAvikRE

state.removeAt(state.size - 1)
}

/* RBFEM I (BEERTFE) */

fun subsetSumINaive(nums: IntArray, target: Int): MutablelList<MutablelList<Int>?> {
val state = mutablelListOf<Int>() // #KEE (F&)
val total = 0 // FE&EM
val res = mutableListOf<MutableList<Int>?>() // #&RE5| (FEHF)
backtrack(state, target, total, nums, res)
return res

L B AESEARS [3,4, 5] MIEFTR 9, WMMAHRA [3,3,3],[4,5], [5,4] o HERRIFRL ¥ AR
% 9 o, EHPAEEBN 8 (4,5) f[5,4] .

SRR SRR W BRI R, AT FRAEERIEE, HE 13-10 fR, Joi 4 1238 5 BLITE 5
1238 4 BAF S, (HBER—E 75,
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choices = FoRAH
target =

BB
JTEM >9

EoREE

13-10 FEi%a BB BTk,

&7 APREE TR, RERN R BEIRNET R, IS IRBCRIRAK, AR R A,

- BHPTEREZ, THREE target AR, EaBREg§EERBNERTE,
- HemTER (MA)) RIRFEHAFFFER, TREICHEEMS, R ET TR R,

2. EEFEY

BA% AL SRR IE R D BRI T R H, BURE 13-11, HEEFRZEEANFRNEFEEREY TR ELR,
Ban LA~ B,

1. EE RIS R BRE 3 A AN, RESEHETRNATE T8, 5 (3,4, ...].
2. Zfh, EHEURE AR, B WRIEZEGE 3, NAZBEELNTE (4,3, . HIE 1. BHER
H TSR E L,
(BT, BB R RS BRI E R, RIS 5 S AR L,
1. BITREIE 3HI 5, AT (3,5, .. ]
2. WITBRIE AR 5, ARTE[4,5,...].

3. HH—WEE S, HIH RMGENGR 3 M A, AT (5,3, .. f[5,4,...] B 1. SR 2. Hoh
ORI T 452 2 W,
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choices = B

BB 28 3
BRBERFE

i A3, 4
B EEFE

F#E [3,3,.] [3,4,.] [3,5,.] [4,&,.] [4,5,.] [5,5,..]

BERTH BEETH EETE

13-11 A[ENEFBIEF S EE 75

ST, SN (21, 0y, ..., 2], REBERAHSRIBTING [z, 2, . 2, |, BB
TEMIL i) iy < - < iy, , FWEHPERSEIE RS GG RER, IR ITE,

3. EXBER

HEBIZIIR, BMOIACEE start , FINEEREEAARS, BIHEREE v, &, So€ PRl B
Yk, SRR T DEER IR 1) < iy < - <4, , TEMIRGE T RME—,

Prittz4b, BAHEEFEIEEST 7 DU miTER .,

ERREE S aG, SoAEES nums HEF, FEERATE BER, B FENEIB target FEHA IR,
EBBIATEELR, HFEM—T@Ei# target
BEITLEMBE total , BIBLE target LPITIRIERSRICEM, & target 0 0 RERCEAR,

// == File: subset_sum_i.kt =

/* EIESRE: FEM I %/
fun backtrack(
state: Mutablelist<Int>,
target: Int,
choices: IntArray,
start: Int,
res: MutablelList<MutablelList<Int>?>
) {
/] FEMZER target B, CiRfR
if (target = 0) {
res.add(state.toMutableList())
return
¥
/] EFHFAEEE
/] BT ¢ start BHMARESS, BWREMBEEFE
for (i in start..<choices.size) {
/] Bit—: EFEMEBEE target , BIEZELEROE
/] ERAEAMRTIEHRE, BETREA, FEMN—TEEE target
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if (target - choices[i] < 0) {
break
+
/] E&R: ##EE, T target, start
state.add(choices[i])
/] ETTF—EmEE
backtrack(state, target - choices[i], choices, i, res)
// [ELR: HEEEE, MEEIZA89KRE

state.removeAt(state.size - 1)
}

[* REBFEM I %/

fun subsetSumI(nums: IntArray, target: Int): MutableList<MutableList<Int>?> {
val state = mutableListOf<Int>() // #KRE (F5)
nums.sort() // # nums EITHIF
val start = 0 // FEHICIARL
val res = mutableListOf<MutableList<Int>?>() // #RHEF (FELF)
backtrack(state, target, nums, start, res)
return res

13-12 Fin 255 (3, 4, 5] FIEEETER 9 A DL LR S AR e e,

i target
choices = a BISAMORE
target =
BowEE
%o
E=RBE

218 target BETE

13-12 7540 I [BiEE

13.3.2 EEEETENRER

Question

45 7€ —E LR B F4%1) nums A1—1E A ERE S target , sERHIFTE ATRERVAL S, (F1SEEFRITE
MZERA target , &EMYINRERLZEBE LR, BECTEAPOERE R, LBy EELEH
&, PP ECASEEHS,
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FEECR L, ACRIRE ARRSIRT B S RMER, G5 IAT BRI, BIa, %ehesy (4,4, 5] fE %
0, HIEERATEIRLGETS [4,5],[4,5], HIHTEETE,

e R TE A L ) DR R RS R AR S TP 2 ORI, 7RI 13-13 7P, BBt AR, HAhmEE
4, GEAMEERNER)Z, HmmhEE TR, R, 8 WmromE 4 gzt EE TR,

choices = a

[4,4,.] [4,4,.]

EETE

13-13 HHFCREHREE 75

1. HEREER

DI, B RS TR b L REORIE K, EBU B Y: dikkEs R E T
19, RIAHSCRECZAMAT, SRS ERWERD, HEANTRAEABTRMT, RS C AR
i, RtEEPNEETTE,

BLLERIRY, AERUE REIERES TR U REBORIE — K, SEERE, M n] DI AT B start A 2 %A :
EHORE v, 18, RE N WRERS 4+ 1 RGARET, ERBREXRRER TS, hRblhEREET
%O

2. IERRER

// == File: subset_sum_ii.kt =

[x EIEEL: FEM II «/
fun backtrack(

state: Mutablelist<Int>,

target: Int,

choices: IntArray,

start: Int,

res: MutablelList<MutablelList<Int>?>
) {

/] FEMER target B, SRR

if (target = 0) {

res.add(state.toMutableList())



13 E [E www.hello-algo.com 279

return
+
/] EHFREEE
/] BT ¢ start BHAESS, BREREEFE
/] BIR=: 1 start BHMEESS, BREEEER—TTH
for (i in start..<choices.size) {
/] Bit—: BFEMEIR target , AIBEZEEFRERE
/| ERAAMETIEHR, BEBTREKR, FEM—EBB target
if (target - choices[i] < 0) {

break
+
// BRI WRZTEEEETERE, REZEssTEE, HiEE
if (i > start 8& choices[i] = choices[i - 1]) {
continue
+

/] Exl: MH®E, B3 target, start

state.add(choices[i])

/] EITTT—EEE

backtrack(state, target - choices[i], choices, i + 1, res)
/] [EhR: HEEEE, MESZEIRIREE

state.removeAt(state.size - 1)
].

/* REBFEM II +/

fun subsetSumII(nums: IntArray, target: Int): MutablelList<MutablelList<Int>?> {
val state = mutableListOf<Int>() // #REE& (F%)
nums.sort() // # nums ETTHRF
val start = 0 // FEFHiCIARL
val res = mutablelistOf<MutablelList<Int>?>() // 45R=&E7% (F&E£5)
backtrack(state, target, nums, start, res)
return res

13-14 /R TR (4,4, 5] MIEEILR 9 WENER, HESPTIREIERIE, SHIRRE RSN
mie, PMREESIERE, DASRERTRRIER A TIEN,

choices =
target = s

nas ogo

EE—%&% 7T
E - D

Hi=
BRER

&_%‘?o [4!5] ERTE

U=
TRFFEE

R&— s

TTRMTEE
BB target

13-14 FEF0 11 [E]3 e AR



13 E [E www.hello-algo.com 280

13.4 n 2/5:E

Question
BB S AR, 2/E0T AR FE—1T. —FIS— AR LT, 47E n @25 —E
n X n AP, SEERTE 25 2 HEEHE LR RT %

i 13-15 fiR, & no= 48, HEADUREIMER, REWIEEENAEE, n x n KBRS n?

T, 4 TRTEREE choices . ERMEKE 2GHERED, HEBIRRELE REHEA L, S8 RZI A S
ZAREE state,

W W

W W

— —]

13-15 4 2jaHERfE

13-16 R T AR = AR bR S RIEAREER 1T, F—F1, F—Eengs b EREENE, B
FaRRIY T R AR \ RIUCE AR / PifE,

FaEER—RH AL BREREREARET

X x

RBEAER—17 — k| Pl e

-

FEEER—F FREER—THAGL

13-16 n 2JERHERILIRIET

1. ZF{THERE

SEHEEABRITER S 0, RIRMESEE @ SURSTH s R asriE 6556,
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W, I DARBORI TR E RS : [ —1ThM, E8THE HEE, HEERR 1T,
13-17 R 4 2R RERR T IE SR, Z2ERE, B 13-17 (2R 758 AT @m0,
3l ELAF AN RS AR BRA IR 75 AT T B3I

W | W W W
(588) /\. (%) (&)
W ) | W W T
WE® 2 17 @ .
_ L] ) v ) |
MEE 3 5 AR
W W] ¥ W]
HEHE & 7 IR EEE e ¥
W W W W
] W] W 3]

13-17 BTICE SN

EARE LE, BRCERIGES ¢ oErER, eis 7 R—THEZE 2R ES 05

2. FIEHAERER

2 T RANFIH, B AT AR — 8 R E 2 n (MRS cols itk SR E A Bh. ERIEIE
A1, FMEE cols M EARRIIFNEITI, WAAERBHEIREEH cols AURRE,

Tip
FRTER, FEMIAUERSAINAE M, HAPTRSIELEINEM, SIRSIELZG M,

IO, WM R R ARAT TRV SRR SRS TROTAIRDI % (row, col) , R MEMEFR A FolE F BHA 4R,
T BB R LTI T 0 TRE 23 A, MBS LR 719 row — col ZyMisE (A,
WA, USRS TIE row, — coly = row, — coly , RIS M—lAEF—EBHA% 1, R
F, PR DAREBIE 13-18 A0Sl diags] B E B0 L R 25,

FIBE, SR LRI RS T row + col RHTEIE. TRIMFBE AT LIS diags2 AREICE AL
o,
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eEERAR
RERER

CT T 1]

cols

RHRIIRTHER

13-18  FREBIA HANE I BRAT R

3. EXRER

SR, n #EHPEF row — col MEIREZ [—n + 1,n— 1], row + col MEIEZ [0,2n — 2], FDAE%
FRBFIRE R ELE RS2 2n — 1, HIFEH% diagsl Al diags2 M RERZ 2n — 1,

// = File: n_queens.kt =

/* BIMEEE: n EF %/
fun backtrack(
row: Int,
n: Int,
state: MutablelList<Mutablelist<String>>,
res: Mutablelist<MutablelList<MutablelList<String>>?>,
cols: BooleanArray,
diagsl: BooleanArray,
diags2: BooleanArray
) o
// EWMETFRBEITR, CiRE
if (row = n) {
val copyState = mutablelListOf<MutablelList<String>>()
for (sRow in state) {
copyState.add(sRow.toMutablelList())
}
res.add(copyState)
return
}
// EFHPRES
for (col in 0..<n) {
/] FTEZEFHENTHAGNEBEZ
val diagl = row - col + n - 1
val diag2 = row + col
/] BitE: FAFZEFEY. THAR. AR LEEER
if (lcols[col] && !diagsi[diagl] && !diags2[diag2]) {
// ERl: BEEKREEZIET
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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)
/] [EIR: KZEFIMEATA
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>>?> {
/] ¥iEE nxn K/NRRERR, 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) // sCER5IETEER

val diagsl = BooleanArray(2 * n - 1) // LB THASGLIETEERS
val diags2 = BooleanArray(2 * n - 1) // &R xEAGE I ETEEE
val res = mutablelListOf<MutablelList<MutablelList<String>>?>()

backtrack(0, n, state, res, cols, diagsl, diags2)

return res

BATIE n Ik, BEIKH, MRE—TERET2IE n. n— 1. ... 20 1IEERE, EH O(n!) &
M, BACSRARNE, FREERUERE state WHTRIE res , WRER(EM O(n?) FEfd, ML, SORMmERIBIHE
B O(n!-n?), BB L, RIS ADRESR RIRS MY S22, NS SRR LR

W5l state A O(n?) %M, M%) cols, diagsl #1diags2 ¥# O(n) M. BAGEERER n,
H O(n) He@iazsi, Fit, SHBEE2S O(n?) .

13.5 /i

1. EEBL[OIEE

FIEEEA RS, ERN RS g TR EUETN RS BTSN, £EsaRT, B2
R R RIRC B, EEIKEIFTE MBUER IR AT,

[ T S R O P = AR A B S B R M E R . BB B 2R E A R, H BRI
RRATRIFIFRIIEDR, HIHBGH E— DR, RAIFZATAREE, WARSTE MR, EalERE
P 75 TEVAH S AR
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- [l e L 2 AEA AR, BT TR BB TR R, SIRAT DURATAT R E A 23, K
IETETHE =R,

- [l B T S B AT R R R = R R AN A TR R TR, A A R A R R R R T DA [ SRR R, H
LA ERCR B e R B A RIRTR.

