R
Q&weeeyree

i

¥
n

O
=

B
N

R

~
D
4

%

TREIESE M SR

SE

g

Hello 8

|
BT 1R (@krahets)




Hello E%

Dart iIE=hk

E& . B4R (@krahets)
RIGER: XEH (@gvenusleo)

L
= I
I-ELLO

Release 1.1.0
2024-04-15



F

PEERT, TN ED=T “SI45 Offer” RIEME, 2T VLR MISIITISH, £53E RN, &
BRI —DREEUE QR ATTSIR, B, F XA R4 T IR A%,

PHR— PR BRI R R R VO R 7575, i, B HA. AT “9E” Wk, BhE
SRAY A RERS AR BB DN HER, TR R AT R PTREBOE S LR, FRE TR P IR S, JE B
R DL, (BT EESRERR K, Balliese, Bo@filh, R mX e meE 7 RER I
N1, WEERNBEEENR T —IORERIPR.

GUARPR MG BIR L, TB2RIZIZXAS 7 B TR, AFHZIMNX ML HIESR, AR R
o, EDVR IR ZER, AHERRE ILRERZES] Offer, HR5ISIRAREIRLM S5 HIEN
CRURHEET, HORTRORE “HET BTRAIR. RN E, IERERESR HERTTIR . A TIREAM,
FRAF VR AT DASE AN B At B SR, R A i S B R ATRIA R

BRI F 2R BB E . “Knowledge isn’ t free. You have to pay attention.” MIXNE N BB, XA
BIAETER R, N TARMIRARBISHER “TEE7, RBRFTRE, BARKK “TEE)7
KE AR I EIE,

RNEHZGA R, BHAERARCEL —RINATE, B—E&AF2HR, BiESAEIMMEZEAT
Rk,

AFHHRAEHA T — I TIIEXf, FEET github.com/krahets/hello-algo &,
HE £ PDF WRIERCESZER, AT hello-algo.com W BTRR PASKTS B8 ft ) el 1A 56

HFE

“—ARIEBRENEIRER S EIENNY, SISRE TR ALY, R AR B R
— BRI, THERFHFIRBIR

“URIBYFAEIRGEN 5RIENNEE (Hello Bi%), SFERMIZXFH 10 517
— K, SRR ERRIER



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

HEHR AT Foarok T EREE, MR R GryagwiEr, SOy T HUTRIRS
TRRVEAEE Y, TR IORAEEE T, Ha) SR REIRKR, &2 AlphaGo KRS HR. ChatGPT
RIBEARE, XENHERRIRET RN ERRDES,

HEE, FEHENETCZ A, REMBIRSMEEFE T RS MR, PR RS, Flnd
RIS EOTIEM T ASIEDBRSE, BE XIRED, BB SERgmE s, NFRITHIEARZ,
RN T 5 BEITEIBITIREMA, JLPFE— e NS E G, #RE R
LUBRCRES S

[FIRE, BARGTAATE: REGEEMLE, NEBIELR, W2 RAEA DB “E7; REI—PMEZR, /h
B FE, w2 EEHASUEAEH W7 ORE, ZSRIORBHB K7, L% ERREARERT;
PIBBREMANE “BAI”, —WA. 75— ; FHE— “RRET, R RIEEE A,

AR E RIS TE 5 A B E [ A e TR ARG, (Ea FRRTAMBURSE I O,  FFRENSIE
AAERCIENT, R b, ABBO THREREE KA TLIA, RARELE, HEAS
REAE AT BN EI (!



BO0E
0.1
0.2
0.3

B1E
1.1
1.2
1.3

F2E
2.1
2.2
2.3
2.4
2.5

®3E
3.1
3.2
3.3
3.4
3.5

Fa4E
4.1
4.2
4.3
4.4
4.5

B5E
5.1
5.2
5.3
5.4

B6E
6.1
6.2
6.3
6.4

BTE
7.1
7.2
7.3
7.4
7.5
7.6

A=
KTARB
IEERARS . L

INEE
IHREE

BIETCAOATE o o e
R = i

INEE
ERESR

BUEERCREUHE . . o o e
e A
NEEZAREE . . . e

EERE
INEE
E5 ¢

ARG L
BABHERTL . L
BUPGRRD®

FRRAD*
INEE e
Sp SRR

BEH o
BERR L
FIZR

WIESRAZ S . . o
INGE
R5RA5

5 T
BT

BABAFI L L e
INEE
mER

IETEZR . o o o

i
TR e
TRBHET . . . e e
TR . .
TRHEER L
AVL BE ™ e
/NG



K hello-algo.com ii
F8E iff 171
8.1 HME 172
8.2 EMEREIE . . . . 179
8.3 Top-KIAIEL . . . . . . e 182
8.4 INEE 185
$9E H 186
9.1 B ., 187
9.2 BIREREEIE . . . . . e, 191
9.3 FHIBETT . . . . o 197
9.4 INEE L 203
F10E #E 205
10.1 TR . . 206
10.2 THOBEBIEAR . . 209
10.3 TAERRIIE L 213
10.4 BATMACIREE . . . . 216
10.5 EEIRFEZREITE . . L 218
10.6 /NG L L 220
B11E HF 222
11.1 HEREDE . . o 223
11.2 BEBHEE . . . o 224
11.3 BiEHERE . . . o 227
11.4 HAHEF . . . o 229
11.5 PEEAETE . . . . 232
11.6 HFHEE . . . o 237
11.7 HEHERE . . . o 240
11.8 MHHERE . . . . o 243
11.9 HEEET . . . o 246
11.10 EEEHET . . . 250
11.11 INEE L 252
B12E 24 255
12.1 VBB . . 256
12.2 MVETEHZREE . . . L 259
12.3 MEETXRI . . L L L 261
12.4 DOEEBWIET . . . . L o 266
12.5 NS 270
$F13E G 272
13.1 [EEFIELTE . . L 273
13.2 RHEFIRI . . . . L 281
13.3 FEMIRI . . . . . 287
13.4 n BIEHE . . . . 293
13.5 GG 298
F 145 mhEME 299
14.1 FHESIASHIK] . . 300
14.2 FAHKIFRE . . . . 306
14.3 BNAHIRIMRBUEEE . . . . e 311
14.4 O-LEFELRIRE . . . . . . o 319
14.5 SERMEAE . . . . 326
14.6 ZRERFEEIFIT . . . . L 336
14.7 IS L 342



H x hello-algo.com iii
F155F A 343
15.1 TUDETE . L 344
15.2 ECEEIR ... 347
15.3 WARBEFIT . . . . 351
15.4 BAYIODTAAIT . . . . . e 356
15.5 INGE 359
F16E MR 361
16.1 ZWEEEREEZEEE . . L 362
16.2 —EZS50IE . . . . 364
16.3 RIEFE . . . o 366



Abstract
BN EDHIRM R, B TR EHGE R
XA BRI AR, B R IR ZI g,




il

HOE A

0.1 XF&H

hello-algo.com 2

AIH SR AR, 2. X PSR 5 HIRA B,

- ETRMENEER, SSTHREERSE S RIENNR, NREWSE, 23HhEorE,

- BOAJRED B nl— #1217, XFF Python, C++, Java, C#. Go. Swift, JavaScript, TypeScript. Dart,
Rust, CflZig FiEE,

© SUINREEL EETIPISX B R, HEE, RIS PHEEE I AEM H NS 2R,

0.1.1 EEWR
EIRREEIEE, MWREMT S, NS08 —SRIEER, BRSNS EEERMITAR, t25
REez R, IR BIER RS EHIN

WRIREAR IR R, PRI, 2R S IRES B EENAR, @R
AR "R A" s “BiRT " REM,

HIRRRTR KM, BABARFRERRIE SR, 8F L2 5l
i B AT
R R 2/ AL RS R, AES PSS A B,

=

0.1.2 RBLH

AP EZEAENE 0-1 R,

- BRESHT BORSHMSEIRNTEN AR S 77, INTAIE AR S R B AR AU T A, SRR, R
1%,

- BRI EARERERABIRSSR 20T R, A, BER. th. AL IRTRR. R HE ESEUE
SERIRE S, LB, HRIERCE, ROLSRRL, BRI, SKBLTIERSE.

- R R e, 2t B SR SOERIRRE X, UEAL ReR. MR, PR
R [P 5


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

H
(]
{1t
=
il

hello-algo.com

BIEEN, WIRGH
HiEEH ERfmiERE

///-ﬁﬁ%ﬁﬂ-*<5

for f&F. while &, BRERF
BRARR. BEBA EEKN

BTRE, THED RS2
EESHBIEFHAR T~ B LR
BERIEAES RIS BREDN BESE, BRAkR
EFahSHATTEIR BE. BE. PHNEERE
HRHAESEE o < RESE, BRRD
p— SENEH. SENSEH. WS R ST IO
- EFRANBRELN
S — BHEE: SBER. FESRERALE
AR WMER, SR, TR BR Ziiigégm RRED. MR
BURL SR WENAR SRR b
T . Bt REM. BEMM, BERTHR
®%. %2, H. TR
\ AR, WERT. FENL: WE EEHT. AR, EAHE
PR D BRRH. .
i BF. HifF. B, EFEH
*sus;m e dEb: . . BT
AL sy AT, R

TR ATESE. (AT =5 Bl —5. mEE, UEE

EF AR, BRIRIE 3 EEmEE. LR
Top-KiAM ! GIE: SHT. THEA. N2E

BHE. EEE. 58E BHEE. EZEEA. 2R

] { SIEE. SHBIER. FWEILL — SEFEE. BTSN, TEKE
rEfER. RERCER BEMEAEH S, RRSE

BIE: 0158, ELHa. HHEH

TEERE. RESR

[ oEER. —ETHRIBENSEIERE N
wr <
flE: HEEE. RAEE. RAUSRR

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

0-1 AHEHEANHE

0.1.3 Hut

ARBIETFIFEFEIX AR Z DT E R LRSI AN e S, B A RANESEIERA, wilE (2R
GitHub BalZERBINT) : krahets. Gonglja, nuomil. codingonion., Reanon. justin-tse, hpstory.
danielsss. curtishd. night-cruise. S-N-O-R-L-A-X. msk397. gvenusleo. RiverTwilight, gyt95.
zhuoqginyue. Zuoxun. mingXta. hello-ikun. khoaxuantu. FangYuan33. GN-Yu. longsizhuo.
mgisr, Cathay-Chen. guowei-gong, xBLACKICEx, K3v123, IsChristina, JoseHung. qualifier1024,
pengchzn, Guanngxu, QiLOL. L-Super, WSL0809. Slonel23c. lhxsm. yuan0221, what-is-me,
rongyi, JeffersonHuang. longranger2, theNefelibatas. yuelinxin. xiongsp. nanlei, al6su.
cy-by-side, gaofer. malone6, Wonderdch. hongyun-robot, XiaChuerwu. yd-j. bluebean-cloud.
iron-irax, he-weilai, Nigh. MolDuM, Phoenix0415, XC-Zero. Sam]in98. reeswell, NI-SW,
Horbin-Magician. xjr7670. YangXuanyi, DullSword. iStig. qq909244296. jiaxianhua. wenjianmin.
keshida. kilikilikid, Iclc6. lwbaptx. luluxia. boloboloda. hts0000. gledfish. fbigm. echo1937.,
szul7dmy. dshlstarr. coderlef, czruby. beintentional, KeiichiKasai. xb534, ElaBosak233. baagod.
zhouLion. yishangzhang. yi427. yabo083. weibk, wangwangl05. th1nk3r-ing. tao363. 4yDX3906.
syd168. siqyka. selear, sdshaoda. noobcodemaker. chadyi. lyl625760. lucaswangdev, liuxjerry.
0130w, shanghai-Jerry. JackYang-hellobobo. Javesun99. lipusheng. ShiMaRing, FreddieLi,
FloranceYeh, Transmigration-zhou. fanchenggang. gltianwen. Dr-XYZ, curly210102, CuB3yOnd.
youshaoXG. bubble9um. fanenr, 52coder. foursevenlove, KorsChen. ZongYangL. hezhizhen,
linzeyan. ZJKung, GaochaoZhu. yang-le. Evilrabbit520, Turing-1024-Lee. Suremotoo. Allen-Scai.



HOE A

il

hello-algo.com 4

Richard-Zhang1019, qingpeng9802. primexiao. nidhoggfgg. 1ch0, MwumLi. ZnYang2018. hugtyftg.
logan-qgiu, psychelzh #1 Keynman ,

ARBRRASH ] TIEH codingonion, curtishd. Gonglja, gvenusleo. hpstory. justin-tse, krahets,
night-cruise, nuomil 1 Reanon 58 (FZHEFREAFHES) o RSB AN RIS K ST, BRI
RT&BIES B TE S S,

FEABROESRES, B2 T2 AR,

© BRI AR IR E L, R IREIER “PATANEESR”, IBE T IRE XA BTG,

RN E AR B E MRS, WNEBR/NENAEREIT S ERERIN, FHERBEIESH
FREE;

BB E. BE. KENABET - NMEEUENLT, MEARE NE—(TR “Hello World!” (Y
E4rmEz;

© AR NIRRT AR AR T ER), XN AR B sE S S T EEEH ;

- IR IRE AR BIRTT TR RIS logo , FFEFRIVSRIEE IR~ 2R M CMERK ;

- B @squidfunk FRELHIHERRGEIL, PAMTF R R FFIRSCRS E /- Material-for-MkDocs o

TGRSR, BB T2 X T EIRG S ERNEM I CE, XEEGARBRE THHEAR, ik
TARBAERERRMES S AR MR AT 2ER AR H TRk !

AHEFFTWHMIFEITN, ERX—[ BRI G TFARIET ) WEk. MO mAEREX
AIEFHHIE A

FOLEIRINACRE, IR — B DORI SR 582000, IEBRAPLSWOX @k,

0.2 YNfAfEAZEH

Tip
N T HRIGRAERI AL, BIRERATAA,

0.2.1 ITXRIBYE

- AREEARIE * BRIEBRENT, PAAXTENE, WERIRIINTARR, wTRASERkd.

- BNRIERBERIRA (GUBCR PDF RO sRAsin R RIZe (Mahi), Hlanged (array), BBGLAEEA],
DA 15252 iR

- ERNAMESEMETR M, XECHESRIR T,

- ARHES XWRMEER 5157 R, DB

- YRR S Z BB AIER, ARSI Python ik, BIGHEER] None SRR “2%7,

© RBEDTHEE T WARTE S BRI, DARECEM R RN AR, R O =R AR
B NRTER. 21TER.


https://github.com/squidfunk/mkdocs-material/tree/master
https://github.com/d2l-ai/d2l-zh

k

Z
il

O hello-algo.com 5

[* FRRERE, BFRERER. K. OMSEFIE </

/] REER, BTIEFENE

0.2.2 EzhEEBRPEHRFS
MET 7, RIE A BAE SR E R B MR, BT, £AR4%, BRI
Gl M R, TS U E MR S 4 7e.

QUERPRAEPIRA I, R BAAREE TWE 0-2 FonraiE &g, WEDhE, DOy, ZEamE

L] 9.2 EEEHES - Hello MiE  x +
<« e (= hello-al z ¥ 1 @ ¥ 0 L 0@ :
Bt o2 mmma % W Qs O e,
— - RIS oI5, MRS EANESRRER, BEE (1 1P AR
E; ; ‘g "R, WTER O(n?) 6,
- T
B o ML {50 AT, TEEKER 1 BTIATIR vertices , (£ O(n) il Miéton x n R
LR SO B KNSHEIETE adinat , 2 O(n?) KA, ke
9.2.3 WEsLh

B ®2E EREHIF
b E3E MEEH
B 4% pASHE
S m5E RS
R EeEm BER
A®m7E M

£ WeE i

o EoE B

91 B

e
9.2 EERSME

9.3 EEH W /
9.4 It

B RUE

sl ENE B

i B2E S

19 W13E B

B w1aE mamy
® #E15E B

@ E16T IR
SEZH

AR IBRIERE A BERn RO PR

v v v v v v v vy

— MiaE

e B ® B ® o
s & = s =
b e e ke w
N
e n b e e

3] SRR
Step 1

E9-7 SHEEMBMMEL. RELD. EHTHR
LT RET B R R EN R

Python Cas Java c# Go Swift Js TS Dart Rust c zig

graph_adjacency_matrix.py

0-2 ZfHE EfE RG]

0.2.3 TE{CESSCRRANNFIRAR
ABBEMRIBIEEE GitHub O, & 0-3 FiR, JCKSHAE MR, o —#H817,
QR AV, HEURS RS BATE IR, RSN AR, 15 S/ @S TRTE D,
SEEARDAE L, S RS R R R 2K, IR, A RENE.


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

H
(]
{1t
=
il

hello-algo.com

@ EXPLORER

“ HELLO-ALGO
> .git
> I8 .github
v codes
c
<pp
csharp
dart
go

o java
javascript

(v vvv v vy

)

python
chapter_array_and_linkedlist
chapter_backtracking
chapter_computational_complexity
chapter_divide_and_conquer
chapter_dynamic_programming
chapter_graph
chapter_greedy
chapter_hashing

(v v VvV VYV VY

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

¥ Pmaing I Lotests ®OAO
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EVIPAY

yabEER FEACH B, mifE

%0 Git Graph

PR GFEIRSE, TES IR SRR 20

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

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

# IREUETATTR

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

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

main ~

i “Download ZIP” 151 B4 NEUASE46 L,

(I Unwatch 312 ~

Gotofile Add file ~
Local

B3 Clone
HTTPS SSH GitHub CLI

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

[ Open with GitHub Desktop

Open with Visual Studio

[} Download ZIP

7,5, 2, 1,

Ln 118, Col 29 Spaces:4 UTF-8 LF {§

<> Code ~

DO 0o

v D © ®o -

4, 3, 6, 2])

TERMINAL

Bash +v O @ - ~ X

Py base 18:18:47

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

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

def level o

# Mkl

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

= deque()

# Miatt—17IR, BTREFEHF?

res = []
while queue:

oe

% W Q

J V# Go Swift Js >
binary_tree_bfs.py

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

node: TreeNode = queue.popleft() # PABIHIBA

res.append(node.val) # {R7FETiAME

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

if node.right

is not None:

EFHRAR

queue.append(node.right) # HFTSAB

return res
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KR B VR B AR ZE R N TR,

IEREER LET ¥

0 hello-algo

Code Issues 1 Pull requests 10

chapter_tree

9 krahets

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

binary_tree_bfs.py

binary_tree_dfs.py

B 0-5 AAGHLS X R AR S
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Hello 3%
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44 AFESHEE" @
45 S

& B5E BESUH
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[ @ EELETT

v] ER

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

return res

“*"Driver Code""

-
if

-

Visualized wi

__name__ == "_main_":
# MafmE

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

nums = extend(nums, 3)

print("HEERESRE 8

Edit Code & Get Al Help

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

)€ ZBENE

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

Objects ,ﬁ EEH

Global frame function
extend(nums, enlarg

Frames

extend

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

412 HENRSASEEE
413 HERREM

nums

[ 0-6 Python R AIM{LIa T
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BERE

BENDB RISERE FRRIESR
BB

ARt EmR ISt

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

K 0-8 RIRAF I

0.3 /&

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

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

- MNTEENT, EOENBRR-AANHERER, AIEFZEHK,

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

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

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

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

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

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

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

FRERHEFEROMFHT

EFREN: RIEE—HEEEEN ¢ KT TR

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

Step 1 Step 2
5
—H B —HIBL

EFRSR: EFASE:

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

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

e
—¥ M
EFHRSE:

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

Step 5

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

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

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

1-2 $hwHEp PR

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

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

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

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

FHRERE, 7TEN204+ 10+ 1 = 31 75

ok wn e
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BirE 31 L2 11 = 1 =» 0

EELH -20 -10 -1

TWENTY

\
TWENTY ||

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

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

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

1.2 BiERHa
1.2.1 EZEENX

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

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

1.2.2 BHRGEMEX

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

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

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

1.2.3 HEEMERZNXF

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

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

BE—RIIRFRES

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

data structure

RIS IFREREGE
S MSERIR S &

1-4 BURSHSHEIERIRER

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

B RTTRAIN B SR R ANR 1-1 Fmo

®1-1 REdRa SRR O PRERIR

BlRai 5 RE PRERIR

LN S ES/EENIAVN

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

it Rl PR

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

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

1.3 &

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

- ATHIEES S0 BEREEME R ZoBEREIAREL T amia M EERTREAE,

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

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

- BARSH SRR ERE, BURSHERIRNEN, MRRRBIRAIFERrSES.

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

FERIRRAT R, BACEIER AR AN ZE T H A

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

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

- WRIEeR: BRISTEERRE,

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

2.1.1 SERREMR

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

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

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

2.1.2 IBigEE

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

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

Tip
GRRARAN BRI SBBIN R, TAUELD, BIRTERLEE RGN,

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

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

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

2.2 FR5=

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

2.2.1 #%

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

1. for &IF

for TEMVERHE WANERIE A Z —, BEERVERIEIRRKBINEER]

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

// === File: iteration.dart ===

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

return res;

A 2-1 %K B AR AE
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LI it
i=1
B
=
i+=1 R

B 2-1 KA R A

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

2. while f&IF

5 for fEFARLEL, while fEIAMLZE —RSCINERAITTE, F while 1B, RFERAXTRERMS, WRA
HENE, WIGRSLIIT, SRS RIEER,

R while TEFRFIIRFT 1 + 2+ +n -
// === File: iteration.dart ===

/* while f&IF =/
int whileLoop(int n) {
int res = 0;
int i =1; // ¥RHERGEE
/] B¥RHM 1, 2, ..., n-1,
while (1 <= n) {
res += i;
i+ /] BNRHTE
}

return res;

}

n

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

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

/* while 1EIF (FREH) */
int whileLoopII(int n) {
int res = 0;
int 1 =1; // ¥RUEGEE
/] TEIRRA 1, 4, 10, ...
while (1 <= n) {

res += i;
/] EEHTE
1+4;
1 *= 2;
}
return res;
}

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

3. BRERIF
AT DHE— MERE I NIRE S — MERG, T for TEIA9:
// === File: iteration.dart ===

/* WE for &I */
String nestedForLoop(int n) {
String res = "";
/] B 1i=1,2, ..., n-1, n
for (int 1 = 1; 1 <= n; i++) {
/] &% j =1, 2, ..., n-1, n
for (int j = 1; j <= n; j++) {
res += "(%1, $3), ";
}
}

return res;

}

A 2-2 BIZRETEARTARAE K,
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SMEER

2-2 RENEIRIFFEAE R

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

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

2.2.2 #3

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

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

MM A EE, B EEAES =PER,

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

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

[* BT */
int recur(int n) {
/] BLEZH
if (n == 1) return 1;
/] & BVIEA
int res = recur(n - 1);

/] VA REILER
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return n + res;

}

K 2-3 foR 1% BREL IR I AR,

AT “&@” BmE 93
recur(n) return n + ((n=-1)+.+2+1)
| A w
recur(n-1) return (n-1) + ((n-2) +..+2+1)
recur(4) return & + (3+2+1)
recur(3) return 3 + (2+15
} g
recur(2) Py return 2 + (1)
| P —
recur(1) return 1

B’ 2-3 SRFIREHTE SR
BARMEAEE, BRSBTS EIERANER, EENRER T PR e 2 A8 R B E R R 8 e
iﬁo

- OB “ATRmE” HUEREL, MEEERLFP IR, RS NMES SRS, EEIES R,
< 3B TEEWRT MR AR, R AR AN SR NS TR, X (DR R R LR A AR RN T K
PR T RIREAR SR 7 B/ N RN, EEIEAE U 1 (AR fE E AT
PALIRSKRFEREC B, BFM f(n) =142+ +n,

CORER: TEMESRTRHURATRL, M LBHE 0, SECHITRAEE, BIATRE F(n) .
- BB BN TR f(n) = n+ f(n—1), R GRITHY SRR, AR f(1) = 1
L,

1. AMRE%
BIFREE KA B 88, RGN RNERROEINTG, DEEREA R, 18R kA =G R,
1R S8 7 TH 4 R

- BRI _E TR SCBURER A R ERR . R R NI, EEREBOREE A SR, R, @I
B AR IFE B A7 22 ],
- BBV AT RS AR RS MO DR IR B LGP I TR R AR

G 2-4 FoR, EMAZ RSP, FNFE n DARIREERITEE, EHEEN n .
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FESERRAR, GifETE S VPRSI S E A IRAY, I IRAVEYT AT RE S 20kl iR,

2. Bi#)3

BITRE

n

AT ‘@ Bt 93

recur(n)

!

recur(n-1)

!
|

recur(4)

!

recur(3)

!

recur(2) Py

} -
recur(1)

B 2-4 BT AIRE

HEBAE, WERABAEIR AT EIG — A ATV, W% R EOR] DAt it as s deiiifl, e
AR L SIE Y, IXMIEOLHAR N RE) (tail recursion),

- B SRR EIE E—BRREYE, FENRSEHTRE, RERSGFEAE E-BRAN LT

o

- R B ITE R M EOR AIRTHYRSE — DA, XEREREBOR AR E—BH)a, TR T H At
BlE, HIERFTMRST - — 2R BT

AR 1+ 2 + -+ n Wfl, BTATTATDORES SRR res IRNERESEL, MMISLBLEE:

// === File: recursion.dart ===

[* BEJ3 */

int tailRecur(int n, int res) {

/] ELEFH
if (n == 0) return

/] EZ)IEA

return tailRecur(n -

}

B ARSI TIE RN E 2-5 FiR. X ELE @B VARI RIS, I BISRAIERERI AT RO AN FIAY,

© MBI SRFIR(ERAE A7 AR PITRY, SRR S EE AT — OOR TR,
- RBIBH: SRAHRERAE “H7 IRRPHITH, 97 M ERTEREREL,

res;

1, res + n);
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I.E‘]-F “E" I.I-:]J: nuau

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

f

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

|
} f
|

recur(n-1, n)

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
@, ) A
l KEFH T

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

K 2-5 Ri#)dE

Tip
TEER, WesmiEasslRed A SR RIEAE. BN, Python BUAASH @I, KRN
R I, AR RERIE Ak tH R,

3. &Jan

SREE “IE7 HXIEIEREN, BEEEHIERR B EMEN., AEEMS 5, P RS
Hifls

Question

e EPIREEH0,1,1,2,3,5,8,13, ..., RZBIIHE n MIE

VEERIREGIE n AR f(n) , BERAGE,
- BB NG f(1) = 0F1 £(2) = 1.
- BB N RATAEIOR, B f(n) = f(n—1) + f(n —2).

TEIOEHEOCRMEATIZINA M, Al NN RS, fEaTS BB, A fib(n) RITRIS2IZERI0
ZHGNHIE n DT

// === File: recursion.dart ===

[* ARG BT */
int fib(int n) {
/] BIERHE f(1) =0, f(2) = 1

if (n==1 || n==2) return n - 1;



H2E HREDH hello-algo.com 26

// ZFEA f(n) = f(n-1) + f(n-2)
int res = fib(n - 1) + fib(n - 2);
[/ REILER f(n)

return res;

ISR DA EARED, FRAITERRECNZETE A TR, IXEBRE NN TR AR, R 2-6 Fr
R, IXFERWHRITEA R L, B&E74E—MEEC n 1938 (recursion tree),

f(n)

f(n-2)

f(n-3) f(n-3) f(n-&)

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

B 2-6 EPARZELBHIE T

MARBLEE, BIAERBLT R R W ENF R FEAEEN, XA IaRIE R E
- WEIEAEE, #R HE B, ol sSMKXISEVE 2 BB TA RIS B RE el R A 1 axX A R
Ji 3o
- WEHRESHAER, BIARKIESCETER, RAERAESKRE, FOAEMHERIES A G B8 T2
#ro

2.2.3 mEMLL
BEELL N, G15R 2-1 FoR, IEUNBBIAESLEL, PERERNE M M LA T AFEL,

% 2-1 EREGEBEIAR ST

IER =9

BT TEEAAER BRECA A E &

2
sy
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IER 2
IR BeRiEE RS, ToREIE IR R R = = AT
%
PIFERE 38 B T R N PR A7 25 ] SRR B AR FH ] RE O FH KR R A ]
H
EHF EHTREAIEIMESS, BENL, AT G TR, W, B oA, [IINE, REEEHEETE,
& 4 GL

Tip
GRIRIERTE DA AR E, AIDAIERSE S BETEERRE S,

Mz, ERFBAERAGHLNERRRIE? DUEBRBIAREONF], SKAREIERIAR 03" FrBodiT. KRk
IR FH B R SR bR R Jm SE AR SRATRAERY, XM CAEHUR AR “Je NG st sl R 1,

L, AT M SR XIBARECERTR TE SR AN EVIR R,

1. 38 SEBEIAMN, RAXE AR EOZEBOMEORTRIED, AT FERRE R R, S8
IR [l 2 H
2. VA: HERBGERPUTHIREIR, KRBT VAR ERBRR, TR Al BRI TR,

RItE,  BRATTAT DU — A X RR B AR T 0, NIRRT e oI A

\

// === File: recursion.dart ===

[* ERERAEINEYT */
int forLoopRecur(int n) {
/] R EXRRRIEN R RIR AR
List<int> stack = [];
int res = 0;
/] & BVAEA
for (int 1 =n; 1> 0; 1--) {
/] BT NRRIET RIK 7
stack.add(i);
}
/] VA REILER
while (!stack.isEmpty) {
/] B HIRRE R 937
res += stack.removelLast();
}
/] res = 1+2+43+...+n

return res;

MEE DA ERE, B AONENE, RIEZEREMER T, REEANEIERZHE T A DIEAHRAL,
EAR—E(EHIXAEE, A AP A,
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- BRAUSAOACRD FTRE SE AIME DARE AR, RIS 2=,
© ONTHLEE IR, RIIRGEE AR AT AT RE AR R

Bz, EEERGE IR TR MR, EgIESCErh, D& RIS HRE R BNE R SR 77
REXREE,

2.3 BHE|ERE

a1 T Rl A] PAEUL EL iRl S BREBTRRIRCR . A RBA TR MER I G — BRI A T R, MO A AT Ele?

1. et e, CfEEAERE. wEIES. RANRYE, XERZHSHMARBRNIBITRER,
2. WA RIRIERR TR II2ATIN R, FIAnERIE + T/E 1 ns, FFIERME » FE 10 ns, FTEIHRE
print() 7% 5 ns &,

3. TP E R RERIE, HRATE IR PITIERA, MMSENS TR A,
BandE A SRS, BABIEAR A n

/] EREEBTEET
void algorithm(int n) {
inta=2; // 1ns
a=a+1;//1ns
a=a*2;// 10 ns
/] &% n R
for (int 1 = 0; 1 < n; i++) { // 1 ns , BRHFLEHIT 1++
print(0); // 5 ns
}
}

R L7, AT USSR IS (6n + 12) ns -

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

HPR b, SHHRERBITINBIBEASPEIAB, &, BAIARERHEN 2T Fa%E, HE
ERBEESAARKT6 EisfT, Hik, BAMRMERSMERERNS TR, IXa PG RRH R 17RO
1:38

2.3.1 ited{Elgkiass

I I A5 T SE T AN R BRI TN TR, T SETAIST TN Il R 2 2RI 5

BRI XS LS, BATEE — MR DARERR, B ABAE R/ NA n, BE=ANETE
A, BFIC:
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/] B A WESERE: BHM
void algorithmA(int n) {
print(0);
}
/] B% B MBTRIERE: &M
void algorithmB(int n) {
for (int 1 = 0; 1 < n; i1++) {
print(0);
}
}
/] B ¢ WNEERE: BEM
void algorithmC(int n) {
for (int 1 = 0; 1 < 1000000; i++) {
print(0);
}
}

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

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

V758

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

N MR

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

RO TRV 2R RN A AEIR], (T5h “HEER

1000000

BiE C - H¥b

Bk B - SR

BB THYAE] 10

5
/Mm

0

] 1 2 3 4 5 6

BNBIER N
n

7 8 9

& 2-7 RIKA. B CHINFEKES

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

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

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

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

2.3.2 HEARA LS
BE— AR n HIEEL:

void algorithm(int n) {
int a = 1; // +1
a=a+1;//+
a=a*2; /] +
/] &% n &%
for (int 1 = 0; 1 < n; 1++) { // +1 (BREHIT 1 ++)
print(0); // +1
}
}

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

T(n)=3+2n

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

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

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

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

e 2-8 AR, HEENE F RS NEE f(n), #1524 n@RTIHFARN, T'(n) Ml f(n) & TAER
AU KRG, PRZE— DB ¢ B
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c-f(n)
T(n)

HR{E e

/

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

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

K 2-8 PRECHIHTIL B

2.3.3 #EGE

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

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

1. -9 it EHE

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

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

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

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

B — R, BATTAT DU IR B Rt T R E R

void algorithm(int n) {
int a=1; // +0 (%15 1)
a=a+n; //+0 (KI5 1)
/] +n (%35 2)
for (int 1 =0; 1 <5 * n + 1; i++) {
print(0);



B2 SREDH hello-algo.com 32

}

// +n*n (15 3)

for (int 1 = 0; 1 <2 * n; 1++) {
for (int j =0; j<n + 1; j++) {

print(0);

}

}

}

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

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

2. B HEREE LR

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

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

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

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

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

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

2.3.4 FER¥EH

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

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
TR < WER < ZRMEH < SME < FIk < a8 < Bk
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SHH 0(2")
58 0(n?) .
R SHH 0(n) g
T 4iE
HEEH 0(logn) i
®
=

BEH 0(1)

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

2-9 H DLAIIE TR 2 2

1. BHHO(1)

TR HIRFRE SMABIE RN n ToX, RIAREE n BT,
TEDUNEREH, RERIFEE size WRERK, ([HHTHSHMABIERN n LXK, FILNRERET O(1)

// === File: time_complexity.dart ===

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

return count;

}

2. %M O(n)
LRI R EECEAMN T3 AR RN n ARG K, Sl s I B EE A
/] === File: time_complexity.dart ===

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

count++;
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}

return count;

}

i 7 B AR P RE R AR E AN TR B R 1 O (), Horpr g 0B s BER A :

// === File: time_complexity.dart ===

[* R GEH¥AE) */
int arrayTraversal(List<int> nums) {
int count = 0;
/] ERRBMEEAKERIELL
for (var _num in nums) {
count++;

}

return count;

EEERE, SABIERD n THRIEHMABISRRRRBARE, eSS — RIr, 28 n kA
RN, B ARG, BEHKE n AEIERN,

3. K O(n?)

T R ERCEADS TR ABAE RN n DOFTSGIE K. P T BNER HEEREIEA T, INZMEIAINER

AR 258 O(n) , B ARRIRT I Z5RE ) O(n?) -

// === File: time_complexity.dart ===

[* M */
int quadratic(int n) {
int count = 0;
/] ERRBEETEARN n BFEHXR
for (int 1 = 0; 1 < n; 1++) {
for (int j = 0; j < n; j++) {
count++;
}
}
return count;

}

B 2-10 XFEE T HE. SRAERAIT 77 B = R0 A2 2



H2E HREDH hello-algo.com 35

&% n &

&% n & & n &
1R

0 @ @

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

(] RE—titmme

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

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

// === File: time_complexity.dart ===

[* EAM (BaHE) */
int bubbleSort(List<int> nums) {
int count = 0; // it#kes
/] SMEIR. RHEEFEXER [0, 1]
for (var 1 = nums.length - 1; 1 > 0; 1--) {
/] RIER: BRHFXE [0, 1] PHRATREIMEZXENRAIHH
for (var j = 0; j < i; j++) {
if (nums[j] > nums[j + 1]) {
[/ 3% nums[j] 5 nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
count += 3; // TEXRREE 3 NEITIRE
}
}
}

return count;

}

4. 188 O(2")

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

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

[* B (BIREI)  */
int exponential(int n) {

int count = 0, base = 1;

/] BRESR—DRT, TR 1, 2, 4, 8, ..

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

}

[:].” [:]." E:].”

HEHRERE (BIEJAMET REHK)
20 + 21 4+ 22 4+ 4+ 201 - 202

1k

// === File: time_complexity.dart ===

[* FEERET (BBYIZIM)  */

int expRecur(int n) {
if (n == 1) return 1;
return expRecur(n -

}

1) + expRecur(n -

.» 27(n-1)

+2°(n-1) = 27n - 1

234
BE—HHZ

BEH
TRYE

0 . ’
L Q . 22
N
E:]." [:}.u Ej ”.[:j n.[:j 2n-1

a2
ey o(2")

B 2-11 FEE I A2 A

1) + 1;

N
Pl

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

5. 3k O(logn)

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

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

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

}

return count;

}

BANBEKERA n sEEE 1 1

£ |~

s

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

~

(]

[y

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

[* EREY (BYJAEIM)  *+/
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int logRecur(int n) {

if (n <= 1) return 0;

return logRecur(n ~/ 2) + 1;
}

X I TR T R RIS IES, AT T R MCEONRT MEIREE, el KRR, 2
AR T B3 A BAE I TR B2 2%

O(logn) MIRBUEZ/V?
R BE, “— 9 m” MMM EERER O(log, n) . MHEEMBHRAK, HiTa USEEA
ANEREL. AR A 2

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

bR, JRE m o] DEARREINE 24 IR R, RIEFRNTEF S EIERE m , K5 Ese
28 O(logn) »

6. MM O(nlogn)
LM BT EEIN R, BB EZE 2519 O(logn) f1 O(n) o ARG
// === File: time_complexity.dart ===

[* MR */
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++;
}

return count;

}

2-13 JEoR T EMER BN B ERTT e ZXMIE— BRRIEREE n, B3H log, n + 1 )2, KL
FEREHN O(nlogn) .
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EEMNIZEREH
n 1=n
Zx2=n
$# log,n+1 B
% x & =n
HEIREREN
nx (log,n +1)
I BB ER®E
1R 1k 1R 0(n togn)

&

H
oF
H
x
=
"
=

B 2-13  Zelhxt B A A2 2

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

7. BB O(n))

B el BB B AT R, S0 n NEAEERITR, RETAFRENHIITTR, 775880 N:

nl=nxn—1)x(n—2)x-x2x1

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

// === File: time_complexity.dart ===

/* BASRRY (ZBYIZIR)  */
int factorialRecur(int n) {
if (n == 0) return 1;
int count = 0;
/[l M1 ADEE A
for (var 1 = 0; 1 < n; i++) {
count += factorialRecur(n - 1);

}

return count;
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E=3=10] EBEH
DEHE TaE
n n
n-1 n(n-1)
n-2 n(n-1)(n-2) - #£n B
1 aus see sse n!
2HTINARY (AIRKENT SHE) EERE
nx (n-1) x (n-2) x .. x 2 x 1 = n! FisEBH O(n!)

B 2-14 Bl AR RIS A4

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

2.3.5 RE. RfE. FYNESERE

FHARIN MR AR BEER), miSMABIRR AR RmA—DRKEN n (EAH nums ,  Hip
nuns AN 1 2 n BOBCFARR, SRy B EICRIUFZREVITELR, (55 BAn2iRETR 1 1)
K5lo FATTATLASH LAURES IR,

Wonums = (2, 2, ..., 1], HMRETEE 1M, BERad, RERENREAE O(n) ,
% nuns = [1, 2, 2, ...1, BRHEATEEN LI, TICEHS K RREAEa, KRR R
B Q1)

“EREMN A" NN EEHENL B, AR O IL5FoR, MR, “RAERN RS XN EEHNL N5,
M QIESHRR:

/] === File: worst_best_time_complexity.dart ===

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

final nums = List.filled(n, 0);

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

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

nums[i] = 1 + 1;

}

/] FENITELE A TR

nums.shuffle();

return nums;
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}

[* BIEEE nums FREREFE 1 FRTERSI */
int findOne(List<int> nums) {
for (var 1 = 0; 1 < nums.length; i++) {
/] SR 1 EEAEKER, RAEIREREERE 0(1)
/] & 1 AR, AEREREERE 0(n)
if (nums[i] == 1) return i;

}

return -1;

}

ESFUARE, BAOEKPRPIRDEA RN BE A, FOvEHE A ERMER TA RS, AlgEsmk
—ERRSE. miRZNEEREE NI, FAERN T AL, ERITA IR R,

MR DA, 220N 52 IR R TS 2 BT “RSTRAOR AT, EE t BER
AR/, A ELSRHU M BT TA, AE T, PRSI IS 2% T DAPSBRSE A R LR A B 0
BT, F O i RET.

TS, FlTT AR 26 e 50t B LR S IO TIL,  Ean R, P A S RN TAL
[, DRMETEEE 1 HBIE (TR RS MR RIS, TR S AR OO B AL K R — ¢ n /2, F
IR R 2R O(n/2) = O(n) .

(ERFFRO S AASL, b FLTRIIN I 20 PR, TR 0T H (R A RIS RRE 2,
TERCRMESL R, el T SS  FR 20  B 28 B R T

M2V EE O 75 5?

FIREH T O FFSE TR L O, BB E A RS TN RS R, [EMNHE P, X
R ARG, TEARBRHAMTR D, FBFIRM “FNRERE O(n)” WRRE, EKHER
B O(n) .

2.4 FERIERE

TEE#RE (space complexity) FITHI &5 G N7 2 R REHE L0 B 2RI AR K55, 1X S S H)
SERREARFEL, JAFEE “IsTNET By S ANEZERT,

2.4.1 EZEAXZ(E

BIREIBTIE AR A I A7 23 1R 2 S DR LA,
- FANZEE: T EEIER R A B,
- BN AT EERIAESITE PR, MR SR T CERE,
- FHEEE TR B AR,
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—RET, FRERENSRIHCERE “GrEn” mk s,
G R A PO — X0 =07

- BRI AT RERRBTERETRSME R TR HRE
- AR TR A A R B SR, RGUERHXA A B EUN AR S AR VR QI — Mk, BR%L

RENE, Az A 2R

IR T RERERIRARS, SR IR AR

N —BRE PR EAER, RATEFESHE A BE, iz M8 =385y, & 2-15 for.

BERRTEEERENSITER

4 - B
PN HEEiE) M siE
BWANE TR ks 6
Heizsia]
EsRegesi )

B 2-15 HIEE A

FRAHEAT R :

A

class Node {

}

int val;
Node next;
Node(this.val, [this.next]);

[* EREL */
int function() {

}

/] BUTREERE. ..

return 0;

int algorithm(int n) { // HAZUE

const int a = 0; /] BEHE (B2
int b = 0; /] BEHEE (T8)

Node node = Node(0); // EEFHIE (WR)
int c = function(); // t&mi==ial (GEREKER)
return a + b + ¢; /] GEHEEE
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2.4.2 #EGE

(W AR BT T SN T A KB, RAHSG R G “SRIESOR” #60 “EERZ AN,
TSI A RRAR, SRABER NI E SRR, KRR AR R TREEEOR, (M
HRAE T NS R0 SRS P72 23 I R
WEELA R, s aZmh R AMES Y,
1. DUREMASIRME: % n < 10R, ZEAEN O(1); B n > 10 K, PHALKELL nuns &
i O(n) %2, FEILEEZERELEN O(n) .
2. DUSEISTTRIIVEIEINAE I : B0, FRFFERTRIG —1T.2 80, S O(1) %50 S¥IAMAEE nuns
i, FRREA O(n) %50, RILEESFEEAEN O(n) o

void algorithm(int n) {

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

List<int> nums = List.filled(n, 0); // O(n)
}

}

{EIEHPAEeD, TR MR, WA R:

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

}

B8 Loop() A recur () WIS A O(n) | {H2507%E 4 R,

- PREL loop() TEMEIAHIEA T n X function() , EEHHY function() AR EIFHRERR 7 Mz m], Kt
HREZREN R O(1) .
© JBVAKEL recur () EIBTTIIREH S FNTELE n DARIREI recur() , MIfidiH O(n) FIARMIZS (A,
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2.4.3 FERFER

BRABIER N n, B 2-16 R T H WS EE 2R (M= HED o

O(1) < O(logn) < O(n) < O(n?) < O(2™)
HHET < WEE < LB < FI < 155G

B o(2")

5B 0(n?)
ARFZEAN 446 o(n)

HEE 0(logn)

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

BNEHEAN
n

2-16 DL A A 2 A

1. B O(1)

HEIE LT RE GBI n TRIFR, T8, MR,

BHE o(1)

MEES. MEEE

TEERAE, (EMEFRA RG0S elR A R S ATAAE, EEAT ISR, BIAZR

BUSHIZ, =g O(1) :
// === File: space_complexity.dart ===

[* BRER %/

int function() {
/] BUTH LR
return 0;

}

[* BEE *+/
void constant(int n) {
/] BE. TE. WREA 0(1) =il
final int a = 0;
int b = 0;
List<int> nums = List.filled(10000, 0);
ListNode node = ListNode(0);
/] ERHRNEESA 0(1) =8

for (var 1 = 0; 1 < n; i++) {
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int ¢ = 0;
}
/] TERARRERER SR 0(1) =8
for (var 1 = 0; 1 < n; i++) {
function();
}
}

2. %M O(n)

LM E T ITEES n RIELAIEEE, 3R, M. YIS
/] === File: space_complexity.dart ===

[* MR/
void linear(int n) {
/] KER n B9EAESEA o(n) =iE
List<int> nums = List.filled(n, 0);
/] KEA n BNFIREA o(n) =(E
List<ListNode> nodes = [];
for (var 1 = 0; 1 < n; i++) {
nodes.add(ListNode(1));
}
/] KEA n NIEERSA 0(n) =i
Map<int, String> map = HashMap();
for (var 1 = 0; 1 < n; i++) {
map.putIfAbsent(i, () => i1.toString());
}
}

G 2-17 R, EREEDSIFREN n, BIRINLE n DARIZER 1inear_recur() L, H O(n) K/h
AR [F)

// === File: space_complexity.dart ===

[* IR (BUFEIN)  */
void linearRecur(int n) {
print("3EY)3 n = $n');
if (n == 1) return;
linearRecur(n - 1);

}
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AT “# Akt “3”
linear_recur(n) return @
linear_recur(n-1) return 0

n ’ T
linear_recur(2) return @

sz

1 el s T
linear_recur(1) return @
EREGEIERRRER n el ERE
H#65H 0(n) B9EEMIZE1E] LM 0(n)

2-17 BFRET AR LR 2 A A

3. E5K O(n?)
SRR W RERERIE], TTEREES n BEET KR
/] === File: space_complexity.dart ===

[* R */
void quadratic(int n) {
/] RS 0(nr2) =i
List<List<int>> numMatrix = List.generate(n, (_) => List.filled(n, 0));
/] ZHFIREA 0(nr2) =i
List<List<int>> numList = [];
for (var 1 = 0; 1 < n; i++) {
List<int> tmp = [];
for (int j = 0; j < n; j++) {
tmp.add(0);
}
numList.add(tmp);
}
}

W 2-18 R, REEATEITRE N n, FESAE RS EIAA T — N, KESIIA n, n— 1,
L2001, EKE /2, EEESR O(n?) 22 :

// === File: space_complexity.dart ===

[* FHEH (BJFAEIM)  *+/



H2E HREDH hello-algo.com

47

int quadraticRecur(int n) {
if (n <= 0) return 0;
List<int> nums = List.filled(n, 0);
print("3®Y3 n = $n B nums KE = ${nums.length}");
return quadraticRecur(n - 1);

4 nums KE BT “&”

n ——— quadratic_recur(n)

« 1

n-1 —— quadratic_recur(n-1)

AR 1
' !

2 ~——+ quadratic_recur(2)

1 ——— quadratic_recur(1)

ESTBIARMPEHBDBET — M E, BKER
1+2+ .+ (n-1) + n = n(n+1)/2

ket L
bt

mL 93

return @

f

return @

!
!

return @

!

return @

SEERE
F5H 0(n2)

2-18 YA R AR T B s IRV R

4. BEBHO(2")

TR LT X, SR 2-19, BEC n 19 T T REEN 20 — 1, S O(27) -

// === File: space_complexity.dart ===

[* EEENY EIDHE-XR)  */
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;
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BEENTREHK
20
21
2 - Hnn E
A A Y A
2n-1
FiATREE DEERE
2% + 21 + 22 + .- 4 201 = 2na a¥H o(2")

2-19 il — R AL RIFE R 23 TR B e

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

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

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

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

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

2.5 Ihes

1. ELER

ERER e T

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

Hof i) 52 20

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

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

- RN EERE AL, ERGIHREEE, AEHINENL LR,

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

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

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

BRI

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

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

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

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

2. Q&A

Q: Ei#AmZRERER O(1) 14?

