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AENEERABTLELE GitHub A, WE 0-3 s, TS A MEURE, nT—3##3T,
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
R, VRATDARSERE KRS R 779 “BEMLBT” AR Bk, BlsBAR s TiEte; thal DURGE “4
FREBIE", DTS 4 IR R s,
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PP ry—.
€ 0 @ 5 hiwsdwwwbelo-sigo comchapter_acray_and_lokedisciacraye? ax O 00 :

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

TERIREA TN, S EE S PRI 2 ARG R . BOQERTaR IS N ORI RTE, TR AR vE R
RURMEE, —RRIEDL T Al £ RN [
qnie 0-7 Frr, A ERREHE B EIRYREAREC A wran . A2 IReE2 MmN A . —J7m, fRa] DA

RFEFNHEE, RmEkRmor, BEEERARNEE, 5—77mH, WFFRREMRBHEE LA NS AR RE, 2
ZIREI R, B D,

L ] L] A 31 BESHRSE -Hellol: x4+ =
< e (s hello-al _data_s i _of_data_s 2 Q¥ O 0@ :
q (% krahets/hello-al
B b 31 suRgmsnx % X Q ExE T e <o
Hello ¥3&
E#HoE §in N doo5 1H5H
B ®1% JREE B B GIEBEERTERSEIBEN, BRTNHAREE,
R #2858 SREHMF > JIE—
& EIE tuEEn v @ @R &) 2508
31 MBI
3.2 EEMIEXRE chenzhiweiSdczw 1 H 5 H
33 BFHB" BREMHRE. ARz A, REMATRS, BEAREIRIE, BEMRANR
34 FHEHD WA, t 3%, B B, FRs 2 R MRS E AR
35 o
B f4m gASHE O © @3
S W5E HBSUT >
@ BeE wEE , @ wroters 1558w B
b oETE W > FEE~ SENRERRERLE, FbE . MHTE | BNARERER
D owes i N "SRl (EREFIRATRE) . RGP, BEENEME (R3) BEE—TER Y
= SRCEBY —REEN, XTREECIR (RNORN) | BRI ERNE, i, BEXTE
oogoE @ > FNESE (A, BF) MRS (W) SESH,
= OBI0E ER > e Gm)
Il BNE AF >
vz ER2E A > WA HK Aa
19 ®13E EH >
B #uE pam > 8
@ EBE AL >
@ ®ieE MR >
BEH =
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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



1R VAL www.hello-algo.com 12

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.dart =

/* for 1EE *x/
int forLoop(int n) {
int res = 0;

// @ER#M 1, 2, ..., n-1, n

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

F

return res;

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

-

i+

#
=1 E

=5
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.dart =

/* while EFE */
int whileLoop(int n) {
int res = 0;
int i = 1; // A IEEEE
// EERHM 1, 2, ..., n-1, n
while (i <= n) {
res += i;
i++; /) EHEHGEE
¥

return res;

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

// == File: iteration.dart =

/* while ERE (MRXEH) =/
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int whileLoopII(int n) {

int res = 0;
int 1 = 1; // ¥ &S
// BEXRHM 1, 4, 10,
while (i <= n) {

res += 1i;

/] B HEE

i++;

i*= 2;
+
return res;

}

R, for WREIMREAREEMB T, while WRIEMERTE, MHEAAT DAEBUEEHE, IS HIE—E
JERZARTE A E PR 7R R AR

3. BEikiDE

AT DALE — (B E A R SR 55 — (B A RE, T A for JERE 21

// == File: iteration.dart =

/* & for 1A x/
String nestedForLoop(int n) {
String res = "";
// BB i=1, 2, ..., n-1, n
for (int i i<=n; i++) {
// 1EE j , 2, ..., n-1, n
for (int 1; j <= n; j++) {
res += $39), ";
}
+
return res;

}

1;
1
(84,

N

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

Fsa
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2-2  BLRIE P A A [

RN, R e R n? BB, siE RIS TR AR AN n B “PITRIR”,

T ] DAAESTHTE SR, &R EGRAR —R “THE”, e MERRMEMERSE SRR TRy
BAR”, DAKHME

2.2.2 EE

i@ (recursion) JE—fEIHEIANNE, BEE I B S RMIRHEE, ©EZEEHEREB.

L JE: BRI E 5, i@ﬁ@)\%d\ﬁ%’%ﬁkﬂ’]ﬁ%{ HEED] “HARMRE,
2. 38 flgE “ARIERET &, BRIEREENNEEEBIEE IR M, FERE AR,

MCERNMESR, BEEXBEE RS =R,

L #abfifE: RURDOE(T IR “IR” & |,
2. RERENY: HE IR, I_IJCH?HL{QE G NE NS E AT AN S 18
3. IBMIAH: BE W, R RTEEE AR IR E

Bl DU AR, M ARFFEER recur(n) , BEATRATER 1 + 2 + -+ + n BIEHA:
// == File: recursion.dart =

[* BT %/

int recur(int n) {
/] #&IEEMH
if (n = 1) return 1;
/] & IREEY
int res = recur(n - 1);
// B REEER
return n + res;

[ 2-3 /R T % eR SR I A

AT ‘B Rt “@
recur(n) return n + ((n-1) +..+2+1)
} -/ ‘
recur(n-1) return (n=1) + ((n=2)+..+2+1)
| ,/‘
recur(4) return & + (3+2+1)‘
} -
recur(3) return 3 + (2+1)
| A
recur(2) ] return 2 + (1)
} S —

recur(1) return 1
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[ 2-3  SKANER AR i A
HERUERH R A, JERBIRE nT AR 2 R AOAR, HEMANIR 1 PRISE 425 [R) 4 K825 0 DR T i
ito

<O “BTRWE” HURIREE, (CRIEERPERR LG, AR TETEESREMGESER, EREH R,
C IR B EWRT DR, R R BN, 8L AR R A A R AT
BN AR RS e 2 SN TR, EEIEAERRE L (BEAERAEE T AR,

DL BRI 2, SR f(n) = 1+ 2+ +n.

- fEEBETEHERABR, 7 1ESE 0, SRETRIE, BIRE f(n) .
SR JSRIBMIE A T f(n) = n+ f(n—1), FBF GEIEM) SR, ERHEARR f(1) = 1
L

1. FEDYIEE
WEE bR RN H B, RAERE 2 B R X ECRC RS, DAGETE RIS, MR kA 3 R
%, 1BRERON T THIFIAS SR

- B LR SCE R AR 2y “HEEIE R R R E S, ERERREEA GHRR. Fit,
AR LRI AT MIRE e B Al
- RNV R P A AR RSB DR AP U Y b B PR AR

GniE 2-4 FoR, FEMEIRACLIRIFRT, FIRFEAE n EARREIFGRER K, BIBHREZR n o

AT ‘@& Bkt ©

&

recur(n)

}

recur(n-1)

!
l

BERE recur(4)
! }
recur(3)

!

recur(2)

WERE
} PR

recur(1)

2-4 JRIENFATRE

FEERT, BAES A RREREE R A R, BIRAEE A] RE SR B i 54 R,
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2. BiET

GEBEE, WREEIR DT RS — A AT REEN, BI5%E 2 n] DA A s ee s B e e i L, (HEAE
HRRCE FEIEMEE, EREE NS ARIEE (tail recursion),

© WEIEE: ERFURMEE LR IR, RS TS, RIARGHR A LR L
e

- IR SRR e FOR AT AR R (R, IERWEREUR MR bR, ARSI T H AL
B, HtRsIEAR T L —ERE LTS

DETE 14+ 2 4+ - + n A6, FM0] DURFEEREE res i A KN2 8, EmEHEIREE:
// == File: recursion.dart =

/* BiEE %/
int tailRecur(int n, int res) {
/] #EIE&H
if (n = 0) return res;
/] EEEEY
return tailRecur(n - 1, res + n);

—

IR HAATIRARANIE 2-5 AR, B L @R A IR, i AR R TR 2 AN FIRY,

© MR OSRFIFR(ERAE W ANBRETHITHY, SR ERE T OORTIRE,
- IR SRAHRERAE RT RERETHITH, T rEEREEREIRE,

BT @ Bt “@
recur(n, 0) return n+ . +5+4+3+2+1
recur(n-1, n) return n+ .. +5+4+3+2+1

l f

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

| f

recur(3, n+..+5+4) return n+ .. +5+4+3+2+1
recur(2, n+..+5+4+3) return n+ .. +5+4+3+2+1
recur(l, n+.+5+4+3+2 . return n+ .. +5+4+3+2+1
( ) BEHEE
| b |

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

2-5 RiREERE

Tip
FRTER, AFMiE ey B E R AL SR IR AR L, BIaH, Python THEA SR REIREREN,
BN EE R R RRIRIEIE I, 755K AT AE €l 2 4 i 7 ],
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3. RO

EpRERE “opiR” MR REEIRMER, BEAT AR SRR ENES, BXWENSE, D BRI
8" %l

Question

fnE —EEBIRREH 0,1,1,2,3,5,8,13, ..., KixBIIHE n @8,

REPACRESNE n B8FR f(n), HISWESR.

WIS 2 (1) = 0 F1 £(2) = 1.
- WO BB R ER IR, B f(n) = f(n—1) + f(n—2).,

T ORHERR (R TIRIEPEIY, SRERT A B 2 A& bR A, n] B HNREREHE, Y fib(n) BIATTSEIE
BARLEBNEIE n fEHET:

// == File: recursion.dart =

/*x BEIRARREHS: EE */

int fib(int n) {
/] #IEEHE £f(1) =0, f(2) =1
if (n =1 || n = 2) return n - 1;
// EEFEN f(n) = f(n-1) + f(n-2)
int res = fib(n - 1) + fib(n - 2);
/] REEER £(n)
return res;

Bl DL RS, BMER X POEE R T i fE e X, SRS — M AL 7 mifE I 73 >2, 4niE 2-6
AR, ERTENREMTI T E, R&HKEE —REE n FEER (recursion tree),

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

2-6  BIRARLEA AR AR

WAE LF, BEREE T “RRE R ENFRE” RN, S IRRIEEMEE,
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C WEEEAEE, M. HE. B A, BhABRIEISE YT S I TR R ek R Rt T S
T,
RSN AT, RS RS B, BB AR R, R MR A e B
17534,
2.2.3 MEHL
HagEDl EING, 3 2-1 R, JERNIREE R, EERLEAYE EEFTRR.,

R 2-1 IERBLRER BB L

IER R
"7 AR BRI 5 &
X
IR ReRiEH R, HE s B g B UR PR PR IL A 2 A BT 8
rOfEfE B EE A NIRC R R SRR AN ] RE 6 FH R A HE B e = )
HH

WHIRE EAREEEE R, RARER. T EAR TR, R B ovE. ESE, RS R,
| £33 GL

Tip
NARRE DU AR R EE, AT DATERESE “HEE” MEREAREE,

AR, IEARNEIE EA (BRI BE? DL EIRIRE A0, SREREERIEA 8" BEEET, SRk
IR ATV B R U B LR B AR e ARHORANIRAERY, ISR LARRGHI BB “Jo AR DR Rk 1,

FELE, “PMHEE” R MBI ISEIRIENTE CAAR R TR BRI R EDIRR.

L &: EeR TR, REELE “PPAHEET b2 a% el ST AR, FH 17 R A I S
B, 28 REMHEFER,
2. j8: ERFSERETIDR MR, BRI EHAE TP R RRERR, RIEZ AT A TR,

A, BRAT AT DU R —E BN HE S A BRI HE S T 2%, TET AR (L Rk A UK

// == File: recursion.dart =

[* EREIEEEE */
int forLoopRecur(int n) {
/] ER—ERETCRYHE B R AR R L B
List<int> stack = [];
int res = 0;
// & EEEY
for (int 1 = n; 1 > 0; i--) {

/] B NIRRT R R
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stack.add(i);

¥

// B REER

while (!stack.isEmpty) {
[/ BB HEERE EE @’
res += stack.removelast();

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

B DL ERESHS, EIREE AR, RS EEME 7 MEENREERZ DN AT AR AHE
b, HA—EESER, BT mEREA,

- IR RORECHS PTRE S AN DABR AR, mIERIEE R,
- BB, SRR SN S RIAT 2% AT REE R IR

M, BEREORRIRRE PR E BRI, ARG EE D, HERmE B MR AR 5
pFRPEl S

2.3 BRIEHE

FRATIRE ] AT DA BB L R At S B SRR ARG, QP R IR P AR R TR — BORE NS AU TIRR D, TERZ AN T 5 1
We?

1. e ER, EEHEAE. BES. RMRRS, EERERSGEEREABIHI TR,
2. eGSR IR R AT IRE R,  BIANIEARAE + TR I ns, FIKIRIE « FFE 10 ns, FIEHR(E
print() 7% 5ns %,

3. BatFNS P IEHRERSE, AR E IR BRI TIRRISRA, fEmfS 2B TR
BlantE A RS, BRI NS n

[/l EERTEET
void algorithm(int n) {
int a=2; // 1ns
a=a+1; //1ns
a=ax*2; // 10 ns
// @B n R
for (int 1 =0; i < n; i++) { // 1 ns
print(®); // 5 ns
I
}

AR LT57%, I DUSREEIERBUTIR 2 (6n + 12) ns

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

HERE L, SaHERIANPITRBMA SBBABIE, 5%, B H R MARRAIIT P28, B
AR EESEARN PR BT, HR, BFREERSEIRERPITRRE, SA TSR R 1A
AR
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2.3.1 FstRRERES

IR P M P AT A RS R TR B T IR (), i S TR T IR IR 8 S R HR BRI A 9 ol 3%

“REIE REE EIEMES b S, FAMIE R — ] N DAREAR, IR ANERANE n, 447E = A
A BFIC:

[/l BEE A WEEEHEE: S0
void algorithmA(int n) {
print(0);
¥
// ERE B WEREEME: FM4R
void algorithmB(int n) {
for (int i = 0; i < n; i++) {
print(0);
¥
¥
[/l EEE C WEEEHME: S0
void algorithmC(int n) {
for (int 1 = 0; i < 1000000; i++) {
print(0);
I
}

2-7 JoR T DAk =T SRk R R e P MR FEE

- EEIR A UE 1 ESIENRSE, EEIRHUTREAAREE n BTG R, BAIRE s B IAR R A A 2
“HBPE,

- AR B HRSIENREREEE n X, HERRTRIHENEE n WARRRMEE R, HERIRAR A E M
JERIRE 2 “HRIERE”,

- EEIR C PRYSIENRMETRZIEE 1000000 (&, SERMITRIFEIRE, HeiimANERA/N n 6, Fit
C AURFRIAEAEIEAD A AR, 1192 “HYBIRE™,

WEE C - Bum
1000000

WL B — MR

REDEHITRE 10
5 /Mﬂﬁ
0

@ 1 2 3 4 5 6 7 8 9

BANERAN

& 2-7 EEE A, B C BRI R

BN B A B RIR N TR, N R R B AT TR LSRRG ?
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- IR RES A RS THRIARCR, I, HETE B BT 2RI R, £ n > 1 RHEERX
A8, £ n > 1000000 KRrEbEE M C 18, FHE L, HEMABERINn BIR, EHER “HE

BE” AOTREE BN AR RTEETR, SRR RSN SR,

- PRI ROHER S TR R, BSR, BT FEAIEH R IR R IR B R TR T IR R A0 R A S
DRI A B R M FEE AT v, AP R AR BRI T A A R RO T IR A 2 AR R “BRALIRRRED, e

HF “FHEBREITIR RIS ET T S “RHEIRIEEBEMEDT, SR AR AR R T,

- IR AR AE — B AR YE, BN, EETEER A R C IR RIMEAREAEE, (HE BRI TR R 22 51
RR. [FIkR, EEEHRETL B MIRFMEMALL C &, EEMABRA/N n BUNR, AR B BIREING
BUIK C o BORIAEENL, TRAREH DA R M B R R ReR = . EAR, @E e IR

i, B T R R AR IR RCR i A R R T 1%,

2.3.2 HIUINEESR

A —flEm AR/ N n RO RE

void algorithm(int n) {
int a =1; // +1
a=a+1; // +1
a=ax2; /| +1
// EE n X
for (int 1 = 0; i < n; i++) { // +1 (B%&EHIT i ++)
print(0); // +1
}
¥

AR HR E R R — R AR D n R, B8 T(n), RIPAERKRHRIEBE %

T(n)=3+2n

T(n) @—RER, SPTHBITRE YRGS 2N, K e R R R 4R,

MR RS R A RERC 2 O(n) , TEIEBERRFSRM A A O 5258 (big-O notation), FRER T'(n) i

#E L5 (asymptotic upper bound),
RE IR T AN E LR “BREBE T (n)” MMNE L5, ©EEHMENEERE R,

PR b5

EHAEE R ¢ MBS ny , BHEHRIEN n > ny, HET() <c- f(n), RS f(n) &

HT T(n) —EWHE LS, 3% T(n) = O(f(n)).

aniE 2-8 fw, HEMNE ER RS AR f(n), H5E n @AREE KRR, T(n) # f(n) EHRHH

AR AR, EAEE R EURE c.
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c-f(n)
T(n)

it ne

4,,——’"“—””ﬁ-'

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

B n>n, B, #EE c-f(n) = T(n),
EtaIz8# f(n) 2 T(n) W—EMWELR,
24 T(n) = 0(f(n))

&l 2-8 PR HYENL L5

2.3.3 #HEGE

ML ESREEUERR A RE, TURIRRRIR A e, thEERD, R DUREEHERTIE, ENEH
BEH, WA DO R R,

RIBER, WE f(n) 28, TMEEIIGHBEE O(f(n)) . BN EET LS f(n) We? 42885
ML BCAEHRERR, RERHIETNL L5

1. B—%: HsHRFHE

SHEFEAES, BT LEIREIERIAT, R, BB R e f(n) PREEIRE c ATRABUER R/, HILERE
Bk T(n) WISREREL ORI DURNE, ARPRILIRI, W] DASEAS H DU A R

L 20 T (n) ROHEEL. KB MEReE n M, Fr DU SRR E A 2,

2. BWPEIREL I, EE 2n Rk, Sn + 1R, #ATLAEIKAEC 2 n iR, [RIZy n AT AR ECE R R
GHERCESE A

3. R GIRREE I FRIE, SRR RE SRS NEE B AN R F R R A, I E R DA A
B 1. BEE 2. BB,

wE —EpR R, BATRT DA BBy ARt at R E R

void algorithm(int n) {
int a = 1; // +0 (%15 1)
a=a+n; // +0 (15 1)
// +n (315 2)
for (dnt 1 =0; 1 <5 % n + 1; i++) {
print(0);
I
// +n*n (KI5 3)
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for (dnt 1 = 0; 1 < 2 * n; i++) {
for (int j = 0; j < n + 1; j++) {
print(0);
}
Iy
I

PANARER T ERHITRIE MGG R, WE SRR E % O(n?) .

T(n)=2n(n+1)+ (5n+1)+2 528 ||
=2n24+Tn+3
T(n)=n*+n et (0.0)

2. B-¥. JEMHEESR

INFRIRREEE Y 1" () T RE IR DYE . 18R A TE n BRI RIR, SR PSR S TR, Hift
VHRSZ B AT LR

R 2-2 R T Gy, Hrh—LRsaRAER R 1o REEIRIBEIRE R B A, B n BINERRER,
e O SI EEE,

R 2-2 IR B I R A

HR{EMCR T (n) BERTRERREE O(f(n))
(1)

(n

S

100000
3n + 2
2n% 4+ 3n +2 O(n?)
n® +10000n> O(n?)
27 41000001990 O(27)

S

2.3.4 ERER

REANERA N2 n, W R R R RIGNE 2-9 Fon GEIRIERE = rIERHESD .

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
TR < B < SRS < SRIEBERE < TOIRE < 1EHRE < BEIRRE
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TR RS
T(n)

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

BNERAN

[ 2-9 s SRR i 1 A EE TR

1. B8 O(1)

R BB B B N EERR N n S0, RIPRREE n ROEEE TR,

e o(2n)

E75PE o(n?)
4914FE o(n)
HEPE 0(logn)

HEHPE o(1)

REEE

REES.

TEDUREAA, SEREEGE size AIRERA, (HETREEERABE RN n S0, IR 2 O(1)

// == File: time_complexity.dart =

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

return count;

2. @18 O(n)

ARVERE RO BLRAN BN A BRI n DAARMEAR AN R AR RE 5 HH R A B e

// == File: time_complexity.dart =

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

return count;

FE R RER B2 R S R 51 SRR IR IR 2% O (), Hirh m 2B sl Al ER B R
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// == File: time_complexity.dart =

[* HRUERE (ERREET)  */
int arrayTraversal(List<int> nums) {
int count = 0;
// ERERE Y REMIELL
for (var _num in nums) {
count++;

}.

return count;

ERERERE, AR/ n TDEEA BRI LBREE .  LLanfE s — 8RBT, S8 n A K
BN, RS ERGIF, FAIRE n ERRN,

3. F50O(n?)

75 RE R B FBCR AR R AR n DO RIS R P77 BEIE B B R SGTRE R, A Rl N
B R R AR 2 O(n) , [RULARRSHIRRT R 2 O(n?) -

// == File: time_complexity.dart =

/*x FHE */
int quadratic(int n) {
int count = 0;
[/ BEPREERERA/N n RTEHRRE
for (int 1 = 0; 1 < n; i++) {
for (int j = 0; j < n; j++) {
count++;
}
¥
return count;

}

2-10 BEL TR, ARVERERIT 7T BE =R R AR

1R
BT BRIARAEEE BRI
HHE o(1) ERERE o(n) F5H o(n?)

(] RE—mEstmmE
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[ 2-10 HEEE, ARPEREFN-T- 75 RE A iRe R # R

DALRHER 2500, SNEEEEGT n — 1 2, WREBEEn — 1 n— 2. .. 20 LK, F¥% /2K,
ISR S O((n — 1)n/2) = O(n?) :

// == File: time_complexity.dart =

/* FREE CEXHE) */
int bubbleSort(List<int> nums) {
int count = 0; // =tEi2R
// SMERE: KHFERZE [0, il
for (var i = nums.length - 1; i > 0; i--) {
/] WNEE: BRHFER [0, i] PHRATERREZEBNRAR
for (var j = 0; j < i; j++) {
if (nums[j] > nums[j + 1]1) {
// X nums[j] E& nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 11;
nums[j + 1] = tmp;
count += 3; // TEXHRESE 3 BEETRE
+
+
}
return count;

}

4. {58 O(2")

VR IR R IR BIER R AR T WIAAIRRER 1AM, RIS 2 fE, SRR
587y A, DAMREHE, 2% n @R 2" M4,

2-11 ADA RS T AR e, RrRIEAEE A O(27) o SEIER, WA n RS 2RE, RE
B count FREEIEINEL,

// == File: time_complexity.dart =

/* 18P (EEEIR) */
int exponential(int n) {
int count = 0, base = 1;
// HRsH—9A=, K& 1, 2, 4, 8, ..., 2~(n-1)
for (var i = 0; i < n; i++) {
for (var j = 0; j < base; j++) {
count++;
+
base *= 2;
}
// count =1+ 2+ 4+ 8+ .. +2"(n-1) = 2*n - 1
return count;

S
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BB BREH
BE—5AZ AR
28
21
2 - H 0@
zn—l
HEIRELER gﬂﬁi@.ﬁiﬂ’gﬁﬁ#ﬁﬁ% BRI
20 4+ 21 4 22 & . 4+ 2071 = 2n-1 B8R o(2")

[ 2-11 FeBRE A IRe A

EEEEEET, {580 E HBEPEE KA, FlanEl FERIEF, HiEEt—n%—, K8 n R95%
=1k

// == File: time_complexity.dart =

/* 1B (EEEIR) */
int expRecur(int n) {
if (n = 1) return 1;
return expRecur(n - 1) + expRecur(n - 1) + 1;

h

TRHPE RAFRIRE, AEEE (BAOMs, B PHEE R, BREREEERIME, fH8FEEA
FIFRRZHY, JEH TR B8 A S AR R RS AR IR

5. H#RE O(logn)

BTSRRI Sz, BIEOE R T “miiEE] —F" fE. SEMmABERRNG n, HREwRAERE ¥, K
T R EUR log, n, Bl 27 BRI

[ 2-12 FCL PR RERE T “SHRARE " riEtR, RERERE 2 O(log,n) , fliicsy O(logn) :
// == File: time_complexity.dart =

/* HEME (DEER) */
int logarithmic(int n) {
int count = 0;
while (n > 1) {
n=n-~/2;
count++;
}

return count;
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BNEFIRER N SEEE 1 8

ﬁﬂﬁ%ﬂéﬂ Efg ﬁ@ ] ;ﬁ_gﬁ %‘fﬁ?ﬁ“ﬁ{'ﬁ

s

EHEIR(EEE FERERERE
log,n +1 HEPE 0(logn)

=

[N]

[y

2-12  HIBRE R AR

SLFERAFEALL, SRR BRI R N, DUNEES A T — R 2y log, n MEIERH :
// == File: time_complexity.dart =

/* HEME (REER) */
int logRecur(int n) {
if (n <= 1) return 0;
return logRecur(n ~/ 2) + 1;

}

B HBUR BN I RISREETET, M T “—0h2” M CEGHET MEREEE, e REE,
T T HE B0 ) AR AR ) 4 A

O(logn) MIKEZEZ/D?
HEREARHE, “—r &y m” BHERRRERER O(log, n) . MZEEHBURIRAR, & USEIEA
RFEREL SRR -

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

W2, KB m fIDERH BRI MR, FIHIMEE @ERRE m, K80 ERE
#% O(logn) o

6. WRMEHEME O(nlogn)

PSR B B BRI R AR EE 4% O(log n) A1 O(n) o AHBIAERISLI -

// == File: time_complexity.dart =
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[* AREEEPE «/
int linearLogRecur(int n) {
if (n <= 1) return 1;
int count = linearLogRecur(n ~/ 2) + linearLogRecur(n ~/ 2);
for (var 1 = 0; 1 < n; i++) {
count++;

h

return count;

2-13 JeoR T SRS E O T e B — BRI ERRBER 2y n, BHEA log, n + 1 JE, [Hittis
BIHREE 2 O(nlogn) o

HBEMRIFE

n R®
n”1=n

EA Ik n
> > 2t
H tog,n+1 B
i 3K P 3
n 4 = n
P @ &P o st E Ry

n x (log,n +1)

BSRARREE

1% 0(n logn)
=y ’

2-13  ARVEBBRE A RF R R

1,

P

=Y
=
n

=

F I EEIA IR R R B R & O(nlogn) , BlantuEter. &0HERF. HRHIFS,

7. WM O(n))

RSP E B B “2Hp)” M, 46 n MEAERITTE, KEARTRENHIIT R, 7TREER:

nl=nxn—1)x(n—2)x-x2x1

FEsfeim i EFIREERL, nlE 2-14 MPAPERER, B—EoRE nf#, B @oRtin — 18, Bt
i, BERE n BRELESH:

// == File: time_complexity.dart =

[* BERERE (EEHEIR) =/

int factorialRecur(int n) {
if (n = 0) return 1;
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int count = 0;
/] %1 ESRE n @
for (var 1 = 0; 1 < n; i++) {
count += factorialRecur(n - 1);
I
return count;
}
EEH EEH
DRYE ERGEE
n n
n-1 n(n-1)
n-2 n(n-1)(n-2) o H o B
1 n
2HIINARY (AIREENHEHE) RERISEARRE
nx (n-1) x (n-2) x .. x 2 x 1 = n! BERERE o(n!)

2-14 P& 3Te RE OO IR i 1 e

TR, BAEn > 4KH n! > 27, FTDARSRRE LIS BRI RIGE R, 1 n SRR A2,

2.3.5 J®E. RfE. FISHERE

HRARIR PRI AR EE K, i Bl A RH A B (REim A —ERE S n BRI nums , H
Honums FTE 1 2 n ECFHK, ST HHBR 0 ERIEFZEMTELR, S5 HEERIREDTER 1

AIZR51, FAMATDASHI AR

- Eonums = [?, ?,

o

2
G

oo A1, BUECREICRE 1N, REERETY, LR HEBRE O(n)

- Eoums = [1, 2, ?, ...], EDEEMEICES 1R, HERES 2 REATFEEEEY), ERRER
R Q(1) .
“I IR BB IR L5, AR O SRR, MHEM, “RAEReREMEE” S L R,
A Q RRiERR:
// == File: worst_best_time_complexity.dart =
[* ER—EEY], =& {1, 2, ..., n}, |[EFEITE «/

List<int> randomNumbers(int n) {
final nums = List.filled(n, 0);
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/] EmEFEY nums =

for (var i = 0; i
nums[i] = i + 1;

¥

/] BEHITELRES TR

nums.shuffle();

return nums;

hy
/* BHEY] nums FEF 1 FREZRS] */

int findOne(List<int> nums) {
for (var i = 0; i < nums.length; i++) {
// ExE 1 EREYIEEDE, ERRERREEE 0(1)
/] BicE 1 TEEYERE, EIRERBEEE 0(n)
if (nums[i] = 1) return i;

h

return -1;

}

(RN, BAEBIRR R (PR R RN, [R50 U N R A RS, TR @A
MR, RN AN, WATEKINT ~MRCRE R, MR AR A
%,

e FRRBIATOAG t, SRR R e RS R REAREE LR BT PRIV M, eI B R
AR/, RS R MR BT RCR, M2 R, TR0 ol DA A B A YRt
FRIBTRCR, [ © AT,

S ERANIELNE, BT AR RLHR S tH BEASOR A RO TR, Hen SRR, B A 2 T
AL, EIETTE 1 B S OM DR S, TS R0 T I Ot 25 B — /2
| RIS ©(n/2) = O(n) .

HEAR R R, SRR R AR A bR R, R 2% TR A tHPE R A T AR R B2 1)
B, EEEEIT, FRMIE G R ER AR MR 2 BRI R HIR R,

HIHERDES O 77952
AIREEIR O FFRER B L, PRI R & (A e AR Fon PR AR, (EIE =R Las, 18

FRIOE RS, (EABREMER T, ZBIEN “EHRRMRE O(n)” WRR, Wik
BEfRZ O(n) .

2.4 TMHEHE

TRIEME (space complexity) FHFM & I8 B 120 A IR 22 4 B 8 R R IR AU Rl 25, IS e S B
PR M AR, SRR “PUTIRGR” Bz (SRR,

2.4.1 EEEERZME

T ETRE S TIE R P AT PR s ) T S A0S DU 267,
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- AR AR RR R R
- BB ARG EERIAERUTERET AR, M. WL TEER,
- PR PR A R
—REWT, SHEMERNSEER T ik s,
o s e A DA — 870 2 = (8 o3
- EFERL: AR FEERATERET SR B8 YR,
 HEFDAAERE: RGP R BRSO R, ARBUAE RO AL bR IR AR & TR B TH R N — A HE AR
iet, PRIFOR[ENE, B R SRR,
- 1RREH: ARG ERERIERIES, EERGATEE R,

T —BAE R s A Iy, FRIMDE R BT EAF DR, e Bl B0 =377, anlE 2-15 o,

BEER TEMERENRTEE

AL

4 hY
PN EEEH ok
BMAER HiFER BHER
bt L
BeTM

[ 2-15 TSI AR B 22

MRS

/* Rl %/
class Node {

int val;

Node next;

Node(this.val, [this.next]);
¥

/* BT */
int function() {

/] BITHEARE . ..

return 0;

¥

int algorithm(int n) { // @WAEE
const int a = 0; // BEER (B2
int b = 0; /] BEFEER (22)

Node node = Node(0); // EFER ()
int ¢ = function(); // &A= (FFIHI)
return a + b + c; // EHEE
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2.4.2 #WHEE

R RHE SR T TR BN R AR R BOR), R st e “SRIFBOR” s “HRZMARN,

17 B ik P MR FE AN R 2, FRAME B BT 22 B A, ISR K e iR s 2 —JHREMEZOK, Fhff
HMERRIERTE I N EOR N A R SR RC TR s R T B

BRI, RETHMEMEDN “RE ARESE

L. ARZEWAERI A% B o < 10 K, SHEREZ O(1) ; EE n > 10 K, ¥HLARES] nuns {4
H O(n) z3f, HittRZESHEEREZ On) .

2. DABSIEBAT IR ERC IS 2 B, MATEUTRE 17280, 15 O(1) =M, ERh Lk
nums I, FEXEH O(n) 22, FtEESHERES O(n) .

void algorithm(int n) {
int a = 0; // 0(1)
List<int> b = List.filled(10000, 8); // 0(1)
if (n > 10) {
List<int> nums = List.filled(n, 0); // 0(n)
}
}

FEIRIBPAAD, REERSAH RN, BRI TR HES:

int function() {
/] BHITHRLEIRE
return 0;
}
/* EEMNT=HEEHRES 0(1) */
void loop(int n) {
for (int i = 0; i < n; i++) {
function();
}
}
[* IELBHN=EEHES 0(n) +/
void recur(int n) {
if (n = 1) return;
recur(n - 1);

i

83X Loop ) #1 recur () MIRFREIEREEET A O(n) , (A2 BIHHEE AR,
- B Loop O FEEREHIEIY T n X function() , &Y function () ARIR[EIN R T HEB I A,
Ntz R 2 O(1) -
- JEER recur O ERITIBREF G FEREE n EAIRER recur () , #EMGH O(n) FEBE=SM,
2.4.3 EREH

RIANERAR N 0, (8 2-16 R T RESEEE AR (RREEImHD .

O(1) < O(logn) < O(n) < O(n?) < O(2")
HHEE < BEEE < IR < FI7RE < HRERE
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EE i)

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

BNERAN

[ 2-16 5 LAY A AR A

1. B8 O(1)

BB RN BOR B N R n SRR B B Wit

EBFE o(2")

E75E o(n?)
4314FE o(n)
H#HE o(logn)

HHPE o(1)

HEES. REEE

TEERAE, (EEE oG (2 BT R A RO RC RS, RN R R G 90N, Bt~ g

SRR, SRR O(1) -
// == File: space_complexity.dart =

/* B */

int function() {
/] BITHELAR(E
return 0;

b
[* BEPE «/

void constant(int n) {
/] B8, 2. WHEER 0(1) =/’
final int a = 0;
int b = 0;
List<int> nums = List.filled(106000, 0);
ListNode node = ListNode(0);
[/ EEFREEERE 0(1) =M
for (var 1 = 0; 1 < n; i++) {
int ¢ = 0;
}
/] BEFHNRGE 0(1) =M
for (var 1 = 0; 1 < n; i++) {
function();
}
}

2. 1140 O(n)

BREREH R TR BRI n IELLIREY, SEESERS, HEB, (755
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// == File: space_complexity.dart =

[* KRR */
void linear(int n) {
/l RE#% n B9EFHER 0(n) =R
List<int> nums = List.filled(n, 0);
/] RE% n B9851EA 0(n) =
List<ListNode> nodes = [];
for (var 1 = 0; 1 < n; i++) {
nodes.add(ListNode(1));
¥
[/l RE% n WEERGER 0(n) =H
Map<int, String> map = HashMap();
for (var 1 = 0; 1 < n; i++) {
map.putIfAbsent(i, () = i.toString());
I
F

i@ 2-17 foR, R RENRERE S n, BIFRREE n EARIRER Linear_recur () B, i/ O(n) K
AN HE B I S ] -

// == File: space_complexity.dart =

[* AR (REEIR) «/
void linearRecur(int n) {
print(* EE n = $n');
if (n = 1) return;
linearRecur(n - 1);

}

‘‘‘‘‘ mLE
AT & “E
linear_recur(n) return @
linear_recur(n-1) return @
" | 1
linear_recur(2) return @
BEEE
1 Ed1 30 T
linear_recur(1) return @
ETVEETIURRES n SRIHEHME
HEEM 0(n) HEBEETR R o(n)

2-17 33 bR 22 A AR B 2 o R P

3. EAKO(n?)

7T R ERRAIE, JTRBE M n ST R



2w MR www.hello-algo.com

44

// == File: space_complexity.dart =

/* FERE */
void quadratic(int n) {
/] FEEERE 0(n”2) =M
List<List<int>> numMatrix = List.generate(n, (_) = List.filled(n, 0));
[/l Z#HBIUEE 0(nt2) =
List<List<int>> numList = [];
for (var 1 = 0; 1 < n; i++) {
List<int> tmp = []1;
for (int j = 0; j < n; j++) {
tmp.add(0);
}
numList.add(tmp);

aniE 2-18 iR, %R ANEIERE X n, TEEEREE A APAOIa T — @S, REDHIZ n, n—

V201, HRER /2, FHLAEEE O(n?) 2H:

// == File: space_complexity.dart =

/* FAE (BEEEIR) *x/
int quadraticRecur(int n) {
if (n <= 0) return 0;
List<int> nums = List.filled(n, 0);
print(' J&EE n = $n HBH nums BE = ${nums.length}');
return quadraticRecur(n - 1);

}

B nums BE BT o
n ~——— quadratic_recur(n) return @
n-1 +~———+ quadratic_recur(n-1) return 0
EERE . .y .y
" | 1
2 ——— quadratic_recur(2) WREE return 0
1 T lmic 3t T
1 +~— quadratic_recur(1) return @
EEERLRAPBALT —EMET, BRES CREHE
1+2+ ..+ (n-1) + n = n(n+1)/2 EAK o(n?)

2-18 RN bR FUAE AL BT 77 P 2 A

4. 1EHKEO(2")

1\

FRBIE R oo, BERE 2-19, RGBSR T METREER 2" — 1, A O(27) =
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// == File: space_complexity.dart =

/* IEEME GEim_—roi) */
TreeNode? buildTree(int n) {
if (n = 0) return null;
TreeNode root = TreeNode(0);
root.left = buildTree(n - 1);
root.right = buildTree(n - 1);
return root;

BEHERGHEE
20
21
22 - Hn B
/TN N N TN
2"*1
FRAmRHE SREiEE
20 o 21 + 22 + o+ 2n-1 = 2n-1 *Eﬁm 0(2“)

[ 2-19 i — o A A 1 F B s R R A

5. EHEKE O(logn)
B R EEE L, BIanEoHT, WARERS n RS, SEmRER bR R E ) 2, T
R Ry log n MEIERE, (M O(log n) Bz,

IR B e 2 e, BN —(EIER 8 n , ERIRES [log, n| +1, BIEEFHRRE [log,,n|+1
, Pk EEHEE S O(log,,n + 1) = O(logn) .

2.4.4 (EEBFRESR
BRI, T SRR R IR AR A S M AR R B e . AR E PR E I, [RIRF LR
F] R PR A 2 o 4 0 5 T DR

REAVCIR ] B L T 3 7 22 DAV T S PRI BORE R 20 I, R 2R TIPSR mic TR 2 P A T B SR R U T O
FER B2 “ DA ez, SRRy “DARFRE

AR B RN M B A T, FERZ BRI, MM E RS, Rt “DAsRHgRRE" 8
AR AR, B, EERERRIELT, s e ey =,
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2 5 ’J\n\l:l

1. EXEE
LS &

- IRFATSBCR AN S R 2 M B SR IR 0 O P 8 3 AT A

- BT OB B FEHIBUREH G T RTANCR, (HE IHPRIGABRIGAE S, HEREREsEEIT

: @%E%Mﬂuﬁ%ﬁ@ﬂﬁ%%%,%ﬁﬁiﬁﬁﬂﬁﬁ%ﬁ$§,ﬁﬂ%%%ﬁﬁﬁ%ﬁ$ﬁ%
FHRRE T IRR,

I ] BEHE

+ TRE R P P A R TR L T IR R B SRR Y RO, W] DUB RIS IR 0, (HAE LG
NRTRERRR, ANTER AR EDRL R N R A R AR RN, RS T L A IR S

- EREREBEMERK O fF9E0R, BIERRNNG B5, RME n@aEmeEky, BE8E T (n) 1
W RAR,

- MEERR R o A, EeAHRERRE, AEHETNL -,

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

o BRI AR AR EDE, R B N R A R, IR RREARE O 2yl Bl PR
RS, AR T, R i A\ R — R R ST 2 As I A B B B AR 1 10

- SPEIRE R P S T LA TE BE A RN NV BTRCR, BB PR I A P R SRR, R ECT
YT R A e P T A R N ORI MM AR S S R A BRI B,

AR

SRR M R U R AR R, PR DA RS (8 P AT R I GO LY R 3,

BT P ORI T R T 5 2 A SR, TR, SR, B R, WARSRIR
N ZE RIS, W AR T 50 2 AR Rk, M MRS 22, b M 2 T 3 IR
S B AR

Pl BRSSO TR RS A R AR 2B TR R R M

- R SERR R EEHIE O(1). O(logn). O(n). O(n?) f10(2") %,

2. Q&A

Q: RIBEMZMBGERER O(1) 152

B b, R E R AR DU O(1) . FIBEAZYRRES (B Java. Python, C+
. Go. C#%) FREHMBEAREE, FILEHZAMERER OMn) .

Q: HRFCHITI TRIE AT AR A& I 2 B2

R (function) AIDABENZHIT, FTHSEEABAEE. 755% (method) Bd—fE¥)fHRANE, #EEES
WERYE R, RESTEE A A BIE AL & 1 B RE TR

N DA R AR IR S R B .

Cirm e AEARAES, RAVFERAMS, AR, EIMTA] DOE S 745
(struct) AFEEEEY PG AR AT, Bfl e AH bR g A bR SR B R AR 3R = T TG



2w AR www.hello-algo.com 47

- Java Ml C# ZYMFERIENRES, B O5R) EREELIEERR R0, BT TANITRAM
RURERSK, 2 EHERAE RN b, ARERIRIRE R BITEEE R,
- C++ # Python B Rl A ket (30, b EmERsat 05k,

Q: [EfF “H RSB RIBI" SRR A2 Ak as F A AR RN
g, ZERRI RSN, HRBRAEN RS, AR BRI R N,

st n = 8, fRATREE B M ARAI(E SRR S EA b, B2 RIRARE S — R B0H, R
{1 R e 21— A6 B A 1 [ N

FEERRT, FRIMNEE AREET RN “HE0E” R Z /D, Al SRR AEE N = 8
Z PRI, HEH n = 8° MAMFER T, ERMRESBELMLTET,

Q BOFEMBRERM AL R, BEEYERE (EEM) AGREHEREED?