- EHPIHEE M SA T R SR ATRERIHES . FRAMRED) —(EFHSI AL B E T R 2 5 R,
BIPE AORER R TR S 0 3, MR ETTR AP —IX,

- MRS, RESPFEREETR, AREHERGHBEEEHY, RMTREORHETRES
i L RERORIE IR, IEE R AR R SR E L,

- TEMEENEEZEATESTHEMA BEENTE TR, 86 TESTRIER, migsEkd
AT E IR AUAER, EAEE TR, BMERWRTR ERREITHER, MsE MBI~ T — Wi
FERTERAaES, TEMR A iR T SR A 27 SOEITIIRL

- BRTEMEE, EYRAHESTR G ELERES, BMA A CHEERIRTE R, ZEE B
TR IS EEEIAR, (M RAHSE e RS R o L BEpOE A —IX,

- n BEMESESEN n E2ERER n x n RSB ERTE, ZRIE 25 M FHERS RS
Tio AFIEMIKIRIEIFAITAR, SIS, R AT, R ITAR, BRI T
BN, RESTRE 25,

- HIRIHNTS A ARFT AR AR BT I, BIRAIRTER, BAIA A — AR AR i — SR S A 25, e
TERBRRIR TR E AR, BIREAAIR, FAMFEmMEESA s plrtskaz T, KB AR LR O
25, HRERRHERER — (BD BHALR BRI T Frm e fTHIRT IR,

2. Q&A

Q: EEERAR BRI ) B R ?
MAE, [fE R EEIRRNT, THREE AR M TR,

- A RS ERRE EEL, A, BRRERNER SR, BREEE SR ET A EM,
- RMBERSETREREE T TR R, WARBERE, [, BhREAE GOIELIEE) S
o
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145 EHRERE

Abstract
/INRRE AT, TLIRTRE AN K
EREH SN E R BRI RENE SR, —0 5 [HBRAME MR E R R
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14.1 ¥IREHREIRTY

BREFRE (dynamic programming) & —(EEERHELEE R, i RS A — RV E/ N FRIE, i
BRI E AR B R, e RIEEE AR R,

TEAH, FMEEEMBFEAT, Jeatierg s, BIRHhUSHERTHE, BZEPEH
B B RE R B TR

JerE
fE e n BERUAERS, REEPAIDAL 1 BEEE 2 B8, sERH 2/ 080T 5A] DATERHTH?

qniE 14-1 Fiow, SR 3 BEIERS, Htf 3 M7 5n] DAUEEIHETH,

0

1BUEPES n = 0 1 2 3 4 5 6

et 3 BigpHs 3 EAx:
0513253 , 05233 , 0513

14-1 eZIZ 3 BE 77 8=

AR B K AT RECE, BT AEREIE B IR s R Al REME. BB, RTEHEER S —E%
TREAE AR (CHE At fERIRE L 1 PEe 2 [, SR PR TEAR R T REBEM 1, B
THERIR LR IR, REXCHBUN R RR:

// == File: climbing_stairs_backtrack.kt =

/* B %/
fun backtrack(
choices: MutablelList<Int>,
state: Int,
n: Int,
res: Mutablelist<Int>
) o
// ENCRIE n PERF, HREAZEM 1
if (state = n)
res[0] = res[0] + 1
/] EFHFREIEE
for (choice in choices) {
/] R RAFTHEE n fE
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if (state + choice > n) continue

/] ER: MEHEE, FHE
backtrack(choices, state + choice, n, res)
// [EIE

hy

/% Jetgts: B </
fun climbingStairsBacktrack(n: Int): Int {
val choices = mutableList0f(1, 2) // EEE@LENE 1 fEa 2 f&
val state = 0 // 5 0 [EFAAENE
val res = mutablelList0f<Int>()
res.add(0) // fEM res[0] BHFEHRE=E
backtrack(choices, state, n, res)
return res[0]

14.1.1 Fix—: BHiEs
(e 0 0 2 I AR B M S R DA THR A, T R SRR B E — RYIRE S B, BB IR, s
A6 T RE R AR

T AT LB BRI RTRE 7 R g FE AT IS E R, sRIEENE 4 BEIA dpli] FE/T %, AR dpld] B2 R,
FHEEAE:

M
/i

dpli — 1], dpli — 2], ..., dp|2], dp[1]

A Bl RE B 1 PEER 2 B, [RUEFRFUGAESS @ BEMRE By, b—fm A rTREu1E58 4 — 1 BEEEs « — 2 FR
ko AR, FAMHREIES ¢ — 1 BEERES ¢ — 2 FEIEMIE ¢ B

FH L TS H—EE R TS ¢ — 1 BEMI T RBUM_EICEIE ¢ — 2 BENT REURSRESIE « BEs
£ /N W

dpli] = dp[i — 1] + dp[i — 2]

ERWRE ORI, #5087 M EIRMERR, DREERMERT DU 7 RS REE 2, [ 14-2
JeoR T AR HER R
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dp[5] =dp[3] +dp[4] =8

dpl4] =5

dp[3]=3

|

BRI n = 1 2 3 4 5 6
HEE dpln] = 1 2 3 5 8 13

14-2 75 REERIRHERR

AT DB A RIS EI R 9 BRI, DA dp[n] 2 E0A%, I HONS— NEBE AC A7 92 (/1N
BRI, EEEE RN TRIE dp(1) A1 dp[2] BHEE, b, BN TRIEMEZCHN, B dp[l]) = 1.
dpl2] = 2, FRMEEE 1. 2 AR 1. 2 BHE,

BRI EE, ERESE R A AR S B s, (B NEE:
// == File: climbing_stairs_dfs.kt =

/*x B2 %/
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

/> eiERs: 5 x/
fun climbingStairsDFS(n: Int): Int {
return dfs(n)

by

[l 14-3 JR 7 BTSSR, SR dpln] , EORERBERES n, HEERES O(27) , i
W RAER I, WRIRPTA R n, IS RIS i,
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dp[9]

dMé] dp[7]

dp[7] dp[6] dpl6] dp[5]

dp[6] dp[5] dp[5] dp[4] dp[5] dp[&] dp[4] dp[3]

ESLMEDMETEARERTFHE
HHRMEREAENE o(2")

143 MRS
BB 14-3 , FSBOBSIIBE BRI 2 A TR AN, Flan dp(9)] Bsr dp[8] A dp[7], dp[8]
WM dp[7) W1 dpl6], RIEEHEE TRIE dp[7] .

DAMCEESE, FREPEESEDNIES FHE, FrRARESED. B0t EE IR B RS EEN T
fif Lo

14.1.2 A3E=: sefsigs
B TIRFHEEENCR, WA EE RS T RTER RS R, At TR S —EREES] mem AT IS
(T RSB AR, N S A o e - R B A

1. EEWGETE dpld] Ik, BIMAFHECHRE mem[i], DAE B,

2. BEIRFESE dpli] B, FMERTEREN mem[1] FPEEGSR, Wik EE TR T R,
RS AN R FR:
// = File: climbing_stairs_dfs_mem.kt ==
/* RS «/

fun dfs(i: Int, mem: IntArray): Int {
// B dp[1] # dpl[2] , REZ

if (A =1 |l i = 2) return i
/] EEFERR dpli] , BIEEREZ
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)
// 88k dpl[il

mem[i] = count

return count

I
/* eigts: LIRMIES «/
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fun climbingStairsDFSMem(n: Int): Int {
// mem[i] FCERMEEIZE i FERISRARE, -1 KRELER
val mem = IntArray(n + 1)
mem.fill(-1)
return dfs(n, mem)

BUsRE 14-4 , SBRLERR, i S ISR NS RE R, EHRBHRHERELE On), E2—M
EORHIRE,

i
Q) REER, O
EiEE

/\ SEIEIE B EMNRRIEBES o(n)

ERFAEERFRERERAE—R

14-4  FOIR LIS =5 R A

14.1.3 FE=: EfERE

RUTRfbid s — M “RIEER” M55 ITEERE (RETRS Bas, BB BT R 2 i i 7
M, BEEMOCANRNTHE GEHR), 218, ZEENZEUCE T RERM, R R AR,

Bl AR, BHEERIER —RE “POREIE” K5k kT RERRRLG, BAMEE T HENE, '
EIFE R FE AT

HRENRERE NS RIERE, Rt REAEEEER, SAFHRE, £ITERES, &MGat
—fEbH dp Al T EERIE, ERE] T SRR S mem AH IR HYRCER (R -

// == File: climbing_stairs_dp.kt =

/* [CtEts: ENERE] +/
fun climbingStairsDP(n: Int): Int {
if (n =1 || n = 2) return n
// el dp xR, AREHETFEERMRE
val dp = IntArray(n + 1)
/] ¥taikRE: FER &/ FRIERAE
dp[1] 1
dp[2] 2
/] KRS WBUNFEIREZR D R K FE-E
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for (i in 3..n) {
dp[i] = dp[i - 11 + dpl[i - 2]
}

return dp[n]

hy

14-5 BfE 1 DA BRSNS B T AR,

N, N, < N i\
7 7

ek
dp[1] = 1, dp[2] = 2

HRAEEIsTE:
dp[n] = dpln-1]1 + dp[n-2]

WANIEIRRERLS, EITIRREES, ZEBRRRRAELL

@ 14-5 NEHEERHIEREA HERE
B[l RTE b, BIREREIBEER] IRAE” MU RME R AR E BB, AR RE IS I — {8 -l R
DARARME R IR M A (B, B1Ian,  TEASEAR R e AR B 7 2 & BT FE AR B B 4 o
IRIRLA L, AT AT DA A5 H B RE R ) 5 AT RE

- SR dp B % dp &, dp[i] FoRIRGE i BHET R,
RN ISR (55 1 RERISE 2 BEABEE) AR,
- BT dpli] = dpli — 1] + dpli — 2] BAREEE AR,

14.1.4 FHBEK

ADOIEF TRER B T, MR dpli] REL dpli — 1] M dpli — 2] A8, FECBRMMEZEME A —MEREs] dp sK6H
1R ¥ DRI, AR (A EORERTE R AT, RECHEIN R R:

// == File: climbing_stairs_dp.kt =

/* [E1EHE: TRIREMEBRINEIRERS] +/
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

BIEEDL LRSS, dRE 2 T RS dp (SRR, IR RS O(n) % O(1) .

FEFEMEIEES, & aREEEE R AT A IREAREA R, SR AT AR D EAIRGE, 8 “FRiE”
ARETE LIRS, SRS MR R 2y “TRENSEE B “TERS

14.2 ENFEFREIRIRAYHYE

10 b ik, FRIFIEE T BRI R A TR A AR IRy, B L, TR R —E
FORCIA RS, 1E50G, BIREARE, EM RS R,

- MIBTE SR TRR S M i R A ) 2 AR A B S A T R, BEECDNFRE, dERM S O R
IR, BRAISEIRHEERI R,

- B E S R EETIRIE R, EELIEERAR THEERIZ, BHREMTE AT R AR,
TE 53 R AR Hh B H B 3 22 o PR,

- [ RAE B A DR P SR AT A RERUAR,  MEE ST RO RS =5, SRR —
RYNRID TR, BATR] DUt SR A BR < BT 7 S1E VE— (8 1 R,

TS |-, BHREREH I AOR R LR, TR S S EB TR, EEE RN BB,
AL
14.2.1 REFEE
FRATE MRS R RS kB, (o BN & B T R B P S 2,
NeR /M
g — MRS, RS TTDL L 1 BEEREE 2 B, S —BEiEm Lo E —EIE A8, FoRIREZ R
e Be it AL, 46— AR B BS cost , Hr cost[i] FRIESS @ (HBERE TR SRR AR,
cost[0] M GEGEE) . saEtE R/ O TEN 2/ R EA R TE?

GHlE 14-6 FoR, A% 1. 2,0 3 BEAIREZBIZ 1. 10, 1, RIEtmes|s 3 FErsm/ MUEZR 2,
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EIFMES n = 0 1 2 3
18 cost[n]

]
)
)
=
(]
)

Tets 3 fEBEHE 3 BAE:
0515253 , 05253 , 05133

Hir 013 HRERD, BORES 2

14-6 TezI% 3 FEr A/ IME

&% dpli] RICHIEE @ BERFHT A, BRS¢ BEATRENE ¢ — 1 PEak i — 2 BEAESR, itk dpli] JATRE
TR dpli — 1] + cost[i] B dpli — 2] + cost[i] o # THEFTRERME, FAIERZESE M iy AL —{H:

dpli] = min(dpli — 1], dp[i — 2]) 4 cost][i]

EFERT AT | IR B T AR S 3% Il IR 5 R 18 7 AT doe A RS 1 2R

AR L B TSR BT 8 TR R dpli — 1] A0 dpli — 2] rPHE L BRI — M,
TR BRI dp[i] R,

AR, E—HiR TR H AR A R E T AREIE? ERIEEERET REE, B —EsHEME, HEnR
R ORBRATTREE", RSN, R BB A, (B AIRHEBLH K
T B BEEARTTREEFNGE n — 1 NS n — 2 BEARTTREE M, b, RE BT R
Fegeaais, EARMEFEHE NN SR,

IRBIR AR 7712, DARWIIEHREE dp[l] = cost[1] F1 dp[2] = cost[2], FAMERAT UG 2B Re k6 #1120
fig

// == File: min_cost_climbing_stairs_dp.kt =

/* [ECiEtpm/ MLE: EREREl «/
fun minCostClimbingStairsDP(cost: IntArray): Int {
val n = cost.size - 1
if (n =1 || n = 2) return cost[n]
/] Bk dp +*/, BREHEETFREIERNE
val dp = IntArray(n + 1)
/] ¥taikRE: FERR &R/ N FRIERVAE
dp[1] = cost[1]
dp[2] = cost[2]
/] RREER: B/ NFREZRD KFRAFRHE
for (i in 3..n) {
dp[i] = min(dp[i - 1], dp[i - 2]) + cost[il
}
return dpln]



14 % BhRERIE www.hello-algo.com 294

14-7 JoR T DA B RS B RE B AL

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]
IYEHRAR :
dp[1] = cost[1] , dp[2] = cost[2]
REEs5E:

dp[i] = min(dp[i-1], dp[i-2]) + cost[i]

147 TRERSE MR BE A A
R OB TR, 6T, AR O(n) BE O(1) :

// == File: min_cost_climbing_stairs_dp.kt =

/* [EiEEm/MUE: THREMBRISIERE «/
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 EEME
HBNE BB B RES G R TN EER Y —, HERS: HE—HEriReE, erfRRERA
SLE ARG B, i B X &SR R i A R RS B

DATEHEREERE 20, ARG 0, EEIRERRE  + 1 ARRE 7 + 2, 72 hIBHIERE 1 Mk 2 20, 1R/
SRR, TIMEZES RIRRE ¢ ZATHIARRE, EIFEHIRRE ¢ FIARARARE.