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

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

51

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

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

3.1.1 ZiE4EN: KMESIELH

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

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

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

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

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

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

push |/I ™~
i = — graph o /
stack -

pop

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

pop push

hash table value

BEE {key o & w}

3-1 SMEEdREi SRR

3.1.2 ¥PBREEN: EEE59H

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

00 @1 02 03 04 @5 06 07

0x0000

0x0010
0x0020 n

0x0030

0x0040

STENESE ARG 0x0012 , BEMIE

. BERESE ARG 0x0024 , SEMIE n

B 3-2 WfEsk. WTFaSHL A7 L

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

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

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

EGTiETFhE YRS EEfE

TEAEAE I TF =S (Bl R SR A ERERNNEZEZIEN

aaaan

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

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

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

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

Tip

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

3.2 BHiERE

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

- BERAY byte, short. int. long,

- PEREBCERA float. double, FHTFFERT/INEL

© PRI char , ATRRSHIBESNTE. A SEERERNSE,

- fi/REE bool , ATFR “B7 5 “B HW,

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

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

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

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

R 3-1 EALARIAIN & 2 A AT EUETE

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

short 2 FH —215 215 _ 1 0

int 4775 —231 231 1 0
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et (SRS? SRR BIME RAE BIAME
long 8 Fi —203 203 1 0

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

TR char 2 FH 0 216 1 0

7R bool 157 false true false

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

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

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

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

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

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

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

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

/] ERZTMERIRLT R IA L EE

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 #Fwtg *

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


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

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

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

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

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

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

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

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

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

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

1+ (—2)

— 0000 0001 + 1000 0010
= 1000 0011

— =3

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

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

= 1000 0001 (J5h5)

— —1

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

-+0 — 0000 0000
—0 — 1000 0000

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

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

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

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

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

(—127) + (—1)

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

— —128

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

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

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

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

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

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

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

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

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

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

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

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

E
N

124
22+273 = 0.375

1x0.125x%x1.375
0.171875

3-5 IEEE 754 FrifE N9 float BB R A

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

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

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

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

*3-2 fRENIE X

RS E SN = 0 SEBIN £ 0 HHEAR

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

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

o

WUFEIE double HIRHIZEMLT float MFRTTIR, TEULAMEIA,
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3.4 FFRS*

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

3.4.1 ASCIl &

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

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

3-6 ASCII #4

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

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

3.4.2 GBK ¥f{&

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

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

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

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

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

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

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

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

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

1 00000000 01101100
o 00000000 01101111
-} 01111011 10010111

- KER 2 FENFXFR
it 01101100 11010101

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

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

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

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

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

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

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

FH Unicode UTF-8

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

& 01101100 11010101 11100110 10110011 10010101

BES 3 REN 1 BEHATHOS 2
RETHEER 3 T4 BEN 10

Kl 3-8 UTF-8 4wl

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

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

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

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

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

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

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

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

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

KPR L, HEEES NFRRmE TR — MRABIEE, BRFZRER,

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

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

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

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

HTLALERR, #ogREE SR T — S AR5 7T %,

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

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

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

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

1. BB

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

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

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

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

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

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

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

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

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

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

2. Q&A

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

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

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

Q: char KR KEZ 1 F1I5?

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

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

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

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

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

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

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

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

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

1110 — 1101 — 0010

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

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

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

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

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

00 04 08 12 16
memory location

AIAREZE

L BHENRNTFEE

4-1 BEAHE L HFETT

4.1.1 ¥EAERIRE
1. 3aEea

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

// === File: array.dart ===
[* ¥IEEER +/

List<int> arr = List.filled(5, 0); // [0, 0, 0, 0, 0]
List<int> nums = [1, 3, 2, 5, 4];

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

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

TE®Sl o 1 2 3 &

Rttt 00 04 08 12 16

TTRKE - 4

TRAENE - RARERLE + TREE « TERS

(BT (GRS E)

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

K 4-2 BT RBIA bk TR

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

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

/* BEHlipETER */

int randomAccess(List<int> nums) {
/] EXi& [0, nums.length) FREEHIHHER—TEF
int randomIndex = Random().nextInt(nums.length);
/] FREFREIRE TR
int randomNum = nums[randomIndex];

return randomNum;

3. fATE

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

:

EEEEC

nums[4] =m5[3]

BERRAX

= et (8000
‘ nums[3 nums[2]

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

:

(3 W1 ]s]2]5]4 ;}ﬁjgzig;—uﬁ 0 =%

nums[1] = 3

K 4-3 A ATTERRG

ERERNE, BTEHNKEREEN, FHEMA-PMTROEXSFERARTITR “BXK7 BN

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

/* TEERAAMIZERS] index MENITTE _num */

void insert(List<int> nums, int _num, int index) {
/] BZE5| index UKZEWNFIETERGEHEI—I(L
for (var 1 = nums.length - 1; 1 > index; i1--) {

nums[i] = nums[i - 1];

}
/] & _num THZA index &7TH
nums[index] = _num;

}

4. HBRTE

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

88000

nums[1] = nums[2]

BIRER

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

nums[3] = nums[&]

sehERE, SAERTRUEH 1,
KETTE 4 BERN TAHEENR

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

/* MBRZES| index HITTE */
voild remove(List<int> nums, int index) {
/] 1BF&5| index Z/EMFIBETTEMAIBEI—IIL
for (var 1 = index; 1 < nums.length - 1; i++) {
nums[1] = nums[i + 1];
}
}

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

- BIOTR: HTEAHNKEARNZE, RERAITRE, BHEHREOERTTREER,

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

g R B, (HIXFEMESIE R A7 AR PR

5. EBR¥HA

FERZHIIEES S, TN POEE R e, el ERE R PRI TR:

// === File: array.dart ===

[* BHEATE */
void traverse(List<int> nums) {
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int count = 0;

/] BER5|EHEAE

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

}

/] BEHHATER

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

}

// @ forEach AikiEAEEH

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

18

6. EHTE

AP EBIEE TR TR, SRHWOTRER G, AVLENE S VR,
RONVBE RS BARSY, I DA LR ESIRERAR N “ERIEEEK,

// === File: array.dart ===

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

}

return -1;

7. ¥F8%H4

1E
REBIREES T, BARRKERANZER,

AHIRGUAGE R, R MPRIEREH 2 IR I [E2 AT IR, ATTTCTR 2 e R B

R AE

ARFAT B AR, WTREFEL —NEREAH, A REREETTRERREH 2SR, X2—1

O(n) fotit, (ERCRFARNINGIE FARRHERT, 1301 AR
// === File: array.dart ===

[* T BEAKE */
List<int> extend(List<int> nums, int enlarge) {
/] E— M BRKEGHNEA

List<int> res = List.filled(nums.length + enlarge, 0);
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/] BEEATRHNPIETEERIEIF A
for (var 1 = 0; 1 < nums.length; 1++) {

res[i] = nums[i];

}
/] BREY EEREA
return res;

4.1.2 HAMK=SERYE

BAFBEESNNFERAN, B, ZMMEUEFENERER, RIa] DRI EE R
ABIREERIHTHRI R,

- ERRCRR: B VBRI TIESIHINER, TCAUERSMUSER T,

© SCRERELIR . B R VEE O(1) RN FHEMTT R,

- A AL HUIMEBETTRN, FRAUMUSINEE, IER% A7 B B A HAEERE, A& B sk
17 RIZTH IR SR BRI T IR

ELE fF i R —IEW)8, HAFEL N RIRME,

- AAASMERBERIE: SEHPITRR LN, A SMBRRERER S RERTTER,
- REANZE: BAHEGRERERERE T, P ABEHFRER A SRS E0 A, TR,
- ZBMEREE: AREEHCRIANEBIE SRR, IR RIS R 2R T

4.1.3 ¥HAHMEINA

BEH R — LA B WSS, BN e R AR, Al TSl S M E 2 dm s,

- BEOLYIM: GUERIRAVAEREN LI —2RE AR, B2 AT DUREE g, FHAER—MREUFS, IRIERG15C
BEN LA

- HIPRAEER . BRI R AR SRS, PORHT, 1P, o RS EE
BT,

- AR YHEEPEER IR RICRN, A DUEA BN EIR, RINBRATE S A E
ASCIT RSFBRES, W AT AR w750 ASCIT WS EMENERS, X R HI TR A7 AR EH XS B B

- BLERES): MM REMEM TR, B KEZRIEERB0sE, XEdEEZ DB
R, R P2 I 28 G A2 P i S 6 FH B B8R 454

- BURSHSEBL: BEHATDAVR TSRk, PABI. MRfnaR, i ESEBURS, Hlin, ERIEERERORE
(70 b =S N - £

4,2 §ER

W RPN ALTER, £ PMERNRGUSITINET, TREINFZ R EREENT S,
THINE, TEEEEHRI NS AU S, TS EEH AR K, NTERTRETCIE SR LA s R AE L=, It
I BE R RIG TR R T o
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R (linked list) 2 —ARMEEURSH, HPENMTRERZR - MTRAR, #0108 “5I87 Mg,
SIFIESR T R — DT AL, @I B R AN A s A 2R — D o

HER AT RIS 21 A Ay BUF B E N AL, BRI P Hitk AU S,

FHEERNAFEZEEIBN
R

linked list

—— — —{ — > None

N R rF:
H 51A (ds8sh)

TR
node

FIAREZE

EHEAE | spesna
Tt | TSR

4-5 BERE NG

MK 4-5, HERNHBALZETR (node) MR, BN RMESMIEGE: TR “E” FfE@E N7
R 57

© BERITE D RMIR A KT, RE—DNUAERRRN BT,
- B RfEmAZE ‘27, BAE Java, C++ #l Python #1453 5I#%12 9 null. nullptr 1 None o
- f£ C. C++. Go 1 Rust FHZHHEHIIESH, LR “SIH” Mgl “te",

MBAMIEHTR, BT A ListNode BR TRLEE, IERAVMRE—D5IH (58 FHIEEHRLEIEET, B
e LEREH L TS 2 P17 22 ),

[* BERTIRE */
class ListNode {
int val; // TRE
ListNode? next; // &M F—T=EI5|H
ListNode(this.val, [this.next]); // Tai&EKEk
}

4.2.1 WERERIRE
1. YafkEER

BRI, B PRSI TRNR, HPREET R RGIHRR. B, &
IIAE AT DANBERR ISk it A, IS5 I HIFEI next ARUXVIFIFTE 19 o
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// === File: linked_list.dart ===

[* VB EER 1 -> 3 -> 2 -> 5 -> 4 */\
/] MEEEDITR

ListNode n® = ListNode(1);

ListNode n1 = ListNode(3);

ListNode n2 = ListNode(2);

ListNode n3 = ListNode(5);

ListNode n4 = ListNode(4);

/] HETRZEINE|FA

n0.next = ni;

nl.next = n2;
n2.next = n3;

n3.next = n4;

HEHER R — &, LA nums 5702 nums[0] F nums[1] &, THRERE HZMHNLAY T s R A AL
Mo FRATHE B4 LT RO S ERERIACHR,  Lhan DA BRSPS R e /EEESR no o

2. ATIR

FERERPHATRIER A S, WE 4-6 AR, BORBNVEEMRBRIE DT 00 Fl o1 Z A —DHTA P,
WRERAERA RS (e Wnr, WREAEN O(1) .

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

P.next = ni
BI< P #6M n1

il
HEHETA 00 A nl ZEBANE P o o

n@.next = P
BI% no 5@ P

K 4-6 BERIAT SR
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// === File: linked_list.dart ===

[* TEHERIITS n0 ZEEATS P */
voild insert(ListNode nO, ListNode P) {
ListNode? nl1 = n0@.next;
P.next = ni;

n0.next = P;

3. MIFETH =

anE 4-7 FoR, ERERERT S MAEE T E, R@SE-ANARGIE (R Bl

THER, REEMPRECESESRIGET A P 5ATER a1, (HEFR BiE/h IR CLICRVIE P, XEWEPE
ZAHBETIZERT

no.next = ni
B4 no 8@ nl

A A

no nl
A

il
ERRTHIFTR P

MkRTerl/E, 272 P AR nl ,
BEHEREELEAREE P,
HFEITARTR P BB

4-7 BERMIERT

// === File: linked_list.dart ===

/* BIBRBERMTIR n0 ZENENTE */
void remove(ListNode n0) {

if (nO.next == null) return;

// n® -> P ->nil

ListNode P = nO.next!;

ListNode? nl1 = P.next;

nO.next = ni;
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4, FHETHR

TEBER I AR ERAE, 1 LR, RAIATAZE O(1) WA VT ISP LT R, BRI
R, FRFEEEMKT AR, BAFRE, HEREERT A WREN, VRN i AN A
BRi— 148, MHEZEN O(n) .

// === File: linked_list.dart ===

[* IBEPERPERSIF index HTS */
ListNode? access(ListNode? head, int index) {
for (var 1 = 0; 1 < index; i++) {
if (head == null) return null;
head = head.next;

}

return head;

R, EHEAEDN target BT A, MHIXTT RERRFNRS, HIdREMETERMEER, B R
TN

// === File: linked_list.dart ===

[* TEFERPERXEN target WEMTR */
int find(ListNode? head, int target) {
int index = 0;
while (head != null) {
if (head.val == target) {
return index;

}

head = head.next;
index++;

}

return -1;

}

4.2.2 4B vs. HER

R 4-1 BGE T BEHMBER AR IR RO X B THROERICR, T E MR A RAE S BITA B ORM,  [Re A A
FIIRAERICRth IO Y2 AR R

® 41 BEAHSHERIIRER T
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#5 B
el eIt SR
BRIE  RERAE AR TR
PTERCR TR SR, HITRERESN TR NS
pieE  o(1) O(n)
FIEE  O(n) 0(1)
WigEE  O(n) 0(1)

4.2.3 FhRpERER

GniE 4-8 Fivw, H ULAVBERE R —=F,

- BABER: RIRTHE AN EEER, SARERATT R S EAEA T RS NI, AR &
PN RIALT A, R DT RRNET A, BT AT None
- WIBEER: RN HEEEERNE T RIEALT R (RN, WRE—PIPHER, EMPHER

R, R R AT DAL A

- ONEER: SERARERMLE, EEERICS TN TTRRS . A RER AT RO SR RS R a2k
Tl (R R) MR (B sD W5 (et AT AR, MR RERRE
P, ATCAEAMAS T TaE P RERR, (BN st th R b S 2 R P A

[* WEERTRE */
class ListNode {
int val; /] TRE
ListNode next; // IEREHAT=ASIH
ListNode prev; // IEMEBIERT=AVS|H
ListNode(this.val, [this.next, this.prev]); // Hh&E#k

BrER

singly linked list

0-0-0-0-0-

IR

circular linked list

0-0-0-0-0

MR

doubly linked list

e D000
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K 4-8 & WAERAE

4.2.4 FERHBENHA

FAABEROE T Tk, BABILL I A 2R B S5 R 454

- BSEBNII: LA AFOIER IR AR AE BER I — A TIN, " RBIH S E AR, MR, i AR (E
TEFERI —ImitAT, MIBRIRIEIERERA S —ImitlT, BRI HSEESE AR, X RIBAS,

- AR RESUIERRRIE T PRI ER AR —, ERIRT, FrEMRICRA SIS — MR
o

- B AERREIOREN AR TR, R RN TURERS — MERME, BRI TR
R G R R HAB T

MAHERH T HR ZPOEE AT — MG — NT R R,

- RSEIREH: LLINFELLIRM, B R, BANTETTRT R A, XA PO R S R —ME
AT RS FSRSEEE, BT X ABER,

- PISERR DI AEM TN SERS, H A  S A eS IR AL N, SRR EAIE A P i RN ARG —
JE— WL, AN HER AR P (SIX MR E 25 faT B

- LRUBRIA: ERAmEIk (LRU) Bk, BT EPREKEI LR/ ERRESE, PARSHPRIEG I
FIMIBRTY o IXIHBE AR A BE R &1&,

INEBRER TR LR IERER 5, R ER SRR IRE E,

- N RREMERTL: ERERSD, WRAREEERZRE—fE LK CPU MEREE, BEREN—
HUAFEHATIEIN, B NERPOR T — DN R, SR AZERN, CPU SIS N — M, XAhE
R AT DU R R R S

- BRI ERERR RN XA SLBLT, MATRES MNP EER, LRAIEE, MRS, B
A RES B N DRI AN —DINERER,  DUESLHITCAE R

4.3 HI&R

FIF (list) B MHRIBIRSEMES, CEFRRTRARRE, XFTREM. Bk @, MERRmm5
FHRE, TTOUERE S EE BRGNS, 53%A] DT RER s S,

- EERRARIDVEE IR, HERrR &SR, I H T ARIESEST A
- BRI RTTREM AR, HBETHREANZ, REREEE—NEERERHIHYIR,

(A LSRN, KA RS S BONRN LR, X 2FR RS A B e =
g2/ DEEE, M DUEESIENPIRKE, A KE/D, WRMTREILIEM AR, SKELLR, W
SIER NS BIR P,

RS AR, FRATTA] DA shAER AR (dynamic array) SRSZEIAIER, B4R TEAM STt A, FHEATRA
EFE P B TR I T Bh S &

SR b, VP2 gnFEE T PR FE BRI A R S T A B I, $IA0 Python HAY 1ist . Java HIfH
ArrayList . C++ HiffJ vector 1 C# HHY List &, 1E#E FRMTHEH, FATHIE “FIR” F1 “ZhSgd” W
95 R HIME
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4.3.1 FIRERIEE

1. #aiyIR

BATEE R “TCHGE” F GHIEE" IXPRYIEL T %
// === File: list.dart ===

/* ¥IaEIER */

/] TaE

List<int> numsl = [];

/] BwKE

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

2. iRiRlcE
FURAT LA, FUILATIE O(1) MIEAHRIENEE, KRR,
// === File: list.dart ===

[* ETTE */

int num = nums[1];

/* BHETTE */

nums[1] = 0;

3. EASHIRTE

/] BEZRS] 1 ABTER

/] BR3l 1 "BITEREFHN 0

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

TERMRI SR, MR O(n) .
// === File: list.dart ===

[+ EE

[* EREAMITER */
.add(1);

nums

nums.
nums.
nums.

nums.

[* FERERBENTTER */

add(3);
add(2);
add(5);
add(4);

FIER */

nums.clear();
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nums.insert(3, 6); // TEZ&5| 3 WENEFE 6

/* MRTTE */
nums.removeAt(3); // MIFRZERSI 3 LHITE

4. BHYIER
S5EEA—FE, BRI DMER S s, el DLEHERE& IR,
// === File: list.dart ===
[* BIRSBHTIR */
int count = 0;
for (var 1 = 0; 1 < nums.length; i1++) {
count += nums[i];
}
/* BiEBHYIRTER */
count = 0;

for (var num in nums) {

count += num;

5. BHEFIR

L0 — IR nums1 , FATTA] UK HPHEEI AR T R #R

/] === File: list.dart ===

[* BHERDIIR */

List<int> numsi = [6, 8, 7, 10, 91;

nums.addAll(nums1); // $FUR nums1 BHEE] nums 2/

6. HIFFIR

SERFIRAE G, TAMER] DUMERAERLAEERIERTREEZEN ““o&” 1 DEEH" Jik
/] === File: list.dart ===

/* HEFFFIR */
nums.sort(); // HFEE, FIRTREMNEIARHS!
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4.3.2 HIREY

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

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

/1

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

e s, BATATUERAIRERS, DANFIWTR S TREY A,

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

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

=== File: my_list.dart ===

[* FIRE */

class MyList {
late List<int> _arr; // ¥4 (FFEFIRTR)
int _capacity = 10; // FIRAE
int _size = 0; // FIRKE (HrixtHR#HE)
int _extendRatio = 2; // BXRFIRT BHEE

[* WETTE */
MyList() {

}

_arr = List.filled(_capacity, 0);

[* REGIRKE (HAicRHE) */

int size() => _size;

[* REBFIREE */
int capacity() => _capacity;

[* IAIETTE */
int get(int index) {

}

if (index >= _size) throw RangeError('Z&5|#R");

return _arr[index];

[* EFTE */

void set(int index, int _num) {

}

if (index >= _size) throw RangeError('ZE5[#5R");

_arr[index] = _num;

[* TEREBRMITER */
void add(int _num) {

/] TEHEBHBEN, AT BV
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if (_silze == _capacity) extendCapacity();
_arr[_size] = _num;
/] EFTEHE
_size++;
}

[* TERIEHENTTER */

void insert(int index, int _num) {
if (index >= _size) throw RangeError('Z&5|#R");
/] TEHEBHAEN, LT BV

if (_size == _capacity) extendCapacity();
/] BES| index URkZEMTREEEBI—
for (var j = _size - 1; j >= index; j--) {

_arr[j + 1] = _arr[j];
}
_arr[index] = _num;
/] EBEFTEHE
_size++;

}

[* MERTE */
int remove(int index) {
if (index >= _size) throw RangeError('Z&5|#R");
int _num = _arr[index];
/] BRERE| index ZEMNTHEHERIBE—IIL
for (var j = index; j < _size - 1; j++) {
_arr[j] = _arr[j + 1];
}
/] EFTEHE
_size--;
/] BRERMFR TR
return _num;

}

[* FIRT A */
void extendCapacity() {
/] FE—NKERNELHE _extendRatio FHIFTELH
final _newNums = List.filled(_capacity * _extendRatio, 0);
/] BEREEASHIEIFEA
List.copyRange(_newNums, 0, _arr);
/] E#r _arr B95|H
_arr = _newNums;
/] EFHIREE
_capacity = _arr.length;

}

[* RFIREHRAERE */
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List<int> toArray() {
List<int> arr = [];
for (var 1 = 0; 1 < _size; 1++) {
arr.add(get(1));
}

return arr;

}
}

4.4 WE5EE*

FEAZERRTN T, BRI THAM R R BB E R BdRa, eMNosflRT “E8FE"
“OYBRAENE” R BEEER

SKhr L, VPRGSO R EOGE TR NI AR RE IR, HEm s i S AR 7 BB IR PR RE

4.4.1 HENEF#HES

RN S =M AR (51% % & (hard disk). W7F (random-access memory, RAM), #&7F (cache
memory), & 4-2 JErr T BN HEHBEALR G IAE A aFPERER: .

® 42 R HER S

T M7 17

g KHEAREEYE, S58RIERSL. I i S RTs TR A L B E R EIEfES, B/ CPU
B, X% EACFERI SR TR AT B

2% WHEEEEASER W EdE S EX W EREE SRR

14

“E BKR, TB I BN, GB 24l EHE/N, MB 25

HE g, JLEEJLT MB/s Bk, JL1 GB/s EHH, JLHEJLE GB/s

g R, JLEFRLT/GB %5, JLHEIJLEIT / GB EH R, Bf CPU FTEIHY

FATAT UK HH BN RSB R N 4-9 FURHI B FEEG5H R EE D & I8 00 B 7 (IR A AR R, &
BtUh, AR, IXRZ BRI B, T2 RN TARIMZ I RS E A R

o BEEDERABENAEEUR, BT, WEHREEENRESER, R EAKIAFE®EESEE, Hix, N7
PR ARIE R LT 65, XS T A 2R & T Mo

C BENRERANEEEEDIIEE, b5 L1, L2, L3EEFENERZRSH A, HYMRST &%k, 5 CPU
ol 2 R FRER B AR, AT SBEIRE I M, TRGRERES, EYMERT, ZEHK
RIS D R AR 2 A B A
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CPU

L1 Cache

Ecd L2 Cache

g

B 4-9 HEHFIERS

HREE s
g HAk

Note
HENFE B RERIL T IR, AR =35 2 AR, SKhs b, XRRUS&EFET
Fir TGS, B2 SRBATHEAR IR B BRI 2 [ B -

SR, BEELH T RIGIARER B BUE, WA TR AR 121 T e PR, Wi A7 W T 120k
SWEVIMNBIEIIES, DIREEFBITHER, =& HAE, WRHHENRESI0E1T,

N 4-10 Fow, FEREFITTY, BdES MR ARSI FH, # CPU HEMM, %&fFrlLAEME CPU K
—Ekor, BN AR NREIERWE, 4 CPU R I, WIMEERTHE R TR, #D

SR IPITE fRci,
F 1’
E e _ma_[Q
of = § — IR — j\
HE mEs

Shi2EE Z1F

CPU

Bl 4-10 BEEE. PfEMIZAE < IRl B i

4.4.2 HIEGHHIRTTFRE

FERNTFZERIFI 75, SEHMBERS B BA SRR,

—77H, PWARARRE, HE—RNFARERZ RIS, FILBA A B HRSS A RENS R AT sE = ot Al
2, BEAHRTTRREHS, ARREHIMIS AR ERER T AR5 I (FaEh), Rz AR e, 2R,
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BAHFTRE R RBHNES SR, XATRESBNFIRSE, B Y A th el EAIMO I AR 2 A SAR
MHEEZ T, S8R TR NRALEATAS N SRR, SRt T ORI R TG,

H—JiHE, ERFIBTN, BEEREHIE SR, SRNFRRR ORI SRR, S BNErR
HMARCER AR, BHBTHESKFEET K, AR SBAFERR L. Mk, BERIITTRR DB,
RS A S BRI, ER S FEPFRER L,

4.4.3 PIRGHINERTFHE

A BREZREE BT AT, HELRFREGS, ERFPITEE HEEECEZNEMN. HTRF
A BRAR, HREFE—/ MBI RAEdE, FitY CPU Vi mHEER A AERA PN, MRk EEF
KapH (cache miss), I CPU MG A MIEERAGHT AF AR ANE T TR &k,

B, “GAFARGH” WP, CPU BGEIRMBCRMES, fAEsetiniiles, BT CPU WA H IR
EEURHI LB B Fa = (cache hitrate), X MEFRIEH RS BRI,

N T RATREIREISE SRR, fr 2 RIA N EURIEALH

©OBRAHT: RSB TIEIE SINEEGE, TR AR T AL, LT AN TR, BT
Rt N R

- FRIOHUR: ACERER 2RI BRI RS (BRI, e KBTI RSE) , FARFERE X
R E R 2 H, NI a2,

- WA R DEARYIR, AR ERREREEE ] REE I R, K, RAFAEIESE—
fEi, WSIEHEMDLR SR, Paemarhs,

- IR AR DN EAERIE, B ETEARARRE SRR AT REFHR BT H), oA M — B, @i
TRE BRIV M RBUE R M,

KPR b, BEHRMBERN RN R AR, EZARBAELNT LT,

- AZEE: BERTRMEHTR S AERE S, SBEFPENNAREERE D,

©ORAHMT: REREUE D BENGERAL, MR TR B, RIS e R LB =,
- PHHLH: BH EBER A BRI UCE R TR, BIRSUE A 206 I RR 2 £,
- MR BB B ER RN A, RN BE R A 8E A AT RERIR 7 Ml

BATE, BHRAERNEAGRR, FCeEReEes BaE Tk, XESERREIAREN, &
T IR RR A A 1 B 52 X0,

TEERNE, MEARCRIFAEREBA AN O P TR, SEPr A Frk IR sy, MR
R BATFRRRDUE, BN, BEHMBEREATDASKE] “4%” HdREg (F—E=X404), HEMEm T A
L7308

- TEMEREEIN, BATSBUR TR AT B SIRAR, EOVERE T S aI R ERCR MBI R AT RE
51, AR CUR TR E RN B —E KA A3 R,

© WEREIERRAERE R, shSERS, ARRIBUHRNEDIE T, A2 TRERIIMASEI GE, #ERAET
R RBERUR B ET AERTRREIRR >, I ik 78 A BINTH.
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4.5 N

1. BB

- B R AR BERSEN, O AREREBERE T BN PRI E 73K e A A7 B
SR, B AR R S AR

- BERSGRRENLAL, S RERD s (EIRARIBR TR IR, HARLE KA,

- EERIEE ENG A (B SIS AR A SR, HATDAREEERERKE,; YRR &
MW, HILRBERIII IR R ERER, PR, RS,

- AR MR ERRTR A RS, EEEATISBEHSEIL, CRE TEEHEY, FRATDAR
Gk N

- HIRA IR IESRE & T BRI, (HATRE B 2 N E RTR PR

- EPIBITIN, B EEAAMEENG T, BEHRHREE SNSRI, TRERNIEAN R R
o

© RAFIE AT, PO DAK 2 Al Jey B P A (R R SR MRS B B, o CPU $RBEPIEERE VI,
BERTHEF R TRCR,

- HTHEHAAERENRFMTR, FILEEE bR E SN, EREERaaN, NMARE R AT RN
SIS kR,

2. Q&A

Q: BCEHIFMBEAEM ERIFERETEE b, XN IR RN 23 RIS 5 M2
TEETERR LA L AV REH AR I AE RSN R S RIN,  BEIRIERCREA —B R0, ARAIHERG % B IR
s, TSR AFE

1. ZPBCRIRERCR . M2 —HB NINTE, D ECHYwiEes Bahser; MmHERNFAHETE X, 7] IAERRSHE)
Do, ERZBWR, Hit, HE R ECAURE AR VEE S ek _ErYE,

2. KU/NBRA: RN RN, MR/ N—RSZBR T AT HNAE, R IE & 7 R,

3. RIEME: B AN NFEEEGRERNTE, miE_ LR NA] DA TN 8hASHE
Q: N LBEHESRMEFZEAIRITER, MAERER AN A S RS AE?
PR AR, WRZENEL I G5 ERE, &0 AR DUEE AR A ESE, 140 int. double.
string. object %,
XS, ERLHTE N AFUE AR FRIZRBYRY, X FEA GRS T B W | R B Mo e B B, Filan, FeHFN
& int A long PIFIRA BAANSTESHIG A 4 7709 f1 8 719, WHEEAREA U I AR EREE T, KA
BWAHPES TR “TTERKE,

# TEAFMIE = BARFIE (ExEREMIL) + TEZKE * TRR5I

Q: MIERTIA PG, 257 EM P.next 54 None IE?

AMEL P.next HATBL, MIZBERIIAESR, MLTREHZIRTRESAZIBRIP 1, XERETH P EL
MEERHMER T, T P AETAINR AR A 2R BE R AL R,
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MEIRAA SRR (8D AR, AFDTRARER, RERUEREFIZEE EMRIMIT, MR
EE, WITEMZ e, @REMEW. WRAMIT, BIREMERT SORBIER R, IAESEIEET R
HIPAE R

Q: ERERTHARIMERERIE AN SRR O(1) . LR ATEEE O(n) MNWERTE, WA
LIRS ZERR O(n) B2

MEREHTE, FIRITE, HIEERERIUE O(n) . AT, BERE O(1) SRR D E s
F_EEEIRL, B, FIBATIE & MR, RN — MEF R RIGESIL T AL A, B
NSRRI O(1)

Q: B “REEE SR, I C T SR A DY SRR AT S
g2
WoREE AR NIR, T RIT R T

 ORIFSR A S RIS R R, HEA int. long. double RISZHIRS 5%k,

- 3REFAE & P A MR G R E R G RGBT, K% 8 Tk 4 7,
Q: TEFIRARIRNIEREGIHHAIZIA R O(1) ?
W ERITE R B SIR KR, MRS AP RER, RAS B N, HHESIRNFTE
LB %, X BENTEZRERSE O(n) .
Q: “SUFMHBIN AR TRANS I, (HATAES SO AT IRA, X B2 R SR 5
IS TRANZS oL, KE, 32RO S A2
XA RR R E B AR E S /7, FIRSSE MK, RIOA—ERERXAL; B
HE, ATHIEFEY 7, I8 RERU— RS, i <15, bk, thamBiRst, RIS
BARESE RN,
Q: £ Python H¥ltfe n = [1, 2, 315, X 3 MEEMMILEMER, HEMGL = [2, 1, 3] 2K
TS TR id HRRIESH, TIRIHIER n PRI, X TTR I ATES:, A n HEREES?

BRanus| F£oT R BABER T n = [n1, n2, n3, n4, n5], BEENFIX 5 DT RN RAMSHAEELE N
FAb, R, A —AFIRET|, TAWHIRATLIE O(1) N TR PIERERCTT s PIAEHIbE, M [T 2588 I PR 75 5
XIRE B AR T RS, TR R B

SWZIESF AR, Python FRIEFMEERNNR, FIRPFERIARKTAL, MENETHITIH,
I, BN EHFHAERR AR~ id, I HIXER R PN TCESE,

Q: C++ STL HY std: : list B 7TXARER, HIFGEHES EAEAERZREMNE, 2AZREN
A2 RIRMEDE?

—J5H, BAVEEE TR SEIRE, AL AR, EREWRER,

- FEFFE: BTSN ERFTEMNESMNYET (— M TRI— N, —MHTE—1TR), il
std::list JBH L std: :vector 5 5 Z(H],

© BRIEAKRE: HTEUE RN RIESAN, K std: : list X RAFRIF)HREBR, —IE R, std: :vector
HITERES AT

77, EEFARER A 0L R T AIE, ARSI 2 6 i 5 12 LAY stack F1 queue ,
MAERER
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Q: #aMFIR res = [0] * self.size() #1F, 2T res WENITRS IR HIEE?

AE, HOoHHASHX MR, e — 4555 res = [[0] * self.size()], WZXFIHTE—D
HIF% [0] o
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Abstract
Fetn RS S, A Y EUGIETEHERA
M AR NG R NSRBI R,
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5.1 %

% (stack) B—HmNEfEL NG HIZE LM R,

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

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

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

ll S/

BRI

B 5-1 ARG AL

5.1.1 R RIRE

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

R 51 FRAIBRIERCR

PR o fif ) 2 2

push() TEEAM GFIEEID  O(1)

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

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

/* ¥Rk */
// Dart ZBEABERIEIE, FTLUE List HIERRER

List<int> stack = [];

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

[* ARIEIITER */

int peek = stack.last;

[* TR ¥/

int pop = stack.removelast();

[* FRERRBIKE */

int size = stack.length;

[+ HIRRERT */

bool isEmpty = stack.isEmpty;

5.1.2 RBYEMm

N TN T AR T, BAPRZA A LB

FRIEIE S NG AR, R BT R REFEARTRA NS ER TR, AT, M FIBERHES AT DAEAE R AL B AN
MERTCER, DREReal DAMOA —Rh3Z BRI B s B ., uf0idi, FRATATEL “BRill” B sl aRkait o ok
BerE, BHXINRBIREEAT SHARHE,

1. BTFH#RNIH

(S FBER SRR, FRATAT DORF R A Sk 1 A ARTH, B A AR R

i 5-2 Fow, T AR, BATRFRROTREATER KSR, XA mEm AT AP AT, T
HARRRME, HFRSLT RONBER AR HBRET AT
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A
h(4)
B .
A l ] i HER 9
a } o 8
a ERTREER a
a o RMA o a
!!J rux () "
| Step 1 | E Step 2 |
i
pop() BT
ssx (@)
a EEEREER @
g FHIMRIMAE @
B
\", BH5 "
[ Step 3

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

[* BFERIEITIME */

class LinkedListStack {
ListNode? _stackPeek; // J&3kT fENIXIN
int _stkSize = 0; // HKHKE

LinkedListStack() {
_stackPeek = null;

}

[* REVRHIKE */
int size() {
return _stkSize;

}

/* FIETR R B RT */
bool isEmpty() {
return _stkSize == 0;

}

[* Nk */

voild push(int _num) {

P %%i
N

]
RELHZER
FIRMAEE e
o

res (@

BER 4
ARINEFERLED
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final ListNode node = ListNode(_num);
node.next = _stackPeek;

_stackPeek = node;

_stkSize++;

}

[* Wik */

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

return _num;

[* IBRRINTER */
int peek() {
if (_stackPeek null) {
throw Exception(" #H%AZE");
}
return _stackPeek!.val;

}

[* BEEREWNA List FRE */
List<int> toList() {

ListNode? node = _stackPeek;
List<int> list = [];
while (node != null) {

list.add(node.val);
node = node.next;

}
list = list.reversed.tolList();

return list;

2. BTFHENIH

S FHEH SC BRI, FRATTAT DORF R B R R E AT
TR SMERTR, NREREEN O(1) .

G 5-3 FFow, AR HARIRAE 73 710 R AE R 2 BT
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H5E ST hello-algo.com
A&
push(4)
l B I r BAARIRS
AR i
g P g
o THINEH 0
1 ] uxx [
[ster 1 ] - step 2 |
Hi%

pop()

HipsE AR TR

REXIENA
FIRAAIR

[-[-]-]-]

Step 3

B 5-3 ST EEH BRI N AR AR E

Bk &
RRE TNERAEES

REXIZMA
IR AR

unx B

BT ARRITCER AT RE S TRIE R HESE I, (R BAT AT DARE FHBh AR, IXARETe /0 B AT AL BB A )

PAR 7 s -

// === File: array_stack.dart ===

[* BETHAXRINE */
class ArrayStack {
late List<int> _stack;
ArrayStack() {
_stack = [];
}

[* FREMERIKE */
int size() {
return _stack.length;

}

/* HIETRR B AT */
bool isEmpty() {
return _stack.isEmpty;

}

/¥ Ntk %/

void push(int _num) {
_stack.add(_num);

}
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[* Wik */
int pop() {
if (isEmpty()) {
throw Exception(" #%AZT");
}

return _stack.removelast();

}

[* IHIEEINTER */
int peek() {
if (isEmpty()) {
throw Exception(" #&ARZ=");
}

return _stack.last;

}

/* B A Array FiRE */

List<int> toArray() => _stack;

5.1.3 FEFSCIRATLE

SRR

PIRRSCEIAR SR MOE X PRI TR, B SCBIRA N SCREBENLA A, (X EEH 7R E SEkE, Hitk—i%
AEHE,

SIREves

FERTREARISCI, ABMI AR BRI EEE R D BCAFRESE N T, BARGFIERFARINY, RIH%
R KM, WRAKNBEHBHA R, MY A, SBORRARERNNREREZH O(n) .
TEAETHERMISCII D, BERMYBAE RIE, A LAY ANBCRE RN R, B2, AMHREFRE
HHAATT RN GBS, EHERMANER, A, MRATTRAGZ T RN, BRI AE )
WP IR, TR SRR,

LR EPTAR, YA HERIERTRBEA BRI, HIA0 int 8L double , FRATTAT AT PATRESIE,

C TR BARAY FCR 2N, (T SRR, TR E
TR DR IR AR R,
SRR

VAR, RAXINIIRDI “WIEHR", ZAERARBBEHLIRTR,; HH, §ayLsnE s 2k
SRR (BN 2 15) AT AN, VAENARLATREE SRR R, Fit, ETHEIBRRnEE R —
SE S R TR B .

SR, ETRERT T ZHIM O TEEr, PULRERTY RLE 2 MR,
g b, BATARER S E AP SCBLENTT B NAE, R EE X BT 24T
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5.1.4 REHREWE

- PINESPPRSIR SAE, PR S AR, SETANFTITHRIM DT, MY asma E— R
TIAER, IXFEBATR AT DO 5 R R E A2 E— 0T, JRIRHERIESEPR BB AT R, AR ZE RN
FHRIRFIRATHE, AR ZE N MORAL S L,

- BPPAER, SRV RN, REMSERRTNIN— ML, FTICRE S0 T UER. £iE
PR, A IR Be S AR T ARRERSE, T LRI B S AR T AR R

5.2 BA%I

PATI (queue) J2—FMEfESE A JC I MINIFILRIERARA A, Wid 8, PAFIRLIL T HEBVERSR, BRI A AW
IMANAFIRERE, AT BASISLHERH ANB A BT

G 5-4 FiR, BATRBAIISLERFRCOD “BAE”, EEFRN A", RAETTRIMABNRBRERIERR Y “ABL”, M
BREAE TCRAVERIENR N “HIBL”,

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

PAE
[

o | /

AR /

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

B 5-4 BABIRISE ASE R

5.2.1 PASIERR#EE

PASIRS R WAREANER 5-2 FR. REERHZ, NRHMEESHTIESIRAEXEMAR, BAMERRMAS
SIS pARE S

% 5-2 BAIIRAERCR
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Jiik%

filiid

I R 2 2

push()
pop()
peek()

TERABN, BRRTTRISINZEIE
PAE TCER HIBA
ViR E TR

o(1)
o)
o)

TATA] DLE F s A 1 = A BA S -

// === File: queue.dart ===

[* #IRRATI */

/] £ Dart H, BAFIZE Qeque FINMPATY, BRIEAPAFIEER

Queue<int> queue = Queue();

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

[* IBEAE TR */

int peek = queue.first;

/* TR */

int pop = queue.removeFirst();

[* SREXPAFIRIKEE */

int size = queue.length;

[* HIATIRE RE */
bool isEmpty = queue.isEmpty;

5.2.2 PAFISCIR

RTINS, T2 A dRairy, a] DIE—SidionR, HaES —mMERTR, MRS S =

Ko

1. BTFH#ERNIH

i 5-5 Fow, BATAT DURFBERAY K" M “RAA” I “INET 0 RART, MUEBVREARTERAN

TR, AE DRI A
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BER &
FNESRED
- PE (?\ ;:,B:n(:.) K 9}
wn | a o 8 (3 )
8 2 ]
- ] EELRRSR (2) 2 ] BRELIESE (2)
o HSRIHIAT a HHRISIATY /f
Nx*1 BHm @ n [( \,
me RH&
tep 1 | Step 2
Ty
pop() BRSETIR
sz (@)
2 ]
a ERTREER (2)
a FHIVRIMABATI
o
[
Step 3 J

Kl 5-5 FETHERIIABASIA ABNHIBAIRAE

DA 2 FBER SR PA S AR -

//

/*

cla
L
L

i

L

}

/

i

}

/

=== File: linkedlist_queue.dart ===

ETHERIIABATI +/

ss LinkedListQueue {

istNode? _front; // kTs= _front
istNode? _rear; // BT s _rear

nt _queSize = 0; // PAFIKE

inkedListQueue() {
_front = null;

_rear = null;

* FRENPAFIKE */
nt size() {
return _queSize;

* FIBRBATIR B AT */

bool isEmpty() {

}

return _queSize == 0;
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/* NBA */
void push(int _num) {
/] EETSERM _num
final node = ListNode(_num);
/] MRATIAE, NSk, BRHREiERZTR
if (_front == null) {
_front = node;
_rear = node;
} else {
/] MRAFIFRAZE, WEZTRRNEET RE
_rear!.next = node;
_rear = node;
}

_queSize++;

[* HPEA */

int pop() {
final int _num = peek();
/] MBRET =
_front = _front!.next;
_queSize--;

return _num;

/* IHEPAETTER */
int peek() {
if (_queSize == 0) {
throw Exception('BAFIRZE");
}

return _front!.val;

[* BREREWA Array FR[E */
List<int> toArray() {
ListNode? node = _front;
final List<int> queue = [];
while (node != null) {
queue.add(node.val);
node = node.next;
}

return queue;
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2. BETFHENIH

TEHAHPMPRE RN HEAREN O(n) , X SFEHBIRERCREAR. AT, TATATLERA AR50 75
R SIX AN AT

BT A — DN Z & front FEMANE TR R, H4EF — DL E size A TIERKAIIKE, & X
rear = front + size, XPMARIEH rear fEMINEBITTEZ FI F— M E,

HEFMigit, Bebh S cEZ2R0EX 0N [front, rear - 1], SFHEIERSZILAEWE 5-6 AR

< NBAERAE: B ATEWMIES rear R4, FH¥ size N1,
- HBAIRME: HFE front 88N 1, FEK stze BV 1,

AIDAEER], ABAFHHBAIRAEES LR T — X8, WIRERERN O(1) .

front iEEPAFIETR 1. itHRIEs rear
rear HEAENTIBTE + 1 2. BTERME rear &

rear = front + size 3. % size B 1

ABA
A& push(4)
front > front >
HA T TR PAFHKEE
size = 4 size = 5
EEERENAE EEEREHRA
FHIPRIABATY FHIMRIMAPAT]
Ny

e :
Step 1 . Step 2

1. % front B 1
2.4 size BA 1

HBA
pop()

EEEREHRA
FHIMRIMAPATI

Step 3

5-6 T ELHSLIBASEI A BN H AR 1E

IRAJRE IR — R CEARMTEEAT ABAHTEH AR AR, Front I rear HBIEMIAHE), HEMNEHAEEE
TR TCIRAREERS AN 1o T RRCRIE RIS, FRATTAT DARF B A 5 AR "R

MNTIEEA, BAIFZELL front 5L rear FERUS A EETN, EREAEIEE LERAkSLRT, IXME IR
AIROEIE “HURERET R, ARG AR

// === File: array_queue.dart ===
/% BFIRAAASSIAAG] */

class ArrayQueue {

late List<int> _nums; // BATFEEFEMTITTERIERA
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late int _front; // PAEISE, IERPAETER
late int _queSize; // FAFIKE

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

}

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

}

/* IREXPAFIRVKE */
int size() {
return _queSize;

}

[* FIMBATIZR B AT */
bool isEmpty() {
return _queSize == 0;

}

/* NBA */
void push(int _num) {
if (_queSize == capaCity()) {
throw Exception(" PAFIE®");
}
/] TEEES, FEMAEBZRS] + 1
/] EIEGRIRELI rear MITEAHEREEEREIFILY
int rear = (_front + _queSize) % capaCity();
[/ % _num FRIDZERE
_nums[rear] = _num;
_queSize++;

}

[* HBA */
int pop() {
int _num = peek();
/] BREIESREHoI—i, SRR, NiR[EZAELS
_front = (_front + 1) % capaCity();
_queSize--;
return _num;

}

/* IAEAETTER */
int peek() {
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if (isEmpty()) {
throw Exception(" PAFIAZE");
}

return _nums[_front];

}

/* 1R[E] Array */
List<int> toArray() {
/] R ERKEEENNSIRTER
final List<int> res = List.filled(_queSize, 0);
for (int 1 =0, j = _front; 1 < _queSize; 1++, j++) {
res[i] = _nums[j % capaCity()];
}

return res;

DAL SEBLRIBAS IR A RIBR Y . AR AR A, 2T, XN AEANKERR IR, BATTAT DORE A B o 2 52K
H, MNmsIAT B, AR E A I BT,

PIRRSEIREON b0 Sh%—8, EHAREEIR,
5.2.3 PAFIBREYR
C ST, WYE TR, TSI, RGREE SRR B AR AT B, FER— A
[, NSRRI, &R TR TS A R,

© BRFEDHEI, EMTREII JeREE]T IRERIR, BIASTENYLRESS S, BT RIS,
PABIHEIX L 47 53¢ P i) DA Ut 4 AL BRI

5.3 mPAFI

FERASI,  BATMNREMIBR LT R eAE B E AT R, 1 5-7 FoR, XMEPATY (double-ended queue) 2
T ERREN, VRSB AT e R RIS PR
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WFBATI PAENBA PAEHIPA
deque push_first(1) pop_first()
UN=}
||| am

(-] [~]-] - Fo
8000 - g

A ]|

PAR léll

FARNBA FARHPA
push_last(4) pop_last()

B 5-7 XAIASI AR

5.3.1 WEAEPATIERIR(E
XTEIABI ) PRI EANR 5-3 FR, BRI 75 IR0 PR T ZEARYE T (o T O R T8 5 SR

%53 WIANTHRIERER

JiiE% Eripn I ) 52 2

push_first() HFCRBMENE O(1)
push_last()  WILRRMENE O(1)
pop_first()  MIFRFAETTHR O(1)
pop_last() JHIBRBAEE TR O(1)
peek_first() IHRIAEITE O(1)
peek_last()  ViABAEILE 0(1)

e, FATAT AEF(E AR AR1E S H LSS R A A RAFI2E :
// === File: deque.dart ===

/* RN EPASY */

// 1€ Dart H1, Queue #ENXHXNAFAFI

Queue<int> deque = Queue<int>();

/* TTEN */
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deque.addLast(2);
deque.addLast(5);
deque.addLast(4);
deque.addFirst(3); // HIZEE
deque.addFirst(1);

/] FINZEFE

[* IERTTER */
int peekFirst = deque.first; // PAETE

int peekLast = deque.last; // PAETTZ

/* TTEEBA */
int popFirst = deque.removeFirst(); // PAETTEHFA
/] BAETTEEBA

int popLast = deque.removelast();

/* SRENEPAFIKE */

int size = deque.length;

/* FIBTWEPATIR B RNET */
bool isEmpty = deque.isEmpty;

5.3.2 WrEPAFISER *

KEASEI LB S PASIZEAL,  w] DO RER SR 1 N IR BB R A

1. BEFNRERNER

(BB L — T P, Bl P D B RO SEBLRAS, - RN & mT DAY (I BRSk 77 s O B EHBAFRAE) e

R RUGEIET 1T 5 O A BAERIE)

XFXEASITT S, SkESFIEEEAR AT AT NRAFIHI AR, 0mgimid, INEIBAA TR Z S 55 — A FRTT 7]
AR, Dhit, FRATRA “WABER" (E A SR R EBHREEH,

e 5-8 AR, FRATTRE XA BER A ST MR s A XX BAS I A AN BA R, - [ AN SEEILAE IR R A AR

—+- ok
R YIRE,
BAE
ne | | na R
A NBA N
EEEIENAER
FHIMRIATNEAF i
AR T l BAR B¥R
ABA HiBA

UV
Step 1 Step 2

FAEABA BHR 4
push_last(4) RINEFERE

(TR

1l
EEEIENAEE
FSMRIA AT N

o i
o
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a REEHAZNEER
a FHSPRIMFINEPAT]

B 1
FNERERAS
REAR BRI
push_first(1) ES @ pop_last()
g ¢
a EERRENASR (2 )
o TR EAF
o
RES
| Step 3 Step 4 |
I
pop_first() BB R
xsa @
B  =EmEmamx ©
a S RIF AT /[
BHA @
[ Step 5
5-8 FETFER ST AFAZI A PN H A5 E
SEEUES AN R R :
// === File: linkedlist_deque.dart ===

[* WEERTR */

class ListNode {
int val; // T HaE
ListNode? next; // JG#Ti=5|MH
ListNode? prev; // RIEKT m=5|MA

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

[* BEFNEERIIMBINEITH] */

class LinkedListDeque {
late ListNode? _front; // k7552 _front
late ListNode? _rear; // BTs _rear
int _queSize = 0; // WRIAFINKE

LinkedListDeque() {

this._front = null;

this._rear = null;

[* REVNAPAFIKE */

BIBRETI R

AR

w
o
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int size() {
return this._queSize;

}

/* FIBTWEPATIR B RT */
bool isEmpty() {
return size() == 0;

}

[* NBAIRE */
void push(int _num, bool isFront) {
final ListNode node = ListNode(_num);
if (isEmpty()) {
/] BEFERNAZT, ML _front M _rear #BFEMA node
_front = _rear = node;
} else if (isFront) {
/] FABINBARR(E
/] ¥ node FRINEFERKE

_front!.prev = node;

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

/] BRENBAIRE
// ¥ node RINEFEFREID
_rear!.next = node;
node.prev = _rear;
_rear = node; // EHETS
}
_queSize++; [/ BHATIKE
}

/* BREABA */
void pushFirst(int _num) {
push(_num, true);

}

/* BABXNBA */
void pushLast(int _num) {
push(_num, false);

}

[* HBAIRIE */
int? pop(bool isFront) {
/] BBAFIAZE, BEIFRE null
if (isEmpty()) {
return null;

}
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final int val;
if (isFront) {
/] PAEHEAIRME
val = _front!.val; // BELTRE
/] MIERET =
ListNode? fNext = _front!.next;
if (fNext != null) {
fNext.prev = null;
_front!.next = null;
}
_front = fNext; // EHFkTa
} else {
/] PARBHPAIRME
val = _rear!.val; // EEETAE
/] BIRET =
ListNode? rPrev = _rear!.prev;
if (rPrev != null) {
rPrev.next = null;
_rear!.prev = null;
}
_rear = rPrev; // BHET S
}
_queSize--; // EHIFIKE
return val;

}

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

}

/* BAEHBA */

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

}

/* HRIAETTE */
int? peekFirst() {
return _front?.val;

}

/* HRIAEBTTER */
int? peekLast() {

return _rear?.val;

}

/* IREIERARTITED */
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List<int> toArray() {
ListNode? node = _front;
final List<int> res = [];
for (int 1 = 0; 1 < _queSize; i++) {
res.add(node! .val);
node = node.next;

}

return res;

2. BTFEHAERNIH

i 5-9 FoR, SETEAKIBASISEEL, BT AT PAE BB SLBON EI A

front $EANFIETR
rear FEENFIRTE + 1

rear = front + size

BAE

BAFIEE

size = 3

i | o | X% front

RECRRREFRA
B FSPRIA AT

l &ﬁ rear >

[ Step 1 .