EBEBEIE A, AR M B IR, GRS, BMIE R IEE, B+ iR,
(I R ZR, DR O(log n) B O(1) IS,

FEREERE RS, EBRRrER R s, flanEmR AR, KECERRER, TRMATEE
GHCEMAMEER, BREHEEFREH, DEETIERGE, UERAERAER,
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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 %%,

/] ERZEERE R R R ES

List<int> numbers = List.filled(5, 0);
List<double> decimals = List.filled(5, 0.0);
List<String> characters = List.filled(5, 'a');
List<bool> bools = List.filled(5, false);

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,
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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  BeEgE S Bk 7 77 30

4.1.1 [FE5EBIRE

1. MatkrEs)

AT ET DR 75 5K 5 P R 5| B PR AB AR 7T 2 IWIOAME. A EWItAME, TERISTEVIAEEN R, K28
FRREE S GRS T EYIE A O

// = File: array.dart =

/* FsatrEs «/
List<int> arr = List.filled(5, 0); // [0, 0, 0, 0, 0]
List<int> nums = [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,



HA4E (YRGS www.hello-algo.com 65

(£ 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.dart =

/* BEMSEARE TR */
int randomAccess(List<int> nums) {
// EERS [0, nums.length) AFEHEHHEN—EEFE
int randomIndex = Random().nextInt(nums.length);
// JEBRIIIR [E|fEi TR
int 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.dart =

/* TEMEFIMZRS] index ERIEAITTE _num */
void insert(List<int> nums, int _num, int index) {
// BZFE5| index UKRZEMNFIETEREZE—
for (var i = nums.length - 1; i > index; i--) {
nums[i] = nums[i - 1];

b
// #& _num BE4 index BRitH
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.dart =

/* MIBRZR5| index EBRITTE */
void remove(List<int> nums, int index) {
// BFE5| index ZEBHIPFIBETERAFBZE—L
for (var i = index; i < nums.length - 1; i++) {
nums[i] = nums[i + 1];
}
}

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.dart =

/* EHFEFITTER */
void traverse(List<int> nums) {
int count = 0;
/] BEBER5|EHET
for (var i = 0; i < nums.length; i++) {
count += nums[i];
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¥

/] BiEEspkESITTE

for (int _num in nums) {
count += _num;

}

// B forEach 7&EHRES

nums.forEach((_num) {
count += _num;

F)g

6. EATR

FEREA A TR E LR TR 2, AR CRER A ILA, A VLECRIE B RS,
(K 2 BB R AR R, P DA LR SR R 2 AR,

// == File: array.dart =

/* EESIFREIEETE +/
int find(List<int> nums, int target) {
for (var i = 0; i < nums.length; i++) {
if (nums[i] = target) return i;
}
return -1;

by

7. EBMES

FEFERRGUER S, R DAORRE PS 2 RAVRCIRAE S U2 rT R, TEmER 2 e Ry &, Hit
FERZEREGES T, HHIRRERA a5,

QERBAM A EEA RS, QTR E TS E S RAIRES, SRR S T R AR HE S, & — A
O(n) KRR, TEMBIRKAED NERFER, R RITR:

// = File: array.dart =

/* BEREIIRE */
List<int> extend(List<int> nums, int enlarge) {
[ Bt —ERRREZRNES
List<int> res = List.filled(nums.length + enlarge, 0);
/] RS FRIFRE TR E R R ES
for (var i = 0; i < nums.length; i++) {
res[i] = nums[i];
}
/] REERZFHES

return res;
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4.1.2 FEFIREREERERE

BB ARSI RC IR S N,  HorRABIHE, ISRt S EEReBREN, Rea] RIS E R
At B RS R R ERCR,

- ERRCRR: Y BRI TSR ARG,  BEIRR NSRS B8

© SCREREREGRIR . BESIRFEE O(1) RN RHEMTR,

- PRI EARESTRR, StEMAMEGRAY, BEPRIBCLE E R AR, fEmRE R EE
RS THR SR ERIHU TR

TSGR ER IR, HAAED NMRRMY,

- BABUNBRBCRIR: EfEF bR L, A MM R R ER R ERTTER,
- REAWEE: MHIEYIGIRREMEE T, RA YT EA T ERHERERTRES, FSHRA,
- BWIRE: WRES DR NER BRI, ANEZ RS EMARE T,

4.1.3 [E5I|HBIFER

bz — R AL EL W AR, BURBEMESEERRZ F, el AR E B A A R A,

- B G SRIRMVAERERE R — LR, IR AT DU A A, A —EREME T2, RIS EH B
B AR

- Hip RS WY HE P RS SRR R R, ey, S0HPF. s EE
Fei %] b3

- AR B E PR RSO ER R, A DUEARESIE R AR, (RN E B sl
ASCII WSR3, FIRT UK 7 7CH) ASCIT IS EMFRRS|, BIERICRARAE SRR SEA E,

- OBRAREE MECHERTPOREM Tra R, FERE, SREZ MRSIEBUES, SRR DA RITE
R, P AR AT PR O R Al

- ERHREBL: SR DU EEHEE, (TH, MERR, B, EEERESNE, BN, ERAR R R
TNEPR b2 e

4.2 iEEERY

ACERE SRR ARER, £ EEMNRERITEREE T, 2RrEC R ] ERR fE i
ik, BARINE, 7 FpARC IR 2 R AR, TE RS AR KRy, RCIRRE rT RE SRR SR A AN IR
A, R RS ER SR EE TG PSR B AR T

s8R (linked list) Z—HEARMEORIGHHE, HPREETTRARE @RI, SEERNES “5IH” A
AR, 5IFRCER T N —EEB A RO IS AIE, A e AT DA E A R 5 R B R — e iR,

A R AR RS IS A E ERG A] DA B A (e RO IR RE 250, e MARC IR RS A RO A,
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g et Rl N et s £ ()
ittt

linked list

— —a{ e —3{ —> None
EMTE R /
& 318 (s B
i R ER St
node

B eomRE ) s
gy | OB

4-5 SlEGERSIE REGEF TR

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 .
- £ C. C++, Go Ml Rust FXHRHEEIFES H, LR “5IH” Eargis “ta”,

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

[* SEALERY|ENELEER] +/
class ListNode {
int val; // EnEk{E
ListNode? next; // 1EMT—Hi2EHI5|H
ListNode(this.val, [this.next]); // EiEF
}

4.2.1 SEESERYIE IR
1. Miaisss7

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.dart =

[x WECSBEERT] 1 -> 3 > 2 -> 5 > 4 %/\
/] LA AR

ListNode n@ = ListNode(1);
ListNode n1 = ListNode(3);
ListNode n2 = ListNode(2);

ListNode n3 = ListNode(5);
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ListNode 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.dart =

[* TESEAEERTIBVENELE n0 ZRIENEIRL P +/
void insert(ListNode n@®, ListNode P) {
ListNode? n1 = n0@.next;
P.next = nl;
nO.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
T % no M n1

TR BTIPRR DY P

A A

noe nl
A

MpRTErRE, B P HREM
nl ,

BEF G RTIBEHmEHHE P,
At FIERER P SWMIER

4-7 Sl ER A H R e R

// = File: linked_list.dart =

/* MpREE4ERTINENEE n0 ZERIEEES */
void remove(ListNode nB) {

if (nO@.next = null) return;

// n@ -> P ->nl

ListNode P = nO.next!;

ListNode? nl = P.next;

n0.next = nl;

4. HRIEHES

TERIEHS P T BSR4 E— TR, FRIVATLAZE O(1) W R o (R T, ks
ESIAIR, AR, FEGES, SRR, MR, WIS R0E
(AR i — 1, FERBREES O(n) .

// == File: linked_list.dart =

/* shREEAEERYIPRZERS|A index BYEIEL +/
ListNode? access(ListNode? head, int index) {
for (var i = 0; i < index; i++) {
if (head = null) return null;
head = head.next;
}
return head;

}
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5. EHENEE

AT, ERHAPES target AR, B ETRSEMG B PRIRS . R EERRIEEH, 2
W5 R AR

// == File: linked_list.dart =

/* 1ESE4EERY|PEHRES target HEEERE +/
int find(ListNode? head, int target) {
int index = 0;
while (head != null) {
if (head.val = target) {
return index;
¥
head = head.next;
index++;
¥

return -1;

hy

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

%) i ER
BRI N el =t
ARWE B T
SRR TEGTERD, ETMRRNEAE  TRERTES
wilEE  0(1) O(n)

WTEE  On) O(1)

MiEE  On) 0(1)

4.2.3 BRigEHRTIER

GniE 4-8 Frow, ARSI LS =R

- FEEERER A BIVRTE A A AR BEAS RS B IA B FR A RO ERL BL SE AR A R — ERG R 5 | RN IE
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

/* EmEgAEBRYIEEEER] «/
class ListNode {
int val; /] ENELE
ListNode? next; // IEMBAEEIRRISIA
ListNode? prev; // (EMEFIEEEIEGEYS|A
ListNode(this.val, [this.next, this.prev]); // EiEF
}

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

BV RS H AR TR 2B I B, R R R TR HERE

- WA EEHERR L EOERRST, A WEHREEERR R R CPU HHEEER, BF
T HAEETIEE, SEEF SRR R, ERE R SR, CPU R UHRE] N — T, 8
T [ $5 'F AT DAIE @ BRI G4t H S| A BB

- ERHRmE: ERLERREREES S, WG EHBIMAERS, tnEEW. A EEsT,
BERHA AT RE & 1570 B AR G R — (BB A R 3, DA B B A AE FE T

4.3 &5l

85 (list) Z2—EMRIEREEEE, ERRTRIAEFES, XFRTTRVM. B, g, MERFE
FRME, BUAMAE S EERIRGIIFEE, H AT DR S 51 s b A1 B B,

 REEERSIRIA B E—E RS, HSRTREME SR e, i B ] IS B A
- MHI SR TR A, BN HEREAAE, FitHEEE R R R R H

EE A BB AR, REAENTEE RSB EMTERAL, 12 R RIEME BRI R
ffifF 2 VER, MmO AER BRSIRE, HREE/D, RRATRESIAWCEHER, HREEX, Al
B iE A IR S TR

FfRDUIERTRE, FRA] DAEFHBhRERES (dynamic array) SREBLRS, BHEK T YR ZIEERS, 3 B AT
RS TEEIEI TR G A,
B L, SRS OB S R SR LR B RS BB, (140 Python Hf9 list . Java H1HY

ArraylList . C++ HIy vector fl C# HHIY List &, 7E8: FRBUE s, FRITEE “H%517 f1 “BhRekE#Hz1”
P 2 A R 2

4.3.1 BRIIEREE
1. #Matkss
BMNEREH “HHAE N “GHRE" EMETIGRILTTEA:

// = File: list.dart =

/% B EG x/

/] EVEE

List<int> numsl = [];

/] BYEE

List<int> nums = [1, 3, 2, 5, 4];

2. TR

HAHIAE FREE], R AE O(1) BN ERT TR, SRR,
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// = File: list.dart =

/* TR */
int num = nums[1]; // #HREZES| 1 EWNTE

/* BHTE */
nums[1] = 0; // ®FR5l 1 BNTHEREHA 0

3. EAERBRTER

HHEGRRES,  BFITT DL A dr i BER TR, 1RSI R ETI TR R EARE S O(1) , EHEAFIMER
TER AR EEESAER, RERREEZ O(n)

// == File: list.dart =

/* BEEY x/
nums.clear();

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

/* TERREEANTERE */
nums.insert(3, 6); // &3l 3 BEAEBF 6

/* MBRTE */
nums.removeAt(3); // fIBRZES| 3 EHWTE

4. EsHH

HgA|—4%, IR DRI RS ER, WrlLEEESITE,
// = File: list.dart =

/* FBRS|EFBEY */

int count = 0;

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

}
[* BEEERRIITTER «/

count = 0;
for (var num in nums) {
count += num;

}

5. HH&H

A —(EHT RS nums1 , FRAF AT DA HDHEEI R RS R,
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// = File: list.dart =

/% BHEMESEY %/
List<int> numsl = [6, 8, 7, 10, 9];
nums.addAll(nums1); // #&&£%] numsl BHEZ nums 2%

6. HiFRY

SR RS HER 1%, FAME AT DAGE RS EBTE BRSO R E &N “ToEs” 1 SR AL,
// == File: list.dart =

/* HFEEH] «/
nums.sort(); // HFE&, SBIITRERINEIXHES

4.3.2 BIIER

A2 RAGESNE TH, Fla Java, C++, Python %%, EMMEB LEEMH, SESBREHIFEE
5, BlNPa AR, RAGEEEE, IR Al DA R R IR RIS TS,

7 VNGRS RS TR, RSB 2 RS, WS DAT =(E SRRt .

©OPRA R RIS OIG A R, EAORGI, FFNEE 10 (EAa AR,

- R BT A size , MNGCEPIIERTTREE, WMPEETRMAMMERAINERT, RE
HREERL, T DUE AL ARSI RHR, DANHIETR & T Z A

- PRARH: EEAOTRMBEIARCH, AFREETHRE, SARIRA SRR EE RN, A
E RIS IRTA TR RSB RS, ARG, BFRE SOGR AR A 2 2 /il 2 %,

// = File: my_list.dart =

/* EBEIFER] x/

class MyList {
late List<int> _arr; // P[5 (REF&RTITR)
int _capacity = 10; // EHIEE
int _size = 0; // BIRE (BRiTHRE}E)
int _extendRatio = 2; // BXBIHESRIEE

/* BHEF */
MyList() {

_arr = List.filled(_capacity, 0);
}

[* ERRIRE (EFITREYE) +/

int size() = _size;

/* EEBRTIBE «/
int capacity() = _capacity;

/* FHETTE */

int get(int index) {
if (index >= _size) throw RangeError(' ZE5IHR');
return _arr[index];
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hy
[* BHETE */

void set(int index, int _num) {
if (index >= _size) throw RangeError(' ZE5IHER');
_arr[index] = _num;

h

/* EREFIE TR */
void add(int _num) {

/] TEHEBHEIER, BEIBEAHS

if (_size = _capacity) extendCapacity();
_arr[_sizel]l = _num;
/| BHTRYE
_size++;
I

/* TERREATER */

void insert(int index, int _num) {
if (index >= _size) throw RangeError(' ZE5|#HE"');
/| TEHEBHAER, BEIESES

if (_size = _capacity) extendCapacity();
/] #ZF5| index MUKRZEBHITREEEZE—(I
for (var j = _size - 1; j >= index; j--) {
_arr[j + 1] = _arr[jl;
+
_arr[index] = _num;
/| BmTEREHE
_size++;
¥

/* MBRTTE +/
int remove(int index) {
if (index >= _size) throw RangeError(' ZE5IHR');
int _num = _arr[index];
// ##EES| index ZERHTTEREEFIFZE—L
for (var j = index; j < _size - 1; j++) {
_arr[j] = _arr[j + 11;
+
/] EHTEHE
_size--;
/] REIERBRITTE
return _num;

h

/*x BIHER %/
void extendCapacity() {
// HE—EREARREY _extendRatio FHIFFESI
final _newNums = List.filled(_capacity * _extendRatio, 0);
/] BEEYEREFES
List.copyRange(_newNums, 0, _arr);
// EE _arr KI5\
_arr = _newNums;
/| EHBIAE
_capacity = _arr.length;

h

/> H&ERY|ERARET] «/
List<int> toArray() {
List<int> arr = [];
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for (var i = 0; i < _size; i++) {
arr.add(get(i));
¥

return arr;

hy

4.4 FCISEGERIREY *

FEARTERIRIPETT, BARE T PSR 4S5 5108 mAEE R H B A RORES M, M BIRER T "R
I B MBS,

BPEE, VIR EIROORE EDUE 7R B O DA DRI RS 3038, e s B SR R s B B RE

4.4.1 HEHMEERES

AR R AR A2 E . BBRR (hard disk). 521888 (random-access memory, RAM), REX (cache
memory), & 4-2 R T EMTEsH EMER S A B B A EAR R R B,

K42 FHEMIRTRE

TULS OIS PREX

A& R FER, WSERARR,  HERMEFEATIERNE MECHMIERIES, K>
R, MRS TE PR ERL CPU #iHIRC IR A B

BN ErERENTEEL BrEREREEL BrERENGER

wE K, TB#A B/, GB &l FEH /N, MB

T Wi, METET MB/s ek, %+ GB/s FEH D, 2K E GB/s

B (N s, %EFKT/GB W, %+F¥EIT/GB EH &, BE CPU 4THEHE

UL

T AT DR T B 7 R R 2] 4-9 FIRA B EE GRS, AR T 5 T BE TR ) 8 /7 268 B AR e, %
BN, AR, ISR AR RS AR AR, TR at BRI TR AT AR IR A A SR

TR ARG IR R, EE, RUIEMREREHREZEEL, Rt NEGRIAMEER, HiX,
ORI A R IR 5, BESTHEHEE TS K.

- PE R B DTS, PEE L1, L2, L3 BN ARBE A, EYFR S E8 K, B CPU
ol R s & R, EmEsBCERHE R R, STEMEEE S, EENENT, ZER
(ITREAERE R A R AR 2 T A B A 1A B
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CPU

L2 Cache

B a8

WEER HDD/SSD

& 4-9 "HEMGHTRH

Tip
AT AR O R IR, AR AA =3 2 AR Ti, B b, SRR R
i TR, BRI BB BHAIRR ] < R e -

ARBEARE, RERERATRR RV R B, St AR IS Gl A AN B T AR BRI RORE, i PRI (il
FREFURINERAES, DHEEREABITICR, =FHARE, WA SRR ST,

qniE 4-10 FoR, fERXPUTER, ERMETERIR-PETIE RS, #t CPU stHEMEH. PRI EAEE CPU
A—H#R7r, EEBE SRR, 4 CPU Rt e e R, EmuBEE R I T IR,
T/ D S e R A R

CPU

@ 4-10 R, FCIRBEA PRI Z AR E RS

4.4.2 BFHERERCISEEME

TERCHTSRE SRR 7 TH ,  FRAIA SRS B 5125 B A BB RRR .

—77H, e AR, HR—SGERrREs S IR, R B B R R S T e = Ut
Az, AR TREEHS, ARSNGB S ERGRAS (R, Hitas ReR E
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o SR, MATE— R R MREERL IR M, SR ESGUINRIRE, YA th TR RS MY IR
IR, ML T, SEASERSILL “HiRE” 2B TENRERC IR AR mI, oML T SRR B S,

S—75H, EREBUTIR, R R A SR GC IR, S RO TR AR R R, S
TRRRAA ORI, FA RS 73, HBEAE S ESELRER AL, ik, SESSIRTER
TR, SRR AR R e, EASEBGLIRREERA .

4.4.3 BFHEERIRINAE

TREUHEAE S A B s/ VARG, EEtEimRG 2, ERTEE e E EMEENEMN, Bk
PREEAEAR, HEERF /MR MHE MR, HItE CPU Bataifm i & s AR, ol & 4%
A IRENKERH (cache miss), Itk CPU MG AMERE EAR AL ISR H BT TR &AL

gR, “DrEUCRaRTh” @b, CPU iR RRHIZCR MR, MACREthataer, BT CPU B h &
HUERH LG 25 REXES R (cache hit rate), JEEFSHIE H A AT R REICE,

# T EATREER E mATRCR, PG PRI DA R A M

- PRIAT: PRI B AT R BN EDRL, TR DAPRIRAT 2 AL, AR EERR R AL T AR A (e, PR
BT RO (S A 2

- THEUMGH]: EFEESE B TENE R R (BIaER s, e RS E), MARBR e
BRI BRI 1, fEMmRT a2,

- BRI R EEER G, AR EHRER R ] RET I S A, Kt REERAR B
FHRE, WERAFHERER, DR,

- IR AR ARG, BB EAE N AR ARAR A REFHR BRI, PRIRMI IS — B, &
TRE B B A R AR AE M,

B L, EERGESS RSB PRI RN R AR, 32 SR DR 875 T,

- PR SRS ERSCR AT RS M E 2, BRI AN ERE R R E D,

- PRIBAT: SEESESIE R BUERCIERE AR, MIIRIUZ AT 1Y, RIEE SRR EL B 5 =,
- PR BES EEBEAS B IR ROR RN B AT FEIIME”, RIS A 5 06 H BRN R ERL
- IR PR A R AU RC TR S R, RN BRI A R S A P RE R 7 e

AEET S, MIRA E G RR, R EfERIERCR BB BRG], IS fIS R R TR
R, TR B A R AGS EE : 5E SZ

TETFRR, PR EWRE BT A T DU R ER SEAG RS, BRI A P RS DR R A6,
JERR BB RRRARE, BN, FEFIRISRAS R AT ] DUE B “HER” BRlais (P —=E&sdns), Hel
B AR F S5

- TEMIERTRER, M G A ROR R R S E AR, K2 AR AL T s AR AR A B i R
HIRES), RUEMER T E IR i —E R iR S .

- WRBEREARE R, BIEMER G, HUBRITEIR/NEE DU R, IREEE R ST FR 8 BB A HE R N5 0E,
Sl et ER A RESA IR R R BURE A IR RE IR AN R BR 7y, Sif ELigk S0 7 P19 7 A 2R A RS MR B
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4.5 Ih\GE

1. ERSOIEE

- BRI GEAS FR YR R AR RE, D BIAARERHERT BT R TP O AR R A 75 2K s R
R B IR R ARG 5 A AR

- FEBISCREREMEAIA, A RCIEREE D (BRI AFMERTRBCRIK, BRI,

CEEEERYIEREMS I (BIR) EE ARG AR INER, HAT ARSI R (E AR IR
&, (R R, H RASERS Ry R s B Al 8351, BUPSAs A 8, B A,

- ARSI ERR TR A RS, EHEANREEMY R, CRE 1 EAIRESS, [Fika] DA
G R,

- BB BUR IR & T AR A E, (HRTREEE o il B e IR &,

- BERBUTR, BRI, YA A E MR IR S HReR, i H Rt R IR AR
FI b SBEANEETE,

- PRBUEE PRI T, FEIBOE DA S 2 ] e A P [ s M S R A, 2% CPU SR B PR BRI,
BRI STHU TRICR,

- HRESEA EmA PRI aT R, R EIE R FEES R R, R R, BRI AR K
TG A 18 5 R,

2. Q&A

Q: MHIFEFIEHE LA FAEHERE L, BRI MR R A A
R 7 TE S A LT HERE L (B8 B G A A O IR N, ERHRIERCR AR — B, 28T, HEBAHER A
A5 BRI, REMES AT [FR

1. rBCATREICR . e R — S/ NAECIRRS, rBChdmaEay BEehR; M IsaartE s R, nTRUfE
BRI, EARGWER L. HIt, WA LA BB RIR R LS e,
2. R/NBRT: BT SRR BN, HERER RN — RS2 BRI RT F RO RS R AR B0 e & (o 1 KA 1
3. EEIETE: HEB RAYREISIR R NTR B RN e, TR L AYREEAI R /N AT DATE B TR B B A
Q: At EEMEFERMEFEIRIRITE, MAIEHAS 5 - AR A R 8 R 2RI ?
PEAG RV HETRGAH AR, BB RIEESIH (B AR, SEEIRAT AREF AREB B E R, Fla int,
double. string. object %,
FHEH, FESSTRRERERZRIN, ERAREEES B & ARG BT R B, flan, FEYFEIRR
& int f1 Long MAERYRI, BESTESAIMGE 4 AocsHm 8 fioc, MR T ARG EREE T,
K 25 S T “TTERE,

# JRCEREMN = YRR (BxRaEREi) + THZRE x TRERS

Q: MHBRETRS P 12, ZAFZI P.onext &4 None Hg?

AME P.next tha] LA, {EZAEHSINMEE, HHEERGENDIEHMCETEIERE P T, ERWEHIE
P EASTESEAT RSP INER 7, HERFERRS P FE W AL AR AS S b sl ep S E A R
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REERASHIEETE () NARE, NEFRARER, REAEREXIERZ EMIRT, EEEN
R, BREMZ S, EEEMEW, WRAEH, BEEmERERRBIER L, RS & BRI
RO AR A

Q: TERAS B B A MBS RS RIRR FE 2 O(1) o (LRI IEEE O(n) IR TR,
KRR R R O (n) TE?

MR AT, FMRTTE, FRRRERER O(n) . AT, SEEEFIR O(1) R EESA DITEH
(LR RSB, DI, SRS & SR R AU B, TP S A KR S, R
B AU\ EBRRERRE O(1) .

Q: [ “SEHHRYIEREGFHFTX” h, BE ORISR IR A LS BRI ERE S
fili—-0eg?

N REHUREMROR, ERRRT EARR AR EIOET T,

- NERAIREEG S A R A FIRY, ER4N int, long. double FIBIIEMIMFSE,
- TR FH A RO IRAE 23 R/ MR I B T ROV E SR R It S A BRI T, K22 %% 8 NoTaHEk 4 fioTil,

Q: TEHIIAK B E R ERRAIAIE 2 O(1) ?

ERFH TR B BRYIRE, AITREICA RIIERY, RAGHE SRR, AR REBSIRRE
TERWER L, ERERHEEEREZ O(n) .

Q: “HHIRY B AR = T SR B, (HAREE BRI S IR E”, SRR SHIRE 2RI
MRS AR, RE, HAGBATGHRCERE?

EHRSHERE EEAW S E SR —m, P EReE s RE, BMA-EREMNEESZ; S
JiH, X TRIIESRERA, A MERUERE, b x 1.5 R, EHBRZ A, BE
HARETE 2 E M.

Q: £ Python HliAfe n = [1, 2, 3] 1%, 1& 3 EUCRAIMALRMIER), E240AAkn = [2, 1, 31 &
REEMEECRA id WA, T2 B n PRIHRE, ELETRIMIENES, AR m 825
n5?

A B F T R WS AE B SR n = [n1, n2, n3, n4, n5], EFEEN FE 5 EEEY L BT
TERCIRRE AR, SR, A —EHRSIRS], FMHAATDAE O(1) R pofg B iRt s Rps Ak, emissfa 2l
HIERHIRS, SR E AP REEFARERAS H, TARETRA S,

HFF 2555 A F, Python HEIFhi A YtE, BYPHENSREBTFAS, MB8T5,
I, B S A E Y PR R B A R id , 3 HE SR A RE R A A i A
Q: C++ STL #HIfY std:: list ERLEH rEmplssi By, B —LEELE EAEEEEFERE, 218
=R &AM R IR e ?
—75TH, FMMEEE E PR A ERE AL, mRELERA AR, EEEMEREA,
- B HREECEFTEMEREINIIEE (—EARAT—ETE, —EHARE—ETE), A
std:: list JEHE L std :: vector BEA5 2R,
PREA KU BRER AR EEE KA, Ktk std:: list ¥R B F] H Rk, —&IER T,
std::vector FIRRAE & BT,
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7, EE RS RIS R TR RE, B AT A e R EE S RN stack
queue , TARERAS R,

Q: #fEres = [[0]] * n AT —ME AR, Hrbt—{E [0] AZIRIZAINE?

AR, WMERSIT, AR [0] BER 2R —EYIF5 I, REFERHF—ETR, G35
FITE B BT RN & B 2 2

WRAEE 4R A TR [0] B2 2R, FICUM#EM res = [[0] for _ in range(n)] ZKEH, EHE
FT R FEBERIIAM T n (G828 [0] B4,

Q: #HfEres = [0] * nEpR T —EES, Hrbf—E%E 0 A2 BIZHINE?

FERZHHI, a8 0 A2 R —EY RIS H. 1E2K % Python B/NEE GEHZ -5 2 256) A Tk
B, DAERAIIEER, TEmIETRLhE.

R E MR — P fF, HERFUHIRA] BB SER SR ETTR, ERE %A Python FIEEUZ “AA]
SR, ERMEUSEETTRR, BR LRSS —EWRSIHE, RS EEWIEARS,

SR, EERSITTRE “AIEYIET N (BIanEY, FEsERBIGIES), SO ETTR & BRI A S,
I 512 PRI TC R A & 2 B A RIS
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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



5 E MO TS| www.hello-algo.com 87

// = File: stack.dart =

/* FIRHESE «/
// Dart RENEMMESER, TLUE List E{EfERER
List<int> stack = [];

/* TTENEE x/
stack.add(1);
stack.add(3);
stack.add(2);
stack.add(5);
stack.add(4);

/* FHREEEETE */
int peek = stack.last;

/* TTEHEE «/

int pop = stack.removelast();

[* BEUEENRE %/
int size = stack.length;

/*x FIERRSRT */
bool isEmpty = stack.isEmpty;

5.1.2 HENTIR

5 T RANBEHEB BT, BMARE M CEBR AR

HEBRIE e AR AR, Rl X REAE HE B TERT I BMIBR TR, SR,  ReHAIA Gl ak R 1T m] DATEAE TR AL
ERTEAERTR, Il DAL 2 — R Z BRI RS el eh 5, fgata, BATATDL M feEs ek
Sl ER AR o SERR 1R, (EECBI MRS S HEB AR,

1. BitigERTInER

(o S AT R S EE R ME AR IRE, AP mT DA SAGS R 8 OB B RG A A HE AR TH, R IR 2 B G

GniE 5-2 FrR, EPRAHEERE, TR TRoTRM AR B GHS, SMEEREE AT IR 5 “BEETRT,
TR B, TR ARG TR A5 B2 A IR B AT

HEERRG 4
IR E SRR
A —)
push(4) \
HERTE l
FRENE
Nt ] ]
an ||| e I [« ] ]
EERRRRERT i EERRREEET 1
HMRBRREE HyMRBAREE
| |
R R

SERE
Step 1 Step 2
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i

son() RIBREREDRS
L)
J!
oA
©
g EREREEET) \?
HNRBAEE @
2)
é
L] RO @

‘ 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.dart =

/* BERiEERTIENEIRES «/

class LinkedListStack {
ListNode? _stackPeek; // HASSEENEL{EAEETE
int _stkSize = 0; // HENERE

LinkedListStack() {
_stackPeek = null;
¥

/* EEBUEENRE x/
int size() {
return _stkSize;

}

/* FIEMEERET AT */
bool isEmpty() {
return _stkSize = 0;

I
[* NHEE «/

void push(int _num) {
final ListNode node = ListNode(_num);
node.next = _stackPeek;
_stackPeek = node;
_stkSize++;

hy

[* HEE «/

int pop() {
final int _num = peek();
_stackPeek = _stackPeek!.next;
_stkSize--;
return _num;

hy

/* SHEEEIETER */
int peek() {
if (_stackPeek = null) {
throw Exception(" #EAFT");

}
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return _stackPeek!.val;

h

/* f&iEEERYEA List WR[E] x/
List<int> tolList() {

ListNode? node

List<int> 1list =

_stackPeek;
[1;

while (node != null) {
list.add(node.val);
node = node.next;

}

list = list.reversed.tolList();

return list;

2. BREFINER

o PRSI B BRIy, AT A] DU RS A R BR AR 2o HEAB TEL, ANTE 5-3 Fio,  AHEE B H B 5 1 ) I 6 TR AE
W5 REHTIE TR EMER TR, R B2 O(1) o

o A o
Bl push(4)
HER e pr—
A*ll ]miﬂ | RRE IR
a EREREES ~= @ 2 ERRRENS) 2
a HMERARE 2] 2 ] HMRRARE 2 |
a8 8 B8
n’ u=x [ ‘ R g
| Step 1 ‘ o Step 2
ey
pop()
BsREBIRTR
s | -~ m=x )
- | Prcierap B8
8 B8
1 ] HE !!
Step 3
5-3  FLJFR P B A A N S A L R
HA AHEB TR A RE G IR BTG hn, A FRAM el CARE B RERES, B HmtiE B 1T R FE RS R A
PAR 2 iR S
// == File: array_stack.dart =

[* BRI ER MR

class ArrayStack {

*/

late List<int> _stack;

ArrayStack() {
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_stack = [1;
¥

/*x EEUEENRE */
int size() {
return _stack.length;

h

[* FEMEERERT +/
bool isEmpty() {
return _stack.isEmpty;

}

[* NHEE «/
void push(int _num) A{
_stack.add(_num);

h

[* HEEE «/
int pop() {
if (isEmpty()) {
throw Exception(" #&EA==");
}

return _stack.removelLast();

h

/* FHREEEETE */
int peek() {
if (isEmpty()) {
throw Exception(" #&EA==");
}

return _stack.last;

h

/* iSEEENAE Array AHRE] x/
List<int> toArray() = _stack;

5.1.3 METRYL

SRR

PP e B BT S A M B T A TR AR, BSEESRRE AN SR RE M 1, (RIS T T B T SRS, [tk
—RA g A E,

IR %

TERLTARRF A BB AR, N\ HEB A B (R 7 FH S0 70 BL A B T AT IR T, BRI PREUAR i 1,
RIRCRE R, AT, WERAHEBRHE S A&, SRMAas], SRR ONSEB IR RS i 1
#0(n).

TERGRGEAS R A BB, JRAS R AR R B0, AF(E LIRS A ORI AT, (2, AHE

BIERER EONGCE BRI B IEHE, RIBCREBR, NE, RAMEBTTRA SR SR, A
JERT DA BRIV BR, e MRk,
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iR LRI, B ONHER B HEBIRIE R TR B E AR AR, H140 int B double , FRIMTAT DA H DL #d

o

- RS BB A M SRR AR RCR G R, (HE IR R AR, PR i,
- R RS BB A B T DASE (A S AR AR R B,

e

YRR ESIR, R /BTN “WIaAR", ZARREEHEPRTXR; WH, AN 2R
TEREE (BN 2 £5) JEITHEAN, WABNARMATREE L ERT R, B, SORBEEE B HEE ] HEE R
—ERE IR

BRI, RS B S HTRG TR EE R MR (71, IR DLSEas R S R A FH 0 23 BRI SRR
ARk, TR RER B AR E DIRRE B B SN E A RO IERE, R AR R TUE T O

=

0

5.1.4 HERHBIFER

- RIS PRIB AT, WAPRRE BN, SERMERCTREE, RIS L EEEHR
TTAHER, EARRIMHLAT DOBIE BB BRAERI B b~ H, RIBRIFER LRESUT R, aRER
IRFSCHRFIRIB AT AT, IR FEE = 2 b 8 A AR 5 L L,

- PG P, BRI bR I, ZRAGEAT & 1 H B TEGRT 0 — (A HE B, PR AC B el Xy B R S M
FEMRIE PR 3NAR, 1A IR AR B & BT AHEB R, 11 [0 B R & N BT T H B R 1

5.2 {75l

175 (queue) 2—MHEMEL AJCHIRAIRIARIE B RIS, BAERE, (THIBHR T HERELS, RURA AT
IOAATHIREER,  TALFA T3 SRR A N2 BB o

qniE 5-4 FoR, BAAGRHTHIERRER (78", BEMA “THIRE", MTRIMASIRRERERS "N,
MR 721 & TCRAIRERE 2y “HIF7

1751 epd] H3l
queue pop() pop()
75IE [ /f
w51 |
i | /
F5IR [
AT N5

push(5) push(4)
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[ 5-4 fTHIRISE AR

5.2.1 {T5UERIRE

(THIRH RIRIEUNSR 5-2 R, REIEBE, FRBENES AR REG AT AR, AR 5
HEBMRIR 5 TR a4,

* 5-2 ATHIRERR

L A R B
push() LRSI, EMGTEIMENSIE  O(1)
pop()  (FFIETER A O(1)
peek()  HiRIHI LR O(1)

Bl mT DLE R AR GE S B A T A -
// = File: queuve.dart =

[* FEITE «/
// & Dart R, {F5I%ERI Qeque BREMEITYI, HWAIEAITFIER

Queue<int> queue = Queue();

/* TTENG */
queue.add(1);
queue.add(3);
queue.add(2);
queue.add(5);
queue.add(4);

/* ARUTHIETTE %/
int peek = queue.first;

/* TTRHF */

int pop = queue.removeFirst();

/* EEUTHTINERE */
int size = queue.length;

/* FIETHIRERT */
bool isEmpty = queue.isEmpty;
5.2.2 {FHIER

7 VEBUTY, BMTEEEERGN, T DE—umirEonR, WAES —ImMERITER, Sl FI RS AR
BER,
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1. BRtigERTInER

qniE 5-5 FR, BT UK SRS RS “HAEIRE" A “RRETRT 2RI A “rEIE” M TR, BUETS
PRI ERG, (720 E (AT THER AN RS,

HEEE 4
FiEE RS RTIRE

A3l

- FRENES f(?)‘ push(&) AR ?
73 ) @
F ] n @ ﬂ \o/
7Y a /’l\\
EEERR SRS @ EERRREERT ( 2 )
a 2 ]
o HIMETAITS l o HIERBIES I
i | mou (@) ?/
- 55U - EER @
| Step 1 | Step 2
7]
pop() RPFTREDES
won ()
&
- ] ERRRRGREET @
o HINERAT] 1
o
\ 4
R Cb
| Step 3

5-5 BEPRGEAS RS EBUTHIRI NS HFIR 1

DA 2 F St BB 1 B B 727 O R S -

// = File: linkedlist_queuve.dart =

/* BRiEERTIBRTY) +/

class LinkedListQueue {
ListNode? _front; // EBEIES _front
ListNode? _rear; // E&iZh _rear
int _queSize = 0; // THIRE

LinkedListQueue() {
_front = null;
_rear = null;

}

/*x ERTHINERE */
int size() {
return _queSize;

I

/*x FETHIRERT */
bool isEmpty() {
return _queSize = 0;

}
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/* N5l %/
void push(int _num) {
/] EEEEEFTIE _num
final node = ListNode(_num);
[/ WRfTYAT, ASHE, EEEEIERZERS
if (_front = null) {
_front = node;
_rear = node;
} else {
/] WRTHARBT, AEZEEFTEEIEERE
_rear!.next = node;
_rear = node;
¥
_queSize++;

h

/x Wy %/

int pop() A
final int _num = peek();
// MIBREEEREL

_front = _front!.next;
_queSize--;
return _num;

}

/* SHETIIETE */
int peek() {
if (_queSize = 0) {
throw Exception(' fF5&AZT');
}

return _front!.val;

}

/> EHELEERYEA Array IHR[E] %/
List<int> toArray() {
ListNode? node = _front;
final List<int> queue = [];
while (node != null) A{
queue.add(node.val);
node = node.next;

}

return queue;

2. BitEFINER
TERRF MR E TR RIBARE & O(n) , EEESHFIRIERCREAR. AT, AT AR L R 5275
ARG (E

BT AT DAGEF — 852 8L front FRIAMTAHIE TLRIIRSG], AMiHEE (2 size MR BTHIRE, ER
rear = front + size, EfEANXGHELA rear fRATHIETR K T —E( E,

BAIEEr, FAIP S e R AR [front, rear - 1], SFERERVEBIEWNE 5-6 Fin,

NG HE: #im AT RIRELS rear R, WiiF size i1,
HHRVE: JFEF front N1, WA size B/ 1,
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AIDAEE], AFIFIHFIERA X THEA T — R, RREERES S O(1) .

front {EEITIIETR 1. 5HEEIEE rear
rear IEEIFFIRTE + 1 2. BTHRMIEE rear &
3. 4% size B 1

rear = front + size

A3
push(4)

55
front > n front > n
w | a (5 [T 8 B s
a size = 4 a size = 5
a8 EERRRE] a -] EERRRE] a
HIMRBA T B HOMRIAITTI a
8 a
)\yu ] rear > rear >
(55U .
Step 1 o Step 2

1. 4% front B8 1
2. 1§ size BH 1

front > FHIRE

HIPRRBITT

a size = 4
RERREET a

a8

o

Step 3 7

5-6 FEAESIT BT I NS HIE

IRATRE & S5 8 — (R FERENET ASIMIHSIRERE S, front F1 rear HR7EIAIGRE), HEMEERH
FETRIN SRR RSP EN v & 7 ARDILREIRE, A AT DR RS %y B AR “BRIERS,

BRIV, AT EE front 8 rear TERUBMES ARy, B2 HAEMAESTEY] . ERIERIMTM
AR DOEE “HERRIET REB, B TR

// == File: array_queue.dart =

/* ERIRFEESIEIRTE +/

class ArrayQueue {
late List<int> _nums; // BRMEETYITRRRES
late int _front; // 1T3/EEE, fEETIIETR
late int _queSize; // T3IEE

ArrayQueue(int capacity) {
_nums = List.filled(capacity, 0);
_front = _queSize = 0;

h

/* ERTHINEE */
int capaCity() {
return _nums.length;

h

/* EEUTIINRE */
int size() {
return _queSize;
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h

/* FIEMTHIRERT */
bool isEmpty() {
return _queSize = 0;

h

/* N5 %/
void push(int _num) {
if (_queSize = capaCity()) {
throw Exception(" FHIE®");
¥
[/ SETYIEEE, ERTIERS + 1
/] FEREERZIEEIR rear HIBESIEERZR[EIZIEESE
int rear = (_front + _queSize) % capaCity();
// #& _num FIEZETHIE
_nums[rear] = _num;
_queSize++;

hy

/* 5] %/
int popQ {
int _num = peek();
/] THEiEEREEE— 0, HHEEE, ALREIZIESIZES
_front = (_front + 1) % capaCity();
_queSize--;
return _num;

}.

/* FHETFHIETE */
int peek() {
if (isEmpty()) {
throw Exception(" {FHAZ=");
}
return _nums[_front];

}.

/* 3R[E] Array %/
List<int> toArray() {
[/ EEREYRESZENNETITE
final List<int> res = List.filled(_queSize, 0);

for (int i = 0, j = _front; i < _queSize; i++, j++) {
res[i] = _nums[j % capaCity()];
}
return res;
}

A EEBATANIRBA RIRYE: HAREA AT, AT, I HENERIR, TR AT DA RS 2 Bl RE e
I, fEmis I NIEA WS, A BRI o] ISR BT EEL,

P B R LAt e B — 5, TR R
5.2.3 {F5IsEEA

- WTGTHL, BEY)E MR, sTERIATYIh, REREE S RRIER BT h AR B, £
], JFERFREIN & EL TR, SRR TR TR BRI,
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© OB, (EATREER UARET ThRERISG R, BIINENRAIERS (T, BB TS,
(THIEIGLE G ] DAV ROt R AR B IE

5.3 £mRT7

FEATHIH, FFUEREMIPREER TR EE B EHTE TR, WE 5-7 FrR, #rfF5 (double-ended queue) 12
7 ERmAEEN, AR AT TR A A B PR R

& m{r5i FHIEANTI FHIEHT
deque push_first(1) pop_first()
7508 \ /’

7 T l AT
A | |

fr5IRE

=97 1THIEHFI
push_last(%4) pop_last()

5-7 BEAfTHIRIRIE

5.3.1 S£RTHIERIRE
BRI (T AR FHEREANER 5-3 FoR,  HBRRY75 TR M R ZEARR P 6 FH AR 2 AE = AR TEE

#£53 WIAFHIRENCE

J7i%% ik T P R P2
push_first() McE¥E=ErsE  O(1)
push_last()  McE¥E=EglE O(1)
pop_first()  MHERTHIETTE O(1)
pop_last() e R |==vreS O(1)
peek_first() #ifHTHIE TR O(1)
peek_last()  #FFTHIEITR O(1)

IR, FRITAT DA E R R S CE & rh C BB R B A5 -
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// = File: deque.dart =

/* #aEm(rsy */
// £ Dart ®, Queue WEERAZEM(TY
Queue<int> deque = Queue<int>();

/* TTENG */

deque.addLast(2); // ¥EETHIE
deque.addLast(5);
deque.addLast(4);
deque.addFirst(3); // #iEZEFTHIE
deque.addFirst(1);

/* FHRETE */
int peekFirst = deque.first; // (FHETE
int peeklLast = deque.last; // 1THETER

/* tEEY] */
int popFirst = deque.removeFirst(); // {FHIETEHS
int poplLast = deque.removelast(); // {FHIETEHS

/* ERERTIINRE x/
int size = deque.length;

/*x FERERTIRE AT */
bool isEmpty = deque.isEmpty;

5.3.2 EmRTHIER*

B a2 BB BT AL, AT DAISRASE Gl At R 271 s P27 25 R e R

1. BRtEmigsaRyINER

1R b — B, A IE B A Al FR S AR B BT, K% e ] DAY (e PREAE R (B 5130

FITE R EIRG BT BT TR CEHIBASIERAE)

BN ATHIT S, SRR AT NSRS, RAass, Brfrs| =2 B — s

AUfE, Zuitt, FRIFIERAT “Emglsiepsl” (ERBEmfT AR &R,

Qe 5-8 7R, PAIKE EE v G At £ 21 B SE BRI A FE TR AR 2 BE T S BT S E AT R, TR B B P S

SR PR RS A I RE,

o0
fom || e T
w5 | gy A 1
B EERRERAREEs)
‘ HINRR AR 1
175 I g lﬁﬂﬁ -1 5
A7 H3l

73R
Step 1 Step 2

1FFIRNF
push_last(4)

HRERS 4
I E GG R

mh
1
ERRRES A5 /
HINRRA WAL 1

1
rww (@
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EER 1

E e e RlkRREEE
ﬁgsuﬁ t)'\igrust(l) R Cgl) :T;?_E{a&:]() mon (@)
i
] % o
- i
B EExmRumwss) C,/ B EExmRSEwEs) 0}
a HIMRIRA BT % a HIPRRABEITT (u\
© R @
R 65
| Step 3 Step 4 |
(5]
pop_first() TIBRFEERS

prn GD

ERERRRSAEE 2 )

g HINRRALEET 1

R !3

| Step 5
5-8 ELRGEAS BB THE m T AR A AR E
BHEXHS AT AR
// == File: linkedlist_deque.dart =

/* EmEELERTIERE «/

class ListNode {
int val; // EiELE
ListNode? next; // B#EEIR55IMH
ListNode? prev; // BiERERIZLS|FA

ListNode(this.val, {this.next, this.prev});
].