SR, WERFRAIAR MEAEAS R — (8o, RIS —4K T

R Te R
FE—EFE n BERIHERE, UREEPRTDLE 1 BEEEE 2 BE, fEAREMGIRmBE 1 K, sA 2/ 0%
A DATEEHETE?
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QniE 14-8 s, MEEEE 3 BE{ER 2 FERIAT/7 5, HATBGT =Bk 1 FER7 AT R ARG, BItase,

B FeeEEmeamk 1 M,
ELEAE 0515253 HiEE —

BHRE n = 0 1 2 3 4 5 6

etsE 3 BEHEEE 2 85
£

95253, 05153

14-8 THHIRNEEIE 3 FEAY T REE

TERARIEER AR R 1 L Akr, AR R 2 B, R, TR R R TR
fE (EERIPTIEMEBEREB0 Brok, BRI MR (L —WPifEMBREE) AR,
REEESE, R E R B, WRAERIRS A dpli] = dpli — 1] + dpli — 2] KT, HWB
dpli — 1] (RFEARBE 1 B, EEFEETHE L HEDk 1 BRI 7L, Mk TREH%, RER
HEHE dpli — 1) EckEst A dpli] .
B, REEBRRETER: IR [i, ] FormBLET i BREH E—RBkT j R, Hobj e {1,2), itk
ERARUES T E— Bk T 1 BORR 2 8, FRPIAT ISR 4 AR AR AE A 1,

COBEWRBKT 1 BERE, b bR AERIERE 2 0, B dpli, 1) RAERE dpli — 1,2) Mg,

C B BB T 2 BERE, b E—BARDRIERE 1 REsRBE 2 B, B dpli, 2] FTRME dpli — 2, 1] 5k dpli — 2, 2]

A,

W 14-9 FF, (TR, dpli, j] FoRIRE [i, 1] BIER7TRM, IR AR 7 2

dpli, 1] = dp[i — 1, 2]
dpli, 2] = dpli — 2,1] + dp[i — 2, 2]
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TREEEMIRDE 1 B
ERTRES
dp[i-1,1] ]

dpli,1] dpli,2]

dp[i-1,2]
dp[i-2,1]

dp[i-2,2]

[ 14-9 =5 FEAYT N HEHER (&

W%, RIE dpln, 1) + dpln, 2) BIAT, A% 2 RUCRIESISS n B/ S8
// == File: climbing_stairs_constraint_dp.kt =

/* TEAIRIECIERE: EHREFRE] */
fun climbingStairsConstraintDP(n: Int): Int {
if(h=11 n=2){
return 1
I
[l Bk dp */, BREHEETFREERNZE
val dp = Array(n + 1) { IntArray(3) }
/] fEARRE: FER &/ FREIERAR

dp[1][1] =1
dp[1]1[2] = ©
dp[2]1[1] = ©
dp[2][2] =1

/] AREEEERE: HEBUNFRIEZRS RERATFRHE
for (1 in 3..n) {
dp[il[1] = dp[i - 1][2]
dp[il[2] = dp[i - 2][1] + dp[i - 2][2]
I
return dp[nl[1] + dp[n][2]

fE LHRRBIF, HRERZZEATHE —EIRRE, RIEBMIART OB GIRRE T 3%, (15 M S e
IR, AT, FERTEAAIRERERN “ARIMIE,

JT st L Rz~ R

s —EIE n FERUMEES, REPATDLL 1 BEe#E 2 B, B ETCRIE « AR, REEEBELEH 20
R L BBy, 2P AR SO BkEIEE 20 B b, Blan, AR BIBEE T 2, 3R L, AlZ
R REBLEIEE 4, 6 B Lo ShfA 2/ D75 5] DUTEEHETH?

FEISERIER, T RBRBEAREOE R ATE ARG, A% R — Bk & 15 3 = AR R e e, IR B AK
ROk, BNISHERIE, BHRERIEE A DA,

B E, 2@ S REMHE (GINRITRIFE) A ERatt, BNEHEME, JRIMEE gk
ERHAMT I, FlanmEEE e, BEEEEA, SRR, Em7EE RN NS 2] AT A s i .
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14.3 BHREFRBIFEERIR

AR T BN RERRE RN B, 1 AR R R {1 B P P RE

L. Gnnfa ] — (R A R B RE R
2. RIRENEMHBIFEZ RN T, TRV E?

14.3.1 RIEFIER

AR, AR (R S R T R, B T A, MRS, R I A BN AR R AR
SR, FRAMREEAE R RN T B R B IS S, R FRAIE s S R O, Bl &l & A A )
W (58 MR

S R B EE RN DRI SRR T DARE R A AR,  Horb g — (A TR SR
—fEPRR, B EEEARR RS,

WA, WS S IR RS, I HARER — RYIRRELR, AR ERLN e R, @
AT DAGE A [ 3 A A R
TEMENE b, BhREAEIAEE A — LB “norIE”,

- MEEERK (N B&2 (D) FaEriR,
- FERGIRERES ] — M H 51, AR MU AR AR, il B — R RE B A R AR RE A7 AE IR B (R

MRS, thiFfE—2 “JorIH",

- RN EAEZ R T AT RERUARIR T 2., AR e
- FERA A HBEHP SRR, 2R A AR 2677 %,

Q0 SR8 R R R AR, i B BRARY “InoyIE”, FIMREAT CARR 2 — (EEh I R, e
RfpEREEE T,

14.3.2 FREKRBS R
B RE R 1 R AR & K TR MR B AN T A PR E], (HIE R EIE AT B MR, e FiRRE, &7
dp 3R, HEEIRREER TR, T8RS,
£ T BB B REED B, B — SR “ e NS SRR,
Question
HE—ME n x m MM grid , @R8PS REETHREES—EIEaREE, FRZETHIRE,

Was N DAZE LM BT ittindl, IRARER NeREMERE—8, BEEENEL METH, iR
e EA RGN IER,

[ 14-10 RoR 7 — M@l 7, SAE RS RIS MSTEM R 13



14 % BhRERIE www.hello-algo.com

298

RS

5
a
\
0

B/BRTEAZ 13

HEREAES 1925253325152

14-10 /S TERURGIE R

B BHERRAYOR, CRINE, EmiEE dp %

AR G — i DR AUR I E A T R E— 8, RERETFIITIIRS % [4, 5], BlA FemGE

ik, EAIEA [+ 1, R[5+ 1] i, REEESTRIIRFIRE WEE, 5[,
RAE [0, ] BRI TR (RS [0, 0] £3 [4, 5] KR NSRRI, TS dpli, ] -

i, MRS E THE 14-11 Foni — 4 dp FERE, HRST B A8 grid M.

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] dpl[1,3]
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] dpl[3,2] dpl3,3]
grid dp &
SHRE. BaAATE—HHE FRIE: HAEERAEILL, §] MsNEREM
HREER: 1751%51[4, j] dp &: RTH grid HHREMER

14-11 #RRE&EFRH dp &
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Note

B RE R B B IE AR 7] AR IR 2 — BRSSP 2, TiikRE A DR B AL, CIEE S A MR
ERRTASE, HESTEMNEM, fEfAHRMEEH N —EikE,

BEREACH E—E &, FMETE M dp RARGEFENE TRIENE, AREER & 728
& dp B —ELEE, EARE LE, dp RSRER TR S,

B PG AN, M R B RES R

EHRUREE [7, 5], TIRER BT [ — 1, 5] BT [1, ) — 1) WA, EIRETasHs: 5
[i, ] BB NES SRR [0, § — 1) BB N RCRIER [3 — 1, j] A9 INER ERI R e MR — IR,

MRARCA B oA, AIHEE 14-12 FroRpiREER 77142

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] dpl[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 &
HRAERIS 12

dp[i, j] =min(dp[i-1, j1, dp[i, j-11) + grid[i, j]

[ 14-12 ff ALk REE R T2

Note

RIBERGH dp =, BFREEMNFREN R, $OHEIE TR A B A 15 5 5 RE Y i i
H771%, BIEE T4,

— BHIRMERE T BB T4, whal DAEH AR E AR R

B2 weTiE SHRIERNIR R RS IR

A, R EITHRE L REIEH /B AIRRETS AR, R B YIRIRE N REME R _ BB AIRREIS 2, I E AT
i = 0 % j = 0 2Bkt

QniE 14-13 AR, HREHEN 72 HHZTTS TR BT RS AR, DR (6 8 A e v FE R, SME
EERST, WIEREEH,
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dp[e,0] dple,1] dp[0,2] dpl0,3]

dp[1,0] dp[1,1] dp[1,2]  dpl1,3]

dp[2,0] dpl2,1]  dpl2,2] | dp[2,3]

dp[3,0] dp[3,1] dp[3,2]1  dpl3,3]

BREEF: TBiETET

dpfo,e] dp[0,1] dple,2] dp[0,3]

o ot o—2
dp[l,{ﬂ] dp[l.lll dp[li] dp[l,}]
= o —
dp[Z,{;] dp[Z,ll] dp[Zi] dp[z,}]
AT T
dpl[3,0] dp[3,1] dpl3,2] dpl3,3]
— o —

HREHWBIAR: EFEHERE

14-13 185kt BiR REE RS IE

Note
B FUR BN REFR S R wIGM dp &, =T R,
IR REERS N7 1% O 2 BAR S AL ST E R RTE VMRS, P E EAREA R 5 /1[5 RE I R B A 7 E R
FHEHAR,

RIELA B, M EASR DNERR B RE RS, 28T - o e — R IETHE iRy B4, KlItig i
‘BN - RS — BIREEET BN BB S R MR,

1. FiE—: 8hHigs

FEAREE [i, j] BIGATE, RETR A/ MOIREE [ — 1, j] A1 [i,j — 1], BEEREEL FEE,

BB R [0, 5] .

- JBIEHE: 7€ [0, 0] B [4, 5] BIRNESIEHRT dpli, 7]

- #IEEE: Hi =0 H j = 0K, REMRE grid]0,0] .
© BB E i < OWFER j < O RFRTIBUSR, IMIRER[EE +oo , REARTIIT,

BB

// == File: min_path_sum.kt =

[* BNERIER: EIES «/

fun minPathSumDFS(grid: Array<IntArray>, 1i:
EmiE LABETRE, BRIHES

//

if

b
//

if

b
//

val up = minPathSumDFS(grid, i - 1, j)
val left = minPathSumDFS(grid, i, j - 1)
[/ REAEEAR (1, j) HRDEERE
return min(left, up) + grid[i]l[j]

(1=068&7 =0) A1
return grid[0]1[0]

FHITPIREIESR, BIRE] +o B

A<0o Il j<0o)d{
return Int.MAX_VALUE

Int, j: Int): Int {

SHEME B (-1, 3) A (1, 3-1) MBBERE
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14-14 58T PA dp[2, 1] Z2RETRSANRER, Hrb @S —LEi i, HBREgEEsn grid MRS
BERTSBINE 2

WA LF, ERERTHENEREZ: RS RETE PAE A LM BNEE—ROT.

Bk R5IEA

dpl0,1] dpl1,0]

9/ 9. 9.
o o e

dp[0,1] dplo,2

] : : EBTRIEKE:
do = dp[1,0] dp[1,1] dp[1,2] dpl1,3] dpl[i+1, j1 # dpli, j+1]1 &6 dpli, j]
P dp[2,0] dp[2,1] dpl[2,2] dpl2,3]
dp[3,0] dp[3,1] dp[3,2] dp[3,3]

14-14 RS RE R

BHEREE A A NRIAG SRR, (L EAERE TARETRE m +n — 2%, FiRZERHEHES
O2m*™), Hrfrn il m 2B 248 TERIFI R, sEER, SRRy UK MENL AR IB AN, &
BRI LR N MR, I EPRIR R E S DL

2. FiEZ: miEniEs

B I AN—EFI4E4S grid HEIRSFRIGCIEES] mem , FRFCESE FRIER MR, 0K &8 7R EE T8
i

// == File: min_path_sum.kt =

/* BNEEEAN: SERWES +/
fun minPathSumDFSMem(
grid: Array<IntArray>,
mem: Array<IntArray>,
i: Int,
j: Int
): Int {
/| BERELABTE, AjREES
if (i =068&3j =0) {
return grid[0][0]
}
[/ BTHESIHR, BRE +o KE
if <0 [l §<0){
return Int.MAX_VALUE
}
/| EBEHELER, AEERE
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if (mem[i][j] '= -1) {
return mem[i][j]
+

/] BN EBETRI R NSEAE

val up = minPathSumDFSMem(grid, mem, i - 1, j)
val left = minPathSumDFSMem(grid, mem, i, j - 1)
// sEEgRMREA EAR (1, j) HRNEERE

mem[i][j] = min(left, up) + grid[il[j]

return mem[i][j]

aniE 14-15 s, 7ESIAGEIRMLTE, A FREMRRTEEIE—R, R B iR ea s, [
RS O(nm) o

dpl[2,1]
o £

ik 2AsiR dpl2,0] BIte: TR
of e

dple,1]

14-15  GCTRA IS S0

3. FiE=: BRERE

RN BB A, 20 RFrR:
// = File: min_path_sum.kt =

[* B/NERIEFN: ENREFRE] */
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]
/] REEERE: BT
for (3 in 1..<m) {
| dpl61[3]1 = dp[O][]j - 11 + grid[0]1[]]
/] HKEER%: 551
for (i in 1..<n) {
dp[il[@] = dp[i - 1]1[0] + grid[i][0]

h
/] RREEERS . HERITANG

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 - 1]1[m - 1]

14-16 JBR T B/ NASHIBRRE RS @A, FUERT T REMAANs, PRIBIBERES O(nm) .
BE%1 dp K/hZ n x m, HEIREREBHIREZS O(nm) .