1.% front B 1
2. $RERFME front &
3.4 size A8 1

BAENBA
push_first(1)

n BAFIKEE
a size = 5
n ERTRR G
a PRI IITNEPAT]
Step 3
PAESEHPA

pop_first()

1. itERIEs rear
2. BTRFME rear &
3. % size B 1

IN=ININ
push_last(4)

BAIIKE
size = 4
EERSEERZRIFRA
a FHIRBATEATI
Step 2
1.% size BA 1
BARZEBA
pop_last()
BABIKEE
size = 4
a EEERZRIFRA
a FIPRIMATFAT
Step 4

1.4 front B 1
2. % size BA 1

—

£ > 14

ERTRREFSA

a
S RIAINEATI a

[ Step 5 U

B 59 BT REHLBRANSAI A A H AR E
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TEBNFIRY SEBIESAt b, AXFRIGA “BAE ABL” F1 “BAEEHHBN” B 7 74
// === File: array_deque.dart ===

[* BFHREATIBIN @A */

class ArrayDeque {
late List<int> _nums; // BAFEFEHENEPATITTEREEHE
late int _front; // PAEIESt, IBAPAETTE
late int _queSize; // WAFFTHELE

[* MERE */

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

}

[* KRB EPAFINEE */
int capacity() {
return _nums.length;

}

/* IREXWEPATIRVKE */
int size() {
return _queSize;

}

[* FIENEPAFIRE AT */
bool isEmpty() {
return _queSize == 0;

}

[* TEIR A RS */
int index(int 1) {
/] B ERIRESSIEAE BARE
/] B 1 MI¥ERERE, EFKE
/] B 1 EEALEE, BERES
return (i1 + capacity()) % capacity();

}

/* BABINBA */
void pushFirst(int _num) {
if (_queSize == capacity()) {
throw Exception(" XXEPAFIEH");
}
/] PAEESH AL —{L
/] BEIERIRERI _front #IEALIEEEIES

_front = index(_front - 1);
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/] B _num RINEPAE
_nums[_front] = _num;
_queSize++;

}

/* BAEBXNBA */

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

throw Exception(" XEPAFIEH");

}
/] TTEBEEE, ERAEBRS] + 1
int rear = index(_front + _queSize);
[/ & _num FRINZEE
_nums[rear] = _num;

_queSize++;

/* BRELHEA */

int popFirst() {
int _num = peekFirst();
/] PABEIEStRAE—(L
_front = index(_front + 1);
_queSize--;
return _num;

}

/* BAELPBA */

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

}

/* ARIAE TR */
int peekFirst() {
if (isEmpty()) {
throw Exception(" XWAEPFAFIAZE");
}
return _nums[_front];

}

/* HERTTE */
int peekLast() {
if (isEmpty()) {
throw Exception(" WEPAFIAZ=");
}
/] HEETRRSI
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int last = index(_front + _queSize - 1);
return _nums[last];

}

/* REIFRARFITED */
List<int> toArray() {
/] ERERKESEENNYIRTE

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

for (int i = 0, j = _front; 1 < _queSize; i++, j++) {
res[i] = _nums[index(j)];

}

return res;

5.3.3 WmPAFIRZA

XEIRAS G EAR S RASRIZ AR, RIb e n] ASCBLX R BT B R, RIS il E

PAVRITE, AR R DhREE R ARSI R IESAR(E push BltkAH, 2AFIEE pop LB
Wo AT, FEFIRATIRAIRG], KAEEIREFEAPE BIAETFRE 50 2, HHRA K-
50 I, AR EEARIE (BNE) HATHIBRIRIE, HEICTESCBIZIIGE, B shE ZERDN AR, 15
R, “HEH” R LZ R E AR SENE RN, FUZXR ARSI RERS B8N R 1S SL B — LA NS .

5.4 Ih&gt

1. ELER

- MR AEIESC NG HIR RS,  RIEE B SRR S

- AERTRIRCR T, ARSI EA RS ITRCR, B FEREF, BIRABGRIENRRERE S
HUEO(n) . MHHLZ T, HROBERLMEA ENFRENBERRM,

- AEZERAIRCRTTH, ARSI RE S B e R S AR S, ERFFEERERE, RS S AR
fo A LB TR R,

- BRAIZ —RRE e A\ JE R M B B ai i, Rl AT DOE IS SO B BE R ST, 5 I TRICR R 23 [RICR
RIXTEE B, BAFIISSIE S RIS E A Bl

- OWEBNFIR —FUEA T E RIS, B AR VFEM SR T IC R AT INFI R R

2. Q&A

Q: MIVEERATRTIERIRZ A2 A BERII?

DS IR S IR IREA T L2 “R7 BORBL. AP TR — g, %ol A ERRI; P
Rt EIRIGHIN, 0T = MARTAGH o (5 XA BB AT DATS (A S — L2 1, IXNE XA A"
E AR
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Q: fEHME, BERERBHET REIMNAE?

RGBT EEAFE N A, WATERBAF, A2 AFHEME, Java fl python B S HIA B3N
WAL, RIEARZEFIIRRAT; 1 CH G RRETFIREBAT

Q: WHEBAIUE R MEPHERE T —i2, ERAIREMHA?

KA SR A B & BN MRPHE T —id, BRIV + BIIRNEH, Rt a] ISCIAk 5 S
WIFTE N, I HERE,

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

1 AP PIT D EE, BRXDERIEEAKA, FHEZEHB,
2. HHFHIT BT N, MR A PR EIERIERGE, FRIEHEAL B,
3. AP BIT “IREEH” N, Mk B REHERIEHIRGE, FERHEEARA
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Abstract
TEIFENIHAEA BmRmE—IEENE B ER,
ELEIAIHERBE, M PAPEEE] AR E .
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%R (hashtable), XFREFIR, EIEITHELHE key 51H value Z RIATMLS, SCHEAAITRER, BRI
5, BAIAEmRPEA—DME key, WATLAZE O(1) I RIPEREON B FME value o

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

BHR

hash table

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

B 6-1 MafmRINHRIR

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

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

+6-1 JTLEEREXN

o HER AR

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

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

6.1.1 MBERTHIRE

G R H WEREERS: Witath, BIWHRE BINEENNIPRSEEXE, RERLT:



hello-algo.com

115

// === File: hash_map.dart ===

[* IR EER */
Map<int, String> map = {};

[* TRIIRIE */
/] ERFBRPRMBEX (key, value)

map[12836] = " /NBG";
map[15937] = " /B,
map[16750] = " /NE";
map[13276] = " /NE";
map[10583] = " /N\EE";

[* EIEIRIE */
/] BRERTIRNE key , FEHE value
String name = map[15937];

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

WA A = R RE N 773 eI BMEN e P AR e, REIAEaT

// === File: hash_map.dart ===

[+ BEHERER */

/] BHEEXN Key->Value

map.forEach((key, value) {
print('Skey -> S$Svalue');

b;

/] BIMIREAE Key

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

b;

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

s

6.1.2 MFERERAILM

BAVEHERFARER, - DBADRIBIGR R, FamRT, BT+ ARAD 2 0R 18

(bucket), B MFAIEME—DREXT . K, EIFRIEHUZILE] key MAIAE, FFAEMTIRE value o
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2., QAT key AL B AIARVE? IXZIEIL IR AR (hash function) SKIRAY, MEF BRI ELAOVE T2 R — 1
BRH NS I 2 — MU N A H, AERFRE, MASERIA ey, MHZSERTARM B
RIDo HAEH, WA key, AT LUEEIT FBUTENIZ key X RN FEBEH PR T#IEHL EL

HIAN— key , WBAEEIIHHEIIES NATHDE,
1. B EAAT B hash() HEBEFIARE,
2. KEmENTEE (BEHKE) capacity BUE, MIMIREIZ key X M ATEEHZ S| index o

index = hash(key) % capacity

BEJE, BATHEAT AR index TEMGAR RV AIA W HTAH, MITERER value o

REUHKFE capacity = 100, MAA L hash(key) = key, ZISEHEECH key % 100 , B 6-2 DA key 25
1 value W MBI, FE/R T WA A BRELH TAE IR,

BN key #35| - b | tH value
key value
@ - R
.

R :
— 50 —(CYETRRIIN -
2 .. | — 3

W 83 10583

“))\Eg"

(EMENRE—TREN)

Kl 6-2 MaTy R LA BE
PATRRBBSEEL T — ME e R, HA, AT key Al value BHEER— 1 Patr , PAFRREHERT,
// === File: array_hash_map.dart ===

[* BBEX */
class Patir {
int key;
String val;
Pair(this.key, this.val);
}

[* BTFHARMRER */
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class ArrayHashMap {

late List<Pair?> _buckets;

ArrayHashMap() {
/] iEKEEE, 85 100 M@
_buckets = List.filled(100, null);

[* MR */
int _hashFunc(int key) {
final int index = key % 100;

return index;

[* EIEHRIE */
String? get(int key) {
final int index = _hashFunc(key);
final Pair? pair = _buckets[index];
if (pair == null) {
return null;

}

return pair.val;

[* AIIRIE */
void put(int key, String val) {
final Pair pair = Pair(key, val);

final int index = _hashFunc(key);

_buckets[index] = pair;

[* MIBRIRLE */

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

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

}

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

return keySet;

}

/* IRENFREME */
List<String> values() {
List<String> valueSet = [];
for (final Pair? pair in _buckets) {
if (pair != null) {
valueSet.add(pair.val);
}
}

return valueSet;

}

[* FTENIRFRR */
void printHashMap() {
for (final Pair kv in pairSet()) {
print("${kv.key} -> ${kv.vall");
}
}
}

6.1.3 BERREY A

MR EE, WBHARBPITERZSITE key M RK I A2 [T 21X A A 25 (R S 22 0], A S
REFEFE K TR A, Kik, g E—eFE “SOmAN MR RS

X F _EIRREI IS BREL, S A key ERAIAHEIRN, FEATBRE S H &S SRR, Flan, ElEER
12836 F1 20336 P EAERE, FATTEE:

12836 % 100 = 36
20336 % 100 = 36

WE 6-3 firw, MMM ESIERA T RE—1MES, XEREBANM, FATRIXFZ AN AR [E]— 4 HH A 1S UK
HN&ZHZR (hash collision),
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BN key #=35| - b | itH value

key value

R TR ZE

‘
I. ".
J

NS TR W 17336 | “/)\0s”

m_/ 4 3 7 15937 . g \w

D_A : :
/ B 50 16750 | “hE" \
76 13276 | “hiE"

"' I. ." ..

83 10583 | “/hFg"

s
. .

6-3 M (R

AR, BHREEn BK, 21 key BOTELEIR—MAEPRBERRIE, o, Hitk, AT
WY E ARV R

WK 6-4 FiR, ¥ A riBEX (136, A) F1 (236, D) KM, ¥ BIEMRIEK,

KEREE - 100 RERTE 2 fi BERTE - 200
HMEEH key % 100 » IREEHK key %200
&3l key value | key value

36 236

- | CaER

Juy
. w e ™
<))
-~
[y
w
(=]
[ e e
J

- | e

ucn

-
183 783

ven . vee
«

Kl 6-4 WBEmETHE

RUTHAHY R, I6/mRY BERETERENMNERR R EFRIGHE, EHEN,; JFHETRARER
capacity K28, HATEELIGA R BCREN T RATAREN GO E, XE—PHN T A EHHE
THH. ik, gREIESIEE ST W RIIGHRER, PiEMEy &,

HHETF (load factor) BIGH R —NEEMS, HE OVRRRITTREERDMER, TR
REEEE, WHIENRTRY SR M. BIGITE Java i, MR T 0.75 I, REGEXRKET
RITHEFIEH 2 %
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6.2 MF

b RE], GEEN O TS R BEIEA IR T A, KIS BRI SROR AR AR A, b,
RO AL, EH OB A RN, WA 2 DB 2 R — MRS
G RS SEE WA REIR, FEEIGRA RPN b TROUZAE, FH8EIEA R, AT
TR RY R, EENMRHIONIE, WoTEm AR EER, ERERKE, BARAERT AHEH TR
A2 SRR ETI R, 0 THRIIRER, AT PR DA 5,

1. BRI REARLE, S A 2 nT DUE HBUG 7 R IE 3 LA

2. (AELE, BISRFAR R HET= BN, ATy AR,

WG RAIE R A EARS "R Cthht™ 0 "I SHIE™,

6.2.1 HEXihut

FEIRAEIE T R, B IMGEF M — DREEXT, $ExUitt (separate chaining) HFEAPNTTREGRNEER, K
EXENTERT R, R R RATER A I R —RER . [ 6-5 JoR 17— D Es UL IR 7 R A 1
T

=5l e R (TTEnBE)
00 H— —>

bt 37 L], L [

STMREEE IR,

HbGSmEARTE .

A EE key % 100 76

ERAMEEN key

KREBRTE R -

Kl 6-5 BEAMNEIGT R

F AL SR G A RAGIRIE T IR A T DA 2R 1K,

- HlLR: B key, ZUBFHREISEIRRS, RIRTREERLTY A, REEHERIF L key DA
FREAREEXS

© OWMCE: BB SR REOMRERCSLT R, RER TR (BYEX) BRInEEER T,

- BRI ARAENGTY BRAAIZE RYTBERSLHS, R I HER B E AR RO R IR,

HEAHBIETFAE DA T R RS
- EHZMRR: PR ST SRR, B B EANRE R A
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ERCRIE: ROV TRZE R Rk B BT R,
DA S T UG A R AT A B Sl REERM A

EASIR @A) ROFRER, MM, EXMEE T, Bik BE) S22 M, 80
R,
DUF B ST &Y A%, STEN TR 2 0, BROTERTRRT EEFEN 2 £

// === File: hash_map_chaining.dart ===

[* SETUHIALIG AR */
class HashMapChaining {
late int size; // BEXNHE
late int capacity; // BHERAE
late double loadThres; // fitki BHAHEFHE
late int extendRatio; // # BfE%K
late List<List<Pair>> buckets; // 1H%i4H

[* MEFE */
HashMapChaining() {
size = 0;
capacity = 4;
loadThres = 2.0 / 3.0;
extendRatio = 2;

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

[* BEFEREL */
int hashFunc(int key) {
return key % capacity;

}

[* AEETF */
double loadFactor() {
return size / capacity;

}

[* BIERIE */
String? get(int key) {
int index = hashFunc(key);
List<Pair> bucket = buckets[index];
/] BAE, EXE key , MREFFF val
for (Pair pair in bucket) {
if (pair.key == key) {
return pair.val;
}

}
/] BXRILE key , MHR[E] null
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return null;

[* BNINIRLE */
void put(int key, String val) {
/| SABEFBILREN, RTE
if (loadFactor() > loadThres) {
extend();
}
int index = hashFunc(key);
List<Pailr> bucket = buckets[index];
/] BiE, EBEIEE key , WEHML val FHiRE]
for (Pair pair in bucket) {
if (pair.key == key) {
pair.val = val;

return;

}

/] BEFXZ key , MIRREIRMEREES
Pair pair = Pair(key, val);
bucket.add(pair);

size++;

[* MHBRIRIE */
voild remove(int key) {
int index = hashFunc(key);
List<Pair> bucket = buckets[index];
/] B, MARRIEREE XY
for (Pair pair in bucket) {
if (pair.key == key) {
bucket.remove(pair);
size--;

break;

[* TRRER */
void extend() {
/] BEREHER
List<List<Pair>> bucketsTmp = buckets;
/] MRk BEREER
capacity *= extendRatio;
buckets = List.generate(capacity, (_) => [1);
size = 0;

/] BRENMNREFERBSERRAR
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for (List<Pair> bucket in bucketsTmp) {
for (Pair pair in bucket) {
put(pair.key, pair.val);
}
}
}

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

print(res);

ESERRE, HEERIRKN, TORER O(n) RE. N BLRHERHION “AVL B 8 “2LBR”, M
R IR E RN R AR O(logn) o

6.2.2 FrSFut

FFR 4 (open addressing) RE|AFSMUEERELH, TEET “ZUERMN” SRABIAT s, FNyR3:
SAFRLR AR, T R 2 RIE T 45,

T ARG, BTGS2 TAEN U,

1. ZiEN

ZRMETRINR 17 20 KR ML EORMEATIRM,  HARE A5 Il i RA P AR,

- AR EERAEEITRERRS, HRIMNEETTR, MM RCERELEN CFREHE N
1), EEHEETM, HTRmAHS,

- EPOUE: HRUEHIPR, WERHRESKEEE TR, BERHRERMITE, &E value B
Al AnAGEEISA, WA EMTRAER A RS, IRIE None .

B 6-6 R TOTISHE (SMEIRID) WeF RAVEEEX 01T, ARIBIIGREE, &EMAMHFN key #R ML
SRR R, TEE ZMERM, SN TARIRAF B I2A PAS . N R
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#3l - b |
AL o || o
BRI, HER 1 02 |
7 { | (COEKD
BERK key % 100 77
EREERY key T
SRR e [ £ )
676
776

K 6-6 JTSHE (ZRIARID et RATBEAER 734

SR, RPERINE 574 “RIBR”, BARY, BEMESHLE FIAI B, XS B L G A
RETATREMEACR, M — P ez BRRHEA K, BACRMIER, &AL SEOEMESIRIERRA L,

ERERNE, RO FHRAR RPEEMER TR, X2EMERTTR X EREHNE— DM
None , TMIHEIMTLRM, LMRMBZTMAZIRE, FIAEZTZ FRTCREICEEHIRE], FFa]
REDRANXLLTTRAFLE, W 6-7 AR,

=3l - L |

00 <
01

02

76 <
tiscE | | 25,

REEZEWIEZ THTRT

(=) [ (5} N
~ S S S
o

78

6-7 1S HEAMIFRTR S BRI E S

KT FRUUZIEE, FAT1A] DR BMES (lazy deletion) Ml B AREZMNBAERFPERICE, M4
5 Bt TOMBSTONE SKEFRICIX M, TEIZHLHI T, None 1 TOMBSTONE HRANFRZSAH, #RAT DU B RE N, (EARFR)
52, SR NZ] TOMBSTONE B N iZ4ksm i, KN 2 RalREiRfEE i EX ,
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SR, BBHIER Al RE 2 hdime 7 RAPEREIRIL, 12 RN RHR BRI EE =74 — DBRFRIC, Fii%E TOMBSTONE
HBghn, TERIER N, RODEMERN T RER ZBkid 21> ToMBSTONE A REERE HARTTR,

M, FERELMEENAIC BRI E D TOMBSTONE RG], FHIFEREI HARITE S5 1% TOMBSTONE 3 #f;
B XM Y R E RS T RN, TE2SEEsh2ESHEANE RGN HIEAM, M
ML EERCR,

DAL T — DS WERE TS AL EMERN) I6fmR, 87 Ense ot kA Ra 2, {7
KIEmBEE—A A", LRI BAHEEN, B2k ARk,

// === File: hash_map_open_addressing.dart ===

[* FRIUAEHER */
class HashMapOpenAddressing {
late int _size; // BEWNHE
int _capacity = 4; /| BERBE
double _loadThres = 2.0 / 3.0; // fiki BHHEHAFEHE
int _extendRatio = 2; // ¥ &S
late List<Pair?> _buckets; // H@%k4H
Pair _TOMBSTONE = Pair(-1, "-1"); // MIF&tFI2

[* MERE */
HashMapOpenAddressing() {
_size = 0;
_buckets = List.generate(_capacity, (index) => null);

}

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

}

[* AEETF */
double loadFactor() {
return _size / _capacity;

}

[* R key MUMEERS| */
int findBucket(int key) {
int index = hashFunc(key);
int firstTombstone = -1;
/] EMERN, ZBE=HEEBkn
while (_buckets[index] != null) {
/] EBE key , REFFVAIEHRSI
if (_buckets[index]!.key == key) {
/] BEZRNEE T MERATIE, WERENBTEIZZRSIL
if (firstTombstone != -1) {

_buckets[firstTombstone] = _buckets[index];
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_buckets[index] = _TOMBSTONE;
return firstTombstone; // R[EBEENERIEZRSI
}
return index; // R[EIHEZES]
}
// IBRBEIRE MUBRIRIC
if (firstTombstone == -1 && _buckets[index] == _TOMBSTONE) {
firstTombstone = index;
}
[/ BRG], HdEENRE K

index = (index + 1) % _capacity;

}

/] & key FETE, MRERMANESI

return firstTombstone == -1 ? index : firstTombstone;
}

[* BEIIRLE */
String? get(int key) {
/] R key WNAERSI
int index = findBucket(key);
/] EIREFBREX, WREFNE val
if (_buckets[index] != null && _buckets[index] != _TOMBSTONE) {
return _buckets[index]!.val;
}
/] BEREXRAFE, WRE null

return null;

[* FINRIE */
void put(int key, String val) {
/] St RERTEIREN, BTTE
if (loadFactor() > _loadThres) {
extend();
}
/] BER key WEHEERSI
int index = findBucket(key);
/] EIREFREX, WES val HixE
if (_buckets[index] != null && _buckets[index] !'= _TOMBSTONE) {
_buckets[index]!.val = val;
return;
}
/] EREMREFE, WHRMZRE
_buckets[index] = new Pair(key, val);
_size++;

}

[* MIBRIRIE */
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void remove(int key) {
/] BER key WMEMFRSI
int index = findBucket(key);
/] HEIREREXN, WBERFRTCESE

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

[* TBRER */
void extend() {
/] BEREHER
List<Pailr?> bucketsTmp = _buckets;
/] MEky BENIHEER
_capacity *= _extendRatio;
_buckets = List.generate(_capacity, (index) => null);
_size = 0;
/] BRENMNRBERRESEMRER
for (Pair? pair in bucketsTmp) {
if (pair != null && pair != _TOMBSTONE) {
put(pair.key, pair.val);
}
}
}

[* FTENIRER */
void printHashMap() {
for (Pair? pair in _buckets) {
if (pair == null) {
print("null");
} else if (pair == _TOMBSTONE) {
print("TOMBSTONE");
} else {
print("${pair.key} -> ${pair.val}");
}
}
}
}

2. FEHFHEN

SETTRIS SAERMZEAL, #RRIT IS HEA R WK 2 —, MR, P75 R A2 A S Bl — 1 [E
ERPE, TS “HRIMREEI T PR, B, 4,9, ... 5

PR B A L AR,
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- P RGES BRI R BT 7T R, I R AR R I ) SR R AR
- PR SPEE ERRIEE BRI NE, A TR 2 1S E N5,
SR, PO IRIF AR SE SRR,

R ERIEIIR, BRI B A B M
TR, TR I MAT R, R R S, TR TR
T,

3. ZRBE

FAESY, SUBTTEGRSNEATER fL(2) fo(2). fo(z)e ... BT,
CHBATER: BT f, () MBI, WA £y (x), DAIHE, EIHREISRE AT,
- AHUER: EHRAT RN FETER, EEHRE B Ae DR ; 855 Ak O 2R
FEH, IGARPAEIEZTE, WIEE None .

SRR, Z2XBHRTEADTERE, B2 DR ER ST RIMIHHE R,

Tip
THER, JTSaE GRIERI, PRI 2 RIGT) I/m&AFEE “AREERMIERTR" AR,

6.2.3 {RIZIESHERE

BAMGRAEIE 5 R T AR RIS RECIURNG, N2 LM

- Python RADTRSHE, 81 dict fH D9REATEOET THRM,

- Java RAHERMIE, B JDK 1.8 BUK, 4 HashMap N KIEIAE 64 HRERKEIAEI 8 I, BRI
LT B AR T BRI RE,

- Go RHIBERME, Go MUEB MARZ i 8 NMEEX, EHAEENERE — MM, S 2
N, ST —RRRIE R A 5RE, DIFRRIERE,

6.3 BMEHEZE

AP 48 7 AR 2R A AR R SRR AL BT 75, AmCIe 2R S abe 2 sk, e RECRUE
WA ] DAE R R SRIN IEH AR, miJeiiisl P Ia R b R R A

ERIGAR MO T, BARIMERNS2R S, WE 6-8 FixR, X THEAMuLERR, FARN 7
EXEIS AR DA, IREIRERRNER, REGUTATEREXEFERIE — T, KREEREER
= O(n)
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sETHIE IS AR

R{EER:
T BENTYDEESNEH
BfElEZE 0(1)

| — —f _— —

REFR:
BEMESEHIHRERMEH
BfElEZE 0(n)

K 6-8 e RIVREBILS REH
BAEDMS B9 AR T OLEIS A B OUE . (B2 T R B TRV B, et BaT E, PRSI K

index = hash(key) % capacity

MELLEAK, HIRMHERR capacity BEER, WMWK hash() JUE 7t E, HEMOUE 7 HREN LR
RPHI A E DL

XERE, 0T RIS R PRI ERER, BTN L REEIRBPERAEL hash() B L,

6.3.1 MFEFIZENB

N B RIS R BRSNS, M RIAN B DA R

- et A TMRERA, IERERMGL AR, XA BE R R A 5T,
COReRE: HERAREERENZ RS, HEITRRN, 16 RIS R,
- WS G RIEN SR EN I S R TER TR T, RIS, IR R AR,

KPRL, WBREIRRR TR DTSSR, 6 T2 A T H AU,

C WA N TR P EENZE, RIUEE A EEAER S IASCER, TR EED G
Ho HHMANEMEE, RGNMANEHEITREAE, KR5S EHERGRAEEI T, MARMHE L
L, AB2ETERAL N IE#.

- Bms iR BURAXTT A DU R EHRRI G EF R H —[RE; BRI R DA T R R IR Y
BARRIETAE, H5RWEINIEREEI TR, GERMH LA, ARABEESEA e,

AN TR, N 7RG EIES B REEFY A TR, WRAEETERSESSRNLE
Ritko

- Bt JorRiEId M AR (A S O T R A BRI S R
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- PibEENE: SCSREREIN AR, E SRR EM L,
=15 VAR VNG G VA B € T D = R N 7 g

IR, “W50A” 5 “PiREErE” RMAMNIIIEES, RS A R TR, flan, FERERL
BN key T, MFEL key % 100 A] UL MM H, RMZMAERL TR, FrEEWAHSEN
key AR EHHERMHIE, [AIELFRATTAT AR 2 U PG 75 (B S HEH RTFHEY key , AT AS

6.3.2 BEHRZENIZIT

IEFREIRNIRIT R — MR ESEFZ R R ERME, Am T REZR AR R, BATHAER &M
BHBRAER,

- AR MRS ASCIT /53 EATARNN, SRS IE T E,

ORI FIFESRIERIRERE, SRR — DR, R DT ASCIT HRMEIE A E,

- SR R ABURER S T REE R e E R Me AR ET,

- TR RN TR ASCIL B ERE|— M EY, SRR ATE RN G A EE T IR R,

// === File: simple_hash.dart ===

[* NERGE */
int addHash(String key) {
int hash = 0;
final int MODULUS = 1000000007;
for (int 1 = 0; 1 < key.length; i++) {
hash = (hash + key.codeUnitAt(i)) % MODULUS;
}
return hash;

}

[* TEERE */
int mulHash(String key) {
int hash = 0;
final int MODULUS = 1000000007;
for (int 1 = 0; 1 < key.length; i++) {
hash = (31 * hash + key.codeUnitAt(i)) % MODULUS;
}
return hash;

}

[* FHIEFE */
int xorHash(String key) {
int hash = 0;
final int MODULUS = 1000000007;
for (int 1 = 0; 1 < key.length; i++) {
hash *= key.codeUnitAt(i);
}
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return hash & MODULUS;
}

[* TRAEMGE */
int rotHash(String key) {
int hash = 0;
final int MODULUS = 1000000007;
for (int 1 = 0; 1 < key.length; i++) {
hash = ((hash << 4) ~ (hash >> 28) ~ key.codeUnitAt(i)) % MODULUS;
}

return hash;

}

WS IR, ERIET RIER B — S #UE X KB 1000000007 B, DARRERIG T E7E S IERTERIN, (EIF
BERE, N2 ZRAN FREORR, s B S EIR R 2 4.2 XE— D EBRI R,
Jeltitigsie: ERIRBURMENBEL, Pl AR Kb ERUEIR AR 2 504t RN RO 5 HAt S #E AL
B, AT DARD R EUSHR VR T AR A R IR, AT SR a7 v 2%

BABIF, BORFRANERRSEO 1ERE, e DI 3 BEBR, IRAFTA AT DAL 3 FERRI) key HEHMLATE] O,
3. 6 X =T E,

modulus = 9
key = {0, 3,6,9,12, 15,18, 21, 24,27,30,33, ... }
hash = {0, 3,6,0,3,6,0,3,6,0,3,6, ... }

GEREA key TRUFRERXMPEZRBENLAR 0, ABLMGAERLS HPIRAE, WTANERR R, BlfE, |
R modulus EHLNGEL 13, HIT key Ml modulus ZIAIRFIEALIEL, it H IS RENSSERAE
feTto

modulus = 13
key = {0, 3,6,9,12, 15,18, 21,24, 27,30,33, ... }
hash = {0,3,6,9,12,2,5,8,11,1,4,7,... }

ERHRARE, WERAESCRIE key RRENIISI AR, AR EEE S BAIEBREE AT DA, e T# A
HIE S ARG B T4 key HYIAAE AR IPERS, Xt SRR A 5 IR EILA.

BIMEZ, BANEFERTE RS, HERX MR RBR, DURATREHPRENIMERK, ETHRRE
TRHIRS

6.3.3 ENMEFE

AHERIR, DAL BRI IR IR LR WS, I A IREIS R RN BAR. flW0, BT
FE R A, R ANTRNG T A S BRG A JCTR X 0 A MBI AN R R 777 e, XAl RES ARG AR 2R,
H 5l — 2z (A,
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1ESLfre, FATEE SRS A B, fla MD5, SHA-1. SHA-2 il SHA-3 %, BRI ABHEE K

JEE P A\ B e S B E R MR A (L

=ML DK, BAREBECEARAR SRS, —aMR ARSI BRELRNRE, 5—
IR N BB ENECN TSERIGREER L 2R, 3£ 6-2 R 1 EKER N A A WG/ EIA.

- MDS5 fl SHA-1 E2RPURIIB, BRI EM 22 2N A,
- SHA-2 R¥IHH) SHA-256 B Z 2R EIRZ —, IREIKIIHIR R, FitHE HESE L2

IS R,

-+ SHA-3 MH%% SHA-2 FISEEIF R AR, HHERCERE &, (2 HaifH 78 =E A SHA-2 251,

MD5

HEH I 1992
5]
HHE 128 bit

JE

R RU L€ 2

%

zZeF R, ek

%

. FH CWFH, AT EdREEREEGS

=

6.3.4 HIEEMIILHE

®6-2 HIHGHRERL

SHA-1

1995
160 bit

LiE4

5, EHRII%

i
EFH

SHA-2

2002

256/512 bit

i

=

hai

MEsRHR SR, MFEH
&

SHA-3

2008
224/256/384/512
bit

b

I%J

AT SHA-2

BATRE, WA R key ATDUREEEL, /INEELTATERSFEREAY, fEiE 58 H S X SRR BN E
MG ATE, AT IHHRIBARPIMES DL Python M6, FA1AT A hash() BECKH B A FEUERAY

e A E

- BB /RERIIG A EUR HA S

C IFRERT AT RRIR A ET EROVE SR, AXBRETE BT,
- TCHMEBARERN H - R TR, RERXEGREASER, SRR E,
- NREERER T HEANF A R BT ET N REEA TR, AT T A A RS A E

Tip

THER, ARGIEE SN BRARE TR S E ST A,

// === File: built_in_hash.dart ===

int num = 3;
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int hashNum = num.hashCode;

/] EEh 3 HIIRFH(ESN 34803

bool bol = true;
int hashBol = bol.hashCode;
/] T/RIE true MUREFEEN 1231

double dec = 3.14159;
int hashDec = dec.hashCode;
/] NE8 3.14159 HIMGF{EFY 2570631074981783

String str = "Hello E3%";
int hashStr = str.hashCode;
/] FFFE “Hello BIE” MIMGFAE(ES 468167534

List arr = [12836, " /\§"];
int hashArr = arr.hashCode;
/] R [12836, /NR] HIMGFH{EN 976512528

ListNode obj = new ListNode(0);
int hashObj = obj.hashCode;
/] BEMNER Instance of 'ListNode' BIMGFIEN 1033450432

EWZHEHEST, RANTEMRAENRR RN key o RINFEATRESIFR G 150 key , S5
RINBRAEZAN, ERERERE K, BOSICRERARHERZFEILH value T,

HREEXNR (PR T ) MR R RZ AR, ([BER AR, IR R GRS (E i H 2 it
TR R, B RN AERLE T2, HERNAFEIERTE, BRETREREN,

AORIIRATREA IREA RIS G HisfTRF R, SR ER AR, X2EN Python R SERRE
ghif, FES FIFERIRAR B — A BEILIER (salt) {H, XFIER] LA R I HashDoS Bidi, f27Hia
AR 2 2,

6.4 Mg

1. BB

L BN key, TATSRAENS(E O(1) MINEIE value , XCERIER B,

LA R R A, VRO, R AR I T R,

- IR key MU NHAIZRE], TV I value .

- AR key ATRE(ELITIAT FBUS RS RIMUBCARE|, S8 e RIE, IXFBI SR NS
Tz,

CIRFRAEA, BTSRRI, R AT OB AT R BRI TGS, SHY AR
B, WBFRT AR TR,
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- DR TR ONIR R AR REE R DGR, /WL TIR PORA T EARE, WML R R A
IIESES

- PECHIEE R B TR BN BER, KT RTR B R — D ER . M, R KRR A
WRCR, R DUER A RER R HON LB R IR MR

- PR SRS 2 CERTIR A B IG A PR, MR EE D K, B RREMBRCR, HAS 7 ER
%o 2R Z MNGR RBOHTIRN, AHREMIRNE A A RE, H2MEmEEEEN 7 itH
Ho

- ARG S R T ARG AR LI, Hlan, Java i Hashmap £ FHEE ML, 1 Python i Dict %
PRSIk,

- AEMRART, ROFERARIEEARENE, SRR MR R, EENEP, BRERICNIZ
Bl A = AR

- IR RTRE R AR BB EREL, DR ARCHARIEIS R S 010, OB ha,

- HEIAEA BEEREE MD5, SHA-1, SHA-2 #i1 SHA-3 %%, MDS5 M TR e 52, SHA-2 HH
TR e NS

- IARIE S OVBERRRR N AR R RIR, AT IHRIER ARG @EENT, AR
PIE SrlllEE=

2. Q&A

Q: TR EREE A TR O(n) ?

YT L EN, BRRONEEREDIRILE O(n) . YWBRFEEBIZIHF LKL, FRIREILK
AR, MEEECTEN, NRSRER O(1) . FAFEARRIES NERRFRN, BEIICIN RS RER
O(l) o

Q: NWtLAAMERHBAREE f(x) = x We? EHEMASHWMRT,

£ f(z) = v RWERECR, SNICRMME—RFRT], X5HEHEN. R, MASAEFZA TR
Al (B KE), RIS R B & — P AR KB, Ba)IE T, a7 R B2 — MR
RS IR E — NNz, FFHEEE O(1) WERRR,

Q: MARIKZLIZEA, L. XN, EAFAREA UL ETESE?
HoE, MmERINRRERES, EEEMRLRT . BREEHS 2 NERE,

HRk, HBERE R NIRRT Q1R — D IIRERENS 7EAH R A &2 2% B T (o8 A B i e AR s
B, AR H LG R E P, R R RBOHEREITH, NREAERE BITE A,

B, WA S AR TR R A S, DI TERE S b, B TRELE B 2 LT S bR AT BRI 1,
PAERZE O(n) BHAIE R,

Q: ZRIET A AREEZEMERITTRAVEREND? bricy CMHERAY 2 [ X RE A S A IS ?

ZRIGABITRF IR —F, TR SHEREA A REERMIPRC R ARG, FEEIARCHBR, frid oy E PR
AUz A ] ARHREE . HRFeRim AR R, JF HIEEIG A EEEREIbRIC oy EMPRAG B, A E AT DL
BOFTTCRE M IXFEMELRE LRI RARIF FIAZE, XRERIEMG TR R A 23 R %,

Q: Nt ALELRMRNY, EHOTRIN RS MBI A RE0E?

A N i 18 IS A7 R SR E S AR A BB, & BH key ANILHRC, XLIGRAMRA IR, HL, LRI
BRI BOE R RARIRE &R, EEREER R EN SO EIBk Ly ik,
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Q: NI Ry EREW ARG T T oE?

W7 PR B JE — PR RN BEH K n B (BGR), b EvE BRI FEEN; £ A5, Sk
& n KA, T key MM AIRGBAIREAR L, FIEIER —TMHIIZ A key , T BEAIRES B
FIZAHEH, TSI 7R IS 2% R
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Abstract
SRAR W EM ), RIRHR, 7Rk,
CRNBAREI TR M ESNES.
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7.1 =X

—X# (binary tree) BRI ERLI, AR “HL” 5 EN ZEBIRAEXRR, AT “—oh =7
MIiaiZ . SREREM, “XWIERBITET N, 8P TRESE. 271G G 79 851 H.

[* ZXHTEE */
class TreeNode {
int val; /] HRE
TreeNode? left; // EFT=5|MA
TreeNode? right; // AFTS5|H
TreeNode(this.val, [this.left, this.right]);
}

BN EEERNSIH (85, 23HEREFT = (left-child node) FIBEFT = (right-child node), 1% f
BFR XN TR IR T = (parent node) s LT — D XTI i, FATRZ A 75 s H
PAR s BRI AR O %717 A F4 (left subtree), [FIFEAIISAFH (right subtree),

FE X, BRMT 0, HARA TR & 1 REE R e, aniE 7-1 R, WERREE TR 2 R
TR, WHAFWRMGFTRDAE R 4" 1 “W9R 57, EFag A 4 LHEDUN SIE R,
HTRE R 5 MELUR T R RAIR,

X RN

binary tree

|
H:y ﬁﬁ.ﬁn

EFi aFH

ANV
Vivivi

7'1 5&%‘){_\:‘;\ ?‘_’ﬁ‘)—sj—\:‘;\ ?‘*X;J'

7.1.1 —“XMERARIE

T XY EFIARTEINE 7-2 FR.

- BFE (rootnode): M T WHTHERT A, BAERYH,
- M8 (leafnode): &A1 1AM A, HF/NMEEIIIER None o
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14 (edge): ERMANTIRZE, BT RSIA (EED.

- TRERE (level) : MIREFEN, R REEN 1,

- TRHE (degree): TWRHITIRAEER, £ XM, EREEIEERE 0. 1. 2,
© ZXMHTBE (height): MR REIRIZH T ST (I RTEE

- WRIGRE (depth): MR RENZT RFTEIE RILHIEE,

- TRIBE (height): MEREIZT R (2% A2l B RECR

X
BE -3

WA

K 7-2 —XREHEHAARE

Tip

THER, BOTEFR “SE7 M R Oy "SRR, (B H s AT RE SR HE
SO G REBERT, XA, SEMREEHEEM L,

7.1.2 ZXMEAIRE

1. B =xH

SREREM, Elommtris, RedEsim ek,

// === File: binary_tree.dart ===

[* FIELZXH */
/] FIEETR

TreeNode
TreeNode
TreeNode
TreeNode

TreeNode

nl =
n2 =
n3 =
n4 =

n5 =

new TreeNode(1);
new TreeNode(2);
new TreeNode(3);
new TreeNode(4);

new TreeNode(5);
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/] HMETRZEN5IA (&%)
nl.left = n2;

nl.right = n3;

n2.left = n4;

n2.right = n5;

2. EANSHFTR

HREREML, 15 Al A\ S INERT m0r] OB B SRR, B 7-3 28 T — B,

HAANTR TBRYS
nl.left = P nl.left = n2
P.left = n2

B 7-3 £l A SR T A

// === File: binary_tree.dart ===

[* NSRS */

TreeNode P = new TreeNode(0);
// T nl -> n2 FEHEATS P
nl.left = P;

P.left = n2;

/] BRI = P

nl.left = n2;

Note
TEEENZE, AT ATRESBEE XM RAZ RN, mERT U8 E B RE MR R H
Fla 7, Ak, X, HASHERER EH—ERERL S 72, DA SRR E AR,




O ) hello-algo.com 140

7.1.3 ER-RAER
1. RN
WK 7-4 R, 53X (perfect binary tree) P ERTT sl se RIEWM, E5ER XA, M7 iy E

H0, HARAET RN 2 HRIEEN b, WA ARECN 2h T — 1) RIS R, R
BT B AR WA RAL

Tip
THIER, EPSCEX AR, S8 R SRR % =X,

SRR
perfect binary tree

(toAsFR o i — L)

FRE BRI b A

K 7-4 523X

2. B2

WE 7-5 FiR, 5e2ZX4 (complete binary tree) REREEN T mAHHEH, HREENTSREREAHE
Fo

LR

complete binary tree

REETRELRRE, EttETHREHIER
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7-5 FEETXH

3. TR

Gl 7-6 AR, ST XA (full binary tree) FBR 7M1 R ZAh, HARATE T SEA NN T R

RN

full binary tree

FIETRNERA 0 = 2

7-6  SEli— XM

4, FH -

WE 7-7 FiR, FHRZXA (balanced binary tree) AR sl B AE FHFIAS 106 04 /8 1 2 ZE 4 0 {E AN
o1,

TH_Si

balanced binary tree

WA EFREE - EFREE = d
N FH NPT REHE |d] <1

7-7 X

7.1.4 —Xa0iEk

B 7-8 R T X HIBHAR S A S IR MLEEM . 4 RO ENT S AR, JRE] "SRR XM AT
AT R AN, —XRHRN “RERT,
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- ERXREEEENN, ATDASE AR X ia” L.
- RERNIR S — MR, STURIEEE NRIERIE, NRERERMELE O(n).

4
N P
S\ /
4
mag / BiEEH
FETXIN R

K 7-8 XRHIERESTH S RS
R 7-1 R, (ERESHNRESHT, R P8GR, TR SEFRSINCARESWRME,

R 71 ZXMRIRELTH S R ES

SEFE XM BEER
R NEORT = s 9i—1 1
EEE h RO SR 20 1
SN B IR RSB 2n+1 _q h+1

TREER n RKEE log,(n+1)—1 n—1

7.2 Z—X#iEH

MBS R, PR — R TRERMBURS Y, R EE 75 2RISR MR Al R0,
PR — AR RARSS Y, IX(E S i P iR AN 7, TR B IR R RIS,

TR s A AR R, s . R RS R %,
7.2.1 BFiERH

WK 7-9 Fr, BF&R (level-order traversal) MITHREIREIZE B — XA, HAEG—EHRBMNERIGH
e 73 1079 Ao
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BRFEHAR LB T EfiBh (breadth-first traversal), AR E#f5kiEZ (breadth-first search, BFS),
BHRI T —f/ “—E—ErSN R R 7T

rrEREER

e \
' BFBE (55 @ LEHTE)

/ ":‘X"':.’"""_'_jjﬁil'-'/"\ bm e

B 7-9 ZXREEFET

1. KBsEH

AL D@ ) RSN SRS, PASIENE “JeHESCH” AR, RS Mg i R
AOREI,  PE T E R SRR — 2, SEERAAgan

// === File: binary_tree_bfs.dart ===

[* BFIBH */
List<int> levelOrder(TreeNode? root) {
/] ¥IEBATI, MANIRT =
Queue<TreeNode?> queue = Queue();
queue.add(root);
/] Fa—151R, BT REFERFY!
List<int> res = [];
while (queue.isNotEmpty) {
TreeNode? node = queue.removeFirst(); // BAZIHPA
res.add(node!.val); // RETSE
if (node.left != null) queue.add(node.left); // EFTENI
if (node.right != null) queue.add(node.right); // ABFTTEABA
}

return res;

2. EREDH

WIS ZREE R O(n) © BTSRRI —, (5 O(n) BHH, Erh n A5 o,
CSREREN O(n) : EREBRT, B~ RN, WHSREEZ M, WIS RN e
(n+1)/2 %8, & O(n) 2.
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7.2.2 #iF. BF. BFEH

MR, w5, PG RFEREE T RERSER (depth-first traversal), WHGREMLIEER (depth-first
search, DFS), BRI T —& “JeERIRL, FHBIHLkL:” 19D 77

B 7-10 J&oR 7R R TR A SE i O TR B, DRI TC D5 S B R — SUR IS “H 7 —
B, RN REKIBR =MIE, oA AT, R AR R

REGIRE 0 O,

B 7-10 —XAERMATHTF.

1. M
IRER A ZRIEH E T892
// === File: binary_tree_dfs.dart ===

/* BB */

voild preOrder(TreeNode? node) {
if (node == null) return;
/] BRIRER: RS -> £FH -> AFH
list.add(node.val);
preOrder(node. left);
preOrder(node.right);

}

/% REBE */

void inOrder(TreeNode? node) {
if (node == null) return;
/] ARG EFH -> RS -> AFH
inOrder(node. left);

def dfs(root: TreeNode):

" RIERE SRR

if root is None: return

@ EE iR AT
dfs(root.left)

@ EBisinkEFiH, MFHREFR
dfs(root.right)

@ EETHEEHiE, RBER

HiFER (F @ AiAiETHa)
1, 2, 4, 5, 3, 6, 7
fFER (F @ ipETHsa)
4, 2,5, 1, 6, 3, 7
BFER (f @ LiFnTa)
4,5, 2,6, 7,3, 1

. SR
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list.add(node.val);
inOrder(node.right);
}

[* BFBH */

void postOrder(TreeNode? node) {
if (node == null) return;
/] R, EFH -> BFH -> BH=
postOrder(node.left);
postOrder(node.right);
list.add(node.val);

Tip

RERSASRMAT AE TR RSB, A 48 E v LB TR

B 7-11 JeoR 7 R P — RIS IR, Halaoh %7 F1 997 ADEEEpEs L.

1. %" FoRITENTTE, BAERERERTIE R — DT,

2. “I77 FoREBORIEl, RERYFTTTREETIFEE,

e
A: fEEH

§III \ FRRE (1 ® Ai5ETR)
1

@@@

l Step 1

#: BT
3: fLE

HiFFER (£ @ LiAETR)
1, 2, &

Step 3

o

Step 2

Step &

\
9@

&

& TSk
A: @ LB

HIFFBE (F @ AiAETR)
1, 2

#: mTEh
A: @LEEH

HIFFER (7 @ 4i5ATR)
1,2, 4
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s

i#: ETE
13: B EELH

HIFFEH (7 @ LhiAIATIR)
1, 2, 4, 5

#: TR
3: B LEEH

HIFER (F @ LiHiETR)

Step 6

#: aTRE
V3: L EE

HIFEH (£ @ AiAET=)
1,2, 4,5

#: M
A: B EEH

HIFER (7 @ 45T

1, 2, 4, 5,3 1, 2, 4, 5,3, 6
l Step 7 ] Step 8

#: TRk #: mTEE

3: BLEE A @ LEEH

HIFEA (7 @ iAATiR)
1,2, 4,5,3,6

HIFFER (@ WiniETm)
1,2,4,5, 3,6, 7

Step 9 ] Step 10
A
#: mFe
A: EEE

HIFER (£ @ ihETiR)
1,2, 4,5 3,6,7

Step 11

K 7-11 #iFE s

2. ERESH

INFERER O(n) @ FTA Y R —R, A O(n) N,
BREREN O(n) : FEREHBIT, BIRDRACVEERN, BITREIXE n, RELH O(n) Bz,
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7.3 ZXRHART

TERERFOR T, “XWIFAERTTN T A TreeNode , TR MBI FREHAHER, - THERRTH
XM AR

2., FATIRETS FIEEHR TR X IE? A 52 HEr,

7.3.1 RERFTEZXM
ot — ME RN, A —MREE XMW, BATEMRE T SIZREF iR NIF 7 E— DA, e
AT RERAS B ME— AR &S |,

IRE R i R, BRI DS R ARG IS FHRRIIZHE B AR": HENERRI DN,
WZVWRIAEFNTRRTIN 20 + 1, AFNRRTIN 20+ 2, B 7-12 R T &N RRT | Z FFIBL <
Ao

T —
%mﬁl//f\\\
//1\\ //2\\ R T

BRI K F

PLILPL )L s

BFTRAESl: 2i+2

7 8 9 10 11 12 13 14
fERBARR XY

TEFS 0 1 2 3 456 7 8 91011121314
BFEmFS

A 7-12 SEE-NHMIBHFIR

WSt AU A Y TRER P RSN (RED . e BEETRER DI, RATER AT DOE e 2 50k
WRERE (B) F1R.