/* BEREREER7ERNEDHT «/

class LinkedListDeque {
late ListNode? _front; // SEEIZS _front
late ListNode? _rear; // EEi% _rear
int _queSize = 0; // E@FIHNRE

LinkedListDeque() {
this._front = null;
this._rear = null;

¥
/* ERERTHIRE */

int size() {
return this._queSize;

F

/* HEERTIIRTAT */
bool isEmpty() {
return size() = 0;
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h

/% NFUHRIE */

void push(int _num, bool isFront) {

h

final ListNode node = ListNode(_num);
if (isEmpty()) {
/] EfEEERTIAS, Bl _front # _rear #FfSME node
_front = _rear = node;
} else if (isFront) {
/] THIENTIRE
// # node HrifZESE4ER5ITEER
_front!.prev = node;

node.next = _front;
_front = node; // EHEERIZ
} else {

/] TSR NSEME
// ¥ node i%EsELEETIELR
_rear!.next = node;
node.prev = _rear;
_rear = node; // FEHEEIRL
}
_queSize++; // EHFITHIIRE

[* ATFIENG */

void pushFirst(int _num) {

h

push(_num, true);

/* ATFIEBNT */
void pushLast(int _num) {

h

push(_num, false);

[* HIPRRE */
int? pop(bool isFront) {

[/ &fTyA=, BiERE null
if (isEmpty()) {
return null;
}
final int val;
if (isFront) {
/] ATHIEETHRIE
val = _front!.val; // E1FEEELE
// MIBREEENES
ListNode? fNext = _front!.next;
if (fNext !'= null) {
fNext.prev = null;
_front!.next = null;
+
_front = fNext; // EHEEEE
} else {
/] ATHIR YR
val = _rear!.val; // GFEHRE
/] MIBREERE,
ListNode? rPrev = _rear!.prev;
if (rPrev != null) {
rPrev.next = null;
_rear!.prev = null;

h
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_rear = rPrev; // EHEEZ
}
_queSize--; // EHFITIIRE
return val;

I

/* (FHIEHT] */
int? popFirst() {
return pop(true);

}

/* (THIEBHT */

int? poplLast() {
return pop(false);

}

[* SARNTHIETTE +/
int? peekFirst() {
return _front?.val;

h

[* SHETHIRTE +/
int? peekLast() {
return _rear?.val;

hy

/* REIFEFIERPIED +/
List<int> toArray() {
ListNode? node = _front;
final List<int> res = [];
for (int i = 0; i < _queSize; i++) {
res.add(node!.val);
node = node.next;
+
return res;
¥
I3

2. BREFINER

aniE 5-9 AR, BRSPS BT AL, Fffth al DAGE FERTE 81 e B R 2 1A 781

front IEMEFHIETR
rear $EEIFFIBTR + 1

front + size

rear =

5
| 8 | 735 o |[f) ommm
a ERERREEES B
B MRS BT a
{551 ] lmwz
A5 Wyl rear >
{751 .

Step 1 Step 2

{FFIRAG
push_last(4)

RRERZCERES]
HWINRRAYATTI

1. 5tHRIER rear

2. HTRMINE rear &

3.1 size B 1

front >

rear >

1PHIRE

size =

4



5 F HEBEL TS www.hello-algo.com 102

1.4 front EH 1
2. BTRMIME front &

3.1 size B8 1 1. 1§ size BH 1
{FHIENFI FFIRHF
push_first(1) pop_last()
n . front >
1
1FHIRE FHIRE
a size = 5 n size = 4
u ERERZDERET EEERZEEET
a HIPRRAERTTI a RIPRBAERTT
[ Step 3 Step 4
1.4 front B 1
2.4 size BH 1
f55IEs) (i
pop_first()
front > 1FHIRE
a a size = 3
ERERZTEET n
a HIMRB AT B
Step 5 U

5-9 FLR P B A 78 AL SRR

AT E B b, EREM “T7E AF” 1 Y5 EEYI”7 f777:
// == File: array_deque.dart =

/* BERIRFEFIERNERTY] +/

class ArrayDeque 1
late List<int> _nums; // BAREEEMTYITTRIMES
late int _front; // {FHIEIEE, fERATIIETE
late int _queSize; // Z@ETHIRE

/*x BiEF */

ArrayDeque(int capacity) {
this._nums = List.filled(capacity, 0);
this._front = this._queSize = 0;

F

/* ERERETINEE +/
int capacity() {
return _nums.length;

I

/*x ERERTINRE */
int size() {
return _queSize;

}

/*x FERERTIRE AT */
bool isEmpty() {
return _queSize = 0;

}
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/* StRIRFESIZRE| */
int index(int i) {

/] BEBEEMRFEIREY S EEE

/] 8 1 HBMEFIEEE, [EFFESE

// E i #iBEyIEESER, ERIESR

return (i + capacity()) % capacity();
}

/* (FHIENT */

void pushFirst(int _num) {
if (_queSize = capacity()) {

throw Exception(" ZmITFIER");

+
[l T EEERABE—
// BBEERSESIE _front BIBREYIEESFERIZIESE
_front = index(_front - 1);
// #& _num FEETIIE
_nums[_front] = _num;
_queSize++;

}

/* ATHIBNG %/
void pushLast(int _num) {
if (_queSize = capacity()) {
throw Exception(" ZmEITFHIER");
+
/] FTETYIEEE, EaTyIEERSl + 1
int rear = index(_front + _queSize);
/] #& _num FIEETTIE
_nums[rear] = _num;
_queSize++;

}

/* (THIEHY */

int popFirst() {
int _num = peekFirst();
[ Ty EEERaEE—i
_front = index(_front + 1);
_queSize--;
return _num;

h

/* (THIERES */

int popLast() {
int _num = peeklLast();
_queSize--;
return _num;

}

/* ARNTHIETTE %/
int peekFirst() {
if (isEmpty()) {
throw Exception(" ZmFHIA=");
}
return _nums[_front];

h

/* SRTHIRITE %/
int peekLast() {
if (isEmpty()) {
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throw Exception(" ZmITHIAZ");
}
// SHHEETERSI
int last = index(_front + _queSize - 1);
return _nums[last];

h

/* REIFEFERHIED +/
List<int> toArray() {
/] EERERREHBENNEYTER

List<int> res = List.filled(_queSize, 0);

for (int i = 0, j = _front; i < _queSize; i++, j++) {
res[i] = _nums[index(3)];

}

return res;

hy
h

5.3.3 £mryIER

B {78 A B HE A BT S i, Rt el LEBUE WA MAE RS R, RN AL = B B,

BAMEDE, BN “BEE” DIREEE AR E: KA SRESARIE push ZIMER T, RBIBEE pop
B, A, FRIIRAEIRNRG], WEEHE GRAEBEHSE (BIanERdrcEE 50 2. EHEERN
R 50 I, MEST LA (T51E) BUTHERRE, (HHERMTEEBIZIRE, PRS2
{PHIREAHE R, SR, W™ RO E R EIEHE B SE AR RN, U A 751 RE %0 3 0 B 5 1
B LEEEI N,

5.4 &L

1. ERSOIEE

- HEEJE - RENEIEE AR R R RS, Al My s FR 8 AR B L,

- AERFRAIRCR T, BRI BB A RS EPIReR, (BERARRET, BIRAHEBIRIERTR R
BEEHEO(n) . M2, HOBAHAS Ry E B EA B A TRERRR R,

- AERERCERTTH, HEBRES BB REE SRR S IR, EFRETEENR, SRS ER TS
PR EC RS 2 ] EE PRSI TR R,

- ATAE TG SE NS R R R A, [RIAR AT DAOZ 8 P51 B G ER S AR B, AR IR R RCR R 23
RERAVEIEL b, (751 B ft i B Al R HE B A5 S AR DL

- BTy EAEEE BRI, ERFEmRE T TR AR,

2. Q&A

Q: BITAMANEIRIRE G2 B AGEAS R Y| HHL?
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BB RNERIBREAE B2 “HE” BBl B wE e Bk, 2EmGEoE I a T, B
P BGEIRIBAZ IR, &% I G IEHE B TER L, (A 78] DT (B B — LE MR AR, IS A "2
1751” =EIHRE,

Q: fEHHEERR, AT EREMHHEE R IERE?

QSRR TR 2 A P R, AR TR ZREGE R 5 2 RANTREMIE], Java fl Python SFESHEA HE)
B e, Al TR R TR IRAS; 1E C A1 C+ iR P B R G IERS,

Q: BrfrigEmEHEB I e 7k, SRR E?

BTyt G2 B TSI R S e B P T, ERBIRZRHEE + (THIRGERE, [KIRT DAE B
BEMTHIRFTH M, A H N,

Q: 8l (undo) FISHEH (redo) BEAEZANAIEEIA?
(o P R Ml A, SRR A TR, EER B AR SRARUH
L. FEERFEITER0E, AEEREBALE A, WHETHEEB,

2. BERPHT “HEH" I, CHER A rREEEORROERE, MR AR B .
3. HRPHUT “RIMEH” K, (CHER B o I EBaLRRIE, KB AHER 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.dart =

/* WEEEER +/
Map<int, String> map = {};

[* FBIRIE «/
/! ?‘%ﬁéﬁéqﬂ%ﬁi‘f@fﬁﬁi (key, value)

map[12836] = " /hBg";
map[15937] = " /NE";
map[16750] = " /©N&";
map[13276]1 = " JEk";
map[10583] = " /J\EF%"'

[* EEIRE x/
/] AEREERBPEANE key , B32E value
String name = map[15937];

/% HBRIRIE =/
/] TEMERDMEREES (key, value)
map.remove(10583);

MHERA =M HNERT7T R ERES, EFENUETE, RIS

// = File: hash_map.dart =

/* EHHEER x/

/] EFHEEH Key->Value

map .forEach((key, value) 1
print('$key -> $value');

)

/] EBEFEETFHE Key

map.keys.forEach((key) {
print(key);

5§

// EREHE Value
map.values.forEach((value) {
print(value);

B

6.1.2 MERMESIR

WM @R AN, N MRS EBUREG R, ERE R, T RS P A a5 2 LR 2 18

(bucket), FHEMA]GEE—ESES, Kit, EERIEIZIE key BIERIN, WAEMHPIER value .

AR, WMAER key EACEERIMNE? IE2E MM ERT (hash function) EEIR, HERERAIIERZAE —1E
WA A\ 23 RS — (e Nt s ], fEARE R, WMASHIZATE key , Tt sHRATER (51
R3D. BWAEEHS, WA key , BMIAILZBMZREARITENZ key BRI SRIEEHEREI RO EL

A key , HMEZREXAEHRBEED 2L TRS,
1. BIEFAEEREERE hash () HRSEIFEEE,

2. HEREEMEE (AR capacity BURR, TEIMIEHZ key ¥HERIM (FAIZRS) index .
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index = hash(key) % capacity

BETR, TR AR index FEAERR AT FIBIERIN, MR value o

4R capacity = 100, FE7EHEL hash(key)

key , Z19HMERA key % 100, [E 6-2 DA

key S50 value B4 /0, R 1HER R ZNAY TR EL,

BN key

ED—
B3 -

[

=il

37

igmm

key % 100

83

E. "-
J

i 16750 § “/NE"

". I '" I ".

FE51

key value

Wi value

15937

—&3
— &3

13276 | “INE"

10583 | “/hER"

e .

J

(’E’;@ﬁ?ﬂﬁ?ﬁ—@ﬁfﬁ

6-2 MR TR EE

DAITFERIEER 7 —EfEMER, HA, T key 1 value HER—(EXER Pair , DAFREEES,

// == File: array_hash_map.dart

[x BEH */
class Pair {
int key;

String val;

Pair(this.key, this.val);

}

/* ERESEREER «/
class ArrayHashMap {
late List<Pair?> _buckets;

ArrayHashMap() {
// WsakrEy, 8% 100 B

_buckets =

F

[* BERER «/

int _hashFunc(int key) {

final int index = key % 100;
return index;

}

List.filled(160, null);
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/*x BEFRIE %/
String? get(int key) {
final int index = _hashFunc(key);
final Pair? pair = _buckets[index];
if (pair = null) {
return null;
+
return pair.val;

hy

[* FIEIRIE */

void put(int key, String val) {
final Pair pair = Pair(key, val);
final int index = _hashFunc(key);
_buckets[index] pair;

}

/* RIBRIRIE */

void remove(int key) {
final int index = _hashFunc(key);
_buckets[index] = null;

}

/* EEFRERES */
List<Pair> pairSet() {
List<Pair> pairSet = [];
for (final Pair? pair in _buckets) {
if (pair != null) A
pairSet.add(pair);
¥
+
return pairSet;

h

/* EEFREHE */
List<int> keySet() {
List<int> keySet = [];
for (final Pair? pair in _buckets) {
if (pair != null) {
keySet.add(pair.key);
¥
+
return keySet;

}.

/* EBFBE %/
List<String> values() {

List<String> valueSet
for (final Pair? pair
if (pair != null) {
valueSet.add(pair
5
}
return valueSet;

}

/* HIENFEER */
void printHashMap() {
for (final Pair kv in
print("${kv.key} ->

= [1;
in _buckets) {

.val);

pairSet()) {
${kv.val}l");
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6.1.3 MEERERE
WA EF, MEREXIERZRITA key HAHHA S S BEI S ATE RS MR s, mm AL
PR I SR, Rk, B b —@ A 7E “ Sk A B MRS .

BN EIORGIFFRERE, ERAR key RMNHFRE, Hk R AR AR, flan, BRSNS
12836 #1 20336 RIS AR, FRFHFH]:

12836 % 100
20336 % 100

36
36

W& 6-3 fix, PEERSEfEM TR —EiE4, BRERZNER, BRSNS R —dm S R
ZEEER (hash collision),

BN key ]| =17 Eith value
BRER key value
m/j 37 15937“11\1!" \w
pEER — \\\\
@’/ key%l:e 5‘@ \*m

76 13276 | “iNE"

83 10583 | “/\88"

6-3 HERERRGI

HBHER| MEREE n K, 2 key i ER R —EMPABCRB AT, Eoemtilb, Fit, ML
BB IR BRI DR,
nE 6-4 AR, IEARIH(ESE (136, A) 1 (236, D) #HEMESR, HBABEHRMEL,



How MER www.hello-algo.com 112

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 | OO -D0-00-@0
5, g :

HNEAFEERTE » | D0
HEE key % 100 7'6 -
%zmm:aﬁeﬂ key ‘ n
EREREFR
: e (2s:] 1 |

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.dart =

/% SEICAIIMEEER */
class HashMapChaining {
late int size; // SBEREH=S
late int capacity; // HBERB=
late double loadThres; // MEZEANEHETFRHE
late int extendRatio; // BEA{ZEX
late List<List<Pair>> buckets; // @[5

/*x BIEF */
HashMapChaining() {
size = 0;
capacity = 4;
loadThres = 2.0 / 3.0;
extendRatio = 2;
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h

buckets = List.generate(capacity, (_) = [1);

[* FEERERT +/
int hashFunc(int key) {

h

return key % capacity;

/* BEEAF */
double loadFactor() {

h

return size / capacity;

[* EHIRE */
String? get(int key) {

h

int index = hashFunc(key);
List<Pair> bucket = buckets[index];
/] EFH, &LE key , BREIHFE val
for (Pair pair in bucket) {

if (pair.key = key) {

return pair.val;

}
+
[/ BXRE key , BiRE] null
return null;

[* FIIRIE %/
void put(int key, String val) {

h

/| EBHETFEBRER, PITER
if (loadFactor() > loadThres) {
extend();
+
int index = hashFunc(key);
List<Pair> bucket = buckets[index];
/] E:HE, FBIEE key , BUEIHE val IHR[E
for (Pair pair in bucket) {
if (pair.key = key) {
pair.val = val;
return;
+
+
/| EEZ key , BISREHRMEERL
Pair pair = Pair(key, val);
bucket.add(pair);
size++;

/% MIBFRIE */

void remove(int key) {

int index = hashFunc(key);
List<Pair> bucket = buckets[index];
/] EFHE, RPRIBREREL
for (Pair pair in bucket) {
if (pair.key = key) {
bucket.remove(pair);
size--;
break;
+
+
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h

/*x IBERMER x/
void extend() {
[/ BERE#EER
List<List<Pair>> bucketsTmp = buckets;
/] RIERBIMMEER
capacity *= extendRatio;
buckets = List.generate(capacity, (_) = [1);
size = 0;
/] BRESRREEREESMMER
for (List<Pair> bucket in bucketsTmp) {
for (Pair pair in bucket) {
put(pair.key, pair.val);
+
I
I

/* SIENFEER x/
void printHashMap() {
for (List<Pair> bucket in buckets) {
List<String> res = [];
for (Pair pair in bucket) {
res.add("${pair.key} -> ${pair.val}");
¥
print(res);
¥
¥
¥

EFTERENE, EESSHYIRRE, EHERER O(n) R2E, BN ORGSRy 2 “AVL B~ o “407%
B, e &R R R B LS O(logn) o

6.2.2 FMELE

BIMCELL (open addressing) 5| NBESMUERIGERS, MR ORI REMMEZEESR, w7 E
SRR, RTINS,

NI AR PEIREE 2500, A48 BRI R 00 T AR,

1. BERE

BRMERE IR EE P RIS AGEITIRR, HaR(E75 R @M R R A T,

- AR BRFEEAGHRENRG], HREMNCETR, MEERVEABRRIED (PRERED
1), BEEKRFIZM, MooRmAH,

- AFCER: ARBMREER, NERHRES RERETHRIEE, BIHEBEITR, & value HI
Al WNSIBEIEA, S EETRAERERT, JRIE None o

6-6 JEoRn T RUE Il (RRMERE) MERRAVEES 2. MRBEAEEEX, SRMMVHER key #CEHEET
BREVFHFERIM, THEEARMEIRE, BRI %A DA TR,
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&3l =27
00 <

FRRsEE 01
RIEER, PRS 1 02

v N
S S
S S

W

S
!
oo

E

76 L
HERIU key % 100 77

EMAERE key
BRERRER

3 w =
~ ~ ~
o o o

78

~
~
L=

o«
~
L=
aee
a H

@ 6-6 BABCEIE (BRIERE) MERRAVEES 2

SR, MRPERER S AL “REBIR”, AR, ESAES G B R, A B R
FREIRTREVEECR, (e — ez i BRRHEEA R, HACEIRERE, RETSOMNESIRIEBCR AL,

ERERNE, BIMAREFEBIRBOE HEME R b EEMBRC R, 152 K 2 M ERTC 3R & £ 51 Py E — 8 23 i
None , T&EE#ILRK, MIERERZSMAEIRE, FIEZ L TR TREER g2, 2R
RERRHANGLTTRAMALE, WIE 6-7 AR,

=3l e 4]

00 <

w (3
S (=]
S S

01

02 30

S
a

76 <
Rz |0 E 2%,

REEEHIEZ THTERT

77

=
~
o

78

& 6-7 FEBABCENEH HERTC RS S &

P T R, TR AR MR (lazy deletion) ;U A ERAEHERPBIRICE, w2 —M
H W TOMBSTONE SREZAIE ARG, 753% 51, None F1 TOMBSTONE #FFRFRZ3H0, #F UK EREE, HFRF
U5, ARIERAE] TOMBSTONE R ERZAERTER, HAH 2 TrlaEB A RS {E R,
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SR, BEMIRR ] R S MR R AAREIB 1L, 12 R 2 BRI BRI EHT & A —(EMBRERRD, BEs& TOMBSTONE
Ausgin, skt E g, KAsIERERRER ZPkiE 2 (8 TOMBSTONE A REFRE| HF TR,

Zitt, FBaESHMEREPFEEOBZ M E E TOMBSTONE MRS, MiKiE=2000 B2 c = li% TOMBSTONE X
N E, BRI R EE SR SRS T RN, TR SR REAEANE (RAEGE) HIinrm, ¢
M L E AR,

DUNERISESR 7 — A S MmERapadoe it RIEIRE) MR, & 7 EmsE e MRE RIS H, &
PR R R “BUEMES”, ERGERES REERR, [F SIS E .

// == File: hash_map_open_addressing.dart =

/* FARUEUIEER */
class HashMapOpenAddressing {
late int _size; // REHE=E
int _capacity = 4; // HERB=
double _loadThres = 2.0 / 3.0; // WEEIESNEHEFHE
int _extendRatio = 2; // EAMEH
late List<Pair?> _buckets; // &[5
Pair _TOMBSTONE = Pair(-1, "-1"); // MIB&iZ:5

/* BT %/
HashMapOpenAddressing() {
_size = 0;
_buckets = List.generate(_capacity, (index) = null);

h

/* BRRT */
int hashFunc(int key) {
return key % _capacity;

h

/*x BEHEF %/
double loadFactor() {
return _size / _capacity;

h

/* #5 key HENRES x/
int findBucket(int key) {
int index = hashFunc(key);
int firstTombstone = -1;
[/ FERE, EBITHEHL
while (_buckets[index] != null) {
[/ BiBE| key , REIHEMFESI
if (_buckets[index]!.key = key) {
/] &zanasE T RikRER, R ESEHEZRSIE
if (firstTombstone != -1) {
_buckets[firstTombstone] = _buckets[index];
_buckets[index] = _TOMBSTONE;
return firstTombstone; // REIFZEHEIIFERSI

+
return index; // R[EIEZES|
+
/] ECEAE B EEmBRZES
if (firstTombstone = -1 && _buckets[index] = _TOMBSTONE) {

firstTombstone = index;

}
// StERES|, #REERREIEES
index = (index + 1) % _capacity;



HomE FER www.hello-algo.com 118

}
!/ & key FFE, BLREFTIEHMNES]
return firstTombstone = -1 ? index : firstTombstone;

hy

[* EHIRE */
String? get(int key) {
[/ #E key HEMBEESI
int index = findBucket(key);
/] ENFREE, AREHE val
if (_buckets[index] != null && _buckets[index] != _TOMBSTONE) {
return _buckets[index]!.val;
}
// BEREHREE, BBRE null
return null;

}

[* FEIRE */
void put(int key, String val) {
// EBHETFEBRER, JITES
if (loadFactor() > _loadThres) {
extend();
+
/] #E key HEMBEESI
int index = findBucket(key);
[/ EBIXFIREE, BEE val WiR[E

if (_buckets[index] != null && _buckets[index] != _TOMBSTONE) {
_buckets[index]!.val = val;
return;

¥

[/ EREHTREFE, AFNLZREH
_buckets[index] = new Pair(key, val);
_size++;

I
[* MUBRRIE «/

void remove(int key) {
/] 2 key HEMRFES
int index = findBucket(key);
/] &iXFIREY, ERMREEEESETE

if (_buckets[index] !'= null && _buckets[index] !'= _TOMBSTONE) {
_buckets[index] = _TOMBSTONE;
_size--;

+

}

/* BERHER */
void extend() {
/] BEFE#EER
List<Pair?> bucketsTmp = _buckets;
/] VIR HIERERIHEER
_capacity *= _extendRatio;
_buckets = List.generate(_capacity, (index) = null);
_size = 0;
/] ERESREREREEMMER
for (Pair? pair in bucketsTmp) {
if (pair != null && pair != _TOMBSTONE) {
put(pair.key, pair.val);
¥
¥
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h

/* SUENHEER x/
void printHashMap() {
for (Pair? pair in _buckets) {
if (pair = null) A
print("null");
} else if (pair = _TOMBSTONE) {
print ("TOMBSTONE");
} else {
print("${pair.key} -> ${pair.vall");
+
¥
¥
}

2. FHEHER

IR BRI E IR SR, AR BBCE AR RIS — BRI, PO R i BBk — (A [
SERPEL, TEBGE “RERERTTT PR, B1,4,9, ..

PRI EEA DN S,

- P RRE B BRI BT 7T R, SRR AR TE R A R IR,
- PR g PRE E R B SR AL E, AR ERMS E N A,

ST, PO IR AR SE SRR,

- RFEREHSR, RN B LA B E A S P
- BRI, PR REA S RIRAER R, BREWEIEERR AN, RNt a] RE
HIRHIHEE,

3. ZRE

B A, UGBTI 2 EEER [ (2). fo(z). fa(z), .. EATHRM,

CHRAGER: EREER £ (z) HEESE, BIER f(x), DUKEHE, EEHKEISROEIEATE,
- FRMIER: EMIFREE R R, ERIRE H TR R ) 8 A O ST
B, RIEART R EEZOTE, HBEE None .

BARPEIREMLL, Z2UGRRTTEN G EARE, B2 EMER G AREIMIGH R E,

Tip

FRTERL, BACEal (RRMERE. PRI 2R MREAEE “TREEEMR TR AIRE,
6.2.3 ENESHEE

HAERE IR S BRI T A RIFMER R EBRNS, s a s 1,
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- Python $RHBAHCENE, il dict 8 ZREMBOE TR

- Java RN HE, B JDK 1.8 PAZK, & HashMap WNFEiFI R EES] 64 B4R REZES 8 I,
f RS B R S KLR A DR T s RKRE

- Go RAHANIE, Go MU BHEMR M 8 (AR EY, B A RNER —~ER AN, ERAMEZ
IRF, AT —IRRIRIE B R AR, DIRECRRUAE,

6.3 MEEEZE

AP B4R T FER R A AR A AR S R EE 75, AT e 2 B ioE kB 2 3 XAk, e REOR
AR T DE SR RN R 3 AR, i ki DR R 84

NSV E OB AE, MEROAEEG 2R A, WiE 6-8 R, BRGEXAAERR, BN T #
E¥IS D HTE SR, ERREERER, REGN A RE SR 2R —EfhT, R
t= O(n),

e fhER
REEHR:
B BENTIYDHESERT
BFRIMEREE 0(1)
mERENR:
BEN D MHEEERT
RIEIERE o(n)

6-8 MERE R R EL 22 T L
SR TS DU R A DE . R ARt AP BR, SEat AR E, FBEYIR T

index = hash(key) % capacity

B PAE RN, EHMERA R capacity [EER:, MEZEHRIL hash () Do Vi, EmeE 7#ESE
HEE R A M I I

BREMWE, & 7 RICHBERIERE, BRIMEEREENEPEREEE hash() BILEN E,

6.3.1 MiFEEEENBIE

& TEH BRRT RRRRRERG, MREETAE AR DU TR R,
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- WEETE: BRMHEIREA, MREEREAA SRR SR RERE AR R R AT SR,
©OReRE: ATERRRERRREEZ RS, SRR, MERRAE AR,
- Ao R EIRE RS SR E B S R R . MRS, R E SRR R

B L, FEREEIRER TR AR EBRMRR, BRI AR H AR,

- ISR & T OREMERIE R Z e, REUEE A G ERMHFERE NSRS, R RS EE
FE. ERPmMAER, REEHMANES EMRE, AR FIMREETHE, WRWE
DLHC, IR WA A 25 IE B

- RORSERPERRE: BRHENX TS AT AT SRR R R (E R HL— R0 $R NS AT AR R SRR IR Y
ERARERE, A ERRIE MR EDEI TR, GRMEDLAS, AREE R e,

BN ERSRAMHBIER], % 7R ERER EEE R a TR, MR AT B E SR %
2FRHE,

- R RS FERE SO L B A BRI
- PibEENE: EEMEHEIRENFEERA, FEEMRREEEMR,
TR RN (T S B B R TR RS,

FATER, “BIrh” B “HimEErE” RWEENLIEEE, R B R PR B, TEREH
WA key T, HMZEHE key % 100 A DUELIG MR E . IR RAMREEIRENEE, Fra®maH
B key RO HHEBHHIE, R AT AR 5 AR (E S HE L RT A Key |, PETIBR AR5 15

6.3.2 MEEEERGEE

R R AR — AR E S A 2 R E AR, RN IR m AR, BT RaERE—L&
i B A AR T LT

o OMIEEE B AR EETTHY ASCIT BEEITARNN, SRS R AR,

- ORI FIRSRIERAHBINE, SRR —ERE, FEETITH ASCIL SRR A,

- HRFEUER: R AERIREETTRIER O SR E R AR E T,

- T A IR ASCIL HS RREE AR EN, SR ER AT & B R ST e 51,

// == File: simple_hash.dart =

[* NEMEE +/
int addHash(String key) {
int hash = 0;
final int MODULUS = 1000000007;
for (int i = 0; i < key.length; i++) {
hash = (hash + key.codeUnitAt(i)) % MODULUS;
}
return hash;

b

/* FTEHE */
int mulHash(String key) {
int hash = 0;
final int MODULUS = 1000000007;
for (int i = 0; i < key.length; i++) {
hash = (31 * hash + key.codeUnitAt(i)) % MODULUS;
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h

return hash;

hy

/* BERFZHEE «/
int xorHash(String key) {
int hash = 0;
final int MODULUS = 1000000007;
for (int i = 0; i < key.length; i++) {
hash "= key.codeUnitAt(i);

¥
return hash & MODULUS;

hy

/* TEEHE */
int rotHash(String key) {
int hash = 0;
final int MODULUS = 1000000007;
for (int i = 0; i < key.length; i++) {
hash = ((hash << 4) ~ (hash >> 28) " key.codeUnitAt(i)) % MODULUS;
¥

return hash;

Bz, SREEEEEIRNRE —PER B KEE 1000000007 BUs, DARECRFEZELE S BRI, E
SEBRR, A EZRGEEE R, S S S BURER S 2?82 — AR,

Jeka e MERIREBES B, AR R HbREE MR 2 i, A2 B B B B (7 A%
B, A DA/ R U R e T 2 2R DB AR S, ATk S AR 1R

AT, MRS E O (B, Bn] DI 3 BERR, AREERTA T LABE 3 TERRAY key &1 & #HBLE] O,
3. 618 =fEHHEE,

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, ... }

GNEREA key TEUF N RIEMESF ZBARIERL M, HREEREEEL & HBREAR, 1EminEME R, BT,
{BE% K modulus BB E 13, HIR key il modulus ZFEIREIEAKE, Hith AR EN IS
HgRTE 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,... }

{ERSHTE, WRAESIRE key RBERMIT T oMy, APEUEREEEG SIS BRI, efiMmhtHn
HES G MREIFERE. TE key MMM AR, BEBIEER S HBRELR,

MimE 2, WMEFEREEEAEE, I HEMESRIFRMA, DUEATREMPRBEIIMERR, fETHHEzR
RIRRIRR M
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6.3.3 BRERERZ

AEEREE, DB EMER AR LR M, IR A ISR EIAN S B, B, B
RN el e s, DRI ANTARER A B siiR Sk L oy A AR RHEE AN FI R 525, 35 ] RE & s
BER, A5 2iE,

TR, TRAMEHE G H — SRR E D, Hla0 MD5, SHA-1, SHA-2 #1 SHA-3 %%, B{MAT DUKHE=
RN BRI E R AR (E,

IE— AL AR, MR IR RAE A R R AR R, — BB N BRI AE T R RUEE,
o — R N BRSO R SH R AR L2 EME, R 6-2 on 7 EEPREM H RATHEE
Hike

- MD5 1 SHA-1 EZIREREIRE, Rt eMpsE 2 e EmEm.

- SHA-2 ZHIFFE) SHA-256 B Z ERTMIRERIE L —, IRHBRIIHBERREG], KR HESHEZ
S Bk R,

- SHA-3 ¥ SHA-2 RYEBIFISH AR, sHENCRE R, (HHEHEZEE NN SHA-2 &5,

* 6-2 W AR ER

MD5 SHA-1 SHA-2 SHA-3

MR 1992 1995 2002 2008

5]

e 128 bit 160 bit 256/512 bit 224/256/384/512

& bit

MEEE 0 R Ly E4 R> RD

%

ZRE AR, CHERYIEE K, EWIIR & =

5 £

&M BN, AR  EER INEENZ D, Brsa RSN SHA-2
# %

6.3.4 HR4GIEIVHERE

TAALE, HMERRA key A DUZREEL, /NS HBEERIRA, BGE 5B G RE BRI BRI
FEEED:, FURGEHEARERTRIMERS]. DL Python 26, FfMa] DAREIY hash () BAREH AR ALY
BIRTHEZ(E,

- BB M ERERER AR S,

o TR T ERRUAER E ST R A R, A RSB RIETE R BT

- TCAHRMERER HH S ETRE TR, KRG EMRER SRR, S2HE —REE,
- PIPERORER RN AR O A K, BB E R WIERIREE TR, ] EBE RN AL BUER(E,
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Tip
LR, ARIERGE S R NEFREEE R R XA E A7 E R,

// == File: built_in_hash.dart =

int num = 3;
int hashNum = num.hashCode;
/] EE 3 WHEES 34803

bool bol = true;
int hashBol = bol.hashCode;
// TE true BEEEES 1231

double dec = 3.14159;
int hashDec = dec.hashCode;
/] Nk 3.14159 HIEEESA 2570631074981783

String str = "Hello E&&X";
int hashStr = str.hashCode;
// FE&B “Hello BEZE" HMEEZA 468167534

List arr = [12836, " /\1"];
int hashArr = arr.hashCode;
/] 5| [12836, /NI§] HUREEES 976512528

ListNode obj = new ListNode(0);
int hash0Obj = obj.hashCode;
/] ENEE¥)E Instance of 'ListNode' BYEE(EZA 1033450432

ERF LA ST, HAREYEA AR 2R RN key o (RUDFRMF RS (BIREMES) 1F% key , &
SR NSRS, CRVMEREDRE SO, IR ERE R AN RN vatlue T,

IR B E YA (LLansas SRS AU BB EUR TR, (HEZrIHERR. a2k R an
RSN AL R, RMEVI RN A 34 T ML, (BERVCIRRE NI, FERETRRTEN,

ALDRIIRATRER BIE A R R TR, B MR ER TR, JERK % Python HESER IR
B, AR E 2y R R UM —ERERREE (salt) fH. SRMIAR AR IE HashDoS W8, $27H#k%
HRE 2,

6.4 INgE

1. EEL[C]EE

- WA key , FEERAEMITE O(1) REEINAERDE value , RERIER .

- W AR RAR IR, RS E, MERSE R R R,

- FEZEEIUR key BT IESIRS], LT HIE EAR I EH value o

- MIEARFEIR key ATRE(EASIEMEZR RN RIS BRI RS RS |, EBEMATIR M, SRR
RER,

© MERERAEEOR, MHEERIMRHURIC, K A] DOZ B A RERE RACR MRS R, By A
L, MERRIEABRERIB SR,
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- R TER AR R R ORI DR, R TR E SRR, BB R R A
oL

SRR AN B TR L A R, T ST R R TR — (SRS ER I, AT, SRS e
AR GR RN, B — IS R B A AL A B RCR,

- BREANE A S KRR A E2E, SRS MRS R, BEETEMRTE, LA BELR
%, UG SRR ROEI TN, ARG T R R AR, (A R R AR T 5
Ho

- RARRE SRR T RAMMEREI, B, Java 19 HashMap (SR AL, T Python ) Dict
R B

- SR, AR AR, BINCRRIE S MR, (R AR
% EL A R A S 0,

ORI M A, DA IR M, R,

. F UM EEEIHE MD5, SHA-1, SHA-2 A1l SHA-3 %, MD5 4RI EBRM &2 e, SHA-2 %
FR 2 42 JE P B

- RSB G AR R BRI, AR AR P IORRE ], BRI R, RART
SRR AT,

2. Q&A

Q: MMM IR (M 2 O(n) ?

EMEEE R LR R, MEERREEREE GRLE O(n) . EMERAREHS L, ARHRE R
BE, ERLBCFN, REERER O(1) . JMEARXGESNERMERE, BERLMNEEREZ
O(l) o

Q: AftENEHMEZEERX f(v) =« E? BRMAGHERT,

£ f(x) = x MEREET, SETREEME—AMRS], ERESSEE, R, A 8 R
i (FESIREE), AR RRE P EA RS YRR, Raahe, MRERNE R —EERr
AR REZS I — R N SR, R O(1) IERRCR.

Q: MEBERIREEBUZES, By, ook, ERfBEReRE e E mle?
B, MRRIRRSCRES, EEMEYEREIRT ., MERAMHE R E,

HiR, HBEREE SR PR ERCREE S 1 Q1R —ME I RE RES 75 AH ] A IR ] 46 A FEE T {6 P et 271 e i 4 5
SIEEL, AREEE UMRRE R, SRR MRERNGH AR, KM EIHE R,

15, MRERIF IR ATRES A Sk, BIAERRRIIErR, FRPTERER (E A 8 51 o AT SR b AT 2 34
Pk, IBRAEIRILE O(n) BRIIER.

Q: ZRFHEA TREEIEMBRITRAVEIEE? ARt 2 CMBRAY 2 M E REF R W5 ?

Z KR EBACE LR — R, BRBCEHETREA N REE R MIPRT R ARG, FEEIBLMER, i EmpR
Az T DARHREE . B e sRim MR AR, I H OB R iR SRR AL 2 CMPRAO A, By, %A E AT DA
BOFTCRE M. ERRIMEBLRE LR AR RIIRH P HI 88, REREMER R A SR R,

Q: AfHEERIRES,, EHyTRATRHR S HBTRERER0E?

AR IR R AR bR SR BB AR (B, 33 key RILHE, BARAMEER, Hitt, HMERE
FEERIBTHCRUE R RARRE 2R, SRS MRS (BB S R Rk 2 1
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Q: T EMRERIEARESRAERER?

MR AXNRE P EEEHEYIRE n B RED), S EREMYIRSEEN; EHAR, MR
J& n 348, T key BHERURSRTRESRERAL, [RICIEAER —AREIZE key , FEMARATREE B
F A, TET BB E R A AR .

Q: GNSRZy TR ER, IR B AN AT T

EERIN key BIEBR/NEESRER, ERMAMEYIRIR, &K HE key BHMAG] (Bla05H) K,
R ARG IR R TR key BIRZ[HAIRT], AIEBMMSIGH LR, BRI MRR,
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Abstract
SRABFEWAEM S, RIREX, 2R,
TARMER T &R RE,
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7.1 —ciE

—7oi (binary tree) J2—REARARMERRIAA, AR "ML B RAT ZHEIIRERGR, B8R 0%
=7 W iniE, B ERYIRER, —UTEEARITRER, SEERTESE,. £ ERs ARG TR
ElLiEE

/* ZITiHEnEREER «/
class TreeNode {
int val; /] ENELE
TreeNode? left; // AFEIRES|H
TreeNode? right; // HAFEIZES|A
TreeNode(this.val, [this.left, this.right]);
}

SEEEEEAMMES (51, 2BIERIEFE2 (left-child node) FIHEFEIZ: (right-child node), #%Ei%E:
PR 205 P F BT BGHRENRE (parent node) . E&a & M8 oA I ETRGRE, TR K% HiB5 Y 2+ i G M H
DA BT ARG 2% B A 748 (left subtree), [RIBEAI{SAFH (right subtree),

fEeih, BRIEGNRGSE, HAPA SRR EARE R, QniE 7-1 FoR, A0SO RS 27 AR
iR, A FHEIRGG FEIRE D AR CHIRS 47 F0 “HIRE 57, EFEHE “HIRG 4 LHDUNHEIRTE AR,
AR “HiRE 5 N H DU EIRTE A,

— i RENRE

binary tree

|
E?W ﬂm&

EFi a7

AN
Vivivi

[ 7-1 AQHIRG, FHEIRE 7

7.1.1 ZiE RS

TR AR AN E 7-2 AR,

- REGEE (root node): HIR_JCRITEIBRVHTSS, RA HEIE,
- EEENEY (leafnode): A THIBAYEIRS, HESHEYHEM1] None o
-+ B (edge): HARMEEIBEAVAREE, BNEIESIH (B,
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- HIBSFTERIE (level) : METHEFEN, MRERSTIEE 1,

- HIESHIE (degree): HEiBGAYFHIBSAVEIR, £ —Jokih, EERRMEFEREREO. 1. 2.
- ZIUMIUEE (height) : fEHRETRG R RORIEERE AR AR AR,

- HIRSHRE (depth) : (R ERRGE 5% H B A H 12 AU B,

- HIRSHIEE (height): {ERRAEZEIRG BRI SEHTR 2% IR AT OB IS R BUR

RENRS

fﬁﬁ _— ‘ T~
SN N =

gL

TR

7-2 UK E R

Tip
TR, BAMEER “EET M R R KENSNEET, BHSEERBTREE R EE
Fr BRERNEER", EEEEN T, SEAREETFZEM L,

7.1.2 ZioiEBE AR E
1. Mtk =scit

HLFRAS ERAIRAL, B Pt LETE,, REMESIH (55D,
// == File: binary_tree.dart =

/* ¥R */
/] BRI,
TreeNode nl
TreeNode n2
TreeNode n3

new TreeNode(1);
new TreeNode(2);
new TreeNode(3);
TreeNode n4 = new TreeNode(4);
TreeNode n5 = new TreeNode(5);
/] EEESEZENGIE (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 o A B PRETRS

// == File: binary_tree.dart =

/* HENEEMIBRERRE */

TreeNode P = new TreeNode(0);
// £ nl -> n2 PRFENETEL P
nl.left = P;

P.left = n2;

/] MIBRERSE P

nl.left = n2;

Tip
TEERAE, GG o TR A9 A AT, 17 R B A TR S I Rk B R
FE R, R, fE—Jofirh, MARMERER 2 H —EREL SR, UEIA BRERIERE,

7.1.3 ERTTHEBA
1. 5Tl

niE 7-4 iR, 5eEZyeH (perfect binary tree) FrA g RYHIRGEHE R IHIN, TE5¢36 —Iokifrh, TEEIRGATE
P50, HORFTE B 2 AIEES b, AIEBAE0, 2M T — 1 RIS BERER, R
BT B RS AT REBAL

Tip
FRTER, FEFRSCHBEA, 5838 T i 0RE 2y — okt
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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

o ® \
/_ BEEDG (B @ B

)

/ "'\'"j_‘;‘"j_‘_jj:i:t-‘/—-‘-‘\ R

7-9 I E R ER

1. EXBER

B ERE R RED) “TH” AREBL, (TS “SoESe” BRI, R e RIEE B EEE”
AOREAN, mE EIRA SRR B, BEERET:

// == File: binary_tree_bfs.dart =

/* EBFEEH */
List<int> levelOrder(TreeNode? root) {
/] BTy, NIRRT,
Queue<TreeNode?> queue = Queue();
queuve.add(root);
[l B —EBEY, BREEERFS
List<int> res = [];
while (queue.isNotEmpty) {
TreeNode? node = queue.removeFirst(); // BX%IHE
res.add(node!.val); // {#7FENEHE
if (node.left != null) queue.add(node.left); // EFEIZEAT
if (node.right !'= null) queue.add(node.right); // AFEIZEAGI
¥

return res;

2. EHED

- WEEIBRIE 2 O(n) © A EREWERITE— 0, W O(n) KSR, Eort n ZEissBL,
- SSRBRIE S O(n) « (ERZEWIT, i IoRies, EHSRIE 2, (5 R 2 R
(n+1)/2 (A%, (58 O(n) 2.