3 1 5 0 0 0 0 3 1 5 1 4 5 10
2 4 2 [ 0 ) 0 2 4 2 3 0 0 0
3 2 1 0 o 0 0 3 2 1 8 0 o 0
3 5 2 0 0 0 0 3 5 2 12 o 0 )
grid dp ® grid dp ®
MealETT dple, j1=dplo, j-11 + grid[i, j]
e, BEHED) dpl, 0] - dpli-1, 0] + gridl, 5]
Step 1 Step 2
3 1 5 1 4 5 10 3 1 5 1 4 5 10
2 4 2 3e>5 ) 0 2 4 2 3 5e>9 )
3 2 1 8 0 0 0 3 2 1 8 0 0 )
3 5 2 12 0 ) 0 3 5 2 12 0 0 0
grid dp & grid dp ®
RS RREES
dpli, j1=min(dpli-1, j1, dp[i, j-11) + grid[i, j] dpli, j1=min(dp[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 0 3 2 1 ge>8 0 )
3 5 2 12 o0 0 0 3 5 2 12 0 0 ]
grid dp & grid dp &
IRREEE RREEE
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dp[i-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 0 3 5 2 12 0 0 0
grid dp ® grid dp ®
ARSI ARG
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j]
Step 7 Step 8



14 % BhRERIE www.hello-algo.com 304

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 &
KRGS ARAEEES
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j1
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 &
KRS
dpli, j1=min(dp[i-1, j1, dp[i, j-11) + grid[i, j] REIR/\BEEMA 13
Step 11 Step 12

14-16 /NSRS RE AT E AR

4, ZRImEWR

P Rl 7 U8 AN IR AURS AR, RIEEAP RT U — (BB A TR R E R dp &
AR, BZMEE dp REERIR—1THUIREE, P ARRIMEERIRATOIMA L & FIIRE, mRlEEd ST e e:

// == File: min_path_sum.kt =

[* BNEETEH: TRIREMEBIEIRERE] +/
fun minPathSumDPComp(grid: Array<IntArray>): Int {
val n = grid.size
val m = grid[0].size
/] %tk dp *=
val dp = IntArray(m)
/] IRREER: BT
dp[6] = grid[0][0]
for (3 in 21..<m) {
dp[j] = dp[j - 1] + grid[0][]]
+
/] KREEEFS . HERTT
for (i in 1..<n) {
/] IRREERE: B
dp[0] = dp[0] + grid[i][0]
/] ARREEEFE: HERY|
for (3 in 1..<m) {
dp[j] = minCdp[j - 11, dp[31) + grid[il[3]
+
}
return dp[m - 1]
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14.4 0-1 5 8IfIRE

HHMER A EF BB MTEE, BRSSP R RIMEE R, HAGRZEE, il 0-1
HHME, TetuiE ZEEURES,

TEARHET, FMSesk iR R 0-1 B EME,
Question
FAE n B, 5B EY) R E RS wet[i — 1], BER valli — 1], M—EBES cap W&, &
Yy L REBE — R, FIERRE S BA R FRERAY S A ROR EIE,
BUgklE 14-17 , AP ARSE ¢ 18 1 BRGAETE, FEFIRS I O BRGAETE, R & © BIEE R wgt[i — 1] f1
EfH valli — 1] o

WR EE HfE

i wgt[i-1] valli-1] YaRsE
1 10 50 ¢ cap = >0
2 20 120 ¥ |~
3 30 150 s u
4 40 210 ¥
5 50 240 L >

=AEE: 270

BEASRE B . B BT
H{EE 50 HEEE

14-17  0-1 HHRAREIE R

BATAT A 0-1 B RIEBE— Ml n PR IERE, BN EYBEEE SRR MRERSE, Hit
IR T TR RS,

ZEER H R R “TERET BAR FRERAY MR REE”, FIHBRARZ — 8 Re R E,
H—0 BERREDCR, EFRIRE, mHs dp &

HINEEY RS, TRAEE, BOAERRE; HASH, SRR, HtSREESE: B
ARt M EAE e, A (i,

ARRE (4, c] BB FRIER: wi ¢ EYAMIES RS ¢ RS EP sk E, =22 dpli, .

FERMERZ dp(n, cap], RRFE—ERS% (n+ 1) X (cap + 1) B4 dp %,

B PRI A, IR RS R

BRI TRRAE, FIERIZAT ¢ — 1 YRR TR, RTor 2% DU R iR i,

C BB EEARANE, RS [ -1,
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COAE G HEERRED wet[i — 1], BEEBN val[i — 1], REEME [{ — 1, c —wgt[i —1]] .

BRI ERAE TR T AR R E TR BRI dp(i, o] SRR ¢ FURAPIS ¢ iR R E
B RHIR M, FH I AT IR R RS T 7 -

dpli, c] = max(dpli — 1, ¢|,dp[i — 1, ¢ — wgt[i — 1]] + val[i — 1])

FERER, HERER wgt]i — 1] BHERIT O ¢, IIRASRE RO,
F HEE R ERR AR
B R AP AR 2 O BRI 0, BV dp[i, 0] 1T dpl0, ¢] #2572 0.,

BRIIREE i, ¢] 7 LT RIIREE [i — 1, ] A BATROIRAE [i — 1, c — wgt[i — 1)) MRS, FILEB/HEHE
P IE M dp AT,

RIELA LA, B T AIGIE B s, ik, SREE,

1. FiE—: 8hHiES

HaEABEE N ER,

- JRESB: RRE I, ] .

- IBEME: FRIEEME dpli, c] .

o BRIRREIE: B EARSEEST ¢ = 0 SO RIBRA R O I, A RRENGREEE O o
- BIRC EENYSERBN T ORGSR, AHBERE RS,

// == File: knapsack.kt =

/* 0-1 BE: BHES «/
fun knapsackDFS(
wgt: IntArray,
_val: IntArray,
i: Int,
c: Int
): Int {
/| BEEETEYRAEEERGEE, AREEE 0
ifF (=01 c=0){
return 0
}
/| EEEEEARE, REEEFBRAETE
if (wgt[i - 1] > ¢) {
return knapsackDFS(wgt, _val, i - 1, c)
¥
[/ FABEFRBRANNBANY@m 1 WRAEE
val no = knapsackDFS(wgt, _val, i - 1, c)
val yes = knapsackDFS(wgt, _val, i - 1, ¢ - wgt[i - 1]) + _val[i - 1]
/] REmiERZEHEEERI—E

return max(no, yes)

qniE 14-18 Fw,  FIR DY) Al & AL BRI RIS S0 57, BRI RTRIERE 2 O(27) 6
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BloaRias, ASBBRH PR THE, Gl dp(l,10] %, mEDMEZ, TEAREAR, JTHZMER
HENYmE R, HETRENBERGREEZ,

2. FiE=:

MEiEs Sa5E
dp[3,30]

REENG 3

dp[2,10] Bk YRER > HEsE

%,\%‘ REMRAYS 2
dpl[1,-10]

REERNIR 1

YImimeR i 1 2 3 HEEE cap = 30
YSESE wgt[i]l 10 20 20
saEE valli] 60 110 120

14-18  0-1 15 CUfl R 58 ) 1 = R S A

sCfEtiEs

7 7 PR AR T RE RN R R, R A S mem ACECER ¥ I AYME, Ho mem[i][c] ¥HE

dp[i,C] °

I 1%, SRS IO ISR, AR O(n X cap) . BHIRRREBLT:

/=

File: knapsack.kt =

/*x 0-1 B8 ZIEHES «/
fun knapsackDFSMem(

wgt: IntArray,

_val: IntArray,

mem: Array<IntArray>,

g
cE
): Int
//
if

I
/1
if

¥
//
if

hy
/1

Int,

EEETEYRRECERGEEE, AREEE 0
A=01lc=0) 1
return 0

AR, BEERME
(mem[i][c] !'= -1) {
return mem[i][c]

HEBEERE, AREEETHAETE
(wgt[i - 1] > ¢) {
return knapsackDFSMem(wgt, _val, mem, i - 1, c)

SAERBANNBAYR 1 NERAEE
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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]

/] SRR [EIMAES RAPEEEANI—E
mem[i][c] = max(no, yes)
return mem[i][c]

14-19 &R 7 ERC IR L s 8 is i =00 50,

MRRE Ya%E
dp[3,30]

dp[2,30]

Bk HREIRER dp[2,10]

= of 9.

dp[1,30] dp[1,10]

& BEHAMS
o = *

YniweE i 1 2 3 HEAERE cap = 30
YEESE wgt[i] 10 20 20
YaEE valli]l 60 110 120

& 14-19 0-1 H W HFERRC RS SR

3. FE=: BRERE

EhREHIEIEE ol R EARBER R IET dp ROVERE, RS AR
// = File: knapsack.kt =

[* 0-1 B ERERE «/
fun knapsackDP(wgt: IntArray, _val: IntArray, cap: Int): Int {
val n = wgt.size
[l %t dp *=
val dp = Array(n + 1) { IntArray(cap + 1) }
/] ARAEEEETS
for (1 in 1..n) {
for (c in 1..cap) {
if (wgt[i - 1] > ¢) {
/| EEBEERE, AHEYm 1
dp[illc] = dpl[i - 11[c]
} else {
/] RENEYR 1 EmESENBRAE

dpl[illc] = max(dp[i - 1]1[cl, dp[i - 1]l[c - wgt[i - 2]] + _valli - 11)

+
+
return dp[n][cap]

BEBMNYIG 3
Wik PRER > YEEE

RN a T



514 E BHRERIE

www.hello-algo.com

UNTE 14-20 B, WP AR AT dp Ao NiE, BT O(n X cap)

- ]

ER wgt {H{E val el e 1 2

wgt[i-1] valli-1] 0 ] 0 )
1 s @ 1o
2 1 * 2 )
3 15 - 3 0

VEHE n=3 EEEE cap = 4
MEURTS (n+1) x (cap+1) B dp JERE

Step 1
) - [ ]
EE wgt (HfE val el oo 1 B
wgt[i-1] val[i-1] [} 0 ) 0
+5N—
1 5 [} 1 0 5
2 1 * 2 )
3 15 (% 3 0
R
®:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
| Step 3
al - [}
EE wgt (H{E val el 1 2
wgt[i-1] valli-1] 0 ] ) )
1 5 [} 1 [) 5 5
2 11 * 2 [)
3 15 (% 3 ]
AR
#:
dpl[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 5
- [}
EE wgt {H{E val e 1 2
wgt[i-1]  valli-1] 0 ] 0 [
1 5 [} 1 0~ _5 5
* +11
2 11 2 5 11
3 15 - 3 0
RREE

B
dpli, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + vall[i-1] )

Step 7
) - [ ]
EE wgt (HfH val el e 1 2
wgt[i-1] val[i-1] 0 0 [} [
1 5 [} 1 0 5 5 5
N T
2 11 2 [} 5 1 16
3 15 (% 3 0
RS
B

dpli, c] = max( dp[i - 1, c] , dpli - 1, c - wgt[i-1]] + val[i-1] )

Step 9

Step 10

- [} ] U
B wgt (HE val el e 1 2 3 4
wgt[i-1] valli-1] [} [) ) 0 [
— #5501
1 5 (] 1 5
2 11 * 2 [}
3 15 [ 3 )
FRAEEY
#:
dpli, c] = max( dp[i - 1, c¢] , dp[i - 1, ¢ - wgt[i-1]] + vall[i-1] )
Step 2
- a B "]
EE wgt AfH val N e 1 2 3 4
wgt[i-1] valli-1] [ [ 0 ° 0 [
5N
1 5 o 0 5 5 5
2 1 * 2 [}
3 15 (% 3 )
TRAERY
#:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
Step &4
- [} ] ﬂ
ERE wgt {H{H val el o 1 2 3 4
wgt[i-1] vall[i-1] ) 0 0 0 [) 0
1 5 () 1 0 5 5 5 5
v
2 11 ¥ 2 0 5
3 15 (% 3 )
HRREE
dpli, c] = max( dpli - 1, €] , dpli - 1, c - wge[i-11] + valli-1] )
Step 6
- [} ] n
EiE wgt (H{E val el o 1 2 3 4
wgt[i-1] valli-1] [} 0 0 ) 0 [}
1 5 (] 1 [} 5 5 5
11
2 11 * 2 0 s 1 16
3 15 - 3 )
G
#:
dpli, c] = max( dp[i - 1, c¢] , dp[i - 1, ¢ - wgt[i-1]] + vall[i-1] )
Step 8
- = ] u
EE wgt (AfH val N e 1 2 3 4
wgt[i-1] valli-1] [ 0 0 ) ) 0
1 5 () 1 0 5 5 5 5
2 11 * 2 ] g 1 16 16
3 15 (% 3 [ 5
FRRERY
#:
dpli, c] = max( dpli - 1, ] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
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a - - ] ﬂ - [} ] U
EE wgt (HE val \N ° 1 2 3 4 EE wgt H{E val N o 1 2 3 4
wgt[i-1] val[i-1] 0 ) ) ] [} ) wgt[i-1] valli-1] ] [} 0 ) 0 [}
1 5 (] 1 ) 5 5 5 5 1 5 ] 1 ) 5 5 5 5
2 1 * 2 ) 5 1 16 16 2 11 * 2 05 1 16 16
i 15—
3 15 - 3 0 5 11 3 15 (o 3 [) 5 1116
RREE R
®B: B:
dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] ) dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 11 Step 12
- - [ ] n - [} [ ] “
EE wgt (H{E val el oo 1 2 3 4 EE wgt (HE val N ° 1 2 3 4
wgt[i-1] wvalli-1] 0 0 0 0 0 0 wgt[i-1] val[i-1] 0 0 0 0 [) 0
1 5 ¢ ) 5 5 5 5 1 5 o 0 5 5 5 5
2 11 ¥ 2 [) 5 \\u 16 2 11 ¥ 2 ] 5 1 16 16
+15
3 15 ® 3 0 5 1 16 20 3 15 @ 3 [ 5 1 16 20
R
#:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) SEEFAMSRN S SRAEE 20
Step 13 Step 14

14-20 0-1 7 B FHIERYEhRE I E AR

4. ZRREN
FE RSB IR RE R LB b — TR REAG R, DR P ] A P R R e B i, s R O(n?)
= O(n) .

L8, WMRESEM —(EMES B RS i R VE? BUR AT, RHEARREHR H Ik 177 s BITRIRS ¥
HREAR, R E— RS, ERGESE « 17, ZEYIRERTRZE « — 11THIIRRE,

GSREREBUE S ER, AREEERE dpli, j) W, 72175 dpli —1,1] ~dpli — 1, j — 1] {EFTREC ASwc T
2, BEREETA G ERERTIRRE RS AR
GUSRERIR LT, HIA &R LR, RS AT DAUEREEST,