7.3.2 RLEEZXH

FER XR— DRI, A SR EE A EVFZ None o I T BRI FHIH A ZIXLE None , [l
IEBRATTCIEAUE P FISRAED None VBB AL E, XERE FAEZ R METHIERTT & %27 %
B,

Nl 7-13 FioR, A —PRARSESE XM, EIRRMEBEHFRR T IREARA.
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ZFT () TEE—RRLE =R

BeAFESl 0 1 2 3 4 5 6 7 8 9

a1 [2]3 4 [6]7[8]912]15)

B 7-13  Z R 2 B 2 i — SO T REE

NT R, FRATTRT LA IBAE R D 5 b e sV S A None o A1 7-14 iR, IZARALFE)S, 2
i 1 Fe Ak a] DAME— SR XK 7o BB anT :

[* ZXWREERT */
// R int? A=A |, BMAILUMER null RARIEE(L
List<int?> tree = [1, 2, 3, 4, null, 6, 7, 8, 9, null, null, 12, null, null, 15];

ZFTI ($H) MR T AN

BRI 012 3 456 7 8 91011121314
BFERF7

=i

K 7-14 (FERA W EEHER R

EREARNE, e - XHERIES I BADRIGR. RIIsEe — XMATE X, None RNBIfERIIKZ HEEH
RINCE, BIBLFTA None —i2 HBRAEIZ RIS AR S,

XERE EABEHIOR 22 X, RTDLEISIEERTE None , BRI, 18 7-15 S H T — Bl



O ) hello-algo.com 149

BRERFT (88)

EARERH
RERCE e

BRFERFY ($4H)

8880800000

7-15 584 " XWHEEH TR

DA SCEL 7 —RRE TR AORH XA, B4 DU LR,

HERTR, REME, £ (B) Fia KRG
RN, e, Bl BRrEEmhEsl.

// === File: array_binary_tree.dart ===

[* FEART TN +/
class ArrayBinaryTree {

late List<int?> _tree;

[* ¥EFHE */

ArrayBinaryTree(this._tree);

[* FIRBE */
int size() {
return _tree.length;

}

[* FREVERE|N 1 TRHE */
int? val(int 1) {
/] BRSER, MRE null , KRE(L
if (1 <0 || 1>=size()) {
return null;

}

return _tree[i];

}

/* REYES|A 1 TRENAEFHRNERS| */
int? left(int 1) {
return 2 * 1 + 1;

}

[* FWERS|A 1 TRNEFDRIERG +/
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int? right(int 1) {

return 2 * 1 + 2;

/* FREES|A 1 TRIXTRNERS] */
int? parent(int 1) {
return (1 - 1) ~/ 2;

[* BF&H */
List<int> levelOrder() {
List<int> res = [];
for (int 1 = 0; 1 < size(); i1++) {
if (val(i) != null) {
res.add(val(i)!);

}

return res;

[* REMFTEH */
void dfs(int i1, String order, List<int?> res) {
/] BERZEAL, MWiRE]
if (val(i) == null) {
return;
}
/] RIFIEH
if (order == 'pre') {
res.add(val(i));
}
dfs(left(i)!, order, res);
/] RFER
if (order == 'in') {
res.add(val(i));
}
dfs(right(i)!, order, res);
/] EFER
if (order == 'post') {
res.add(val(i));

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

return res;
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}

[+ BB */

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

}

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

7.3.3 R=5RRYE

XM BB R EZ A DA MR

- BAAFIEEIESIHINAE SRR, MR, ViS5 sk,
- ATREAERE, HEETTE AR,
- SEVFREALIE AT L

SR, BRI E— /IR

- BARBREESNEZR, FIARE S FiEEdE 2D KRR,
- T R R EOE I B N\ S IER ARSI, BRI,
- XA EAER R None I, BAHA SR RBURILERMR, 2 RIF AR,

7.4 —X¥EZER

WK 7-16 Firk, —XIEEM (binary search tree) i & DA £

LSRR, ZETWAArE T SEE < R REME < A TP rE R RIE.
2. ERWRRE, AR SRR, RIFERER 2 &M 1. .
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—RigFhH

binary search tree

K 7-16 — AERM

7.4.1 “XEEWMBVIRE

AT R EEE N — 1 BinarySearchTree , FEABH— AR ZE & root , FEAIMAYAR T i,

1. BT

ZEE HART R num , AT DURIE — SR AIMETOR AR, 8 7-17 R, BATAEH— PR cur, MZX
PIRIARTT AL root %, TEIAELEET RUE cur.val il num ZRIFA/NK R,

© #icur.val < num, UERAEFRT RAE cur UG FRA, RIEHAT cur = cur.right,

© % cur.val > num, BERHEFRTARTE cur IIEFRH, FHAT cur = cur.left,
© Ficur.val = num, BEIAEREIEAR TR, BEHEIEPAIFIR [EIZT o
aE-xgEmrERTR @) E-xgEATERTE (@)

Step 1 Step 2
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TEZRERNPERTR ERERAPERTR

Step 3 Step 4

7-17 =X AERWMERT JURE

— AR BRI 5 A BN TREE 5, REECHER L, IR RS SN — X
WE, M SURPPEIN, R O(logn) WAL, RBIFRRLT:

// === File: bilnary_search_tree.dart ===

[* BERTR ¥/
TreeNode? search(int _num) {
TreeNode? cur = _root;
/] TERER, HIHTRERkE
while (cur != null) {
/] BEfRTHEE cur NEFHE
if (cur.val < _num)
cur = cur.right;
/] BFTRE cur WEFHA
else if (cur.val > _num)
cur = cur.left;
/] HEIERT R, BRHTER
else
break;

}
/] REIBIRT R
return cur;

}

2. AT

HE—MMFHEATCE nun , N TR RN “ET < RS < AW SR, BAREREWE
7-18 Fliro

1. BEHIAANCE: SEREREHEC, MR RHE, BRI SET SUER num RN ERTERA TR, B
Rt AT S GEIJIZE None ) B BRHAIEER,
2. TEZNCEBA TR WAL 5 num , BT SLE T None N B,
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E=-EERHEATR @

B 7-18 1E AR ARM AT L

RIS, TEERLATMA.

XERMARVHAEREE TR, SUREREE S B, SRERATRERPERE, AR T
A, HIZR[E,

NTRIHBRATIR, BATZAEIT A pre /17 L —HIERATT i, XL 2 None I, FRATTAT LA
AREREIH AN SR, AT SRR s ffi N IR AR

// === File: binary_search_tree.dart ===

[* BANTTR */
void insert(int _num) {
/] BEWAZE, WERKRTS
if (_root == null) {
_root = TreeNode(_num);
return;
}
TreeNode? cur = _root;
TreeNode? pre = null;
/] EFE, BT RERH
while (cur != null) {
/] HREEET R, BERE
if (cur.val == _num) return;
pre = cur;
[/ BEANUEBE cur HEFHH
if (cur.val < _num)
cur = cur.right;
/] TENUEE cur BNAFHA

else
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cur = cur.left;

}
/] NS
TreeNode? node = TreeNode(_num);
if (pre!.val < _num)
pre.right = node;
else

pre.left = node;

SERN AR, FBAWRER O(logn) NFL,

3. MBEH=

JtE XM EREIEART A, FREHMIER, SRAT AL, FMNTEBIEEMRREEmE, —XER
PR “ZE i < IR < T AOPEBTIRT S, BRI, FRARIE BEARTT i 79 8’ 7200 112 =
RGO, BT L AR s A1

N 7-19 PR, HAEMBRT AR O I, FoRZT AU, A DAEENER,

E-sEEmEsE @

00000000

cur

T (s ¢ A cur 8 2. EiEB% cur BF

FHAHE =0 $1T pre.left = None

B 7-19 EXIERMHPMERT A (RN 0)

Gl 7-20 FiR, UAFMHBRTY AV ED 1IN, REARINBRY RO 0y H 7 R AT
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E-REERTIRTER ©)

v HR cur B 2. ¥ cur BEAHETFTR

P4 e
Lo LES LT (0 FHoHE = 1 HAT pre.left = cur.right

7-20 FEZXAEEMHMIERT A (ER 1)

HREMIERT RS 2 I, BATCIRER MR e, MRRZEH DR 0L . BT ZAR SRR
ETR <R < HFRT BIME,  BIX AR DU RSN s R R

RSB N RA TR A (PREHN— D RD, NMBRRERZENE 7-21 Fr.

L. BREHHERY SAE s FEs” PR MR, 2N tmp o
2. tmp AOEE S RRIERTT SOROME,  FRAERTAFIBYIMIBRT AL tmp o

=g EE (O =R sE @

Y . f\
@\ 1. ERHBIREA cur . 1. ERHBIREA cur
- .

/\ o A cur WFHAKE - 2
@ o™ 2. MBTR cur SA=H:

@ &j f @ j J»\ /0\ (1) &R cur ERFEHNEETSR nex
D € @@@é@ 000000

A

l Step 1 ‘ Step 2 J

E-xEERTRsE O E-xigEmrnER O
0
\ 1. THRBREA cur

v TR cur WFHRNE = 2

1. ERHBRTSR cur

v A cur MFNABE - 2

2. BIRTR cur FH=ES: Y 0] 2. BIRRTA cur DR=H:
(1) & cur EHFERNESTR nex (1) &R cur EPFBHNELTIR nex
(2) FEZXMFRIIMFRTR nex (2) EZXWFRIIWERT A nex
Y.
00000

(3) #¥5R nex ERATR cur

Step 3 | Step 4

B 7-21 ESAERMPPRT R (R 2)
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MRS R E AL O(logn) IR, Hrp&ERAHMBRT RFHE O(logn) WA, FREXH 87 54675
FHZ O(logn) MR, RBEMLESLT:

// === File: binary_search_tree.dart ===

[* MBRTI = */
void remove(int _num) {
/] BEWAZE, BFREANRE
if (_root == null) return;
TreeNode? cur = _root;
TreeNode? pre = null;
/] TERER, BIHHRERkE
while (cur !'= null) {
/] BHEFRET R, BRHER
if (cur.val == _num) break;
pre = cur;
/] FHBRTRTE cur HAEFHE
if (cur.val < _num)
cur = cur.right;
/] FHBRTRTE cur BETFHA
else

cur = cur.left;

}
/] EEFRFRT R, BERE
if (cur == null) return;

/] FUREE =0or 1
if (cur.left == null || cur.right == null) {
/] BFTEHE =0/ 18, child = null / ZFTH=
TreeNode? child = cur.left ?? cur.right;
/] MRS cur
if (cur !'= _root) {
if (pre!.left == cur)
pre.left = child;
else
pre.right = child;
} else {
/] BB RARTS, NEfEERTR
_root = child;
}
} else {
/] FUSHE =2
/] FRBFFERF cur WF—PHR
TreeNode? tmp = cur.right;
while (tmp!.left != null) {
tmp = tmp.left;
}
/] BVAMRT = tmp
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remove(tmp.val);
// B tmp BE cur
cur.val = tmp.val;
}
}

4. FEFEHEF
e 7-22 foR, —XOWEHREIEENE f — IR — A7 BRI, o XIERREE TR <R
TR <HFIR" BRI KRR.

XERE E RN PR TR PEAN, BREMEN N — MR, WS H—PNEZER: =X
ERMER R ETHF.

A 3 i T BPE R, BRATI7E = AR IREH P BURE O(n) IR, TEAUETEIMHER B AF,

AL

I’ b‘\
H
4‘ - ~, ~~
o . ~~. +
/." ’ —REFRNPFERFT
N : ’ 1
[ ) d :
! NOAL Ps '.‘ 2, 4, 6, 8, 10, 12, 14
l’ gt “ l’ 1"“ A
v [ 1\ s Ly *, - v '
A PN AU TN
! R . _
,'I s i ‘\ K % :' “‘ TTEAF
Hi ! i !
N AR AR SN
FFiBmET,

TRE @ A7

7-22 ZXARRM A

7.4.2 —XRIEEMBOE
YL —HEE, BAZEMARHE — YERMEE, WERER 7-2, YIRS THRERN RS 24 E T
TR, BERE HE0RE, REESHEM, TMERMREIEN R R, B R

T,

R 72 BASHERMERER LT
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TR SRR
#HTE O(n) O(logn)
mATE O(1) O(logn)
fiRcE  O(n) O(logn)

FEHAABOUT, ZXAERR/E FET B, XAEA] DAE log n BRIEFANEBRERET R

AT, AN THE — AR A A IR 25, FTAE S~ HE (LN 7-23 BRI, X4
FIREROI )5 2R 2B O(n) .

4
N P
/\ [\ /
4
Tt D ieT / BRI

7-23 —XIEERWIE

7.43 ZXREFWERMA

- RERGHNZRRG], KHEREIER A MERERE,
- RN R AR R B BAR S,
- AT FEEIER, DARREEA RS,

7.5 AVL ¥ *

10 ““ ABRA SRR HRE], fES U RIS, — ISRMATREE L R, (R,
A HRERI T E 25 M O (logn) 40 O(n) .

aniE 7-24 AR, S IRIMERT RERE, IR SRR E IR RER,
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@ @ B 5 BB 3 @

oo

=314 Bk
EH-R ZE=-Ri R

7-24  AVL WHEMIERY UG & 4238

G, FEE 7-25 FURR5E3E R ARl AP N RS, BER TR AR, A ERIRCERI R R A
FHko

o [
@ @ BATA 2 @ @ BATE 1
o

By iBf
SRR FH—Xi EE—R

K 7-25 AVL S{ESR AT R & ZEIR(E

1962 £ G. M. Adelson-Velsky #1 E. M. Landis 7£ it 3¢ “An algorithm for the organization of
information” AR T AVL#Y, IEXHRIRAIRNA T —RYHRIE, WERIERSASIMAIERT /U5, AVL B
Bk, IS AR RS 2 RRE O(logn) Pl BaapiEBE, 767 BN A THY N & e (e
M, AVL BERELAL ORI s R B e IR RE, BATREFHIN A E,

7.5.1 AVL PERAKIE

AVL BB — SRR, R P S, RN XN SRR R A TR, R — R — SRR

(balanced binary search tree),
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1. PREE

BT AVL SRUAHSCER TR EARICT s, BRI FRATI TR ZON 1T 2R A8 height

/* AVL BT */
class TreeNode {
int val; /] TRE
int height; /] TREE
TreeNode? left; // EFTim
TreeNode? right; // BFT &=
TreeNode(this.val, [this.height = 0, this.left, this.right]);

=N
L

TREET BN REIERRIZHY SRR, BIFTEER 107 B0, FERITEENR, MR
—1

ISR 0, Mz Rl EERN
// === File: avl_tree.dart ===

[* R EREE */
int height(TreeNode? node) {
/] ENEREEA -1, HTREER 0

return node == null ? -1 : node.height;

[* BFTREE */
void updateHeight(TreeNode? node) {
/] TREEETRSFHEE + 1
node!.height = max(height(node.left), height(node.right)) + 1;

2. BRFHREF

o BATRATEP N THEE, 5351 T AR ST s =

TR FEEF (balance factor) &SN R FII SR EG FIRAVSE, [FIRMUE 2T S8 P E

M0 o BAIRRERRECT s P A 5B DHREBFAR AR RL, 77 e S2E M :

/] === File: avl_tree.dart ===

/* REVEEEREF */
int balanceFactor(TreeNode? node) {
/] ENRTEEAF 0
if (node == null) return 0;
/] TREEETF = EFNEE - EFNEE
return height(node.left) - height(node.right);
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Note
BRI f, W—RR AVL S ERT B EER FEw e —1 < f < 1,

7.5.2 AVL BihEst

AVL WERFRAET “BRE:” 1%0E, EREMSE AN XA P i e A IRIRITR N, BT Rk e
fig, BRADIEUL, BERCIRVEBERECREF “ USSR MV, WA ERTEN P R,

BATRF R F0E > 1 BT Ry R MR R B LR, BEEARIE R ATE,
FEE. SehlEa /e, SeERE . NN IR B R

1. HBhE
E 7-26 FoR, T RAHER T, WKRETE, ZXAFHE DR U2 e 37, BAIEEDIZ A

TRV R T, RAZTT 00N node , HZETTRIEHN child, 1T “flie” #iE, Elfhes,
PR, FF EARORE: — AR R AL

N N\

2 . REFERENTFHE
/ /mde BIRTIRIBA node
X BEFHREN child
/ /[h;u

Step 1 Step 2

\ “BE HRERE: / \ “BhE RIERIE:

enmes (@)
1. B child REHS, ¥ node MAHER /[';le\ 1. Bl child REsE, #§ node BmAHNER
i
- 2. A child ERMUET node MYMIE
0 AR
ﬁh;\ A BTG, ZFHERRETE
node

Step 3 Step 4

7-26 GhEtREH R

WA 7-27 AR, 2955 child BA 71 (0 grand_child ) B, FHEEAHEFERIN—%: ¥ grand_child
YE4 node HYAT-15 1
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NNy
o

O ()
/ grand’chile /
o

& 7-27 £ grand_child M4 EglE
“MfAhER” RIS, SRR B RREEE T AR RS, RS N AR:
// === File: avl_tree.dart ===

[* BTERIE */

TreeNode? rightRotate(TreeNode? node) {
TreeNode? child = node!.left;
TreeNode? grandChild = child!.right;
/] LA child AES, ¥ node MGHEHE
child.right = node;
node.left = grandChild;

/] BFTREE
updateHeight(node);
updateHeight(child);

/] BB EFRERT =

return child;

2. EhE

MR, GHERZ & LIRS — XA “BifB”, MITRERITE 7-28 FoRi) “ZEhe” 1#1E.
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RAEhEsE @
o

& 7-28 felietilE

FH, @/ 7-29 FiR, M7 s child BAF 1A (28 grand_child ) B, FREFELIEFHRM—2: ¥
grand_child 2% node 45111 mio

P ERETH
) o
i m&m& o \
\ \
©

A
grand_child

K 7-29 f grand_child f/cHEs(E

A DAOER R, e el e 2 i R B FRI), SN A PR R TS DL M FRIN . 2T xR
M, BATRTRATER IR R left BN right , KATER right BN left, BIRIGEIE
TR SEBARAS :

// === File: avl_tree.dart ===

[* FEHERIE */

TreeNode? leftRotate(TreeNode? node) {
TreeNode? child = node!.right;
TreeNode? grandChild = child!.left;
/] LA child ARS, & node MZEhed
child.left = node;
node.right = grandChild;
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/] BFTREE
updateHeight(node);
updateHeight(child);

/] REFEEE EFRBET =

return child;

3. EERERARE

T B 7-30 RT3, A A s A BEAR O IR TR S A, R RSN child BT “AERE,
X node AT “HliE”,

# child H4T @ 3 node 1T
EhE Al

K 7-30 SeiElEE e

4. FHBEFERE

nE 7-31 FoR, AT ERKE XTSRRI, TELX child UT “HE7, X node AT “ZEHE

K 7-31 Jeflea Ll
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5. NefsR0ER

& 7-32 R P RPR S G L 5 RIRRBIBR XN, Al ER A e, Seiebgatbe. Jorlea/ohe. 7ohe

WA

FoIhE
=g

FhahE
=73

e

& 7-32  AVL FRHIPYRRIER: 16

QITRERAIR,  FAT @ I S 1875 s P R DR e — MU 7 s B PR R B IE S S, SR E R M 19 A

J& T 7-32 A BEAE O

® 7-3 VURBERC R DL RIS

KRR FUREEEET  RCRARER 7%
> 1 CEfmith) >0 filie

> 1 (ZEfmt) <0 JefehiefE e

< —1 () <0 FEle

< —1 () >0 JetiliefE fee

NTRETER, BATRBEFEAREERR DR A TR, HAVREN SRR ORI s, K

WY R A, AS AN R AR
// === File: avl_tree.dart ===

[* BITHEEEARIE, R FNERRE TS */
TreeNode? rotate(TreeNode? node) {

// FFEXTS 5= node HYF#IEAF

int factor = balanceFactor(node);

/] =R
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if (factor > 1) {
if (balanceFactor(node!.left) >= 0) {
=1
return rightRotate(node);
} else {
/] TG
node.left = leftRotate(node.left);
return rightRotate(node);
}
}
/] EfRk
if (factor < -1) {
if (balanceFactor(node!.right) <= 0) {
/] Ehe
return leftRotate(node);
} else {
/] FEaEhEEELR
node.right = rightRotate(node.right);
return leftRotate(node);
}
}
/] FER, TANeY:, BREHR(E
return node;

}

7.5.3 AVL WEBIRE
1. BASS

AVL BT A BRE S AR RRE TR EREL, ME—RIXBIET, £ AVL WA RE, METHHEE
MR R R R ATRES I —RIIK M, Bk, OB ENXANTROTR, AR ERTheskie,
PR RBP4 R AR

// === File: avl_tree.dart ===

[* FATE */
void insert(int val) {

root = insertHelper(root, val);

}

[* BIFENT R GEBNIEE) */

TreeNode? insertHelper(TreeNode? node, int val) {
if (node == null) return TreeNode(val);
[* 1. BERBANUEHBEATS */

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

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

return node; // EETRATHEAN, HiFR[GE
updateHeight(node); // BT aEE
[* 2. PITHEREIR(E, RZTFHENRMETE */
node = rotate(node);
/] REIFHEIIRT =

return node;

2. BRRT =

RO, 1E = AERBAIMIERTT 5 TR B b, TR RE TR T E, A A R RV -,
(LR

/] === File: avl_tree.dart ===

[* BBRTR */
void remove(int val) {

root = removeHelper(root, val);

[* BAMBRTI R GEBIAE)  */
TreeNode? removeHelper(TreeNode? node, int val) {
if (node == null) return null;
[* 1. BT RHMER */
if (val < node.val)
node.left = removeHelper(node.left, val);
else if (val > node.val)
node.right = removeHelper(node.right, val);
else {
if (node.left == null || node.right == null) {
TreeNode? child = node.left ?? node.right;
/] FHREE = 0 , BEEMER node FHR[E
if (child == null)
return null;
/] FHAHE = 1, BEBFR node
else
node = child;
} else {
/] FUSEE =2, WEHREEHHN TN EMEE, FRZTASRIEFTR
TreeNode? temp = node.right;
while (temp!.left != null) {
temp = temp.left;
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}
node.right = removeHelper(node.right, temp.val);

node.val = temp.val;

}

updateHeight(node); // BT mnaE

[* 2. PITHEREIR(E, RZTFHENRMETE */
node = rotate(node);

/] REFREVIRT =

return node;

TR

AVL R REBIRIE S IR RM —8, TR EENR,

7.5.4 AVL (BB

- HGRIFIER RS, ST A, SR =
- AT HRREIEETR RS RS
- EL R — R WA SRR, AT AVL WY, ZERBRAEET SRR E RS, A S MIBRT A

TR BB B S /D, 7 s b R B P B8R B

7.6 IhgS

1.

& =[O

© X AR YRGS, AL T BRRE. B0 XK R E S — MEDA RN E

L 1 =1 R i e e D Y L S Pl

© NT XN, HE () FURNEDUNERIIRENCONZ T SRE (B) T,

© XWMBIRHRARTBCAERT A, AL B E b SEIRESE,

© XRBIFIIAM, TR SRR S RERAR R T TR

- WIR XA SRR R, e TR SR SN SR, 5838 SO R AR AR AR

&, THERERMERIRZERE,

- ZXMATDUHBEHSOR, TR REM SR RS, FRRIE A RS T R Z AR

G SR RRL B

- MBI AT R, eI T C—E RSN R RN TR, JEEE

I BABIR S,

- BRI ERED EETRERCER, ENEIT SUESIRSL, mBRmaks:” fenrii, @

{6 FH IR RS

- DXERME - MEE T REREIES N, KA, mARMERRERN R E A O(logn) .

Yo IRBOVEERN, BUNAERERHUE O(n) o
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- AVL B, WFRPH = SARRN, s e L R CR AT AFIRHBR T S AT R R AT
- AVL WATERARF ARG TE. fohE. JehlEmale. Jo/eiemahe. EmASMERT &G, AVL =
MR THE R P50, R BT 1k A2 - 1

2. Q&A

Q: X THAE MR, M EEARYT SRR Z 0 15?2

2, RN RS R E SO "G RAr SR,

Q: =X AHEEN SR — i —EIRIERC S e, XHER) “—EBRE" faft2ale? AT AR BRI 1
TR BRI ?

EXALRREREB, ERTT SRR =R EOUCEE,  Hrh AR DU R T 2 A ERA R
Q: HMft2 DFS & —XMAEHT, . Ja=FlirE, 2562 mE?

5limfdt Bz e, e, . ERREDE =M X ED 7k, Bl PAER NS — R
SE NP R, FIanfE X EEM S, HTTARNEE EFTAE < BRTEE < AF04E, Hit
BATRZEZIR “F — R — &7 BImegein, el IS E R 75,

Q: GHERIERAFRLMTT A node. child, grand_child ZIAIFUEZ, T node BRI FHl node JESRAERE
ANFHEAENL? G EE SN2 T2

BAMFEMNBITMAARE XN, HHEEIE right_rotate(root) fE AMI 2 TR T i, &K
return child JR[EIfEd: 2 fGAIFREIARTI sl FARAURRTT A AT s AERS R E X R EUR A5 52, A
JE T e e 4EdrTE

Q: £ C++ 1, PREWERIST 2 private Fl public H, XA HAEMT2AFERIL? T4 ZWH height() KEF
updateHeight() BRIEL 3 AIKTE public 1 private HHlE?

FEEHFENGFHEE, WRFTERERNITMEH, BTN private o Hla0, P s phiE A
updateHeight() B AR XN, BHREMA. MEREIEHF—, M height() BT S&EE, KT
vector.size(), [FIHIZEK public AMEFH,

Q: W —HE ABIEM . — R = AR ? R SRR RN B IREE?

SE, AR 77 TE B XA RARES Y build_tree() F7ikHR & H, BT AIER, RITEWS
R NEAEHE T, RJERHROTRE MR R, FRBIAA A T IXARHORT DUSORRE FE CRUE A (Y -1
a8

Q: fE Java Y, FIFHXELES —EZM equals() J7ik?
£ Java i, X TREAEIRRM, == AT N DNERIEZGHS, X ToIHEA, MRS E) LI
TEANFR,

© == APREEEMDZRZESERR —DNNR, BEfENF R ER SHE,

- equals(): HIBRM LA RAVER S,

Rl GOBREEXTERAE, FRATNIZE equals() » 2AM, 1@ String a = "hi"; String b = "hi"; #JEELHY
FITREEEETITRE &, BHEmE— %R, KW e P a == b REEHNFZFRIIANR.

Q: JEMICEHEIRREZ R, BAFIHIY SR 2 20 152
R, B h = 2 S, HT AR =7, MEEYAHE4=2"=(n+1)/2,
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Abstract
et 2 ILEED, BEERAR, BEESR,
JE R L U i IRER T, T e N LI 2 B S R AR 7
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8.1 i

# (heap) 22— RIERMAAIER XM, TEAJNMARE, K 8-1 Fr.

- TR (min heap): LR AIE < H7 S0E,
- KT (max heap): LR AMME > H9 SHME,

N N
/NN SN SN

L)L L)L)

2 ‘B2TXW B 2 ‘T2’ B
EETRNE <« EFT=E EETSNE 2 HFTaNE
TG P2
min heap max heap

8-1 /NTIHES KIViHE

HEFE N oE 2 I — DRI, Bl DURRE,

- RRETREEAIETE, HART R,
o BRSO EARTT SRR CHETR, RERZER SR BT RN HERR,
- OTFRTME ONTHE), HETOTER (R WERRKR &I K,

8.1.1 BEVEMIRIE
FEAEHMRE, 2 RmRIE S IREZMET (priority queue), IXZE—FHHRNEHELH, & X HEHBR
FeRHE BB

SCBR b, HEEHT T SEBOLERAS, RTHHER S T oea3E MR M BRI IETERAS, A F R,
BATRTLLRE “PEIEBASN” 1 “HE” BOESEMRIEIREA. HIt, AHNMERMRERIX Y, gi—MfE “HE”,

HERTH FIRIELR 8-1, T5TRA TR ERIEHmAE IR = RE,

7% 8-1 HERTHRIERCR
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T4 ik I P 2
push() YN O(logn)
pop() HETRTT 2R e O(logn)
peek() VIHETEER Tk /NI B A / /M) O(1)
size() FREHER) T R R O(1)
isEmpty() H b= A O(1)

FESERRML AR, BRATTRT DAERE(E R gmAE1E = TR HIHESS (BRILTEPAAIZE)

RUTHFEIETR “WNEERHES” F1 “MREVNEFN”, FATA] OB IR B — flag BB Comparator
SCEL NI 5 OCRTIME” Z [RIRER R, AL R TR

// === File: heap.dart ===

// Dart KIRHWE Heap £

8.1.2 MERYSEIR

DCEERRRTIE, 75 B H O NIE, HFRAR A AN EHIMTERGY (BN, 5 > B <).
SLEBEY I AT DAB AT

1. BNEFHESRE
X BN, R XAMHERIE A SRR, BTHEER MR TR, RIBATIRER B

SEABAFOR X, JTTRAETAE, RIMURTRE XK E, WRAREHEE RS I 2K
K

i 8-2 iR, /ERGI ¢, HEFWRNRIIN 2+ 1, GFWRNRIIN 21+ 2, KWENRIIN
(0 —1)/2 (MTHRR), HRFIBAN, FRH RN AL
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IREYZIRSH SRR (REEFHE)
W BER TRIUW £ “$E” TR “TEIXW

#5l 0 1 2 3 4 5 6 7 8 9 10 11
== (000880080000
(i-1)/2 i 2i+1 2i+2
~ A~
TR HR gg gg
BT RS MRS RIS e

K 8-2 HEMFRE Ehf
RATAT LR W AR EPERIR, 7 RS
// === File: my_heap.dart ===

/* REVEFTRZES| */
int _left(int 1) {
return 2 * 1 + 1;

}

[* RBAFTHRNERS| */
int _right(int 1) {
return 2 * 1 + 2;

}
[* FREIR T RMES| */
int _parent(int 1) {

return (1 - 1) ~/ 2; // AR
}

2. hiRBgTRTTR

HETOTER RN SO, /@281 3RAE TR

// === File: my_heap.dart ===

[* HEMEINTE */
int peek() {
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return _maxHeap[0];

}

3. TENE

#ETLER val,, BATETCRHEBMEMER. BNZ)E, BT val ATRER THEREAMITER, MR AT E

CARBER, IR ZEE BT RS R LS, X MRERAR L (heapify),

FIEMAHET JTTE, WRETSITHEIL, 10 8-3 R, TATHEHEAT R 5 H AW RIME, RAEAT
REER, WHRENMZe, REREIITIIRME, WERETEEHEHRS DT A, EREERT [e08 2T

I R EE A

5 0 [ N N

w50 Ne

#8 @ e

1. BHR 7 FNEHER

Step 1 ]

2. WEETR#{TH (Sift Up)

v PR 5 < BRT

@ N

1. BHR 7 FMEER

T

2. MEETm#{TH (Sift Up)

v PR 6 < BR7

s

wE @ Mt

1. BHR 7 RNERE

(sTaleleT7[sT2[aeaTel2] ]

[ step 2

HR @ Mt
1. BHR 7 FNERE
2. MEET#THY (Sift Up)

v HE S5 s AT

o RRFTHR
800000B0080D0 [step s

HR @ M

1. BH= 7 RNEHRE

2. MEZTG#TEW (Sift Up)
v HR6 < R 7

o SRR

(s [s [7 Te 7 Te [2[a [+ 3] ] 2] ]

Step 6

175
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w2 @ Nt

1. BHR 7 FNEEE
2. WEETG#THA (Sift Up)

v PR 9> PR 7

DO0OO

QD@D EEE step 7 |

(5187 l6 17 eT2]a]e [ael2]s]

‘BE‘\@)\#&

1. BTE 7 FNESE

2. WEETO#THL (Sift Up)
YR > BAT

- FRITRR

DEarDDEEEEERE step 8 |

HR @ Mt
1. BHR 7 FNERE
2. MEETG#THE (Sift Up)

SEUTRE, ATBENMHRISEIEE

Step 9

Kl 8-3 JERAHENIR

R RUEECO n, WMEEEEAN O(logn) o HILATA], HECBAERITEREEERZ 0 O(logn) , JTEHRNHER:

eI RIEZE R O(logn) o ARESUTRA/R:
// === File: my_heap.dart ===

[* TTERENE */

void push(int val) {
/] AT R
_maxHeap.add(val);
/] MIRETH
siftUp(size() - 1);

}

/* M= 1 FFia, NRETEWL */
voild siftUp(int 1) {
while (true) {
/] KRR 1 MIRT=
int p = _parent(i);
/] E “BERTRT ® TRENMEE” B, SEREN
if (p < 0 || _maxHeap[i] <= _maxHeap[p]) {
break;

}
/] AR
_swap(i, p);
/] TERmE L
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4, TR

TR 2 —XRAURTT A, BIRETTR. RFNERMIIERFMERE TR, W2 XA T R
KR KAEZ, XRESERERHE TR ERRWNE, N 7 RERDITTRRTIHZS, FATRM L
TS,

1. ZHHETOTRSGHITTR R A5 BT 5D
2. ZHGEUE, RHERMIIRAPR GER, mTeasck, Rtshn EMPREZERIHETTTR) .
3. MR RUTSE, MBIERITTHEL.

aniEl 8-4 FR, “MBIENRHEL” BIRAETTIYS “IREDHEL” MR, AR RAES D1 A
EHHTEOARL, RRRI 7T R SRT RS, SRRTEA T IR, BRI 1T B B TS i 75 5
IS5 R

SETRTTR LS

RTRTTR L
/@\ 1. BHTTRSHETRZMR
GZ?Q\ czzqg (%7 ‘!ED
0000
ZRERRE
IR # B RETR I —

Step 2

00D0Noea0a0an step 1 |

BRI BRI

1. BEMTRSRETRERSR 1. BEMTESHETERR
2. BB 2. WHLHMIEETE
) @ 3. MRER#THA (Sift Down)
4 % g YRR 5, 8, 7 1, HX 8 BA
00 D00

G0a020080800 | step 3 | < GG Y step 4 |

SEMTRLIE SETRTTR LS

1. FBEMTRSHETEZR
2. W UFABERTER

g@\ f; o © 3. WIESEHTA (Sift Down)
v TR S5, 8, 7%, FA 8 BRA
g TR 5 ST 8
I-X:-X-

0000u0a00800 s«:| (000000000000 (sen s

1. BEMTESHERTRZIR
2. B UFABEETR
3. MIMER#THA (Sift Down)

v EHR 5, 6, 7 H, TR 7 BX
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SETMTRLE SETRTTR LS

1. SHTTRSHRETERR

2. B MEIRMETR

3. MIREE#{THEMA (Sift Down)

v EWR 5, 6, 7 F, ¥R 7 Bk
o RTFR 5 5TR 7

1. BEMTESHERTRZIR
2. HHMBIMHETE
3. MIRER#HTHW (Sift Down)

v EHR 5, 3, 6, A 6 BK

step 7 | Bl - @ EE EZX

ETMTRLE TR

1. BEMTRSEETRR
2. BHUFIABEETER
3. MIRER#THA (Sift Down)

v ERR S5, 3, 6 W, TR 6 RA
- RRTIR 5 5TR 6

1. BEMTRSMHRTRTR
2. S HFIRERTE
3. MIMER#THML (Sift Down)

EUTRE, ATBENERIGEIEE

000000800000 ws] (30000000000

K 8-4 HETITER DI
SRR NERERERL, HETUTER HHER RN R E & EHR O(logn) » RESUINATR:
/] === File: my_heap.dart ===

[* JTTEREHE ¥/
int pop() {
/] Flz=abE
if (isEmpty()) throw Exception('MEAZ"');
/] REBHRERAHTR (RRETRS5RTR)
_swap(0, size() - 1);
/] BBRTI=R
int val = _maxHeap.removelast();
/] MTRZE R
siftDown(0);
/] BREBETTE

return val;

[* W= 1 Fih, MIRERRHL */
void siftDown(int 1) {
while (true) {
/] IS 1, 1, r PERKNTS, 1879 ma
int 1 = _left(i);
int r = _right(i);
int ma = 1;
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if (1 < size() && _maxHeap[l] > _maxHeap[ma]) ma = 1;
if (r < size() && _maxHeap[r] > _maxHeap[ma]) ma = r;
/] BTN 1 &RAHES| 1, r #R7, WERGE3Edw, Bkt
if (ma == 1) break;

/] HRAETR

_swap(i, ma);

/] TERE T

i = ma;

8.1.3 RN

- DRFEBNFI: HEIEE (SR SE A AR RS,  HNBARIH AR RN (B 2 2% 2150 O(log n)
, THEBRIEA O(n) , XA SR

- HEHRE: g R, BATAT DA BTN — D, ARG RBb T TR HHERE, MM EIE 7
o SAM, FATEHE SEA—MEJURER 77 UCBIERE R, TR “HEHERT =0,

- RWURRI ke R NEMAEERR, [FINt2— R A, BIanE SR T 10 FOHTE
TENTREEE, B EAT 10 YR M.

8.2 BIfHIR(E

FEFRLAROUT, TR — NIRRT TR — D, XN “EHERE,

8.2.1 fEBHINIEIR{ESCIY
BATE SeQE—ANBHE, RIERTFNE, UGB DN TERT “AHHRIE", BT ERmE iR,
SZTTEHIT NIRRT HEAL,

Y —MNITRAME, HERRESMN— BT AU NTRE AR AT = KR, EiEE “H km R
PR

VOERMEN 0, FATERIASERIER O(logn) N, [RIXEHE 7 I I 2R O(n log n)
8.2.2 @TiwMAEHILIR

Khrb, FATA] DASEEE— R A ST TR, R,

L. RARFT A TR E SN, A HER P B RIS 2 2
2. EiFpmptE (BRPEIIAIEIR), MR AEMHT ST “ TR
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T — AT UG, PO RORY R RSB R — A GTAN e, Tl TR EpEN, FiEE A
mE” M,

Z LA E i, RO IZAERENS CRIE L AT 2 N T ELR GIAR THE, XML ST R 2
AR,

EREAE, BTHYREA TN, BeM R GIAN i, i, MTRBATR, &E
—NEMT R RGN TREIR TR, BTN ETHAE i A THE(L -

// === File: my_heap.dart ===

[* MERE, RIBRNYIRERE */
MaxHeap(List<int> nums) {
/] BHIRTRERE RN
_maxHeap = nums;
/] AR T R SN E MR T =
for (int 1 = _parent(size() - 1); 1 >=0; i1--) {
siftDown(i);
}
}

8.2.3 EXESR

T, TRl S0 Rl P S ] 5

- SRS R AR, WA (0 1)/2, BB/ NI R, R

AR (n—1)/2.

- EMITE AR, G SR S LI, IR OE RIS — U logn o
15 LRPIEHTE, IS SEHE R S 2 O(n logn) » MXAMEEESRIFANER, BNIRITE
B R ORI S T TR PR
BT ORI DRAT BRI ST, T WM SR, A — 1 R . BN b 52—
SR, R R R B A IE R
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TRaE BETRNE
(BMg R ARIERED)
h 20
/ \ 1
h-1 2
N N |
— T J—— 2
/N SN S\ )
- h-3 S 23
1 2h-1
(58, HYRsERN 0 e 0 i 2h

K 8-5 SER - XMHIHET REER

A 8-5 FiR, TRl “MTZERHEL” R AR T B S EE RS, MZEEER 1A
7, [Ritt, FRATATDON SR “I 8@ x WAEE” KM, [T R AR B S,

T(h)=2h+2(h—1)+2%(h —2) + - 4+20"1D x 1
e FAFREME P AREGIENR, %k T'(h) b2, 155

T(h) =2°h+2'(h = 1)+ 2°(h = 2) 4+ + 271 x1
2T(h) = 2'h+22(h = 1) + 2°(h = 2) + -+ 2" x 1

R GRS, R 27 (h) B EX T(h), 1f:
9T(h) —T(h) = T(h) = —20h + 21 422 4 ... 4 2h—1 4 9h

Wk Ex, RH T (h) B—NEHES, EHBERARRAR, BEI 5

1—2h
T = -
(h) o b
_ 2h+1 h 2

H—, RN h 52 R R = 20— 1, SRR O(2h) = O(n) . BLLEE
R, WASIFIERENNEIS 20 O(n) , TERERL
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8.3 Top-k B

Question
BE— M KEN n BEREAH nuns , TEIRBIEHAFERN k MITE,

TR, BAVC H PR LR E R, B AReR E RS,

8.3.1 FiE—: BHiEE

AT DOHATIE 8-6 R k e/, 73 ERAeRECGE 1. 2. ...« K KT, WHERENR O(nk) .
WHEFIERT b < n BB, WHRY k5 n lEgEsant, HEEEREEmT O(n?), JEHEFEN,

k =3

nums 2008 #rursirx
ﬂ B—RRIE 1 ARE
N .
B EoRRIE 2 ARE
an E=RRIE 3 ARE

8-6 M FHERAR) k PNITR

Tip
Lk =ni, BOTUERZRBOERFFY, WNENT ST Jik

8.3.2 Fi#EZ: HF

aniE 8-7 Fiw, FATA] DA B nums A THE?, FHEEIEAILH & DNITR, WAEZREHN O(nlogn) .
B, %Ik I ERUES T, BFONBERNMAFTHHERE b DTRAE], AR EH TR,
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k=3

s [DEEEE
HBLRITH
28000
EEEA k MTE

000

K 8-7 HiFIHREAK k MR

8.3.3 k= i

BATTAT AEE T HEBE AN ROt i ek Top-k A, (RAR4NE 8-8 filim,

1. FHAfe— A/ INTisE, HHEDUTRE/D.

2. JERECEHRTAT k DICRAIRAHE,

3. W k + 1 DTHEITA, HERTTRATHENOTR, WAHETUTER i,
4. WsERE, HEPRIFRIEUR ERH kDT,

k=3 ’tm@ k=3

Ll 1 [ [ [:]2] [ [ ]:]:]
i i
1. EH0 k DTENE 1. BE0 k DTENE
s ZXWERR
BART
heap @
l S & Step 2 J

k=3 ﬂ]ﬁ k=3

nums naa nums 1(7
A o0 fanaa
i i
1. #H0 k DNEENE 1. B k NTENE
ZRMRE

2. M# k+l DITEFEHI
v YR > EINTR

BART

e (@00

[ Step 3 Step 4

FRF L ATTTR A

sm (@)

ZRMERT
WART

ol )

ZRWRT
WART

v (@00
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ke o @
Ba08a
- (30008 o

i

1. 8k AREAR
o ZRIET
2. ME kel MERTHAH 4 g MER
¥ % nass
© UMRE > RTWRE

- RETTRE heap

~ 0000 o o
i
1. FE0 k MTENE

2. ME k+l DITEFAHE
v MEITR < BIMTR

ZRWET
BART

(5w 7)

k=3

~ (2088

@A, RE heap BIE]

Step 9

k=3

~: (2000
.

i

-

. Rk MTENE

- ME k+1 DITEFEAIT

v YFITE > MR

- FBETTR
EURTRNE

~

Step 6

k=3

— ([@0000
:

i

-

. RET k MTENE
- ME k+1l DTRFEHE
v YFITE < RMTHR

~

Step 8

K 8-8 HTHEIHREAM k TR

RHIAESATT
/] === File: top_k.dart ===
[* BETFHEERARRAN kK MR */

MinHeap topKHeap(List<int> nums, int k) {
/] RN, BEENRT kK NTRNE

MinHeap heap = MinHeap(nums.sublist(0, k));

/] M k+1 DITERFIE, REENKERN k

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

/] EERTERTHITER, WRSEHTRLE, SaimRNE

if (nums[i] > heap.peek()) {
heap.pop();
heap.push(nums[i]);

ism
o o

ZRWET
WART

i&m
o o

ZRWET
WART
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}
return heap;
}
EHEHITT n RAMEMHME, HNRAKERN E, RENRERERN O(nlogk) . HTENRRE, X4

ke BUNE, B ZEER O(n) ; 24 k #okm, BREZE RS O(nlogn) .

SN, GITRER TESEBAERAE R R, EARTIMABIER,, AT DARS4E HENRITTER, ATSEEL
BRKH) k NTTERIEIASEHT

8.4 NG

1. ELER

- OMERR KSR TR, RIS T K TR, ke (1) TRHERMETE R U 1,

- ARSEBAFI T SR B N SE RN, A R AT S,

AR RO R LA S ) 2R A TEEAME O(logn). HETTEEHIE O(logn) RV FIHE
7% 0(1) %,

- el WRHERIES SRR, BRI B T .

C ORI T AP OER, 7E MR R (R a2 ),

C I 0 NTEEFRIERR A E 2R ML E O(n) , EHERL

. Topk B ANZSEANE, A LA FIHERGRL SR, RS 2R O(nlogk) .

2. Q&A

Q: HdESSHN “HE” SNEERR “HE” 2R MEEE?

PERNRFE— MRS, HRRIGEN “HE”, HENRANGE MR SISNE SN —E 5, BPEsTn
A DABE A ERAF BRI, R AT DUESR —E BATHENTE, HI T REUN RN B 2Rait, X dE A
HREN, BERERIOXENT, DB LN, TN, SR EBAE A TR I,
ML ATRES S BUAAF R AN B f et <5 )
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Abstract
EAEmIRIES, BIGEE— DN, SEEE A NRIOHEIE,
F—RIHIRSHEE, #BEIXTKE KIS E F B R ETE,




IO hello-algo.com 187

9.1
(graph) 2—FAELMERIESEN, M= (vertex) Al (edge) @Ak, FrATAIDUEE G RN —

IR V Mi—Hid E &S, DURBIER T —ME 5 DS 7 388918,

V={1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5), (4,5)}
G={V,E}

WK LB N, OB EEES N TRIISIE GEED, AT DS BB F— R R Tk A £
45K, WNE 9-1 R, MIERTERMRR (R MoraxRR (W), MEgRR (B) MAREES, HifsE

Y
* /\ .
] / \ ‘\\\‘///
Y
-2 "
(BHXR) (HRXR) (REXR)

ERZiEEHERS, AMttRAER

o1 HER. . EZRKRR

9.1.1 EMERARBSKIE

iR G BA T, Al hEm@EE (undirected graph) fIEmE (directed graph), 1 9-2 FirR.

- AETCAEF, BRI ZRIR WA ERRR, FInMER QQ Y “MFAKRR",
- tEAAEY, BEETANE, A — B A« BWATTARLRE TN, Bl e
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ZTmEE BHE
(ax7m) (am7m)

K 9-2 AmESEmME

RIEFTE TSR AEE, Al 0EEE (connected graph) MIIEEEE (disconnected graph), 4i& 9-3 filf
Ro

- OTFEEE, MR, ATARIAERERETN.
- NTAREEE, MNEITR R, B0 DR TEENE,

N

EEE IEEEE
(PR TR E2T35) (AT ET3E)

K 9-3 EEESAREER

BATERT IOILEs “FEE" &, MMSEANE 9-4 FiRiBE (weighted graph). BIANTE (EHRE)
EFWerh, RETRMHEHL RN R IR 2 MR “SRERE”, XM E M4t n] AR ERRR,

TANE BRE
(FrEIa%H) (hRANERM)
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B 9-4 ARESTANE

BRI & DU B AR,

- 4B (adjacency): YT Z [AIFETEIAEIERS, FRIXPITAR “SR%7, TEE 9-4 H, THAR 1 YR TR
HIA 2. 3. 56

- B&R (path): MW A BT B & HIM I FFIHF I A B B 1Y “BRIZ7, £8 9-4 /1, 4P
Hll 1-5-2-4 F2 TR 1 BITUR 4 B— 5812,

- E (degree): — N USIHANILEL, NTAME, NE (in-degree) Fnf 2/ &INTEMIXTUR, HE
(out-degree) FnA 2/ &I MNIXTTUSTE

9.1.2 BEIMRT

EH R 7T N QRN 1 “QBERT, DUNERI T A T2501,

1. SPiEsERE
RN AEE N n, $MEERE (adjacency matrix) #HH—1 n x n K/NHEERFRE, 8—17 ) 1R
F— DR, HMEeENRRIL, H 1880 RRMANTTUE Z RS FEL,

WIE 9-5 FiR, IRARHEERER M., TSN V | BBLMERIER M, j] = 1 R Vi) ST V]
D, R’ Mli, j] = 0 BRmIA R0,

mR%IE

#E o 1 2 3 &4

0 @ 1 1 0
\ 101 a 1 0 o
‘ ‘ / 2 1 @ 101
— 3 10 1 8 1

4 0 0 1 1 o

Trims
SBIRSERS
graph adjacency matrix

B 9-5 ERIATEIERE RN

WREHEFEEA AR,

- DURARES B SHHIE, RILARERER ALt REA TR L
- RTFERE, BT, BRI X SR,
- REAREEFERITTERM 1A O B E, WA Ron A,
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(AR R R PR BN, FRATTAT DAERE S AR R TR DASKIEGS, R s e R R RO RSeR R i, IR A
B O(1) o 4RT, BMEMZERERER O(n?), WNiFEHKRZ.

2. PIER

PiER (adjacency list) M n MERKFRE, PRV RFRIUR, 8¢ DMERN ML ¢, HAFEE 7%
TBUSHIFT A RFETUR,. (SIZTUSRERTTUR) o 18 9-6 R 17— Ml I AR RGR A BRI E R 7R B,
MR SHISEE A TS

e %
[ e« 533e

PiER
graph adjaceney list

B 9-6 BT RKR

ABERAUF ERFENIL, THLREOER /N T n? , RILEEMY 2R, AT, ENERPHEIE
i P RO BRI, DRI TRISCR AN AT R R

WIERIE 9-6 , RRHEREM GIMARPH “BEHHE” BRI, RIBEERAT Tt T DUR AR 75 3R RR,
FRAn Y BER A, AT DL REREE (L AVL SeRZLRBM, MIFPEINRREEM O(n) L= O(logn) ; 1A
DAIREREHNIRT R, MR AEREREE O(1) .