7.2.2 giF. PF. BFE:H
FIER, A, RRFIEFEEBIRRERLE (depth-first traversal), HRIRE@%IESE (depth-first
search, DFS), ‘TR 7 —fE “SoEZIRIE, HOWHAES nMEFTT

7-10 JEoR T oTRHETIRE BITE I A AR, SR EEE SRR S R TR E A —
W, EREEREERR = a0E, 2B EN. TRERNREET,
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def dfs(root):

" TR RE s
A if root is None: return
; @ EPiSInRIAE T
dfs(root.left)
@ BHMEFH, MRHHAETH
dfs(root.right)
O EEFHREECHM, fER

BiFEDS (f @ EaAMHENE)
1, 2, 4, 5, 3, 6, 7
REFEEDN (T @ ERaARIEE)
4, 2,5, 1,6, 3,7

#IFEDS (£ @ EaAfEEnE:)
4, 5,2,6,7,3,1

7-10 —oisSBHETF. TR RFED

1. EBER

RIS B = R R B B
// == File: binary_tree_dfs.dart =

/* HiFFE */

void preOrder(TreeNode? node) {
if (node = null) return;
/] hREMBSIER: RENE -> EFE -> AFE
list.add(node.val);
preOrder(node.left);
preOrder(node.right);

I

/* HEEF */

void inOrder(TreeNode? node) {
if (node = null) return;
/] HREMBLIER: A£FE -> RER -> AFH
inOrder(node.left);
list.add(node.val);
inOrder(node.right);

}

/* BFES */

void postOrder(TreeNode? node) {
if (node = null) return;
/] FhREMBSEIER: AT -> A7 -> IRENEL
postOrder(node.left);
postOrder(node.right);
list.add(node.val);



F7E M www.hello-algo.com 136

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

ek e R — ARG, 1E TRt @ FAERT 2 None o HITATE P ERT P FINE A 1548 None , [A]
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 :
[* ZTeipESIRE «/

// ER int? AITRF] , AR null RIEGET
List<int?> tree = [1, 2, 3, 4, null, 6, 7, 8, 9, null, null, 12, null, null, 15];

000

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.dart =

/* PEFIRR TR ZoiEiEn «/
class ArrayBinaryTree {
late List<int?> _tree;

/*x BiEF */
ArrayBinaryTree(this._tree);

/*x BIBRE %/
int size() {
return _tree.length;

hy
/> RS i EAREMIE «/

int? val(int 1) {
/] EFRSIR, BRE null , KRZ0
if (1 <0 || i>=size()) {
return null;
+
return _tree[il;

h

/* EEZFRS|A i B FERIIZRS] +/
int? left(int i) {
return 2 * i + 1;

by

/* EEZFRS|A i A FERIIZRS] +/
int? right(int i) {
return 2 * i + 2;

h

/* JEENERS|A 1 ENRERIENEEAIERS] */
int? parent(int i) {

return (L - 1) ~/ 2;
}

/* BFEEH */
List<int> levelOrder() {
List<int> res = [];
for (int i = 0; i < size(); i++) {
if (val(i) != null) {
res.add(val(i)!);
+
+
return res;

hy
[* REBFTES «/

void dfs(int i, String order, List<int?> res) {
/] EAZ)L, AR[E
if (val(i) = null) {
return;
+
/] BiFFE:R
if (order = 'pre') {
res.add(val(i));
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}.

dfs(left(i)!, order, res);

/]l FE:H

if (order = 'in') {
res.add(val(i));

}.

dfs(right(i)!, order, res);

/] BFE:h

if (order = 'post') {
res.add(val(i));

}

}

/* BIFES */
List<int?> preOrder() {
List<int?> res = [1;
dfs(0, 'pre', res);

return res;

hy
/* HEFET */

List<int?> inOrder() {
List<int?> res = [];
dfs(0, 'in', res);
return res;

h

/* BFEH */

List<int?> postOrder() {
List<int?> res = [];
dfs(0, 'post', res);
return res;

}

}

7.3.3 {BRLERRME

TR RIS R R A DL R,

BB b 7 AR AT R IR R S R b, SBPPRIBORCGY, A BE I e P

- AREGHEEE, s,
- SRR BB TR

SR, PERAIFR IR AR — 2 RR M

P81 f 17 o ZE AR RO IR S P, DA ANIE &5 (ol 17 R RO

- HETHI R S O R P 1 \ BB R AR A B R, R,

- BT EAER R None IR, BB RS RO EITRE ORI L EEIRAIG, 2 RN F SRR,

7.4 ZigsE

e 7-16 Fizx, —7ciE34 (binary search tree) i & DA R,
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L BRARETE:, e F R ATA ETREIE < RETRSHIE < G ATE iR,
2. [EEEIRAE, ArathE orila, BREBGREMRE 1. .

ZiEe

binary search tree

B 7-16 it
7.4.1 ZiESEnRE
TR =TTt S A —(FXERI BinarySearchTree , & & —{HEK E548 root , SRR LS,

1. EENES

fE ERREIES(E num , A DUARIR e s RO MR BUIRE S, Qi 7-17 Fow, WIMES —EER cur, £
TURHHIRRENRS root HiZE, TR FLERETRE cur. val Fl num ZFIAVNERIR,

- # cur.val < num, HRFEREETETE cur A TRIT, FEILBIT cur

cur.right,

-+ #cur.val > num, #RBHEEEEAE cur WAETEH, FIEEIT cur = cur.left,
© fFcur.val = num, FEAAERE|EAETERS, BkHIE RENR EIEZ RS,
FEZTTISS P E MR ETIES PR

A A A A
A AN

Step 1 Step 2
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EZTIRSBPE IR E RS EP TN

Step 3 Step 4

7-17 i s pE R EERG]

LIS EAR R AN ENEIEN TR B, AR SRR R, SRR R % % — T
FRRRE, % e, 5 O(logn) FE, eI EELT T :

// == File: binary_search_tree.dart =

[* EHEIRE */
TreeNode? search(int _num) {
TreeNode? cur = _root;
/] BEEN, HEEMIEE
while (cur != null) A{
// BIZEEATE cur BYEFEAR
if (cur.val < _num)
cur = cur.right;
// BZEIEEE cur M9AEFEH
else if (cur.val > _num)
cur = cur.left;
/] REIEZEIR, BiHEE
else
break;
}
/] R[E|BEIZEIEE
return cur;

i

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,
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E-rRsETEAER @

R 1T pre.right =

(@ 7-18 1£ —Jri= i A EiEs

FEREAE T, TEER DA T HiH

SRR A EEEE, SARRR TR, Wik, SREEAERERTEEE, NARITH
A, BEIER[A,

T EBIRAER, MR EFEIEIRS pre 7 LW AVEIRS, JSHAEERIE None I, FRFATDL
JER R HACHR, TEm o i E R i A Ao

// = File: bin

[* FENERRE «/

void insert(int

ary_search_tree.dart =

_num) {

/] EfiRE, BIFIAHIRETRS

if (_root = n
_root = Tree
return;

+

TreeNode? cur
TreeNode? pre

ull) {
Node(_num) ;

_root;
null;

/] BEEH, SEEMEDH

while (cur !=

null) {

/] %EERER, BiRRE

if (cur.val
pre = cur;
[/ ENGIETE
if (cur.val
cur = cur.
/] ENEE
else
BUR = GUF
b
/] ENEEL
TreeNode? node
if (pre!.val <
pre.right =
else

= _num) return;

cur MEFiEH
< _num)
right;

cur BYEFEH

.left;

= TreeNode(_num);
_num)
node;
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pre.left = node;

s

B A HTRAEE, FAERMEA O(logn) R,

3. MHPRENES

JelE o h AR HARENRS, AR ENER, BUEAEREL, RMFERBEMRREERR, —oEs
R e TR < ARERS < AR MEEATNE, Bk, PR EEERE THREE, 20, 1M2=
RENEH, BT BB ERETR R,

Gnid 7-19 FoR, ERHNERETRGATEE Ry O Ky, FORZHIRGRIEMTR, AT DAEREMIER,

e DL T )

00000000
cur
- -~ HEy =] . HiEMER
1. EHFSRIRRER cur ?ﬁﬁ%ﬁﬁ;ér= 0 ’ AT pre.clu:ftﬂp?None

7-19 fE i mpRETR (2% 0)

Gnid 7-20 FiR, EAFMBRETRGAEE 25 1 IRF, KRN ERER B 2 H 1 B B5RIA]
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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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WER B R (IR O(log n) IR, FUrP 2 MIBRETEE T O (log n) WERE, JEHUH it e 4 He:
F% O(logn) WM, REIEAREN T

/1

== File: binary_search_tree.dart =

/* MIBREREE %/
void remove(int _num) {

4.

/ EfBE, BEERNRE
if (_root = null) return;
TreeNode? cur = _root;
TreeNode? pre = null;
// BEEN, HAERHEDL
while (cur != null) {

/] EIFMIBRETRS, Bk IEE
if (cur.val = _num) break;
pre = cur;
/] FMBRETEETE cur BIAFEH
if (cur.val < _num)

cur = cur.right;
/] EMBREIZETE cur BYAEFEE
else

cur = cur.left;

[/ EESHBRETR, BR[O

if (cur = null) return;

/| FEIEAEIE = 0 or 1

if (cur.left = null || cur.right = null) {

/| EFEEHE = 0 / 1 B, child = null / &%FHEIEL
TreeNode? child = cur.left ?? cur.right;
/] MIBREREE cur
if (cur !'= _root) {

if (pre!.left = cur)

pre.left = child;
else
pre.right = child;

} else {

[/ ERPREIEEAIRER, BEMIEEIRETR,

_root = child;
¥
else {
[/ FEnELEIE = 2
/] EBFRFEESTR cur BITN—EER,
TreeNode? tmp = cur.right;
while (tmp!.left !'= null) {

tmp = tmp.left;
}
/] EEMPRERRS tmp
remove (tmp.val);
// B tmp BZE cur
cur.val = tmp.val;

PFEHRRF

Gnid 7-22 fiR, IR ERENE O — R — A7 BESIEF, M oriESsmE AT <R
iR < AFHETET BIR/NBR,
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ERREE TS ET R, REEEITER N —ER/ R, S EEENE
RSP E IR THR

AR ET P AEE, JROE oS ERE FERMETR O(n) K, SZEETEINIHTRIE,
FEH =L

RSB PFESFT]

2, 4, 6, 8, 10, 12, 14

TERAF

S

W EEE,
ENRSTE @ EEHEARI

@ 7-22 —seisEmnyTh R ETi R

7.4.2 ZiESEnNE

AR, I @AY B T s, BIRAR 7-2, —onils B0 A5 TEIR VR A I ] MR R AT
R, AARE HEEIREE. HATEREHE, URERMPRERISGRS, FY TSR

?EI_JO

R 7-2 FEA B S RCR E L

MRS oTia
&R O(n) O(logn)
AR O(1) O(logn)
MEREE  O(n) O(logn)

FEHAEER T, —ooiaEE P 89, IERA] DIE log n il 2 s (R ETRG,

ST, AR IPIE TR SR R BT MR ARIIMRR RS, ATAESE —CRhE (LA E 7-23 FURvsiss Ry, ja
R R OB AR th @R (K2 O(n)
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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 FoRiIsEsE oo b il A IS ETRG R, SRR A AC R, AR R IR R R g
Fito

[\ [\ [\

HNER 2 HENERE 1

B B
bt b Fig il il o

7-25 AVL BifEif A B &34 1B (b

1962 % G. M. Adelson-Velsky #1 E. M. Landis 7t & X “An algorithm for the organization of
information” HHEH T AVL S, i S HREAITR T — RYERIE, FERIERFERTEMERETRE, AVL B0
iRk, WS SAERIERR R RRTE O(logn) #l, ISR, 1EFZS ST M &SR E
A, AVL BREMAK IR S RHREREE, B RIFRIIE M EE,

7.5.1 AVL & RA5:E

AVL B2 —oniss, Pl ook, Rk eEmBE ofra e, R -Erg s

(balanced binary search tree),

1. NNEE
HHA AVL B AH B E T B BT B =, (R R e A BT BG RE BT hedight S2EL:

/* AVL HIEI2LEER =/
class TreeNode {
int val; /] ENEL{E
int height; /] EEEE
TreeNode? left; // EFHIZ
TreeNode? right; // &FEIZE
TreeNode(this.val, [this.height = 0, this.left, this.right]);
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“HIRE T RIRCRZEIRE E N RIRIEETRG MR, RIATAG®AY BT MBE, FERAIEENE, EHR
AR O, TZSHIBAIEEZ —1 o TRz 8 THEBR, 3l AR 588 ORI 58 7 6 5 0 v

// == File: avl_tree.dart =

/x BRERSE */
int height(TreeNode? node) {
// EHEEEA -1 , EHMEES 0
return node = null ? -1 : node.height;

}

/* BEMEHASE */
void updateHeight(TreeNode? node) {

/| BEHEEEFRRETEHEE + 1

node!.height = max(height(node.left), height(node.right)) + 1;
¥

2. EPRNTFEEF

EiR5ATEEF (balance factor) EFAHIR L FEK S EREG TS, FIRSE R E 1
75 0 o BRAFIRVRRATIE BT RS T A 5 RIS RE BT RS RRER I, 7 fEIRMA(E M :

// == File: avl_tree.dart =

/* EEVFERET */
int balanceFactor(TreeNode? node) {

// T=EETFEEFS 0

if (node = null) return 0;

// BHFEETF = 2FEEE - EFEEE

return height(node.left) - height(node.right);
¥

Tip
RO T2 f , AI—#R AVL SHRE R ER R TR TR -1 < f <1,

7.5.2 AVL #iheEs
AVL MR EEIER “HEl” HfE, TREMERE oIh I ESIFFIRTR R, MUy sk
5, WATERS, TEEMREEREMEE C TOCISE MMRE, WAREEENEL PR TR,

BT PHTR A EHME > 1 AVETRERE 2y “RHEHITRG " ARIRENRLHIIE IR, e R S0 e
TENE. SR IENE, JefeheR e, AT S e R,

1. KBt

aniE 7-26 iR, RN R PR . WRETRE, —uBirEEAHETRE CERG 37, TRIMBTE DA
G R ARETRE R T, TR RXERGEC 2 node , HZETHIBGRCSy child, T “HHE” #fE. ERGRER, T
BRI, Sl AR PR oo B E,
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| Step 1 |
> oE=
h;l
\,
()
node
Step 3 \

“EEE RERE:

Step 2

EHRETE

1. BA child RRE, #§ node ML

Step 4

7-26 HHEBREAER

o{\

’
node

A
hild

(’ A\
L 4

A
node

RAEAGHFELE
HIREIESEES node
RAEFEREES child

“ERE RERE:
1. Bl child R, #& node MAKEE
2. A child HRLLET node HIMUE

AiEEmE, AFREMRETE

QnE 7-27 flir, & iR child B4 i (i0 % grand_child ) B, FFEEATETHE—: # grand_child

1% node MY/ T-HiEh,

o

A
/// grand_child

FALEE

o

/
o

7-27 i grand_child 4 BESAE

“MATEE B-RPRMANRE, BEREFREERBRETRHEEARER, BN IR

// = File: avl_tree.dart

[* GHERIE «/

TreeNode? rightRotate(TreeNode? node) {
TreeNode? child = node!.left;

TreeNode? grandChild

child.right = node;

child!.right;
// LA child &FEEL, #& node mAHEE
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node.left = grandChild;
/| BmEHEE
updateHeight(node);
updateHeight(child);

/] R[EINEEE TR ETR,

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.dart =

/* EEBERIE */

TreeNode? leftRotate(TreeNode? node) {
TreeNode? child = node!.right;
TreeNode? grandChild = child!.left;
// LA child &FEE, #& node MAfeE
child.left = node;
node.right = grandChild;

/] EFEESE
updateHeight(node);
updateHeight(child);
/] REIFeEER FRRVREIE,

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 #4T @ ¥ 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.dart =

[* HUTHeEHR(E, FZFHREMMETE +/
TreeNode? rotate(TreeNode? node) {
// YEEXEIZE node BYFHEF
int factor = balanceFactor(node);
/] E{mts
if (factor > 1) {
if (balanceFactor(node!.left) >= 0) {
/] &k
return rightRotate(node);
} else {
/] TETe& AT
node.left = leftRotate(node.left);
return rightRotate(node);
}
}
/l Gl
if (factor < -1) {
if (balanceFactor(node!.right) <= 0) {
/] TEhE
return leftRotate(node);
} else {
/] TEhEELHE
node.right = rightRotate(node.right);
return leftRotate(node);
}
}
/] Far, HANE, 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 :
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// = File: avl_tree.dart =

/* HENEIEE x/
void insert(int val) {
root = insertHelper(root, val);

h
[* EEHENEIRE (EBSE)  +/

TreeNode? insertHelper(TreeNode? node, int val) {

if (node = null) return TreeNode(val);
[* 1. ERBANUELENEGEE «/
if (val < node.val)

node.left = insertHelper(node.left, val);
else if (val > node.val)

node.right = insertHelper(node.right, val);
else

return node; // EEEEAFHEN, HiERE
updateHeight(node); // EHEiE=E
/% 2. BITHEEHR(E, FZFEERMETSE «/
node = rotate(node);
/] REIFEEIREIE,

return node;

2. THPRERES

R, £ oS BRMBRETR IR b, TEMRETEPUTHEERE, fArE LM E R R E T,
RN RR:

// == File: avl_tree.dart =

/* MIBREREE %/
void remove(int val) {
root = removeHelper(root, val);

I
/* IECMIPRETRE (HBISER) */

TreeNode? removeHelper(TreeNode? node, int val) {
if (node = null) return null;
/* 1. EHERGRIER +/
if (val < node.val)
node.left = removeHelper(node.left, val);
else if (val > node.val)
node.right = removeHelper(node.right, val);
else {
if (node.left = null || node.right = null) {
TreeNode? child = node.left ?? node.right;
/] FEIEHEIE = 0 , BEMER node R[]
if (child = null)
return null;
/] FEIRREIE = 1 , BHiEfMER node
else
node = child;
} else {
[/ FEEEE = 2 , BEREERR TESEMIER, YAZEEER ISR,
TreeNode? temp = node.right;
while (temp!.left != null) {
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temp = temp.left;

}

node.right = removeHelper(node.right, temp.val);

node.val = temp.val;

ks

}
updateHeight(node); // EFMEESE
[* 2. BUTIEER(E, EZFRIEMMETSE «/
node = rotate(node);
// REIFIERIIRERRE

return node;

3. EHENEE

AVL SR BT E AR e i oo s — 2, R EEIR,

7.5.4 AVL f5igaBYFER

- AR RTIUEDRL, B A R, (SRS N 5

- R EREREPRT RS,

- ALPRRHUR — R RAPE oo, MHEUR AVL 8, ALERR T R B SRR, A BRI R AR
TR BE RS /D, ERGHE THERE AF ERR TE ,

7.6 Ih&E

1. EEL[CIEE

- ook ARSI RN, BB “— 0 IR, SE TR ERG B S — ME(E DA R E S
12, o RIEAH A ¥ EIRAAS T iR,

- BRITRTPROELEERS, HE () THEIR N DU REIBERE Sk R () TR

- ICKSRIMBNGE LA ARERG, TEERG. JE. E. B, SEMRESE,

- ZICRAARIARIL, TR M ARG B B A H SR T IR

- WRZITERRIE SR IR, SEe ool SEIN TR ook, 525 Tk e s AR AR
fE, TS YR IBILIRA R,

- TR DA ESIFROR,  J7 IR B EA A A% e AR A HEA, AR A E R B TR TR
2RT | B R AR H B AR,

- T E R ET R —EEE A ST, BT “—E-ERMERT WBEET TR, EEE

B fTAIARE L,
- HiF. E. B ET EBRREELES BN T SUERIERE, mRWAER” /EYTTN, M
B IR E B

- ConH SR e TR A MR, HAN, AR R EE R E % O(logn) .
H TS BB 2 SR ERBI, SIERREAEE & 5= O(n)
- AVL B, tORS-PH oo, CEE e (R CRAE AN BI i AR PRERS RAS T IR R S5 187,
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- AVL BRBEEIRE A e, fohe. Johbeseie. Jo/ehemahe. EmASMPRETER, AVL &
TR T THE M R E, (R BT IR V-1

2. Q&A

Q: BRHA —AERSH ook, SR mERRERHREEZ 0 152
2, RAsmEMREER ERE “RrNEEE",

Q: ZITRAHAYIR AR IHPR— R — BRI S e, B BB fEHENE? AT DA B IR T
BT B TR ARG 2

F SRR R, MERERE BRI =AU, Hrh OIS DUET TR EE T 2 A BRI R R
Q: %f1/& DFS Emi —ehia T, . R=FEIEF, 2RIHETEMRE?

BRI PP RIS e E R IR, B, . R ESTR =M _JTES T E, Bl a] DU e e e —ER
TEMEFFHERA R, PN —ocisfirh, mRERTR/ NN £ FHRME < REME < HFERE, Hit
TMTHEEI “ — R —H" ETIEREDR, Wl DUERSA PRI,

Q: HhetklE 2RI MHEHIS node. child, grand_child ZRIRIBAIR, 7B node MR EiELAI node JRAIK
BT ELMEER? it ER e~ 2 177

T T 2R E A AR AR KB IS (E R R, A5 % F right_rotate(root) AME T HIIVIRETRS, &&
return child JR[AIGEHE RN TR RUMRETR,, Rt AXOAR B ARG A BT RS B AR £ 7% PR ZUIR [ 52 ALY,
B HE R R MERE B

Q: 7 C++ 1, AR P#E53 2] private Ml public W, BAHEGTEEZEWE? AT EZEH height () HzUR
updateHeight () BRI FIFATE public 1 private HlE?

FEBFENGERHEE, MRGERERENNIEH, MGt 2 private o Hla0, 87 BELE Y
updateHeight() B A ERMN, BEHERA. MEREEFN—F, M height ) EFHMEIEEE, FHLUR
vector.size() , KFIERERK public BAMEFH,

Q: nfarfe—#Him A B R — PR Tt s ? IRETR R R AR IREE?

BN, MBI IREA SRR build_tree() AIEFLAH ., DRRETEIEE, RMER
G ERHEE, AR EOTREAREE, FEREMEEAA T8, BRI DA KRR E RS B
it
Q: ffJava ™, FHEHHES—EZH equals() /7iK?
£ Java W, $REAERIAR, = R LA ER ST, AT A, MRS TR
AR,

- = FREEWESEE SRR —EY A, e A B R SHEE,

- equals(): FIZR¥ LEMEYIEIIE R TS,

Rlt, RS E, BRIMEZMEH equals() . A1, & String a = ?hi?; String b = ?hi?; %]
W7 BB A R E B, eMEmE—EYE, Fitte] DI a = b R EEEWE T BN,

Q: BEEBICEFHFIRIE R, (7B 2" 157
R, B h = 2 i ok, HEREEn =7, AREHEEE4=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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T4 ik IR R R
push() TERAHERE O(logn)
pop() SRR TE T 28 R O(logn)
peek() AMERTETER CBIAK [ /INTEHERE S B A K | /ME) O(1)
size() HERGREARIN T R BUR O(1)
isEmpty () HIBTHER R 5 222 O(1)

FEEPERT, AT AE R AR E S TR R HERDE (BB 81D

FCUAHE PR “ R NEIRHES” #1 “TERENHES”, AT 7] LUEIR 3% E — 1 £lag B{E4 Comparator
BHL UNEMERT BOORTEMERT < RIRE SR, REEEIN N TR:

// = File: heap.dart =

// Dart FKiZHEPIE Heap 1E7!

8.1.2 fIFEMEIR

NEBIARARTEHERS, 5 2R H 2y NEHERE, NSRRI A BB T (B0, % > Bz
<)o LR P AHITHEEL

1. ERMNFEEFERRT
Tk EETEEE, e JrHAFRIE S HMYIRER, HRNHERIER e e ook, RILBAIRER AR
BlA il A7 HERE

B AEAIFRR o, STRARMEME, RoIMGRERE TR E, WATEEERR AR
AREBL

GHiE 8-2 iR, #ERG 1, HATEHRNRSIZ 20+ 1, GFEMIORIIR 20+ 2, KEFHNRIA
(0 —1)/2 (MTERR), HRTIBGRNE, FRBHIBEEBRREE,
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SEREE - SEMMEEN (RS
“HERR :%%ﬁ ‘LT L £ ‘B ®E TR

#FEl o 1 9 10 11

(i-1)/2 i 2i+41 2i+2
~ A~
EF &F
SCERES -6} T A=k
EBERS I HREIR RS

8-2 HERARYFRIRELfH T

FefMA] LUK 2R 5 A A B 2E R R =X, 7 R -
// == File: my_heap.dart =

[* FEBVAFHEIREEIERS] «/
int _left(int i) {
return 2 * 1 + 1;

}

/* EERATFEHRNZERS] «/
int _right(int i) {
return 2 *x i + 2;

}
/* TEEVEIREIRS] */

int _parent(int i) {
return (i - 1) ~/ 2; // BTk
I

2. hRDEFRIETTER

HEFETE LR RN A AR EIRS, st BA e EcE:
// == File: my_heap.dart =

/* sERERIETER */
int peek() {
return _maxHeap[0];

}

2 3 4 5 6 7 8
= (300088080000
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3. TENERE

AETCR val, TR E o HopT i SIMERE R, BTl 1%, B val RTRERRHEREH HMTT R, HEREASOZIRIF
FIREC AR, RIBL T BB AL A B AS SURR EEGAE 1E_ LR S MRS, 1S (AR Es 2R (heapify).

FREIENHERAATRR G, TERBTHMITHERL, I 8-3 FvR, TR A\ BiRG B EACHTRE IO, N R4
NETREEER, AR e, RIRESTT IR E, TOREHBEHERDISIEEER, BEEERERE0E
B HEIE AT A B B4 5

% @ MR e @) Nem
1. R 7 FRERRE
*NL ' ZRERER \‘
BIRT o
8000066808008 [step 1] 8000000808000 [ step 2

w8 @ AR % @) AR

1. GERE 7 FRIEEREE
2.)&9&2]?3@51&3!% (sift

1. EEE 7 FIEEEER
2.)%}%?]@&?‘?‘&&1& (sift

‘?55555357 'Fm5555§E!67
- STHATRERRS
. 5
A
=3 (IOO00OH00D0008 step 4|
w8 @ NgH 8 (@ NEH

1. GERE 7 FIEEREE
2.)#£F§§]E§ﬁiﬁﬁﬂ: (sift
Uj

1. EEE 7 MEEETR
z.)ﬁélEE]EEﬁﬁﬂﬂﬁ (sift
Ui

-?msssaﬁsu fmﬁssaﬁan
- BRMENES
s | (0500080080800 step s |
8 @ A w8 @) e

1. 6% 7 RIRERIE
2. WEETATARK (Sift
up

9 > Wl 7

1. HSEE 7 FEEERK
2. WEEE&ITHENL (Sift
uf)ﬁﬁsa 9 > ks 7

- TETRIR

4

[9]e]7[6]7]6]2]a[s[3]6]2]5] | ster 7 (o]s]7]6]7]eJ2]a]«]3]6]2]s] Step 8
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/‘ \ / \ e @ NEE
1. HER 7 FNEHAE
~ 2. WEERHTARY (sift
up
/ \ / \ / \ RS, ATEHOLEREIEE

Step 9

8-3 JLRAHEREDBR

R ETEAE R 0, QRIS O(logn) o HIEATA, HERCIRIEREREREEZ 2 O(logn) , JTTEA
HEREERVERIIN I BEREIE 25 O(log n) o FEHESUN RA/R:

// == File: my_heap.dart =

/* JTTENHERE x/

void push(int val) {
/] FTEEREL
_maxHeap.add(val);
/] WREIEHEREK
siftUp(size() - 1);

}

/* REIRL 1 BHMR, WREIEETREL +/
void siftUp(int i) {
while (true) {
/] FEENEREE i BURENEA
int p = _parent(i);
// E “HBIRER o “EIRAEEABTE B, ARMERAN
if (p < 0 || _maxHeap[i] <= _maxHeap[p]) {
break;

}.
/] RIamEnEh
_swap(i, p);
// EEmEEEREL

i=np;

4. ERTATRLER

HERATEDT R 2 —CRRIIRENRS, BIESIE TR, IRRM BRI MPRE TR, BB ok A HiRs
MRS IR, SR RS R MR BT RSN, & TR ITTRRG I, MR
AN e BR

1. SRR TE TR BT R GO AN RS Bl 5 ARG
2. SRR, APERURIEHRSITMER (ERE, mREAER M, FILERE EMERAZFERHERTETER).
3. WEARETHIFALG, WETHRICHITHERTL,



B8 HEE www.hello-algo.com 166

Qg 8-4 R, “UETHERHERML” MERIETTIMBL “GREIRETHMERL” IS, FRAIRAR E RS B B o (8 -
REF(EDEATELRE, R T HTREEUR ARG S, MR BT IR, B FRGEIEHTR BB R A R
BTRbIRR A oA

BRIECRHIEE SERTRTREER
1. ERIETRBERRTRIR
[step 1 Q020200000080 [ Step 2
SERIAT RN SERIATR IR

1. RERRTRIBERETRRIA
2. BHERBERETER

1. SRR RIBERRTRIM

2. BHERAERETR

3. WEERETEHL (Sift Down)
« {EH0Rs 5, 8, 7 W, HiRS 8 A

SERIRTR IR SERIATR R
1. ERRTRIBERETRZISL 1. BERRTRIDERRTRZIR
2. BHEAMMSBEETR 2. BHERNMBEETR

w

. WRERETHEAL (Sift Down)

- 1EEPES 5, 8, 7 P, HiBA 8 WA
- INERES 5 BERES 8

3. WAEREITHBML (Sift Down)
« {EHB 5, 6, 7 B, Bl 7 Bk

[ step s | EarDEDEEEEEEE Step 6

SERIETRIER SERIETTREER

-

. RERRTREEHRTRTIR

. BHERAERRTE

. REERETERL (Sift Down)
v 1R 5, 6, 7 R, HARE 7 RA
~ AR 5 REE 7

1. RERIATTREUERRTRIR
2. BHERERETE
3. WEERETHEBL (Sift Down)

~

w

v {EH0RE 5, 3, 6 , HiRE 6 RA

e[ i [ [s e 2] 7| (ODO000DB0B0D =0
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(////* SRR HRTTRLR
\ Y & Y
9 Q 1. HERET R R EA o O 1. ERATRRERETRTR
«\\ 2. RHERNSEETE ]/PA\\ //} 2. WHEBNERETE
(6 ) () ‘C’ 3. WREREITHRL (Sift Down) C\ @ @ @ 3. WIREEETEML (Sift Down)
< fEEp%E 5, 3, 6 h, HE 6 MK .y -

oy ,ZL BETT TG C ’Z 7 ,/ \ ERUTAE, ARERMEESIIEE

00 2] 00000
020000880800 stes 9 | 28000080800 | Step 10

8-4 HERATEITER HIHERE A BR

BOTRAHERRIEIALL, HERTE U R HHER R F IR R AR 2 O(logn) o FRAHSUN FAR:

// == File: my_heap.dart =

/* TTEHER */
int popQ) {
[l HI=ERIE
if (isEmpty()) throw Exception(' #EAZ');
/] RIREERRAEME (RMETERREETR)
_swap(0, size() - 1);
/] MIBRETEL
int val = _maxHeap.removelast();
[/ RIBEREREL
siftDown(0);
// REBEFEIETE
return val;

I
[+ WEENRE 1 BRYR, WIRERERNL +/

void siftDown(int i) {
while (true) {

/] FIEREREE i, 1, r PERKIEER, 585 na
int 1 = _left(i);
int r = _pight(i);
int ma = i;
if (1 < size() && _maxHeap[1l] > _maxHeap[mal) ma
if (r < size() && _maxHeap[r] > _maxHeap[ma]) ma
/] EEE i |RAHKRS 1, r @7, HEBESERK, B
if (ma = i) break;
/] RIREREL
_swap(i, ma);
/] EERETEREY

i = ma;

non
]

8.1.3 MENE RER

- BESRATH: R R AR R T BT R S RS, HSIR SR RN R R 9 2 O(log n)

, THEHERERRIER O(n) , BEIRIERAER &R
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- MEREHER: A B, MDA M R, AR BT T TR R, M
HRPER R, BITEE &R R N EBIHERE A, SR R B,

- JEHURRI kA e i8R ARSI EIARE, RN R, GG ERERT 10 BT
FIVEZ RS, S ERT 10 FIREMSE,

8.2 FEITRIR(E

FERLEARULT, TR — 8RR TH TR AR — (A, SRR~ EHERERIE,

8.2.1 FEBNINMIRIZIFEI

BT E LA HERE, REEFHBY, KIKBEETTRAT “AHRHIRIE", B TSy S 2
i, FBITRPUT WREH" HEREL.

BE TR AHERE, HERARERI — BRETRRIETH RO i ooy, HitERE "8k
MR R,

ROCRBE S n , SIETTRINHERRIEMER O(log n) Wi, It aZE HERTT IEIR RIS 25 O(n logn)

o

8.2.2 FERENMRLEIR

B L, FRAMTAT DU B — R 2 AR T 1, R i

L K ERSIATA TR IEEAA BT BHERE T, R AR M E MRS T e
2. I ERHERE (B BB, RUCEHFEIEERRTNT “TEHE R,

TR R — A EIRNR, DRSS 2 MRS 7 RO K — 8 SR R, MR B e, (R HERR
& “BRmE” R,

Z DGR B R, B A IERRRESIOREE B RTETR . T FRICAR SR FHEM, SRR E ARG
ARARHI,

EFHSARE, HRIEERSA R, FIEMIRAR SN FHER, MRMERIL, DA TREBATR,
R AR SE AR R A R — (W ARG AT ACHTES, BT ERRLAMEI L F I THER (L :

// = File: my_heap.dart =

/> BtEF, BIBWNRTEHER +/
MaxHeap(List<int> nums) {
/] BRI TRESAEFILEHTR
_maxHeap = nums;
/] HERABREE RS INIE AT A B R,
for (int i = _parent(size() - 1); i >= 0; i--) {
siftDown(i);
¥
}
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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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Step 7

k=3
[ [ ]2]
.
i

1. #H0 k BRENER

k=3

(2008
.

i

1. #80 k ERENER

2. #E kel ETERBAIE
- BEITER > WHETR
- HSERIRTTRLIEN

k=3

w OO008
:

1. #80 k ETENER

2. #% kel EFTRRAKIE
v HEITTR < BHATER

ZRRT
‘ ke EFIRT

SRR @
o

ZRRT
‘ K EFIRT

SRR @
o o0

ZRHRT
‘ kil EHIRT

k=3

w: (@008

FERATER, BBl heap EIET

Step 9

e

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

k=3

w @000
:

i

1. #80 k EFTENER

2. #5% k1 EFTRRGHIE
v ERITR < BMETR
- BB

SRR @
o o

‘ e ZRERT

EFIRT

AT @
o o

MRS
‘ s by

B @
o o

R
‘ “d EPIRT

#RT @
o o

R
‘ Rl EHIRT

8-8 FLNHERES A k fEITR

RBIRECHSA :

// == File: top_k.dart =

[*x BEREREAEIRREAN k ExE */
MinHeap topKHeap(List<int> nums, int k) {
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/] B NEHR, KRESIMET k ETRNER
MinHeap heap = MinHeap(nums.sublist(0, k));
/]l % k+1 ExERR, FFEBENRES K
for (int i = k; i < nums.length; i++) {
// BEMTEANEREIERTR, ASERETRLER. EFTtENER
if (nums[i] > heap.peek()) {
heap.pop();
heap.push(nums[il);
}.
¥

return heap;

LT T n I ANHEREAN L HERE, MERRARRES kb, HIERBEREZ O(nlogk) o %7 ERIRCRIR
=, kBN, IR O(n) 5 & kBORR, REEEE A GEE O(nlogn) o

SN, ZITIERERRBIEE RIS BB, B n] DU HER IR TR, [EmiE
Bl RH K EoTRABIRE T,

8.4 /&5

1. ERSEIEE

- OMERR RS e IR, MR AR 4 K TR INEMERS, K (1) TR R e R R R
K UM,

I R BT B R, SR R B,

R PRV B R R M AR B U TEE AMERS O(log m). MERETEEE HHERS O (log n) Fil
SiFHERTEEE O(1) %,

- Sed T ITKERE A RIFOR, IR R 0 A (5 7 MR

C HER R PR ROV R, 1 )RR R e & PR 51,

- n AT R R R AR T DU L O(n) , FERERL

- Top-k /& —FAS MR EIIARIE, T DARE T MERS R GE R BRI, BERSTBERRIE 2 O(nlogk)

2. Q&A

Q: HRIRER “HERE” BECIERREEER “HERT 2[R (EMSNE?

W SRR S, FUZREE “HERET, st EMRAC IR PR R B e IR o e — 2y, R
FEFUTIRE AT DME R 2R Bk, BEICAT DARE SR — & B A HERERCIRRE, PR (R (7 WP A Be 1) S A A
EEEENAETER, BATERRUSEEE, DBk, HERHEEC R, AR
EPRIEE T R, AN E ] RE S SR IR R RN RIS
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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

e &
[ e« 2ele

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 ENERER

R 9-1 R, FFEBIEARFA] DT EACERE, AH AR th n] DAL 25 [ R TR

®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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=3l

G\\;a\,\ MR ©)

men 00000
1 4
1 0
o 0
1 0
1 0
o 0

S & B B o w

]
GD‘ B
@ 4

] HPIEEE

Step 5

[ 9-7 HRFEMAIRTIAIL, BEME, S TERS

DA & J5 7 5 ek 2 s [ ) B B AR T -
// == File: graph_adjacency_matrix.dart =

/* BERIMEERERNERELER +/

class GraphAdjMat {
List<int> vertices = [1; // TERhT®R, mHEARFK “TBHE", T5IKFK BRSS!
List<List<int>> adjMat = [1; //#BiZsEfE, 175IZR5|4HE “TERLZRS)”

/* BEET */
GraphAdjMat(List<int> vertices, List<List<int>> edges) {
this.vertices = [];
this.adjMat = [];
/] HIEIEEL
for (int val in vertices) {
addVertex(val);
+
/] g
// AR, edges TTENRRIBHZRS|, BIHFE vertices THERES|
for (List<int> e in edges) {
addEdge(e[0], e[1]);
+
}

/* EENEREEE */
int size() {
return vertices.length;

h

[* FIETERL */
void addVertex(int val) {
int n = size();
/] AIEEREBRY P ETEHIERE(E
vertices.add(val);
/] TEFRMZAEREA IS —1T
List<int> newRow = List.filled(n, O, growable: true);
adjMat.add(newRow) ;
/] TEFBIZAEREFTIE—5I
for (List<int> row in adjMat) {
row.add(0);
}
}

/* MERIERE */
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void removeVertex(int index) {
if (index >= size()) {
throw IndexError;
}
/] TEIBEREY|HPFEPRERE| index BITERL
vertices.removeAt(index);
/] TEFBIZAEREMIPRZRS| index BY1T
adjMat.removeAt(index);
/] TEFBIEFEREAAMIPRZRS| index HBYF
for (List<int> row in adjMat) {
row.removeAt(index);
¥
¥

/* FgiE «/
// 28 i, j HFE vertices wHRZERSI
void addEdge(int i, int j) {
/] FRE|HEREEERE
if (<0 [l J<o |l i> size() [I j >= size) || i = J) {
throw IndexError;
}
[/ EEREA, #EEREREHAGETE, AR (1, j) = (G, 1)
adjMat[i][j] = 1;
adjMat[jI[i] = 1;
}

/* RERE */
/] 28 i, j HFE vertices ;TERSI
void removeEdge(int i, int j) {
// RS EREEERIE
if (<0 |l <o |l i> size() || j >=sizeQ) || 1 = J) {
throw IndexError;
I
adjMat[i][]]
adjMat[j1[i]
¥

0;
0;

/* BUENHEMIEFERE +/
void printAdjMat() {
print(" TEELEF] = $vertices");
print(" #piEiERE = ");
printMatrix(adjMat);
¥
}

9.2.2 EHMHERMNEIR

ST [ Y THRG KRB . BRI m, RAIRTHURIE 9-8 FniI /7 iR BLARIR(E,

WS (ETHRREESEAS RS RR RS RIR], EH O(1) Wil R 22 e, fr AR 2 R
P IE T TN

- WHBRIS: TETERGE RERESS RS rh ARG €18, A O(m) W, TERRmE "D, 52w R B
fIE 75 RIS

- OWTRTERS: TEAREER YT —(EBRAS RS, MR TERG(F 2 SAS ERSIBHETRS, (M O(1) Wi,

- THBRTERS: FREIREMER, MBREESEEERNEE, A O(n +m) R,



HIoHE www.hello-algo.com 182

- WAL TERBEEERPENT n (ETEESAN 2m 1718, #H O(n + m) KR,

EY RETEMIBENFE T Y RETEMEEFAT
M /A\—‘@\/ e (-0
I ‘9) t\
/ ¢
%0/ 0—©o
] R ] mER
[ Step 1 | Step 2
EY RETEMIENFE TR
6/\ w00 o -9 @—@\ e O
0-0-0-0-0 0
-0-0-0 oo
0-0
-] ER B
| Step 3 l Step 4

A SRR TR

PR 0-0-0
0—\@ ) msTm ©) ém
NS »-0-0-0
) -0
& R
| Step 5

i 9-8 MRV, BEMNE, HEMITERS

DUtk s EE, BILE 9-8, EEERIEE LI,

R 17T T B ER AR, DA CRESKES, B RS (BREREA]) AU SEAS 51,
- ERMER R #ETR, key BIARPGIE, value RyxJHMNTHERETER RS (BEATHS),

5N, BAERIZR A E Vertex FRIRFIRIAR, BRMAVERZ: (IREMIEIER L, HEBSIRTIK
[ > A EITERE,  AREERAEMIBRER 5 % 4 ROTERG, RIFRETREMER, AR« RS2 1, &
IR, AN ETER A2 ME— ) Vertex BIIH, MIBPRE:—TER: Z Bt ZH B HLMTERS 7

// == File: graph_adjacency_list.dart =

/* BERMERERNERELER +/

class GraphAdjList {
/] #BER, key: TBZE, value: ZIBBERIFREABIZETERS
Map<Vertex, List<Vertex>> adjList = {};
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/*x BiEF */
GraphAdjList(List<List<Vertex>> edges) {
for (List<Vertex> edge in edges) {
addVertex(edge[0]);
addVertex(edge[1]);
addEdge(edge[0], edgel[1]);
+
I

/*x EBUBBEEE «+/
int size() {

return adjList.length;
I

/* FgiE «/
void addEdge(Vertex vetl, Vertex vet2) {
if (l!adjList.containsKey(vetl) ||
ladjList.containsKey(vet2) ||
vetl = vet2) {
throw ArgumentError;
}
/] Hi%ig vetl - vet2
adjList[vet1]!.add(vet2);
adjList[vet2]!.add(vetl);
}

/* MBRE */
void removeEdge(Vertex vetl, Vertex vet2) {
if (ladjlList.containsKey(vetl) ||
ladjList.containsKey(vet2) ||
vetl = vet2) {
throw ArgumentError;
¥
// MERE vetl - vet2
adjList[vet1]!.remove(vet2);
adjList[vet2]!.remove(vetl);
¥

[* FIETERL */

void addVertex(Vertex vet) {
if (adjList.containsKey(vet)) return;
/] TERIERPITE—(EFiEE SRS
adjList[vet] = [];

}.

/* MIBRTERL */
void removeVertex(Vertex vet) {
if ('adjList.containsKey(vet)) {
throw ArgumentError;
+
/] TEFMERDMERIESE vet HIEAISELE ST
adjList.remove(vet);
/] EFHEMIERREESRS], BRFIEEE vet BIE
adjList.forEach((key, value) {
value.remove(vet);
)
}.