14-21 eoR TAEBR RS TESE « = 1 ATHHRESE ¢ = 2 {TRUER, #5831 E FiAHEl & wi i Al

- [ ] [ ] “ - = ] n
EE wgt (H{E val \i\c 0 1 2 3 4 EE wgt (H{E val \N ° 1 B 3 4
wgt[i-1] vall[i-1] [] 0 L] 0 ] 0 wgt[i-1] valli-1] 0 ) 0 L] L] ]
C e C e :
2 1 ¥ 2 [} 2 11 ¥ 2 [ A
3 15 (O 3 0 3 15 (% 3 )
aen-ausen o - ([ EDEDEDED aen—ass o - ((DEDEDEDED
EW 1= 2 i, B dp PEENR 1 = 1 WAIENR BFERE 1 = 2 17, EITREEE

Step 1 Step 2
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- a @& “ - a B n
EE wgt (HE val el o 1 2 3 4 EE wgt (AE val el o 1 2 3 4
wgt[i-1] valli-1] ] [} [} ] ] ) wgt[i-1] valli-1] ] ] ) ) ° ]
1 5 [} 1 ° 5~ 5 5 5 1 5 9 1 5 5 5
2 11 * 2 [} e 2 11 * 2 o U
3 15 - 3 0 3 15 - 3 )

mer—mesws « - [CI) I 0D ED ED

BFESRE 1 = 2 17, BITRESS

e R ( 0 [ 5 [ [ ] e ]

BFERE 1 = 2 17, BITREEE

[ step 3 Step &
G a a & & a & & &
BEE wgt (HE val el oo 1 2 3 4 EE wgt {AfH val el o 1 2 3 4
wgt[i-1] val[i-1] 1) 0 0 ] 1] 0 wgt[i-1] val[i-1] () 1] 0 0 0 []
1 5 ¢ [) 5 5 5 5 1 5 o ] 5 5 5 5
2 11 * 2 o é 11 16 16 2 11 * 2 o - 11 16 16
3 15 (% 3 0 3 15 - 3 [

aen—ansm o - ((DEDEDEDED aen—ansm o - ((DEDEDEDED

BIFESHE i = 2 17, BITREEE SERENR, BF dp RENRE 1 = 2 WFER

[ step 5 ] Step 6

14-21 0-1 B MR RIS B E @

RN ERS, RMEFT Y] dp (95— ¢ EREMER, 6 H A0 paE R e A 6 E 7 RIA]
// = File: knapsack.kt =

/* 0-1 B8 THRECENEIERE] «/
fun knapsackDPComp(wgt: IntArray, _val: IntArray, cap: Int): Int {
val n = wgt.size
[l etk dp *=
val dp = IntArray(cap + 1)
/] ARREETS
for (i in 1..n) {
/]l BIFE
for (c in cap downTo 1) {
if (wgt[i - 1] <= ¢) {
/] FEFNEYISR 1 EMEARNRAE
dplc] = max(dplcl, dplc - wgt[i - 2]] + _val[i - 11)

F
¥

return dplcap]

14.5 T2 H 8MHRE

TEAHH, TRy —EE RS aE: 228, Hmern—ERG: Tk
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14.5.1 25 8RH&E

Question
BE n @&, B EYSNERS wet[i — 1], BER valli — 1], M—EFES cap W&, &
Bl AR SGRE, M7ERE S OAE FEMAY SR KEE, RE0E 14-22 fir,

e B8 {HE SesE
i wgtl[i-1] val[i-1] cap = 50
1 10 50 o 1 —

2 20 120 . x2  — m
3 30 150 &

4 40 210 ¥
5 50 240 (>

=RAEE: 290

BEAR: §—E @ IRE = BASE
HiLA 50 HRAE

14-22 seen WRERREER

1. BREREIBER

SE T BN 0-1 AR AL, WML PRI AL B L

- AE0-1 HEMES, YA, BRI AR, HEERERT ¢ — 1 [EYs s,
- T UMET, SRS BERZERE, FIEYE AT R, il BARERT ¢ fav e,

fER T HMENRE T, RE [i, c] WEML T R MBI

C ORI BLO-1 PR, WA [ — 1, ).
BN i B0 ISEMEARR, #EE (i, c— wgtli — 1]].

TR REE RS 7T RESE 7y -

dpli, c] = max(dp[i — 1, ¢|, dp[i, c — wgt[i — 1]] + val]i — 1])

2. EARER

BLEmIEE H AORECHS, KRB E &It — 1 8%, Hipme 8
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// == File: unbounded_knapsack.kt =

/* T2EE: BREHRE +/
fun unboundedKnapsackDP(wgt: IntArray, _val: IntArray, cap: Int): Int {
val n = wgt.size
// #%ak dp &
val dp = Array(n + 1) { IntArray(cap + 1) }
/] KREER
for (1 in 1..n) {
for (c in 1..cap) {
if (wgt[i - 1] > ¢) {
/| EEBREERE, FEYSR 1
dp[illc] = dpl[i - 11[c]
} else {
/] FEFNEYISRE 1 EMEARNRAE

dp[illc] = max(dp[i - 11[c], dp[illc - wgt[i - 1]] + _valli - 11)

}
}
return dp[n]l[cap]

3. FHRER

HRE ARG R /B Lig AR A TR Ry, Rt s E IR dp #rb S —T®ITIERE

Wi
EMEEFINEF I 0-1 B RIELHS, FHFEBIIE 14-23 AHRME I,

) - a = U - a B “
BE wgt (HE val el oo 1 2 3 4 EE wgt (AfH val el o 1 2 3 4
wgt[i-1] valli-1] 0 0 [} ] ] [} wgt[i-1] valli-1] [} [ [ [} [} [
1 5 ¢ 1 5 o 0 Il 0 15 20
2 1 ¥ 2 [} 2 11 * 2 [ 5
3 15 - 3 ] 3 15 (% 3 )

uer—muaEs < - ([ IEDEDEDED

i 1= 2 6, B dp PEENR 1 = 1 WA

EFESHE 1 = 2 17, BITREES

aes—anams « - | ([ ED EDED

[ step 1 ] Step 2
a a A @
EE wgt (HE val oo 1 2 3 4 EE wgt (E{E val e
wgt[i-11 vall[i-1] 0 0 0 0 0 0 wgt[i-1] val[i-1] )
1 5 [} 1 0 5 10 [EEEHEEPY) 1 5 ] 1
2 11 ¥ 2 [} g 11 2 11 * 2
3 15 @ 3 o 11 3 15 ® 3

et G Rl ( 0 [ 5 [ ]os ] ]

EFEHS 1 = 2 17, EITREES EFEHRS 1 = 2 17, ETREES

Step 3 Step 4
{ J

wem—mia oo - (0 EH 5D EED XD
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- = [ ] “ - ] ] u
EE wgt {HfE val \N 0 1 2 3 4 EE wgt (H{H val el o 1 2 3 4
wgt[i-11  valli-1] ] ) ° ] ] ) wgtl[i-11 valli-1] ] ] ) ) ° ]
1 5 (] 1 5 10 15 20 1 5 (] 1 [} 5 10 15 20
2 1 * 2 [) 2 1 * 2
3 15 - 3 ) 11 3 15 - 3 0
- | ] ]:) —— - [ ]
EFEDSE i = 2 17, ETREEE SeRED®R, B dp MENHME i - 2 HFIENR
Step 5 Step 6

i 14-23 S RS MR AR B R #hE R

RIS EH LUl B, (TR M dp RYSE—AEMIPR:

// == File: unbounded_knapsack.kt =

/* EEEE: TRREMENSIRERE] «/
fun unboundedKnapsackDPComp (
wgt: IntArray,
_val: IntArray,
cap: Int
): Int {
val n = wgt.size
/] ¥iak dp R
val dp = IntArray(cap + 1)
// RREEERS
for (i in 1..n) {
for (c in 1..cap) {
if (wot[i - 1] > ¢) {
/| EEBREERE, FEYSR 1
dplc] = dplcl
} else {
/] FRIEYE 1 EmEARZNRAE
dplc] = max(dpl[cl, dplc - wgt[i - 2]] + _val[i - 11)

I
I

return dplcap]

14.5.2 EERIGAIE

HHMER - REBE B R INR, EEERSEE, BTk,

Question
KATE n FEREYS, 58 0 REREWSINTEE 2 coins[i — 1], BREEREA amt , BRI DAEBHERR, [
REfE L BRSO EB R, MREREDEESHE, ADRE —1, REIAE 14-24 iR,
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F=l EfE
i coins[i-1] BifEE
1 N . amt = 11
\ -
2 2 $
3 5 @ x2 /

BOEEHE: 3
sEEsEs. @+ ©+©

14-24  ZE 4T HER R EIER

1. BEREIBER

TSR DB R 2T RN —REREREDL, A B DT B BN [F 8

- PIERER] DAHE S, YT BE CREET, “PahER” BIE HEREET, HUART HE "HES

- RECEHENR, BeT ERERERAMY)EE, TEICHREER SR/ MR,
- EEEUMERR NEET SR MM, TERORER Ry BRI BRI

S BEERITOR, ERIRE, TR dp %

RAE 4, o] SHREE FRIES: B ARERAEMTEI AN o M DRIBOR, 5% dpli,a) .
—4f dp BIRS 2 (n+ 1) x (amt +1).

B RN TGN, TR AR 7 R

AR5 At R AR 7 R 7 1E DL T2 5,

- ARBEERIME, EEEEH T max() Eeks min() .
- R RO TR U, SRR AT 11 AT,

dpli,a] = min(dp[i — 1, al, dp[i,a — coins[i — 1]] + 1)

B WS SRR R A
HEESHER 0K, BHENROEEERES 0, NESIFE dpli, 0] #%R 0.

BN, MRARIEE > 0 MEESHE, FU2MNR, HEREER 7 EBN min() HEXAEHRR L
B, MR oo REREM, BILEITANE dpl0, a] #EHR 00,
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2. EERRER

REYREGE S MARIR AL +oo A%, HABMEAER int MRAERMNE, MiE X &ESCRES: ke
TR +1 18 E A RESE A AL,

i, BRIMERAET amt + 1 RERIER, HRRE amt WEEEERZ S amt . RBIREIE, B
dp[n, amt] BEFR amt + 1, FHRABRE —1, REEERL B, R0 R:

// == File: coin_change.kt =

[* ZEERH: BHRERE +/
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) }
// REEEHE: BITEY
for (a in 1..amt) {
dp[O0][a] = MAX
+
/] KEEEEFS: HER{TAIS
for (i in 1..n) {
for (a in 1..amt) {
if (coins[i - 1] > a) {
/] BEBBEIZEEEE, AfEER 1
dp[il[a] = dp[i - 1][al
} else {
/] FEFEEE 1 EmEARNBIME
dp[ill[al = min(dp[i - 2][a], dp[il[a - coins[i - 11] + 1)

}

¥
return if (dp[n][amt] != MAX) dp[n][amt] else -1

14-25 JeoR 7 ZER IRV ENREIENERE, Mseeh tREIEFEARLL

8 &4 & & 8 & & ¢
Rt i SNl e 1 2 3 4 R HfE Nale 1 2 3 4
coins[i-1] ] i 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
WHESR n-3 Bif&H amt = 4 WEEE n-3 EiSEE  amt = 4
MEURTS (n+1) x (amt+1) B dp JERE AW ETTS max = amt + 1 | EHFIB 0

Step 1 Step 2
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5 &4 & 6
=R EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! o 1
2 2 @ - 0 *t
3 5 @ | o
FRAEEY
#:
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1 )
[ Step 3
s & & 6 6
MR EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX M?X MAX
1 1 @ : 0 1 2 3
2 2 @ [) 1
3 5 @ 3 0
s
d‘p[i, a] = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1 )
[ Step 5
y & & 6 @
=R EfE e e 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
HRREE
#:
dp[i, a] = min( dp[i - 1, al] , dp[i, a - coins[i-1]] + 1 )
[step 7 |
s & & 6 6
R 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 @ 3 0 "
R
#:
dpli, al = min( dp[i - 1, a] , dpli, a - coins[i-1]1] + 1)
[step 9 |
5 & 8 68
R il el 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 @ |0 1
HRREE
#:
dp[i, al] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
Step 11

i 4 & 6
& EfE h [ 1 2 3 4
i coins[i-1] 0 0 MAX MAX MAX  MAX
1 1 @ ! 0 1 2
2 2 @ - 0 *1
3 5 @ | o
HRREE
#:
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1 )
Step &
&8 & & 8
R EiE 3 [} 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 o : ] 1 2 3 4
2 2 @ » ] 1
3 5 @ 3 [
R
db[i, al = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1 )
Step 6
i 4 & 6
R EE h 0 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 3 1 ; 3 4
2 2 ® 2|00 1 1
3 5 ® 33| "
KRR
#:
dp[i, a] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
Step 8 |
s & & &8
Eot EfE 3 [} 1 2 3 4
i coins[i-1] o 0 MAX  MAX  MAX  MAX
1 1 @ ! [} 1 2 3 3
2 2 @ [} 1 1 2 2
3 5 @ s | o ‘1
R
#:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
[step 10
: & & 6 6
R EfE R 0 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 5
3 5 @ : | o 11
KRR
#:
dp[i, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1 )

Step 12
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5 &4 & 6 5 & & &
=R EfE el 1 2 3 4 (] EfE el 1 2 3 4
i coins[i-1] [ 0 MAX  MAX  MAX  MAX i coins[i-1] ) [ MAX  MAX  MAX  MAX
1 1 @ ! 0 1 2 3 1 1 @ ! 0 1 2 3 4
2 2 @ 2|0 1 1 2 e 2 2 ® 2|e¢ 1 1 2 2
3 5 @ - [} 1 1 2 3 5 @ - 0 1 1 2 2
i RAEE
#: ®:
dp[i, al] = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1 ) dp[i, al = min( dpli - 1, a] , dp[i, a - coins[i-1]] + 1 )
Step 13 | Step 14
i & & 8
R EfE N 0 1 2 3 4
i coins[i-1] 0 0 MAX MAX MAX MAX
1 1 ® 1 0 1 2 3 4
2 2 @ 2 o 1 1 2 2
3 5 @ 3 0 1 1 2 2
EEREERERNROEERE 2
Step 15