9.1.3 EIMNERMNA
N 9-1 FRs, Y2 IS 2GR AR ISR AL, A S Y R 0t T DAZA AL A9 1] - ]

*9-1 BSATE R WAYE

Wi b B -
HMzg HPE FRREA IBHELT I HERE
HERERES  whe i RRIREE RRLBREAHER

ENEER 2K BARREDTESINEMR  TRPUEHE
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9.2 ERvEiRF

BRI ERE R RT 0 0 307 BORRCERORT “TR” AOHRfE, 1E “ARREIERE" 0 “SREEER" MIRRRIT IR T, &

B AR,

9.2.1 BEF4BIFIEPFRYSCIN

SR TUREE N n BTEAE, N MERERISSELT S ANE 9-7 Fivr,
© WSIMBRINRRIL : EARAE AR B AR E AL BEIRT, (A O(1) Nl M2, FitkFE

I BE T 7 TN 32

WAL : AEATHAERE R BRI —1T—51, FF2ME 0 BIn], A O(n) NH,

- BRI R PR R ER— 1T — 51, MER AT I IR EI BN, FEH (n— 1)2 e

“lfe LREE”, s O(n?) B,

- WL B n TR, WAL n BOTILNESIER vertices , A O(n) INE; #I4GTE n x n K

INFIAREEHERE adiMat , FEM O(n?) KL,

TREFIR
® oo 1 2 3 4
o e 1 0o 1 o
E— MeatE
\\\\\\\ 11 0 1 0 o
/////// 2 e 1 @ 1 1
—— 3 1 0 1 0 1
4 e 0 1 1 o
3] BIRERE
Step 1
TR5IR
®E o 1 2 3 4
o e 0 1 1 o
1 HipRn EH-
\\\\\\\\ 1 0 o 1 o o
//////// 2 1.1 o 1 1
— 31 0 1 0 1
4 e o 1 1 o
3] BIRERE

Step 3

1\ BIBRTRR

Step 5

el
=3l

F W N ks

Step 2

TRFIR
=3l

wmms @

oo W N Rk e

Step 4
DI ()
#w o 1 2 3 &4
o o 1 1 0 o
11 0 1 1 o
2 1.1 0 1 o
3 0 1 1 0 o
4 o 0 0 0 0
ShiAERE

S kr B B o ©

© o r B o o ©

S & r & B, B

® o o B o & »

[ O N N~
S N

ABIEIERE

T N N
®© kB o B o kB W

BHERERE

S kB B & © &

®© o r B o o &

P
-] ] -] ) ) -] U'\e/
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Bl 9-7 AREEFERIRIMEIL. SN, BT
DA 2 BT AR AR R 2 R R A S A RS -
// === File: graph_adjacency_matrix.dart ===

[* BFBIFEFELIMNTEESE «/

class GraphAdjMat {
List<int> vertices = []; // Timim&, mHE AR “TMRE", R3IMNK “TMAE5”
List<List<int>> adjMat = [1; //<PHERERE, 1TPIR5IMN “TRRZRE]”

[* MEFE */
GraphAdjMat(List<int> vertices, List<List<int>> edges) {
this.vertices = [];
this.adjMat = [];
/] AT
for (int val in vertices) {
addVertex(val);
}
/] AIA
/] EER, edges TTERARMAES|, BIXML vertices TTEZES!
for (List<int> e in edges) {
addEdge(e[0], e[1]);
}
}

int size() {
return vertices.length;

voild addVertex(int val) {
int n = size();
/] ETRRFRAPRINFIRBE
vertices.add(val);
/] TESPEREFERARIN—1T
List<int> newRow = List.filled(n, 0, growable: true);
adjMat.add(newRow);
/] TEFEEIEREFRARIN—5
for (List<int> row in adjMat) {
row.add(0);

/* BIBRTRE */
void removeVertex(int index) {

if (index >= size()) {
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throw IndexError;

}

vertices.removeAt(index);

/] TEBEEFERMIPRZRS] index BIIT

adjMat.removeAt(index);

/] TEBFEREFMIPRZRS] index HIF

for (List<int> row in adjMat) {
row.removeAt(index);

}

}

[* WA */
/] B8 1, § XM vertices JTHEZES|
voild addEdge(int 1, int j) {
/] B5IHMREEERE
if (L<0|] <0 || 1> size() || j>=size() || 1==173) {

throw IndexError;

}

/] EEXAER, PEHEEXTERBLNTR, BHE (1, j) = (§, 1)
adjMat[i][j] = 1;

adjMat[j][i] = 1;

}

/* MR */
/] BE 1, j WM vertices TTRZKRS|
vold removeEdge(int i, int j) {
/] R5IHRSHEELE
if (<0 || J<o || i1>=size() || J>=size() || 1L ==73) {
throw IndexError;
}
adjMat[i][]] = 0;
adjMat[j][1] = 0;
}

/* FTENSPIZRERE */
void printAdjMat() {

print(" 4PIEIEFE = ");
printMatrix(adjMat);

}
}

9.2.2 EF4BiERAII

RIMAE RSSO n, JEBOY m, WIRTHRIEE 9-8 Fsi 5 iR AR E,
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© B AETRRON R RERFIAR B AINIARITAT, fH O(1) WiE, FE2TcrE, Fr AT ER N R~
JITAIEIA,

- MHIRRIG: TETURON MR P A SO BRTE L, A O(m) R, TEEmET, TERNMERA D77
[ETH32,

© WD TEARER R EIN— MR, IR USRS R, A O(1) WAL,

- MBRTR : TR AR, MRESTHETURITER, 8 O(n + m) WNiH.

- VIR TESBERTEIE n AU 2m &3, - O(n + m) I,

W SEREENFRERR TWm  SERAEENFIETRR
0-0-0 § 0000
@—@'\ w9 o0 00— 9\ w200 9 .0-0
. 0-0-0-0 \ 0-0-0-0-0
oo ©0-0-0-0 o—o 0-0-0
4 N N B o e A Y P N
0--0-0 00
PiER ki3
Step 1 Step 2
= SZIRSARENFIETRR
©-0-0
A\ VN @ @ W@ = P
© e\ 1100 ©-0 0—@ /\ Fnms O
> e 0-0-90-0-0 \\ o »
oo 0-0-0-0 oo
PR W -4 A4
0-0-0 o
PiER B
Step 3 Step 4

0= 5@ﬁ§ﬁﬁ%ﬁﬁﬁﬁ

PR cL-ou@

@ \e\ BIBRTRAR <@ ‘L,o _"@"’0

\] 0 0-0-0-0
o 0-0-0

(-]
°

Step 5

[ 9-8 ARERAIFIAAIL, BEMD., M

DA RATER AL SLE, AL 9-8 , SEBRAHSE LA R AR,

- T IEEIS BRI, DA, BAIERSIR GhSHEE) RGBSR,
- ARG FRAA ORI R, key NIREHI, value NIZTURHIMIETRSIER (B2,

AN, BAHERIER A Vertex ZORFURTUN, XAV AR : ARG WRIEFE 1, HSIRRTIKRX
DIARTR, AR ZERPRR S @ TS, WTREHEENER, BIERT « RIIEHm 1, 8K
RAK. MIANSREE DAL 2 ME— Y Vertex SKfl, MHBRIAE— Wi JEmi I s TR T
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// === File: graph_adjacency_list.dart ===

[* BETFPEREIMNTEEE */

class GraphAdjList {
/] SBER, key: T, value: ZINsmHYFRE SBIETNA
Map<Vertex, List<Vertex>> adjList = {};

[* MERE */
GraphAdjList(List<List<Vertex>> edges) {
for (List<Vertex> edge in edges) {
addVertex(edge[0]);
addVertex(edge[1]);
addEdge(edge[0], edge[1]);

[* REUNS#E */
int size() {
return adjList.length;

[* AA */
voild addEdge(Vertex vetl, Vertex vet2) {
if (!adjList.containsKey(vetl) ||
ladjList.containsKey(vet2) ||
vetl == vet2) {
throw ArgumentError;
}
/] A vetl - vet2
adjList[vet1]!.add(vet2);
adjList[vet2]!.add(vetl);

[* MR */
vold removeEdge(Vertex vetl, Vertex vet2) {
if (ladjList.containsKey(vetl) ||
ladjList.containsKey(vet2) ||
vetl == vet2) {
throw ArgumentError;
}
// HBRIA vetl - vet2
adjList[vet1]!.remove(vet2);
adjList[vet2]!.remove(vetl);

[* AINTRS */
void addVertex(Vertex vet) {
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if (adjList.containsKey(vet)) return;
/] TESBIBRAPBM— D EER
adjList[vet] = [];

}

[* BRI */
void removeVertex(Vertex vet) {
if (!adjList.containsKey(vet)) {
throw ArgumentError;
}
/] EFERPBIBRTNS vet IRZAVEER

adjList.remove(vet);

adjList.forEach((key, value) {
value.remove(vet);
b
}

[* FTENSBIER */
void printAdjList() {
print(" PR =");
adjList.forEach((key, value) {
List<int> tmp = [];
for (Vertex vertex in value) {
tmp.add(vertex.val);
}
print("${key.val}: $tmp,");
bs
}
}

9.2.3 MENEL

BEFIE n DTS m 5138, R 9-2 M HL T /R M QR R A RICR A 23 IR

R 9-2 AMEIERE S WA L

WEFERE  AFHER (BER)

MR (GFHR)

HWREME O(1)  O(m)

RIS o1)  0(1)
oS o1)  O(m)

TR omn)  OQ1)

o)
o(1)
O(1)
o(1)
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WRERE AR (HER)  AWER (BARR)

WETA O Om+m) O
WiEzkEEA  O(n?)  O(n+m) O(n+m)

MERFR 9-2, LLPATER (BHKR) KINRERERS D HARREIN, HXPRLE, fEREEMPRIEDNERE
e, AR BT BIREBRAERIR], ZRERE, AHEIERMHAIL T “DAZS R | AgJE, T ekiER ik
BT “DARF Rl TR,

9.3 EmER

PHRERRR “—X 2" FRR, MENEAESNEBE, ATURRERRN “2M2" XA, Eit, FIAE
EMBERE—MREL, AR, PRt P93 D SRR — R il

PRI AR 1 T I P 48 2 S S B i B, BRI 7 77 SR AT S0 RN TR B RE S B
9.3.1 "Ei%xiEHh
) BE RS  y  —R R B i 7 R, MWIEAT AR, MGV ERRERITE, JE— 2R

ke WE 99 AR, MWE EMTRIA, &Iz i-HIprE MU, Rk T — DB FTA AR
IS, DA, EETETRTIRSEE,

| BERr-EfikiER (BFS)

BATR SR HiELs,
HIERGE. EEY HHnEm=

| BHEFEIR
0, 1, 3, 2, 4, 6, 5, 7, 8

’9-9 K EARSEE T

1. BEIm
BFS @ H & BIRAFIRIHE, RN TRAR, PAFIEA “SeANeH” MR, X5 BFS Y “Hikiiz” [y EAH
SR T,

1. iR Aa T A startvet MBS, FHFFEIEIR,
2. MEPERE IR, A E TRRFICSRII, SRIERIZ TR I AT QB T A B A S R #R
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3. fEIRD R 2., EEIFTE TR R SE R EEE

N TR EER LR, BAIHEZEE— PR R visited KICRMPLTT S BT

// === File: graph_bfs.dart ===

[* TEMREER */

List<Vertex> graphBFS(GraphAdjList graph, Vertex startVet) {
/] ERSBERKRTE, UEREGEE TNRRIFTA BT R
/] TRBhE5
List<Vertex> res = [];

/] BHER, BFIERERLPEHNINR
Set<Vertex> visited = {};
visited.add(startVet);
/] BAZUREFI=I BFS
Queue<Vertex> que = Queue();
que.add(startVet);
/] TR vet FER, BIFREEIHIRITAETNR
while (que.isNotEmpty) {
Vertex vet = que.removeFirst(); // PAETAsHPA
res.add(vet); // iBRAAITNR
/] BRZINRBIFE BETNR
for (Vertex adjVet in graph.adjList[vet]!) {
if (visited.contains(adjvet)) {

continue; // BRI BEIFIEMITNS
}
que.add(adjvet); // RANBARIGRIAITNSR
visited.add(adjvet); // tRICiZIN=E#A(E
}
}
/] RETNSIERFS
return res;

AR, O ARIE 9-10 SRANTREERE,

@ @ @ Eﬁmﬁu res ] 6*\% \
<°>_@—@ B3I que \/ jﬁ/\ \)—\/j

° o o o
0—0—0 = e o0 0

WER visited

R visite WA () B0, HRTATRIE

1. BEREMNEBFHFY res

2. BRI AR
ABA que HMA visited

stk res, que, visited [@ }

[ step 1 |

EHFS res

(@

BAFY que

HBA

BRER visited

(000

‘ Step 2 |

ABA
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A () I, AL

1. BEM=MNERFF res
2. REMREFE PEMRAIT
ABA que FHIOA visited

T () I, AT
1. BEMRMNEDFS res
2. ETIRFTE SHETARAT

ABA que FHHIA visited

R () HI, FHATUTHRE

1. BEIMRMNEFFS res
2. RETRRAFIA PR AT
ABA que FHMA visited

TR () B, FHATUTRE

1. BERMRMNEDFS res
2. BETRRAFIE BETRRAIT
ABA que HMA visited

BHFF) res
(0@
BAFI que
000
-— -—
HHBA U

BFHR visited

(00000 }

BHFT res
(0000 ]
BAFI que
000
- X

BER visited

(0000000 |

(000000 )
PBASY que
00

BER visited

(00000000 |
[ster 7]

BHFFI res
(00000000 |
BAFI que

o

MER visited

(000000000

= PAFI que HZ,
~ FRERE, SERRiEH

A () I, AT

1. BZMRMNERFT res
2. BEMRBFEPRIRAIT
ABA que FMA visited

M () M, SHAGTUTEME
1. RBEZMRMNERFT res
2. HERMRNFEBIEMRAIT

ABA que FHAA visited

TR () B, FHATUTIRE

1. BZARMNEFRFS res
2. RBEMRBFE SR RHAIT
ABA que HHIA visited

o090

TR () WM, FHATUTIRE
1. HEITRMNERRS res

2. RBERRBFESELRAIT
NBA que HIIA visited

BHFF res

@PAQHgé,

(000000000

BAF que
HAA ABA

BER visited

(000000000

BHFY res

(000 )

BAFI que

000

HAA ABA

BER visited

(000000 ]

(00000 J
PAFI que
000

BER visited

(00000000 |
[step s |

(0000000 |
BAZI que
20

BBR visited

(000000000
[ster ]

BHFF res
(000000000
BAZY que

MER visited

(000000000
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& 9-10 KM B 3%

) BEDIL e ik 3 B e 51 75 W —2

M=o JTREALSEE N R R R AL WG, T 2 I TR) i T A T )i P W eV
fEEHTHEL. DAE 9-10 MM, T 1. 3 VT INT AT DASRHe, T 2, 4. 6 BIV5 Rt T MER SR
%,

2. EREDH

R AE: FTE TS A IEIA R, R O(|V|) Il BB AME A i, TR e,
RIS 2V 2 2k, O(2|E|) WAl SR O(|[V] + | E|) B,

BRERE: 1K res, K visited, FAF que HINTIREERZ N |V, A O(|V]) =M.,
9.3.2 REMTER
RO Yei i — AR E S, TR alE I ki 75, W 9-11 fiorR, WE EMTURHE, ik

LRSI RHETN, BEEFVURSKNIRE], HRSERIRSIFIRIE, DU, B EAE U 58
,ﬁ(}

11 10
14

ErFRERER (DFS)

2 3
13)f foa2 wifo BT HEEHE,
’ EBAARE, BEKAES,
5 LUt - EERRER
DL WERI%

0,1, 2,5, 4, 6, 3

K 9-11 HENREM IR

1. &M

XA SERVCLFRRE” R FREREE A TSR, 5T RE, ERE s T, ]
MFLEMHEY)— PR R visited KICREPIFAITUR, DOBGEE TR T,

// === File: graph_dfs.dart ===

[* REMRFTBIRHBNREL */
void dfs(
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GraphAdjList graph,
Set<Vertex> visited,
List<Vertex> res,

Vertex vet,

) {
res.add(vet); // iBFiFRIINE
visited.add(vet); // tRCIZIN=E#KIAIA
/] BFIZIN = AFTE SR TS

for (Vertex adjVet in graph.adjList[vet]!) {

if (visited.contains(adjVvet)) {
continue; // B BRI S

}
/] BYATHE) PHETR=
dfs(graph, visited, res, adjVet);

}

}

[* REMFTIEH */
List<Vertex> graphDFS(GraphAdjList graph, Vertex startVet) {

List<Vertex> res = [];

/] BHER, BFIERERLTHNINS
Set<Vertex> visited = {};
dfs(graph, visited, res, startVet);

return res;

IR S 7 O SRE AR 9-12 o,

HRELARER N PIHE, FORITE T — DHTHE 5 K I T
HEERARE ) LW, FoREIBINTTIRCSRME, [BIHE] T IR IR E,

N INRER R, EBCKIE 9-12 SRS SR, iRl (83 M MR) B4 DFS idig, tfiE)
BT IEMNIT R, AR,

BHFF res EFHFS res
' B @ v B (00
/6\—< :—o ER visited ‘°>—\@—<e BER visited
o 2
| (o | | |oo
090 © 090
{ SRR 1 R
’o TR ‘°\ s () sz
@ & siaEms @)

Step 1

Step 2
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BHFF res

(000 }

BHR visited

LD ]
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sarTm ) poarEms
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BHFT res

(00000 |

RER visited

(00000 |
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sarTs () posmEms
s @)

BHFF res

(000000 |

BHR visited

(000000 |

ETTS
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sz (@)

BHFS res

(000000 |

RER visited

(000000 |

AR
ms @) wrEsEmsBEST
Rikrzam, BEEms ©)
suteese - meEmEmR (@)

Step 11

BHFY res

NG (0000 )

BBER visited

(0000 |

BENE:
s € warEmn
amsmms ©)

EHFS res

(00000 |

BRER visited

(00000 |

e
s @) wrESEAEE ST
RikeosEe, EaEms )

WBHFY res
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R
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Step 10
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B 9-12 ERIHEIL e B

DREEDL et 3 F9 3 51 75 W —2

GBS A, TR P P A R A2 M — R, SR BT, SRR T TR RAR AT
PA, BNAREETR R EI S ] DUERTEL, #BRIRE LI Ci,

DIEE A, MR — 7 =5 “E R =6 E—f - R 2RINEERF. BE JEFRE
P, eflon T =fugliiisedk, Amix=5##E TREMLLET,

2. BRESH

IRERE: FrETRESEIR 1R, 5/ O(|V]) NE; Fraasssdbn 2k, @M O2|E|) IE;
BRER O(|V| + |E|) WAL

SR AE: F1% res, W vistted TUAREURIEZ Y V], BIARERAS [V, E6EH O(|V]) 2
I‘Hjo

9.4 INE

1. ELER

- EETUSAAARN, AR — TS — 4RI R 5

- HBRTEMRR BER) MoBxReR W), Mgk (B) BRAERNEBE, RmENEH,

- BRERZEATTANE, EEEPRERTRI AR, ANERNEROE S NEL R,

- AREFEREAM R IORE, 81T ) RE—DTUR, FEFTTRNERE, A 180 RN TR
[FIAINETCIN, AREFERE A & SR e ERCR R, (B2 SR

- ARERMEMZ MNERRFORE, 5 DMERIM NI ¢, EAPEE DX TR BRI, BIZFRM
T ABRIEFEE AN A2, (HHTHREENERRED, I RBCRER,

- YABEERFRIREROT KN, A] DURFH AR O ST B BRI A R, TR THEIRICR,

- WRIRBRBHAE T, AEEFHAILT DA AR R, SRR T DA R s |,

- BT RS RSE, W Mgs, HIPREREE 5,

- PR EIR—RIR B, B T R I Y D B —FRE

- ERTETE DR R EE M, BRYKEERTT, @ EAEBIAS S,

- ERRESE R M E SR, To lEN ERIARE RN, HETIRIRLIL,

2. Q&A

Q: HRRRIE LRBIURFHIE RN FHI?

HHER EARESRARNE A —8: g “BiEe—MaFy”, mhiig ‘B — TR
HI” o DARRSESCARIFESC: In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.
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FEARSCH, BRI — DA, AR DN IRF. XREAMAN TR Z R REF A2 ARI0 5, It
(VRS S UL ) VA i FE

Q: REEEFRE XA IR A EIHIR?

FEAREEE S, MWREADTRHR, B0 PMIRICREE, whiREaEREREZ MEA, PoEhzE
HIRTA & 7 &

Q: TEAMER, “SIXWRAAENTATR" TR 25 A ZEK?

A DURERF . (BAESEPR A, AIRER ZAE IRt SUNRHE?, HAMEIRTUS AR ARy, BB IR T
RAER/NRINGFSE, XA BTSSR A ERRE” TR,



205

FI10E #¥€F

Abstract
HEE—ARINER, BMSGFFEERBEMZ RSN, X DAPEBTE B ir.
TEXF IR ZIRY, F—RIREE RS2 — MR EEENEZE,
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H10E AR

10.1 —9&EH

—9EH (binary search) B Mk T IERIKH S RHRREE, EFAEBIRIA R, Sah—FRERTE
l, EEEERTREERX SN,

Question
LE—MKEN n BEE nums , TTERIZMWNEIRIRFHA BEAES , EEHIFIREITE target 1E

ZEATIRS, FEAHAEEZOTR, WRME -1, REENE 10-1 Fr,

35
31
23 26
15
12
6 B8
aE 1 3
#l e 1 2 3 4 5 6 7 8 9
fERERERT A

nums

RWANBFHA nuns , EHRERTE target = 6

10-1 = EHSURBIEE

G 10-2 flR, Bl ewltatetatt i« = 0f j = n— 1, pilfsmEEHE TEMEITR, REHBERXE
0,n — 1] . WEER, HESFRRHIXE, HOSHFEELS,

Bk, RTINS,
L HEHRRGIm = (i +7)/2], Hi | | RoRm MR,
2. HIWr nums[m] A target BIK/NRER, WA R =FE N,
1. % nums[m] < target i, ViRH target fEIX[E] [m + 1, ] #, HEHHITi =m+ 1,
2. Y nums[m] > target I, BiAH target 7EIX[A] [, m — 1] H, HHIITj=m — 1,
3. Y nums[m] = target B, VHPAARE| target, KEILIRMEIRSI m,

HRANMIEGETR, BRXARL29/ N, HERE 1,

| 8 | I
e SR i E 13
® 0 1 2 3 4 5 6 7 8 9 #l 0 1 2 3 4 5 6 7 8 9
j i m b]

RF=—SER:
WAk i, j HIEABREETR. BTR 1. #HBHRE m = (i +j) /2
mERTHXE [1, j]
Step 1 Step 2
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|

H
B
:
o
il

| o 1 2
N

RE—SER:
1. HEHRE m = (i +3j) /2

2. ~ nums[m] > target

Step 3 2 $IT § = m- 1 BIVERRE Step 4
7R 1 h|:| |:|
®l 0 1 2 3 4 5 6 7 8 9
m i
BR—DER:
1. 8RR m = (i +3) /2
2. = nums[m] < target
Step 5 A BT o= m o+ 1 BIVERRE Step 6
il
ey Nl
#w o0 1 2 3 4 5 6 7 8 9
.
B —HER:
1. HERR m= (i +3) /2
2. = nums[m] == target
step 7 ~ EEFE3| m

B 10-2 &k

P, s

E 1

TR lm |

#Bl o 1 2 4 5 6 7 8 9
Aoa
i m j
WR=HEH:

1. #HEhA m = (i +3) /2

#®l 0 1 2 3 4 5 6 7 8 9
Aoa
im j
EF=HER:
1. HEHa m= (i +3j) /2

EFEREACE, BT M j &2 tnt 222, Rk + 5 nTRESEI int JUAHUETER, O 7 ik s KRR,

A VERERAAR m = i+ (j — 1) /2] FHsrd,
STTIRNE

// === File: binary_search.dart ===

[* ZHEHR WHARXKE) */
int binarySearch(List<int> nums, int target) {
/] MRANAXE [0, n-1] , B 1, j DFEAHABETR. Bnx
int 1 = 0, j = nums.length - 1;
/] 1B, HERXERNSHBEE (H 1> j BFRD)
while (1 <= j) {
intm=1+(j - 1)~/ 2; // HERHERSI m
if (nums[m] < target) {
/] MWIERIRER target EX[E] [m+1, j] &

i=m+ 1;
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} else if (nums[m] > target) {
// WiERIEEE target EXIE] [1, m-1] &
j=m-1;
} else {
/] #EIBtrnE®, REIHERS|
return m;
}
}
/] KIZKFBERTER, RE -1

return -1;

WHSEZE R O(logn) = TEAMEFRH, IKFE4%N—F, FILHERIEN log, n .
SSTAAER O(1) © 455 i F1 j (B EOINAL

10.1.1 XE&RTRAE*

BT _ERBAXESN, HROXERRIEHE AT XE, £Xh[0,n), BELRAOERS, Haf
ALEES E%RR N, XH [i,)) i = j MR,

AT DAE T IR LI A BRI RER — 5 EHE
// === File: binary_search.dart ===

[* ZHEH (EREHFEXKE) */
int binarySearchLCRO(List<int> nums, int target) {
/] MR AERAEFXE [0, n) , Bl 1, j DIFERAEAETE. BtER +1
int 1 = 0, j = nums.length;
/] 1B, HERXERNSHBE (H 1 = j BERD)
while (1 < j) {
intm=1+(j -1) ~/ 2; // HEFEES| m
if (nums[m] < target) {
/] LEIERIRER target EX(E] [m+1, j) H
i=m+ 1;
} else if (nums[m] > target) {
/] WIERIEEE target EXIE [1, m)
j=m
} else {
/] #EIBtrTR, REHERS|
return m;
}
}
/] RIZXFBERTE, RE -1

return -1;
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niE 10-3 AR, EMMXEZROR T, —0&EREIRIWGEL. BIRREANX R & A B,

BT KX FoRAR AL RO SOAX R, BIE e 4 ffaEt § 25N X IR Rt X AR
Mo XFEEAR S, Kt —BEECRH “WHAXE” 5T,

TE |

® 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 10
i ERARSEsES j i khReEsas BARTEZESE  j
EERE: WHAKE [1, j] EEEE: ERaFKE [i, j)
Myadeisst: 1 =0, j =n - 1 Miatkigst: i =0, j = n
BIFRIESES: i > j BIFBIERMG: 1 =2 j
BXKEBRE: i =m+ 1, j=m- 1 BPEEHRE: i =m+ 1, j=m

10-3  MRPIXTRIE X

10.1.2 RS RRYE

oy EARAE I TRV R 75 T AT A Fe 4 RO PERE

BRI TR RCRE, FEREURRR, ME A R A4 B B, B, S8R AN n = 220
B, AR 220 = 1048576 %A8HF, 1M AN log, 220 = 20 #HEHA.

© SR ERTIEARINE I, AR TREGIIINERNEREE (BIHRREDR), o0&
[Al

R, ZoEPGHEEMTIrAEER, EEAEDITER,

- ZOBEBRUER TAEREYE. AWMABIETTE, N TERSaERMET T, SAEKL B
HP BN R EREERE N O(nlogn) , HE&MEBM —H&EREE S, N TMEMATRNT R,
WA, FERTRMAZREME, NEHEAREN O(n), WRIEE BRI,

- ZERCGER T, BT R ARESH) TR, mAeRERHHAITERERT MR
IR, RIHANIE S A 7 R s T HER ST R BUREE .

C NIRRT, SRUEERMEREE M, ELMET, FRAE 1 HWHRCE; ME_DEKF, FE IR
A, LIRBRIA, 1~ 3 UCHIWTRAE, 1 ik (83K, 34~ 6 MNEITiflE; Bk, SEEREE n BUNN,
LM BRI L = &R,

10.2 ZHEHEBAR

ZBERAMGTHTERERTER, A TRRIF 2R, IR B TR E,
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10.2.1 TEETEMNER

Question

LHE—NEEN n WEFEEH nuns FI—DNITE target , FEHAGFEEE TR, I target AL
Hnums 1, HRBEHERM, BBEPEFEEITE target, WIHAZEET, HIRBEIHEHANG target
TEHAHFPHIRS ], REEE 10-4 FiR,

nums

BAS fiN target

nums

WMABFHA nuns , BIFE target = 6
N target MEARRSIH 2

10-4 = EPAH A SR BIEEE

FRARE A BT S AN, TR DU PN A,
g —: SEAHAPEE target I, HARNRIZOZZTRIRSG]?

L H B R target i AZIMHE TR AL, XEWEFIEAL target Bt 7 JFK target N E, thrtz
Ui, HEEHMT target B, HARMIESIEZZ target &S],

B8 HEEHAPAIFLE target I, AARZBNITRIRS?

P EEEREE: 5 nuns[n] < target I 4 B30, XERETEE ¢ FEAIRTFT target FITTREE
i, FH, et j BELERVNTET target FIITRFET,

R85 RN —E A 4 JEAE AT target AR, jIEAE NN target KR, B HBEHA RS
target I, fIARIIN . I FHTR:

// === File: binary_search_insertion.dart ===

[* ZREREAR (EEETR) */
int binarySearchInsertionSimple(List<int> nums, int target) {
int 1 = 0, j = nums.length - 1; // #BANFAXIE [0, n-1]
while (1 <= j) {
intm=1+(-1)~/2;// HEFRIRS n
if (nums[m] < target) {
i{=m+ 1; // target EX[8 [m+1, j] &
} else if (nums[m] > target) {
j=m- 1; // target EXja [1, m-1] &
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} else {
return m; // %% target , REEAS m
}
}
/] FHE target , REEANE {1
return i;

}

10.2.2 FEEETENENR

Question
1E E—ap Al e rl RS EE TR, HRAZ,

P FEIEZ A target , NIEE 0 EHARRIREIEAF— target RS, MIEMEZTRN AL
RSB S e target,

0 H R BT R AR AL, AR R RSB P A —A target RS, ¥4 E@EILE 10-5
FRr R H 0 SRS B,

L PUT &R, [FEHEE 1 target MRS, BN ko
2. NR3I kTR, EfT&tieli, SRR target IFIR[E,

target

— OB

x _.‘\ Py

1. S=BERIEE—T 6
2. BEMERIIBREDN 6

10-5 SMEEREEITTRIFEAR

TR BN H, (HHASRMEER, RENEEREN O(n) o UBHAPFERLEEN target I, %77
TERRR R,

WEERRE S ERAE, WE 10-6 Fin, BAREREAL, SRETEPERTI m, FHB target M
nums[m] FIR/NRER, 2 AR LR o

- Y nums[m] < target B¢ nums[m] > target B, ViRAIRIZETKE target , KIMRAEIE 0 &ERAVYE
/NXRIEEE, MNmAEFEER 7 Fl j 1) target SEIA

- Y nums[m] == target B, WiFH/NT target TR EXE [i,m — 1] #, FHRAH j = m — 1 k48
/NXTEL, MNTEFREE 7 FUVT target RICERHEIE,
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TETERE, @ TR /CION) target , j IEAIET/IT target AR, KIBERT] i #RIHA N,

15} 15}
i 12 i § o M
i 10 i i 10
6 6 6 6 6 6 6 6 6 6
gl ] gl
*im > m
®l o0 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A A A A A
i j i m j
ER_—SER:
Mt i, § HAEAREETE. BTE 1. #EHRAm = (1 +3) /2
mERTAXE [i, j]
Step 1 Step 2
15 15
12 [] 12 []
10 10
6 616 6 6 6 616 6 6
gl i e AR {
= im ==l
®l 0 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A Aoa A A A
i j m iom bl
RS ER: EF =5 ER:
1. itHE m= (A +3j) /2 1. H¥EHa m= (i +3j) /2
2. ~ nums[m] == target
Step 3 LSBT G = m - 1 GIMERKE Step 4
15 15
12 [] 12 []
10 10
6 6 6 6 6 {6 6.6 6 6
5 1 1 1 5 1w i
= LN = o D
#l 0 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
AA A Aa
m i j im j
R ER: BR=SER:
1. itHE m = (i +3) /2 1. #HEHa m = (i +3j) /2
2. ~ nums[m] < target
| Step 5 LSBT A o= m o+ 1 BINERKE Step 6
15 15
12 [] 12 [
10 10
6 6 6 6 6 6 6 6
3
wE 1 b ‘1‘ M
3l o 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
Ao N
j im i
RE=SER:
1. itHE m = (4 +3) /2 v FHEEARME 1 < )
2. ~ nums[m] == target - BUH=SEF, EERS| i
Step 7 LT G o= m - 1 BIMERKE Step 8

10-6 o ERERETTRAVHA RH D IR

WA RIS, HIWr5r3Z nums[m] > target fll nums[m] == target FYHRIEMEME], [RILHEA] AE T,
BIEGnt, FRAMERA] DL S5 OR R, ROV EZ AR ANTEM, e s 4t
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// === File: binary_search_insertion.dart ===

[* ZHEREAR (FEEERR) */
int binarySearchInsertion(List<int> nums, int target) {
int 1 = 0, j = nums.length - 1; // #BHEWNAKXI(E [0, n-1]
while (i <= j) {
intm=1+(-1)~/2;// HEFIRS n
if (nums[m] < target) {
i{=m+ 1; // target EX[E [m+1, j] &
} else if (nums[m] > target) {
j=m- 1; // target X8 [i, m-1] &
} else {
j=m-1; /] BNMNF target WTEEXE [1, m-1] &
}
}
/] BREFEAR 1
return i;

}

Tip
ARG EE WHAXE” Fik, GX4ERRETUBTER “EHET ik

BHBKRE, Zo&ERclEst@atat « M j e R A, HirrTse2 —MNREARRITER (Pl target ),
ATRER—MNIeREE (BT target KITTER),

FEAMTHRIIEA — 0, 48« M1 j FBHANELICBOERI B iR, W2, EMERAIKEIER, sEiidia
FEfE L,

10.3 Z“HEHAR

10.3.1 EEiaR

Question
HE—MEKEN n WEFEH nuns , HPA[REEESEE LR, HREEHFHEL—1ITE target [
R5l, HHRAPAIEEIZTE, WIRE -1,

B = EPAEA S TTIE, MR ¢ f8MRAE— target , [REEIRIAASAR FREERRE A A
target H‘J%glo
BN AR A SRR LI BRI, IEER, BEPAREARE S target , XFEMATRES LA M
él:'j:%o
- EASRG] B,
- JGZE nums[i1] 5 target AMHEZE,
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2OBEIDA LRSS, BERERE —1 BIR], AU RAR:
// === File: binary_search_edge.dart ===

[* ZHERRE— target */
int binarySearchLeftEdge(List<int> nums, int target) {
/] FENTFEK target BIEAR
int 1 = binarySearchInsertion(nums, target);
/] KikE target , iR[E -1
if (1 == nums.length || nums[i] != target) {
return -1;

}
/] %3 target , REIZE3| 1

return i;

10.3.2 &EHHLR

A AMAIEIR A — target WB? HEEN T RNEERGY, BT nums[m] == target [& FAYTEE LS
BE, TR EN, B4EaE T DAEATSEE,

NHEBA R ATEG Y 75

1. EREMEILRA
PRk, AT AR &SRR E T 2R ECRERR A TR, BTN BERRELG 1 target #{L A
/e — target + 1,

N 10-7 o, EERGERUE, f5E @ fEAR A target + 1 (WIRAFLE), 1M j fEAIRA —1 target,
BE3g Il 5 Bl

target = 6
nums
A A A
j i j i
EHREE—
target+1
Fin
EHRE—T EHREE—
target target

B 10-7 FERGOFEMPNEKIDH
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EEE, REMFBARZ ¢, FUFHRERHRE 1, MMmkE ;-
// === File: binary_search_edge.dart ===

[* ZHEHREE— target */

int binarySearchRightEdge(List<int> nums, int target) {
/] BUAERRE— target + 1
int 1 = binarySearchInsertion(nums, target + 1);
/] i EBAREAE— target , 1 IEAIBNAT target MITH
int j =1 - 1;

/] FE target , &[E -1

if (3 == -1 || nums[j] !'= target) {
return -1;

}

// ¥% target , REIZE3| j

return j;

2. BitATHTR

BAVE, HBAHAEE target I, RZ M j 2o5HEHEE DT, /M target FI7TER,
Ktt, aniE 10-8 AR, BATA] DAgiE — MEHB AFERILR, HTERAERILR.

- BEREE— target : ] DAV NEEK target - 0.5, FEIR[EEE 7
- BHELA ) target ¢ A]RAFEL ALK target + 0.5, FRIR[EIFEE j -

target = 6
w: (E00000080
;i ;i
252 %54
target - 0.5 target +0.5
Et St
EHEA—T BEREA—
target target

K 10-8 RESIAFEMAMNEBITR

RIS, DURMRUESER,

- AEBAAE/NYL, RERE RN O AL B S A Do
EOMZTTIESINT /NG, AT P YR & target BONTEREERAY (Python JEiekah).
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10.4 MRFHLILERER

FEREET, BAHIEEREMEESS IO T EDOR PSR IAR N AR, B8 — DR INE
IE%O

Question

L5 TE — NEEEEAH nums FI—NEARTCE target , TEERHPIER “M” N target IR NICE, HIR
BIEMEAERS ], REUEE—MEEITT,

10.4.1 ZiEEH: LBFEHREE]

ZIRERBEIERRENAS, WE 10-9 iR, AR —TNMENEN, fEERA AW N FZES N
target, firxe, WHIREIETHNES],

target = 13
nums =
9 1317
18 23
26

BAFFEEE, HEHMA
target WAAFNR[D

10-9 SMEEPORAFMEZ N

KIBATRFR:
// === File: two_sum.dart ===

[* FE— BIORE +/
List<int> twoSumBruteForce(List<int> nums, int target) {
int size = nums.length;
/] REREF, HEEHREA 0(n2)
for (var 1 = 0; 1 < size - 1; 1++) {
for (var j =1 + 1; j < size; j++) {
if (nums[i] + nums[j] == target) return [1, j];
}
}
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return [0];

}

IR E 24 R O(n?) , ZEREAERN O(1), fEXRIRR FIEFFEN,

10.4.2 MEFE: UFEHRETE

BRMES—DamR, BEX DA NBAETENTRRS . BINEEH, FHEeHITE 10-10 FRiPE,

1. H|WrET target -

nuns[1] BEEIGTRP, H2, WERREIXM N ITRNERG]

2. FFRERS nums[1] FIRT] L ARANEIG A 2o

target = 13

el : [ 7 [::]]
.
i

[ ey 8 ] nE
map =
value #3|

EBHEE nums

© 13 - 2 = 11 &% map #F
- « ¥R 2 FHE map
Step 1

Step 3

target = 13

e - (BDDD
200
i

[ 3 sg } -
map =
value =3l

BHEA nums

w13 = 7 = 6 FfE map
~ TR 7 FiE map
Step 2

target = 13

- - @BE0

A
i

[ - g } -
map =
value 1 =3l

WHHA nums

~ 13 - 11 = 2 7 map
~ BETRAERS [0, 2]

10-10 G R MEFECZ AN

SRS FAR, (R B EERRRTA] :

// === File: two_sum.dart ===

[* AT B AmE ¢/

List<int> twoSumHashTable(List<int> nums, int target) {

int size = nums.length;

/] HBRER, TEIEREN 0(n)
Map<int, int> dic = HashMap();
/] BETER, REEREN 0(n)
for (var 1 = 0; 1 < size; i1++) {

if (dic.containsKey(target -

nums[1])) {
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return [dic[target - nums[i]]!, i];
}
dic.putIfAbsent(nums[i], () => 1);

}
return [0];

}

WA BT B 25 A O(n2) 1% O(n) , KIBIRFHEITHR,

M TR — DMIMIIR TR, FILRAEREN O(n) o REWI, 07 IARRIKN 2208 8 0 2,
Pt e R A B AL o

10.5 FiREEREEX

REE (searchingalgorithm) FTEHRLAAN (FlanEe., BER. WelE) R —Del—4li e RrE 5
(AR NpIvE 8

N PR S TERASIINGY T [V N R

A E BRSO E R HbR TR, IR, Rk, RIRERE TS,
- FIABIRHAG SR BIREREIERFER, SMRPOTRER, H10=0EK B R
AR,

AHEREL, XA R ACAERTH A E T PN, FIEREEN T RIPREH AR, AT, 3]
FMEIRGIMATIN, EHraIERETE,

10.5.1 £HiEE

2R FEE L BRI EN TR RE N BT,

- CAMEERT G TRAMBER SRS, ENBUREHN TR, BTIRTER, EEKE
HArTeREENA S —u A I E ARt R M ik,

- TTERTERT M IREC R BRI BRI RIS, T RELSE R MG SOTIR IR R
R, HIESOZIRSE N R WEMCERMGET RITR, 15 SRR EERIEL, BERH 20
fbigie, EEEh e MRS,

RBEROILUR A HIERMELF, JCB R B E B MO RS .
AT, ERFIRINTPISE A O(n) , Hn iRics, FILESdRRERMIE I PR E,

10.5.2 HiEMNiEH

EIEMERA BRI A R (FlnaE R RIURRIERE, S mRothE i B ARt R,
- CTENT MABENA PRI R, (UEH TR,
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- CIRARAEIKT MG RRHEREAE EAREEEE O B E X R, AT SE IR A
- R EREERIREEAY (BN SRR, ZET PR U ESR PR HEER YT A, IR HARTTER.

R FIARLRURRCR m, IR AERNEE] O(logn) B2 O(1) .

SR, MERDNXERIAEA TR N BRI T LB, BIan, &R E UL B THEE, IR &R
EHRAR T LIRS, FEIPIX RS A th R ERS M IR R 2 R T3

Tip

HIEMERBIEF POV ERERE, BRH TR EBIRaHrh POk R B,

10.5.3 $EFRFFHEN

RN n —HEE, BATRTCAERLEMER, &R WEER BRESREZMITIENFERER

TER. HMNTTTER TAEFEEINE 10-11 iR,

2% o(n) MEEKX 0(1) @@ key Zif value

-~ 88888888

b5 3 ] pak €|
=5HER 0(logn) WER 0(logn)
E-XERRNH
FHERTR
3888080000 b
S~ N

RIEYIREE P 48/ MERX 8]

10-11 ZFhE 2R

R URTTIRR B ERCR SRR 10-1 R,

#*10-1 EREERBER LT

o 8

-

LIEER T WEK MR
EHITR O(n) O(logn) O(logn) O(1)
BATTR 0(1) O(n) O(logn) 0(1)
MHERTCE= O(n) O(n) O(logn) 0(1)
HHh=21HE) O(1) O(1) O(n) O(n)
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MR oA MR M7 AR
st st / i O(nlogn) #H O(nlogn) 2 O(n)
BiRRGHY TP HiF HiF T

ERAIRANERIEIR TEIRA R, EREREER, EdRdif S EiiRE,
MY R

- JERERYE, AU TEEETIE IR, RNBA N FER —IREE, IR2HA =5 AR BE A P
FH T L M HE AR AN TRIE 2L B K

- EMATHRERVNOEAE, RGN RS 2SRRI,

© ERTEERERREGS R, ROV AR EN BT TR MES,

ZEER

COEHTRBIERRIEN, BCRRMREE, RENRSREN O(logn) .
- BHERAREE R, BB TR EE SR A A
- RNERT @ISR, RS A R,

a7 AR

- EENEREREERIRS TR, PENREEREN O(1) .

- NEAHEAFEIRSGEEERI R, ROSH RICEGET B0 H P,

- N IR R A h R A BRI Ao B e, B BEORRIMERES LXK

C NEEEIRRIRIIEN, FOUIE R RTINS AR BRI mh5e, Wit R e & it

AEo
PR

- IEATEREYE, EOVRTT RAENE R B AER,

- EETEYEA P BIEEGEE AR R

- TERRSHEINT R AR, IS RRATRE A GUR, NRERESEE On) .

- A AVL AT B, WIS THRERTE O(logn) B8 FREIETT, (A4 R r #RE 28 &
ST

10.6 /h&E

© D BEBEEBIRN AR, EIERE SR ERXRRET A, EERmARIEA R, HX
3 TR B TR SRR B A A

- B NEFREE D BAREA R MR, SR RIEN THEHMBER, MR RARE R
EH TR, HREROERMELE, TANEIR TR, ENEERE O(n) BF,

- IRTER, WEBN O EE TR RITE, e T BdRGS r PuRE A BT R, HRETEL
K, NEERERZ O(logn) #£2 O(1), (HIEHEFEMIRIMNURESE,

- SEhRAR, BTN ERA R, ERMEEER, BUREME iR EFRRE T BA D, NMEES
EHHERTT %,
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- RMEERIEN TN EHRESE, BSOS TR, HERRYE; R ESIEH T AL
REGREGE BICAGE BB WREEE, WG T Z4E W A SR B &R RS S8R,
- HRAR AR R AR —ME RIS TN RS, AP EERAEM O(n) BE O(1) .
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F11E #HF

Abstract
HEFP I an — 1R EL A ARk e B BETR AR, A TRE DABE Sty 7y AR 5 Ab AR
TR, RE 27 EHY, HiFpamBATER T EIRFNEER,
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11.1 HIEHEZ%

HF®% (sorting algorithm) HITX —HBHRIZ KT E I THS . HFEIREET 2N, FAERF
B B RE SR S RO R, ST ANAL B,

A 11-1 FoR, HEFRIARAEEREAI ] DU REL TR AT AT ERSE, HE RO RN Al AR R 5k
BE, WEFR/N T ASCIL RGBT 5% H & R,

HRBF X NHF B
20800800 908oooooa

BRFHFHFFRS

CIEDECICEIED = ENEDEDHCID

IR E XN HF 7R &

GO0O00G OoOococooo

B 11-1  Edfm SRR R R B

11.1.1 P EE

BT BRI ERNN RS RER, HERREdEis> (NREREPREEIEEN . X
TAREGERAEN, BITRREEUNEL,

i B, R H R R BRI, TeAUE BRI MBI, TN,
WHEAET, Rt rBdERiaR e, SITEE R E DR,

FOEPE: REHFAENHIFG, HSETTREBH AT A% AR,

REHF R 2P R AR R, BIRBITE — M EFER AR, 5 155 2 510512 A
iy, FEIXAEOLT, IEREHF AT S B AR APtk

# MANSIESIRBH B HFIFRY
# (name, age)
('A', 19)
('B', 18)
('c', 21)
'D', 19)
E', 23)

# RIREBIFREHFERRERHFIIR,
# £5Rh ('D', 19) # ('A', 19) BIMEWIBHRIE,
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# WANBIEREZHFENERER
('B', 18)
('D', 19)
('A', 19)
('c', 21)
('E', 23)

HIERTE: BIERHE RN S SR AR, BRENFERE, RENFEIRE, PN
EFF AR,

H I N R AR BRI OUOR TG, AR RZEN W E A2 T PN RS 20T, WIHF B SRR T
PEREFTRES L, DRIMA N D s Man R e AR TR AL T A I R A0, TR IE e

REIET IR BFHROHFRBIIEIZEN (<0 = >) RABTRIENIE, MR N,
MILRMNEEREN O(nlogn) . MAELLERHE AN LEIZHEAF, NREREE O(n) , {HHEAME
LERS B e

11.1.2 IBBEHIFEZ

BT, b, RUE. IEFEERNL, EHITELF. B, €5 NIEMARKIGRA D ERTERHERIHTETE.
I, FEIEREHE R RUART, 7R AR B R SO A R SRR UE

TR, BATRIERZESBAHP R, HET LR 2 RIER JLEk s T 204

11.2 #&FHF

EEHF (selection sort) WY TLAEFEHIAEF A JTE—ME, SHMRHFXREIERR/NITTR, RKHK
FEH P XRARE,

REEHRI RN n, ERHEFRRIERENE 11-2 For.