/* BUEN#EMIER =/
void printAdjList() {
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print(" #pER =");
adjList.forEach((key, value) {
List<int> tmp = [1;
for (Vertex vertex in value) {
tmp.add(vertex.val);

¥
print("${key.val}: $tmp,");
g

9.2.3 MFEHLL

A [E A n ETERN m B8, 3R 9-2 ¥TEb T AR RIS BRI R BCR M SRR, s, MR
(A ERY)) BIEASCEE, M#ER (MEER) BIeRArE e Ry RN MR R RV EEL,

R 9-2 b RE e BB AR B L

HRERE  AREER (HAREES) AR (RS

wEREME  O(1)  On) o(1)
i oy o) o(1)
ESE O(1) O(n) O(1)
TS om) o) o(1)
R TS O(n?)  O(n+m) O(n)
AEEEEEE O O(n+m) O(n +m)

BIEREK 92, PIPMHEER (MEER) MIRFRIRCRE S HReR R E, HER L, EMRER R ER RS
i, AT RS AR EBR TR, 525G, AHRAEMEREL T “ DA AR, AR A
BUT “DARpfE#ReE ™ BN

9.3 EME:H

BHURIZE “ 82" MBIER, MENASAFESNEBE, rDFRNMEERN “2H2" BiR. KFit, FFn
ERE VA — AR, BESR, RAE o PR i e ) A R A — RERE B

1 7 2 P PR R A R EBUE R R BRI 7T AR 7 R il BB ESTIREEEED.

9.3.1 EEBK%EH

BB Wit — R IR RORRE T, TESLMAEEE 3R, AR BT R AR D R TS, 3 —RE R s
sk, GNE 9-9 Fow, 1/ bATHRGHEE, HEIUETIARAIATA SRR, REET T —E TR R FTH AR
PRIARG, DACRE, EEATETHR M S S,
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0—0—0
EREEEES
(BFS)
\ s (@) s,
(CED GZED GESD Eﬂi&ﬁ!lLﬁﬂﬁﬁmﬁﬁﬁﬁﬁﬁ
ETFTA
@ED GED) [CED ©, 1,3, 2,4,6,5 7,8
9-9 I B A SE e
1. BHEZER

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.dart

/* BEEBRES */
List<Vertex> graphBFS(GraphAdjList graph, Vertex startVet) {

/] ERMERERTE, WEEBIEEIERIPTEANIEZIER,
/] TBELEFRRFS
List<Vertex> res = [];
/] BEES, BREREwHAMBIER,
Set<Vertex> visited = {};
visited.add(startVet);
// {THIRREIR BFS
Queue<Vertex> que =
que.add(startVet);
[/ VIBRL vet Ak, EEBEZEHM5TPETEH
while (que.isNotEmpty) {
Vertex vet = que.removeFirst(); // {THIETEZLHX
res.add(vet); // scikehfEIERL
/] EFHZIBEAVFRE AP IRIER,
for (Vertex adjVet in graph.adjList[vet]!) {
if (visited.contains(adjVet)) {
continue; // BKBE#AMAIIESRE
¥

Queve();
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que.add(adjvet); // RAFIRFHREIIES,

visited.add(adjVet); // 1Esc%IBREE#EAM

+
b
/] REITEEEELRFS
return res;

F

RIS EHRS, ERR B ARIE 9-10 AMNIRHR,

mas () w5, wETATHRE

1. WBEIAMNMAELFS] res
2. REIREMFIENMETRR T
A7 que AN visited

TR (€) w3, MR

1. WEIAMNMNEFFS] res
2. HEIRRHPTE MR HIT
A5l que IEHA visited

0—0—90

g () 5, SRITLUT R

1. WZIBMMNEDFT] res
2. REIRRSHIFTAAMETRRT
AF que AN visited

FEMFT res
15751 que
HE A3

HREE visited
o )

EHFF] res
LI )
751 que

000

HWEEE visited

(00000 }
st 3 ]

(0000 ]
1751 que
0006

MEES visited

(0000000 |
Step 5 ]

EHFFI res
(000000 )
75 que

00

MEEL visited

(00000000 |
[sten 7 |

s () w3, BT

1. HEREMAEDFF] res
2. WHIBREHFTEANRIRRHIT
A5l que YAIN visited

s () w3, BT

1. WEBEMANERFT res
2. HEIRRNFEMERRT
A5 que AN visited

o—0—90

s () w3, LTI
1. REEREMNEBFS res
2. WRTRRHIFTRASETREAT

A5l que AN visited

TR () 31, R

1. WEIBRMANESFG] res
2. ISETRRSHIFR AR ETRRT
A5 que AN visited

I res
C ]
1551 que

00
= Y

HRES visited

(000 ]
[step 2 |

EVFT res

(000 ]

1551 que

000

51 A3

HREE visited

(000000 ]
[step s

(00000 )
1751 que
000

HRES visited

(00000000 |
0

EHFF res
(0000000 |
1751 que

20

EREL visited

(000000000
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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 [EAAREEICER

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.dart =

[* REBIFEFEHBE */
void dfs(
GraphAdjList graph,
Set<Vertex> visited,
List<Vertex> res,
Vertex vet,
) A
res.add(vet); // sCixshfITERL
visited.add(vet); // tFecIBREWEAR
/] EhZIBRHIFRE AP IRIER,
for (Vertex adjVet in graph.adjList[vet]!) {
if (visited.contains(adjVet)) {
continue; // BKEEWEHREIRITESRS
+
/] TEEEFRE AR ETER,
dfs(graph, visited, res, adjVet);
¥
F

[* REEBFES */
List<Vertex> graphDFS(GraphAdjList graph, Vertex startVet) {
/] TEEEESHFY
List<Vertex> res = [];
/] HEEES, AR ERAEENIES,
Set<Vertex> visited = {};
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,

SRS 51 res , MBESA visited HEMURRS 2 V], EEFEREAS V], FiEm 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 r 35|
| 31 i | 31 i
)3 26 53 26
i 15 | 15
: 12 ! 12
B“BHH sanill
#;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

MEXRTHEYD [1, j]

Step 1 Step 2

| == 1 2nll
b

6 s |
1 3 g . 3
fom D - |
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 4 5 6 7 8 9
A AoA A
i jom i om
EE=EE: EE=3EE:
1. BERE N = (4+3) /2 1. tEPR m = (i + j) / 2
2. ~ nums[m] > target
Step 3 ~BAT § = m - 1 GNEBER Step 4
=:.mi =:oml
#l o 1 2 3 4 5 6 7 8 9 #l o0 1 2 3 4 5 6 7 8 9
AA A Ao
m i j im j
EE=SEE: EE=SHE8:
1. StEFE n = (i +3) /2 1. MEhE W = (i +3j) /2
2. = nums[m] < target
Step 5 S BT A = mo+ 1 GNEBER Step 6
- “
= anf
#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
~ BEFRS| m

Step 7

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.dart =

[* Zonw (BRER) */
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int binarySearch(List<int> nums, int target) {
/] e EEER [0, n-11 , Bl i, j @iERESIETR. BtE
int i = 0, j = nums.length - 1;
/] BB, EESEMATERE (B 1 > j BAST
while (i <= §) {
intm=1i+ (§ - 1) ~/ 2; // SHEREHES m
if (nums[m] < target) {
// WIERREA target EER [m+1, j]
i=m+1;
} else if (nums[m] > target) {
// LiERREA target &R [1, m-1] &
j=m-1
} else {
/] HEBZETR, REHZES]
return m;

I
hy
/] RIHBIBETR, &E -1

return -1;

}

BERIBEAEIE 2 O(log n) = fE—SYEE, RSN, FILEERES log,n .
SRS O(1)  $518 i A1 J (A WOV,

10.1.1 ERRTAEZE

bR T LIAEPHE RSN, W RNEMF RS PG mHE, %% [0,n), HEAERESHS, HER

RO&EY, ESERT, B [i,]) i = j Baos,
TP AT DRI %R BB LA AR — S @

// == File: binary_search.dart =

/x ZHEE (EFAAREER) */
int binarySearchLCRO(List<int> nums, int target) {
/] B ERAERER [0, n) , Bl i, j SREEMESIETE. BE +1
int i = 0, j = nums.length;
// BE, EsEMATRE (B 1
while (i < j) {
intm=1i+ (3 - 1) ~/ 2; // SAEPREHESI m
if (nums[m] < target) {
// WIEREREE target 7ZERI [m+1, j) A
i=m+1;
} else if (nums[m] > target) {
// WIEREREE target 7EER [i, m) &
i=m;
} else {
// XEIBZETE, REIHZES|
return m;

I
hy
/] RHEIBZER, &E -1

return -1;

}

i BAT)
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qniE 10-3 fioR, EMMEEMFOR S, o ESERIRARGIL, T FR AL R B A T E,

MR “EEPAIERE” RN A S TEOE FRAAPAIRRE, [RIE@ AR ¢ FIHEER J M/ R AR 1t
Mo EREARA S, Rt — Rl Rn “ERmRE MRk,

TE |

i%l\“@ 1 2 3 4 5 6 7 8 9"‘ ‘“@ 1 2 3 4 5 6 7 8 9"‘10
i ERERTEsES j i EERE38% RERTFEZAE
ESER: ¥PER [i, j] E8ERM: £AAHEEM [1, j)
Miadkisi®: i -0, j =n - 1 Miakigi®: i -0, j = n
EEEE IR i > EEARIEEE: i 2 )
MDERHEE: i =m+ 1, j=m-1 MEDERRE: i =m+ 1, j=m

[ 10-3 AL ] 3%

10.1.2 {BREEA(RRME

oS A IR RN 2 P 7 TR A LA O RN RE

MR R R AERYRLR T, S R R R R R I, E R n = 270
IR, ARPEERITRE 220 = 1048576 #EME, i —/MESER log, 20 = 20 HWIEHE,
- TS RRERSMER, BT ZRE IR I SRR (IR AR, oS N

? FEﬁ o
SR, —oriEEaAREARITA R, FEEITNER,

- CoEREERINERER. AWMAERHER, & THEH o RamErTETHY, SMEK. KAk
PRI EIE R 2 O(nlogn) , A& S E S, BAEHATRIER,
AR AP, FERTRBAZRENE, MHEEEEZ O(n), WE2IFEHER,

© DS EEARES, o Me TR QRESH) SIFITER, mERS ST R
AORCRIGAI, PRI ANIE & M P A St £ 271 e B R S R 71| BB S R

- NERET, MUEERSREELE, ERIEE#T, SRAE LR, mE—_ e, FE IR
ik, VIRBRIE. 1~ 3 UCHIBHRIE, 1k (BIR), 34~ 6 [ERTTRME, B, EERE n SV,
SEER R ML = SR,

10.2 “HiESHRAEL

ZorilEAMER AN S BETTR, BRI 22, s B TRIE A 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 .
P —: BRSPS target I, HABMRGIZERZTRIIR?

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?

E—PRE I NESERE: E nuns[n] < target I ¢ BB, EEWEIERE | FEARNRER target KITTR
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.dart =

[* ZHESENY (BEETR) */
int binarySearchInsertionSimple(List<int> nums, int target) {
int i = 0, j = nums.length - 1; // #BHKERER [0, n-1]
while (i <= j) {
intm=1+ (3 - 1) ~/ 2; // SHAEREES m
if (nums[m] < target) {
i=m+ 1; // target 7EEM [m+1, jl &
} else if (nums[m] > target) {
j=m-1; // target TEERM [i, m-1] &
} else {
return m; // 3% target , REHEAE m
¥
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il
W
)

%10

I
// F#EF target , REHEAD i
return i;

h

10.2.2 #FEEHETRENER

Question
£ F—E AR L HERy S EETTER, R,

R AR E 2 AE target , RIREE 8= HAEIR B H A —{E target MRS, MMILERHEEZCENA

BGIBIEA 2D target,

HHERR TR A SRS, PABRMSEA MG R target RG], #1205 1% i [
10-5 FRHP BREHL,

1. BT ==, [JEUEE—M target RS, LAk,
2. RS k BGG, METHRIEEY, EHREIRAIBN target FHR(E,

target

X ,.A\ A

1. EZHIESEES—E 6
2. B EREIRLEN 6

10-5 #RPEE A EE TR AR AR

au
Y

W IEEER AT, (BHA SRR, FIREERER O(n) . EESITEERZEWRN target K, %
TIERERR AL,

B R o e, WiE 10-6 Fox, BEAEAR AL, S/ostEHRR5m, HHE target
1 nums[m] BIRVNBRATR, 7075 DA RREIE DL

- Hnums[m] < target @ nums[m] > target IR, FRPHIBIREIKE| target , R EE g =
4/ N E R, femAEFREE ¢ Al j 1) target %0k,

- Hnums[m] = target Ff, /A target MICREEM [(,m — 1]/, FHRH j=m — 12k
fi/NERE, fEmpEREEE 7 M/NR target MCR R,

EE e, @ faARAEN target , jISAIER/NR target FITR, KRS @ HU2HHAR.
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15}
: 12 i
i 10
| 6 6 6 6 6
b S
=1 |
#l o 1 2 3 4 5 6 7 8 9
A A
i bl

Mt i, j HRHEEESIETE. BaE
MERTAEY [1, j]

Step 1
15
12 [
10
6 6 6
| : ‘ ‘
g il
b im ’7
#l o 1 2 3 4 5 6 7 8 9
A Aooa
i iom
EE=ER:
1. HEREE M= i+ §) /2
2. v nums[m] = target
(step 3 | LT 5 = m - 1 RMESER
15
12 [
10
6 6
3 |
b B
#®l o 1 2 3 4 5 6 7 8 9
AoA A
m i j
EE=ER:
1. stEHRE m = (i +3) /2
2. ~ nums[m] < target
Cstep 5 | SBET Q=+ 1 RINESER
15
12 [
10
6 6 6
- I
&3l o 4 5 6 7 8 9
EE=51E8:
1. HEFEE M= i+ §) /2
2. ~ nums[m] = target
[step 7 LT 5 = - 1 MESER

Step 2

Step 4

Step 6

Step 8

i

3l

|

&3l

b2
#3l

o @e :

12

1

6 6 6 6
2 3 4 5
A
m

EE=EE:
1. tEFR&E m = (i + j) / 2

12

BEZ5ES:
1. tEPRE m = (i + j) / 2

12

1 2 3 4 5 6 7 8
Aoa
im j

TE=58:

1. 8RR m = (i + j) / 2

12

>

v NRBEEEE i< j
- BHHZSHIEE, EEHRS| i

10-6 il BT R AT AR BR

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.dart

[* SN (FEERTR) «/

int binarySearchInsertion(List<int> nums,

int target) {
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int i = 0, j = nums.length - 1; // #BHKERER] [0, n-1]
while (i <= j) {
intm=1+ (3 - 1) ~/ 2; // sAEHEES| m
if (nums[m] < target) {
i=m+1; // target EERM [m+1, j] =
} else if (nums[m] > target) {
j=m-1; // target EERM [i, m-1]

} else {
j=m-1; // BN target WxHREEM [1, m-1] &
}
}
/] REFENEE i
return i;
I
Tip

AHIAREAIEEE BN Bk, ARBREE T UETEE “ERAHT Bk
MAKE, —osEERRGTEE 1 j oRlEEs B, BIERER AN TR (Bl target ),
WMATREE —ETCRHE (FI/R target FI7TR),

EARERERE 5, 8120 f1 j #RENER e E M B, &4, EMEUERIREIESE, S0
gk,

10.3 “HiESER
10.3.1 EHEER

Question
HE—MERES n WAFMES] nuns , EHrfRERSEEITE, IR EIMEY| & ALA—HETE target
&5, HEYIPAEEZTE, HIRE -1,

B oS AT, EE5eliE i fem /e —E target , KA EALAE ERERRA—
il target KIE5],

ERIEEE AR KA ERAR AR, EER, AP REREE target , BB ATREESLAT
ﬁﬁ@%ﬂ%o

- BRG] B,
- JuZ nums[i] B2 target FHEE,

BT DA TGN, BHORE —1 B, R AR
// == File: binary_search_edge.dart =

/* ZHHEERE—E target %/

int binarySearchLeftEdge(List<int> nums, int target) {

/] FHEREH target KN

int i = binarySearchInsertion(nums, target);
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// *#EF target , &[E -1

if (1 = nums.length || nums[i] != target) {
return -1;

}

// % target , REZE3| i

return i;

10.3.2 EHFER

IR & A — 18 target WB? & ERZAITTBBURERM, B nuns[m] = target fHL FAYTE
fRlckE e, AN AN, AR ] A EITHEIL,

AP A AR SRS A T T

1. EREHEER
B E, M AR A ERR A TCENRAREHRRAGTTER, B8 EE: BE#RA—M target #i{b%
Al /c—M target + 1,

GniE 10-7 R, EHISERUR, f56E ¢ fEAR /A —E target + 1 (WRAFETE), Wi j famEA —ME target,
[KgE3& 5 BIR,

target = 6
- (000000
j i j i
EHRA—E
target +1
*E
EHIRE—E EHRA—E
target target

10-7 M ERGIEFEL S B A8 5T

FETER, IRMEIAHEARZ ¢, FILFERER 1, EmER -
// = File: binary_search_edge.dart =

/* ZHHEESRE—E target %/

int binarySearchRightEdge(List<int> nums, int target) {
/] BUAEHRAL—E target + 1
int i = binarySearchInsertion(nums, target + 1);
// j EAREAE—E target , i IEABEMEAR target BTE
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int j =1 - 1;
// &#EF target , &[E -1

if (3 = -1 || nums[j] != target) {
return -1;

I

// %3 target , REIZES| j

return j;

2. BUREATE

TELE, EFEFIAEE target I, &A1 @0RHEFREERR. /MR target FITTER,
It 4nfE 10-8 Fw, FfFA] DS —(E RS A FERTTR, HRE#RAAGIES.

- BFR/E M target : AIRAEIMLAEH target - 0.5, ARMEFERE .
- BHERA—E target : DAL A AEH target + 0.5, WIREFEE 5

target = 6
nums
j i j i
= &
target - 0.5 target +0.5
*H= *E=
HHIRE—E EHRA—E
target target

10-8 &g g L &R

RBHEEIL ARG, DU MRERHER.

- KRR SN, I8 RORAE TR 2R O An AT R A SR B D
- RREZITIESINT /N, AR S R A target B2 TRREEURA] (Python #EZHELEN)

10.4 FEERIELER

FEMRETRRE,  BRAMTHE I 15 A PR A G 150 2 M P sl R B AR T R TR R R BRI . FRAPTRE B — (s ST
AHITREERE

Question
4 7E —EEEHHS nums F1—fE BT E target , FAIEMYIHIER “F1” % target IIMMEITE, i
REEMARES RS, IR EEE—EERTR],



BI0E Ha www.hello-algo.com 203

10.4.1 4314EH: LSRR

FRERZEFTA TR G, WIE 10-9 Fr, FMBHR—EREERE, 7E b A B SR 2 5 A
target, fisE, HERFEIEMIIRS

target = 13
nums =
9 13 17
18 22
26

ESFEHEES, SEINS
target FUAESHRR[E

10-9 #RMEE SRR ECZ N

R NR:
// == File: two_sum.dart =

/* FiE—: BAVE */
List<int> twoSumBruteForce(List<int> nums, int target) {
int size = nums.length;
// WELEE, KEEEES 0(n 2)
for (var 1 = 0; i < size - 1; i++) {
for (var j = i + 1; j < size; j++) {
if (nums[i] + nums[j] = target) return [i, jI;
}
¥
return [0];

h

WP IR R 2 O(n?) | ZSRIMEEE 2 O(1) , fERRRHR NIERFERE,

10.4.2 MiEEN: UTHIRERK

FREAEI —EMRR, SEHDHIRMEITRNITRRS . WEEES, SHmEITHE 10-10 g,

1. HIET#(T target - nums[i] BEEMZERTS, G2, AERRENEMFETTRNIRSI.
2. R SRES nums[1] FIRS| 1 HrHiEEzR R,
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target = 13 target = 13
nums = ‘ | ‘ nums = || 11 H
[ Key ] P { key e
map = map =
vatue d =3l D db =l
FEHET) nuns EZES) nuns
+ 13 - 2 = 11 FE map +© 13 - 7 = 6 FfE map R
- HTTE 2 FiME map - HTTE 7 FiME map
Step 1 Step 2
target = 13
nums = ‘7 7‘ 11 7‘
{ key bz 3
map =
—08 |-
EHES) nums ,

© 13 - 11 = 2 7 map
~ BETTHEEGRS| [0, 2]
Step 3

10-10  HHBHAEZRFOR AL

BRI NrR, (S5 E A
// == File: two_sum.dart =

[* FEZ: BEENEER +/
List<int> twoSumHashTable(List<int> nums, int target) {
int size = nums.length;
/] EBhEEER, TREMES 0(n)
Map<int, int> dic = HashMap();
/] EBREEE, RBEEHEES 0(n)
for (var 1 = 0; i < size; i++) {
if (dic.containsKey(target - nums[i])) {
return [dic[target - nums[i]]!, il;

I

dic.putIfAbsent(nums[i], () = 1i);
F
return [0];

W77 B MR A AR R AL O(n?) BEZE O(n) , KIBFRFHAITACR,

I T A — RN ARE R, BRI MERE S O(n) o MEWI, %07 IR REING 2 2008 o 2 21,
PRl E e R A R B B R

10.5 ERHESEFRZE

EREZE (searchingalgorithm) FRTEERIAHE (BIANfES, SEGEERS, KHalE) IR — (s —Hi 2
REEMRIFRITR,
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S AR TR B BUE R 73 2 DL N,

- IEBERTRRIARAGE N HETER, BIankEs, SR ERg, R A E A,
- P RCRI AR A R s RO RHR S e, BBIRROTRAN, Pl o, MRERN _oils
A
NIRRT, IELEATHATAR CERT IR R P AR, RIS RTRE R PR AL, EAREH, 3,
FREE IR AVIA, ERERESEER,

10.5.1 &HiES

21 SE I E TR ETTRACE M BT R,

© BRI B R SR RS B AR RS, EICERIETI —mbads, BERIFTR, EE
3 BT REENE S —un R A IE BT R 21k,

-“EV@%% 77 M TR R EAIRS I AE AR, R BT = ) A6 B R B 46 R T 1

mﬁ&Eﬁﬁﬁﬁﬁﬁ%owfﬁ%@ FICRIGAENRGBALR, g — PRI ECESIE, e el
@%W HEFER e R A,

274N E HIEMAELr, MR RrRHS R BRI ERI MO RORI AR
AT, MR IEAEE S O(n) , Hbn 2otREE, FIKEEREBRIIENR FUEEERE,

5

10.5.2 HEfEES

HiEEE 2 SRR AR (Gna R Retfsiate, 1EmEsRutEs BETR.

‘Toris” MEERIE IR SR, (R R,
FHEERT MR RRE RIS S BRI BRI N A S E B, (M E B R
- R ERPE IR (Bl T T, B ARG E A PRIEHERRETR, e A HAR TR,

A B R R AR, RRHIBGREES) O(logn) #E O(1) .

SR, MEAE S RIS %ﬂﬁﬂ@ﬁﬁﬁ@ fan, s RREECEEETHEE, MRAER
BT R B R ORISR, AEREIE L R R th TR R NI IR IR 2 1 B 8

Tip
HE S s B A O AT AR, RN ER e RSP Ul BB cE.
10.5.3 & 757%EEY

RE RNy n B, MR DMERIgR S, s, BE, EERS AR EE
TLRo AV TAR TAEEERANE 10-11 Fis,
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SiEsE o(n) BTN 0(1)  #\key & value

M ESEESTISH

(1]s]3]2]4]7]e]2]e]5]

iR EET

Z54%%8 0(logn) HEH 0(logn)

EiRsid

TR R
1888086000
—

RIREN AT SR ER

10-11 i =000
IR T AR ERCRELR 4022 10-1

% 10-1 EHEEIRICRE T

SR —oiE o) R E
AFTTR O(n) O(logn) O(logn) O(1)
BATR 0(1) O(n) O(logn) 0(1)
MHERTT 2= O(n) O(n) O(logn) 0(1)
LEblNs| O(1) o(1) O(n) O(n)
BRLFE R / ¥ O(nlogn) ## O(nlogn) #E%ER O(n)
ERENHT Eiidag g g Eii3ag

S RTARRRR RN, SRR ER, BR AR B RS,

R

- BTG, HZAETEORITHR PR, (RUNRFETR L — KGR, IR A =77 TRA R TR R B

AORe A LR P 1 =2 AR DB B R
- EARREREVNTER, BTN R A BRI

- EARERERURRR SRR, WA AN TR BRI T TR MEE,

s

- JEARKEREREN, FRKRBRE, REMREERES O(logn) .

- ERHENREIRR, K% (R 7 RS T B A RO TR R S R
- NEFHREEE MRS R, KM RS E BRSO,
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MR A

- EEHEREEE RIS AR, PRRREAREES O(1) .

- NEAHEAFERSEEERNSR, RAafRREREEERNERIE.

- IR R SRR R R PRI A (R M s, B ORI RURE S LR

C NEEEREERIENR, B RERE RN AR R R IR D E SR, (Emeft R R

AE.
S EOG)

- EFRERER, R ER A RS TR R R 0 B AR Y

- EETREMEE A AR E AR R

- TERHEIMINERRERIB AR, TOTIES B TREAEA MR, MEWERESLE O(n) .

- HHEA AVL BiSAL R, RISERIERLE O(logn) AR FREHAT, (4SBT /E & i &
SRS,

10.6 /hi&E

1. ERSEIEE

C CAEEREERE R, BEEEESR LS ERAOETER, TR ARG, B
P A B B3] BB R,

R RO AT B, SR S RIS R R (e SRR G
PR RN, R R R, SR ORI TR, (BRI MAREE O(n) Be,

- R, WA OSBRI R TS, A ERRE R AR P L R, RIS
ok, IRIRRIETIE O(logn) 3% O(1), (RI@% HEHBNHINERI S,

- R, RMREERERIEL, NIk, R R SRS T IO, RTRES
TR 77,

RS R VSR S RTAORER BRI, HERIOR MR A B
SRR e LA R B 0 P I T T NP AT SR 23 B R

R R R — R PSR L BT R RN, TSR B O(n) B 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.dart =

[* FEEHRE +/
void selectionSort(List<int> nums) {
int n = nums.length;
// SMERE: KHFERBS [1, n-1]
for (int i = 0; i < n - 1; i++) {
/] WNEE: REIXRHFERNNRINTTE
int k = i;
for (int j =i + 1; j < n; j++) {
if (nums[j] < nums[k]) k = j; // :8HER/NTERES]
}
/] ¥z TRERHFERNEETERR
int temp = nums[i];
nums[i] nums[k];
nums[k] = temp;

11.2.1 EHZSNE

C BEIBERIE S O(n?), EEVEREHER:: SNBRLE 0 — 1, S—RIRHEFERRES 1, BiE—h
MRS ERERAES 2, ESHMANEEABIESE ny n— 1. ... 3. 2@P0EE, ks 202

C EBGRRE S O(1). UMb : f50 0 A1 j (8 PR RO N RSN

- JERBEHE: W1 113 FUR, JEE nuns[1] A AIRENCCREB IS T RIVEIE, SRR E R
B 38 A K

FHFER

BITE RS
FHIFER
SERR R — IR,

METE & HESUERETRE

11-3 EEHEEAERE R A

11.3 @%HIF

& (bubble sort) EiE G LB B HAHM TR HEHT . G EERMGSTIEIE R 2ITH A — %,
)i AEZZHORZR S S5 8
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Gnie 11-4 FroR, B IEERE AT DRI TR A AR F AR (ERRS e e sm B da A E 7, MR LA TR AR
N, WIS HETER > AR MR H, BRI, RARRITTR GRS EIEIA R A .

- @000Q0 - 0Q00Q0

REFIARRE—H R

TEEREANEEMBARIELL
WEEREHBMTR:
v EBTE > GETE

nums ‘\nana - RMEMETE

| Step 1 Step 2

- 080000 - 200000

WEEEEHEMTE: WEEEEHEMTE:

v EETR > AETR v EETR > AETR

~ ZIMEMETE -~ IREMETER
Step 3 Step 4

nuns 0°0°°O nums gegcéc

WEEGEHBPTR: WEEHEREMBTR:

v EBRE < ABTE v EETR > B8R

o MR - RHGEMETER
Step 5 Step 6

KIE KE
nums o e o ° o °

(B9 n-1 EREAHE |

EHTERE,
BARERTHKE

11-4  FHTTER R e E

11.3.1 EBEZRIE
MBI RE A n, EEHEF S BWE 11-5 iR,

L B, ¥n ETRIT B, FRESINERTR LR IEMAE,

2. BERAR, HFER n — 1 E7TRAT “BilR”, 8 ORI E,

3. DAMCESE, &l n — 1 “Bil” &, 6in — 1 KECREP i IEmA E,
4. (R —EReE BRI TR, BANR, EIRESIHER 72K,
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B A

KR

- 00008
ooDoBno

7% 2 WES

BITE 3 WEER

a0 e

BiTH 1 BER

BHITE « BEA

0800

BiT%¥ 5 WEE

088000

FeRHE (RIgf—ET=ERET)

11-5 JERHEFp R

RBIFE SR
// == File: bubble_sort.dart =

[* AXHERE */
void bubbleSort(List<int> nums) {
// SMERE: RkHFERZS [0, il
for (int i = nums.length - 1; i > 0; i--) {
// WIEE: BERHFER [0, i] PHRATERMEZERBNREGH
for (int §j = 0; j < i; j++) {
if (nums[j] > nums[j + 1]) {
// X nums[j] E& nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 11;
nums[j + 1] = tmp;
+
}
b
I3

11.3.2 ¥EREK

SRHFFFER

[01

[o,

[o,

[ay

[o,

[o,

5]

4]

3]

2]

1]

o]

WMEEE, aRK R “BiR” PRAPITIEMZGRERIE, SRSk, ATERREGR, Fit, [

DA I —{EREEEAL Flag AREERNEREME N, — BBz ENRE,

MBI, RS RS RE R0 A O(n?) ; HEMARSIERE TR, fE

FIRAEREF M O(n) o
// == File: bubble_sort.dart =

/* BFHE (IZEREN) +/
void bubbleSortWithFlag(List<int> nums) {
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// SMERE: RKHFERZE [0, il
for (int i = nums.length - 1; i > 0; i--) {
bool flag = false; // #IAKAZEENL
/] WEE: BRHFER [0, i] PHRATERREZEBNRAIK
for (int j = 0; j < i; j++) {
if (nums[3j] > nums[j + 1]) {
// X nums[j] E& nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 11;
nums[j + 1] = tmp;
flag = true; // SEMTE
+
+
if (!flag) break; // It “B/E" XXM EMATR, BiZBH
+
}

11.3.3 BHEZEH

- IEHIBHE R O(n?), HEREHNE: &6 B0 EFHNEFRERREL — 1. n—2, ... 2. 1,
#FIZ (n — 1)n/2 . 1E5IA flag iR, REMRBERERNED On) .

- BHBGRER O(1), FHHDT: 4865 ¢ f j (R FEEOO RS MR,

- RREHEE: BRE CBIRT B TR,

11.4 EANHF

HNHEF (insertion sort) 22— AGHEFIEIRTR, TR TIEREE PR R — IR AE AR IE R AL,
B, BRI MRE TR, KR BHARCHPERBETRZE — gD, A
LR A IERERINL B

11-6 Jom 1 5l ATTRIVIRIERIRE, RAEMETTRS base , WMFEAIEEIFERSIE] base ZHMFTH
TLRAGRE 0, K% base MEL HIERS,

. uE
880008 -

nums[5] = nums[4]

#&xE 3 HEBAE nums _ . N
" SEiETERR
BB R (i MRl 1 [ 1 [2 ]« [5]s

T~ nums[&4] = nums[3]
B888008E
= 8868000

nums[3] = base

eenss L 2000008

11-6  BLUGH N IRIE
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11.4.1 BEZRIE

AR RE R IE 11-7 Fror.

1. WIEIRRES, FESIRSE 1 TR e dE .

2. BEEFINTE 2 EICRIER base , HMHMAZIEMA ER, BHIRGE 2 TR CH.

3. EHGE 3 AICRIFR base , AFHIHAZIEMAER, WS 3 TR CHi.

4. DA, fEfRE D, BIRE - REITRIES base , MHMAZIIEMABR, FifixicHy.

BHFER

[0, o]
[o, 1]
[o, 2]
[o, 3]
[0, 4]

[0, 5]

11-7 HwAHEF AR
NG N

// == File: insertion_sort.dart

/* HENHERE */
void insertionSort(List<int> nums) {
// SNERE: BEHIFEM%A [0, 1-1]
for (int i = 1; i < nums.length; i++) {
int base = nums[i], j = 1 - 1;
// PEE: # base HWAZIEHFEM [0, i-1] FHEREAMGE
while (j >= 0 && nums[j] > base) {
nums[j + 1] = nums[j1; // # nums[j] ABHEE—IL
J--1
+
nums[j + 1] = base; // # base EREZIEMEAIE

11.4.2 BHEZHH

- WSS O(n?), HEREHT: £, BUEARESHIFEEE n — 1. n— 2, ...
20 LR, KAMEE] (n — 1)n/2, HILRREMEES O(n?) . EIBEIHFERIF, HARIEEGIRAK
ko EEARS AR, BAHFESRERHEEE O(n) .
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- BHBGRES O(1), WHHbT : 4868 ¢ f j (R FEEO NSNS,
- RREHEE: ERAREEET, RMERTRBAZMEETRNGH, TEUEEeMrIER.

11.4.3 {HENHIFRES

FAHEF R 2 O(n?) , MiFRMETIE2E POt R R 2 O(nlogn) o REREAHEF
AOiRe AR RE B, (HAERDRHRBOMOTEDL T, idAHE I E i,

TS 8 sl BLAR VA AN — 0 S A0 A IS LA AR O, DOl HEFIE M O(n logn) MITHERIE BN 016
SRS HHE RS, A 2 S HUTE R, TERRHREBUNE, n? Ml nlogn MBUELESERE, ik
JEAME TG, B A BT R B B ROE PR

B E, #r2EAGEES (B0 Java) RINEHFFEEM THARY, KEUERZS: BIRREZ, SRAZER
SHERSEIH AR, flntigEdir; BiREREs, EREREATER.

BESRIERHE R, RIEHE S RIS AT F IR B # 2 O(n?) , EAEEBRRENH, AT IR SR
FHRRIERHE AR, 3 EA DURER,

LRI ISR IR, TR A, SO0 3 AR MBS TR
B, (A | IETEAR(E, R, SRHE S SIS HLA A 5.

 IBHE LTI T ORIEIEA % O(n?) o WISASE —HLERAFIFRIZOR, HAHER G i
FRHIF R
MR RE, SO RS .

11.5 HRiEHF

BREHF (quick sort) B —RENMERISHHEF AT, BTeik, BHEZ.

PIEHE R OERMER “IHI#ln”, HEER: BRI PR ETTRIER "R, ARTH /MRS
RCRBEH AN, MAREREE T TRBEIHAMN, BREAGR, THICE R E 11-8 For.

. RIS B e ER A 2 R TR R, HUALRIETEER 1 70 3 0 BTG ARSI R .
2. goE—EEkE, EERPERN L G) SHSEREEEEEHER O TR, RRREMETE,
3. EEHITHER 2., HF 1M j HIBRHEIE, B REEC R S miflE 1 FHA ) 7 5,

Step 1 BEH Step 2 BEH
o left ht left ht
v
ws (@ &
A A
i bl J

nums[left] ZEAER # Bl nums[left] ZEBAE

d nums[j] > nums[left]: # HERRARE R R BEMB TR nums[j] = nums[left]: # WERAREE WEERRTR

d nums[i] < nums[left]: & HABAREEAREEHNTR nums[i] € nums[left]:  # #EMAREEAREEBNTE
i+4=1
nums[i], nums[j] = nums[3], nums[i] # THBMETR nums[3] = nums[3j], nums[i] # SERETR
nums[il, nums[left] = nums[left], nums[i]  # WEEMCHERFHEIINSRL nuns[left], nums[i]  # MERMAEHFMIINS R

rrrrrrr i # EEEREHNRS| # EEREHHRT|
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FNE

step 3 | Ban | step 4 B2n
) left right : left right
v v
- 000000
A A »
i j i i
def partition(nums, left, right): def partition(nums, left, right):
EERI =S e THREIS
i, j = left, right # B nums[left] AEEH i, j = left, right # LU nums[left] AEEH
while i < j: while i < j:
while i < j and nums[j] > nums[leftl:  # HEAMAEREEIMBRBNTR while i < j and nums[j] > nums[left]: # fERAREENCERBENTR
= 5 =1
while i < j and nums[i] < nums[left]: # WERGREEANEEMNTR while i < j and nums[i] < nums[left]: # BERGREEAREEHNTR
i+=1 i+=1
nums[il, nums(3] = nums[31, nums[i] # IRERBITR nums[i], nums[3] = nums[3], nuns[il # RIEHBTR
nums[i], nums[left] = nums[left], nums[i] # HEEHCIMERTRIINS AR nums[i], nums[left] = nums[left], nums[i] # HEEHCIAEMT RIS R
return i # EEEEHNRS| return i # EERAEHEFRT|
Step 5 BEM Step 6 M
left right left right
v v
- S00D00
A
i3 j
i
def partition(nums, left, right): def partition(nums, left, right):
YRS " IHERI
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]: # HAEMAREEIREEHNTE while i < j and nums[j] > nums[left]:  # HEMAREEIREEBNTR
j-=1 j-=1
while i < j and nums[i] < nums[left]: # WERGREEANERMNTRE while i < j and nums[i] < nums[left]: # RERGREEARERBENTR
P41 i4=1
nums[i], nums[j] = nums[j], nums[i] # RERETE nums[i], nums[j] = nums[j], nums[i] # SEMETR
nums[i], nums[left] = nums[left], nums[i] # REEMCHAERT RIS R nums[i], nums[left] = nums[left], nums[i] # RERBCHAEMT MY RR
return i # EEIEEMMES| return i # EEREBOFS|
[ Step 7 ] BEY Step 8
left right left EEH right

nums

def partition(nums, left, right):

nums

def partition(nums, left, right):
MRS

R 7R
i, j = left, right # LU nums[left] REEH i, j = left, right # Ll nums[left] AEEMH
while i < j: while i < j:

# WEREREENEEHNTR

while i < j and nums[3] > nums[left]:

51

while i < j and nums[i] < nums[left]:

# YEREREE I EEHTR

# WEBGREBEARNBRHNTE

while i < j and nums[j] > nums[left]:
j-=1
while i < j and nums[i] < nums[left]:

i+=1

# HEREREEARSREHNTRE

i4+=1
nums[il, nums[j] = nums[j1, nums[i] # SHREMETE nums[i], nums[3] = nums[j], nums[il # ZIWEMETRE
nums[i], nums[left] = nums[left], nums[i] # REEMCAERTEIIN5 A nums[i], nums[left] = nums[left], nums[i] # RERBCHAEM T MEIND RS
return i # EEREMARS| return i # EEREMHRS|
Step 9

nums

aFESI

“HRBIS” SERRiR, MR
EFESIERTER < BEY < EFRIHERTE

11-8 NHf=E| 40 BR

WHICEI D SE iR, JRESIRE R =5 e FRE), BEEL AR, HilE “ErREERTR < &
R < ATFEBIERITR. Kt I TRIATEISHE 7 EETHR .