14-25 ST AR B RE R E) A

3. FHRER

TE o2 R AL R T e 2 B RME B

// == File: coin_change.kt =

[* B TERECRINERERE «/
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
/] e
for (i in 1..n) {
for (a in 1..amt) {
if (coins[i - 1] > a) {
/] EBBEIEEE, B EEE i
dplal = dplal
} else {
/] FEEFHEE 1 EmEsENENME
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 EEERFIGMRE N

Question
G87E n REREYE, S8 0 FEREWSINTEES coins[i — 1), BELSEEA amt , SRR DAEEER, M
H RS HR A S BR, RBIAE 14-26 Fn.

iReR EfE
i coins[i-1] BiEEE
amt = 5
1 1
2 2 $
3 5 (5]
EEASHE: 4
EASHR: + + + +
+ + +
+ +

14-26 ZEETHARTE 11 R AIE R

1. BREREIEHE
FAHEH b, A E SR AR, [ RIS B 0 ARt R o IALABUR. T dp
FORBR 2 (n 4+ 1) x (amt + 1) (-4,

ERIRABAIAL & B SR B R B A B WO AR IR A B 2, SRR RS 77

dpli,a] = dpli — 1,a] + dp[i,a — coins[i — 1]]

B HESEA O, MZDRIBEAEEAI S BReH, BB ESITE dpli, 0] #uhts 1, B
R, SEEIER > 0 MBS, HEETHE dpl0, a] R0,

2. EARER

// = File: coin_change_ii.kt =

[* TBIERM I1. SHREFRSB] «/

fun coinChangeIIDP(coins: IntArray, amt: Int): Int {
val n = coins.size
[/ Wk 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
+
/] KREEETS
for (4 in 1..n) {
for (a in 1..amt) {
if (coins[i - 1] > a) {
/] EEBBEIZEEE, B EEE 1
dp[il[a] = dp[i - 1][al
} else {
/] BEFRFE 1 EmESRZM
dp[ill[a]l = dp[i - 11[al + dpl[ill[a - coins[i - 1]]

}
}
return dp[n][amt]

3. FHRER

B ERAR R 7T AR, M RRAE S A RN AT
// == File: coin_change_ii.kt =

[* ZEFM 11 TERECRNERERSE «/
fun coinChangeIIDPComp(coins: IntArray, amt: Int): Int {
val n = coins.size
[l %k dp *=
val dp = IntArray(amt + 1)
dple] =1
/] KRB
for (i in 1..n) {
for (a in 1..amt) {
if (coins[i - 1] > a) {
/] EEBEIEEEE, AEEE 1
dplal = dplal
} else {
/] EAEEE 1 EmERRZM
dplal = dpl[a] + dp[a - coins[i - 1]]

¥
}
return dplamt]

14.6 #mEEEEEHRSIRE

AnEEEEAE, UM% Levenshtein i, fEMiflETH: < M EAHERAT R MESOREL, JEH HREESRRRA AR

A5 5 e A {37 DA A
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Question
HPE T s 1 t, IREK s A ¢ rasiE/ D a8,
VRA] DATE— {8 7 BB FhofEA T = REAm iR e A —EFoT. MBR—EFoT. HEoEisttE—E50,

Nl 14-27 R, fF kitten My sitting FREMTHE 3 20, TG 2 DO BURIEE 1 JUBTIEIR(E; 1 hello
W2y algo T 3 4, QIS 2 SO HRIRIERN 1 IRIMBRIRIE,

s- E0800 s- (80080
lgm lﬁﬁlﬁﬁ m%llsﬁlgm
Gl o] oDoo

- BE88080800 - (3E80

14-27 SRARBEAEAY R IIEOR)

A AR AT DR BRI DUR BBV iRE, R IER IR, —HRDUR (—IRATHIRIE) BRI —
g,

qniE 14-28 FoR, EABRFERIEAIEICT, SEERHERR URAE HFF 20508, SigEE —ERiE, SRk
FHIE hello HHRF| algo HiF 2 AT REAYEETE,

TERRRI R, AR ESE R ARG hello METE: algo < MIHYEIEIETE,

14-28  FLJRIRAR BRI R S i PR A Rl R
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1. BHREREIBER

B BERRORE, ERINGE, Rmesl dp &
BRI T s T XA,

TR AL IHREIERER, PSRBT, A AR TR, 3250 s M £ ORISR n
film, % A R IE sln — 1) F1 t{m — 1] .

- i s[n — 1A t[m — 1) HER, TR ABOBE, EEEE sin — 2] F1 Hm — 2] .
C #s[n— 1 A t[m — 1] R, RIEES s 8T REE GEA. MR, iR, FERTE RS
FIEAIR, FETTAT ABOB M, % R N R,

s, FFMETH s PIETHEmRR (GRiERE), MEHERE s ¢ PRIERRIRFILAC T3 R L,
Ktt, ARREZERITE s F1 ¢ HhB AV ¢ FI58 j 57T, &% [1,7].

YRAE [i, j] SRERO TRERE: 9§ s O ¢ MR EREs £ IR § MERimi D
S, BE RS (1) x (+ 1) 4 dp %,
o PR TR, TR RS R

208 TR dpli, j], HEBEITET RS s[i — 1) A ¢[j — 1], AORSR R AR SR 5 2
14-29 FiRHY = REIRH.

1. 16 s[i — 1] 24%H t[j — 1], BRI TFRIE dpli, j — 1],
2. WBR s[i — 1], HIRISKTRIE dpli — 1, 4]
3. W s[i — 1) Bt i — 1), BUEIBR FRIEE dpli — 1,5 — 1],

EREPHLE e

00000
(c[o]d]e] (c[o]d
dpli, j-1]
fE% k
s - BB0OC 080
‘- (T ]
dpli, jl dp[i-1, j]
1 k #in8 e
(b]o]o]e]
(cJold]e] (c]o]d
dpli-1, j-1]

14-29 HWiEEE AR REHES

FROEDA L5V, ISR TA5HE: dpli, j] BRGSO dpli, 5 — 1] dpli— 1, 4] dpli—1,5—1]
SHPIR RIS, FI AR 1, SRR R
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dp[lhj] = mll’l(dp[l,j - 1]7dp[2 - 17]]7dp[2 - 17] - 1]) +1

FEIER, B os[i— 1) Mt]j — 1] HIEIR, MEZESEERIC, SRR NREER TR

s v S LRSI INT L FE Al

BRI LA, SISE0S 0, B dp[0,0] = 0, # s A%3H ¢ FA%H, ROMIESEESRN L (R,
BIRAT dpl0, ] = o % s FAZE ¢ A%, ROMIEBPMER s R, BE dp[i,0]=1.

BISRREERE /7 H2, R dpli, j] HEATT. 177, 72 LM, TR IZs 3 e A 1 2 (8 dp REANFT
2. ERBER

// == File: edit_distance.kt =

/* 4REEBERE. BNREIRE +/

fun editDistanceDP(s: String, t: String): Int {
val n s.length
val m t.length
val dp = Array(n + 1) { IntArray(m + 1) }
/] REERE. 51785
for (i in 1..n) {

dplil[0] = i
}
for (3 in 1..m) {
dp[0]1[j] = 3
Iy

/] ARREEEFS . HERITAIG
for (i in 1..n) {
for (3 in 1..m) {
if (s[i - 1] = t[j - 1D {
/] EMFEE, BEEZBILMFT
dp[il[j] = dp[i - 11[] - 1]
} else {
/] =VERESE = A fibR. BRE=ZFRENR IV REESE + 1
dp[il[3] = min(min(dp[il[j - 11, dp[i - 21[31), dp[i - 1I1[j - 1) + 1

}
}.
return dp[n][m]

QUi 14-30 B, 4 A ] R A B RS o e B v GO PRV R L, AT DA PRI — 18] — AR A 0
*5'30
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ooon

h J
0
0 :
8 :
[ I
s = “bag”
n=3

t = “pack”
m

=4

MEHRTH (n+1) x (m+1) 89 dp &R

o880

FRAEEY

4pli, 31 = min( dpl3,

s |

1R
dpli, 31 = min( dpli,

e
dpli, 31 = min( dpli,

Step 7

e

4pli, 31 = min( dpl3,

[ Step 9 l

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, jI , 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 |
o
0
l' 1
[ 2 [
[ < S
#:ﬁﬂ
dpli, 31 = min( dpli,
[ Step & ]

1R
dpli, 31 = min( dpli,

HRAEES
B

e slin1]=tli-1] = ‘a’

‘ Step 8

R

pli, 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, j] = dpli-1, j-1]

j-11 , dpli-1, jl , dpli-1, j-1] ) + 1
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oaan (p]:0-]«]
7 -
SNle 12 3 4 SNle 12 3 4
0 o 1 2 3 4 o [0 1 2 3 4
t’ 101 1 2 3 4 l' 101 1 2 3 4
l' 2 |2 2 1 2 3 l’ 2 |2 2 1 2 3
13 +1
!’ 3 |3 3 l’ 3 (3 3 2
KRG R
#: #:
dp[i, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-1] ) + 1 dpli, j] = min( dpli, j-11 , dp[i-1, j] , dpli-1, j-1] ) + 1
|Step 11 Step 12
ooan ooga
Ne 12 s i\{ 0 1 2 3 4
o o 1 2 3 4 o o 1 2 3 4
t’ 101 1 2 3 4 l’ 11 1 2 3 4
" 2 |2 2 1 2 3 ‘, 2 |2 2 1 2 3
+1 +1
t’ 303 3 2 2 !’ 3 (3 3 2 2 3
R giﬁﬂ
dpli, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-11 ) + 1 dpli, j] = min( dp[i, j-1] , dpli-1, j1 , dpli-1, j-1] ) + 1
Step 13 Step 14

ooan

Ple 12 3 4

o e 1 2 3 4

[ 5 I U G T
a 2 2 2 1 2 3
B s 3 2 2 3

EBERREESH 3

Step 15

14-30 #wiEERAERBRE SIEERE

3. FHRER

f dpli, §] e 57 dpli — 1, 7). 75 dpli, j — 1]. 7 E77 dpli — 1, — 1] SESTSRHY, T )
FFEN LT dpli — 1,5 — 1], BIFESREEIRATRE dpli,j — 1], EILAREIERER T,

itk TR DAGEF —E % Leftup R FA LTI dpli — 1,7 — 1], MR TE AT LT H#
Rt e 21 WREA R, AlER L ER . U NTR:

// == File: edit_distance.kt =

/* #REEEEEE: TRREMENEIRERE] «/
fun editDistanceDPComp(s: String, t: String): Int {
val n = s.length
val m = t.length
val dp = IntArray(m + 1)
[/ REEERE: BT
for (3 in 1..m) {
dp[jl =3
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2

hy

}.
/] RREEEFS . HERTT
for (4 in 1..n) {
/] RREERE. 55
var leftup = dp[0] // &7z dpl[i-1, j-1]
dp[0] = 1
/] RREEEFS . HERY
for (3 in 1..m) {
val temp = dp[j]
if (s[i - 1] = t[7 - 1D {
/] EMFTEE, MEZIBILMFT
dpljl = leftup
} else {
/] RVERESE = A, bR, BRE=EEENRVRETEH + 1
dp[j] = min(min(dp[j - 11, dp[j1), leftup) + 1
}
leftup = temp // EFAT—&HN dpl[i-1, j-1]
+
}

return dp[m]

14.7 &L

1. ERSEIEE

- BIRERES TR, ADERGHT T REER AR AR, s RRCR,
- ABREREIATE N, FrABReSEIFTEAR AT AR (B a) @R, (R RKRR

B, DR BB AGERAHS, AT AR R RS R T R, e O A T
AW IR,

- AL s I TH R RANEE s, M BB B e R B TR R L, H

GnlE “HEARMT —A HREATIRE AR LE I IR, R IR AT DATHER dp RAT—(EHERE,
e R R R

- FRES R EE AR, Eoia, BENEL mhRE R ERIEE,

- ENRERIEIRTEA R R, R TR, R,

- USRI R A A T DA 1 PR R B R A AT A, e B i 1A

- ERBUETREIR —EARRE, HARR IR A BRI R EFTA NG, fF2 Mo RE

PRI A HA SRS, ST P B RE AT A PR SR e

G

- BEMERRINBIERERE -, A6 0-1HHE, we2ii, SETUFEME,
- 0-1 BEAGREERTHT ¢ AYRERRS c NEEPRRAEE. RIBARAE BT iR

R, AMSEIRE AN, WAREHIREER T, EERERS, BREEIRERRIE E5RE )5
HORRE, R EEFER B, /e BT iRERE =,

- sEe T E R AR b A SE BB SR, RIS IR IR RS B 0-1 AR, HR

ARREARRAIE BT FIIEZE DT HUARRE,  [RHfE =S AR AL & IR AE 3

- TEOIRFER S 2T WRHER —EERE, BIOR TR EEEAR RN EEEE, FItiREE

Bo7ifE i max() %% min() . fEER “FEd” HOARINER “Bir” B EESE, KIS
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Al amt + 1 &R GOk E SR R0,
BRI AR “ROTEEUR B BN AR, RIS TR AL min ) B
SRR

TR

- HmiEEERE (Levenshtein BREE) FIRMTE MM v & 2 FIBIROUE, HoE 21— ¥ H 255 — 85 H
MR/ VAR E, AREEIRIE RIS, MBR, B,

+ i R L AR ) R R BB 3R 2R s BRI 0 BTy ¢ BIRT j T T TR R DD B B
sli] # tlg] Wf, BAREDER: B, MRk, Bk, 2MEaHEERATRER 7R BRI DI A
TR RS R, TE s[i] = t[j] I, MEMREETTTIC

- AEAWEREERMECD, KRB 77, IE/E75. 72 BTTHORRE, RIS el de A (AR L e B8 A A AT JE 1
IEREHETIRREM RS, Z5itt, TITAIH —(EZEBOE 7 /2 L77/RRE, M s Bl 2 WHESFEE
o, A DR MR R T IERAE 7.
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Abstract
Al H 25 KI5, ReZIER B & R EE,
BAE RIS AE — i Y f BB, BPEMREE R,
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15.1 S¥ERZE