L WIaIRAESR, FrETCREAHT, BRHY (RsD XA [0,n — 1],
2. EHUXE [0,n — 1] PE/NER, FHSRG] 0 °McRcit, e, B 1 MTREHR.
3. JEEIXTE [1,n — 1] s/ e s, BHERI] 1 ARITER S, 5eUa, B 2 NMTReHF,
4. DUHEHE, 21 n — 1S seiius, Bl n — 1 M eReHT.
5. (RB—MNIeRULERRATTR, AT, KIEBARF 2N,

8 1 RsiE: % 1w

BHKRAFXE, EERNTR nuns[k] BHFRAFXE, EERTRE nuns[k]

ZHBTR nums[k] FRAFXENENTHE nums[i]

Step 1 Step 2
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KHFXE RHFXE

—

nums

i k
5 2 B B 2 B
BHFRHFXE, EERNTRE nuns[k] BHFAFXE, EERNTE nuns[k]

TR nuns[k] FARAFXERENTR nums[i]

Step 3 ] Step 4

KHFXE RHFXE

nums

5 3 B B 3 B
BHFRHFXE, EERNTR nuns[k] BHRAFKE, EERNTE nums[k]
Zg/ TR nuns[k] FRHFXERENTR nums[i]

Step 5 ] Step 6

RHFXE FHEFEE

nums

nums

A A
i k

B 4 Wi B 4 REEE:

BHKRHFXE, EERNTR nuns[k] BHFAFXE, EERNTE nuns[k]

ZERTR nuns[k] FRAFXERENTR nums[i]

Step 7 ] Step 8

RHFXE KHFE

nums nums

i k
5 5 RiR: B 5 BiEF:
BHKRHFXE, EERNTR nuns[k] BHFAFKE, EERNTE nuns[k]
/TR nuns[k] FRHFXERENTR nuns[i]
[ 83D O ] Step 10
KHFRE
nums
SERHF (RR— N TRERAAF)
Step 11

11-2 EFHEF PR

ARG, ATk RICFARHF X RN R/NTER:
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// === File: selection_sort.dart ===

[* EFEHE +/
voild selectionSort(List<int> nums) {
int n = nums.length;
/] SMEF: REFFXERN [1, n-1]
for (int 1 =0; 1 <n - 1; 1++) {
/] WEF: HERFFXEANRNTE
int k = 1;
for (int j =1 + 1; j < n; j++) {
if (nums[j] < nums[k]) k = j; // iERBITEMNZERS|
}
/] BzsIhaRSREFXENE N TR
int temp = nums[i];
nums[1] = nums[k];

nums[k] = temp;

11.2.1 EiEis

IRISEZIEH O(n?), JEENERHERE: SMEFRIE n — 148, S—RIOARIFXRKE  n, FE—5
AR IS 2, BIESAMERR RIS ny n— 1, ... 3, 2HBIESF, SkAmy -Unt2)
- AR O(1). BT $55t 0 BT j SRR EO IR,
- ARRBEHDY: W 113 FOR, THE nuns[1] A ATREREME SIS RITT R, SEPIERIA
W R

kHFXia

oo
RITE—IER

FHFXKia

eoacaa

TRE—RIERE,
MATTE 4 PENUERET RS

11-3 & AR E R G
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11.3 BaHF

Bi8HF (bubble sort) JEITIESIM LI S A HAHBTTR LI, X DIEFERG IR AERE T2 T —FF,

ESY: KE ZA=Riuke 35 28

G 11-4 FoR, B AR ] DA HTC SRS ERAEL . W R ARG, AR EEE AR TR R
AN, TR ATER > AR M A W, RRRITTR SRS EI A R R i

ums °0°0°0

FHRARE—H R
TENNSEREFRIELL

~ DEE0EE

=
nums 09\0090

MEZGBHESTER:
v EORER > GARR
o BRI TTER

Step 3

nuns 060°°0

MEEGERHESTE:
v EBRER < GATR
o HRTE

l Step 5 J

Step 7

11.3.1 E&imiE

nums Q‘egeo

MNEEGEHESTE:
v ARk > BATR
o R ITER

Step 2
N
- 0000@0

MEZEGEEHESTR:
v EARER > BATR
o X TTE

Step 4

eQOQéb

MEEGBHESTE:
v EBRER > BATR
o RREBWITHR

Step 6

IKIE IKE
nums oeoooe

®H n-1 AEEREE

BHZERSE,
BARERTHAE

B 11-4 FIHTRHBRER S I

REAHNKE N n, BiRAFFRPERINE 11-5 frr.
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1. B, X n NITRMMT “Bil®", FRANERTTRZREIERAE,

2. BEROR, MERn — 1 DATERIT "B, K IOrRZRE IR E,

3. UMK, i n — 1% “Hilg” 5, #in — 1 KECEARPEHE IEmAIE,
4. (EHE— P RLERBINTR, AR, EIREHHF K.

“‘BikE  KHFEE
BT E

nums ana [0, 5]

WiTHE 1 BER

paonan - R

MITE 2 ®ESR

- 0

HiTHE 3 BEBR

=
820 8 o=

=l

=

[o, 3]

MITE &« BEE

8800

AITE 5 ®EE

08000

TRHAF ®RR— T TRLTAHF)

[0, 1]

[0, e]

K 11-5 BiEHFifs

RIS T :

// === File: bubble_sort.dart ===

[* EEHE */
void bubbleSort(List<int> nums) {
/] 5MEIR . RHEEXIER [0, ]
for (int 1 = nums.length - 1; 1 > 0; i1--) {
/] WEF: BRHEXE [0, 1] PHRATERIMEZXENRAR
for (int j =0; j < i; j++) {
if (nums[j] > nums[j + 1]) {
/] 3% nums[j] 5 nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
}
}
}
}
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11.3.2 %EMRK

BATRI, MRHEAE “BiR” PERA PTG, WHBEHE SR, ATERRRESER, Fit, [l
DA AN —MRAGEAL flag SRESIIXAME S, — B HBIHEZENRE],

SR (bAL, BRI I RPN L 28 O(n?) 5 (B45 A S se 2 I, ATikE)
RENAEZE O(n) .

// === File: bubble_sort.dart ===

[* BAHE (rEmh) */
void bubbleSortWithFlag(List<int> nums) {
/] 9MEF . FHEEFEXIERN [0, ]
for (int 1 = nums.length - 1; 1 > 0; 1--) {
bool flag = false; // #IIAKARESL
/] REF: BREFXE [0, 1] PHEATERREZXENRGIH
for (int j = 0; j < 15 j++) {
if (nums[j] > nums[j + 1]) {
/] X nums[j] 5 nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
flag = true; // IERKIMTER
}
}
if (!flag) break; // Ut%# “BE” RIXMEMITER, EEHE
}
}

11.3.3 Hixiss

- EEZE N O(n2), FHBRHEF: &4 BN WHEEEERI I n — 1, n—2, ... 2. 1,
JRIH (n— 1)n/2 . 1ESIA flag (HALE, SREERTRIEZRE TS O(n) .

- SEREZE N O(1), JEHEHET: $56F 0 A GERIRSOR/ NN EE ),

- Rt BT CEIR BRI TR A,

11.4 {HENHEF

HNHEF (insertion sort) J2—Rhfa BAGHERF IR, B TIERHES T — IR AR IR R AL,
HARRW, BAERHP X AESE—NMEETR, RizooR5HAMEHF XRTRE — RN, IR
ZICRAZIEMAN B,

B 11-6 R 7R A TTRATRIERRE, BIEMETTERN base , BAIFHZER M EFRRTZ] base Z HAIFTHTT
RGN —NL, R base WEL HIRRS
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nums[5] = nums[4]

K& 3 AR nums o, N
N N R TERKRR
BRI E T BREBH—{1 | |5
;ll.l..-n

nums[4] = nums[3]

BRTER [
#BERES |

11-6  BARIR NIRIE

11.4.1 EERR

FENHEF RV RR RN E 11-7 FoR.

L ISR, BEHRE 1 DR eemdF.

2. IEBEHRIE 2 DITRMEN base , FHMAZEWMAES, BN 2 MRy,

3. IEHEE 3 NITRMEN base , KHMARIEWMIE/S, BEHMN 3 MR CHT.

4. DASEHE, TERJE—4eh, JEBURIG —1NICRIEN base , HHMARIEWMIES, FifixiICHy.

EHFEiE

[0, o]
[o, 1]
[0, 2]
[0, 3]
[o, 4]

[0, 51

11-7 f@AHEF AR

ARBIRESANT :
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// === File: insertion_sort.dart ===

[* FANHEF */
void insertionSort(List<int> nums) {
/] SMEF: EHFEXER [0, i-1]
for (int 1 = 1; 1 < nums.length; i++) {
int base = nums[i], j =1 - 1;
/] WREF: 3§ base WAFIEHFXIE [0, i-1] PREBKUE
while (j >= 0 && nums[j] > base) {
nums[j + 1] = nums[j]; // ¥ nums[j] MAHoh—1L
3=
}
nums[j + 1] = base; // ¥ base TREZ|IEMIE
}
}

11.4.2 EEiS4

- WRERERN O(n?), HIEMHT: fEREHR T, BUrEAREIFEER/E L — 1. n—2, ...
20 TR, KAEE (n — 1)n/2, WILRREZREHR O(n?) . EIBEIHEFEARN, HARIERIRRL
ke MHABHZE AT, BAHHTERIRENAERE O(n) .

- BRERER O(1), WHHbT: 485 ¢ f j B FEEOO NSNS E

- REHEE: ERAREERES, ROSKTRBAZMHETRNEGM, AU ENRIET.

11.4.3 {HENHIFRRE

FAHEF R FEZE R O(n?), TEAIERE: S PR F N RE 2% O(nlogn) » REMAHEF
RRTTRI S 2% s, HAEBUR RIS, mAHD I E i,

XA G ERIEE TN 0 RIS EEIE RO, P73 O(nlogn) MEDETE T HIAK
WSRO S, AR S 2 T R e, TIESERREVI, n? Fl nlog n MEUE HAEE, HAJEAR
SN, SRR TR SRR DUE R

Khr b, WEHEES (B0 Java) RINEHFFEECRA THANNY, RECEEN: XTR&EHE, RAET
SHAERMHHF R, BIanpuEy; N TEREH, BRERmAHT,

EORF I, AR A IR RS 248 O(n?) , (HAESZBRIGNR, $AHER I 550%
Fea TRy, 1EADITEE,

- B AT TR, TEMB DR R, A 3 N EITHRE; WAHEE T TRIRESL
B, N 1AEHITRiE, Bk, BRHDEr RO RE R L AT E .

OEBHEF AR RN RERERN O(n?) o UURGE LIRS AFIEDE, BAHDTIEH ik
BHIPBCR E .

IR AEE, RN AT 2R,
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11.5 REHIF

PERHEF (quick sort) JE R T IARISHIHEF BIX,

BITERL, RATTZ,

PIEHE R ORMER “THIERI ", HEMRE: SR PR TR R, /TR
RUTTRBRIHAEM, AR TEESETTRBEIHAM, BARKE, HIXIRRAENE 11-8 For.

1.

A iR /e T R E N EERL, WAL NMEEE LRI 5 o allda e R,

2. WEMER, EFRAER L G) 2RSS PHERELCR () BITR, KRR ITR,

3.

Step 1 B
left right
v v
- (08088
A A
i j
def partition(nums, left, right):
R
i, j = left, right # LU nums[left] ¥
while i < j:
while i < j and nums[j] >= nums[left]: # MEAMERENNFRESNTE
j-=1
while i < j and nums[i] <= nums[left]: # MEBGHREIATFEEROTE
i4=1
nums[i], nums[j] = nums[j], nums[i] # XM PTR
nums[i], nums[left] = nums[left], nums[i] # BEEBTRERFHANDIAL
return i # EEEEENRS|
Step 3 BN
left right
v v
- (08008
A A
i bl
def partition(nums, left, right):
"UERIS
i, j = left, right # LU nums[left] HEfH
while i < j:
while i < j and nums[j] >= nums[left]: # MEEARE NN FEERNTE
§ =1
while i < j and nums[i] <= nums[left]: # MEMAREIATRERNTE
i4=1
nums[i], nums(j] = nums[j], nums[i] # SRERATH
nums[i], nums[left] = nums[left], nums[i] # SEEBZRERFHANSRE
return i # EEEEHNRS|
Step 5 BEY
left right
v v
-~ 00008
A A )
i
def partition(nums, left, right):
"UERIS
i, j = left, right # 5L nums[left] HEH
while i < j:
while i < j and nums[j] >= nums[left]: # MERARE NN FRERNTE
=1
while i < j and nums[i] <= nums[left]: # MEAGREIATFRERNTE
i+=1
nums[i], nums(j] = nums[j], nums[i] # SERERATH

nums[i], nums[left] = nums[left], nums[i] # FEERTHREFFRANHAL
return i # EEERESAFS|

Step 2 BEY
left
v
nums
i 3
def partition(nums, left, right):
SRy
i, j = left, right
while i < j:
while i < j and nums[j] >= nums[left]:
j-=1
while i < j and nums[i] <= nums[left]:
i4=1
nums[i], nums[j] = nums[j], nums[i]
nums[i], nums[left] = nums[left], nums[i]
return i
Step 4
rtition(nums, left, right):
SRy
j = left, right
while i < j:
while i < j and nums[j] >= nums[left]:
j =1
while i < j and nums[i] <= nums[left]:
i4=1
nums[i], nums[j] = nums[j], nums[i]
nums[i], nums[left] = nums[left], nums[i]
return i
Step 6 BER
left
v

uns

A

J
i

def partition(nums, left, right):
R
i, j = left, right
while i < j:

while i < j and nuns[j] >= nums[left]:

-1

while i < j and nums[i] <= nums[left]:

i4s1
nuns[il, nums[3] = nums[31, nuns[i]
nums[i], nums[left] = nums[left], nums[i]
return i

rigl

#

#

#

#
#

#

#

#

#
#

TEIATE B 2., HE LM § EERHELE, RIEREESCIHREND TR 7 FH ik,

ht

B nums[left] HEEH
MEREREMNTFEEBBITR
MEBEREPATRESNTR
ST TR

RREBERERTFRANS FE
EEEAESHRS|

B nums[left] HEAEH
MEREREMNFEEBHITR
MEEEREPATFRERTR
AP DT

REEBSRERFRANSFE
SEEE MRS

right

#

#

#

#
#

aooooo

BA nums[left] AEEH
MERERENNFRERNTR
MEBERE AT EEBBITR
SRR D TTHR

RRESRERFRANIRE
EEAERERS|
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Step 7 BHEH Step 8
left right left EE¥

right

- @00000 - 00000
A ) T —

J J
1 1
def partition(nums, left, right): def partition(nums, left, right):
"UHERIS "UUBEERIS T
i, j = left, right # LU nums[left] HEH i, j = left, right
while i < j: while i < j:
while i < j and nums[j] >= nums[left]: # MARAREAMNFRERNTE while i < j and nums[j] >= nums[left]:
5= 51
while i < j and nums[i] <= nums[left]: # MEAGREIATFREMNTE while i < j and nums[i] <= nums[left]:
i+=1 i+=1
nums[i], nums[j] = nums[j], nums[i] # TREATTR nums[i], nums(3] = nums[j], nums[i]
nums[i], nums[left] = nums[left], nums[i] # BEEBZRERFHRANSRL nums[i], nums[left] = nums[left], nums[i]
return i # EEREHERS| return i
Step 9
‘ BEH

- @00080

EFHE HFHRE

‘MRS TG, RRMTEN
EFSAERTR < BEY < AFHRAERTR

11-8 X0

# B nums[left] HEEH

# NERAERE NN TFEESNTR
# WNEREREMATERBHTR
# TRXFDTE

# BRESTRERTHANS RE
# BEEESHRS|

WX e E, RS R =8 T8, SR, A8, Bk “ETBEERTR <&

R < AFBAERITR". B, BIHETRATBHIZM D FEEAHBTHT,

PRIEHER I 73 IR
MR 0 B SR U K — DB A HE 7 TR B T R R DB B I HE e 1]

// === File: quick_sort.dart ===

[* TTERM */

void _swap(List<int> nums, int i1, int j) {
int tmp = nums[i];
nums[1] = nums[j];

nums[j] = tmp;

[* BHEXIS */
int _partition(List<int> nums, int left, int right) {
// LA nums[left] FEHEER
int 1 = left, j = right;
while (1 < j) {
while (1 < j && nums[j] >= nums[left]) j--; // MABBEZRENNTFREERNTE
while (1 < j && nums[i] <= nums[left]) i++; // MEBAEREMNATFEERNTE
_swap(nums, i, j); // KXW NTE
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_swap(nums, 1, left); // BEEHIBRERFEHAN D R
return i; // REIEEHNES]
}

11.5.1 Hi&iRig
PeIsHE RS ORI RR LN I 11-9 FFors,

L BJc, MEBAMT R R, SRR THANE T,
2. g, MAETEHNG FEADAIEAIT "R,
3. FiudIH, ERETFEGHKEN 1 INEIL, MRiEBENEEHHT

|
- B00080

FREEA

B0 CEEE

RIS

) BIAFHART “HEXS”
BIEFEE CBPAETHA - EETHRAKER 1 HAL

' S RBBHTF
: o

RIS TR

a8

g | k)3 & B

11-9 PudHER e

// === File: quick_sort.dart ===

[* REHE */
void quickSort(List<int> nums, int left, int right) {
/] FEAKER 1 IR IE#T
if (left >= right) return;
/] HEXSD
int pivot = _partition(nums, left, right);
/] BAEFEE. EFEA
quickSort(nums, left, pivot - 1);
quickSort(nums, pivot + 1, right);
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11.5.2 s

- NEERER O(nlogn). HIEMHNT: fEFHER T, IMERIZHNEHELECN logn , BEHRIENE
I, BWMER O(nlogn) MR, 7ERZEMILT, SFHRMERIRIERREN n BEEHRI TN
KEHR O n—1 WA TEA, WRIBHEE0AE n, BEPNERECH n, BWEER O(n?) KH,

- BEERERN O(n). RHHDY : EMABHZE2EFIERT, BRREZRRE n, £H O(n)
i, HEP B E R AE RS EATHY, RABEIMIE,

- AR EWEONRE P, RERRIRES P ERHFTTRIA M,

11.5.3 REFEHIFEAT AR

MEFR ERERER th, PRIEHEFERCRITHN I ZEA —ERIE, REREHFR IR ERES “HH
BT R CHEHRRT MR, (HIERPOEHITRIReRE S, EEADITERER,

- B E RS U BRI BAUREEFNRENEE2E N O(n?), BHIIFHFHFRE, EELR
ZEIEHT, PudHFRETE O(nlogn) BN HE 2% E FIiBfT,

©OBRAHEMBCRE: ERTIHERIRIEN, RSP FRAMBRIZRSE, FTiRTRRRREK
o Mg “HEHER” RXEBERFEBRAVIFITR, MMERZX—RE,

- ERENERRRUN: £ ER=MRES, PuRHEEabeL WA, SR ERER D, XS
AT e BT E AR RS

11.5.4 BEEHKKL

POEHE e R L PIII BSCR A RERIC, 28— PHamBlr, R AR 2 2EPR, HTHImEes
BRIEHTCRIENEMERL, I2ENEXID G, AESREiE ARG, SEAETEHREN n — 1,
ATFHAKEN O, MEIARE, SRWERIERE D FEHNKEN 0, 2IaRIERN, PudHz
By “BiEH” ANERIER,

N T RERGRIX AR, AT DAL SR 53 rh B R ORI filan,  FA1TR] DABEALIEH — 1
TLRIENILMERL, 28T, AN SAME, FIRERERIAFABRIIER, BERIAARUNAR.,
TRETENE, WEESEEERIZE “ThRENIE . RIS O R 514 i — DR AR B,
AR 2 PRIEHE P B RCR AT R T RES 1

N PG, BRI DR AIER = MesinR CEFMANE. B, FRotR), IFRIX=A1 ik
TCRAPPABA AR, IXRE ok, B "B/ MEARKR” BIREREERIEIE T, R, BABER A
VEHUE 2 e, DI — SR m IR, RAXFTIEE, MRERESLE O(n?) MHERAK
R

RS ATT
// === File: quick_sort.dart ===
[* BN = MEIRT R GIEL */

int _medianThree(List<int> nums, int left, int mid, int right) {

int 1 = nums[left], m = nums[mid], r = nums[right];
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if ((L<=m& m<=r) || (r<=m& m<=1))
return mid; // m 7 1 # r Z[d

if ((m<=18& L <=r) || (r<=18&& 1 <=m))
return left; // L & m # r ZJd

return right;

}

[* HEXSD (ZEHEFRE) */
int _partition(List<int> nums, int left, int right) {
/] EER=MEETRA PR
int med = _medianThree(nums, left, (left + right) ~/ 2, right);
/] BRI E S R i
_swap(nums, left, med);
// LA nums[left] ANEHELR
int 1 = left, j = right;
while (1 < j) {
while (1 < j && nums[j] >= nums[left]) j--; // MBREHRENMNTFEEHRNTTS
while (1 < j && nums[i] <= nums[left]) i++; // MEBEREMNATEEHNTE
_swap(nums, i, j); // RIXMIMTER
}
_swap(nums, i, left); // REEHIGERFHRAN T RLE
return i; // REEEHNRSI

11.5.5 REi#Jakk

TERLEEA T, POEHbPTRE S Mg, DUE 2R PR ARE NG, BB FEEHREN m
FRMHICX IR T A KDy O B TREHMKE N m — 1 G T8, RXEWE T —RIEIH AR
AR /N (OB —A TR, BIARIEEREE n — 1, HINFEZESH O(n) /NS E L,

N T BRI BB, A1 GRS SR, PR TR, DO TRl
FR, TR TR K ARSI n)/2 , FRHISR T AR BRI A logn , MITiKR2ESS
B 2R O(logn) o (ARSI TFHT:

// === File: quick_sort.dart ===

[* REAEE (BZBJAMRE)  */
void quickSort(List<int> nums, int left, int right) {
/] FEAKERN 1 BE&IE
while (left < right) {
/] TEEXD1RE
int pivot = _partition(nums, left, right);
/] FEDFEAPBIENI N HITRER
if (pivot - left < right - pivot) {
quickSort(nums, left, pivot - 1); // BFAHFEAFEA
left = pivot + 1; // FRFKXHFEXEA [pivot + 1, right]
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} else {
quickSort(nums, pivot + 1, right); // #IHEAFEA
right = pivot - 1; // RFFHFXEA [left, pivot - 1]
}
}
}

11.6 AHHF

J3HHEF (merge sort) Z—MET ARKIHTEE, BEE 11-10 Fosil a7 M “GH7 i
L. XIoBrEe: B IEBITARTHER R N AL T, R KB A HE P R 45 R 282 A HE e
2. BRI HTRARKEN 1 MR, JHREH, Rt A M N BRI E PR S H N — P
KGR, HEEER,

PEEEEEEER

R HER

) mmwn
IR

SHHER

B 11-10 HFHEFRIXID 5 aFF B

11.6.1 ELimiE

N 11-11 Fow, XU BB AT IR A b B2 AR s 0 o A A

1. HEHHEP E mid, BAXISAETEEH (XA [left, mid] ) FAEFEE (XA [mid + 1, right] ),
2. BHAHTSE 1., BEETFHEHXEKERN 1 N&IE,

BB WERETUR £ T BANG TR N~ M E R, FEEER, WREN 1T ET
wmait, SIHMERPREN TR,
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#IFRIS

A a—

U IS LR

-
|

Step 1 ‘ Step 2

R

etk
EJ12 40 1= 40

a2

aAEI13
EJ12 40 LR

Step 5 Step 6

[ Step 9 ] [Step 19]

11-11 JHFHER B

MR, VAFFHER5 = SO e i 3 3 U e 2 — B
Rl SR TR, FEIIA T, SRR AR A
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FIRHER: JodIaE T8, BEIATRE, RELEEEH.

PFFHHE P R SEBLAN DU AR AR, TBTER, nums BIRFEFFIXHDN [left, right], T tmp AYXS B X H N

[0, right - left],

// === File: merge_sort.dart ===

[* BFEFHANMEGFHRA */

void merge(List<int> nums, int left, int mid, int right) {

/] EFEAXEHN [left, mid], AFEHAXEHN [mid+1, right]

/] BIB—IEPY$E tmp , BT EREHENSE
List<int> tmp = List.filled(right - left + 1, 0);
/] ¥E A FEABR A FEARRIEERS|

int 1 = left, j=mid + 1, k = 0;

/] HEAFERAEEEITEN, #HITHERIBBRNNITREH 2 IR A+

while (1 <= mid && j <= right) {
if (nums[1] <= nums[j])
tmp[k++] = nums[i++];
else
tmp[k++] = nums[j++];
}
/] BEFHANAFHANTRTREE S D IR ELEHR
while (1 <= mid) {
tmp[k++] = nums[i++];
}
while (j <= right) {
tmp[k++] = nums[j++];
}
/] BIREEER tmp FRITTRERIEREE nuns FIXTRZX 8]
for (k = 0; k < tmp.length; k++) {
nums[left + k] = tmp[k];
}
}

[* VAHHE */
void mergeSort(List<int> nums, int left, int right) {

/] BIEFRH

if (left >= right) return; // BFHEKERN 1 BHEIEEI

/] RIDFEE

int mid = (left + right) ~/ 2; // IHEH=S
mergeSort(nums, left, mid); // 3RIIEFEH
mergeSort(nums, mid + 1, right); // UG FEH
/] EFME

merge(nums, left, mid, right);
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11.6.2 EiEisE

- ESEZAEAN O(nlogn). FEENEMHIY: KIHFE@EN logn KHEITH, SEAHRRRIFLR
Hn, FIHSERFIEZEN O(nlogn) .

- SEEZIER O(n). B BIAEEN logn , M O(logn) A/NGHIZSH, AIRIER
WIS, EH O(n) A/NUBIN=H,

- RuEHDY: AR, MSTTRIR R,

11.6.3 §ERHIF

MR, HHEPARE T R BE R A B0, WBK BRI RSB MEREMRILE O(1) .

- RIorRRBE: ATDAMEA “IERT B AT SRSNBERXI > TAE,  MIMAE 36 AR .,
© AIEREL: fERERT, TRIEMERCE TSI (EED BIRTSCE, RIEEFHFME CRNADREE P EE
RAEFN-DRAFHER) THOEIIMER,

BRI LR 2%, A% A] DA R BRI T2 5

11.7 HIF

Tip
B EATTHT, IEMRRE 5 “H ET

e (heap sort) 2 — MR THERHRSSH SR SR B, BOTATUAIHEEAL R “H R IE” M
“TLRHHERIE" KB,

L. AN/, A B/ VTR T HET,
2. AWTHRAT HHERRME, MRUGCSRHHETER, RIS I DNEIRHRF RIS,

PAETTIREIRAIAT, EFREEY— MM R HAITER, AR, bR, JATER
— R AL SE BT o

11.7.1 E&ERIE

BN n, HEHFPRITRAEINE 11-12 R,

L BN RTIHE, SEa, RORTTRATHER,

2. BHEOTR (F—IILR) SHEOTR (BRE—1ITR) . liys, HRIRER 1, EfFT
REEM L,

3. MNHETITTEIFGR, MIRERHITHELIRE (sift down), ZERMELSE, HERMETRISREIBE,

4. TERHATES 2. BFIE 3. 6, 1B n — 1 #0)5, RIDRISERcsci T,
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Tip

Khr b, STTREHEREHBAUEE 2. PN 3. B, HEZ T - PHHTRIPE,

- |
o ©
000

‘ M= RWET
SEHBART

wes (B EEBEBE

EMTTR BETE

000

EERKE SHFXE
- VA

w (DD000
Step 3

oo

HNENRE BHFRE

——

w (@00008
2 }

BWERKE BHFXE
N "

Amman o
- @00800
Step 7

SEHEF

1. WABURFHERE

2. ERMEPRIRATER
(1) ZEMTRSHEETE
(2) MTRERHTHEN

SEHEF

1. WINMAH R

2. BERMEPRIBATE
(1) TR SHERTE
(2) MTRERHTHAG

SEHEF

1. WABURFHEE

2. ERMEPRIRATER
(1) ZEMTRSHEETE
(2) MTRERHTHEN

SEHIF

1. WINMAHEE

2. BERMEPRIBATE
(1) HETMTRSHERTE
(2) MTREER#THN

o ©
000

EEMEE ERFXE

000

ERWERKE SHFXE

e o
000

ENEREE BEHFXE

[ Step 6

o
© o
0060

MWERKE BHFXE

nums  ([ERERE

Step 8

SEHF

1. WABEAFERE
2. EFMEPRERATR
(1) ZEMTRSHERTE

SEHF

1. BAMGHEE
2. fEFMEPRERATER
(1) RETRTRSHRTR

SEHF

1. WNBEAFERE
2. EFMEPRERATER
1) ZWEMTRSHERTE

SEHEF

1. BANGHEE
2. EFRMEPRERATER
(1) RETRTRSHETR
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o o
@ @ s @ @ eHE

1. AR 1. AREHEE
@ @ @ 2. EEAEPRREATE @ @ @ 2. EAAERRREATE
(1) TRETRRSRETE (1) TRETERSRETR
BHENRE BHFXE (2) MTAEEHTHEW HINEMRE EBHFXE
s (EEB0008 w: (00000
| Step 9 | Step 10

] o
@ @ T @ @ S

1. AR 1. BANEMRE
@ @ @ 2. RN RREATE @ @ @ 2. G RRBATR
(1) SRR SRR (1) SRETEE SR

BNBEREE BHFRE (2) NIRER#ITHL BHFXE (2) MNRER#TEL
- 3. FME—NTREANE, HFRR

- 00000

Step 11 ‘ Step 12

K 11-12 HeHEF P

FERISSEI, BAMER TS “HE” =YHER MR sift_down() B, EETENEZ, HTHER
KESFEERIURATRENE/D, FHBITFES sift_down() RERIN— M KESE n, HATHHEHENY
HTERRE, A RATR:

// === File: heap_sort.dart ===

[* EERKERN 0, NDE 1 IR, NIRERENL */
void siftDown(List<int> nums, int n, int i) {
while (true) {
/] IS 1, 1, r PESRKNTS, 1879 ma
int 1=2*1+ 1;
intr=2%*1+ 2;
int ma = 1;
if (L < n && nums[1l] > nums[ma]) ma = 1;
if (r < n && nums[r] > nums[ma]) ma = r;
/] BETR 1 &AHEKS 1, r @R, WERHEHEL, Bkt
if (ma == 1) break;
/] HBRETR

int temp = nums[i];

nums[i] = nums[ma];
nums[ma] = temp;
/] TEHRETHEL

i = ma;
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[* HEHEF *+/
void heapSort(List<int> nums) {
/] EMERLE: HARH TN RUSMIEMAE TR
for (int 1 = nums.length ~/ 2 - 1; 1 >= 0; i1--) {
siftDown(nums, nums.length, i);

}
/] MHEEFRIREEGR AR, BIF n-1 3
for (int 1 = nums.length - 1; 1 > 0; 1--) {
/] RBBHRESREHTR (RIRETRESERTR)
int tmp = nums[0];
nums[0] = nums[i];
nums[1] = tmp;
/] URTRARER, NRERHITHL

siftDown(nums, i, 0);

11.7.2 B

- INMEREN O(nlogn), IEEENHT: EHEREMH O(n) WME, MHEHHREURA T RN HE
2R O(logn), HIEHRn — 148,

- BRERER O(L). FEHHDY: JUMEHERMEH O(1) 22, TTRAHAHEMIRIERZ e -
BATHY,

- AFREHET : TESIRHETTOT R AIHERICRIN, MHE TRV AL E AT R A2,

11.8 1@HiF

AT UAHEFP IR R T AT IERAHEP IR, e TR MR/ NSRS . R HE 7 RIER)
RIS 2 TIEBER O(nlogn) o TR, BATRHRN LA “FELLEHFHIL", BN RS A AT DUA
LR

#@HF (bucket sort) ZIIATRMGHI— DA, EIEd RE — L BAR/NIFHIME, B MR —
PEVCH], IR I, 5, EBIRNERDBIAITHT  REHLIRRIIN R FH SR &
¥

11.8.1 ELimiE

FE-KEN n B, HoTRZEE [0, 1) WATERE. MHEFRImARaE 11-13 Firs,

1. FHA kM, K n DITRECE] kM,
2. MM APITHY OXERAGEE S INEHFEED .
3. TZHRAE A NEIRII R 455
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4
o 0.910.75 0.5 0.37 QRSN ReoEY
- - P2l EEIPSIAN] ]
MG
buckets HTHE
HFEE m,@m [&#OA) [&40&) (0.6, 0.8)
/ RIS
\ . ¢ " BHER
LR '
nums
Bl 11-13 Ak
RN SR
// === File: bucket_sort.dart ===

[* 1EHEE */

voild bucketSort(List<double> nums) {
/] M k = n/2 M@, RS MERE 2 M
int k = nums.length ~/ 2;

List<List<double>> buckets = List.generate(k, (index) => []);

/] 1. BEATESRIEMETP
for (double _num in nums) {
/] BANEIESEER [0, 1), A _num * k BEEIZRSSEE [0, k-1]
int 1 = (_num * k).toInt();
/] F& _num FRANER bucket_idx
buckets[1].add(_num);
}
/] 2. "EMEHRITHRE
for (List<double> bucket in buckets) {
bucket.sort();

}
/] 3. BHBEHE
int 1 = 0;

for (List<double> bucket in buckets) {
for (double _num in bucket) {

nums[i++] = _num;
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11.8.2 EiEise

MHERPIEH TAC B A BIR ORI, BIan, MABIREE 100 A TR, HTERERG, RIEWNFILE R
PEInE PR, HE, AT DCRFEHE 725k 1000 M, RIS 2Bl & MR THER, RIGHEER G,

- BHESAIER O(n + k) © EORTCRIEAMRINTEISME, I MRARTERSEN 7 . R
MMEEERT O(% Tog ) HE, MER-AFAREEER O(n log %) BHHL ISR &k HBEAM, I
REMERT O(n) . AFFERMBERFTEMATE, £% O(n + k) B,

CRIENHE: RS T, FTE SRS M, FHFZRER O(n?) W,

- SSMEAERN O(n + k). TEFHBHERS: TR & MR n AERBEN,

R A B T HE R AT L RIS R SR,

11.8.3 YNfAISCINFEIY 5L

FHEFP R 2 2 ERTBOAE] O(n) , REHETRCRI S BCENE AN, FOySbREdREEA R
B5 o0 AaR. B, BATEER A= ERIFTH SO eI 2 ECE] 10 M, BRSO A,
XF 100 JTERYAER 2, @& T 1000 STAYARH Do FHRTASXEEEI 20 10 4, S MPR RS SEZEER
FEH K.

NIV, BRI DI — SR RBI 0 LR, KRR 2 3 M. srltse in, AR mish
BRI N 3 M, HEFTHMPRTRBE AR,
N 11-14 Fow, JXMOTEAR LR IR, Bio2lEH i ERRET . SR, AR
FREARER N 3 M, BRI 75 R HRE Ba R s R T £

AmiiE
= BiRRIDER
MBS —- 5% 20% 15%
MigXiE #HaESEE
MERIE — 100 100-500 >500 <10 18%
10-20 13%
20-35 12%
18% 35% 12% 35-50 10%
50-100 12%
<10 10450 50-100 00500 20%
- : - >500  15%
13% 12% 10%
10-20 20-35 35-50

B 11-14 BRI A
WTRBAHRATADE R SO ASIRE R A0, W] DRSS EEIERE 750 B B ARk o ek, ERTENE,
BRI MHA—EFERES, o] DARIEEEEERS % AR A A T L,

N 11-15 AR, BAT BRI ST AR M IEAS 0 A, IXAEL n] DA BRI E (RS X TR], TS R el 125 20
EaIES S IS
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HERE

0.4

0.1 \

+o  EmRiTE

—

’ @@@ﬁ@ﬁ

hiEsEE 3~10 10~25 25~80 80~200 >200
B 11-15 MR 0 X 74

11.9 it¥HF

HHEF (counting sort) JE ST T REE R SLBHEF, 185 N T REEA,

11.9.1 HEASEM

FekE — AR, BE—DNKEN n EEH nuns , BT EERE “AEGEEC, HEEHEE AR
A 11-16 Az,

1. B, BRHEFRAERT, I m, REAE—NEKEN m + 1 5B counter

2. {88 counter it nums HAEERIIHIRIREL, HA counter[num] X N ELF num FVHEIIIREL, Gt 71k
R, HFEED nuns (BEYRTECTFN num), 5K counter[num] $5/0 1 BITA],

3. T counter MHNRIIXAR T, WY TFMEHFZELHFY 7, BTk, BB counter ,
AR B2 BBV INEIR BT nums BITAT,

fFHIF%4E nums

N C R nuns FEHERTOHIRN
N W ' counter[num] XX num BYHINKER
=3l (BF) o 1 2 4

Bf counter , EEK=E

‘ . BERMIVREIEN nums EDE]

LRYA nums
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K 11-16 HEFEFRE

(LR

/1

/*
/1

=== File: counting_sort.dart ===

HERHEE */
BRSEH, TERTHENER

voild countingSortNaive(List<int> nums) {

}

/] 1. FIHEARKITE m
int m = 0;
for (int _num in nums) {
m = max(m, _num);
}
/] 2. SFHEHRFAIHIRER
// counter[_num] XX _num BYHILXEL
List<int> counter = List.filled(m + 1, 0);
for (int _num in nums) {

counter[_num]++;

}
// 3. & counter , BFRITHRENELHH nums
int 1 = 0;

for (int _num = 0; _num < m + 1; _num++) {

for (int j = 0; j < counter[_num]; j++, i++) {

nums[1] = _num;
}
}
BT SHHP IR

MHHEFP I EE, TATA DU TR PRI T B counter BIBEDR S N — T, StiHEE
A REB RS DR BRI AT, ABLE, THHE R R AR N A — MR

11.9.2 TEILIM

AOATRE ATRERIL T, AURMABIRRM R, ERSER3. MR T, B ABIE RN R, 8%
MREaR TR CRAUBURZR) MR THE, M ERRIEHRES R IIH T4 R,

A2 A RS B R BRI HE 45 RIE? BATTE JEHH 5 counter HY
prefix[1] FTHAAT L NTRZA:

({35

Al

ZRA07, B, KRG 1 ALRIRTZRA



H11E HF hello-algo.com 248

AR X, prefix[nun] - 1 fAFRICH num TEG B res MG —RIBIR S, XMEE
EHKHE, ROVBEEIFRENS N ICRMIZHBIAES RN M E, BTk, BAME7ET 5 nuns 1)
FATLER num, FERRIEHHRITUATR D,

1. %% num BEAEUEH res RG] prefix[num] - 14k,
2. DHIZEH prefix[num] B/ 1, MIMFE] NXGE num FIZES(,

wPERE, B res PRUZHHFHFIISER, B&IGHEH res B EEH nuns BIF], & 11-17 JBR T 5281
Burr i,

s e (@0000000OC = (000000080
' / =

A\

BFnum 0 1 2 3 4 BF num 0 1 2 3 &
suna e (@OOOG wew e (@OOOD
(counter)
BFH nuns FHEIHEMEFHHIREK HH counter RIBIZA, 2% prefix
counter[num] & num AIHILRER prefix[num] - 1 €% num 7% res FRE—RHIMNE3|
l S3p o ] Step 2

num

,
= (000000000
e [ [ [ [ [I[[- wwa - (HEOO00E0E0

R nums

/ l/ N 4 ) ~ /‘//
/// P ////,, e -
BF num 0 1 2 3 &4 BF num 0 1 2 3 4
was e (OO0O was vee (DOQDOO
(counter) (counter)
EIFER nuns FRISNTE num , SHRRIT: EIFER nums FRSNTE nun , SRHAT:
1. % num A res WH3| prefix[num] - 1 & 1. % num A res W%3| prefix[num] - 1 &
—_— 2. LHI%A prefix[num] BR 1 , MWBETRKE num BIZR5| — 2. 2EI%A prefix[num] B 1 , MWEEITRKE num BYZ5|
| step 3 ] Step 4
num num

:
= o (OEB000000
el [ [ [ [ [ [-]:] [« el [ [o] [ [ [2]:] [«

R nums

/ e
s g

Vg — /) -
BF num 0 1 2 3 4 #F num 0 1 2 3 4
wen e (@EOOD wan v (@EOOD
(counter) (counter)
FIFFER nums FEISADTTR num , SR BFER nums FRSNTR nun , SRHIT:
1. % num A res W%3| prefix[num] - 1 & 1. ¥ num A res WHK3| prefix[num] - 1 &
2. SHIEM prefix[num] BF 1 , MTEETRKE num 25| ) 2. SBIER prefix[num] B 1 , MTISEITRKE num MZ5|
Step 5 ] Step 6

= (000000000 = QO0ODO0D00
= - (1000000000 s (1000000000

BF num 012'3"1.' HFnoum 0 1 2 3 4

BISM prefix uua WIS prefix nnn
(counter) (counter)
HREHREHIE, HRRIRER LR res BERMA nums BPA]

ItEY res FREEHFHNER

| Step 7 Step 8
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B 11-17 5%
THEHE P RO SEEM RS AN R s -
// === File: counting_sort.dart ===

[* THEEE +/
/] STEEI, ATHENSR, HEEREHR
void countingSort(List<int> nums) {
/] 1. FITEHARARTE n
int m = 0;
for (int _num in nums) {
m = max(m, _num);
}
/] 2. G EHRFRIHIRER
// counter[_num] XX _num BYHHILXEL
List<int> counter = List.filled(m + 1, 0);
for (int _num in nums) {
counter[_num]++;
}
/] 3. K counter HYFIZEM, R’ “HIRE iy ‘BRI
// Bl counter[_num]-1 @ _num f£ res FRE—XHEIMAES|
for (int 1 = 0; 1 < m; 1++) {
counter[i + 1] += counter[i];
}
/] 4. BAIFIER nums , BETRENERIHKA res
/] ¥IBERE res ATFIERE
int n = nums.length;
List<int> res = List.filled(n, 0);
for (int i1 =n - 1; 1 >=0; i1--) {
int _num = nums[i];
res[counter[_num] - 1] = _num; // ¥ _num HEEIXNZEF|&
counter[_num]--; // SRIZMBER 1 , BETXHE _nun BIZES|
}
/] ERERHA res BEEHA nums
nums.setAll(0, res);

11.9.3 HixisE

WHEZER O(n + m) @ W& nums FIET counter , HBHEALZIER A, —BEH T n > m,
RS ZEET O(n) .

- BSAEZER O(n + m). T : HB1 T KEDB10 n flm FI%E res Fl counter .

- FEHT: BT res MIEFITCRINUTZ MNAAAE" 1, EELEFET nuns 7] DUESCEAESETT
RZERRENOLE, MmSRBfEH T, bk, 1EFiED nums AT DUSEERPIHEF SR, H55HR
ARRRE R,
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11.9.4 B
BIXE, (RFSREHEEHEFIER 5, (ORGSR AT AT S HE . AT, s
(TR B SRR TR

TR HOE TR DU S, AR HR T HA SRR, 7R ORI R v] DU Oy e sy, R E
FERHOS FE P ARRER S D IT R Z A RN R BN, X E BRI,  rT DR T
ME—DEE, BB AONER, HrsemsamE X,

HEHF SN T8 BB BIRIE R BT, tean, 76 BRREIF m REERK, SE &G 22,
M n < m b, HEHFEA O(m) WNE, ATgEL O(nlogn) KIHEFHILIEZE,

11.10 B#HiF

E—lAE TSR, EIERA TR R n BOCEEIRTEE m BNMIE DL, BIRRITREN n = 100 M
BHATHE, M5 2— 8 iy, XEWESIRUE m = 10° JEH Kk, ERAHEEHFHESRARN
feadinl, TR A] DO X A a .

BEHHF (radixsort) HIRLEESIHEHIF —2, th@EESHH MOk, fEIEE, SEEHFA
BT B AL BENEHERR, RO —AHETHY, AMSEIRZRHF SR,

11.10.1 EZimig

DA S BRG], BB TRIRIRAIZEE 1AL, Smsfoess 8 i, HHHNFImAENE 11-18 AUk,

1. ViR k =1,
2. WNHESHE kAT VT, iR, BIRSRIES kA WNEIRHER
3. R kAN 1, AEIREIER 2. 4kEik, HFIFTAEAAHET 24 R,

35663510 35663519 10546151
88906420 88906429 39524779
10546151 82060337 34862445
B (D
s
osois)
81883077 81883¢77 72429244
82060337 30524779 81883077
42865989 42865989 82060337
30524779 63832995 88906420

K 11-18 HEdkFE LR
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NEFIFTARRSEH, W4 d BT o, BRIOLE kL oy, ATRMER AR R AR
x
Ty, = LFJ mod d

Her |a] FRWE RS o FREE, 1 mod d Fomnf d B (BUR). W T2E580E, d =10 Bk € [1,§]

e

AN, BANTFE/NES N EGH S, 2 n] DARTEECFERYSE b A3 THE -
// === File: radix_sort.dart ===

/* FRERGTE _num BUEE k fiI, EHA exp = 107(k-1) */
int digit(int _num, int exp) {
/] 2N exp MIE k AILLESRELHESHITRENAAITE
return (_num ~/ exp) % 10;

}

[* R (R3B nums 5 k fIHEE)  */
void countingSortDigit(List<int> nums, int exp) {

/] TEBNLCERR 0~9 , EEEKERN 10 HNiEiA

List<int> counter = List<int>.filled(10, 0);

int n = nums.length;

/] %t 0~9 BEFRIHIRE

for (int 1 = 0; 1 < n; i++) {
int d = digit(nums[i], exp); // FREX nums[i] % k fiI, 2/ d
counter[d]++; // GitEEFE d BIHIRER

}

/] KEIEHA, ¥ ‘LM Fign ARSI

for (int 1 = 1; 1 < 10; 1++) {
counter[i] += counter[i - 1];

}

/] BIF&R, RERARITER, BETHREN res

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

for (int 1 =n - 1; 1 >=0; 1--) {
int d = digit(nums[i], exp);
int j = counter[d] - 1; // $*BX d E#HAHHES] j
res[j] = nums[1]; // FHFITHREBENES| j
counter[d]--; // & d NEER 1

}

/] FEREREBEEFEHA nuns

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

}

[* BEE +/

voild radixSort(List<int> nums) {
/] FREEANRATTER, ATHETRALER
// dart 1 int KER 64 iIfY
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int m = -1 << 63;
for (int _num in nums) if (_num > m) m = _num;
/] ZEMEALE SRR
for (int exp = 1; exp <= m; exp *= 10)
/] WNEATENSE k URITIHEHE
// k=1 ->exp =1
/] k=2 ->exp =10
// Bl exp = 10~(k-1)
countingSortDigit(nums, exp);

P2 ARG 4EHE R ?

FEESHIHEP R, Ja—ieHr SR HE P RIZE R 2R, MRS PSR a <D,
M —RHFER a > b, WLB IS LR, BT8R m Tk
iz, I NIZSEHE RO R AL

11.10.2 BHxi5

MET H 8, BEHE A T BIETEEBORRIIE O, HATTR R BE 0] AR M A ks, e
BORREIL K, BN, T2 s8ORE & (R80T, RO HAE kK, ATRESEURFIE 2% O(nk) > O(n?)

o

- INRERERN O(nk): BEIEE n. BIEH d B, RROECY k, MINHE—REHETHEHFEEH

O(n + d) W, HERFATE k R O((n + d)k) W, BEERT, d kSRS, HiE 2
REaI O(n) o

- BHERERN O(n + d). EFEEHYY . SHHEdFHER, BT FREEURKE n fl d A res

F1 counter o

- REHbE . LG RER, BEEHPTRRE; ST ARER, B ICA LS E R

HraiiRe

11.11 &

1. ELER

- BiEHEEE A B SRR R LB, I A — RS AR SR AR A, FRATTA] UK B e

M ER R E AR O(n) .

- FAAHEF SR AR X E N TREAZ EH T X R EAE, AWMy, B28mAHITR

RS 2R O(n?) , (HiTFRTTBROEExE/D, RIAE/ N R HERT 55 -h k8 32000,

- POEHER RTINS B S . RN, A RTRERHREREIE S AR, SBINTAIE

HEHLE O(n?) o BINAABCEEBERINLE R DA RIX RS LIUER, 2380377750 AR AL
g IR IATREE, AR RS O(logn) o
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VBRI AR N, SRR T 40, TEVIHEHEER, O R Q) A A
4,z RN O(n) ; ATHEFFRERIZE 2R UL E O(1) .

RS SABE: BURAOR. RIS AR, CRBREL T AT, & T RR AR A
BRI, RRHERF SR T AR T P19 L,

R AR R — N, B A I R RO ST e, LA RIS T R R K
HURTEETIRAOIE DL, 3 H IR NURAENS RO R,

AR G R SRR, TR RO R N L T

C RO, RIS R B, BARACR, E. BUbLURIER EIERES A, AT,
UL AR TR B —RE, B — R PRI AR5 I SR T L 4 P, TESCRRRI T, R
AR BRI R BB 03

C B 11419 M T BT ERARCR, RN, U SR,

B jE) & A e EERE
B iy Bz - BEM AR EERM BT
sl 0(n?) o(n?) o(1) A R EEER LR
;Ecl)j‘zfzﬁ)f% | BEHFE oM o(n2) O(n?) o(1) BE Rt BiERT (i3
TENHEF O(n) O(n?) 0(n?) o) B [ - Wt
HEHF | O(nlogn) O(nlogn)  O(n?) O(ogn) | 3HERE o i Wit
éi,ﬁ?;rf) 1 UV3HH#F  O(nlogn) O(nlogn) O(nlogn) O(n) RBE FEEH BB [R5
#HF | O(nlogn) O(nlogn)  O(nlogn) o(1) JHaE it FEER e
B O(n+k)  O(n+k) o(n?) O(n + k) aE JEEH HiER et
iicriﬁk)ﬁ? HEHE | On+m) Onm+m) On+m) O(n+m) B E(Srv I 3= e VAN 135431
BEHHF | Ok O(n k) O(nk)  O(n+b) B EEEE I (=T VANE 31451

n HHIEEA
T, k R

& + L ‘ R, m IR
EH#HFR, k DEAL, KIEHD b A

11-19 HeF&EFEA L

2. Q&A

Q: fIFRIEREIEM M0 T2 ATHR?

EISER, BATETREET R RN BRI THE R, Blan, 22 EEU2MSGESm N ENE, BImES—
MNERHET: SieREAHITHET, 152 (A, 180) (B, 185) (C, 170) (D, 170) ; FXN & &EHITHIT. H
FHEFHEEARRE, FILrTEE5E2] (p, 170) (C, 170) (A, 180) (B, 185),

AIDUREE, 525 DRI C R BARAE 7o, WRRA RO T, TXRBMIAREERIK,

Q: My “MEEEER" 5 “WEEAER BT T A ?