PR HER 1 7 6 R
VST ) ) B R — (A R 1) ) e 1 2 P M o P 471 P 7 T
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// = File: quick_sort.dart =

/* TR */

void _swap(List<int> nums, int i, int j) {

int tmp = nums[i];
nums[i] = nums[j];
nums[j] = tmp;

}

/* HER|5D */

int _partition(List<int> nums, int left, int right) {
[l LA nums[left] AEZEH
int i = left, j = right;
while (i < j) {

while (i < j && nums[j] >= nums[left]) j--; // RERAEKEENREEHNTE
while (1 < j && nums[i] <= nums[left]) i++; // REAGKEEAREEHNTE

_swap(nums, i, j); // ZMEMETE
}
_swap(nums, i, left); // BEEEIBEMFIEYIHDFER
return i; // REIEZZHNZES|
}

11.5.1 EEZRIE

PRIgHE R R AR AR AN E 11-9 PR,

L &G, BEEFIST R D", SEIRHER B TSR RS,

2. 1%, BTSN T A BEERAT I,

3. FERE, HE YRR 1R, TEmses M@ rHET

- 00000 “
BRREE
aonoan

oi=3 5
A

EEEF RS EESFEE -

80 : ooo

s (b RIS

08- 800

#21EIEE

a
8

7

11-9 PRIEHEFP e

BEFREFIRT MRS
EETFEFIRER 1 KL
BIETSeRR SIS
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// = File: quick_sort.dart =

[* R +/
void quickSort(List<int> nums, int left, int right) {
/] FEIREZR 1 K#RILEED
if (left >= right) return;
/] HEEES
int pivot = _partition(nums, left, right);
/] IEEAFREY. HFET
quickSort(nums, left, pivot - 1);
quickSort(nums, pivot + 1, right);

11.5.2 EEZFH

- IRHIBEMEEZ O(nlogn). JEBEEREHDT: £ FSENT, HESEISRERE S logn,, BEHH
AEEE A N, BEHEH O(nlogn) R, ERZEMN T, SR SE DRI RE 2 n (FEFIE]
DARES M n — 1 BWETES, REEEGEGER n, SREPIEBE S n, S8R O(?’L2)
IR

- BHBEEES O(n). BT E#A Y 2EFRER T, FERRZRERE n, HH O(n) #
B, HEFIRE R RS FIEITHY, RFEEBNEEIMNES),

- AEREEHY . EEIEISNRE D, EREERIREE IR BT RIA M,

11.5.3 {RIEHIFAER

A EtRER t, RIEHFERCRTTHEZEA —E R ES, @8 RIEH R PR A B 5 OF
BT R CHEREHERST M, (EXEE PORHE R Em, EEAUTNREL,

- BURZERE DU BERIME: SADORAEF MR ERMEIRES O(n?) , WHAIHITRE, BAEEX
ZHUBWR, PuEHTERETE O(nlogn) MR T8UT,

- PRIERIRCR S RTINS E 0 RERE, REE AR EAE 7 RS BONE PR, [R5 T 3R AR
o MR “HEfEHEE EREE AT LRI RITR, RmEi=iE Rt

- BEREREBURBUD: £ ER=REERT, POEHEER LR, R, SRR REE R, B
AT e “TERHERT R KL

11.5.4 BEHREWK

POEHEFERE LS PRI RSCR A REREIC, 22 —(EMsnflr, IREmARESIZ e 2EFr, HiRIRiEeE
RAITCRIERETE R, BB # e iliR, B S A v, HEE FRSIRE S n — 1,
AFEFIRER 0, HRE X, Sl aE 20 E —Er B RER 0, 2IERIEKRR, P
BTy “RERHER" AL OB,

& VRIS DR L, AT DU RIS Sell) 73 v SL R BRI IOR G . B4n, FRff AT DAREHOSEER —
TECRIERAETREL, AT, WSRERAE, FREERE AR R, SRR BN,
RETENZ, BAGESERERNE “RREWE, RIS RER BT IR — AR 2 R R R B,
R PO HE P IR TSR AT RES L.
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VI PUGE, AT DAERS R = A OETR CERE AMSIE, B, PRITR), diilieE =1k
TCRAPPA B E 2 LR, JEhE o, FRIEE "B A MBA AR BIRRAERIER T, R, HINER L
BRI 2 e R, DUE— PR m AR, SRS, RREMIESKE O(n?) MR K
ZNE [

AR T
// = File: quick_sort.dart =

/% EER=E{RETERP S +/
int _medianThree(List<int> nums, int left, int mid, int right) {
int 1 = nums[left], m = nums[mid], r = nums[right];
if ((L<=m&&m<=7r) || (r<=mé&&m<=1))
return mid; // m £ L A r 2/
if ((m<=18&& L <=7r) || (r<=168&1 <=m))
return left; // 1L & mn M r ZfHE
return right;

hy
[* HEED (ZHEHPE) */

int _partition(List<int> nums, int left, int right) {

/] EE={Ef&ETERIPAIE

int med = _medianThree(nums, left, (left + right) ~/ 2, right);

/] #EHR(IERIRE RS R iR

_swap(nums, left, med);

// VA nums[left] ZAEZEEH

int i = left, j = right;

while (i < j) {
while (i < j 8& nums[j] >= nums[left]) j--; // EMEHRERENCEEHNTER
while (i < j 8& nums[i] <= nums[left]) i++; // RERGHREERANEEHNTE
_swap(nums, i, j); // HMEmETE

}

_swap(nums, i, left); // BEEHILEMFEYINS R

return i; // REIEEHHES]

11.5.5 EEFERENL

TERESE R, PURHEP AT REM 2RI 2 . D22 s A RS 26, BOlE )75 IHRE 2 m
i M e o BRI AR R IE 2 O A FRIFIRIRE R m — 1 BA FRES, 8RR 5 — iR ey js >
AIRTERAAEH /N (R —E e R), BEBNSEEES n— 1, HRFEGH O(n) K/NEIHERIEZS
FEﬁo

7 7 P IEHE RIS AR, WA DAE S RIE S o2 g, Feme i 7 AR, B RY - Bfi3]
AR, AR TR RENEEE n/2, RIS SERERRERE B logn , (EMkRzE
BEEHEREMS O(logn) . BRI RATR:

// == File: quick_sort.dart =

/* WEHEF (BERERENX) */
void quickSort(List<int> nums, int left, int right) {
[/l FEIRES 1 BRI
while (left < right) {
/] TEEB|MEE
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int pivot = _partition(nums, left, right);
/] B WEFREY PG ABE R TR HEE
if (pivot - left < right - pivot) {
quickSort(nums, left, pivot - 1); // EEHFEALFEY
left = pivot + 1; // FEFRHFERM%A [pivot + 1, right]
} else {
quickSort(nums, pivot + 1, right); // IEEHFEATFEY
right = pivot - 1; // FERKRHFER%A [left, pivot - 1]

11.6 afHIF

BHHF (merge sort) BN IMERISHIHF AR, WEE 11-10 Forig “81237 1 “G0F BB

L oy REBE: BRI R BB e B o B, R B 14 P Pl B A 2% T e 71 O e P
2. APHREBE: BRI R REy, BRIAEOF, FREHbf /oG RGN A 7 81 & OF 2y —
RIVE RIS, EEAH,

BISPEEL

J ARENEE
T AREfA

AR

11-10  AHFHER RIS 73 B S HRRE B

11.6.1 EEZRIE
GOIE 11-11 AR, “BI5YREEE 16 TE 28 IR A M e B 41 B )4 2 (1 - Bk

1. GHEREE|HE mid , EEEH D /2 FRES (ERE [left, mid]) FI4A 7R (ERE [mid + 1, right]
)o
2. BEHTHER 1., BEEFESIEMRER 1 R,
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“EORER” R ETHMR A TR A S OF 2 — A RS, REERRE, ERER 1 KTH5I5
waaEdr, AHFREEHEVEHE T ARG P,

Beoa { 2880
pidict b ETEIS III'
S FREHRE t ...................................... H2EE
{ EJ1=000 [ E3155 00
EEH w EFEH ‘
Step 1 Step 2
BEES -
IREEE HEHEE
EJ14000 (13500
EEH -
{StepB J [Steplo }
BTG <
RERE HaRaE
SR AR

EFEs -

| Step 5 ‘ step 6 |

IREHEIE
EJ12000

| Step 9 ‘ Step 10 ‘

11-11 &0 B



B1E HF www.hello-algo.com 224

B, SOt TR L R RRENE 2 — B,

- RpERG: SRREAE TR, FREG TR, REEFARETE,
- At JERE TR, RS TR, SRRSO

O EBW DA N RERIEATR, R, nums IS OFER A [left, right], T tmp AYEFEIER 2
[0, right - left].,

// == File: merge_sort.dart =

/* SHEFREESIFNAFRES «/
void merge(List<int> nums, int left, int mid, int right) {
/| EFESIERZ [left, mid], AFEFIERRZ [mid+1, right]
// BI—(EERRES] tmp , ARERSHENGER
List<int> tmp = List.filled(right - left + 1, 0);
/] A FREy A FRESpERaERS|
int 1 = left, j = mid + 1, k = 0;
/] BEGFEIEZEEITER, ETHERIFE/ T RE R B ES
while (i <= mid && j <= right) {
if (nums[i] <= nums[j])
tmp[k++] = nums[i++];
else
tmp[k++] = nums[j++]1;
}
/] #EEFRESIFNG FRESI R R R T R B R BRI
while (i <= mid) {
tmp[k++] = nums[i++];
}
while (j <= right) {
tmp[k++] = nums[j++];
}
/] 1EERRERET tmp ARYTTEREREFERS] nuns BIYHFERERE
for (k = 0; k < tmp.length; k++) {
nums[left + k] = tmp[k];
}.
}

/* EHHERE */

void mergeSort(List<int> nums, int left, int right) {
/] &R
if (left >= right) return; // EFEIIRER 1 FHEEEE
/] EIDPEER
int mid = left + (right - left) ~/ 2; // stEHZ
mergeSort(nums, left, mid); // IEi@AEF[ES|
mergeSort(nums, mid + 1, right); // EEHEFEG
/]l EHBEER

merge(nums, left, mid, right);

11.6.2 EEZIFE

RIS 2 O(nlogn). EEEREHEY: 814074 B % logn MIEIER, SE 4 0HULRFHER
An, RICAERERERES O(nlogn) .

- SEMIBRIER O(n). IRSBARY: EBIRIS logn , (5 O(logn) KM, &0k
FEHYMBETIER, (7 O(n) KM,

- EBEHDY: EADRBEN, S TR R R,
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11.6.3 $ELERTIHF
SHAGRESERDY, & DHHER AR A P L B B 5, 1] DA E S (S 2 AR B
£ 0(1),

- Al BEBE: ATDAGERT IR R IR ARE BT R A > TR, DEE 2R e A HE AR e
© APRREE: 1ERASESIR, EIRCEHERHERSEES I (e HIRTEE, RLEHREE GEmfEEs
FRisfs R SOt R — A RA P A1) N BRI NG R A,

HAGE BN Ll i, A BB AR v] DA R MR BRI E T2,

11.7 MEHIF

Tip
R AT, AR “HERET B,

HREHF (heap sort) /&R ERMGS I BB s RCHE PP RTR, TR A] DA A CAS SRRy “EHERE
BAE” R TR HHERERIE" EBIHEREHT

L. S PRSI S/NEHERS, R iR/ N TSR R HERATE,
2. DErHTHHERRE, RIXECEEHERDTR, RInSEIIENEIRHE 51,

DA BT TREEPARIAT, (HFRZERER— RSN S A 7 BT R, R B, EEPRT, BMEH M
— AR B 7T

11.7.1 BEZRIE
A RE S n, WEHEFIHREWE 11-12 R,

L. #@ PRSI RTEHER, SER, ATTRANHERETH,

2. FERETE LR B —iics) BHERROTR (RE—ETR) . B, HRPRER L, B
HePeREEM 1.

3. PEHERETECRBALA, METHERBITHERLIRIE (sift down), SERUMEREILR, HERRIPEERENEE,

4. EEMITH 2. PIE 3. D WE n — 1 @R, BIRTSERBESIHER

Tip
HFE L, TROMREREPHEEE 2. PHE 3. P, HEZ 7 TR PER,
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- |
o ©
000

WA TRRT

‘ SEBNESIRT

nums

step 1 |

SEBRTR ERETR

000

BRNERERN ERFERN
Nt

nums

st |

000

ERNERER SHFERM

e

nums

000

EMNEREN SHFER

nums

s

e ©o

000

ERANERER SHFERR

~

SERHF

1. ENRFEER

SERHF

1. BNFEFIIEERH

2. EEUSERPEREATE
(1) SERATRBERRTE
(2) HEERETHERL

ST

1. BNREFEER
SERPIREURA TR
(1) WEFRTRBEBRTR
(2) WIREREITERML

SERHF

1. BINEFIIEER

2. EEUSERPEREATE
(1) ZSERETRBERRTE
(2) REERETHERL

ST

1. BNEFEER
SERPIREURA TR
(1) IWERRTRIVERRTR
() HREEETERL

o ©
000

MANERER EAFERM

Is =

nums

| step 2 ‘

o000

HMOERER EHFER

N

I

nums

Step 4

[}
© o
000

HENERER EHFER

E

Is ~

[ step 6 ‘

6 o
ooo

EMNENERN SHFER

PR,

nums

Step 8

0060

HRANERER ERFERN

lateYs - ~

[ step 10 ‘

SETRHIF

1. EBINRDIERER
2. EEMSEEPRRBATR
(1) REFEATREBERETR

R

1. ENREDI R
2. EESERPRIBATE
(1) ZSERATREERETR

SETRHIF

1. BINRDIEERER
2. EEMSEREPRBATR
(1) RERATRBERETR

R

1. BNREDI R
2. EEASERPRIBATE
(1) ZSERATREERETR

SETRHIF

1. BINRDIEERER
2. EEMSERPRBATR
(1) RERATREBERETR
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o
o o
000

HENEREN EHFEMN

- 00000

o
e o
000

EHFERM

w: (O8O0

SERHF SETRHIF

1. BNRFIEER

2. EEMHSEREPRIBATER

(1) HERRTRIBERRTR
(2) WREREITERMWL

3. FS—ETREARE, HFTM

1. ENEFERER

2. EEMSERPRIRATR
(1) WERRTRIVERRTR
(2) RTRERETHERY

Step 11 \ Step 12

11-12  HEFEHE P BR

FEREAHSEBI, MM T "R ZEERTEERRERL sift_down () B, ERERNEZ, H
FRHERERY RS G REE TRBUR A TTR MRV, FIERMFTE LS sift_down () HEUHTIE —ERES# n, AR

TEEHERRE AT R, BN R:

// == File: heap_sort.dart

/* ERHMRES n , KR 1 B, RIEZRERL «/
void siftDown(List<int> nums, int n, int 1) {
while (true) {
/] FIEREREE i, 1, r PEZRARIENE,
int 1 =21+ 1;
int r =2 % i+ 2;
int ma = i;
if (L < n 8&& nums[1] > nums[mal) ma = 1;
if (r < n 8& nums[r] > nums[mal) ma = r;
// EE% 1 RARIFERS 1, r @7, QEBEEHERK, BB
if (ma = 1i) break;
/] KIamEnEh
int temp = nums[il;
nums[i] = nums[mal;
nums[mal = temp;
/] BERTHEEK
i = ma;
}
}

/* ERHFE */
void heapSort(List<int> nums) {
/] EETEIRIE: HRUPRESB LMY E PR B &R
for (int i = nums.length ~/ 2 - 1; i >= 0; i--) {
siftDown(nums, nums.length, i);
¥
/] TEERPRERATTR, BB n-1 &@W

504 ma

for (int i = nums.length - 1; i > 0; i--) {
/] RIREB R AEME (RRETREETR)
int tmp = nums[0];
nums[0] = nums[i];
nums[i] = tmp;

/] VIAREIREZSIERS, WIRERETHRL

siftDown(nums, i, 0);
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11.7.2 BHEZEH

- IHIBHEES O(nlogn). IEREREHNT : BHERRIEGH O(n) R, 1EHERTRBUR AT RN
IR 2 O(logn) , HIEE n — 1 .

- SEERRES O(1). KMy : SEFEEEEEH O(1) 2. ToREHMMER IR AR 2 1E IR )
T,

- AREHT : TR TE T R AR ROT RN, M TR B e3R8k,

11.8 HHiF

AR AR S A Y R LA HE PR, EMEE LBOTR MR AR EBIHE T, HEHER T
FUARR R LB O(nlogn) o A, WIVHIRGTRRE “EHLEHPPEEE", EMIRRIEE
JE AT DOE R SRR

#®@HF (bucket sort) JZIATRMSHI—ESAIE, CiEEsoE — L BAR/MEFHINE, RS —
TREE, RERPFE BRI ER T MR, EREMNE D DIRITHEY RESLIRRIIET T B RS
(/i

11.8.1 EBEZRIE

FR—ERER n WY, HrR2#E [0, 1) NIEEE. WHEFRmERwE 11-13 Fix.

L. wiaafe kA8, A% n fE7TRIECE K ERH.
2. ¥HgfERE o BIBTHEY CEfRAERGE S INEHF D,
3. TZIRMIE NEIRRINEF & B R

iriadtll .65 o 55 .52 [0.69] .57 [0.43] .91 [0.75 [ 0.1 0.57 QRN TP
— ) r’-’fff,'_-ffi_':;1—7-_7:,_7:1:::7 ::-V-:: —— i ———— ﬁgﬂguﬁﬁﬁgﬁﬁp
<
1 HEEFES
buckets m BITHIF
BFREE [e, .2) [
HERENIERE
BHER

EREES

nums

11-13 W EE LR

RGN FATR:
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// == File: bucket_sort.dart =

/* @HE */
void bucketSort(List<double> nums) {
/] #E k = n/2 @@, EERSERSE 2 ExH
int k = nums.length ~/ 2;
List<List<double>> buckets = List.generate(k, (index) = [1);

/] 1. #REFITEDREIZEES
for (double _num in nums) {
/] BMANBEREES [0, 1), B _num x k HIRFZFS|IEHE [0, k-1]
int 1 = (_num * Kk).toInt();
// #& _num FIZHER bucket_idx
buckets[i].add(_num);
}
/] 2. HEERRDITHF
for (List<double> bucket in buckets) {
bucket.sort();

¥
/] 3. EREHER
int i = 0;

for (List<double> bucket in buckets) {
for (double _num in bucket) {
nums[i++] = _num;
}.
}
}

11.8.2 EEZIFHY

FHERE AR AR PR B IRRAVERL, Blan, BRI 100 By, HRSRHRG, RGECEmssEs—
A PTE &R LR, ATDUR R AR 1000 (8, 21270 BB EMETHF, RERSREH,

- BSRIIRIE S O(n + k) [ROTRAAMRINTLISME, IR TR RS ., R
FLRRRAEFS O(T log ™) KSR, HIHERFFE TSR O(nlog ™) W, EENTBCR k LBOARS, WSRIBLR
REHIRIAR O(n) . SOFERIFREENFTERMAITE, €8 O(n + k) B, ERIEWNF, ok
RS ELE — (T, ELHEF AR O(n2) IS,

- SSRRIES O(n + k). TENHMHDY: FEAED) k ARGRIAREE n IAICR RIS,

e R R BRI HE R AT R T R R A R,

11.8.3 WNAIERFIY7EC

NEHERP IR AR R R _ErT DUER] O(n) , BRSBERA TR RS MRh, HAEREREEfr2
Ao E . Ban, PRI SRR B b AR R R A i o EC R 10 A, ER R ERS 0 A,
IR 100 JTTAYAER 2, R 1000 JTHYAER Do 5 AF RS IR P #1 03 2% 10 {1, S Em R s SE 2=
FEH K.

RHEBLFEI I, AT DERE KRB AR, KR 2 3 fa . rllse HR, FhiF R
B2 AIRIARATE 70 2 3 i, EEFTAMPRTRBER KRB,
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QuiE 11-14 FoR, EETAARE ERE RREE, BAEREEERAEE TR, B, R RE
R R 2% 3 (8, ELEEE 7 75 TR IR R R BE TG

BmEE
(EEe HHBSER
ARHELE — g5y 20% 15% -
ERER BEHLEL
_ r
BEEER — 190 100-500 >500 <19 8%
10-20 13%
(e 20-35 12%
18% 35% 12% 35-50 10%
. 50-100 12%
<10 10:50~_  50-100
T _ 100-500  20%
- . (Ee >500 15%
13% 12% 10%
10-20 20-35 35-50

11-14  JEEE] 734

QI SRBRA R AR o A (R AR o4, BT DURRBRRERIE 3 it AR (LR 2 SRR (ES TR,
BRIl A T ER RS, ] DURIRE R R SR A SRR R T B

e 11-15 Fiow,  FRAER e ah EAS ARTE (L RE 7, ISR ] DA B (B A I T, ARE T R s P25 20 B
FR M

B

0.4

. \
10 25 80 200 +o  EmERE
« 0 0000

:

EEEE <3 3~10 10~25 25~80 80~200 5200

11-15 MR il oA

11.9 =HEHIF

SHEHF (counting sort) EIBMEH TTREEAR BB, 8BRS,
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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. EFRA, JRHEPRKET, B m, REET—FERES m + 1 B 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

-\\ . N counter[num] 5% num AYHIRRE
#&g| (B 0 1 2 3 &
¥)
| N AN #E# counter , BEHF

| \ \\ FERRHIRAEUEN nums BPE]

LERES nums

11-16 sHEGEFRA

A FFR:
// == File: counting_sort.dart =

/* HEHE */
/] BEER, \ERRHFEYSF
void countingSortNaive(List<int> nums) {
// 1. an‘HE;ﬂJH_j(TEi m
int m = 0;
for (int _num in nums) {
m = max(m, _num);
}
/] 2. GEEEFHILIRRE
// counter[_num] X% _num BYHIRREK
List<int> counter = List.filled(m + 1, 0);
for (int _num in nums) {
counter[_num]++;

}
// 3. FE:h counter , BFZTHEEBENEREES nums
int i = 0;

for (int _num = 0; _num < m + 1; _num++) o
for (int j = 0; j < counter[_num]; j++, i++) {
nums[i] = _num;
+
}
}
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A FEICHE > BT HE e 1) R gk
e PRI AER, BT DU E B AR IS counter RIRHER S 1124 —EHE, AFHtatE
BREBRB S ETTR OB BT, AE L, S8R RARHEE R NI — R,

11.9.2 =B8R
ADREEATRERIR T, MR AR DE, R EE 3. ST . R NG REERT e, FhifAEdz
FRRT A ERS CERIR R B2E0 BIREITHE, i LR H A B A HE 7 45 5

AU A REAS 2 5 R HEFP A5 SRIE?. (M Jeat 5 counter AU “HISRAN”. BIAZERE, Rl i EIVETR
il prefix[1] FRESIRT 1 TR M:

prefix[i] = Z counter[j]
=0

RIS LA RN, prefix[num] - 1{RKICE num 7E45 MY res hitg—RIBBIM RG], EEE
ARAEE S, NAT S FRIRMSE T EEZ B A RS R E A B, 8 Rk, BAFEFE 7R nuns
EEICE num , EESRIERPFITLRML,

1. # num ARSI res YRS prefix[num] - 1 &,
2. DHIEA prefix[num] BN 1, MR NRBE nun RS,

EFTERIR, Y res FREHIFIFHIER, KEEM res EERMY nums BIA], [E 11-17 BIR 7525
At B R,

= (000000000 = (000000000

BF num &;i { 3 l: BF num B/ 1 "1 /3 4
&S counter an AIEEA prefix aannm
(counter )
FEF nums W EEBFIHIRE #tE counter MIAIRM, 3TH prefix
counter[num] €& num BHIDRE prefix[num] - 1 &K num 7 res PRE—RHBENES|
Step 1 Step 2
num num
= e (D B0000000 = oe: (000000000
s HEBENENOED
wemm o 17 3 4 BEom o 13 3 4
BIEEH prefix aannn HIEEA prefix aunn
(counter) (counter )
EIFES nuns RESETR nun , SRHT: BIFES nuns HRESETE nun , SRET:
1. #& num BN res WHE3| prefix[num] - 1 & 1. # num N res WF5| prefix[num] - 1 &
2. LHIEA prefix(num] B 1 , HMBHTRKE nun K3 2. QHIEM prefix[num] B 1 , HWEHNTRKE num W3]

Step 3 Step 4
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.
ez e (E)EE0O00DB800
KERMET] res .. ...aa.

7
/
P

// e 7
BFnum o0 1 2 3 4

BIERA prefix aann

(counter)

BIFED nuns FHSMETR nun , SHRAT:
1. # num N res WFK3| prefix[num] - 1 &

2. PHIBA prefix[num] BRE 1 , #MEHTRKE num HZR5|
[ Step 5 l

me e ((OEE000000
oxwn . (ODODE
HF num ‘0 1 2 3 l. "

WM prefix ua

(counter)

HREHIREDIAE, HENBIITRED
B res HRREHFNER

| Step 7

REF nums

KRS res

HF num

BB prefix
(counter)

EIFFEDS nums FRSETE nun , SHRAT:
1. #& num N\ res BF3| prefix[num] - 1 &
2. PHIMBA prefix[num] BFE 1 , KWEBTRKE num WZH5|

Step 6 |
REEZ) nums
KERET) res
HF num
BISEA prefix
(counter)
Step 8 |

11-17 &P B

at B R E BRSNS R RTR:

// == File: counting_sort.dart

/* StEHERE +/
// TEER, THEYY, TEREEHF
void countingSort(List<int> nums) {
// 1. ﬁjudﬁ'l'ﬁﬁljﬁaij(ﬁ? m
int m = 0;
for (int _num in nums) {
m = max(m, _num);
+
/] 2. SEABEFHILIRRE
// counter[_num] & _num BYHIRREX
List<int> counter = List.filled(m + 1, 0);
for (int _num in nums) {
counter[_num]++;

}

// 3. R counter BIRIERA, #§ “HIRRE &Eias “BER3|”
// Bl counter[_num]-1 & _num 7£ res FRE—XHIRMZES|

for (int i = 0; i < m; i++) {
counter[i + 1] += counter[i];
+
/] 4. BEIFEE nums , BRITREBENGRES res
/] ¥EkkES res FHYECERAS
int n = nums.length;
List<int> res = List.filled(n, 0);
for (int i = n - 1; i >= 0; i--) {
int _num = nums[il;

res[counter[_num] - 1] = _num; // # _num MEBZIHERSIE
counter[_num]--; // LEIZMBERE 1 , BRI TRKE _num BIZS|

BEEEE

oooanaobon
LEfrEzeEEE

e 1 2 3 &4

LEEEE

R res BHERMES nuns EIF]

:
(N E ==
(o] [ ]
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I
/] EREERES res BEREEY nums
nums.setAl1l1(0, res);

¥

11.9.3 EEZRE

- WFEERRES O(n 4+ m). IEEBEHT © ¥ GET nums FIER counter | B FHARMERFR, —M%
HEH R n > m, REREEHREER On) .

- BEERES O(n +m). AEEHHY: #B) T REDAIZ n F1 m KRS res Fl counter

- Rty HRm res TEFITRIIEFZ “CAMAE" 1, FIETFED nuns 7] DURE GRS T
RSN E, KmEREeHTE. ERLE, ERED nums AT SR ERENHFER, HEER
R AERE R,

11.9.4 RiRE

BINEH, (RMFEBEBEHEFIERIGY, (5585 SRR A B S HE ., AT, S
FIRT TS BB MR A N S 2 AR

SRy SRR R, A A LA R IR, A (R e R ] DA s AR R, L

TR OB R RE S E T 2 2 RIS AN BR, Blan, B G S BBy sEg, vl DUISEAA TS B

M E—EE S, HeWEEE A ER, HF s e 2,

S R R R R R B e NS B, Eean, 7E BRREIR m REERK, FRIE S B2 23R,
B < m B, FEHEFER O(m) B, ATEEE O(nlogn) M RE B EE,

11.10 E&3E

E—AR TR, SRR RR n SO E R m BN, BRI n = 100 fHe
SEETHER, TISESEE M 8 My, EEME AR m = 10° I A, AR EEFEESR AR
TERe i, MR ] DO ISR I,

HE#HF (radixsort) AL EAHEGEHEF —2, WEBRHEBCREBHF, fEEE L, EEHE
MBSO FRNEERR, RO —OETHEF, 1EMS 2R RHER AR,

11.10.1 BEERIE

DAELSREERI B, IREBCFRIRIRAE S 1467, Sahi2ss 8 i, HBHIFAZE 11-18 Frr.

L Rk =1,
2. BIEMRHE kAT CRHEURTT. ERUR, BEREHIRE kR NEIRHEY .
3. M KN 1, ARIREIER 2. #EIA, BRI LAHER e RIRA R,
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NEE RIS EB, BN dEAHEREE o, BEREE kAL x, , ATRMERABCREE A

BN nums

WAtk k = 1

B BB 0 HEE 24

10546151
35663510
42865989
34862445
81883077
88906420
72429244
30524779
82060337

63832996

35663510

88906420

10546151

72429244

63832996

81883077
82060337
42865989

30524779

35663517
88906427
82060337

81883077

305247793

42865989

63832995

CALbStE, HF

HFSE 8 fi

B 3~7 1 HHFEER

11-18  BEHEpERERE

T

Ty = |‘dk—1J mod d

10546151

30524779

34862445

35663510

42865989

63832996
72429244
81883077

82060337

88906420

Hrb o] FoRENTE o 1A RV, T mod d For d BUSE (IR, BHREeeekl, d = 10 B k € [1, 8]

o

A, AR Z N ESEE B RS, (2 AT AR RIS b AOE THE

// == File: radix_sort.dart =

/* ¥EEITE _num BI%E k i, HF exp = 107 (k-1) =/
int digit(int _num, int exp) {
// BN exp MdE k ALBRELRERIITRENRGHE
return (_num ~/ exp) % 10;

F

/* stEHEFE (B8 nums 5 k {HEF) */
void countingSortDigit(List<int> nums, int exp) {
/] TEMHINEES 0~9 , REFEERES 10 B9EES
List<int> counter = List<int>.filled(10, 0);

int n = nums.length;

/] &st 0~9 BHFHIHIRE

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

int d = digit(nums[i], exp); // #BX nums[i] % k fi, 3
counter[d]++; // #EtEF d RIHIRREX

F

/] REvgAl, 1§ “HIREH San =R

for (int i

F

/] BIFET, RIBWPGEHER, BETHREN res

List<int> res = List<int>.filled(n, 0);

for (int i

=1; i<10; i++) {
counter[i] += counter[i - 1];

=n-1; i>=0; i--) {
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int d = digit(nums[i], exp);
int j = counter[d] - 1; // %X d 7EMEEFIFRHES| j
res[j] = nums[i]; // #WEFTHERENES| j
counter[d]--; // #& d WE=ER 1

}

/] EREREZERERES] nums

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

hy
/> BEBHF «/

void radixSort(List<int> nums) {

/] EEETINERATTER, ARHIERAAE

// dart # int MEER 64 UK

int m = -1 << 63;

for (int _num in nums) if (_num > m) m = _num;

/] FEREM RS MMIERESS

for (int exp = 1; exp <= m; exp *= 10)
/] HEFITERNE k UHITHERER
// k=1 ->exp =1
// k=2 ->exp =10
// BN exp = 107(k-1)
countingSortDigit(nums, exp);

ST EGE AR B4R HER?

FEEEH @O, R—WHr @B W AR, BEH, MRS —WHFEA R a < b,
M —MmHPAR a > b, IR WA IR — WAV R, BREF IS A BT SRk
i, I RO &L,

11.10.2 EEESNE

HRBER BB, SR 0 A R B R B AR, (LRI VORI TRT AR 2 s R R o, FLESE
BORRE K, (I, FRRWORIE & MR, 62 BER00 o Bk, ATRESSARRTIREE O(nk) > O(n?)

[e]

- BEHBEEES O(nk). JEABEHNT : SEREA n. BRI dENHL SRNVEE k, HIEE—0
BATEHBHEEF R O(n + d) K6, HEFATE kAER O((n + d)k) R, @SN R, dfk #4E
g, ReERE#EN On) o

- BHEBEEES O(n + d). EEMH : SETEHIPHER, SEHIF R RE S n fl d ) res
1 counter,

- Bty EstEdHbEEek, R UEE, E5rEHEEARER, BEBHE R ARG R ERER
HEFP 455
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11.11 /&

1. ERSOIEE

R E A TR A R B, BB HTY R R AC B RAR ], R AT DU R
B S5 EE IR R MR L5 O ()

R HER R A I 9 7E 25 A S R AR E IR, TS, BESRIE ARG
BRI 2 O (n2) | {EHURBTHRIERTE D, B TE NG RHR O HE R (D R IE R 200,

R R S B MR B, TER B, A TR R IE R A S R R
MR O(n?) o 51\ RIBEL R b M SR B T DA (RS (L IUHER, B O ERE T
R, ARGRNEEREE, SRR RS O(logn) .

BB AR R AL AR EL, TR T SNARN, TEA ORI R S e
5II, SRR S O(n) 5 SRTHE R BRSS9 92 MERREE ] DAREEAL % O(1)

RIS S SRR, R A0SR, IR T AR, R R R
FORSI, R B T SR T T 5

CEFRCHE AR, A R R RS B . SR BT R R K ()
COREEATRAOEI, 3 LR s AL,

- B EBER R BB R, R A BT

- RIAGR, TRIMA RS R, A R, R, DA RS s, AT, 4
R RIS KR, 1 R AR S R R A L, (E R, TR
TR R R AR R A O

- 1119 B T ERHE IR, R, SRR B s,

BEERE SMERE R
ae mn me  me | BEE e mEmm miwe
mEAE 00 O0d  OkY o) | HEE  RM  KEEE R
tgff‘f)'* wAME  Om o)  om)  o() | EE  FH  GEE kB
AW Om) oM o) o) | EE W DEE  E®
BEHE  Onign) Omign)  O()  Ologn) | FME R FE@E  Hw
f(ﬁfsrf) | &% OMign) Omlogn) Ofnign) O | MWE 5  FEEE WK
#BHS  O(logn) O(mlogn) Ofniogn)  O() ‘ R RE FEEE ke
B#F | On+k On+k  OM) On+k | ME  6E FOEE  FHB
BOAR . WEsps On+m) Onvm) On+m) Omem) | E  HAE  FOEE  FER
E#HF O(n k) O(n k) O(n k) O(n +b) BE E[35:] EEEE  JEH®
n ABEREARN
= th & ‘ WHEFEF, kK AEHE

BHHFED, m AEREE
EHHESD, k BEAIH, HEa b &k

11-19 HEFri A RS L

2. Q&A

Q: HIFHEERE M BEEI NRAwFR?
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BT, BMETREENAEEE e THE R, flan, 2AEuaMaEmmiEEE, RMmEEEH—
a4 feteiRdRiETH T, 1550 (A, 180) (B, 185) (C, 170) (D, 170) ; H¥ HEETHF.
HRHE R EEEAREE, FItrTaeEfS%] (D, 170) (C, 170) (A, 180) (B, 185),

AIDAZEER, BYE DRI C MBI 7, WRRAEREREEE T, mERRMARERIN,
Q: Ml “EAEAE#” B “EAEAEHT BINER AT DIsSHE?

AT, BERMCURATR AR, SAE AT AER” B REAEAENR, Bl ERER,
BAAH I — RIR A

M EE#| 5 partition () HRE S 23 nums [Left] 1 nums [1] . 52 A g, FEAEBUE IR 1T BHT <= 3
W TR IE 5 2 i nums [Left] >= nums[i] SAZEMRNE, BRI “EIEEA TR, AR
AR AR E R CER, HIEE 1 = j IEkHERE, BInIEE nums[j] = nums[i] > nums[left],
st s, MRS — D e e i — (i L R M B K e B B A i Aoy, O Ry R

BEpIF, 4Eks e, o, 6, 6, 11, WAL “WERAER", Ml ®REY% [1, 0, 0, 0, 0],
TS fEAE SR A IEERT,

BRABE T, WIRIMEEE nums [right] AL E, AREIELFSORA, e “IEEFEAER,
Q: B PRIEHE P HRE IR B AL, At BRI RE ARSI E AR TR I R A log n ?

RSB R PR A 2 AR [ 3R 77 TR A B, i I S 1 A7 [ ek 71 1 5 20 T {1 - P71, 7RI AR VR A
Ht2, [ FRER 7Y R ER K2R RER—F, BEEERT, —BEs—FERE, BERZIIE
TERERZ logn .

[l E R PO AR, FRAIMA AT RE & AR E R R KRS, REBR A n. n—1. ... 2. 1, &
ERER n o IRIETR R AT DUk S I Il

Q: EMFIHFTE TLRAERE, PodH T R 2 O(n?) W52 A g Bl IR 15 ?

. BIRIEREEI, w] DA ROE BN S RS E] o 2 =R /R SRR RINEREEL, (A TR
M NAFUERIREI MR 7. FERZITIE S, EATTREMHEFRIRES], (s o BT e,

Q: Wb IR R R E AR O(n?) ?

BEWMT, FrETEMS SRR, ARRPHRA 1 O(n?) FELkACH REtT s, RN
% 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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FI2E A

12.1 FEEEZE
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
— 75T, A3VATT DA AR 22 4 e B i R

- 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

o, HMFESEE (4, 5] BN FRERLZS £(4, 7).
DUERIRE f(0,n — 1) Alctal, &bl N S EREIT — e S,

. stEEREM [0, 7] B8 m , R EHRR— S E R,
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,

A

\ 4 m
(o, 3) an 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

FEEBERIE,, FME & —EREER dfs () AKRMEHE f(i,7)

// == File: binary_search_recur.dart =

/x oS BE fd, j) x/
int dfs(List<int> nums, int target, int i, int j) {
[/l BEMAZT, AFXEBIZExX, ARG -1
if (1> 3) {
return -1;
+
/] ETEAHEZRS] m
int m = (4 + §) ~/ 2;
if (nums[m] < target) {
[/ ERFEE f(m+l, J)
return dfs(nums, target, m + 1, j);
} else if (nums[m] > target) {
// EEFEE f(i, m-1)
return dfs(nums, target, i, m - 1);
} else {
// #xEIBExE, REIHZES|
return m;



B128E iR www.hello-algo.com 245

hy
/% ZnEE */

int binarySearch(List<int> nums, int target) {
int n = nums.length;
/] KfgfE £(0, n-1)
return dfs(nums, target, 0, n - 1);

h

12.3 BE_JciERE

Question
AT M I AT EST preorder A1 FERT inorder , FEMEHPREE —JOM, IR (A ot AOHRES
2, Rk ooB IR EEEENES QNE 12-5 iR,

B ER

/ \ EE ol preorder
‘ RS

inorder

12-5 TR RIRBIE R

1. HERRERSEME

R IREE A0 preorder F1 inorder R ol 2—EIAK /M TERIE,

- BRI DA MBI BRI, FRATAT AR JoE P e ) 2 o flE - A A, ARG R,
b= OIGHARENRS, TR SR (FRIED, MR RT M LA ESI2 771k, R
RN TR (FRE), ERERENFHE (8D Rk,

- FRPERBNLN: A BAE RIS IR, EfMZMRE2%, Mok, JRIMAFEET
PR AE AR P E a7 Fh B AL T R IR e A5 TR R B

- FRENEAIAE O — B2 T ETEIG T8 (FRERM, BIMTHEAT DURE s 2R RS L,
SR R,

2. ARG FHE

WRIELA L4, IEXERE A] DAE I 216 AR R, ABAMANZ BT EFi preorder MIFpFEi inorder Kl
TR T RE?
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B ER, preorder F1 inorder #A] LAE S 2 =155

- RIFER: [ RER | EFE | BFE ], BIANE 125/BEIEL 3 1 91217 1,
- hEER: [ EFE | RERE | AFE ], BIANE 125M0BEIEL 9 | 31127 1.

DAL BB R 2B, FRFAT DOZEE 12-6 Frni2 8BS 21E| 70 4551,

1. BIFERNE TR 3 2R EE,

2. EFHARETES 3 /£ inorder FIIRSGI, FIHZZESIFIHF inorder &l [ 9 | 3 | 127 1,

3. 1R¥E inorder MEI &SR, DL TEIA TFREIPETEEE DA% 1F1 3, EMmal# preorder &4
HL31912171,

HiTRARER

HiFFESS  preorder

IR
O O ot soorser (ENEDEDEDED s
. - ‘ 3 {EENES
EFiHE
o o

RiFFER  preorder anan

12-6  AER{ R AE R L 7 - #t

3. BEREHEAFHER
RIBLA #7775, BMCEMSIURER, 278, A 7RHE preorder Ml inorder R SIER, 7 T
RIS R W, TR ZRE AR AR R,

- JSERIBIIRRETES(E preorder HIYZT A i .
- HSERTRIIRETES(E inorder SIS m
SEAIIE inorder RIS BRI [1,1] .

Wk 12-1 R, & DL BB ET ] RRIR S B preorder HIYZERS], PAK FRILE inorder FIYRS|E
FEﬁo

R 12-1 AREEEFIFRIHERT R E ST P ERT IR S|

FRENEETE preorder YT FHHTE inorder AR [E R

st i [, r]
Tt i+1 [Il,m —1]
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FRENEEEE preorder YT FHTE inorder IR ER

HFB it 14 (m—1) [m+1,7]

SR, AFERETERS I (m — ) &R AR, SR aE 12-7 FiE

HiFFED
o000
preorder
A A A

i i+l i+1+(m-1)

PFEED
inorder n
A A A

1 m r

12-7 AREVERIZEA T BIRR S EERR

4. EXRER
7T IRAEH m BIRER, BAMFEERD—EFEE R hmap AREEFES] inorder HITREIR G HYHM:

// == File: build_tree.dart =

/* WBEZTE: 298 */
TreeNode? dfs(
List<int> preorder,
Map<int, int> inorderMap,
int i,
int 1,
int r,
) A
[/ FHIEMATR4RLE
if (r - 1< 0) {
return null;
b
/] VB IRETRE
TreeNode? root = TreeNode(preorder[i]);
/] &E# n, M9 EETFE
int m = inorderMap[preorder[i]]!;
[/ FRE: EBELFE
root.left = dfs(preorder, inorderMap, i + 1, 1, m - 1);
/] FROE. BEATFE
root.right = dfs(preorder, inorderMap, i + 1 +m - 1, m + 1, r);
/] REIRETE
return root;

}.

/* BEZTHE */
TreeNode? buildTree(List<int> preorder, List<int> inorder) {

/] VAR, f#7F inorder JTREIZESIHVEIR
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Map<int, int> inorderMap = {};
for (int i = 0; i < inorder.length; i++) {
inorderMap[inorder[i]l] = i;
b
TreeNode? root = dfs(preorder, inorderMap, 0, 0, inorder.length - 1);
return root;

12-8 Jeon TR oo fiREIE AR, AEERRAER T R ANERPEVE, mEE (51 2ER
BT BRI,

weorie: (O EDEOE o

worce: (DCEE
inorder @
) |
Step 1 Step 2
- To[2]:]])
e (OO OEE o /
o inorder
= v |
Step 3 Step &

o -

preorder (3109112 n7
inorder (813 ({92 [7 @ @

=

[ Step 6

@ inorder @ @
= o
Step 7 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 Ff6E% 2 AR R R
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.dart =

/* BE—EEE */
void move(List<int> src, List<int> tar) {
// # src BEFEH—EEE
int pan = src.removelast();
// EEBBRN tar TEIR
tar.add(pan);
}

[* KEEAINEERIRE f(1) %/
void dfs(int i, List<int> src, List<int> buf, List<int> tar) {
// & src RET—EELR, IEEEHEZE tar
if (1 = 1) {
move(src, tar);
return;
+
/] FRE f(i-1) : #& src TEEP i-1 {EE#EFEED tar #BE buf
dfs(i - 1, src, tar, buf);
// FRE (1) : #& src REF—EEEHEE tar
move(src, tar);
// FRRE f(i-1) : # buf TESF i-1 {EEEEFEE) src 3 tar
dfs(i - 1, buf, src, tar);
}

[* KEZFINIERIRE */

void solveHanota(List<int> A, List<int> B, List<int> C) {
int n = A.length;
// #& A TBEB n {EEARFEEN 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,



255

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.dart =

/* HiFFESH: HlE— x/
void preOrder(TreeNode? root, List<TreeNode> res) {
if (root = null) {
return;
}
if (root.val = 7) {
/] ECExfE
res.add(root);
}
preOrder(root.left, res);
preOrder(root.right, res);

REEKES

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,
AR path W HHESIR A res . EFITEMIR, res PREFIFLRITAIM, FXEEWNR:

// == File: preorder_traversal_ii_compact.dart =

/> #iFES: flEZ «/
void preOrder(
TreeNode? root,
List<TreeNode> path,
List<List<TreeNode>> res,
) {
if (root = null) {
return;

h

// EH
path.add(root);
if (root.val = 7) {
/] ECERAR
res.add(List.from(path));
I
preOrder(root.left, path, res);
preOrder(root.right, path, res);
// [Eh&
path.removelLast();

fEFR Bl o, FRMDEEKEATEIRGHTEE path RECEERAE; WAE “ELR” A, FRMEHEEAZETRRE
path HgH, PAVREARE R Z AiGIRE,

BlgelE 13-2 i@, BT DHFE sUMERBEME 2y “HidE” B ST, MERIE 20,

r(/) ‘@

B BEE, BRI A BE: BOEY, ERRE
EB: AR, EREE / ELB: TRAERAE, HEE

i
path = [1] F\P path = [1, 7]

/ \ / \ \ / \ / \ BIEE 7 , ASBREMEEER

res = [] res = [[1, 7]]

Step 1 Step 2



HI3E (A

www.hello-algo.com

258

BE: BOE, BRI
E8: tRERAE, RRE
path = [1, 7, 4]

res = [[1, 7]]

BE: BOES, BRI
EB: 1RERAE, RRE
path = [1, 7, 5]

res = [[1, 7]]

Bl BOEY, BHRE
ElE: {RERAE, RUEE]
path = [1, 3]

res = [[1, 7]]

WH: BOES, EARE
ElR: REIRAE, RUEE
path = [1, 3]

res = [[1, 7]]

[step 11

‘ Step 10

path = []

13-2 EatiEng

B BOEY, BERRE
ELE: REBRAE, RUEE]

res = [[1, 71, [1, 3, 7]]

EE: EOEDS, EMRE
EB: RERE, KRR
path = [1, 7]

res = [[1, 7]]

EBE: BEES, BHRGE
B RERIE, KRR
path = [1]

res = [[1, 7]]

EH: BEEY, EMRE
EB: YREIRAE, RURE
path = [1, 3, 6]

res = [[1, 7]]

EE: BEES, B

ELE: iR, KEE

path = [1, 3, 7]

BEIRS 7 . BUISEREIIEEAR
res = [[1, 71, [1, 3, 7]]
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13.1.2 B
0 14 T 9 B 0 & — (e 2 MR SR G, SR B TR B,

il =
fEZTeR R RATE AR 7 AUEIRE, EIREIRRERZNE LR RS, BRI EES 31
Hiidho

2 TR A BRI R, BT EEHI TR SR, FHARMES 3 ROETE, RIRAHRE, A
Aesuds, BB N TR:

// == File: preorder_traversal_iii_compact.dart =

/* BIFES: BIE= +/
void preOrder(
TreeNode? root,
List<TreeNode> path,
List<List<TreeNode>> res,
)
if (root = null || root.val = 3) {
return;

}

// ER

path.add(root);

if (root.val = 7) {
/] ECERfR
res.add(List.from(path));

}

preOrder(root.left, path, res);

preOrder(root.right, path, res);

// L&
path.removelLast();

“BIK B EARRIER A, G 13-3 FrR, fEfEsEft, B 9T TR SRS
X, R SEERIER, EmiEm TSR,

B BEER 3 AERAHEAHERE

HREAERENERENESTH
MR HESNE

13-3  MRARKTR AR BT
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13.1.3 tEZIEE

B, BMERRENR “Eat. BB, 3R RTERENESRIERHIAR, $RTH R RS ATIE A .
FELATHEZRE G, state ZoRFIERIEATIRGE, choices RN AMIRAE T AT DAHH A% :

/* [BIEEEES «/
void backtrack(State state, List<Choice>, List<State> res) {
/] FIER T AR
if (isSolution(state)) {
/] ECEfE
recordSolution(state, res);
/] THBigEES
return;
}
/] EFHFEIEE
for (Choice choice in choices) {
/] Bt FEREERTEE
if (isValid(state, choice)) {
[/ EF: MHEEE, TR
makeChoice(state, choice);
backtrack(state, choices, res);
// [BLB: #EEEE, MIEEZ gihvikeE
undoChoice(state, choice);

FETAR, BB AR R G =, RRE state #AHEIREDIEE, B choices A HE HIHTRIAA
THIRGAIG TEIRG, AR res EBEKFER:

// == File: preorder_traversal_iii_template.dart =

/* FIETETAREEERME «/
bool isSolution(List<TreeNode> state) {

return state.isNotEmpty && state.last.val = 7;
I

/* GCERRE X/

void recordSolution(List<TreeNode> state, List<List<TreeNode>> res) {
res.add(List.from(state));

}

/* HIEREERIARRET, ZBERTEZE +/
bool isValid(List<TreeNode> state, TreeNode? choice) {
return choice != null && choice.val != 3;

hy
[* EHRRE */

void makeChoice(List<TreeNode> state, TreeNode? choice) {
state.add(choice!);

I
[* TRAEARRE */

void undoChoice(List<TreeNode> state, TreeNode? choice) {
state.removelast();

h
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/* BIERE: GIE= +/
void backtrack(
List<TreeNode> state,
List<TreeNode?> choices,
List<List<TreeNode>> res,
) o
/] BEREAMR
if (isSolution(state)) {
/] ECERAR
recordSolution(state, res);
}
/] EFHFREIEE
for (TreeNode? choice in choices) {
/] B BEEERTE
if (isValid(state, choice)) {
/] ERl: MLEE, T
makeChoice(state, choice);
/] ETT R —EEE
backtrack(state, [choice!.left, choice.right], res);
[/ [ENR: fEHEE, MBI ZAIRKRE

undoChoice(state, choice);

RIBER, RMEKRIES 7 WEEREZEEE S, BT ER IR %EE return sEAMER, [E 13-4
B TR EMIBR return sEAIAYIE SOER,

¥ return fifE return
CERARRIRE, THEMEES CIRRERTRE, BEES

13-4 {REAEZMHBR return AU S @RS L

MR AT EF RS B, SR R E AR AR R BB A RS R, (X M ey, B L,
FF2 [ ] DAERZHER PR, I TARIR AR EACE 3 state fl choices , M EBIHER A
{[pSRER IS
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13.1.4 ERW:E

7 7 EIEMTH AT ETA M, FRMARAS— R EIERE T AR S FR, B IR RE =4 B R,
% 13-1 fimo

R 13-1 W R EE RN

4 s =

fig (solution) fRZMEHEREHANIESR, nREA e RETREEIETR 7 O 2 8RR AR AL

HIF G RGIFERTER R R AT R, B BRI SHE: 3
(constraint) REIRL

RAE (state)  JREEFORMIEERL—RZIEDN, WEACAEMIEEN ECHRERETE, B path Eik5H5

S
gl ERUSRR T B AR R R S HAERE, s BESMAE (B) FERS, KERIEE path,
(attempt) HSEE, HHTIRRE, MERGNR HBTEREHER AR 7
[EIpIES [FLREIE SR C A RO ERIRRER:, WEHRTII  EROAIEMTR, SRERIR. BEER 3 1
(backtracking) iR, [AIZ] - —{FEiKRE EIE S It S M B w A |
Bk SURCRMR MR A R R i e R s EDEZIES 3 UENESRE, AT g

(pruning) BRIEHTTIE, AR iR

Tip
MR, e, IRREEMTSREHRY, fE076, [E, BIEKE, SRS EERTEHEY M.