BEEEL (greedy algorithm) 22— RARD R AL RERTIRE,  HAEA AR AE P ) £ 8 DR SRR
B, WOREATE AR EREE, Rt Bt R ERRER, DHER et R, S8mEk
R E R, TERF 2 HIRME G ERZRIER .
B IR EN B R R R, B A MR, iR B AR,
B AR AR,
- BYRERE SRR RIS BRI A DR B RTTRER, {38 2 7 R A e A s i PR A i
- BMEERAGEREENDGR, M2 —RAaTHE T B2, TR, BB,
FMCE BB TR A EIAR TAERM, EEECRE el iiE” =ZHih 4, A
BUREFE AR,

Question
47E n REEEYE, S8 ¢ REREWSTNTEES coinsli — 1), BRESEA amt , SRERE ] DIEEER, [
RSB BIESEN R DB R, REREL RS, ARE —1,

AR S AE RIS AN 15-1 e a7 AR, SRR KR Hidin enins, Bz
LER, HERBESEA L,

BigER BEER: ARBREFTANERBIRGRSHENEE
131
N
31 J— :
¥
e U
’
¢
N O =
’ (1)
(]
@ 15-1 ZETHRAEAERME
B R R:
// == File: coin_change_greedy.kt =

[* ZERM: BF «/
fun coinChangeGreedy(coins: IntArray, amt: Int): Int {
// 8% coins EFIERE

var am = amt
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var i = coins.size - 1
var count = 0
// BEETEEEE, BRERREEE
while (am > 0) {
/] ¥EIR B RIZIA R AR RERVRE IS
while (i > 0 && coins[i] > am) {

i--
¥
/] #E#E coins[i]
am -= coins[i]
count++
}
/] BEFRIFZEFIAITHESR, BRE] -1
return if (am = 0) count else -1

IRATRE @ 3% H/EE: So clean | BAAHAITAEMAHTREIERMIR T ZE (o],

15.1.1 S¥EHZENEHEFERYE

B IE AR B, BB, L@ R PR AR, 16 0L LRI, SO RN E{E % min(coins)
, HIEAEEREZI0E amt/ min(coins) X, REEMEEZ O(amt/ min(coins)) . 18 LEIREFIHEIfRD:
IFRERERE O(n x amt) /N T —EBEHL,

SR, BRSLERE mEAL S, ARRNE AR, [ 15-2 4 T mER .

- IEM coins = [1,5,10,20,50,100]: {Es%MEWHEE T, HAEMER amt, BEAEELH A ARSI
iR,

- Bl coins = [1,20,50]: {R&& amt = 60, EHHEEIENEERE 50 + 1 x 10 Wseisl s, Hat
11 #erges, (HBYREARE AT DAPREN BB A7 20 + 20 + 20, (£ 3 KR,

- Bl coins = [1,49,50]: &% amt = 98, EHEAIEHAEIKE 50 + 1 x 48 Wiy, Hat
49 MU, (HENREREE AT AR R R 49 + 49, (£ 2 Bl

WS Bif®E AERNERELR BREREIRESE
(B RRR) (SIFHERBRR)

(1) 60 +@x10 x3
@ 98 +@x48 xz

15-2 EAHAIRERR R BRG]

s, ERFTEREE, SAEAAEARERS 2R E R, I HAREREIER EZRR, EF
18 & B RE R R

—REILT, EAEEEIRAE AL DT A,
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L. nfCAPRGER B B B RIR RS I MEE R R R, R T AL, BhREREE &5,
2. nIDMRENEUR R SAEEIATEIERE AN MR AT IR, BIRNR 2 AR AR, SHesitRE
AR IREE, BE DA SRR ER BN AR A A EERY,

15.1.2 BEERERNE
ARERIEA T, A BRI & S A SRR R e ? siE s, S BIAEM BTN il ARE RS R
Ei?
METRENREME], B RTARI MR EINET I, HE E R R M
- AANRIEENE . A ERREEEAA A ISR e R e AR, SAEEIR RERES 2 R AR
- ERETAR: RN RERE S TR R SR
REFHEMOEE “BIRNE" P NAE, SEAEER, BESEENE, —ERENERE TR
HAEE, (EA52R AT B AR TR IR

B T ER T AR E A7, R ERRE R, HERE BRI, Saik
IRV REAE S 3

BIanF eI, WMEEARES A BRI B, BB EDE T, HREAERER WIRM:
TR PR PF A B AR 5 vl DAfSE P SR R OR MR TR RIS B R sl R B - Ak At — (AR R P P Y
B, M DAE R R B,

Quote

H—RasSGE T8 O(n®) WA OB,  FARAIBT—(E R AL & fl 75 58 P B A T SRR
HE R SRR R

Pearson, D. A polynomial-time algorithm for the change-making problem[]J]. Operations
Research Letters, 2005, 33(3): 231-234.

15.1.3 S¥ERIRETE

BHARER R A 22 AR =2,

L. S0 e SRR R, AR IR. R BAEMAHRRAF S, 18— P AE A1 Zh e Sl
FHEET M

2. W ARG FEE AR Dt AR, IS RIS RESIE o — DB NEERT R, M AR
DR (A,

3. IEREVERN: B R EERE A BRI E RS T, SRR RETRE MBI, B
QRERANIR B SR TR

HEE SRR 2 SRR OV B, (BB AR AR A 5, TEAUREE,

© AIRIETER BRI 2 BB, BT 2 AR, BN LR R, BB — LA S B
ERUAEIS o TSR — LM, SRR AT REAR RS RS, SRR DU TR =5 Bl A\ e Ae B b
HRIRREN 7o
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SR ARG AT ORI R B RS O R at i SRR, 5 AR G R ST, RAT
REFEBLAR > HIBARPIETR R, ER N DRGNS 2 "M EME” 1), BRI i
o (1 HSE SR

7 T REEIERENE, FRIMERZE SR TRGER BUR R, W T B S sk ol R B i

R, IEREMEREPI AR ATREAN R — MBS, AnAs I saRE, BAMIEE & s m i E B TR S PR,
— B SR E AR R

15.1.4 BRERZADFIE

BEASEELIRE AR B AR R M E AR AR I s AL R, DURAIER 7 — S SR S AT RTA
ﬁ:ﬁ% o

- BT A ST, ASERIRGUE A DS B R .

- ImPEHPRRE: (REURE — TS, BEERE BN EPEST, IRAYE SR SEE Al REZ RIIEFS. W
REFRESE R RN R e FAUERS, R S AR RTR L A] DS 2 B B

© rBE B AT AETE R ERER, REEEREE Y, ARRERTEARER, H
ABEERR, WRSEEREN RS (FBE/ EHE) Y8, IR ERIRE—EEI T A S
Elll g 3N

- REEHERRE: A AR R ERER, (KA DUETTZREE, EARIREAER AR, AREEE H
ZHINRERE, BRI AR,

- ERBHNE: ERSMIE NN R R B AR, BEMEEREN, BUOERHBUR
KRR AR S 0F, RESZINERSMIVFERERE WGBRE) &,

- Dijkstra 3RE: B2 —FEARRAE T IR TERG S AR-2 TERG A B R s 1S P R BT AT TR

15.2 HEEaME

Question

B n @IS, B EYSNERS wet[i — 1], EER valli — 1], M—EEES cap W&, &
E i R BERE — R, (HA] DUEEWIN— s, BFARIEEENE R LIS, MERES AR
NHEAUPYEARREE, REIE 15-3 FR.
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W EE fHfE

i wgt[i-1] val[i-1]

1 10 50 ] BAER HazEE
2 20 120 20 cap = 50
3 30 150 B ™~ m
4 40 210 bd 30—

5 50 240 (>

BAEE: 120 + (30/40)x210 = 277.5

BESE: BRE A 30 58 ¥ pAEe
H{EM 50 HEAE

15-3 P BUE SRR G R

SRS CLRIREA O-1 75 CLPAEACRE FAERAE0L, KBRS AT | AR o, EEERIE S RAR T
N
RFBHER, ABAT RGN 5y, W6 154 Fis, BPio SUEHms e eiTYI5y, kit
B st S .

1 SOAYIR TSGR R RIS valli — 1)/wgt]i — 1], BRSALEIE,

2. [ER A i, ER w, B EMIIEES w x valli — 1] /wgt[i — 1] .

RN EE HE BEE
val[i-1]
i wgt[i-1] val[i-1]
wgt[i-1]
1 10 50 5 ) B BRI Hanm
ENER BIEE MnEE
2 20 120 6 _ e
va -
3 30 150 5 & Yo gtlicll u
4 40 210 5.5 %
5 50 240 4.8 7

15-4 PyinfE A R B NYEE

1. ERIREE
RAMHE RN RREE, AH BREACEA R FRYSMELL, I r] R E 15-5 FroRi s
[

L ¥t SR BN EE T s EHROETHER
2. FEFAATEY)SL, e AR B A AR S P
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et FH B T At — B 0 R 7

w
i
ﬁ
®
T
@
oY
o
3
F

W EE HE BAEE
val[i-1] R E{IAE

i wgt[i-1] val[i-1] wetli-1] HEBEHERE

2 20 120 6 2

4 40 210 5.5 % P

1 10 50 5 ™) BOREEUEEESNYR
3 30 150 5 @B

5 50 240 4.8 | 7

15-5 2 BE R S AR5

2. EARER

AN T —EYSSER Ttem , DAMEHEY) IR BN EEMETHEY, BEMEITEZEE, BN MR
HA I 3R [ i -

// == File: fractional_knapsack.kt =

/* ¥gn %/
class Item(
val w: Int, // ¥&
val v: Int // ¥)&EE
)

/* DEEE: Y «/
fun fractionalKnapsack(wgt: IntArray, _val: IntArray, c: Int): Double {
// BiYmEyl, asmEEE: E5. EE
var cap = ¢
val items = arrayOfNulls<Item>(wgt.size)
for (i in wgt.indices) {
items[i] = Item(wgt[i], _vallil)
}
[/ EREAGEE item.v / item.w USIHERETHF
items.sortBy { item: Item? -> -(item!!.v.toDouble() / item.w) }
// BEETEEE
var res = 0.0
for (item in items) {
if (item!!.w <= cap) {
// ERHFFERE, IRENYRBERESE
res += item.v
cap -= item.w
} else {
/| ERGFRERE, REMaRN—BIEESE
res += item.v.toDouble() / item.w * cap
// BERGRE, FLbHkLEE
break
¥
}

return res
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PN 0 B (RIS RS SR FEE 2 2 O(log m) , 2SRIMERREDER 2 O(logn) 5% O(n) , BUARAERES
GECTE )

i oh, TERERNT, FEETREY B, FIERNEBRES O(n) , Hin Y80,
HURWIEAL T —18 Ttem W51, FEZHEBHES O(n) o

3. IERET4:8HH

BRHRETE, B o R RER S, SRRERDORIGRAEED res , HEBHIUSYM
x o

BERH U EHEMEENEEY M, WERASEAERYIN oo BRY5 v MR EERS, KIS
BIRIMEE—TE RN res . 1EH res RREWPE, SHRERPLHEEETMN .

B ER A, B AT DIRER  EA P, MIME 2, BAEEE RPN EL E R, 50
HH B AR SRS 2 B R

GniE 15-6 Ffow, 4n SR b e BRI it BB 70 BB 1 — Tk — A R ARl AN At e, R o> B0 [ R ) i
P2y “SRAEA PRSI T [ A AR TIAE” IS {RE ] DAR BP0 A (e Ay E B A B 28 SRS (4 R o

YmEEE
5.25 5 5
* v & -
YoES
40 10 30
50
| “uzE

15-6 U L RER &M FRR

15.3 RAFEME

Question

A —EES] ht , HAPEEETRNAR —EEERRAEE, BATRREEmRERR, ez
[l ) 2 [ AT DAAH B — (A

DERNA RN @A R ER R (HE), HoeEhBIERRRRE, M ERR AR 2R 5|
2%

SR AL REA IR E R, SR AR RREAR, RERKAR, ROIA0E 15-7 Fir,
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R

e B N W B U O N

BAAES (5-1)x7=28

15-7 BRARARHERREE R

AR M EREAIE AL, RIEASRERGIR R 2 MR RRAR AR5 ], Re [4, 7] o
HURER, ARENEERUEE, HrhmmEhERIE, SERmRRINESIRT 22, S &2 capli, j]

, BIAT{3aH AR
capli, j] = min(ht[i], ht[5]) x (7 — 1)

STIER Y 0, WERRIALA R0 CREERED 2 C2 = "L (0, e, Fll] DSk
fE, FETIRIHRARR, WRBERES O(n?) .

BEEEA S RCRIIE, W 15-8 Frx, BURE—EIRGE [, 7], HiWE R < j BEE ht[i] < ht]j]
, B i BRI, § AR,

8
7
6
5 | J
4 = |
3
2
1 | ‘
. |
0 1 2 3 4 5 6 7

i Z5ER, ] AER
BIAE cap = min(3, 4) x (7-0) = 21

i3
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15-8 WI4HiIRGE

QniE 15-9 R, FHBLRHRFHRAR j %R ¢ SRk, WA R e s,

BN ERERR j 18, R j— @ §E8/0; MeERERIE, FtmERRENE (%8R 5
SN (BENRM § AR .

pE—— < e

e B N W s 0 N ®

BNBERR, BE—E)
LRIAE cap = min(3, 3) x (6-0) = 18
15-9 MNBEIRREZIIAGE

i, BMRARMRNBEERR  , AATREEAREER, HAMARTE T/, HEElRegEAn B
BRI © FIREEEER) . BIANTERR 15-10 1, BEHREHIRHIFEEEKR,

e B N W & 0N ®
ess—— <\

L

0 1 2 3 4 5 6 7

mPRERElR, BEAREEA

BIBE cap = min(8, 4) x (7-1) = 24

B

15-10 [ ESEN AR R ARG
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P I AT A R B AR . RGP AR, 7 asphivn, ki PO WS A R S T O A,

TETAHIE,

15-11 R 7 B SR B A T iR

W e

Step 1

KR

Step 3

KR

Step 5

S kB N W s O O N ® S P N W s GO O N

S kP N W s O O N ®

PIGIRAET, $5H2 5 1 § 45 5URBI s,
S RTIRAERI A capli, 7], WERTEA
HOBER i VIR j IO, SRR B — .
EEEGTE 2. HRE 3. 5, HE DR,

o 1 2 3 4 5 6 7

MBKIER 1, j , EHDTIESIME, SRRAME res = 0

< He

—— < .

o 1 2 3 4 5 6 7

HHBE cap = min(ht[il, ht[j1) x (j-i) = 24

RABE res =
3
v

0 1 2 3 4 5 6 7

max(cap, res) = 24

< He

HHIAE cap = min(ht[i], ht[j1) « (j-i) = 28
RABE res =

max(cap, res) = 28

Step 2

Step 4

Step 6

it

KR

S B N W H O O N ® S kP N W s GO O N

S kN W F O O N ®

HHIB® cap = min(ht[il, ht[j1) x (j-i) = 21

B|ABE res = max(cap, res) = 21

< b

j
v

o 1 2 3 4 5 6 7

EHIBE 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

ERAE cap = min(ht[il, ht[j]1) x (j-i) = 21

BABE res = max(cap, res) = 28
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Kt

KR

S B N W s O O N ®
S Bk N W H U O N ®

o 1 2 3 4 5 6 7 o 1

HHBE cap = min(ht[il, ht[j1) x (j-i) = 4 EHIER cap

| Step 7 |

ij
v

S kP N W s O O N ®

v iEiE i B AEE,

[step 9 - PHAEE, EERASE 28

& 15-11 HARAEHEEEEE

2. EERRER

BATEERZ n i, FILREEEEEZ O(n) .
BAELG. j. res (ERIRBOUNORESMER, FLEHEEEES O(1) .