AT, HBANCARIEITTERAFIEEIN, S0 “MWEREEER” B “WEEAEK. RPMEEFEREYR,
BATDREIT— RIR A,

W SR> partition() ARG — 25 HE nuns[left] Fl nums[1] o SERMCHRE, FEMEEEIARITTRAR <= 2
LY, IR IS — 2 2R nums[left] >= nums[i] BAURNL, RIRFAE “MNEELAER”, IR
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AR FERCE KIITE, WISE 1 == j NBREAEEE, B[ HE nums[j]1 == nums[i] > nums[left],
FUEW, R —D R ESE — D RS R T BRI R I R oim, SEEXI 2 8,

BT, BEEA (o, 0, 0, 0, 1], WAL “WERAE", WERIDEEAN [1, 0, 0, 0, 0], X
g S NI

BRANEZ T, WRENEEE nuns[right] NEMEE, BAIELGFFOIR, w0 “MNAETLAER,
Q: XTRIBIAMA, Mt drErIBARERIEEITREANEL logn ?

IR R BIRIR BB VAT IR AR, BEIH LRI B TR B8 R 7 e e, TERIE A AL
JG, MRBHANFEHARERIONFERAKER—F, BRRERN, —BEN—FKE, BamZEIAR
JERE logn o

B AR P, BATA ATRERIESHB T K EERIEAH, REBN T AN, n—1, .. 2. 1, i&
RN n o B AT DOR I AR L tH B

Q: YBLAFATH CRAMEN, POdHFIR RS 242 O(n?) 15?2 Zaa b EXFE L5 5 ?

B NTIRXAIEN, A A @S R =80y T BT RTHEMEERL (AR
JVNFRIRTHRIME D EIZTTIET, WATTR BRI, 4o BT sg .

Q: WHEFIRERFEAE N LR O(n?)?

BEWMIT, FrETERSER— M, GRRAIRA— O(n?) SkkHprXEeTE, M FE fE
B O(n?)



255

F12E 94

Abstract
MR ZIR R, B —IREPRRERE & S o A,
DMHAZ R T —NEENESL: WERMGE, —UEIAHEE S
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12.1 988
4334 (divide and conquer), SFRTIIAY, B—FhdEm BT % WIEEER, SMaEE TR, [
5B R AR,

Loy GUBBY : IR R P e DA, BB ER RN TR 22 Ok,
2. i (BRIFRED . MERMRRIR/ N T REOTA, ARETUR 7 BRI AR T &I, AT i )

HIfiE,
e 12-1 AoR, “VAFFHEET 2 oERISH AN 2 —.

L. gr: AR E A (R I A8 (FRED, ST AT —MTR G FiRE),
2. 6 WEETHS AR TEAE (FRIERWR) T, WMEEIERFRESE (R .

PEEEEEEE

roa (RSEER)

BFiAE

- (B

B 12-1 JAFFHER R Ta R

12.1.1 N{EIHIBR S 4R

—ANARBUEEIE G A TARR, JEHE AT LASE DU LA R,

L. [l LA TN R] DA R SR /N, SRABIRG IR, DARCRERS DAAHTR] 75 208 T AT R 79
2. FRIBRMNIN: FRIBZ MAES, DA, TR R,
3. FRERT DIETE: R RS R R S 7 AR SR,

BAR, VAHHEF R DAL =AW,

1. FSITDAO: st RRIED X M8 (FRED.,
2. FRISURMNIE): DB A DRSO THE R (AR A] DUSSZ TSR .
3. FRERRAT AT MDNER A (FREBRE) ATLEH N —MEREH (R
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12.1.2 @I EIRFAE

SHEAOUT DU R RS, e DIRTHRIARCR, RS, PudHir, A3FHER. i
PR TiEeRs, B, MAHFER, SUREVENINA T E R,

Mo, BAIAREERR: Mt 2smianl ERTPRRRCR, HIRZBERMTA? #im, KRmE A2
TR, ORI, R AR S O SR R, X)L RISCR A 20 L B R R ) R o 1 2
XA R A] ARG AT T S 75 TR I 18,

1. #REHREMRL

DL “EEHEE o, EAE KN n ARAEE O(n?) M. BIRRIHZIEE 122 BRI R,
BAM A NP TAEL, RIS TEE O(n) M, HFSNTRAEE O((n/2)?) M, &IERN
FREATE O(n) W, BAERFEREN:

2

OM&{%PX2+W):O¢%+QM

DEEoEEEE

BiaHF
0(n?)

DEEEEERE

Bk o(n2) Ei& 0(n2/2 +2n)

K 12-2 RIp¥eHmTEN B iRy
TR, BANHRUTIAERX, BGRB8 72 jiA o R e S8

2

n2>%+2n
2
nZ—%—2n>0
nin—4) >0

XERE S n > 41, RoErREBERE Y, HIRBeRMIEE . HEE, XInJErIN RS2 ETRR T
Jikh O(n?) , HREREHINEBINENT,
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P, WERBATHE A AW PSSR A A, B T B AR DT RS IR e ?
IXFURRSERR Bt IR, INEEZEHN O(nlogn) .

A, QERBMNZEBEILNRD A, RIESEFK0 0 kADTEEAE? ZXAMERS “MHr” IR0,
EFFEAHFEREYE, it ENEERET ISR O(n + k) .

2. FHTHEMRK
BATALE, I RE T BV EARNZR, L@ E T IOFTROL. R, s7a A AT AR IR
EEARE, EHRTIREREIIFFITRL.

FHATIAE A% B AR BN U 2K, ROV AR GER] DARI AR 2 A7 (Al d, SN SE o HMI A T R
TR, AT D S AR RTIB TR AL

FRANTERE 12-3 R “HWHER" o, BATRER BRI 2 BCR 2 M, AT A RRHE R (55 70
BENRETT, EREHEEHER,

TTE

K 12-3 MHEFRIFFTIR

12.1.3 98ERKA

— 77, iG] ARRIRRVE 2 22 LR AR,

© FEREGE RN ZEIRE SR R RIS, SRIE R PRI B RN, BRSO
TR XS o

- KBEEERIL: a0 Karatsuba Ji%, BRAEEEGRE 2N LB NI SRIEFIINTE,

- JEREIRTL: BN Strassen B, BIRIERERIE DN 22D/ INERE ROSRIERI AN,

- DOESEEL: POESE TR AT DUBIE AR, X2 U IR SR R .

- ORMESREXE: - DFAI, AERATEH AT R TR, IB2ZN DR R — DR KA
Wi Al AT AR v B AR, (R BhIAHHER BT SR,
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i, SHAERIEMEERAERE M SRRz,

© s SoERRRAEFEAMNFRRGIE S IEE Sy, AERE HAMES R TTRE LR,
ODUEHERRIR—FIX 1A, FFAERIR X A AT R B = 70 B4

- VDR ATTRKEN S, A,

- POEHER . PRIEHET RIEE —NMERE, REEBH NN FRE, — DB TTR AR E D,
o —FRAHRITCR LA R, AR ER AT AR 0180, EETHANFE T IR,

- MR WP A BB R D BE 2O, RER S IRNETTRI T, &ERS MR
TERMIXE, MMRE— MRS,

- B BN SRR, AVL B, Z0RM, B, B+ WEE, BEAIRIEER. EARINERSE SRR DAY
THE RIS I

- e HERRPRIRESE A TR, HARMRCE, A MHERAIHE(L, SCRR_EESRE S T rTRR) AR,

- A BRBHRIFAERNMAING, (BRERARIIRERTT REHEN A T riasks, flm, st
AR EER PR OV LB, DR ERER,

FLAVEH, iRl “EPgios” RTERA, SRR S BER .

12.2 9812 FEER

TAEZE, FREEDNHAK,
C RANER: CEOBFRIESHIIL, HEERER O(n) .,
- EIERHEER: TR B SUYRSERIS B, R A A O(logn) #%E O(1)
Sai b, W2 O (log n) ISZREE TR RIETSARIGIBUN, (B0 — S E AR,

© S ERNE PR EBAHPERERTER) AN (RS — R BT
), XM —-ERSEEEH sl R E B Rt R 1k,
- BRI B, TEIERRL AVL B, SRR T, SRHRERN RS 2R E S O(logn)

o

o BRI HAREEN TR,

- ISR PR "o EPOBTHOR R R (TR T AR T (TR — T &
£, X R TR AT R KL,

- FRSURMNIN): £ ERT, SRR DR, EANSZ H AT R,

© PRSI EIE: o EREEER - MEETR, RINARER FRIEEHT S, HF R
SRR, BRI 2 R NS RO

IMAREMS TR THERIR, ABERENRIELRGL AR —MED, MG R 0T BUHERR— %
i,

1. BEFSaERN=—28H

FEZRINETH, &g TR 020 KB, BIERMET G GBI KRELHE,
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Question

HE—NEEN n WEREAH nuns , HAPTE TR MM, EERICE target

WSS, BATKHERIXI [i, 5] M B FIREIEH £(4, 7) -
DB £(0,n — 1) Witass, Sl L FBET s 2k,

1. WEERXE (4, j] s m, RIEEHRR—FERXE,
2. BBVARMBALRN—FHF R, "T8EN f(i,m — 1) 8 f(m +1,7) .
3. TN 1. BRI 2. &, EHEKF target sIXH = MHRMEL,

B 12-4 JRoR 7B o EBOTR 6 RriaidE,

s (BE00000000
¥ oa
f(o, 3) ann 12 15 23 26 31 35]
I 2
f(2, 3) [1 3 on 12 15 23 26 31 35]
A

\ 4

REREFTR 6 WHFESIH 2

K 12-4 BRI RE
(ESRBRTG Y, Bl TP — MBI R dfs () RoRARIEL (i, j) -
// === File: binary_search_recur.dart ===

[* ZHEH: B (L, §) */
int dfs(List<int> nums, int target, int i1, int j) {
/] EXiEAE, KRBT E, WiRE -1
if (1> 3) {
return -1;

}
/] HEHRERS] n
intm=(1+3)~/2;
if (nums[m] < target) {

/] B)FFRE f(m+1, j)

return dfs(nums, target, m + 1, j);
} else if (nums[m] > target) {

/] BVFFEER f(i, m-1)
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return dfs(nums, target, i, m - 1);
} else {

/] #EIBtrns, REIHERS|

return m;

}
}

[* ZaEHK */

int binarySearch(List<int> nums, int target) {
int n = nums.length;
/] KRR (0, n-1)
return dfs(nums, target, 0, n - 1);

}

12.3 19 Riin)eR

Question
B XWMWETF DT preorder M FiE)T inorder , TEMAAEEE XM, JR[E] — R IR
o B XA EEENT A (W 12-5 Fimr),

BiFFIER
/ \ B preorder
HhFiER
inorder

12-5 5% — X RGIESE

1. AR BRI RRE

JR A E M preorder K inorder #%: XA, 2 — NI SGRE,

- PSR PAS R MIRRIA VI, FRATTRTDORE R RIREKI 7 N[ R M 7e 14, MR T4,
IbE—S 8 OIAHARTT S TN TR T (D, AR AR A BA LRI 751%, HHK
DNENFR (FRED, BEERFENFR- (2R Lk,

- FRSURMNIH: L RGO IS, ENZ R A 2%, AR TRIN, BAITRFERE
PR 3 D AT 3t P PR 5 2 TR B R e A5 TR TR B

- FREREAILAE T — BRI TR TG TR (PRI, BATHEAT DR e IBERERYT 5 L,
S E i P R AR
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2. RIS FR

MRAE LA B3, IXIER AT CAGE A o3Ik R, (B I@EIE i35 preorder FIH)F3 M inorder SRR 72 ¥
P T RE?

HRAEE X, preorder 1 inorder #RA] PAKI S A ="1NE657

- HiFED: [ RTR | AFW | BFW 1, BB 125N 319217 ],
- R [ EFW | RTR | AFW ], GIANE 125N 9131127 1,

PAEEESE A, BATA] DOEEE 12-6 ARy EG 21K 7345 3R,

1. ARG EITE 3 BT mE,

2. BEBAIRT E 3 7F inorder FIYRS], FFZZESIAE tnorder XIS AL 91 3 | 127 1,

3. tRYE inorder RIS R, SISAE TRAIE TWAH SEE 2RI 8 1 F 3, MIA ¥ preorder XI53H
(31912171,

BHRRAMRTR

AifFiERH  preorder

(:> ERIRT ARG
@ @ HFER  inorder n FE—

: 3MER
EFHE
197R

HiF#FE preorder nna

12-6 £ R ik A AR i P & o

3. EFTEiRFiXial
RIECAEXI 2 751k, BIMELEEMR Y, K7W, A 7WAE preorder il inorder IR GIX T, ik 11
RIXLERG[XE], FATFEMEB L NMEH T &,

- R HIR AR SAE preorder YRS E N i o
- KRR AIRTY KAE inorder EYRGIIEHN m o
- B AREIRAE inorder FINRBIXAIEH [1, 7] o

N 12-1 fr, 1@ DA B2 RIA3RRIR T 5 AE preorder S|, PAN THTE inorder AR G( X [H],

R 12-1 AR SR T RT3 P A PR e il 7 R A 2R 5 |
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FR FAE preorder HHRJZS| FHAE inorder FRYZES|[X[H
17 ) 1 [1,7]
T i+1 [[,m —1]
ESER ) i+ 14+ (m—1) [m+1,7]

HER, AFMIRTERIIPN (m — 1) &0 Rl s’ @ileEar 12-7 8ig,

o
weorce: | EDEIEDED
A A A

<:::> <:::) i i+l i+1+(m-1)
hFFER

in;Zdéj ||='|lilllillill|il

o o v

B 12-7 MR RMZEA FRIRT X ARR

4. X3
KT R o (0RR, Bl BB — M T hmap JEAABEEC tnorder FhIE 2 E125 U
// === File: build_tree.dart ===

[* HEZXK: 929G */
TreeNode? dfs(
List<int> preorder,
Map<int, int> inorderMap,
int 1,
int 1,
int r,
) {
/] FRXEATELLE
if (r - 1 <0) {
return null;
}
/] MRHKIRT=R
TreeNode? root = TreeNode(preorder[i]);
/] Bl n, NS ERATFH
int m = inorderMap[preorder[i]]!;
/] FilE: ¥Eis T

root.left = dfs(preorder, inorderMap, i + 1, 1, m - 1);
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[/ FRIRR: A FH
root.right = dfs(preorder, inorderMap, 1 + 1 +m - 1, m + 1, r);
/] RERT =

return root;

[* BRI */
TreeNode? buildTree(List<int> preorder, List<int> inorder) {
/] WEKIEFER, Z0#E inorder TLEREIZES|HVBREY
Map<int, int> inorderMap = {};
for (int 1 = 0; 1 < inorder.length; i++) {
inorderMap[inorder[i]] =

}
TreeNode? root = dfs(preorder, inorderMap, 0, 0, inorder.length - 1);

return root;

A 12-8 R TR KRBTSR, BN RRIER S 98T AR, WSl (5IR) BAIER
SRS R Spog S Lhe AVAI N

weorie: (DO EDOE o

e (GO0
— _—
Step 1 Step 2
2] )
- gooaa © /

3 9 n preorder
@ @ inorder

[ step 3 [ step 4 |

o o

|s:ep5 | ‘Stepsy
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/ / 000 -
/ @ inorder
@ 3 9 2 1 u preorder @ @

9312“ rrrrrr

Cava § 7 | 701 ] 3 & EB

[ step 7 | [Steps\

- )
. gopoa

3 = €3

Step 9

B 12-8 HHE AR

FNEIHEREN AR R]T preorder MIH &) inorder BRI 4 RATE 12-9 AR,

preorder aa
inorder aa

preorder 392 1 7
inorderal% 12 [7

preorder ([ 3 | 9 297
inorder | 9 | 3 nz 7

B 12-9 &R RBHRIRI 4R

R BN n, WHALE— DR (BUT— MBI dfs()) A O(1) I, It S AR 5 A%
R O(n) .

G R AE# inorder TERFIRGIMIMLN, BAEREN O(n) . EREBNT, B XRHBMAOVEERN, #
HREIES 0, EH O(n) KFIEbERE, FSAZRERERN O(n) o
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12.4 BB

FEVAFEHE R AR SRR AR, AT i 1] 0 T AR A S [ — 7 (AL, RTINS T 5 1]
A, AR AR 7 AR

Question

HEZMRET, IER A BRI Co IR, T A LEE n MRS, BN LRI NZIEMNNEIRE
G HE, FATNESS R ERIX n DMEZBEIET ¢ b, HREFEMNNEEF A2 (@nE 12-10 Fr
TR)o TERBBNRAIZRRISARA, FFEESF DA RR,

1. BEEHREM—ARAEF TR, S —HRAE T TR
2. BIRARER)— R,

3. /NEELL N ZIN T R Z b

ALl

Y #EEESEM A BHE C
A B C

12-10 NG RIRRE]

BAERED @ RDUERE RS f(d) . Bl f(3) RN 3 DR A BBIE ¢ FITUEE TR,

1. EEELFER

e 12-11 fow, WTRE f(1), BRYEE—NESN, ROTEEZM A 3= c iR,
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-~ 1l L1l4

R £(1) WER:
BEEBESM A BHE C BIF

A f(1)

Step 1 Step 2

B 12-11 AURON 1 AR
i 12-12 fow, TR f(2), BRSAPAEERN, b FEnme /b ESER B b, R
B RS2,

1. ¥ EmfNREMN AR EB,
2. BEREBMNABE C,
3. ER/ N NEEMNBEEC,

al l Lil

AR £(2) WSRE:
A £(2) 1. B)NESM A BRHE B
l Step 1 ‘ Step 2
A B [4 A B c
@R f(2) WER: RR £(2) WSE:
1. %/EEM A BIHE B 1. 0EEM A BEHE B
2. BAESEM A BHE C 2. BAEEM A BHE C
R 3. % )EEM B BHE C
l Step 3 Step 4

K 12-12 BB 2 BTa) R

fRFREL f(2) B RERTREE R WA REED s MABR c. Hi, cHNERE. B FRNEMHL,

2. Fial@ES R

MR f(3), BIRYAE=ABEERN, HREmMmME kT —L5®,

ROVEHE f(1) F0 f(2) B, FRAFRATRI M SE AR REREE, 1 A DERRIPA B S A 1 — V08, TR 12-13
FREI R, XA =Rt A B2 ¢ T
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1. 2B NENME. ¢ WEMWHE, KM TNEEMABESB,
2. Ff A HBRIRE—DEEMM A BRBHIE
3. @ CONHEIRE. ANRMNAE, FRDMEEMBBEC,

A B
R £(3) WSR:
@ f(3) 1. BEAPERM A BEHE B
Step 1 | Step 2
A B [ A B c
fER £(3) W] R £(3) WSW:
1. WP ERMN A BEHE B 1. B EZM A BEHE B
2. BER—NEZM A BHE C 2. BRR—ESZM A BRHE C
3. BEIERZM B BHE C
Step 3 Step 4

B 12-13 BN 3 [ RI-BAE

WA EE, BAMERRE f(3) Q5 APAFRE f(2) F—AFRE f(1) o 207 RINX =47z 5,
JRIAEIRE 2 S 2RO, XA AU ARSLAY, T E MR LS,

2k, BATALREE R 12-14 FrR B ROGEE IR 16 SR KRR f (n) 35 AR f(n—1)
FI—FRE f(1), FH42RE PRI R ouX =1 A,
1. ¥n—11MEBEB cCMNABESB,

2. ¥FEs 1 ANEEMNABEEBEBE C,
3. Bn— 1P EEMEANMNBBEC,

HTFXFA TR f(n — 1), o SO PRI, HEAFR N T8 f(1). 1 (1) 1
WRTHIN, HF— BT,
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FiadE f(n-1): & n-1 MESEM A BEIE B

) 4
FIEE £(1): #$HR 1 MERM A BEHE C

[RiEE f(n): & n TEEM A BEE C

FiaE f(n-1): % n-1 MESM B BEHE C

12-14 fROIOEE TR REAY 73 16 SRS

3. AExEm

ERIEH, BATEH— N EITEEL dfs(1, src, buf, tar), ERIMERREHA: src TEEHY ¢ DNEELEBhE
1 buf 812 B st tar :

// === File: hanota.dart ===

[* Ba— 1P EE */
void move(List<int> src, List<int> tar) {
/] M src TREEE—1REIE
int pan = src.removelast();
/] BEEBN tar TN
tar.add(pan);
}

[* REBSGEIEIR f(1) */
vold dfs(int 1, List<int> src, List<int> buf, List<int> tar) {
/] & src RRT—NEE, WEZFEHEZE tar
if (1 ==1) {
move(src, tar);
return;

}

/] FiEER f(i-1) : ¥ src TN i-1 MNEEMEE) tar %3 buf
dfs(i - 1, src, tar, buf);

/] FEE f(1) : & src FR—NEREE tar

move(src, tar);

/] FiER f(i-1) : ¥ buf TAZ i-1 NERMEER) src B3 tar
dfs(i - 1, buf, src, tar);
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}

[* REEEERB */

voild solveHanota(List<int> A, List<int> B, List<int> C) {
int n = A.length;
/] B A TRER n DERER) B $BE C
dfs(n, A, B, C);

}

QN 12-15 AR, DOASERISTE R RGN n BBV, &1 AR DR, MR —NTER dfs()
B, BENRERER O(27), BREREN O(n) .

B 12-15 UASE R 3 U 4

Quote

DORIE IR B — N BN, EHEEN—DSFEE, BEMNE=ReRNEatEs, Pk 64
MR —HE B, BEMANEIEE, MIMEEERE — MEBSERTENIR—ZI, X
JLE S S

SRTT, BREERSBIEREEEN—R, BHEEAL 20 ~ 1.84 x 101 B, &4 5850 124, imini@
TN FH ARG, TR, MEIXMETRER, FAINVIZATFEHR O TR HER,

12.5 /&t

- IHAR R WM EIRRIT RS, W (D) fis (B WARTEL, EEETIRIARI,

- HAWTR S RIGRIERBARIE A FIRES , FRER G, FRRES &),

- VAFHHEE RIS A SN F, OB TR R R 0 N E R T, BEIHRF N ITRNIT
WEREEH, MMTERHEF.
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- SIAD RIS ERE AT DARTHEIRRR, — 77, ARG TEEE; 5—77m, MEEAMTR
AT,

- oIAREA] DR 2 BIRANE, ) A TR SRR, AR

- MHERTRENER, AENERIRER, NEERER O(logn) MIEREIREH ZHT /ARG
e

- ZOBEBRSIGRIGH S NN, EANEER T REN T EIFRP B, AR U@ S
HAKH =&,

© FEMEE OB A, AR (D AT DA A e TR A (R, X AT DAsEId R
5 3 A PR e 3 P O 2R 5 | X TR R SE B

- AEDUESERIEA, — DD n @RIERT DA 2 AR n— 1 B9 7 RIS — SN 1 5 [A)
o AL AR =7 R, BRI 1S 2R,



272

$F 135 [o]i

Abstract
BATANERRE R RUIR RS, TERTEAYIERS b nT sE 1B 2 R R,
B R IEBATREW ERFLE, Akrzl, RZRFEFEHINE A,




13 % [E hello-algo.com 273

13.1 [EHE%

[C&% (backtracking algorithm) J&—Hulid 55 2R MR R RY /715, BRI OEAZ N — MRS H
K, BNEEERENRITE, MBEEMMANEHICS, BEIREIMEEE 2 7 ArE vl GERIEEEED
TFARBNFRN 1R,

I RRE R R “REICER” KiEhsm, £ "X B8, BOURRINF. FRRERET
AR TR R, TR, BAOTHAIAT & IAE — D EARE, ZB25 7 iR SRR R TR,

ol —
RN, ERIFICRATEEN 7R A, TEIRET RS,

XTI, BATET @R, FEAIBS AT S RER SN T, B, WRIZT RAEIALE RS res
Z o AR ARSEEANE 13-1 A1 A M AR:

/] === File: preorder_traversal_1i_compact.dart ===

[* BiFEEH: FlE— */
void preOrder(TreeNode? root, List<TreeNode> res) {
if (root == null) {
return;
}
if (root.val == 7) {
/] iERHE
res.add(root);
}
preOrder(root.left, res);

preOrder(root.right, res);

REMFER

BIFFIE =X,
HiZRER 7 HUR

Al I8
£ @inRTR

13-1 {ERi R T A
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13.1.1 ZiX5[ER

ZFR DR 2 e, RFDVZRIAEERR RN 2R “27 5 “BIR” MER, YRR RY

FEFIB RSN IS TR ST BT IR S 2 e SR AR, B AGH E— PRk, R EZ AR,
SRH A AT REATIE R,

AT, PiAE T REAAR R X7, M [ E0R AR R return MIFR “[AHR”,

EREIHIE, PIEFFAUNRISEEBORE, NiFERaX—d, BT IR — R,

il —
FEZ SRR ATEER 7R AL, IR B RN YT R 2,

TEBIRR— SR BRI, FRATTFREAEBI—DHIER path LR VIR T B2, HVIRIEMESY 7 89759 s, )
Sl path HIRIELTRINK res o WHFERG, res PRIFIVHUEHTHE MR, (AW NRTR:

/] === File: preorder_traversal_1ii_compact.dart ===

/* BiFFEBH: fIR— */
void preOrder(
TreeNode? root,
List<TreeNode> path,
List<List<TreeNode>> res,
) {
if (root == null) {
return;

}

/] =it

path.add(root);

if (root.val == 7) {
/] ERE
res.add(List.from(path));

}
preOrder(root.left, path, res);

preOrder(root.right, path, res);
// EIR

path.removelLast();

FERR SR i, BATE R Y BT SR path SRICHRIE(R; WiE “HNR” A, BAIFFERIZIT M
path H5fiH, PAMREARZIAZ AR,

ML 13-2 Frnfidis, AT D2 IAMENRERON “RidE” 5 “WE”, WD RIEL A,
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£id: BIWH, BRRE
EB: ERE, RBEE

Sl RITEH, BRRS
ElE: RERTS, RHEE

£l RIEH, BRRS
ELE: HERE, RHEE

£id: BIWH, BRRS
EB: RERE, RBORE

S BIEFH, BIRE
ELE: RERT, RHEE

Step 10

ik BITBFH, BMRE

EB: RERS, RHEE

path = [1, 7]

BEER 7, WERERNEER
res = [[1, 7]]

£l BITEFH, BARS
EB: tRERS, &BORE
path = [1, 7]

res = [[1, 7]]

Sid: BIEH, BRRS
BB WERE, HHEE
path = [1]

res = [[1, 7]]

£ik: BITBFH, BRE
ER: RERS, RBEE
path = [1, 3, 6]

res = [[1, 7]]

8k BIBER, BHRE

EhB: RERES, RHCEE

path = [1, 3, 7]

BETR 7, WEREFNELR
res = [[1, 71, [1, 3, 7]]
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Sid: BITERH, EMRS
ER: WERES, RECEE
path = []

res = [[1, 7], [1, 3, 7]]]

Step 11

K 13-2 Zi{5EE

13.1.2 B
B 2 EN R0 3 1 & — Dk S AN RS, SR ERETT T “90E:,

Pl =
FE XM ERATEED 7 AT, TEIRERRT RENX T RS, FFERBRETP AR ESEN 31

N TR LA ELHREN, BANRERMBIBaR . ARERERES, F82EN 3 ;W A, WHEANRE, A
WEHER, A TAR:

// === File: preorder_traversal_iii_compact.dart ===

/* BiFFEH: fIE= */
vold preOrder(
TreeNode? root,
List<TreeNode> path,
List<List<TreeNode>> res,
) {
if (root == null || root.val == 3) {
return;

}

/] =i
path.add(root);
if (root.val == 7) {
/] IERHE
res.add(List.from(path));
}
preOrder(root.left, path, res);
preOrder(root.right, path, res);
/] [EI&

path.removelLast();
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“BIR” R MNERIERIAIE, E 13-3 R, (RIS, Ml DI TR SRR R
X, WRTFLITRNZER, MG TR,

B BEER 3 MTEANRANRE

BB RIERH TR X HIERTE
MR FHEZR

& 13-3 ARIELIRAAT BT

13.1.3 1EZRMES

TR, BNZLREH “20, FHR, 3987 MTMAHEZRIERHK, TR R .
FELAMERMRSH,  state FURBIITSATIRA, chotces R RTIRAS T AT DARKLH AR :

[* EIREENESR */
void backtrack(State state, List<Choilce>, List<State> res) {
/] FIE 2SR
if (isSolution(state)) {
/] IEFRH#
recordSolution(state, res);
/] FBHREEER
return;
}
/] BROFREEE
for (Choice choice in choices) {
/] Bk FEmEREEEE
if (isValid(state, choice)) {
/] B R, SRS
makeChoice(state, choice);
backtrack(state, choices, res);
/] EIR: #EEEE, MERZHRE
undoChoice(state, choice);

TR, FANFETHEIRRERMBRFE =, KA state N mIETIEIZ, 1%EEE cholces NYHTTRAET T
MFATT A, 455 res BIEHIFE:
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// === File: preorder_traversal_iii_template.dart ===

[* HIMTHETRESR T B */
bool isSolution(List<TreeNode> state) {

return state.isNotEmpty && state.last.val == 7;

/* IBRME */
void recordSolution(List<TreeNode> state, List<List<TreeNode>> res) {
res.add(List.from(state));

[* FIESTERET, ZEREEE */
bool isValid(List<TreeNode> state, TreeNode? choice) {

return choice != null && choice.val != 3;

[* BRRE */
void makeChoice(List<TreeNode> state, TreeNode? choice) {

state.add(choice!);

[* MERE */
void undoChoice(List<TreeNode> state, TreeNode? choice) {

state.removelast();

/* BIEE: GlE= */
void backtrack(
List<TreeNode> state,
List<TreeNode?> choices,
List<List<TreeNode>> res,
) {
/] WERENRE
if (isSolution(state)) {
/] 1IBRAE
recordSolution(state, res);
}
/] EHAFEERE
for (TreeNode? choice in choices) {
/] R BEEEREEEE)
if (isValid(state, choice)) {
/] B MEHERE, ERRES
makeChoice(state, choice);
/] #HITF R
backtrack(state, [choice!.left, choice.right], res);

/] ER: HHEE, mERZERES



13 % [E hello-algo.com 279

undoChoice(state, choice);

}
}
}

RIEER, BAERENESN 7 07 UGN ISR, TR I # R 2 51 return IGMIER, & 13-4
FEE TR B EMER return IEAJAVIE 2SR,

EREE
mirex (@

1R#E return #p% return
IEREGERE, THA4RIER IERMREFRE], HEER

K 13-4 LRI SMER return AERISFER B
M EEEE TR 07 ARG S, FE T AR AR SC Bl B AR RSN, EXEA M LF, Shrl, W%

1] AR ISR R RO, FRATT R FARIE BA AR E X state I choices , FFSRMUMEZRHI&ANTT %
HIET S

13.1.4 EAARIE

T EBEWH AT EIR R, AR — N EEERE R AREN S X, HBREIE =25 0 RoREl, sk
13-1 Ffirro

®13-1 H AR IEATE

A T X Bl =

fi# (solution) — MRRIREMERIERMFIER, AlRER PN RYRETA 7 B2 R R B

LIRS AR R IR T TR &, B BRPARESTE 3
(constraint) TBI;
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i Y =

K& (state) REFRAEERE—NZIREY, OFECLHER YaTCURAE SR, B path 15 R5I%R
pri s

ZIK ZER MR AT IR R AR, M BATRAE () 71, WA path

(attempt) kR, BERURE, KAV HIWrT R EE RSN T

EIpES [EIRAEIBEIAN R LR A MRVIRSH, BEEAEM  SREM AL SR RIR, BEIEN 3 1

(backtracking) HiFESE, EIF E—MRES TRINZIEEER, KHRE

1153 SRR ARYE IR PRI A R A A e R IR HIBRMEDY 3 YT AN, WRFIAkEg R

(pruning) FRIZITTIE, PR RRR

Tip
R, R, IRSSEMES RN, 216, B, siSMXL OFREPEAE Y K.

13.1.5 R=5RRH

[EIEEA TR B — R RS R A, TR ATE AT AR R 77 2 B SR I S IR, X R 160
S AE T REMSHRBIFTE FTRERIMR R T 2, T BAESBISTRRE R, BARESNRER,

SRIT, (EACFR R ER & 2% R RN, TR B I TRCR T REME DARE 2.,

- WF]: RIS TR RS MR TR RTRE, I TRE 2 A] DOSEIFE R BB sk,
- 2] RV RR R LRI (BIanEs(E. AT 3TRMBI R EE), SREMRAKN, =M
TRATRERLIFRA,

RIMEEant, I TEAT SR e P R ) AN 24 S 2 P B AR MRS e X TR LB AR, pR T i Tt g
LR PRI AE BRI, TR IRATT 60N Fr A ] RERIE B TIE . EIXMIBOLT, REER MR,
T LHICERAE T A A,

- BB RRIERIME A ST AR, AT R I AL A

- Ak AR EEREET I LRI EE M THE, WML R A Al /e A B BRI AL,

13.1.6 [E];¥#EY(5IRR

[l ST AT F TR R VP AR R AN, SR 2 AR AH & L e
FRME: XA H AR REN R SRR R TT 2o

- IR AE—-NRE, KREHFrERTRERHIIA S

© TEMEE: BE-PMRAM—DERMN, HERSHATERNERNR T,

- DOREEREL: 450 = ARAE TR — RN R R, SRR B —ARAE T #2380 21 55 — A T,
IR — N EE, HARERRE SN b,

AP Ry RS e e IENISE syt s M VAR SEA e S RER)
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- n 2iE fEn x n EE EREn NREE, #EEMNEARHE,
© Bl £ 9 X 9 MIRHIEAR T 1~ 9, SR, BAIRED 3 x 3 FRIHHIET AEE,
- EEGEE: AE—-NemE, AROHBESERNENEER, EEHBTEHEAR,

AR XL R HARRTE— D G2 A PP ERE 7 i 52 55 1R 1 BRI g

- O-1HHME: AE—-HYRN—INEE, 80N E SN ENER, ERETEAFRRGIN, &
BV ES S ER K,

- RATRIERL: fE—E, AN DREER, TiRITE B R R OUEIR R R, SRR,

- ERKBIAE: HE—DTAE, KERRKEeTE, BFEPIEEN DR Z FEEUHEE,

THER, ANTH2HSIARE, FARRIRRTT R,

01 HRMEEE SRR, DUREIE &R R,
- IRATRIE D EAAH NP-Hard A, iR A B BB RIA S,
- KUV EE R — DA, aT A SUORTESE B A S URTR R,

13.2 £H5lin)E

EHEA BRI TRR — N RN, ERE REAE MRS (N M TTH) B, K
HHEATTRIIFTH ATRERIHES .

R 13-2 512 T LRI, S A KA M AT HES

£ 13-2 2HRA

PN FREHES

[1] [1]

[1,2] [1,2],[2,1]

[1,2,3] 1,2,3],[1,3,2],[2,1,3],[2,3,1],[3,1,2], 3,2, 1]

13.2.1 THEFRENRER

Question

WA DREEEAH, HPAESEERR, REFTHATRERHE,

MIEEIER R, AT DA SIS FAR SR — RTDEREIZE R, IR [1,2,3],
RPNV 1, L3, REERE2, WSS [1,3,2] . EIRERHEE —MERE, ZEMkeiH
fthiZk %

MEARHIAEE, RIERS cholces BMABAHTHIIATLR, K state ZHE HATCHOEFENITTR,
HER, SPITRARVFHIERE X, Bt state PIIFTHTTRAN IZEME—,
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Qs 13-5 FvR,  BATTAT DRRHR SIS AZ RIT R —BRIB IR, BEP AR AR BTIRAS state o MRTTRUT
f, S —RRIEREENAM AL, BT RN B — N HES

choices = state =

SH—IIERE

13-5 ZHRAIREI R

1. BES%ES
T KN TCE RPOERE— IR, TATEET A — M /REEUEH selected , A selected[1] #2718 choices[1]
TR EMNER, HET TP FEIRHRIE,

- TR RE chotce[i] )G, FRATHEEF selected[i] MRME AN True , RFEEHIERE,
- IBIEREYIFR choices I, BRI FTE BRI A, BIBIEL,

QI 13-6 A, RIS —FIERE 1, 5B 40ie 3, =Rk 2, NWIREAES IRt R 1 17
X, FEH=HIEITR 1 TR 3 03

e

l AAETEN 1, 2, 3

Rttt 1 @ ) a_ |
_ IR ERERNTE 1
BEIREE 3 Flm&EnER 2, 3
B o
i
F=WERE 2

HREREENTR 1, 3
FREHETER 2

K 13-6 2HAIBIRRHA
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WEKIE 13-6 K3, WITREIEH SRR O(n™) BNE O(nl) .

2. REEEm

BRUEGEREZE, BAOTA] SRR “EREE" T N T 4B, BT RSIIHE

AR DL, TR ENRITLE backtrack() ERAEH:

// === File: permutations_1i.dart ===

/* EIEE: 2H5 1 %/
void backtrack(
List<int> state,
List<int> choices,
List<bool> selected,
List<List<int>> res,
) {
/] BREKEEZTTEREN, 1BRHE
if (state.length == choices.length) {
res.add(List.from(state));
return;
}
/] EHFAER
for (int 1 = 0; 1 < choices.length; i++) {
int choice = choices[1];
/] BER: RARTEEERETER
if (!selected[i]) {
/] Bl MHEE, BERES
selected[1] = true;
state.add(choice);
/] #HITF kR
backtrack(state, choices, selected, res);
/] EhE: HEERE, MERZARKE
selected[1] = false;

state.removelLast();

/* HF 1 */

List<List<int>> permutationsI(List<int> nums) {

List<List<int>> res = [];

backtrack([], nums, List.filled(nums.length, false), res);

return res;

}
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13.2.2 FEEFTENER

Question

BN DEERE, BAPaRERESHE LR, IRMATE AEERHS,

B AR [1,1,2] . T HEXAFHAAEE LR 1, RIEE A 1ien 1,
W 137 FiR, AT ARSI LR S .

i i 2

BERE

_—

B SRS

& 13-7 EEHA

M2 RBREERIHFIE? RERH, FEME—ME/mE, BERNHFIZEFETRE, RMIXFEMAT
Pue, BOWESREEHAIER I SR BE, BSGERTRNIFIIEE, IR DO — PR RIRRCR

1. BETHEEH

W 138, {EF—terh, JEHE 1 sihe 1 RSN, (XM NERE 2 FARNPTEHYE R BN, it
REZE 1 97k,
I, (RS —E00EER 2 25, R 1M 1 thar R B, RIS A 1 97,

MARBLEE, B HARR AR —EED, RIS MR BHERE—IX,
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choices = state = [?
0 3
B
“mrEEs 1 L
RE#ERE—R
SRIERE
| ﬁﬁ‘iiﬂﬂ 1
RE#ERE—R
EIIEE
13-8 EE TR
2. %M
1 b — RGBS RS b, BT RS I B — AT K duplicated, FITIERIZEEHELZEA

HHITTR, HREEITTRITK:
// === File: permutations_1ii.dart ===

/* EEE: £H5 11 +/
void backtrack(
List<int> state,
List<int> choices,
List<bool> selected,
List<List<int>> res,
) {
/] BREKEFTTEHNEN, 1228
if (state.length == choices.length) {
res.add(List.from(state));
return;
}
/] BHFEERE
Set<int> duplicated = {};
for (int 1 = 0; 1 < choices.length; i++) {
int choice = choices[1];
/] Bk AATEEERETR B TATEERFERETER
if (!selected[1] && !duplicated.contains(choice)) {
/] B R, SRS
duplicated.add(choice); // IBREFIHNTEE
selected[i] = true;
state.add(choice);

/] #HT TSR
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backtrack(state, choices, selected, res);
// EIR: #HEIE, MEIZAIVRE
selected[1] = false;

state.removelLast();

}
}
}

[* 285 11 %/

List<List<int>> permutationsII(List<int> nums) {
List<List<int>> res = [];
backtrack([], nums, List.filled(nums.length, false), res);

return res;

}

RIZTTRMM Z REAHE, W n NTERIEE n! #HEF (B3 ; EICREERN, FESHIKEN n 195
%, A O(n) N, FENEEREN O(nin) .

BARBINREN n, EH O(n) tMizFl, selected i O(n) 230, F—NZIRZHA n 4 duplicated,
A O(n?) 20, FIERERER O(n?) .

3. FMBIRILL

EER, B selected 1 duplicated AT EIR:, HWER HIRAME,

- EEERNE: BMYRIEPHAE A selected , BICEAZYFPRESHE S TE, HIEHZ
BRI TTETE state HEE HIL,

- M CEBR: F10%EE (B NARP backtrack K& #HSE— duplicated , ‘BiCRAEIEARL
W (For JE¥R) HRMFLE TR OWNER T, HAEMRRIFES TR RPEFE—IR,

B 13-9 R T M BIBSER ARV RGE R, R, MR AR —kRE, MR 2 SR 2 b
92T A R — NS

~,
0'0

HE&HE— 3<
WIS [1, 1, 21 [1, 2, 1] [2, 1, i1 MEEHFZ §
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B 13-9 MRETEZR I AT

13.3 F&EMin)E

13.3.1 EESERENRER

Question

A — D IEEEEELAH nums F1— D BEARIEEEEL target , IEHRHFTARTRERVA S, HISHEHRITEMN
ET target ., BHEHHTLEE LR, BNITRTUBUIERZ R, EUAIRFREXLEHS, FIRS
ANEEEEHE,

fan, HASES {3,4,5) MEAREEE9, BN {3,3,3},{4,5} . FEEREUTMAL

SR A T AT IR R R,
C FERRXSTEIE, A {4,5) F1 {5,4) BR—A T,

1. SEZLHTIRE

ROIF2HES R, BATA] AR TN BSOS RS N — RVERNE R, HAEREIEPSENER v
7, MILEMET target B, U TEICR R R,

M5 2HFI AR RIRE, ARSI SRR e n] DIJERRUGER, K TCAE) selected fi/REIFRKILRIT
REE RS, AT PO ST/ M B, PR EIRE Y -

// === File: subset_sum_1i_naive.dart ===

/* EIE.: F&EM 1 */
void backtrack(
List<int> state,
int target,
int total,
List<int> choices,
List<List<int>> res,
) {
/] FEMET target BY, IEFFE
if (total == target) {
res.add(List.from(state));
return;
}
/] BHFEERE
for (int 1 = 0; 1 < choices.length; i++) {
/] Btk BHFEMBT target , MPkidiZiEEF
if (total + choices[i] > target) {

continue;
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}
/] Eab: MEERER, TR total
state.add(choices[1]);
/] #HITF kR
backtrack(state, target, total + choices[i], choices, res);
/] EIR: HEERE, MERZARRE
state.removelLast();
}
}

[* RERFEM 1 (BEEETHE) */

List<List<int>> subsetSumINaive(List<int> nums, int target) {
List<int> state = [1; // RS (FH)
int total = 0; // 7T&EM
List<List<int>> res = []; // &RFIFR (FEIIK)
backtrack(state, target, total, nums, res);

return res;

mlL_EAADH AEEA (3,4, 5] MEFRTR 9, WML [3,3,3],[4,5], [5,4] . RREIHEH T HHRAY
9 W4, HHPAEEERN 8 (4, 5] M [5,4] .

XER R R AR X I TR, SR TSR iy, W& 13-10 AR, Joik 4 J5ik 5 556k 5
JEikE 4 BRI, AEXRE — 2R,

choices =

target

SERIEE

A 13-10 THEERSEAR,

NTERREETE, —MERABBRNERIFGET RE, EIXDTTIRBCRIRAK, AW R,

SEAHTRRZ, JUHRZEY target BN, EREBESEREBHEE 75,
P rs (D) WRRAERFEN, TEEHFRH, BB RN TRIRFE,
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2. ESFEER

BAE BRI A B BB T R, MRIE 13-11, EE TR UARRI T L T RN AR,
BN LA B oL,
1. YRS RO RNER 3 AN, KEROEXMNTRNETE, 180 (3,4,... ],
2. ZJG, HERRERE AN, WIS TARRIEENG 3, BEONIZER AT (4,3, . ] FIE 1L PR
Mr&ExEeEsg,
FEERIES, G ZANERRRMNEEIGHER N 2N, FIEEAR 2 BRI,

1. BIPNEIERE S5, AURTE (3,5, ...]

2. RIPIHCIERE A5, ARTHE [4,5,...]

3. EHEHEVERE D, W TRRINEL 3R 4, ENTE (5,3, FI[5,4,...] 5% 1. B 2. b
BRI THEs2 2T,

cvoices - (DD

B Bt 3,4
BRESTE

Bk Bt 3
BREETSE

F&  [3,3,.] [3,4,.] [3,5,.] 3 [4,4,.] [4,5,.] 3 4 [5,5,.]

EEFH EETH EETH

B 13-11 AENEFNF SERIEE 75

RERT, BRI (11, 0y, .., 2], IBRUBRARIEETIN [z, 2, .o 2, |, R
TEWE 1, < iy < < i, , FWREAIIGERFII2ERES, BYIE.

3. fLEBEm

NRINZEIRE, BAWIIGMH AL R start, FITHoRBHEGER, SMHERE v, )5, BE MRS ITE
Whio IXFEEIRT ARIERE AL 0 < iy <o <idp,, ATIPRIETERME—,

BPRIEEZ S, BABEXSRESHEAT T DAR I L,

- TETFEHEERAT, SEREEA nums P, TERDIFTAIERER, SRR target RELERETRIGH, EN

JEI T EE R, HFEM—E#IT target o
- BEILENLE total , WIELE target EHUTIHIZCRSITICEM, 4 target FT 0 iR,
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// === File: subset_sum_1i.dart ===

/* EIEE: F&EM 1 */
void backtrack(
List<int> state,
int target,
List<int> choices,
int start,
List<List<int>> res,
) {
/] FEMNETF target B, iERMR
if (target == 0) {
res.add(List.from(state));
return;
}
/] BB ERE
/] Bt%Z: M start FRERH, BREEREEFE
for (int 1 = start; i1 < choilces.length; i++) {
/] B—: EFEMBE target , MEFLERBEIF
/] FRRRNBACHRE, EUTEEKR, FEM—EBT target
if (target - choices[i1] < 0) {
break;
}
/] =ik REEsE, EH target, start
state.add(choices[1]);
/] BITTF—REE
backtrack(state, target - choilces[i], choices, i1, res);
/] ELR: #EERE, MERZARIRE
state.removelLast();

[* KERFEM 1 */

List<List<int>> subsetSumI(List<int> nums, int target) {
List<int> state = [1; // RS (FH)
nums.sort(); // X nums #H{THIF
int start = 0; // BHEHES
List<List<int>> res = []; // ERIIR (FEFIR)
backtrack(state, target, nums, start, res);

return res;

&l 13-12 AR e 8t (3,4, 5] FIEFRICER 9 A\ LA /5 AR IR [E g A2,
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M target

choices = FRGHEE
target =

B

E=REE

8t target BERFE

B 13-12 78/ I [Efidf2

13.3.2 FEEETENER

Question

ZHTE — DN EEREEEIAH nums FI— D EHFRIEREEL target , IBHRHEATARIREMNA S, FSHEHRITEM
ET target . HEBMARERSHEEILE, BNLEAAPIERE R, EIIRFERIREIXLEH S,
HIFRPAN S EEHE,

FIEET L, AR T R S AT, XS TR, i, e (4, 4, 5] RIEhR T &
0, MBI ES [4,5],[4,5], HITEEFE,

IEOX R S IR PR TR P 2 R, (£ 13-13 /, SB—fRdtE =ik, HAm NN
, SAEMANEERERS, MmbESFE; [, FRHNMDS 4 B EEE TR,

choices =

(4,64,..] [4,4,.]

ERETSE
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K 13-13 HETESHNWEE 78

1. BExES

NP, BATTHR LRGBS R b HREBOERE IR, LISy TR EHT
[, RIHMHSETTREVEAHBE, XERE RS, HHATRGHEDITRMAS, MR e CagiE
I, WtEZPNS SETTR,

SItFER, AR A B R Rk — K, Fizfz, BAIBAT DAL R start RS IZLAH: 4
R o, Ja, BB T —HMRG1 i + LITEAEES, XAERERPRES T4, bt ERIEFTR.

2. LM

// === File: subset_sum_ii.dart ===

/* EEE: FE&EM 11 +/
void backtrack(
List<int> state,
int target,
List<int> choices,
int start,
List<List<int>> res,
) {
/] FEMET target BY, IEFFE
if (target == 0) {
res.add(List.from(state));
return;
}
/] EAFA LR
/] B M start FFiaiEH, B#REREEFE
/] BR=: M start Fiai&H, B#RESIRER—TTER
for (int 1 = start; 1 < choices.length; 1++) {
/] Big—: BEFENEBE target , NEEERREF
/] XRAANBACHF, BUTEEKR, FEMN—EBTE target
if (target - choices[i] < 0) {

break;
}
/] BRI NRZTRSEOTERSE, HPEZERIREES, BERT
if (1 > start && choices[1] == choices[i1 - 1]) {
continue;
}

/] Zid: MHEE, B target, start
state.add(choices[1]);

/] HITT Rk

backtrack(state, target - choices[i], choices, i1 + 1, res);
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// EIR: #EEI%E, MEIZAIVRE
state.removelast();

}
}

[* KERFEM 11 */

List<List<int>> subsetSumII(List<int> nums, int target) {
List<int> state = []; // K& (F&)
nums.sort(); // ¥ nums HEH{THEE
int start = 0; // BAEHES
List<List<int>> res = []; // E&RIIR (FEFIR)
backtrack(state, target, nums, start, res);

return res;

& 13-14 JE/R T84 [4, 4, 5] FIEAROTE 9 WEIINIRE, IO ESPURMBIEHRME, IR IERS SRS
&, HRBEMERERE, DM TR,

choices = B
target = i

ERIEE M
EF— RS
- O R & ¥ H
-1
& BRER
%ﬁk (4,5] EETE
HE=
FhYES
k- : =
STEMTEE ERAATR
B target

K 13-14 0 11 [ e

13.4 n 2P

Question
AR E PR RN, 2Er ARG5S AL —1T7. —Fls— &R LT, 47%E n MERI—
n x n ARNUHE, FEMEBRTE 252 BJeEE R TR T %R




13 % [E hello-algo.com 294

N 13-15 R, M n =4, Ha UMM, WEIETERMAESR, n x n A/NMNOEEE n? M
T, B TITERIESE cholces » TERNMRE EERERER, HENRSEARWA, S PMZIREET
IR state

W W

W W

— —

K 13-15 4 E)5iREnE

B 13-16 R T AR = DNHREM: BARIRARAER 1T, F—5. F—Fmk b ERERNE, Xt
FAZI N FX LR\ RIS A £k [ Fif

FEEER—RMBLEE REERBRELRRN

i
1

REEER—T X ﬂ*fﬁ'[ I !