13.1.5 {2ELE1ERYE

s IAAE R R A SR, CERATH FIRERIRIR T RE IR S R R, BT
IR BERE R RESEREIFTH Pl RERIARR T 2, T HAEGERAVBIRARIE S, BARSIIRER,
SR, FERR PR MUl MUMERTRER, Il Bee R A B TR0 T e DARE 32

- WERE [P SR O R B IR S IR AT RE,  IRe R T DUSE SIS B B R SR

- 2 R R R A E ATATRRE (BIANESTE, NSRBI Es), BIRERAR, =M

TR ATRE &S RA,

RIEEGnt,  [IBRE R AT R o B e BT RN A A e BV AR TT R BINIGLERE, R SR TE
MR8 2 ] A A R, R ERAF 0ZH AT Rl RERYIISEME T B R, (EIERETRTL T, BASER Al iR R
B, RRRCRE AT IRA WL,

- BYRL RIS E AN A AR E, T B R e A 2

- s A SRR EEHE, ST SR A Al REE L A R,

0
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13.1.6 [ClAHBYIRE

[l SRR A TR IR AR s A, 2SR 2 PR AN A & B A TR
S SRR B AR RN R R R R T 5o

- EHPIEE: fAE S, KREHATEATRERIHSIM S
- TENEE: e EESN—EEEN, KEESTHIENZEENN &,
- RIS A = ARAE TR — RN FIR B, BRI BRI AR TR 32 55 —IRAE T,
RSB AR, HARERREBBAENE -,
FITGR R ISR TR H AR TR A A SRR PR A
- n2BiE: fEn xn RS ERE AR5, FREMEARE,
©BOE: E9 x 9 ERTIEART 1~9, #EET. SINEE 3 x 3 FEBTRET A ER,
- EREOHE: AE - EgmE, HRONEGOSE T SETERE G, EEHRBIEME AR,

A LR : SRR H AR A — 8 & 2 BT e S R B AR

- O-1 HHEEE: A —Aei—EEE, SEYas ENEENER, ERETEFRRGIN, #
Y LIS AR E R R,

- RATRIFE: fEEE, (EERGHIE, ST E HARAL - OURIR AR, SRR,

- EROREIE: A —EdE e, PRERORRYSE T, Rl T I TE R < R A 38 A

LR, BIRFF A G BB RTE, AR R ERTT %,

- 0-1 5 B PR Y (E BN REAR B AR, DARE S B i AR RS
- BRATR R R AT NP-Hard [, 5 FHMREE SR EAMIE AR,
KB E R P — (AR, a] A R A B R A AR

13.2 £HYIRE

EHBFE R RERE AR — RN, ERERREAE RS W — TR FERT, X
HHARTTRIIFTA ATRERIHES .

R 13-2 FIER TR R, WG A RSN B FTH HES

®13-2 EHFIRA

N2 R HE
[1] [1]
[1,2] [1,2],2,1]

[1,2,3] [1,2,3],[1,3,2],]2,1,3],[2,3,1],[3,1,2],[3,2, 1]
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13.2.1 FBFTRIER

Question

i A\ —ERE S, HrpAEEEETR, REFTH RTRERIHES,

TERE AN A A, Rl ARSI B A AR SR — RYNEFRMA R Bt AR5 % [1, 2, 3],
RIS 1, PRI 3, BIREIE 2, RESHS[1,3,2] . ENRFURHGH —(EEE, ZREMER
HAhsE

RSB R AR, REES choices BWMAMBSIFTHIFTAILR, RE state BEHZE HATCHOEER
TLR. AL, BETTRAATPORE R, FIt state FPHIFTA TR M1,

qniE 13-5 AR, WA DURF @ AR R B s — PROIR IR, R P AR E ETRE AR E ATIRRE state o TEARENES
Bildh, #SfE —fmStRRENEIEER, SIEIEERAREE S,

choices = na state =

E—imiRE

EImRIE

13-5 2 HES AR E s

1. EEEEN

7 T BB MEITERPOEE R, BMFBESIA— @M HRA ] selected, HH selected[i] ER
choices[i] BACHHER, WHRNTEH DI NI,

- TEMHEEE choice[i] 18, Mt selected[i] BEA True, RFECHHELE,
- FEFEERY choices IR, BKIBATH CHORSAVEES, BIBIR:,

qniE 13-6 Fs, (RS —EmERE 1, 55 WERE 3, F=EE 2, QRS “RTITR 1 93T,
TR =R BTHTR 1 TR 3 93
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L)

,L axnEH 1, 2, 3

e 1 a (-
:0F 5 30
o —'t

o HREHRENTE 1

BREE 3 ﬂ%ﬁ%ﬁiﬁi,3
01 530
2

BSREE 2

HCHRENTE 1, 3
RS EETES 2

13-6  HABTETRA

2l 13-6 985, 2O RRIERHE B ME O(n™) W O(nl) o

2. EERRER

BB DL BB R, Bl DEMERRE SIS i “seib =" 7, % 7 iae s, MR E
BINESARE SIS P A2 R X, TR e MR FIFE backtrack () BzH:

// == File: permutations_i.dart =

/> EIESRE: 4% I %/
void backtrack(
List<int> state,
List<int> choices,
List<bool> selected,
List<List<int>> res,
) o
/] ERERESFNTEHNER, LR
if (state.length = choices.length) {
res.add(List.from(state));
return;
}
/] EFHFEEE
for (int i = 0; i < choices.length; i++) {
int choice = choices[i];
/] Bt AAFEEREETR
if (!selected[i]) {
[/ EF: MEEE, FIKRE
selected[i] = true;
state.add(choice);
/] ETTF—EEE
backtrack(state, choices, selected, res);
[/ [ENR: fEHEEE, MR ZAIRvKRE
selected[i] = false;
state.removelast();
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I
hy
}

/* 285 T %/

List<List<int>> permutationsI(List<int> nums) {
List<List<int>> res = [];
backtrack([], nums, List.filled(nums.length, false), res);
return res;

S

13.2.2 FEEFTREHNRER

Question

AR EES, BFIrpal e SR TR, IR M FTA N EERHE,

P 52 [1,1,2] . AT EE ) WEEREE 1, RS —m1as1,
WIE 137 FiR, BR77 i s — R i,

choices = na state =

E—EmiE

AR EEHT)

13-7 EHHEHS

ARG RPRER A IE? e, @ — MR R S, EREHIERIETRE, RMmEkir
SgEAE, WNAEREBHPIE S AR, R GEATENNEEIE:, IS hkn] DA — IR THER R,

1. HEREER

BUsclE 13-8 , (£ —darh, R 1 SURSE 1 RS0, TOSMHEEIEY N RIS HE R B, FEi
FERZAE 1 3K

FIBE, TESS—BRIRIE 2 21k, STERIEDI 1A 1 e Al EES S, FI LRSI 1 38,
WAE BE, WM HERERE G, 832 M5B ERORE X,
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s
T mEER 1 SIE
AREREE—R
s e
ﬁﬁiﬁW1
AREEE—R
E-RwE

13-8 EMEHITIRL

2. ERRER

£ b —RER RIS AR b, BT AR R — IS R B — R R S duplicated , HIRACEGZIHE
REEBURRITR, W EETTRIIA:

// == File: permutations_ii.dart =

/* BIEEE: 285 II %/
void backtrack(
List<int> state,
List<int> choices,
List<bool> selected,
List<List<int>> res,
) A
/] ENREREFNRTERHNER, CiRMFE
if (state.length = choices.length) {
res.add(List.from(state));
return;
b
/] EFHFIEEE
Set<int> duplicated = {};
for (int i = 0; i < choices.length; i++) {
int choice = choices[il;
/] Bt FAFEEREETE B FAFEEREEE TR
if (!selected[i] && !duplicated.contains(choice)) {
/] Eu: MUEEE, FIE
duplicated.add(choice); // EEEEEERITEE
selected[i] = true;
state.add(choice);
/] ETTF—EEE
backtrack(state, choices, selected, res);
[/ [EIR: fEHEE, MBI Z AR
selected[i] = false;
state.removelast();



13 E [E www.hello-algo.com 268

/* 285 IT %/

List<List<int>> permutationsII(List<int> nums) {
List<List<int>> res = [];
backtrack([], nums, List.filled(nums.length, false), res);
return res;

h

(TR AR, HI n E7TRIE n! EHEY (B3R ; fERCERGTERES, TEBRRRER n KIS,
EH O(n) Wi, FIHERRBEES O(nin) .

RRIBEEIRE 2 n , 1 O(n) HBiH=3MH, selected M O(n) 2, F—FRZIRZ LA n 18 duplicated
, W O(n?) =i, BISHEBEES O(n?) .

3. WENRHLE

FEITEE, BfESR selected Fll duplicated #FHRBIAL, (HE M BAEARFE,

- EEDRIENE A sEfET A —H selected . BERAEEATIREEN ST TE, HERHE
W FAECETE state HEEHI,

- WIS CEER: SiREE (EEPEUR backtrack FN) #BELE—# duplicated , Eit#tHEIEAR
ey (for jHME) PR CROCPNEEE, HIEARREMES TE SRR,

[ 13-9 Jor 7 A BT R A PR A SRER . TERE, R rP O IREN R (OR — (A8, TEMRETRE B RGBS |
A 25 Ml A B — 8 HEA

HHHITIA

13-9  REBY A1 F HE R
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13.3 FEMRE

13.3.1 EHETEMNER

Question

45 € —EE B nums F1— 1 HEEIEEEE target , sEIKHFTERIREMIAR S, S HIICE
&R target . #ATMHYIEE TR, BETERTDUPGERZ R, @EARFIERIREELH S, &
HI R S EEA S,

B, WA {3,4,5) FEESH O | % {3,3,3), {4,5} . FEEED R

- EAE G AT R AT DA R O EE R AL
© TERESICERIER, el {4,5} fi {5, 4} BRE—ETE,

1. 2EHTIRE

A HIPIRRE, FTa] DHEF R E OB RE R K — RYERAER, SRR AR TR
7, EITEMEFR target N, B FELEREEREBY,

iR A AR FE R, AEEEPIeE ] DI OGER, KIS selected bR FIZR G E
TLRE N PR, WA IS 2SR EE T/ ML, P15 2R S

// == File: subset_sum_i_naive.dart =

/* BIERE: FEM I +/
void backtrack(
List<int> state,
int target,
int total,
List<int> choices,
List<List<int>> res,
) {
/] FEMZER target B, ;LR
if (total = target) {
res.add(List.from(state));
return;
}
/] EFRFREEE
for (int i = 0; i < choices.length; i++) {
/] EiR: BEFEMNBIB target , BIBKBZRE
if (total + choices[i] > target) {
continue;
}.
/] ER: MUEEE, FHcEM total
state.add(choices[i]);
/] EITT—EREE
backtrack(state, target, total + choices[i], choices, res);
[/ [ENR: fiEEEE, MIERZAIRURRE
state.removelast();

[* KgF

i

I (BREEFE */

4
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List<List<int>> subsetSumINaive(List<int> nums, int target) {
List<int> state = [1; // #kR& (F£)
int total = 0; // 7T&M
List<List<int>> res = [1; // @RHEH (F&EH5)
backtrack(state, target, total, nums, res);
return res;

A AR A5 [3, 4, 5] FIEHEER O, Bt R2 (3,3, 3], [4,5], [5,4] . BRI THAAI
2O T8, THHPIFERBI TS [4,5) 8 [5, 4] .

SR E AR R ERIEF R, AMFEANERENEF, E 13-10 foR, Joif 4 1238 5 B 5
RIE 4 BRI, (HEER—E T,

choices = TR
target =

BomiE

13-10 FHi¥ s BT BT

7 T RBREWETH, — AR SRR BRESNEIT R H, (EIEE T ERCRIRE, AT R

- BEYTREZ, THEE target BURK, EmBEeELRKENEETE,
- T (A1) MRFEAERFER, FEICHFRES, B s R TR AT R A,

2. BEETFEH
TR i @B R s R T 2R, BISE 13-11, B TR DOREIE B2 ] T Z R AR 1),
Bian AN IB

L B RA0SE hmor HEE 3 0 4 1, SARESENETRNTAFE, 8 [3,4,...].
2. 21%, HEWEE AR, P TREEENE 3, NARERELNTE (4,3, . M 1. SR
MrEEeER,

RS, B EREERRRIC ARG BOREE R, FIEREES R B HATRZ



13 E [E www.hello-algo.com 271

1. BINERIEIZE 305, ARTHE (3,5, ...],
2. WP A S, AR T [4,5, ... ]

3. B WORIE S IV RN 3 R 4, AT (5,3, | F1[5,4, .. ] A 1. BRI 2. B
HiRHY T 852 2 WL,

choices = a

BIk:: 2k 3
BREETE

BB 83,4
BRBEETE

FHEO[3,3,.] [3,4,.] [3,5,.] 3 [4,4,.1 [4,5,.] 3 ; [5,5,.]

EEFE ENTFE EETE

13-11 ARHERNEF SR ER 75

HEATE, REMAMT (1), 2y, ..., RESEEPGRIBTING [z, 2, .. 7, |, WZRETT)
TEML 1) < iy < - < d,, . FWICEHEPEIGRIERF S OGRS, MR TR,

3. EXBER

BB, BFWGHEE start , FINEERRIARE, BN o, &, e T WieRs! b
YA, SRR BRI 1 < iy < - <4y, , TETMIERAE FERME—,

PrRitbz b, BRI EEST 7 LN iiTER .

- (EBHRUE AT, SoAFMEA] nums HEFP, fEERTA R, B rEAEM target R EFRA B,
AHBIBIITRELR, HFPEM—EBH target ,
- BEILENBE total, BBTE target LITIRIERGEILEAM, & target FR 0 REECHER,

// == File: subset_sum_i.dart =

/* BIMEEE. F&EM I %/
void backtrack(
List<int> state,
int target,
List<int> choices,
int start,
List<List<int>> res,
) {
/] FEMZER target B, :LiRMR
if (target = 0) {
res.add(List.from(state));
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return;

+

/] EFFREEE

/] BT ¢ start BHIAESS, BREREEFE

for (int i = start; i < choices.length; i++) {
/] Bt—: HEFEMBE target , QIEZEERTRE
[/l EREAMEYIEHF, BEBITEEKN, FEMN—THEEA target
if (target - choices[i] < 0) {

break;

+
/] EHl: HEEE, B3 target, start
state.add(choices[il]);
[/ EITT—EmEE
backtrack(state, target - choices[i], choices, i, res);
// [EIR: #iHEE, MIERZalaiKEE
state.removelast();

+

}

[* KEBFEM I %/

List<List<int>> subsetSumI(List<int> nums, int target) {
List<int> state = [1; // #kEE (F£)
nums.sort(); // ¥ nums E1THEE
int start = 0; // EhitciaEh
List<List<int>> res = [1; // @&R=&EF (FER5)
backtrack(state, target, nums, start, res);
return res;

13-12 R 2605 [3, 4, 5] A EHEIEE O B\ DA AR S A0t A,

it target
choices = a BsERE
target =
BRI
%o
BRI
BIR— ooy 7 e
REATE 3 BRLR FC

iBid target BWTE

13-12 FERA0 T [HiE e



H13F [H]H www.hello-algo.com 273

13.3.2 ZEEERZNER

Question

4 —H E B S]] nums FI—{8 HARIEREEL target , sEIRHFTARIRERIAL S, HEHEHHITER
TSN target o 4 BFIRTRER S EBOCR, BMEOCRRIBPORE R, 5 BRSIERREE LA
&, BHP A EASERES,

HHELR B, AR A BESInTRERL S EBCR, BTN TR, B, e k) (4,4, 5] fEETE
9, RIBIARAWRENARS [4,5],[4,5], HHTEETE,

18 PR e ) S AR A S e R AR R b 2 IR (IR 13-13 wh, BB —dRdh = RS, HAhmiEE
4, GEALMMEERNES Y, KmMHEE TS, FHE, B mOomE 4 hgEtEER TE,

(4,4,.] [4,4,.]

BERTE

13-13 METREHWERTH

1. HETREK

PRI, AT R e R — b AR — X, BT HRESIR
9, BIHAHSTCRECRAHMAT, ERWRE R W, HEATRAEABTHENAT, RS C iR
i, FtEEPNEE TR,

BLIERIRY, ASRERIE REIERESI e 3 L RE SRR — K, S ERE, Tt n] DI AT B start A 2 a5 :
EHRE v, 18, RE N WRERS 1+ 1 RGARET, ERBREXRRER TS, hablhEREET
%O

2. IERRER

// == File: subset_sum_ii.dart =

[* EIREEE: FEM II %/



13 E [E www.hello-algo.com

274

void backtrack(
List<int> state,
int target,
List<int> choices,
int start,
List<List<int>> res,
) {
/] FEMNHER target B, :CiRAE
if (target = 0) {
res.add(List.from(state));
return;
¥
/] EFFFEEE
/] B ¢ start BHIAESS, BEREMEEFE
/] BIR=: 1 start BHIGESS, BREERER—TTE
for (int i = start; i < choices.length; i++) {
/] Bty—: EFEMBIE target , BIEZEERTE
[/l EREAEYTIEHF, BETREAR, FEM—EEE target
if (target - choices[i] < 0) {

break;
+
// BRI MRZaTERELETRBE, REZRESSSEE, BiENE
if (i > start 8& choices[i] = choices[i - 1]) {
continue;

+
// EHl: MHEEE, T target, start
state.add(choices[i]);
/] EITT—EmEE
backtrack(state, target - choices[i], choices, i + 1, res);
/] [ENR: fiEEEE, MIERIZAIavRRE
state.removelLast();
}
}

/* RBFEM II +/

List<List<int>> subsetSumII(List<int> nums, int target) {
List<int> state = []; // #KR& (F£)
nums.sort(); // ¥ nums EITHRE
int start = 0; // EHiCiARL
List<List<int>> res = []; // #&RB5 (F&EH5)
backtrack(state, target, nums, start, res);
return res;

13-14 R TR (4,4, 5] MIEETER 9 WEINERE, IS PR,
fie, MRfRPR(EESIER, DEREIIRRRER WM TR,

A R [ B R SRS R A
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choices =
target = U

Q\D

BoERE Bkm
ER—&PEET
&_ ERBEEERE—NR 09‘- (x) 723
-0F 5 Jo
CS(_ | BRERE
(X;?o [4,5] EETE
BHE=
FreFE"
k— . =
STEAMTE Ll B
I8 target

13-14 FEF0 11 [E]3 e AR

13.4 n 2/5H:E

Question

RIRBI R R BRI, 25 AR B F R —1T, —HIel— R LT %5 n A 25—
n x n RNOBER, SREGHITHREZ BERAH LRI R,

aniE 13-15 fis, & n =48, EADUREIMEMR, REWEEIENAEER, n x n KNS n® @
1%y, #ath TRTHRYEEEE choices . ERXMENE 2/EHERES, RGBS, K2R B

TAREE state,

) | ) |

3
€

L3
L3

W |

13-15 4 2JERHER#

[l 13-16 &R T AR =L R IR B REAREER 1T, W5, WML EEEE0E, ¥
FRR R R AR \ FIUCE AR / AR,
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FEETER—RH AR L BREREREARET

FEEER—F — ] w

/
. |
] N N /
- - _ 0 I S B VA S VA
X ( X ¥ A 4
&8 ~ s
- % N A J
i NG @
., N/
o i %
X X, ””*?‘i”**””
S| —
5 N

FRER—F FEER—THEe L

|

1
X
b

13-16 n BJEMEL R

1. ZF{THERER

SEHEEBITER S 0, BRIRMESEE—Em: SURSTH sy LR asriE 656,
WL, TR ARPORITIE SRS : 8 —1ThG, ARTHE WMEE, BEERR 1T,

13-17 fiR s 4 2IaHERZR TR EBR, ZEERE], & 13-17 #RH 18 —TIHP— S5,
i ELAFAN I RS S SRR SR A TR 75 SR T T 39K

w [T W] | ]
HE%E 117 N —— [ [
(&BR) (&B8) (&B8)
W | W W [ ]

REE 2 5 % . F %] W]

’:! v w | LW
el mEnl el i

W . v v !j ¥
BEE & 17 | L (= = =2 | =

W ¥ ] v :

i W W

13-17 IBATHCE RIS

EAE LE, BITBCERKGES] v OB e, et 1R —ATHE M RIS ATE S 3
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2. FIEHAREIR

2 T RANFIH, B AT AR — 8 R E 2 n (MRS cols itk SR E A Bh. ESRIENRE
i1, BANEE cols #OH L/aRIFEITEIEE, MAERHHENEEH cols HIRRE,

Tip
FETER, JEMRERSAONE B, HATRSIE LRI TEmM, SR IEESHEM,

FIOE, U R R ARAT TRV SRR SRS TROFTAIRDI % (row, col) , M MEMEFR Y FoE F BHA 4R,
TRIMES B2 i LA 07T 225 RFI23 AT, MBS ERTA S 709 row — col 2y,
AR, WRRIARS L row, — coly = row, — coly , HIEM—EHAER— =SS 1, R
F, BlPAT DAREBIE 13-18 T RARESY diagsl SO B LR A 25,

[FIEE, UCEAS LA I row + col RIEM, BTMFEH AT DAREBIIHY diags2 AP fSRAY
*o

RERH AR
BEHER

Goan

cols

HIIRERER

13-18  RERFIA AN A ARFT R

3. EXRER

R, n #EHBEF row — col MEIEZE [—n + 1,n— 1], row + col MEEZ [0,2n — 2], FDAE%
FRRFIUCE AR B 2% 2n — 1, RIfH% diagsl fl diags2 AUREHRR 2n — 1.

// == File: n_queens.dart =

/* EIMEEE: n EF %/
void backtrack(
int row,
int n,
List<List<String>> state,
List<lList<List<String>>> res,
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List<bool> cols,
List<bool> diagsl,
List<bool> diags2,
) A
// ENETFEITER, Cixfig
if (row = n) {
List<List<String>> copyState = [];
for (List<String> sRow in state) {
copyState.add(List.from(sRow));
+
res.add(copyState);
return;
¥
/] ESHFREY
for (int col = 0; col < n; col++) {
/] EEZEFHENTHABENRE BT
int diagl = row - col + n - 1;
int diag2 = row + col;
/] Bt AR FAEY. EHAKR. REARLEEER
if (!cols[col] && !diagsi[diagl] && !diags2[diag2]) {
/] ER: BEEHEEZET
state[row][col] = "Q";
cols[col] = true;

diagsi[diagl] = true;
diags2[diag2] = true;
!/l WET—17

backtrack(row + 1, n, state, res, cols, diagsl, diags2);
[/ [EIR: #EZEFIMESBTA
state[row][col] = "#";
cols[col] = false;
diagsi[diagl] false;
diags2[diag2] = false;
¥
¥

}
/* K& n BiF %/

List<lList<List<String>>> nQueens(int n) {
/] #ia nxn K/NEURERR, Hep 'Q' ARER, '#' ARTM
List<List<String>> state = List.generate(n, (index) = List.filled(n, "#"));
List<bool> cols = List.filled(n, false); // HRFNETEER
List<bool> diagsl = List.filled(2 * n - 1, false); // iR ETHAZLETEER
List<bool> diags2 = List.filled(2 * n - 1, false); // :CHEABAELETEER
List<List<List<String>>> res = [];

backtrack(0, n, state, res, cols, diagsl, diags2);

return res;

BATIE n Ik, BREIKH, HIRE—TEIRE—T2IE n. n— 1, ..o 20 1EER, FH O(n!) K
. HECERmRNE, FEW B state WHTHGIME res , WHEARIERH O(n?) WRiftl. Kk, SOHERERBIARIE
% O(n!-n?) . B, ARBREARAHRIG S RALRE S RIS MY S0, RIS SR A DA R
BUHERE

k% state i O(n?) %304, F¥ cols. diagsl Ml diags2 i O(n) =M. RABERES n, F
A O(n) fe@m=si, Hit, SHEsHES O(n?) .
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13.5 /h&E

1. ERSOIEE

o I AIEAH R R, B AR TR RS SRR, SRR, 8E
R IFIFRARRIREER, B EIRBIFTH RECERT IR S R,

- [AE AR SR R A E SR AR AR ), EIEERE RS A B M SRR, EEEINW
FRATRMEAFRIIE DR, RIREE E— P RS, REIEIZATHGIRGE, WAEGTE UL ANEE, EiliEiRZ2

PRI 75 TR B 3
- [l R S 2 AEA AR, MR R BB YA R, BRAT DR ATAT R E A 203, K
EfRTHE =R,

- [l SR T S AT R TR = R RE AN A TR R TR AL B A R R SR T DA [T SRR R, B
FEEAFAERCR E S BICR E AP IR,

- EHIHE SRR T RS TRIATE FTRERIHES, TAIMFED) —(E 8 AR AL B E T 3R 2 5 PSR,
SR IRIR A TR ES 0 , WREBETTRAPOEE K,

- AEEfRIREES, ERESHFEREELR, AREHRGHEEEY, RFMTREHRAETRER
i HEERORIE — IR, Sl — AR R SR E D,

- TEREMMEN SR ES TR ETREMS EEENTE T8, R MRS TTRIERF, MEsERE
W FTA IR RORR, EAEE TR, RIHERMRTRERETHER, MR —AEEoRk iR T — W
AERRAARS, TEMR A e R A =) SOEITBIRG

- BPRTERMEE, MYIRRES TR G EEERRE S, TFAREY CHEF AT E R, B A AR
TEREGHEEERA, TR RS TR - L RESOEH — K,

- n REHESESHRE n @2EHED n x n R ERTTSR, ZRATE 2500 f R SR
Tio iAFERIKIREFAITAR, SIKIR, ZEABMIUCE AR, R ITAH, TR T
BHREE, RESTRE 25,

- FIRIHHATE A ARET R R LT B, BIRFIATER, B —ER R S SR G A Ba, e
TREPRIR TR E GTR. BIRBAATR, FAMFEmEES A flskaz . KA LR G
25, HRERNRHEER —T (FED AL BRI 7w e TAIRT IR,

2. Q&A

Q: BB A AR I A B R?
MEARE, [ EEIRREET, MEEEAE | A",

- [EERREEANREE L, A, ERRENERS R —, BREEE S METER,
- IREAGSHEREEL T (RO R, WG, [, BIREE GRIRRE) SFRH
e
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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

BEES n= o 1 2 3 4 5 6

TetsE 3 [EigiEds 3 BrE:
0515253 , 05253 , 05133

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.dart =

/* B %/
void backtrack(List<int> choices, int state, int n, List<int> res) {
// EIEEIZE n FER, AREEMN 1
if (state = n) {
res[0]++;
}
/] EFHFEIEE
for (int choice in choices) {
/] Bt AAFFHIBE n B
if (state + choice > n) continue;
/] ERl: MLEE, TR
backtrack(choices, state + choice, n, res);
// [EhE
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2

hy
hy

[* NeIEts: B +/

int climbingStairsBacktrack(int n) {
List<int> choices = [1, 2]; // ElEEMLNE 1 R 2 B
int state = 0; // #% 0 PEBIAME
List<int> res = [];
res.add(0); // £ res[0] EFEHEHE
backtrack(choices, state, n, res);
return res[0];

14.1.1 Fix—: BHiES
[T 008 2 N A B B R R A TR R, T BB R IR B — RAIR A B, @@ sigmek:, s
Fit G ] REFfiE,

TRAPIT AR S R 43 AR £ SO W, SRS 4 BEE dpld] BT, K dpli] bR R,
TRRE

M
/i

dpli — 1],dp[i — 2], ..., dp|2], dp[1]

AR RE [ 1 REEl 2 B, RIRETRAMUSTESS ¢ PSR BIRF, b —dm PTREUSTESE ¢ — 1 PEEEE « — 2 B
ko HahgEER, BRIMTABENCEE ¢ — 1 FEEEE ¢ — 2 FEIEMEE © B,
H RIS H— AR 2 . TR « — 1 BERYTREBUm LIRENE « — 2 BERY)T RBORSIRIESES « BT
£ /N (N

dpli] = dpli — 1] + dpli — 2]
TEREREENCEE R, &8 7R AR IR R (R, R R] DA 7 PSR R K, (8 14-2
R T IR HERA R

dp[5] =dp[3] +dp[a] =8

dpl4] =5

dp[3]1=3

|

BEE#H = 1 2 3 &4 5 6
AEH dpln] = 1 2 3 5 8 13




>

14 E BHREN

B

www.hello-algo.com 283

b

14-2 75 REEIRHER R

T USHE A R B E) R BME, D dpln] AR tas, SRS — AR IR R BN
R, EEEERN TR dp[l] fi dp[2) BHEIE, HrR, SN TRENRECAN, B dp[l] = 1.
dp[2] = 2, FRIEEIE 1, 2 BARIE 1 2 FE,

B DA RESES, A R S Er i iR e =, (HE AR
// == File: climbing_stairs_dfs.dart =

/* 5 %/
int dfs(int i) {
// BF dp[1] # dpl[2] , REZ
if (i =1 || 1 = 2) return i;
// dp[il = dp[i-1] + dp[i-2]
int count = dfs(i - 1) + dfs(i - 2);
return count;

}

/* [Eigts: S «/
int climbingStairsDFS(int n) {
return dfs(n);

}

14-3 R T B SR RNEER, BRRE dpln], HIEEBINRES n, REEEES O2"), &
BN R, RIEFEA —EHECRE n, A& ABRAF 2 H,

dpl9]

dp[8] dp[7]

dp[7] dp[6] dpleé] dp[5]

dp[6] dp[5] dp[5] dpl&] dp[5] dp[a] dpl4] dp[3]

ESLHNEDRETARER RIS
W RERES RN 0(2")

14-3  TEHE A0 6 R 3 st

BB 14-3 , PSRRI IIBARIE 2 A TR WA, Flan dp(9] Wsr dp[S] A dp[7], dp[8]
WM dp[7) W1 dpl6], RIEEEE TRIE dp[7] .

DAMCERME, FREHOEEDERTHE, FrARESESRN, RN EEFERRE S HERN T
il Lo
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14.1.2 F%=: sLiEkigs

2 T HOTEETENER, BMA ARG 7 RIEERBENE R, 2it, WSS @S] mem K&

18y B RIAR, R R PR B 1 B R

1. EEREE dpli] R, T HGTEEE mem[1], DMEZBMHA,
2. BHRTEE dpli] By, FMERTERAE mem[1] AEEGSR, EimE G EEH R % TR,

RSN R R:

// == File: climbing_stairs_dfs_mem.dart

/* CIEHIES +/
int dfs(int i, List<int> mem) {
// BF dpl1] # dpl[2] , REZ

if (i =1 || 1 = 2) return i;
// &fFERRE dpli] , BIEZREZ
if (mem[i] != -1) return mem[i];

// dp[i] = dp[i-1] + dp[i-2]

int count = dfs(i - 1, mem) + dfs(i - 2, mem);
/] B8k dpl[il

mem[i] = count;

return count;

h

/* [eigrg: LIRIWES +/

int climbingStairsDFSMem(int n) {
// mem[i] ECERMERIZE i PERISZRAELL, -1 RFREELER
List<int> mem = List.filled(n + 1, -1);
return dfs(n, mem);

by

BURIE 14-4 , B RIOERR, i B ST IERREE X, BRBHERELE On), B2 —M

EORHIREE,

14-4

nH
wEER, o>
HiiEE

SIS IR ARREHERES o(n)
ERFEEEFRBARFRAE—R

A TR 1 = S TR A
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14.1.3 &= EHREIREI

oL —f RSN 5k FRMIEERME (RETRD LG, RE MR BR T M 0 g R i 7
M, BEEMOCANRNTHE GEHR), 218, ZEENZEUCE T REAM, R R MR,

Bl A, BHEERIER R “PORETE” 75k e T IERERLE, SAMMEE AT HENE, B
A i FIRE

HRBIRERE A S EERE, R AFREHERERER, MAMHRE, AR, FMonit
—fEleEZ dp ARfGE R, EREE] T RS R S P mem AR ERAEH -

// == File: climbing_stairs_dp.dart =

/% [CtEts: ENERE] «/
int climbingStairsDP(int n) {
if (n =1 || n = 2) return n;
/] e dp ®R, BREHEFEERRE
List<int> dp = List.filled(n + 1, 0);
/] ¥MEARRE: FER R/ FRIERAR
dpl[1] = 1;
dpl[2] = 2;
/] REEERS . WBVNFREIEZRD KR K FHE-E
for (int i = 3; i <= n; i++) {
dp[i] = dp[i - 1] + dp[i - 2];
¥

return dp[n];
14-5 55 7 DA BRI TR AR,

N, s N, i N N\
— 7 o~

MRS
dpl1] = 1, dp[2] = 2

RIS R
dp[n] = dp[n-1] + dp[n-2]

WAIaIRRERLS, BT, B EBRRERRAELL

[ 14-5 JEHERAHIEhREI I E R
B [E s R b, BIRERIEIBE A RRE” MESARRRRIRE R AR R B, BHEIR REHR S I — i -
PARAH M sk M B (B, BTG, TR A P R )R B % 2 5 T P AE R R B 0
IRIRLA LA, FRAPTRT DA &5 H B RE R B 5 AT RE

- WEHEF dp W2 dp %, dp[i] FRIRAE § BT R
- RN RIBCE EOIRAE (35 1 BEHIEE 2 FEHBRE) FE A aT0auRRE,
- WREIEAR dpli] = dpli — 1] + dpli — 2] BaREEBERE,
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14.1.4 ZHREL

ADRERE FTRESE B 17, HUR dpli] R¥Ldpli — 1] Rl dp[i — 2] AR, FIEIRMMEZEAE R — M) dp sR6#
1A TRV, TR R EEBIRBRNERT AT, BN TR:

// == File: climbing_stairs_dp.dart =

/* [Eigts: THREMRNEIRERE] «/
int climbingStairsDPComp(int n) {
if (n = 1 || n = 2) return n;
inta=1, b = 2;
for (int i = 3; i <= n; i++) {
int tmp = b;
b a + b;
a = tmp;
¥
return b;

h

BERL LRSS, dRE 2 T R dp (RO, ARG O(n) % O(1) .

EBEREIAES, EaiREEEE R A REREA R, SRR REOEARGE, B FEE”
AREE IR SRS MR 2 “TRENERE R “IHEhRE

14.2 shREMREIRERE

£ bE—Hir, BMRE T BB A ANE A 1 R ACK R R, ERR B, TR R —EE
AT ETR R, fEoa. BIRERIE]. [EIh R E R,

IR TE IR AR R [ R 70 2% 22 (8 BN R R, B/, AR RS G R
IR, BRAASEIR AR R,

- BIREREIH R EETIRIE R, EEMEERAR TRERIZ, BHREMIE TR R AR,
FE o7 A AR Hh &t B 22 B AR 1 il

- [EEEIAAE E AR TR S R A RTRERYAR,  N0IE M BTEOR SN R 2 S IR YR —
RYNRID TR, BATA] DURF TR A BR < BT Y 7 S1E 1 F— 18+ R,

B b, ShREREE RACK R ELRE, B MEESEETHE, BREHINNARHE: RE A,
HERAM

14.2.1 REBFEE
P TCAE A R A VRO, 2 BEANE G R B TS,
ek /M UE
e —EER, VREPEIRALE 1 e 2 BE, &M LERYE —EAE a8, FRIREZZEE

PR BT A E, A — MR IR B 5 cost , HAP cost[i] RaR(ES ¢ (MRS TENT HAIRE,
cost[0] ZsHum GEAAED . whstFE O FHEN M2/ D EA RESI=ETHER?
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GniE 14-6 FoR, #HH 1. 20 3 BERMUEDAIZ 1, 10, 1, RIFEHhmEsIEs 3 BEry s MUEZ 2.,

....

BEEME# n = 0 1 2 3
K8 cost[n]

1]
=)
=
[y
(]
=

TetsE 3 fE@EHE 3 BAE:
0515233 , 05253 , 05133
Her 02123 BXESD, RIMEES 2

14-6 EFZE 3 FERER/MUE

$E dpli] ZIEIE | SRS HORE, BURE § BEETTARE i — 1 BEek i — 2 BeEd, it dpli] RATAE:
I dpli — 1] + cost[i] 5t dpli — 2] + cost[i] » 2T WATRERD R, FIFREZORIE e MR8

dpli] = min(dp[i — 1], dp[i — 2]) + cost]i]

IS FERAT DAS | AR B T AR 5 3 it T ) e A A 1R 0 L) e B AR R 1S 2R )

RBEIER BT AR TR TR 8 IR R dpli — 1) R dpli — 2] rPHOR A —1E,
RGN dpli] BB,

AR, E—HR TS H AR A R TR EREEERET REE, FO2 st EHME, HnR
H—FERR: ORRATTREE", RSN, SRS BB TR, (HERE AREBL K
T B BEERARTTREEFNGS n — 1 NS n — 2 BEARTTREE M, b, RE BT R
oS, EARFEFEHE NN SR,

IRIBAR AR 7 1R, DAWIIEHREE dp[l] = cost[1] F1 dp[2] = cost[2], BAMERAT DA 2B RekH #IF2 0
s

// == File: min_cost_climbing_stairs_dp.dart =

/* [CiEtpe/IMLE: ERBREl «/

int minCostClimbingStairsDP(List<int> cost) {
int n = cost.length - 1;
if (n =1 || n = 2) return cost[n];
[/ Wk dp */, BREHEETREERNRE
List<int> dp = List.filled(n + 1, 0);
/] #%EARRE: FERR &=/ FRIERE
dpl1] cost[1];
dp[2] = cost[2];
/] ARREEETE: BN FREEZRD KFRAFREE
for (int i = 3; i <= n; i++) {
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dp[i] = min(dp[i - 1], dp[i - 2]) + cost[i];
¥

return dp[n];

}

14-7 JoR 1 DA RS R Eh e A A

cost[1] cost[3] cost[5] cost[7] cost[9]
min + min + min + min +
dpl8]
min + min + min +

cost[2] cost[4] cost[6] cost[8]
IYAHRRE
dp[1] = cost[1] , dp[2] = cost[2]
ARREETE 512

dp[i] = min(dp[i-1], dp[i-2]) + cost[i]

14-7 et/ MUERB)RE AT EE

AR DT MR, R, SRR O(n) B O(1) -
// == File: min_cost_climbing_stairs_dp.dart =

/* [EEm/MUE: TEREVEBNSIEHRS] «/
int minCostClimbingStairsDPComp(List<int> cost) {
int n = cost.length - 1;
if (n =1 || n = 2) return cost[n];
int a = cost[1], b = cost[2];
for (int i = 3; i <= n; i++) {
int tmp = b;
b = min(a, tmp) + cost[i];
a = tmp;
¥
return b;

}

14.2.2 EB¥E
AR BN AR B e A A R R R R 2 —, HEFES: M erfiReg, Rk N
BLE AR REA B, 1 S A R A IR B SRR

DATCHEER R B, %R ¢, EEsmtikig i + 1 RGRE 7 + 2, 0BIBIERk 1 Bk 2 5, et
SRR, IMEIEE EIRGE « ZATHIRRE, EFEHIRGE ¢ FIRAKRARE.
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SR, AN SRFAFIAA TEAE AR R — (AR, TEC A —hE T o

AR TEHR
fE—EIE n BEROMERS, UREEPRTDLE 1 REEEE 2 B8, fHAREMISIRmBE 1 K, sifA 2/ 0 %
A DATESIFRTH?

qniE 14-8 o, MEEEE 3 BEER 2 FERIAT/7 S, HATBGT=0k 1 FER77 ST R ARG, BItase,

MR FeeEEmEmek 1 FE,
FELtAE 0515253 BT —

BHRES n = 0 1 2 3 4 5 6

etsE 3 EEHEEE 2 B85
=:

05253, 05153

14-8 THHIRNCEIES 3 BEAY 7T REE

M, R LW 1 R LR, ADEE R WAL 2 B, SRS, TSR R AR
fE CRATATEEMEBERERO BIvoE, BAING RS (L—SRRTTEMRER0 i,
RERFEE, ML ORI SRR, RS T2 dpli] = dpli — 1] + dpli — 2] BRXT, WA
dpli — 1] (REAMBE 1 B, EIHPEETHS “ L8Rk 1 B LR 7E, Ml Tess, R
RN dpli — 1) EHERE A dp[i] s
B, BIMAETREARAEE R IRGE (i, j] FoRMBAEN | RS L BBk T j R, Hob € {1,2). stk
ERENOOES T Bk T 1 OB 2 B, JRIPTAT AR 2 AR AR e i A

C M ERBET 1R, b BRI 2 B, B dp[i, 1] RAERE dpli — 1, 2] EAsIEK,

LM WRBT 2, b LWL 1 BESkBE 2 1, B dpli, 2] FTAGE dpli — 2, 1] 5k dpli— 2, 2]

B,

WE 14-9 FiR, (EREHR R, dpli, ] ZoRmee [i, ] SR/ R, HIRRAERRS TR A

dpli, 1] = dpli — 1, 2]
dpli, 2] = dpli — 2,1] + dp[i — 2, 2]
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TREEEMIRDE 1 B
ERTRES

dp[i-1,1]
dp[i-1,2] /1

dp[i-2,1]
/—

dp[i-2,2] /

dpli,1] dpli,2]

[ 14-9 =5 FEAYT N HEHER (&

B4, RE dpln, 1] + dpln, 2] BIAT, W& 2 RIRFRIERIE n BT REABC
// == File: climbing_stairs_constraint_dp.dart =

/* TEAIRIECIERE: EHREFRE] */
int climbingStairsConstraintDP(int n) {
if (n =11 n=2) {
return 1;
¥
[ Wk dp */, BREHEETFREIERNZE
List<List<int>> dp = List.generate(n + 1, (index) = List.filled(3, 0));
/] fEARRE: FER /N FREIERIAR

dp[1][1] = 1;
dp[11[2] = o;
dpl[2]1[1] = ©O;
dp[21[2] = 1;

// RAESES: 180\ TRIEES RERAT HE

for (int i = 3; i <= n; i++) {
dp[il[1] = dp[i - 1][2];
dp[il[2] = dpl[i - 21[1] + dp[i - 2][2];
}
return dp[n][1] + dp[nl[2];
I

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 .