// == File: max_capacity.kt =

/* BRB=. 8% «/
fun maxCapacity(ht: IntArray): Int {
[/ ¥atk i, j, EESHIRESIRHLS
var i = 0
var j = ht.size - 1
/] VERKAES 0
var res = 0
/] BEEEEE, EEWMRER
while (i < j) {
/] BHRARE
val cap = minCht[i], ht[j]) * (3 - 1)
res = max(res, cap)
/] EREERER
if (ht[i] < ht[j]) {
i++
} else {
j_ -
¥
+

return res

BABE res = max(cap, res) = 28 Step 8 BABE res =

b
v
2

3 4 5 6 7

= min(ht[i]l, ht[j1) x (j-i) = 5

max(cap, res) = 28
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3. IEREMH:EEA

ZF S Es B, REABREEEENE Pud” —SiRE,

FLANAERRRE capli, j] T, @ 2980, j 25 RIR. 5 BRI ¢ B —i8, E8sE 15-12 Frnrikig
B, JEREWRE IR TR E LN B A D,

cap[i,i—{— 1],cap[i,i+ 2]7 ,cap[i,j - 2],cap[i,j - 1]

|
| R | ||
il o I | [ | |
EEREEE g ERREEN
caple, 7] capl1, 7]
BhBAYIAE
| | |
] | |
| | ] | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
caplo, 6] cap[o, 5] caplo, 4]
| | | | | |
| | | | | | |
L | | || | || ] |
oy ||| HEE | | ] ]
caple, 3] caplo, 2] caplo, 1]

15-12 B RS kiE ATk RE

Blas, EEupbB R EERE LR R § NBENFAEIRNE. fiERMCEERNERR—E g
HEAREN, WptEH, SEanRER I RERRERE, BOREMA eEBEnR R R,

DAL, BEERAIRIER 2" 1Y, SRR ARN,

15.4 mAY)5 FiRREE

Question
HE—HIERE n, BEYIDAZ/DWME BB, RUIDEMEBRENRERAZZ /D, WE
15-13 Firre
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EAEE n , R max(ngxnyxnyx..xng 5 xng_q%ng)

15-13 RV SRASA R 7%

R B n Uo7 m BN T, Hh% i MR n,, B

m

=1

AER) HAR R A BN TR AR, H

MRARAEER, MERE SRR EMRIAE R, & n ot —ER T 2, RIEMfRER 2(n —2)
o FRAFREZIRAEER n (ELLER:

2(n—2)>n
2n—nm—4>0
n>4

GniE 15-14 R, Hn > 48, J)rH—E 2 BRBEEER, EHRIIRRFR 4 K BHEREZS) 7.

BRI —: AIRVIDTTRPES > 4 WET, BECIEZEAESTY) n. RARRIY) T R A 10 2,
3 E=MKT,
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(=]
=)

nz4 B, 58 2(n-2) 2 n
ALRESAERERFE 1, 2, 3 BF

15-14 Y EBEREER
PR ARBEWER R REN, 7£1, 2. 3E=MFE T, AR LREEN, FH1x (n—1) < n K
3z, BI)orih 1 e & EBERER N
aniE 15-15 iR, En =60, B3 X3 >2 X2 x 2, EEEEVISH 3 LUt 2 HEE,

BARRS . YIRS, RS EREEEME 2, FR = 2 SR ISR ZME 3, MRS E KRR
FHo

EFEE=ME 2 &, @S iamE 3

15-15 &EDInHF

Fr PR, RTHERLH DUN ARSI,

WAREH n, EHAEMY)I R Y 3, ERERES 0, 1. 2,
EERE 0 IR, 1R n 2 3 IR, R MUEmERE,

ERREUS 2 R, ARSI, RE

B LR, HR2 x 2> 1 x 3, FEERERE M3 Hihs 2,

BN e
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2. EERRER

Nl 15-16 AR, BAEEZEEEIE R A Y] 88, ] ORI A MEPRERSE] 3 BIEE o , HEEIESS
FIERE b, A

n=3a+b
TR, R n < 3HEBFRIEN, LEFRSEEL, #BEAL1 X (n—1),
// == File: max_product_cutting.kt =

/* RAUIDTIE: B *+/
fun maxProductCutting(n: Int): Int {
// & n <= 3 K, HEDSH—E 1
if (n <= 3) {
return 1 * (n - 1)
}
/] EEMTISH 3 , a A 3 BES, b AERE
vala=n/3
val b = n % 3
if (b = 1) {
/] BEREA 1B, % 1 x 3 ks 2 x 2
return 3.0.pow((a - 1)).toInt() * 2 % 2

+
if (b = 2) {

/] BRREA 2 B, TMHRE

return 3.0.pow(a).toInt() * 2 % 2
+

/] ERREA 0 B, TMiEE
return 3.0.pow(a).toInt()

B8 b af@ 3

n=3xa+bh

15-16 AV FRENEH RTTE

Iy ] R FE B DR Pl SRR R BB TA. DL Python 261, ARG B EUE =,

TEFE T %% FEE pow () MRFREEES%A O(log a) o
KX math.pow() PERIEAY C 755 EAT pow () BRI, HBTIBECR, RREMEER O(1),

S a F0 b A FEBOVNESNER, ISR O(1) .
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3. IEREMH:EEA

AR, Rt n > 4 RIS

L AR < 3 BRE&EEYIS T RPEE > A WET o, IE—E DU HES# 2 2(x — 2),
TEMAES R (B RIS, SRR E.

2. VInTiFAuE 1 BEREEYIDTTRTPEEERF 1, BEE—EA LEHASD IR FH, DA
RS ERARE, ERBERTE,

3. ViR mBWE it 2 « (Rt BY) T RS =8 2, ARE—E Al DR mifE 3, SRAEE R,
BT JE

15.5 Ih&E

1. ERSEIEE

EUAR TR B PR NI B L R, EUER R A (P SR R D I M I R DA, DO
(B4 R,

R L (O — (T TR SR, S TR L — (R STRLE N TRE,
PR BRI,

- AL R RS, R AR RENR, MBS, S RS O
15,

BB, B RAL S, ASHOIAT AR SR A R 5 S A & H R
R, EUE R SRR,

A AR R R R T AT SRR AR TN, SR T (R A
W T R

- BRSO RN, MIEAR, BAEMNA S, GBS,

CORMRERIE RS A PEAN, W ARG, IEREMEE, Eh B AN L,
B TP S

-V ERIEETE 0-1 TR b, AR, AT SRR, EEIGHY
AT A T A,

- R RN SRR, BERIRERES O(n2) . BB NS, SHRABEIEN,
SRR L% O(n) .

- ERKYIS TR, B A T R > 4 RIS, REVISRE T
%3, RO AR, W R RS BB TIE, B2 O(1) 5t O(logn) .
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16.1 X HIRIERE

16.1.1 #FE IDE

HEEEGE BT, R VS Code ERAMILSFIFEEE (IDE), #iftl VS Code B, MIRIEERFIEEM
JERRAE) VS Code AT FHEUFIZEE,

Q% OO0 F :

Visual Studio Code Do ¥ Download

Code editing.
Redefined.

Download Mac Universal
Stable Build

Stable Insiders

mac0s Universal
‘Windows x64 User Installer

nnnnn

e K Ie

.rpm

0417 ©OAO K1 © Gatsby Develon (gasby-oraph-apo)

8 .
mecan 2 ks 1
T# VS Code
Run and Debllg BUNT-IN Git Extensions

16-1 fEE# TH VS Code

Other downloads or open on web

IntelliSense

VS Code A BARBREARBRG, XFRZHRNGESWPITHERSE, LA Python 26, % “Python
Extension Pack” g 21%, BIAIEST Python #ENNERREE, 24P ERANE 16-2 R,


https://code.visualstudio.com/
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[ Extension: Python

Python Extension Pack .70
Don Jayamanne | <> 7,005,466 %k % % ¥ (16)
Popular Visual Studio Code extensions for Python
Disable [v Uninstall [v O

This extension is enabled globa

n Pack DETAILS
udio Code extensions fo...

Du;\ J;ya & Extension Pack (7)
RERTTINRE

Python Environment Manager wnn  autoDocstring - Python Docstring (

_r.

Extension

Python

;ﬁxmgﬁmﬁ I

m Python 84K * 5
P

@  shirc Install

Jinja

Python Extension Pack

Install.  /\

p I Python Extended

16-2 %% VS Code /R

16.1.2 REEFESIZIE
1. Pythonigif

1. F#fiZ4E Miniconda3, % Python 3.10 BEEHHRA,
2. 1£ VS Code M7 DIRETT G HIEE python , %% Python Extension Pack .
3. (A[) 7Em2HEi A pip install black, ZERFEHRAIMLTH,

2. C/C++IRIR

1. Windows R&#asELEE MinGW (HLEZGE); MacOS B# Clang, fZHZEE,

2. £ VS Code MEFAINRET HHIER c+ , Z#E C/C++ Extension Pack .
3. (A1) BARK Settings E i, %5 Clang_format_fallback Style F&2zUHEH% =X (k% I1H,

{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach }.
3. JavalzRig

1. F#Ei%%4E Open] DK (AR W2 > JDK 9),
2. 1£ VS Code WIHEFTIHET G 18R java, %4 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#HIRIR
1. F&EZ2EE Net 8.0,

2. 1£ VS Code HHEFEIHRET GRS R C# Dev Kit, 2% C# Dev Kit (AlE#H),
3. tA[{# A Visual Studio (245041,

5. GoIRiR

1. TGl %24 go .
2. 1£ VS Code HRFEHRER TR go, %% Go,

3. ZIREERE Ctrl + Shift + P BHEMSMW, WA go, #i%¥ 6o: Install/Update Tools, &HBZE

A2z & RIAT

6. Swift IRiS

1. F#EfZe8E Swift
2. £ VS Code HIIEAINHET TR swift , 2% Swift for Visual Studio Code

7. JavaScript IRI%

1. F#fR4E Node.js o
2. (AJ#&) 1E£ VS Code MHEFRINRET SR Prettier , ZHEMAMKAMTA,

8. TypeScript IgiE
1. [A] JavaScript BRIR 2244 B8,

2. &4 TypeScript Execute (tsx) o
3. £ VS Code MHEFIIRETIHHHEER typescript, %% Pretty TypeScript Errors .

9. Dartigig

1. N#AE2ZE Dart o
2. £ VS Code HIHEFEIIREM IR dart , & Dart,

10. Rust i

1. T#HOEZ%E Rust o
2. 1£ VS Code RYHEFEIIREMIHHER rust , %% rust-analyzer


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 —iCZ2EBIE

HNEFHRENAIR, HPERFE SR MIERR, e, TUREHEE 7R, MR WAL, X
FEER, MREATEWEI TGS GEERE, MR METEBIE, DUasrE R E R 2R I,

i 566 AR GitHub ID #S7EAZ A E, A EMAN PDF M3 H FIEITRR, DURGEHIAM S B Tt B i
FAZR R

BHIEERE ))
AR [ 3 1 R O BTV B P R RS AR TR, N ST AR RN 75 (.
TEABHIRE Y, A SR A IRp 45 A0 R 22 B H 2R 2R MR

1. NEMA

GniE 16-3 Fow, SHEHEMEA EAEA “AWEEDRT, An] DI LS P BRE Oy Bl 2,

1. BhE “4RiREIR7, WFIBEH “F2E Fork A" IR, sERIEZERIE,

2. 8% Markdown JFRERNE, WENBRERME, MRS % —.

3. EEHMARTIES BRI, AEREE “Propose file change” #%8H, HmptiEiZ, B5% “Create pull
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English

space complexity
loop

iteration

recursion

tail recursion
recursion tree

big-O notation
asymptotic upper bound
sign-magnitude
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2’ s complement
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head node
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hash function
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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
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level

degree

height

depth

perfect binary tree
complete binary tree
full binary tree
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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
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max heap
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min heap /T /INTEHERE
priority queue N sl
heapify Hefl HEREIL
top-k problem Top-k [Al& Top-k [l
graph &

vertex ToUA THRS
undirected graph TmE 3 1 ]
directed graph Al A I [E
connected graph e E JeEL A [
disconnected graph ez E 3 ey [
weighted graph AE A P
adjacency LB skE

path JEgEs PRTE
in-degree NE NE
out-degree HE i
adjacency matrix RAFEHERE AR
adjacency list LBfER HhER
breadth-first search ISR R
depth-first search RENEHER RER S
binary search TER “ofds
searching algorithm HRAR A RS
sorting algorithm Her ik HEFp IR
selection sort e BEHE
bubble sort B HERZRE FB
insertion sort AT AT
quick sort PRIEHE Y StSEEag
merge sort HHHEF At
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bucket sort HER? WY
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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
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