14 % BhRERIE www.hello-algo.com 291

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
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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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dple,0] dpl[e,1] dp[e,2] dp[e,3] dp[e,e] dp[e,1] dpl[e,2] dple,3]
— —> — — —

AT T

dp[1,0] dp[1,1] dp[1,2] dpl[1,3] dp[1,0] dp[1,1] dp[1,2] dp[1,3]
— — —

R R A

dp[2,0] dpl[2,1] dpl[2,2]1  dpl[2,3] dpl2,0] dp[2,1] dpl[2,2] dp[2,3]
L L L

AT

dp[3,0] dpl[3,1] dp[3,2]1 dpl3,3] dp[3,0] dp[3,1] dpl[3,2] dpl3,3]
— — —
BRES: MBLEITTEY REERIFF: EFEHERE

14-13 1B 5kt BiR B RS IE

Note

BFURAEBNRERR S R WIMGME dp &, EE=F R,

ARRERRL I 7 1 O BAR S AE 5 B E RO RTE RV ARIRE, P E EAKEA I B /N[5 RE A AR S A8 4 L i
R,

RIBLA_EorAr, BIMCAER] DIERES BB RS, R 7 A e — I TH R RS, R
‘BEE - R ES — BIREEE” NIEFEBENS S EMEEE,

1. FiF—: 8hHiES

FEURAE [1, /] PRGOS, BT E/NGIRE [ — 1, 7] A1 [1, — 1], IBERREE FEE,

- IRESW: REE 4, 5] .

- JREUA: [0, 0] 2 [, 5] FIER/NEESAT dpli, 7]

© BIEEE: E i =0 H j = 0K, JREIRE grid[0, 0] .

COBIEE B < OWFEC < O RPRSIESR, HREREIRME +oo, REAAIT,

B AT

// == File: min_path_sum.dart =

[* BRNEEERN: BIOESE */
int minPathSumDFS(List<List<int>> grid, int i, int j) {
/] BAELAERTE, BRLEES
if (i =068&37  =0) {
return grid[0][0];
}
[/ BITHES|ER, AlRE] +o B
if A <0 [l 3<0){
// 7 Dart H, int BFIREEHENES, FEERT “EBEX" WE
return BigInt.from(2).pow(31).toInt();

}

[/l HABERAELEAR (i-1, j) M (1, j-1) HR/NEEEAE
int up = minPathSumDFS(grid, i - 1, j);

int left = minPathSumDFS(grid, i, j - 1);
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/] RERAELERAT (1, j) HNER/NBRERE
return min(left, up) + grid[il[j];
}

14-14 #8817 B dp[2, 1] 2RERHLRER, Hib s —SsEi i, LB grid IR
BERTSEIE 2

AHE LE, ERES T RERNER S 7RS0T DR/ LM R — BT,

dp[2,0] e ol

dpl0,1] dpl1,0] dp(1,0]

0/ 9. 9
o L N

dp[e,e] dp[o,1] dple,2] dple,3] R FRERE:
do & dp[1,0] dp[1,1] dpl[1,2] dpl1,3] dp[i+1, 1 # dpl[i, j+1]1 #B#k#E dpli, j]
P dp[2,0] dp[2,1] dp[2,2] dp[2,3]
dp[3,0] dp[3,1] dpl[3,2] dpl3,3]

14-14 RS EIRE R

FHERREEA A MRl AR, A EAERIA MARETRE m +n — 28, FiiRZERHEHES
O(2™+™) , Hrhn #1m 53 B 288 B0TTBOSIE, s, ISy sURS DL IR RS, &
FERZ S U N MR, NI EPRIER S E gD,

2. FiEZ: miEnEs

BA5 I AN —EFI 484 grid MER STHIECIE SRS mem , FRRCERSE T RIER AR, A S8 B TE
%

// == File: min_path_sum.dart =

/* BREEREH: EEiRKiESE «/
int minPathSumDFSMem(List<List<int>> grid, List<List<int>> mem, int i, int j) {
/] ERELABETE, AjgEES
if (A =068&7 =0) {
return grid[0][0];
}
[/ &ITHEEER, ARE +o B
if (<0 |l j<0)A
// £ Dart H, int BISEEHENES, FEERT “BEX" WE
return BigInt.from(2).pow(31).toInt();
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+
// &BEEEEk, REZERE
if (mem[i][j1 !'= -1) {
return mem[i][j]1;
+
/] BN EBETR R/ NSEAE
int up = minPathSumDFSMem(grid, mem, i - 1, j);
int left = minPathSumDFSMem(grid, mem, i, j - 1);
// sEERMREAL EAR (1, j) HRDNEERE
mem[i][j] = min(left, up) + grid[il[j];
return mem[il[j]1;

aniE 14-15 FoR, 7ESIAGEIRMEE, B FREMERFESIE R, HURREERE B A iR ea s, [14E
#®RSF O(nm) o

k. BAmH ke JWEIERA

dp[2,0]
g

=9
12

14-15 FefRf i sl i

3. HFE=: BRERE

FPRIEEBRE BRI, B TR

// == File: min_path_sum.dart =

[* E/NERTEHN: BENREFRE */
int minPathSumDP(List<List<int>> grid) {
int n = grid.length, m = grid[0].length;
[/ %k dp iR
List<List<int>> dp = List.generate(n, (i) = List.filled(m, 0));
dp[o][e] = grid[0][0];
/] HKREEERE: 1T
for (int §j = 1; § < m; j++) {
dp[0][3] = dplO][F - 1] + grid[0][]];

+
// REEERE: 57
for (int 1 = 1; 1 < n; i++) {
dp[il[e] = dp[i - 1]1[B] + grid[i][0];
+

/] IRREEEFS: HERTMF
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for (int i = 1; i < n; i++) {
for (int j = 1; § < m; j++) {
dp[il[3] = minCdp[il[j - 11, dpl[i - 11[31) + grid[il[3j];
+
}
return dpln - 11[m - 1];
}

14-16 J&7: T S NS IS RIRGIRAE IR BT, JLE TR EM0Hs, REIBIRIE S O(nm) .
W51 dp KAV n x m, BILZERIBERRIE S O(nm) .

1 3 1 5 0 o 0 0 5] 1 5 () 4 5 10
2 2 4 2 0 0 0 0 2 4 2 3 0 0 )
5 3 2 1 0 0 0 0 3 2 1 8 0 0 )
4 3 5 2 0 0 0 0 3 5 2 12 0 0 )
grid dp ® grid dp &
aETT dple, 31 =dple, j-1] + grid[i, j]
LS i 2 BEHEF) dpli, 0] - dpli-1, 0] + gridli, 5]
Step 1 Step 2
1 3 1 5 1 4 5 10 3 1 5 1 4 5 10
2 2 4 2 3e>5 0 0 2 4 2 3 5e>9 0
5 3 2 1 8 0 0 0 3 2 1 8 0 0
&4 3 5 2 12 o 0 0 B 5 2 12 ) o 0
grid dp & grid dp &
IRREEE RREEE
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dpl[i-1, j1, dpli, j-11) + grid[i, j]
Step 3 Step 4
1 3 1 5 1 4 5 10 3 1 5 1 4 5 10
2 2 4 2 3 5 9 e>11 2 4 2 3 5 9 11
5 3 2 1 8 o 0 0 B 2 1 8e>8 o 0
4 3 5 2 12 0 0 0 3 5 2 12 0 0 )
grid dp ® grid dp &
RREETS ARAEETS
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, j]
Step 5 Step 6
1 3 1 5 1 4 5 10 3 1 5 1 4 5 10
2 2 4 2 3 5 9 11 2 4 2 3 5 9 11
5 3 2 1 8 8e>10 0 3 2 1 8 8  loe>11
4 3 5 2 12 0 ) 0 3 5 2 12 0 0 )
grid dp ® grid dp &
SRR RREES
dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dp[i-1, j1, dpl[i, j-11) + grid[i, j]
Step 7 Step 8
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1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 1 2 2 4 2 3 5 9 11
5 3 2 1 8 8 10 11 5 3 2 1 8 8 10 11
4 3 5 2 12e>11 0 0 4 3 5 2 12 | 11e>15 0
grid dp & grid dp ®
KRB RREE
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 11
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 &
RREEE
dpli, 51 = min(dpli-1, 51, dpli, j-11) + gridli, j] BRI/ BEERS 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.dart =

[* BNEETEH: TRIREMEBIEIRERE] +/
int minPathSumDPComp(List<List<int>> grid) {
int n = grid.length, m = grid[0].length;
/] #%ak dp iR
List<int> dp = List.filled(m, 0);
dp[@] = grid[0][0];
for (int j = 1; j < m; j++) {
dp[jl = dp[j - 11 + grid[0][3];

I

/] KREEERS . HERTT

for (int i = 1; i < n; i++) {
// REEEE: 57
dple] = dp[0] + grid[i][0];
/] AKREEETS: HERDI
for (int j = 1; j < m; j++) {

dp[3] = min(dplj - 11, dp[j]) + grid[i][jl;

}

I

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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C BN G BEARRD wet[i — 1), EEMMN valli — 1], RIS | — 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
- BB EENTY G E BT AR AR, HIHEE ET%$E$U\ 5,

// == File: knapsack.dart =

/* 0-1 BE: BHES «/
int knapsackDFS(List<int> wgt, List<int> val, int i, int c) {
/| BEETEYRAEEERGEE, AREEE 0
if@A@ =01l c=0)
return 0;
}
/| EEBEERE, IREEEFTBRAETE
if (wgt[i - 1] > ¢) {
return knapsackDFS(wgt, val, i - 1, ¢);
¥
/] ETEFRABANMBANYGE 1 WRXEE
int no = knapsackDFS(wgt, val, i - 1, c);
int yes = knapsackDFS(wgt, val, i - 1, ¢ - wgt[i - 1]) + vall[i - 1];
/] REmiERZHEEERI—E

return max(no, yes);

qniE 14-18 Fow,  HIRAEHEY) vl & e AL ERDE MRS S5, IR RITRIERE 25 O(27) 6

BleRimts, ARBBHPFERERTHE, G dp(l,10] %, MEwHKZ, TEARKK, STHEMHEF
HENYNER 2R, HETRENEESEREEZ,
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R YaEE
dp[3,30]

REBRNIG 3

dp[2,10] ik YaERE > Se5E

‘,!"o\%‘ REHANE 2

dpl[1,-10]

BEBANDG 1

YIemiRsR i 1 2 3 HEEE cap = 30
YmESR wgt[i] 10 20 20
Y)EEE vallil 60 110 120

14-18  0-1 ¥5 G A 2 ) 14 = R X

2. FEI miEkES

B TARGEE S TR E AR E — R, BRIMFEB LIRSS mem R 8k TR E M, Hrb mem[il[c] ¥ E
dpli,c] .

FINARE %, BB FRIEROR, W2 O(n x cap) . BT

// == File: knapsack.dart =

/* 0-1 . LEkES «/
int knapsackDFSMem(
List<int> wgt,
List<int> val,
List<List<int>> mem,
int i,
int c,
) A
/| EEETEYIRESEERGEE, AREEE 0
if (i =01 c =0) {
return 0;
+
// EBEBEAELER, BEZKRE
if (mem[i][c] '= -1) {
return mem[i][c];
+
/| EEBREERE, AREEEERHRAYE
if (wgt[i - 1] > ¢) {
return knapsackDFSMem(wgt, val, mem, i - 1, c);
+
[/ FABEFRBRANNBRANY@E 1 WRAEE
int no = knapsackDFSMem(wgt, val, mem, i - 1, c);
int yes = knapsackDFSMem(wgt, val, mem, i - 1, ¢ - wgt[i - 1]) + val[i - 11;
// EeERiliiR[ClmAETS RPEEE AN —E

mem[i][c] = max(no, yes);



14 % BhRERIE www.hello-algo.com

302

return mem[i][c];

s

14-19 &R 7 fErC IR S rp 8T i 5 5

MRS HaEE
dp[3,30]

REENIGR 3

dp[2,30] BIf%: $REIEH dp[2,10] Bk MREE > HE5E

?ﬁ REHAME 2

% of

dp[1,30] dp[1,10]

& BEBRNY® 1
o = *

YImRaR i 1 2 3 HEEE cap = 30
YRESE wet[i] 10 20 20
YEEE vallil 60 110 120

14-19 0-1 BRI ERYRC R SR s

3. HFiE=: BRERE

EhREHIEIEE ol R ERBER IET dp ROVERE, RS NN
// == File: knapsack.dart =

/* 0-1 E8: BRERE «/
int knapsackDP(List<int> wgt, List<int> val, int cap) {
int n = wgt.length;
[/ %k dp =+
List<List<int>> dp = List.generate(n + 1, (index) = List.filled(cap + 1, 0));
/] AREEEF
for (int i = 1; i <= n; i++) {
for (int ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 11 > ¢) {
/] BEBEERE, AfEYHm 1
dpl[illc] = dp[i - 11[cl;
} else {
/] FENEYR 1 EMELRNERKXE
dp[illc] = max(dp[i - 211[c], dp[i - 21]1[c - wgt[i - 2]] + valli - 11);
+
+
+
return dp[n][capl;

QniE 14-20 AR, e BAREE AN 2 ISR E AT RS dp R/, B O(n X cap) o



T
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5
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- a @ ﬂ - a B ﬂ
EE wgt (H{E val 0 1 2 3 4 EE wgt (AE val el oo 1 2 3 4
wgt[i-1] valli-1] ) ) [ 0 ) wgt[i-1] valli-1] ] [) ) ) [}
#5501
1 5 [} 0 1 5 () 1
2 1 * ) 2 11 * 2 0
3 15 - 0 3 15 o 3 0
FRAEEY
YRBE n=3 HEERE cap = 4 %:
dp[i, ¢] = max( dp[i - 1, c¢] , dp[i - 1, ¢ - wgt[i-1]] + vall[i-1] )
MEURTS (n+1) x (cap+1) B dp JERE
Step 1 Step 2
G a & B & a a & &
EE wgt {H{H val ~C| o 1 2 3 4 EE wgt {A{E val B 0 1 2 3 4
wgt[i-1] val[i-1] 0 [] ) 0 wgt[i-1] valli-1] 0 ) 0 [] L] ]
5N 550
1 5 [} ) 5 1 5 o 0 5 5
2 11 ¥ 0 2 11 * 2 ]
3 15 (% 0 3 15 (3 3 )
R RAEE
®: #:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
[ step 3 ] Step 4
a - [} ] ﬂ - [} ] ﬂ
EE wgt {H{E val ° 1 2 3 4 BE wgt {H{H val el oo i 2 3 4
wgt[i-1] val[i-1] [) ) 0 ) [) wgt[i-1] 0 0 0 [) 0 ]
5N
1 5 [} 0 5 5 5 1 1 [} ? 5 5 5
2 11 * ) 2 2 0 5
3 15 (% 0 3 3 )
RREE TRAEE
#: #:
dpl[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dp[i, c] = max( dp[i - 1, €] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 5 J Step 6
- a @ “ - a B ﬂ
EE wgt {H{E val el oo 1 2 3 4 ERE wgt (W val el o 1 2 3 4
wgt[i-1] val[i-1] ) ) [} 0 ) wgt[i-1] valli-1] ] [} 0 ) 0 [}
1 5 [} 0 5 5 5 5 1 5 ] 1 [} 5 5 5 5
Iy T M T
2 1 ) 5 11 2 11 2 0 5 1 16
3 15 - 0 3 15 o 3 0
RREE FRAEEY
B #:
dpli, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + vall[i-1] ) dp[i, ¢] = max( dp[i - 1, c¢] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 7 Step 8
- a B n - a B "]
EE wgt (H{E val ~c| o 1 2 3 4 EE wgt (AfH val B 0 1 2 3 4
wgt[i-1] valli-1] 0 [} 0 0 0 wgt[i-1] valli-1] [} [ 0 ) 0 [
1 5 [ 0 5 5.5 5 1 5 o 0 5 5 5 5
x N .
2 1 ) 5 1 16 16 2 1 2 ] ; 1 16 16
3 15 (% 0 3 15 (3 3 ) 5
R KRG
B N

dpli, c] = max( dpli - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

[ step 9 ]

dpli, c] = max( dpli - 1, 1, dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

Step 10
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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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- n [ ] “ - ] ] n
ER wgt {H{E val el o 1 2 3 4 EE wgt (W val el o 1 2 3 4
wgtli-1] valli-1] ] [} [} ] ] ) wgt[i-1] valli-1] ] ] ) [} [} ]
1 5 (] 1 ° 55 5 5 1 5 9 1 05 5 5 5
2 1 * 2 ) ETy 2 11 * 2 0 B
3 15 - 3 0 3 15 - 3 )

mer—mesws « - [CI) I 0D ED ED

) BFESE i = 2 17, BTREEE
Step 3

€ - a @& n

EE wgt {HfE val el e 1 2 3 A
wgt[i-1] val[i-1] 0 0 0 0 0 0

1 5 ¢ 0 5 5 5 5

2 1 ¥ | . IEEEED

3 15 (% 3 0

awn—nnn o - (DEDEDEDED
) BFEHSE 1 = 2 7, BITREES
| Step 5

Step 4

Step 6

e R ( 0 [ 5 [ [ ] e ]

BFERE 1 = 2 17, BITREEE

a & & &
EE wgt A{H val e e 1 2 3 4
wgt[i-1] val[i-1] 0 0 0 0 0 0
1 5 o ] 5 5 5 5
2 11 * 2 o - 11 16 16
3 15 - 3 )
asn-unsen o - (D EDEDEDED
STRREDRR, M5 dp RENHRE 1 = 2 WAER

@ 14-21 0-1 7 WA i R AL R BN RE R EE i

TERE IS BB, FRMEFRRE IS dp B8 —4E ¢ EREMIBR, A B P e 5 e s 81 e s BT AT -

// == File: knapsack.dart =

/* 8-1 BE: THKECERNEERE «/

int knapsackDPComp(List<int> wgt, List<int> val, int cap) {

int n = wgt.length;
/] ¥tak dp &

List<int> dp = List.filled(cap + 1, 0);

/] ARREET
for (int 1 = 1; i <= n; i++) {
/l BEIFE
for (int ¢ = cap; ¢ >= 1; c--) {
if (wgt[i - 1] <=¢) {

/] FEMEYE 1 EMERSRNBAE

dplc] = max(dpl[cl, dplc - wgt[i - 1]] + valli - 11);

F
I
b

return dplcapl;

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.dart =

/* T2EE: BREHRE +/
int unboundedKnapsackDP(List<int> wgt, List<int> val, int cap) {
int n = wgt.length;
/] Mk dp =+
List<List<int>> dp = List.generate(n + 1, (index) = List.filled(cap + 1, 0));
/] IKREER
for (int i = 1; i <= n; i++) {
for (int ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 11 > ¢) {
// BBEBEERE, AfEYHm 1
dpl[illc] = dp[i - 11[cl;
} else {
/] FENEYSR 1 EMELRNERKE
dp[illc] = max(dp[i - 211[c], dpl[illc - wgt[i - 211 + valli - 11);
+
+
+
return dp[n][cap];
}

3. FHRER

R B AR AR A A i A _RIB AR RE RS T AR Y, DRIt il B AR 1R MR B dp Rerb 4 — 1738 AT IR
%O

EMEEFINEF I 0-1 B RIELHS, FHFEBIIE 14-23 AHRME I,

o - a B u - a B u
EE wgt (HfH val el oo 1 2 3 A EE wgt (H{H val el o 1 2 3 4
wgt[i-1] val[i-1] 0 0 0 0 0 0 wgt[i-1] val[i-1] [) 0 0 0 [) 4
2 11 ¥ 2 [) 2 11 ¥ 2 [] 5
3 15 - 3 ] 3 15 (% 3 )
awn-nni o - (DI EDEDED awn-nwin o - (D EDEDEDED
) EW 1= 2 i, B dp PEENR 1 = 1 WAENR EFEDHE i = 2 17, BITREES
| Step 1 Step 2
a - - [ ] u ’ - - ] n
EE wgt (HE val oo 1 2 3 4 EE wgt (E{E val e oo n 2 3 4
wgt[i-1] val[i-1] 0 0 0 0 0 0 wgt[i-1] val[i-1] 0 0 0 0 0 0
1 5 [} 1 0 5 10 [EEEHEEPY) 1 5 ] 1 ) 5 10 15 [WE0)
2 11 ¥ 2 ° 5 11 2 11 * 2 [} 5 1 16
PO
3 15 @ 3 o 11 3 15 ® 3 [} 1
aen—wwn « - ((DEDEDEDED aen—mwins o - (DD EDEDED
EFEHS 1 = 2 17, EITREES EFEHRS 1 = 2 17, ETREES

Step 3 Step 4
{ J
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- = [ ] “ - ] ] u
EE wgt (H{E val e o 1 2 3 4 EE wgt fHE val N e 1 2 3 4
wgt[i-11  valli-1] ] ) ° ] ] ) wgtl[i-11 valli-1] ] ] ) ) 0 ]
1 5 (] 1 5 10 15 20 1 5 (] 1 [} 5 10 15 20
2 1 * 2 [) 5 11 16 22 2 1 * 2
= L
3 15 - 3 ) 11 3 15 - 3 0
- | ] ]:) —— - [ ]
EFEHE 1 = 2 17, BITHRESESE SERE%, M5 dp BENRE 1 - 2 WAENR
Step 5 Step 6

14-23 R MREET B REAENBIREHE IR

RIS EH LUl B, (TR M dp RYSE—AEMIPR:

// == File: unbounded_knapsack.dart =

/* TEHEE: TEREMBNENRERE] «/
int unboundedKnapsackDPComp(List<int> wgt, List<int> val, int cap) {
int n = wgt.length;
[l Wk dp R
List<int> dp = List.filled(cap + 1, 0);
/] AR
for (int 1 = 1; i <= n; i++) {
for (int ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 1] > ¢) {
/| EBRBAEERE, IfEYS 1
dplc] = dplcl;
} else {
/] FENEYIR 1 EMESRNRAE
dplc] = max(dplc], dplc - wgt[i - 1]1] + valli - 11);
}
¥
¥
return dplcapl;

14.5.2 ERRIBRFIE

HHEEZ - REBEHEBREN IR, HEEREEE, AT,

Question
450 n FERERE, R 0 MEREMSINTEE S coinsli — 1], BFESEA amt , R ] DUE BRI, R
ReshiR I AR SRR R/ DB R, RERE B, ANRME —1 , REIGNE 14-24 FR,
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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, FMRAET amt + 1 RERERR, HZEH amt IERBERZ S amt . &EIRENE, A
dp[n, amt] BEER amt + 1, FHRZABRE —1, ARMED HESHE, B0 TR

// == File: coin_change.dart =

[* ZEERH: BHRERE +/
int coinChangeDP(List<int> coins, int amt) {
int n = coins.length;
int MAX = amt + 1;
// Wk dp R
List<List<int>> dp = List.generate(n + 1, (index) = List.filled(amt + 1, 0));
[/ REEE: B1TEY

for (int a = 1; a <= amt; a++) {
dpl0][a]l = MAX;

}

/] ARREERFE . HERITHG!

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

for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EHEBBEIZEERE, B8 i
dplil[al = dp[i - 1][al;
} else {
[/ EFNEEEE 1 EMESRNEIME
dp[il[a] = min(dp[i - 11[al, dpl[illa - coins[i - 1]]1 + 1);
+
+
}
return dp[n][amt] !'= MAX ? dp[n][amt] : -1;

[ 14-25 ffon 7 FERSERATBIREHIENERE, e d uREAERHEL

8 &4 & & 8 & & ¢
Rt i SNl e 1 2 3 4 R HfE T2 o 1 2 3 4
coins[i-1] [ coins[i-1] 0 [ MAX MAX MAX MAX
1 1 @ 1 1 @ ! 0
2 2 @ - 2 2 @ - [)
3 5 3 3 5 @ 3 0
WHESR n-3 Bif&E 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 5 6 €
=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 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
RS miE \i\a 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

TR =S B B AR R X e 2 S B — 2
// == File: coin_change.dart =

[* B TERECRINERERE «/
int coinChangeDPComp(List<int> coins, int amt) {
int n = coins.length;
int MAX = amt + 1;
[l W%k dp R
List<int> dp = List.filled(amt + 1, MAX);
dpl[0] = 0O;
/] ARREE
for (int i = 1; i <= n; i++) {
for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {

/] EBBEZEEE, BIfEEE 1
dplal = dplal;
} else {

[/ ENEEE 1 EmEARNEIME
dpl[al = min(dp[al, dpl[a - coins[i - 1]1] + 1);
¥
+
I
return dplamt] != MAX ? dp[amt] : -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.dart =

[* TBIERM I1. SHREFRSB] «/
int coinChangeIIDP(List<int> coins, int amt) {
int n = coins.length;
[/ Wk dp R
List<List<int>> dp = List.generate(n + 1, (index) = List.filled(amt + 1, 0));
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[ B ES
for (int i
dp[il[e]
}.
/] ARREEF
for (int 1 = 1; i <= n; i++) {
for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
// EBEBBEEEE, AFEEE 1
dpl[ill[a] = dp[i - 11[al;
} else {
/] FEFMREFE 1 EmEARZHM
dpl[illa]l = dp[i - 1][al + dp[illa - coins[i - 1]1];
+
+
}
return dp[n][amt];

0; i <=n; i++) {
g

3. FHRER

B ERAR R 7T AR, M RRAE S A RN AT
// == File: coin_change_ii.dart =

[* ZEFM 11 TERECRNERERSE «/
int coinChangeIIDPComp(List<int> coins, int amt) {
int n = coins.length;
[/ L dp *=
List<int> dp = List.filled(amt + 1, 0);
dplB] = 1;
/] KRB
for (int 1 = 1; i <= n; i++) {
for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EEBBEIEEEE, B EEE 1
dpla] = dplal;
} else {
/] FEFEFE 1 Em@EAEZM
dp[al = dp[al + dpla - coins[i - 11];
+
}
}.

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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7

dp[laj] = mll’l(dp[l,j - 1]7dp[2 - 17]]7dp[2 - 17] - 1]) +1

SERE, B s[i— 1) R t[j — 1] RIRING, SCRGMRERITIT, SR Rk s

=8 R SRR E R RS IE

N FERE AR, MELSEA 0, B dp[0,0] =0, & s &=H t RAZR, R/DMREDBER t WRE,
BT dpl0, j] = jo & s TAZME t =K, BOMEBAEER s WRE, BIEF dpli,0] =i,

BlgsREHERE T2, 8 dpld, j] WM/ T, B77. 7o o7 Ifg, DRIz i i g 2 1 ZE R RE A dp 2RENFT

2. ERBER

// == File: edit_distance.dart =

/* 4REEBERE. BNREIRE +/

int editDistanceDP(String s, String t) {
int n = s.length, m = t.length;
List<List<int>> dp = List.generate(n + 1, (_) = List.filled(m + 1, 0));
// REEE: BITEY

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

dp[ill[e] = i;

I

for (int j = 1; j <= m; j++) {
dplOl[3] = J;

I

/] AREEEERE . HERTAIT
for (int 1 = 1; i <= n; i++) {
for (int j = 1; j <= m; j++) {
if (sli - 11 = t[F - 1) {
/| EMFTEE, AEEBNEILEmFT
dp[il[j] = dpl[i - 11[F - 1];
} else {
[/ RVRETE = A kR, BRE=ERENRVEESE + 1
dp[il[j] = min(min(dp[il[j - 11, dpl[i - 11[3D), dpli - 11[F - 11) + 1;
¥
}

Iy
return dp[n]lml;

GHIE 14-30 P, o ok A ] R )R RE RS i R B T RO P R B 0L, # P DA 1 B — (8 — M A A
o
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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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NJ
1
0
0 :
e -
(< JE
RIEE
#®:
dpli, j] = min( dpli,
lStep 11
P
o
e -
[ 2
e -
R
dpli, 31 = min( dpli,
Step 13

3. FHRER

o 1 2 3 4

o 1 2 3 4

1 1 2 3 4

2 2 1 2 3
+1

3 3

j-11 , dpli-1, j1

+
Y

NN = |
Wbtha

NN W oW w

wN»—\Hb—\a

w N ok e | e

j-11 , dpli-1, 3]

Step 15

, dpli-1, j-1] ) + 1

, dpli-1, j-11 ) + 1

w N ke

b

i
)
D -
':. 2
o
REE
#:
dpli, j] = min( dpli,
Step 12
i\\i
0
l:' 1
B :
o
HX?E!;
pli, 31 = min( dpli,
Step 14
ooan
1 2 3 4
12 3 4
12 3 4
2 1 2 3
3 2 2 3

EBERREESH 3

14-30 #wiEERAERBRE SIEERE

o 1 2 3 4

o 1 2 3 4

1 1 2 3 4

2 2 1 2 3
+1

3 3 2

j-11 , dpli-1, 31,

a
1
1
1
2
3

T
e e el
"

(-]

w N ok s |e
w ow s s | s

j-11 , dpli-1, j]

dpli-1, j-1]1 ) + 1

, dpli-1, j-1] ) + 1

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.dart =

/* #mEEEERE. TREREMERNEERE «/

int editDistanceDPComp(String s, String t) {
int n = s.length, m =

List<int> dp =
/] RREEERE: B1T

t.length;
List.filled(m + 1, 0);

for (int j = 1; j <= m; j++) {

dplil = 3;
I
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/] ARREEEFS: HERT
for (int i = 1; i <= n; i++) {
/] KEEEE: 5§75
int leftup = dpl[0]; // ®%F dp[i-1, j-1]
dp[o] = i;
/] IRREEEFE: HERY
for (int j = 1; j <= m; j++) {
int temp = dp[jl;
if (sl[i - 1] = t[j - 1D {
/| EMFTEE, BEZEIEILMFT
dp[j]1 = leftup;
} else {
/] =VRETSE = A, bR, BRE=ERENRIRESE + 1
dp[j]l = min(minCdp[j - 11, dp[31), leftup) + 1;
+
leftup = temp; // EFMAHT 8 dpli-1, j-1]
}.
}
return dp[m];

}

14.7 &L

1. ERSEIEE

- BRERIEIE T M, DB T RER AR E R, EREt R,

- AEERHATIE T, FraBREHEIFEART TR (B TR, ERERH AR
BT, PR, ERSIAGIELRS, Al DA ATA st RO R 7 I RIR, 1 or e S 1
EABE R IR,

- ALl s R M TH R AR ARE, Tl BB B RE MR R B THAR M, H
il “HEERKT . HREATIREE R IR MIRGE, RIERAT AT DAHER dp RA9—(EMEE,
T R AR R AR

- FHED - EEHEERER, £, SEEE. B EA N R,

- BRI KR BRI, R TR, SR

- WRE TR AR PR T DA 7 P R B A AR 2, HI e B e 1A

- EIRRAERE R (ARG, HORAHE R Rz IRREE B, T B NSRRI AR . RF 2 SR
PR B SRR, SR GE A B RE A PR SR

GG

- HEMEREINERREME L —, BA -1 5E., Beut. ZHEETUESE,

- 0-1 BHAIREER A« AYRETES c NEEPRAEE, RIENBIASE AT ERiER
R, AMSEIRE AN, WAEHIREER R, EERERS, BRSEIRERIE ERE )5
HORRE, RIETREEFER B, /e EikE s =,

- e TR Y S AR R IR, KIS AR A L 0-1 B RMEANE, BN
ARREMRHAIE B 77 FIIEZETTHOIRAE, (Rt AE 2 P AR A I IE P AE i

- BEHEER 2T WA S, B “RORT EEERK RN EEGE, FItiREE
Bo7ifEr i max() XA min() . fEER “NEE” EEARINER “BiF” B EESEE, KIS
M amt + 1 3R “HEERHEERET IR0,



14 % BhRERIE www.hello-algo.com 321

- BEROTHE TR R DRI R MR “REWAH AR, ARREERS T AR EHAE min() K%
RIMER T

A 2 A )

- A (Levenshtein BERE) UGS RiME 7 Hh 2 FIRIRIUE, HERBIE—ET7HE 5 — 55
MR/ DR DB, AREEIRIEEIEETE. MBR, B,

< I D R R REE R R s BT @ BT A ¢ BRI R B R D AR B B
s[i] # t[j] W, BAZREIRE: Brig. MBR, B, erEAHEERRIER R, SR a] DUk 5
FHEMEREIREER TR, TE s[i] = t[j] Ik, MEREETTTIC

- AEAWEREERECD, RREMHILIE 77, IE/E75. 72 BITHOARRE, RIS s AR (AR 1 B o AE T AT A 12
IEMEREITHRREERS, Zuitt, FRAAIA — RSB0 17 /2 BT iRAE, femE ks B oe e MR ER T
P, AT DAME S MR R T IERPAE 7o
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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,

[ 15-1 FEEITHLA) ETAE RN

BB TR
// == File: coin_change_greedy.dart =

[* ZERM: BF «/
int coinChangeGreedy(List<int> coins, int amt) {
// 8% coins EFIERE

int i = coins.length - 1;
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int count = 0;
[/ EEETEEEE, BIERGREEE
while (amt > 0) {
/] 3REINR BERIERERISR S REAVEE TS
while (i > 0 8&& coins[i] > amt) {
i--;
}
// %8 coins[i]
amt -= coins[i];
count++;
}
[/ BXRIEATASE, BRE -1
return amt = 0 ? count : -1;

YRATRE & 3% H/EE . So clean | BAAHEITAEMAHTRENHERUMIR T Z 8 (o il

15.1.1 BREREZNEMRERYE

B IRA R B, BB, L@ R PR AR, 12 DA LR, SORE RN E{E A min(coins)
, RIBAEEISE 2 WM amt/ min(coins) R, RHEHER O(amt/ min(coins)) . & HLEIRERIBIfEE
RERIEREE O(n X amt) /NT —(EBELR,

SR, BRSNS EEA S, SRR RERBR . (8 15-2 &t T mEs .

- BB coins = [1,5,10,20,50,100]: fEZBSAHET, SEMEE amt, EEHEEILEA] ARER
{378

- Ml coins = [1,20,50]: &% amt = 60, EEFDEHAERE 50 + 1 x 10 WEHES, Hat
11 #hsitss, (HBHRERIEIAT ARSI SLHHR 20 4 20 + 20, {87 3 B,

- B coins = [1,49,50]: &% amt = 98, EBEEIEAAEIKE 50 + 1 x 48 il s, Hat
49 WrEs, (HBYREAREI AT DARFIR MR 49 + 49, (47 2 B,

13 Bifst ARRNARESR BRRREIRESE
(IR RRR) (SIRIERBAR)

(1) 60 +@x10 x3
@ 98 +©x48 xz

15-2 B AR RIRIE R i R AR B

WtEH, BRTECREE, SAHEREAREIE 2R ER, 3 HA A REREAER R, ©E
18 5 B RE R AR

—RRILS, EARERIRRIE AL DA R,
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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
BOCE(E,
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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w
i
ﬁ
®
T
@
oY
o
3
F

et FH B T At — B 0 R 7

Ryt EHE H{E EfiEE
vall[i-1] R EUEAEE

i wgt[i-1] val[i-1] wgtli-1] TR

2 20 120 6 2

4 40 210 5.25 ¥ P —

1 10 50 5 ™) BAOEEEUEEESNYS
3 30 150 5 B

5 50 240 4.8 -

15-5 8 ERME EAE R

2. ERBER

AN T A SER Ttem , DAMEHEY) G BEA EEE THEY . BEMETE2EE, ET ORI
H SR (] i

// == File: fractional_knapsack.dart =

/* ¥gn %/

class Item {
int w; // Y@mEE
int v; // Y&EE

Item(this.w, this.v);
}

/* DEEE: 8Y */
double fractionalKnapsack(List<int> wgt, List<int> val, int cap) {
// BiYmey, aamEBY: EE. BE
List<Item> items = List.generate(wgt.length, (i) = Item(wgt[i], vall[il));
/] RERE(IEE item.v / item.w WEIEUREITHR
items.sort((a, b) = (b.v / b.w).compareTo(a.v / a.w));
[/ EEEEEE
double res = 0;
for (Item item in items) {
if (item.w <= cap) {
/] BERBARERE, KERBEZESS
res += item.v;
cap -= item.w;
} else {
[/ BREBGARERE, RKEMYRN—BoEESS
res += item.v / item.w * cap;
// BEFGRAE, FItBEEE
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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G i
v
¢ 8
’ 7
¢ 6
° R s
4 ) .
3 J s
R 2 5
! 1
¢ [}
[} 1 2 3 4 5 6 7 0 .
HHBE cap = min(ht[il, ht[j1) x (j-i) = 4 HHEE cap
$ RABE res = max(cap, res) = 28 w BAGE res -
ij
v
8
7
6 |
5
4
3
2
1
[}
4 1 2 3 4 5 6 7
v HEiR i R 5 e,
[step 9 - BHHiEINEE, EERARE 28

15-11 mAHFRMEN B

2. EERRER

BATEERZ n i, FILREEEEEZ O(n) .
BAELG. j. res (ERIRBOUNORESMER, FLEHEEEES O(1) .

// == File: max_capacity.dart =

/* RABE: BE */
int maxCapacity(List<int> ht) {
[/ #at i, j, EEZHIESIMNG
int i = 0, j = ht.length - 1;
/] HIBRABES 0
int res = 0;
// EEEEEE, BEEMRAEER
while (i < j) {
/] EHRAKAE
int cap = min(ht[i], ht[j1) = (3 - 1);
res = max(res, cap);
/] ENEZENEEIR
if (ht[i] < ht[j]) {
1++;
} else {
J--
+
}

return 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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| =

BIANES n , R max(ngxnyxngx.xng o xn, 4 %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.dart =

/* RAUIDTIE: B *+/
int maxProductCutting(int n) {
/l & n <= 3 K, HAEYISH—E 1
if (n <= 3) {
return 1 * (n - 1);
}
ﬁiﬁ*%ﬂﬁﬁ:S,a%l3m@ﬁ,b%ﬁﬁ
int a = n ~/ 3;
int b = n % 3;
if (b = 1) {
[/l ERREA 1 B, ¥ 1 x 3 HBAH 2 x 2
return (pow(3, a - 1) * 2 x 2).toInt();
¥
if (b = 2) {
/] EiREA 2 B, TMHERE
return (pow(3, a) * 2).toInt();
}
/] EiFREA 0 B, FMHERE
return pow(3, 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
request” %5 RTAT S ECHIEGE K,

“x D 0@

Pudli _etomst % % Qmn O e
Hello 3 31 4t A BR
B ®O™ Mk 1 SREE %R 300 BN HES TR

B 1% MRk
B ®2® BRESH
o BIW MRS

31 BBGEHH%R

< v ovov

312 WIS EREHR
BROMIBENEIENA. BRI BAR B . B, TNERAEEE R n
ATHREDETHN.

32 WABBAE 311 BIELEN: M S5IEEMN

=
33 e - s T A . HilEmfmiEiaiE
s s IR T MBI OMEMA R, MR, WERRERRIT], LT HE2
e BN TR, MBMRRIM TREANG), MIHRASERZEMRERR; MUEBSR
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2. NEEIE

REH B2 I FIRE R, R EXBSRRERHMERGE S, BRCENEE, REFREERLAT

Pull Request TAEifRfL,

g LN

3. Docker ZfE

B GitHub , ARSI 055 # Fork 2IMEAMRSE R,
HEASER Fork GREAE, #FH git clone 2 iHE i mibE 2 A M,
TEAHETNABINE, WEFTEERE, Bt Aas ErEE,
A AT E L Commit , A% Push Zja & #,

BT RMEE, 5% “Create pull request” %81 EIATZEE RIBGE K,

1£ hello-algo iRH® T, #ITLATN Docker #5215, HIRJYE http://localhost:8000 #ifIAHRE:

docker-compose up -d

{5t FH AR i <> R AT HIBR AR -

docker-compose down
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English

algorithm

data structure

code

file

function

method

variable

asymptotic complexity analysis

time complexity
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English

space complexity
loop

iteration

recursion

tail recursion
recursion tree

big-O notation
asymptotic upper bound
sign-magnitude

1’ s complement

2’ s complement
array

index

linked list

linked list node, list node
head node

tail node

list

dynamic array

hard disk
random-access memory (RAM)
cache memory
cache miss

cache hit rate

stack

top of the stack
bottom of the stack
queue
double-ended queue
front of the queue
rear of the queue
hash table

hash set

bucket

hash function
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English

hash collision

load factor

separate chaining
open addressing
linear probing

lazy deletion

binary tree

tree node

left-child node
right-child node
parent node

left subtree

right subtree

root node

leaf node

edge

level

degree

height

depth

perfect binary tree
complete binary tree
full binary tree
balanced binary tree
binary search tree
AVL tree

red-black tree
level-order traversal
breadth-first traversal
depth-first traversal
binary search tree
balanced binary search tree
balance factor

heap

max heap
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English g i
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
heap sort HEHER HEREHE?
bucket sort HER? WY
counting sort T g /€ 352
radix sort R GE 35 2 23 GE g
divide and conquer GaR(=| PaR(E]
hanota problem IS ] TR N EE R
backtracking algorithm IR RES [ e 5 1%

constraint IR IR



H16E ek

www.hello-algo.com

348

English

solution

state

pruning

permutations problem
subset-sum problem
n-queens problem
dynamic programming
initial state
state-transition equation
knapsack problem

edit distance problem

greedy algorithm
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