<
N
N
<
X X, - B I e A iy
v N s -
i S 7 7
5 N
X X, ”1”’7‘?”*””’
i -

FEER—F FEEEFA—THALE

K 13-16 n E/GR@BHAREMSF

1. ZFTHE R

S2RHEEMEERTEE Y n, FEERMNESER—MEe: BHEETRar A RwiE -4 25,
WL, BATATDERBOZITIRE RN : WNB—1TITE, E8THE -T2, EERE T4,

B 13-17 ARl 4 25 RERZTIREE R, ZEERE], & 13-17 URT T8 TR HB—MER D X,
H BRI LIRS 1 IR 77 SEHEAT T 398
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W TS T (T ¥ [T ™
HEE 177
(415) «//////;77N<::~\\\\“>(%%) (4488)
W W W W[ ]
BEE 2 7 (] ] (8] F
\
W ] W W
- | W HIl ] v
REE 3 -
" ¥ [§] ] W)
= W v W v
HME®E 4 17 W o W] W :
[W] ] W (3]

B 13-17 BT E K

MARBEE, BITREREGES ¢ 3ErER, eis 7 R—THIlZ D 2RNITEER D S

2. FISHELNE

N IRSILIH, Bl 1A AR — MK EER n (07U cols IO SR AH 2R, TERRHUEE
#il, BADET cols MO BIERIFIETIR, FAEEWAFAER cols HIRE.

T, WAL f ZRETTRIR? AL RS ME TRIFTAIREIN (row, col) , e MEMER YRS FM FILk,
FA TR IR f 2 LI 0T 20 RIS A, IRk BRI 710 row — col M.
WA, MRS T row, — coly = row, — coly , MM —RAER—5 =R L b, FIF%
WU, TRATAT ARSI 13-18 F RO diagst 04 EX AL R A E5,

[FIEE, DN M BRI row + col R, AR AT DUEBIEE diags2 KALEIKX ALL)
*o
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BREMBLE
RERER

)

cols
BRIIBEEFHER

13-18 ACFRAILTHHMIN FALRETHR

3. AExEm

HIER, n4E5BEF row — col WTEREE [—n+ 1,n — 1], row + col WEEIZ [0,2n — 2], FibAZEX
FERIIRS AR EEER N 2n — 1, BNEU4H diags1 fl diags2 HKEH N 2n — 1,

// === File: n_queens.dart ===

/* BEIMEE: n Bl */
void backtrack(
int row,
int n,
List<List<String>> state,
List<List<List<String>>> res,
List<bool> cols,
List<bool> diagsi,
List<bool> diags2,
) {
/] BHMETFREITHN, iERF
if (row == n) {
List<List<String>> copyState = [];
for (List<String> sRow in state) {
copyState.add(List.from(sRow));
}
res.add(copyState);
return;
}
/] EHFAES

for (int col = 0; col < n; col++) {
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/] VBT A E R Lk

int diagl = row - col + n - 1;

int diag2 = row + col;

/] B RRFZEFRRET. ERAL. RNBLLEEFEER

if (!cols[col] && !diagsi[diagl] && 'diags2[diag2]) {
/] B BEERETZEF
state[row][col] = "Q";
cols[col] = true;
diagsi[diagl] = true;
diags2[diag2] = true;
/] MET—1T
backtrack(row + 1, n, state, res, cols, diagsil, diags2);
/] ER: BZAEFMERT
state[row][col] = "#";
cols[col] = false;
diagsi[diagl] = false;
diags2[diag2] = false;

}

}
}

[* Kfg n BiF */

List<List<List<String>>> nQueens(int n) {
/] Mak nxn KNEUEE, Hep 'Q' KRERF, '#' ARZEML
List<List<String>> state = List.generate(n, (index) => List.filled(n, "#"));
List<bool> cols = List.filled(n, false); // iBRVIESEEER

List<bool> diagsl = List.filled(2 * n - 1, false); // IERETHWNAXLERTEER
List<bool> diags2 = List.filled(2 * n - 1, false); // BRANAZXLEEEER

List<List<List<String>>> res = [];
backtrack(®, n, state, res, cols, diagsl, diags2);

return res;

BATINE n iR, FBIEFNAER, WNEATEREG—T2E n. n— 1, ... 2, 1 D&, f#H O(n!) i
o ISR, TS HIAERE state HIRIE res , EHHRIEREA O(n?) W, Fit, SENREZER
O(n!-n?) . Sk, HRIEXALLRI B EADRES KIRGE MEREN, WS RBERAEER T DA RS

e state ] O(n?) 250, $(4H cols. diags1 fll diags2 Esfdifl O(n) 28, BMABITFE A n, FH
O(n) ¥z, Hit, SHEREN O(n?).
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13.5 /&

1. BB

- BIEEAR U 5 2R, B RS R T IR L el 7 ok ST & SRR, fEIERIERE A, B
JRZAFRIENICSE, B RS R eOE P 5E R4 H,

- PR RS RIS FNRM AN, Bl R R Rk Z A e, BRI
LJREEIFRITE O, IR E— P r0ikss, IBEEZATHIRE, ksl hgss, 25 mREm
TR RS

- [ REGE A S 2 NIRRT TSR R, BYRAT DARATAT SR AL BRI, K
IETRTHERR,

- [l TR T AT A TR AR R (RN 2 TR 2 (A, 2 A JUfe Rl s SR mT DU R R R ok, (B1EAE
TSR T = RO AP IR TR

- 2RI S ERRAEESITTRIATA P RERHS, TS — M RIER N TR R S POEE,
SIPE E R —TCRAER D X, WRE N ITRAPOEE X,

- AEEHIRRET, INRESHEEEE TR, NRASRSHANEEAS, RINFELFMEETRES
ferp HREBOERE—IR, XIEHAEBI— DA 2R L,

- TEMPEIER HSRESE R G PRIV EAMER TS T8, REAXDTTRNT, MEREES
WP EER, AR TR, BAHERWRTRETEETHR, HiRE N EERIERE K
WA, MITRE R S TSR AR R 0 SO TEIRL

C R TFFEMEE, BHPAHSTRSTEREERES, BNFHEAHCTHPRRTESE, B ARTELR
TLRE AAHFSIIBIARL, MM CRAHSE TR HBEBOE —IK,

- n BERESEIER n NEERERI n x n RSBE ERTE, ZRE 25 MM \ICiEBE
Tio HBILTREMFAITLAR, SIZIHR, EXAEIIOT ALLIHR, Nl RITLIR, BATRRAATK
BHREE, RIEG—ATHE T 25,

- HILIFHIS FALRETRAIAL BT SR, X FAHILTR, BAIHA— M RIE RS ARG ARG, M
TERIER RIS TR E AT, NTRMELR, ROEIHNDELRDHNICFIZE, KSAL LR G
2F; MRETHAERIR—E B A% BTl THIRT I,

2. Q&A

Q: /B FRARITIRIEII R
SRR, EIWE R “ERRIET, THEAEGR A TR

- [PETREEE TS, A, FEIREHNN AR —, RIEHERRAE RN AL,
- BAMEERAIL T TSR FRRETER, FATROROME. B s GefZeE)d) SFm

i,
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Abstract
IINEIC TR, TLHE A K,
AR/ N B R IC SR BRI SR, — 5405 | R AT M g o A @R R 4R =2 o
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14.1 ##HRzHEHL

&M% (dynamic programming) 2 —MEZEMNEEEX, BR—IMES N —RYE/NNF -, I
I 7 T R R R B R, TR ME SR IR R,

EARTH, BIIN—ASHFIBATF, AR EMRNEWRE, WREhaSHESFRE, FEPS
TS BASHLRIfE

JerEEH
BE—DIE n BEORERE, FREEPRTDLE 1 el 2 B, 1ERA 2/ 075 58] DATEE RT3 ?

i 14-1 FoR, XF—A 3 Birkksd, HHF 3 #ioy Sa] DUEEIRET,

BEM® n= o 1 2 3 4 5 6

MTetsE 3 Miigssts 3 MAE:
0>1>223 , 05233 , 0>1->3

B 14-1 JEZIZE 3 Ay )y e

AT B AR K AT RACE, AT DA R E I IR o5 2 al R, BACRT, RIEMEB RS — 1%
IR ERERR: Wb, IR L 1 BEk 2 [, S ENAREER IR R 7y AR 1, A
THTERI R HBIAL, A FAR:

// === File: climbing_stairs_backtrack.dart ===

[* B */
void backtrack(List<int> choices, int state, int n, List<int> res) {
/] SEEE n MBS, HEHEM 1
if (state == n) {
res[0]++;
}
/] BEFREEE
for (int choice in choices) {
/] BEIRR: RAFEEE n B

if (state + choice > n) continue;
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/] B EEE, ERRES
backtrack(choices, state + choice, n, res);
// &
}
}

[* Tetkts: I */

int climbingStairsBacktrack(int n) {
List<int> choices = [1, 2]; // EIEERALENE 1 gk 2 B
int state = 0; // M%E 0 BAFFEENE
List<int> res = [];
res.add(0); // 1#H res[0] IERHEH=
backtrack(choices, state, n, res);

return res[0];

14.1.1 Fix—: BHEE
[ 0 3 R ST R AL TR AR, TR R IR N B (E— RN P8, @R IR s0ey, &
15 AT RENIAE

BATTRT LAZAR M AR5 AR A R FE T IXJE R, R TCEISE ¢ B dpld] #7 %R, B4 dpli] si2RmE, H
TR LR

dpli — 1],dpli — 2], ..., dp|2], dp[1]

BT HAE R 1 ek 2 B, RIS IRATUGAESS @« Braeis B, b—4e I nIREutEss ¢ — 1 ekss ¢ — 2
ko BANED, FATHREMGE ¢ — 1 BT ¢ — 2 Famss ¢ i

HE RS — D EEAEIS: TERIH « — 1 Briy BB _LMCEISE ¢ — 2 Birf 7y REOGRSE TSI ¢ By
FE ~FAUE:

dpli] = dp[i — 1] + dp[i — 2]

XERE AR, D F R RIFFERIER R, R PSRMERT PLh ¥ USRIk, 18 14-2
JER T ZEBER R
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dp[5] =dp[3] +dp[4] =8

dplel=5 /

dp[3] =3

BEME o = 1 2 3 4 5 6
FEY dp[n] = 1 2 3 5 8 13

K 14-2 J7REBEBH KR

Tl T DR A A B EI RGBT, D dp[n] JEIAS, SV — AR SRR A N
A, EEEARN TR dp(1] A1 dp[2] WHEE, b, BN TREIRE S, B dp[l]) = 1.
dpl2] = 2, FRMEEIE 1. 2W5 5 1. 2 FoTE,

MEEPA MRS, ERAREERIBA LA E TR SR, (HEE RS
// === File: climbing_stairs_dfs.dart ===

[* R */
int dfs(int 1) {
// B dp[1] A dp[2] , REIZ
if ({1 ==1]| 1 ==2) return i;
// dp[i] = dp[i-1] + dp[i-2]
int count = dfs(i - 1) + dfs(i - 2);
return count;

}

[* TeHEtH: #ER +/
int climbingStairsDFS(int n) {
return dfs(n);

}

Bl 14-3 JRrR 7 BRIV, N TR dp[n], HIBEAMEEREN n, NRERSREN O2"). 1§
e TR R, RBNMA—DHERE n, WXEABRIEFRZH,
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dp[9]

dp[é] dp[7]

dp[7] dpl6] dp[6] dp[5]

dp[6] dp[5] dp[5] dp[4] dp[5] dp[4] dpl4] dp[3]

BRERNZEANEEARER TR
SHEEERERESN 02")

[ 14-3 TEAKBERTRIEITR
W 14-3, $EEORIOIN IS 2R “HA TG 800, G140 dp[9] BHM#N dp[8] #1 dp[7], dp[8]
oM dp[7] A dpl6], PIEHEE B dp|7] .

DACZRAE, FRIEFA S/ NIES TR, FFIMMEs R B, B0 HH RS IR EIX B 1
Al L

14.1.2 AE=: idiZigs
N TIRFFEERCR, BMNA A RS R EBGEE —R, it, AT — D mem RICFEEA
TR, FAE I ER R B I R,

1. S ERHE dpli] W, BAVFEIERE nen[1], A2 S,
0. MEREEIE dpli] I, TRTEATEHMN nem[1] SIREE R, TR A LB 1% T I,

RN SR
// === File: climbing_stairs_dfs_mem.dart ===
[* BIZHEER */

int dfs(int 1, List<int> mem) {
// B dp[1] # dp[2] , EREIZ

if (1 ==1|] 1 ==2) return 1i;
/] EFEIER dp[i] , MEEREZ
if (mem[i1] != -1) return mem[i];

// dp[i] = dp[i-1] + dp[i-2]
int count = dfs(i - 1, mem) + dfs(i - 2, mem);
// IER dp[i]

mem[i1] = count;
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return count;

}

[* TetEts: 1IBIZHIER */

int climbingStairsDFSMem(int n) {
/] men[i] IBRMEEIE 1 MPFREE, -1 ARERER
List<int> mem = List.filled(n + 1, -1);
return dfs(n, mem);

}

WIERIE 14-4 , didicebilG, A RS MERRE TR X, NREREREE O(n), XZE—1E
KHT KEK,

nH
) HEER,
- HiEEE

/\ BRSO EREN 0(n)

ERFEEEFRERBHRITE—R

$
Qo
v

14-4 LA RN RO A

14.1.3 &= wh&MR
IO E R R “ATHERE” BI75TE: BATMERIE R A FHE, 3Tk T A B R i N T
MM, ERMBOCHNENTFRE (M5, 25, W EEEREFRERR, HE R iR,

2R, ahBRRRE—/ “IREDB” 197515 /N RBRIETHE, SRR ER T FENE, |
XXyl ) s

TSI S ENERE, R RTERENERSE, AR, oMU H, BTeat—
NG dp RAFE T IRAIMAE, e T S ICICE R R mem AHRIATIC SRR :

// === File: climbing_stairs_dp.dart ===

[* Tetkts: mhaSHX */
int climbingStairsDP(int n) {
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if (n ==1 || n == 2) return n;
/] #iat dp R, ATFEMEFIRERAE
List<int> dp = List.filled(n + 1, 0);
/] YIEIRES: ks N Flal Rz
dp[1] = 1;
dp[2] = 2;
/] REFEE: NBUNFIRIBUE D KRR A F 6] 7R
for (int 1 = 3; 1 <= n; 1++) {
dp[i] = dp[1 - 1] + dp[i1 - 2];
}
return dp[n];

] 14-5 #4801 DA EAUE R P TIE AR,

T T Y T Y TN
~ 7 ~ 7 ~

Miatkas:
dp[1] = 1, dp[2] = 2

REFBHE:
dp[n] = dp[n-11 + dp[n-2]

MAERESTTE, HITRERE, EBERASHELE

14-5 TEREEBRISN SIS
SRR, SR RS BESRIIR R ERRERT B, R IR B — > A A
NAHRH R R AR, AN, TEREAH AR ARASE SR S RTFTAERERBRNT AL @ o
IRIELA N, BATRT PURSS s S AU B B R,

- R dp BN dp &, dpli] TR 1 KBTI BRAOA,
KR NT R AR B 1 AT 2 BREEE) FRAATIARE.
- AR dpli] = dpli — 1) + dpli — 2] FRAREEB SR,

14.1.4 =ZjaEififk

MORIEERERI T, WMT dpli] R dpli — 1) M dpli — 2] FK, FEEAIICHER —A A dp Kf7
BERRE ¥ BIME,  TA RN R RERTHERT AT, AR R AR:
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// === File: climbing_stairs_dp.dart ===

[* Tertts: =RMMILEREISIL] */
int climbingStairsDPComp(int n) {
if (n ==1 || n == 2) return n;
inta=1, b=2;
for (int 1 = 3; 1 <= n; i++) {
int tmp = b;
b =a+ b;
a = tmp;
}

return b;

}

WEE DL B, HITEZE TR dp SZE, FkamERE N O(n) 2 O(1) .

TSRS, SRS G RTE AR MG XK, XNBATA] U R DERPRE, il “FEge”
KATENEEE, XA RRAEI BN R R o R,

14.2 mhEFIR R 51

FE b=, BANEST T 3SR A I 7 (AR AR RSR AR IR I RRAY, SKRm b, IR0 oo i — i A
WUSRNRIEES, TEIA. ShASML [ A E AN,

- NGRS AHRE JFE R o2 O 22 MR E SR 7R, E RN TR, AR RS R
iR, BRZATENR A
- BIESHIHEA FIREATIE VA 2 i, B5ERIENEZXANR, AR REUR A B AR, 1E
SRR = IV 2 B T A,
- [EIRAE 2R 55 25 AT A rTRERTRE, FFIEI BIEGE e AL IR 03 R R — &
FIRF IR K, AT DR N RSP B AT 7 R B A — D T [l
Kk, SESHRIE AR EEI R, EMNAMIESESE -, TEE RN RILFEHE, T
JERIIES

14.2.1 RRFEN
BATR TEAEBE RS VE S, 2 B INE & R T4 M2,
TERERE M
BE—ERS, IREHTIE 1 INERE 2 1, S—Wrks LR E — DN IERREE, RRIRIEIZEM

FRTR BT I, B — D IETEEEA cost , H cost[i]| RR(ESE « AN TEN HIIRAN,
cost[0] it GEIAR) . HH DTN 2 MU A RERIETEL?

K 14-6 FoR, #4810 20 3 BB 250y 10 100 1, WM TEZIEE 3 B/ MUTN 2 .
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BEEME n = 0 1 2 3
£t cost[n]

n
(S
[y
[y
(]
[y

ML 3 P E 3 #aZE:
0515253 , 05253 , 05153
HA 0123 (NI, BRNAH 2

Kl 14-6 MEZIZ 3 v/ MU

VE dp[i] ATEEISE i B HIR, BFS i BATAEM i — 1 Wei — 2Bk, it dpli] RATaE:
F dpli — 1] + cost[i] 5% dpli — 2] + cost[i] « T RATRERD AT, Tl IR BRI E P NITE—

dpli] = min(dp[i — 1], dp[i — 2]) + cost]i]

IXFEAT DAS | AR U T2 i S it Pl A B DA DA~ D) e LR 1SR )

KR REA R TN Bl TN F BRI dpli — 1) 71 dpli — 2] sPos e maas— 1, M

EATR RN dpld] BIRAHR,

M2, E—THICHERE A IA RILTEEH0E? BRI B KT REE, BEOU2— MR, (HaR
AP “RIRRTT SRR, BB EL, RS HIBURTRRSFH, HRl raiaizBlitisk
T BEnMERTEEESETE N — 1S n — 2 MEATFEEE M, R, sIUFEunmeess

KRS, EAR PP A RRE

HUERAEERS TR, DURIAHEES dp[1] = cost[1] F1 dp[2] = cost[2], TeliTRERT DA SIZhASHIRIFCAD:

// === File: min_cost_climbing_stairs_dp.dart ===

[* TeRtmsm/ MU . chSFK */
int minCostClimbingStairsDP(List<int> cost) {
int n = cost.length - 1;
if (n==1 || n == 2) return cost[n];
/] Mak dp R, BFEFHEFREARE
List<int> dp = List.filled(n + 1, 0);
/] MRS TR/ F iR ERTAE
dp[1] = cost[1];
dp[2] = cost[2];
/] REFEE: NN FIRIBUE D KRR A F 6] 7R
for (int 1 = 3; 1 <= n; i++) {
dp[i] = min(dp[i - 1], dp[i - 2]) + cost[i];
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}
return dp[n];

}

B 14-7 JRoR 1 DA B RS AR,

cost[1] cost[3] cost[5]
min + min + min
min + min +
cost[2] cost[4] cost[6]
aR#:

cost[7] cost[9]

cost[8]

dp[1] = cost[1] , dpl[2] = cost[2]

RERBHE:

dp[i] = min(dp[i-1], dp[i-2]) + cost[i]

14-7  TErER R/ MU RIS 2

AR R DU AT R AL, R R T, SRS REM O(n) B2 O(1) -

// === File: min_cost_climbing_stairs_dp.dart ===

[* e R/AMUN: ZERAEREISALR */

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 1 = 3; 1 <= n; 1++) {

int tmp = b;
b = min(a, tmp) + cost[i];
a = tmp;

}

return b;

14.2.2 TR

TEJE R SR RES A R R A S B B R 2 —, HOE SO

HARIREAER, MSEREnFiHIRELXK,

SR HERIRE, ENRRKREA
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DATERERE RN B, 28RS 1, BERABHIRES 4 + TAIRE 1 + 2, 20alxd ik 1 Mk 2 20, fEMH
IXPRRNERERS, BT BIRES « ZATHPIRE, ENTRHIRES ¢ BIARRBA RN,

SR, AR BATIA MEREAS AN — TR, TROUA—FE T
i SR TR
BE NI n HOMERS, REPATDLE 1 FrelaE 2 B, (HAGEESMAERE 1 B, 5iRA 2 DRy %
A DATEZIAL T ?

GHIE 14-8 AR, B 28 3 B 2 RielT75 5, HAES=IRBE 1 Bri7s R LR, RIE 7,

BT REEESMBE 1 F,
RAAEE 0512253 HWEF I

BEH¥Y n = 0 1 2 3 4 5 6

ML 3 PifEmHE 2 faR:
05253 , 05153

14-8 FZRIERIES 3 i) 77 R ER

EIEA, R 4B 1 LR, AR Rt aipk 2 W, XS, TSR ik
A CHRIPTERSHEED BYsE, ERR— MRS (LR %,
R B, I AR B R R TS e, RASEERS IR dpli] = dpli — 1] + dpli — 2] WA T, BEH
dpli — 1] REARHE L b, HERESTEES “ E—Hmk 15 BRI FE, iR THELR, RITHA
HE45 dpli — 1] BBk A dpli] .
M, BlEEY RRAE X R [, /] ZoRAE | IR E 8T B, Hob e {1,2). iR
T SCERMR S T E—4BK T 1 IEE 2 0, Bl TAT DRI 00T 24 B IR A SR M AT 3K 1

MR fpBRT 1B, R SUREERER 2 W, B dpli, 1] SUEEM dpli — 1, 2] R,

C M bR T 2R, b b S TTHERERE 1 BB 2 B, B dpli, 2) ATBAM dpli — 2, 1) 8 dpli — 2, 2]

AR,

W 14-9 iR, EREXT, dpli, f] Fomkas [i, 1] MR TS5, AR AR TN

dpli, 1] = dp[i — 1, 2]
dpli, 2] = dpli — 2,1] + dp[i — 2, 2]
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TGS RO 1 7
R ETR S

dpli-1,1] —
dpli-1,2] @
dp[i-2,1] Ax

dp[i,1] dpl[i,2]

K 14-9 FELHR TR R
B2, 38 dpln, 1] + dpln, 2] BIE, 9% 2 RUCRIESIE n 77 EH8:
// === File: climbing_stairs_constraint_dp.dart ===

[* HARMCHESR: ThSHL */

int climbingStairsConstraintDP(int n) {
if (n==1 || n==2) {

return 1;

}
/] Mak dp R, BTFHEHEFREAAE
List<List<int>> dp = List.generate(n + 1, (index) => List.filled(3, 0));
/] AR TR/ FiRERYAE
dp[1][1]
dp[1][2]
dp[2][1]
dp[2][2] =
/] REFEE: NBUNFIRIBE D KR A F 6] 7R

for (int 1 = 3; 1 <= n; 1++) {

B

E}

s

1
0
0
1:

B}

dp[i][1] = dp[i1 - 1][2];

dp[i][2] = dp[i1 - 2][1] + dp[i - 2][2];
}
return dp[n][1] + dp[n][2];

£ EHRIZEBIF, TR ZE BT — MR, BIEBAMART DOy KA E X, 1 a7 o i 1
TR, AR, FEERBAAIEEERN AR,

TERERA 55 BERS ik

BE DA n RIREES, (REPATDLLE 1 Be#E 2 [, Al STeRI « Bk, REEEHNIIER 21
Fiv L LRERY), ZJaPiASeERAS SEVFREEISE 24 B b BN, mTPEEAIBREI T 20 3Lk, W
JEANRERREIES 4. 6 B Lo ERE Z/DRh75 50T DURZIRETH?
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FEIRXA A, TIRBRERRIUS RATE RIRE, BN E—IRBRERE = A S s RS R E RS, FFRMAR
AIBKER. XTI, BASHUAEME DR,

Kk b, FZERNHSARE (BIEIRITRERED AMEERt. M FiXRm, HANEE ke
MHEAMTTIE, BlanEA AR, BERE, A, IWTFES BRI R S 2] AT A& S U

14.3 mhEFIRI AR B

P T A AR R 3 BRHE, 5 T ORFRATT— IR G A5G A A

L. Grfar ey — A e R AN 2 B A AL ) 2
2. RFSEMRNPEIZ TS AT, PR 42

14.3.1 [S)RAFIbf

BEERE, RS ESES TRE, RIUTEH, HFREIRRE, R eil®iE s HalSmRisRig,
SR, BATRME R B A A B SR X Bt R FRATTIE H STESR A, SRR %538 & (AT )
W R Mok

TS ]S R T B HE T e “ORSRREBARL” X (R AT DARE R T S5 AR IR,  Hh g — T AR
—MRK, BFRRERER - DREF,

WG L, NSRS B A RS, BRIl — RIS AR, IR BRI R, @
AT DA A [ R AR R

FEIEHERE b, BRI RRENE A — LR “An oI,

- A ERK O iR (D) FRitit,
- PIERIRSRER A — IR, SHEEMEIORETR, I H—DMIRESS A BRIRSTFEIEHER R,

TR, HAFFE—L “WRorI,

- (A AR R TR RTRERIMRRTT R, TR IR R IR,
- SRR AR AHPIH S RIRHE, F&EREIRARRZ TS,

QIR IR R R, FEEABONIERT I, BAIwta] ARIR e — el R, 1
R P RIEE,

14.3.2 [RIEEKRRT R

SASHU I AR 2 (R R A PE SRR RE A AT AN, (@G DA NP IR iR, & SCIRAS, #57
dp &, HESFIREHEBIIRE, WELHRAHE

NT B GHRR A B, FAVER —DNEIEE R/ MRE™ Sk2sH,
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Question

HE—Dn X m B _4EME grid, MEHPREDNRITREE — N EREBE, RRZBEITHEIRMN,
MLEs NDAE B BT NIEEIA A, BRI RECE AR —8, BERINEA NAHRITE, 1HIR[E
MEE EFEIG TS AR B MR R,

B 14-10 Jom 7 —MBIF, 407 WIS AR/ NIRRT 13 6

------

BBEMA 13
WRRAEREN 152529332512

K 14-10 &/ RIREIESE

B BHERRIYSR, @SOS, WmifdEl dp %

RIS —H PR AL R TR T Rk — 25, WA T IOTAIE N 1, 7], WA R ek &
R, REIAH i+ 1,5 R [i, 5+ 1) E, RERESTRFAIRSIFAER, 2H [i,]].

AR [0, §] KRR T RIED: LGRS [0, 0] 721 [4, 5] BOR/INERERFN, MR dpli, ] -
FU, WAOTHRAEEI T 14-11 FoRi 4 dp KME, HRFSHARS grid FIF,

i+
1 3 1 5 dp[e,e] dp[e,1] dple,2] dple,3]
i 2 2 4 2 dp[1,0] dp[1,1] dp[1,2] dpl1,3]
i+1 5 31_: 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] dp[3,3]
grid dp ®
SRAE. IERATE—HE FinlEl: WA LM [i, j] s/ EER

REEX: 75%s5] [1, j] dp &: RY5 grid HARMER
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K 14-11 REENE dp &

Note

BNASHUIFN B AR AT AREIR Sy — DN RSR P2, MRS H A JUR B, BN 2 & A R R
ERNfAELRE, HESTEBNGEE, BEARESH T —MRE,

BRSNS N —DF R, FATSE N dp ZREZMEIE TR, RS MR AR
& dp BH—DEE, WA LR, dp RBIRSHT AR 6]

B RINERIE T E, S ISR TR

FFARE [i, 5], CHEEMN BT [i — 1, j] IR T [i, 5 — 1] BTk, FERIETa4E%: Sk
[i, 7] HOB NSRRI [3, § — 1] RO NSRRI [i — 1, 5] BORINR R o NS — PR

FRAECL Er#r, AIHEHIE 14-12 FiRAIRASES R

dpli, j] = min(dpli — 1, j], dpli, 7 — 1]) + grid[i, j]

1 3 1 5 dplo,e] dpl[e,1] dpl0,2] dp[0,3]
2 2 41 2 dp[1,0] dpl1,1] 'dpl1,2] dpl[1,3]
5 & 2 1 dpl2,0] dpl[2,1] dpl[2,2] dpl[2,3]
>~—> *~—>
4 3 5 2 dpl[3,0] dpl[3,1] dp[3,2] | dp[3,3]
grid dp &
KEEBHE:

dpl[i, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j]

14-12 AL 7450 SIS T 12

Note

FRYEE A dp 22, B RS T @SR, HHE I T R B 0 R 38 5 (0] @ ) B LA
ik, BRIt F4,

—HIRAHRE TR TS, Fn] DA CRM R ISR 1R,

B R RFRARE RN

AR, AAEEATIPRS RBEMNEL A BPIRASR, AEE SRR R BEME_EIBHPIRASRR, I ETT
i = 0 &S j = 0 2inFEMN,

N 14-13 R, T ME TR IBHET SR LT TR sk, R BAE Rk e, SME
NG HEAT, PN #5,
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dp[e,0] dple,1] dp[e,2] dplo,3] dp[0,0] dple,1] dple,2] dp[0,3]
dp[1,0] dp[1,1] dp[1,2] | dp[1,3] dp[1,0] dp[1,1] dpl1,2] dp[1,3]
— — —
VAT T
dp[2,0] dpl[2,1] dpl[2,2] dpl[2,3] dp[2,0] dp[2,1] dpl[2,2] dp[2,3]
— L o=
VAT T
dp[3,0] dpl[3,1] dpl3,2] dpl3,3] dp[3,0] dp[3,1] dpl[3,2] dp[3,3]
~—d —3
BREM: TAKETET WEEBIRR: EFERHERE

14-13 JARFMESIREEBINT

Note

BB FZOAESSIKIF TG dp &, EEEPH TR,

REEB T B2 02 BARUEAE T 5B Y B A fRRS, P AR E ) B8 /)N (R Y) f B B 42 7 E it
HELHIK,

WRIE LA LA, AT L] AERS Hah SR, FRTM0 A8 o) e — TR R EAR, I Z iR
“BIER — IR — SR R SEBLE AT & B4k ST

1. FF&—: Bhig®k

WHRZS [7, 5] TR, RTINS [0 — 1, J] 1 [i, 5 — 1], AR EE D R,

- S R[]

- JRIFEHA: M [0, 0] F (i, 5] ME/NEERA dpli, 7]

- BIE&ME: M0 =0 H j = 0/, &EA grid]0,0] o

COBE Y0 < OBl < O NRFIBSE, HRHRERN 400, REAATT,

SEPARRSAN T :
// === File: min_path_sum.dart ===

[* RANEREN: |BHER +/
int minPathSumDFS(List<List<int>> grid, int i1, int j) {
/] BERELARTE, NAHEER
if (1 ==088& j == 0) {
return grid[0][0];
}
/] BITHIZREER, MRE] +e X5
if (1<0|] J<0)({
// TE Dart H, int KEZEECEMNELR, FFERT ‘THFKX” HNE
return BigInt.from(2).pow(31).toInt();
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}

/] WEMEEAT (i-1, §) M (1, j-1) BWRNBRELN
int up = minPathSumDFS(grid, 1 - 1, j);

int left = minPathSumDFS(grid, i, j - 1);

/] BEINZEHE (1, j) HR/NREALN

return min(left, up) + grid[i][j];

B 14-14 Z5H 7 P dp[2, 1] IR @R, Hh S —SHEE e, HEE XS M grid MRS
RNIIFEEN

MR LR, ERESTREEED: RS RBEA PN LA BRI — T,

Bk &/5[ER

L/ 9. 9,
ox LN LN

dple,e] dple,1] dplo,2] dple,3] EEFAEEE:

dp % dp[1,0] dp[1,1] dp[1,2] dpl1,3] dpli+1, j1 # dp[i, j+1] #B#k# dpli, j]
dp[2,0] dp[2,1] dp[2,2] dp[2,3]

dp[3,0] dp[3,1] dp[3,2] dpl3,3]

K 14-14 FJHRREIIM

BARSE A PRAMAER, WEEAERG MABREE m +n — 28, FbEENREREN
O(2™4") o TEIER, XAHETARF BIME ML ARG, HENKMLEIL RN DR R —FiksE, Fit
KRR R R D — 2,

2. HikZ: igfziigs

BATFIN—ADFIMEE grid MHFERSTHIILICER men , FFICRSAN T RIERIR, HIGES 7B T3
// === File: min_path_sum.dart ===

[* BNBETRAN: RAZIIER */

int minPathSumDFSMem(List<List<int>> grid, List<List<int>> mem, int i, int j) {

/] BERELBRTE, NAIHER
if (1==028& j==0) {
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return grid[0][0];
}
/] BTHIRSIER, MWRE +o K6
if (<0 ]| 3j<0){
// TE Dart H, int XEZEECEMNEL, FEFEERT “TH K HE
return BigInt.from(2).pow(31).toInt();
}
/] EEBIER, NEERE
if (mem[1][]] != -1) {
return mem[1][j];
}
/] A bR s R/ N BREAHN
int up = minPathSumDFSMem(grid, mem, 1 - 1, j);
int left = minPathSumDFSMem(grid, mem, i, j - 1);
/] BFEHRELZEAD (1, j) BRNREAN
mem[1][j] = min(left, up) + grid[i][]];

return mem[i1][3];

e 14-15 fow, TESIAIRIZMLG, FrA FRIERRRFHE—R, FILN RS AEBRRTIREEE, B
RS O(nm) o

dpl1,1]

K 14-15 ieiZ/eERE TR

3. FHiE=: oh&MR

FEP BRI SARE, RN IoR:
// === File: min_path_sum.dart ===

[* RNEBTRAD EOASHK */

int minPathSumDP(List<List<int>> grid) {
int n = grid.length, m = grid[0].length;
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/] #RE dp &
List<List<int>> dp = List.generate(n, (i) => List.filled(m, 0));
dp[o][e] = grid[e][0];
/] REHE%: 817
for (int j = 1; j < m; j++) {

dp[01[3] = dp[0][] - 1] + grid[0][i];
}
/] WEER%: 875
for (int 1 = 1; 1 < n; 1++) {

dp[i][e] = dp[t - 1][0] + grid[i][0];
}
/] REHE%: HRITH5
for (int 1 = 1; 1 < n; i++) {

for (int j = 1; j < m; j++) {

dp[t1[j] = min(dp[iI[] - 11, dp[i - 11[J1) + grid[i][j];

}
return dp[n - 1][m - 1];

B 14-16 R 1 B/NR RIS AR, Homl 78 M, FINaERER O(nm) .
Bl dp KN noxom, BIEBRIERER O(nm) .

1 3 1 5 0 [ 0 o 1 3 1 5 1 4 5 10
2 2 4 2 [} 0 o /) 2 2 4 2 3 0 0 [}
5 3 2 1 [} 0 o /) 5 3 2 1 8 0 0 [}
4 3 5 2 [} 0 /] 0 4 3 5 2 12 0 0 [}

grid dp & grid dp ®

MAETT dplo, 51 = dple, 5-11 + grid[i, j]1

G i &2 Mtz dpli, 0] = dpli-1, 0] + gridli, j1

Step 1 Step 2

1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3e>5 (/] 0 2 2 4 2 3 5e>9 [}
5 3 2 1 8 0 o 0 5 3 2 1 8 0 0 [}
4 3 5 2 12 [ 0 ] 4 3 5 2 12 o [} 0

grid dp ® grid dp ®

waE RS
dpl4, 31 = min(dpLi-1, 51, dpLi, -11) + grid[i, 31 dpli, 31 = min(dpLi-1, 51, dpl, 3-11) + grid[i, 31

Step 3 Step &
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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 9e>11 2 2 4 2 Bl 5 9 11
5 3 2 i 8 o [} o 5] B 2 1 8e>8 o 0
4 3 5 2 12 o 0 0 4 Bl 5 2 12 0 o 0
grid dp & grid dp ®
RERH REFA
dpli, j1=min(dpli-1, j1, dpli, j-11) + gridli, j1 dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]
Step 5 Step 6
1 3 i 5 1 4 5] 10 i 3 1 3 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 0 5 Bl 2 1 8 8 10e>11
& 3 5 2 12 o 0 [ 4 3 5 2 12 0 o 0
grid dp & grid dp &
RERE REFH
dpli, j1=min(dpli-1, j1, dp[i, j-1]) +grid[i, j] dpli, j1=min(dpl[i-1, j1, dp[i, j-11) +grid[i, j1
Step 7 Step 8
al 3 i 5] 1 4 9 10 i 3 i 5 ) 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 12e>11 [} o 4 3 5 2 12 11e>15 0
grid dp ® grid dp ®
RERH K&
dpli, j1=min(dpli-1, j1, dp[i, j-11) + grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]
Step 9 Step 10
1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 11 2 2 4 2 3 5 9 11
5 3 2 1 8 8 10 11 5] 3 2 1 8 8 10 11
4 3 5] 2 12 11 156->13 4 Bl 5 2 12 al 15 13
grid dp ® grid dp ®
RERH
dpli, j1=min(dpli-1, j1, dpli, j-11) + gridli, j1 BEIR/NEREMN 13
Step 11 Step 12

14-16 HNESIZFIRIEh SRS 2

4. FiEi

M MET REEEIDMN BRI AR, RIEHEATAT A — D B TRER S dp .
THER, BRIV dp HBEFR—1TRVIRA, FRDABNTCIER RTINS, T e BT e :

// === File: min_path_sum.dart ===
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[* BNEEER: FEIRENEISIK */
int minPathSumDPComp(List<List<int>> grid) {
int n = grid.length, m = grid[0].length;
/] #iatk dp &
List<int> dp = List.filled(m, 0);
dp[0] = grid[o][e];
for (int j = 1; j < m; j++) {
dp[j]l = dp[j - 1] + grid[e][]];
}
/] WEE%: HRT
for (int 1 = 1; 1 < n; 1++) {
/] KE#E%: 5
dp[0] = dp[0] + grid[i][0];
/] KEHE%: HRY
for (int j = 1; j < m; j++) {
dp[j] = min(dp[j - 11, dp[i]) + grid[i]1[j];
}

}
return dp[m - 1];

14.4 0-1 B58in)&a

HRAEZE— M EE TSN TTEE, 2a8d & W REE, HEERZZM, F400-1
Hhnd, EeEaEnE, ZEYEE,
AT, BATTSER K AR UL 0-1 15 Ein) i,

Question

4 N, MIRIE RN watli — 1], 0N valli — 1], R—ANERA cap W, 5
AN BEERE R, ITERR A A AR FAEROI R BR A B

WIEEE 14-17 , TSRS © M 1 FFRTHEL, BEHRSIM O FHRTHEL, Y& o NV ER wgt[i — 1] f
M valli — 1] o
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ws EE fifE

i wgt[i-1] val[i-1] Lang
1 10 50 ] cap = 3@
2 20 120 ¥ |~
3 30 150 s — “
4 40 210 ¥
5 50 240 (Y

=mAME: 270

RILARE ¥ . 8 BAEE
H#EH 50 HEAE

14-17 0-1 B ERREIEHE

BATAT LUK 0-1 HRIMEEE—DH n RUSEHMAIIRE, X T MEREE RRAFRAPRRSE, Fit
T[] R R R SRR AR
AR HA R “TEREY BAR FREIRAYMIERME”, IR ARZ — D sh SRR,
B BESRNIGE, &0RE, MWNies dp %
MNTHEMRKY, NRAEE, SEARAE; MAEHE, BEARRBN, HEASREE S ST
s i MIFRRERAR ¢, IZN[i, ¢l
KA [4, ] NMBFRBA: /i i MRERIRE RN c MERPRERRIE, 125 dpli, c] .
fRERIZ dp[n, cap], RIRFE—DMRIHA (n+1) x (cap + 1) =4k dp %,
B RINRIET &, dmifEs ISR R TR
BEAMEE: « USRIG, FIRIZRT( — 1 MISRIITE, 520 LR RS b

© RN BRAEARE, RSN [i—1,c.

COADEL G BEAERRD wgtli — 1], WMEMN valli — 1], RETBER [i — 1, c —wgt[i —1]] -

ERATEBA R T AR TR BB dp(i, ] FF AN « RURAPIS ¢ ikt Ei
{ESE RIS HRSEAT1E:

dpli, c] = max(dp[i — 1,¢|,dpli — 1, ¢ — wgt]i — 1]] + val[i — 1))

FENRNR, EUNRER wgtli — 1] BURIR SO o, WSRO E,
B MR A PERR A R
T TR B RIHECME N 0, BIES dpli, 0) IE1T dpl0, ¢] #%F 0.

SRS [4, €] M BTSRRI [i — 1, ] Fide EATRIRES [i — 1, ¢ — watli — 1)] 65613k, BUHEEH R
FRIERERFREA dp HIAT,

IRIELA L, BATHE TRIGIP SR IR, IR, SIS,
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1. FitE—: 8higHR

ERAMESUTER,

- RBASEC KA [ o] .
ORI TN dpli, c] .

- BB SR SEA 0 = 0 S ERIRER O I, ZIEBIAFHIRENEO .

C BRGNS R R, R AR AR .
// === File: knapsack.dart ===

/* 0-1 B BHER */
int knapsackDFS(List<int> wgt, List<int> val, int i, int c) {
/| EEETFREYMEEELHREE, WREINE o
if (1==0]] c==0) {
return 0;
}
/] EEIEERE, WREEERBRAETE
if (wgt[i - 1] > ¢) {
return knapsackDFS(wgt, val, i - 1, c);
}
/] TERBRANFBRANYE 1 IsANE
int no = knapsackDFS(wgt, val, 1 - 1, c);
int yes = knapsackDFS(wgt, val, 1 - 1, ¢ - wgt[i - 1]) + val[i - 1];
/] BREIFRTHGEPMEERNI—

return max(no, yes);

e 14-18 R, HMITENMMES S ENERNEM AR S, FINFEEREN O(27) .
WMEHBEITR, ARG RIMHPFERES TR, FlWdp[l, 10] %, mMYRKe, SEARKK, THEHA

HENY N, HE T NSRRI REEZ,

MRES HEEE
dp[3,30]

dp[2,10]
Q

"%‘ BEBRAMS

BEBRNDSE 3

ik MaER > HE8E

N

dp[1,10] dp[1,-10]

dpl0,10] | dple,0] | dp[e,10] | dple,e]

o & *

YRES i 1 2 3 HEaBEE cap = 30
PERESE wgt[i]l 10 20 20
afE vallil 60 110 120

BEBRANDSE 1
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B 14-18 0-1 T EMIEEAY 2 S 2 2R0E B

2. Bk itizwigE

N T RIEEREE F R AP E—IR, BAMEBICIZHEE nem KICTFRIBHIME, HA mem[1]1[c] M AL dpli, c]

o]

SINIRIZMZ )G, NREREROT FRiEEe, itz O(n x cap) . SKHAIBLWT:

// === File: knapsack.dart ===

/* 0-1 i BIZkigE +/
int knapsackDFSMem(

List<int> wgt,
List<int> val,
List<List<int>> mem,
int 1,

int c,

) {

/] EEETFREYMEEELHREE, WREINE o
if (1==01]] c==0) {
return 0;
}
/] BEEBIER, WEERE
if (mem[1][c] !'= -1) {
return mem[1][c];
}
/] BERIEERE, WREEETHRAEE
if (wgt[i - 1] > ¢) {
return knapsackDFSMem(wgt, val, mem, 1 - 1, c);
}
/] TERBANBND@® 1 BRANE

int no = knapsackDFSMem(wgt, val, mem, 1 - 1, c);

int yes = knapsackDFSMem(wgt, val, mem, 1 - 1, c - wgt[i - 1]) + val[il -

/] IBRFHEREIFIHEERNEEAIAE—
mem[1][c] = max(no, yes);

return mem[1][c];

B 14-19 R 7RI R P BT R ER 7750

ills
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MRES YaEE
dp[3,30]

REBRNYDSE 3

dp[2,30] S e S dp[2,10]

% o ?o\%A REHRANE 2

dp[1,10]

& REBRANYSE 1
o = *
YRRS i 1 2 3 HEAESE cap = 30

MREE wgt[i]l 10 20 20
YEfE vallil 60 110 120

K 14-19 0-1 & ERERC IS RS IR

3. FE=: oSy
HNAHNIE LR TERSHEB HIET dp KAV, EBWNATR:
// === File: knapsack.dart ===

/* 0-1 B EEHE */
int knapsackDP(List<int> wgt, List<int> val, int cap) {
int n = wgt.length;
/] #Ek dp &R
List<List<int>> dp = List.generate(n + 1, (index) => List.filled(cap + 1, 0));
RISt g
for (int 1 = 1; 1 <= n; 1++) {
for (int c = 1; c <= cap; c++) {
if (wgt[i - 1] > ¢) {
/] EBEREERE, WFEYm 1
dp[i][c] = dp[t - 1][c];
} else {
/] REREYGE 1 XA ENRAE
dp[i][c] = max(dp[i - 1][c], dp[i - 1][c - wgt[i - 1]] + val[i - 11);
}
}
}
return dp[n][cap];
}

U 14-20 FFR, BRI A A2 ) S AR AR B AR dp A/, BT O x cap)

Bk MRERE > HA%E
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‘ a a B @B a a B @
EE wgt il val el oo 1 2 3 4 EE wgt i val el e 1 2 3 4
wgt[i-11 val[i-1] [ [} [} [ [ 0 wgt[i-1] val[i-1] [ 0 [} [} ]
+550
1 5 (] 1 0 1 5 ] 1
2 11 * 2 [} 2 11 * 2 [
3 15 - 3 [} 3 15 - 3 0
REEB:
MEBE n=3 EEEE cap = 4
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
MAURTA (n+1) x (cap+1) M dp %M
Step 1 Step 2
a - a @ m - a & "]
BE wgt fifH val el oo 1 2 3 4 BE wgt fifE val el 1 2 3 4
wgt[i-1] vall[i-1] 0 0 o o 0 0 wgt[i-1] wval[i-1] L) 0 0 [} o 0
+5N0 +550 |
1 5 o 0 5 1 5 o 0 5 5
2 1 ¥ 2 [} 2 11 ¥ 2 [}
3 15 (2 3 0 3 15 - 3 0
KB RS
dp[i, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) dpli, c] = max( dp[i - 1, ¢] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
l Step 3 ] Step 4
) - [} ] ﬂ - ] ] “
EE wgt fME val A 1 2 3 4 EE wgt fifE val SC e 1 2 3 4
wgt[i-11 val[i-1] [} [} [} ] 0 wgt[i-1] valli-1] [ [ 0 [} 0 ]
+5N0 )
1 5 [} 1 ) 5 5 5 1 5 () 1 ) ? 5 5 5
2 11 * 2 [} 2 11 * 2 [} 5
3 15 (O 3 [] 3 15 (2 3 )
RS RSB
dpl[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dpl[i, c] = max( dp[i - 1, €] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
[ SIp 6 ] Step 6
s - a @ ﬂ - a B “
EE wgt fiff val el oo 1 2 3 4 EE wgt i val e e 1 2 3 4
wgt[i-11 val[i-1] [} [} [} [ [ [} wgt[i-1] valli-1] [ [ 0 [} [} ]
1 5 (] 1 ) 5 5 5 5 1 5 ] 1 ) 5 5 5 5
* +11 v * T
2 11 2 [} 5 11 2 11 2 [ 5 1 16
3 15 - 3 [} 3 15 - 3 0
REHEB: REEB:

dpl[i, ¢] = max( dp[i - 1, c] , dp[i -

1, ¢ - wgt[i-1]] + val[i-1] )

dp[i, c] = max( dp[i -

1, c] , dpli

-1, ¢ - wgt[i-1]] + val[i-1] )

[ step 7 Step 8
a - [ ] Il n - [} ﬂ n
EE wgt ffifd val el oo 1 2 3 4 BEE wgt fifH val el e 1 2 3 4
wgt[i-1] val[i-1] [ 0 [} ] 0 0 wgt[i-1] val[i-1] [ 0 0 0 [} ]
1 5 ¢ ) 5 5 5 5 1 5 o 0 5 5 5 5
% T by
2 11 5 2 0 5 1 16 16 2 11 2 ] ? 1 16 16
3 15 (% 3 [] 3 15 - 3 ) 5
RS RS
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
l Step 9 ] Step 10
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a) - a @& “
EE wgt fMfE val el oo 1 2 3 4
wgt[i-1] val[i-1] ) ) 0 [ [ 0
1 5 (] 1 ) 5 5 5 5
2 1 * 2 ) 5 1l1 16 16
3 15 - 3 [} 5 11
RSB
dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
Step 11
a & & &
~
EE wgt fifE val e e 1 2 3 o
wgt[i-1] val[i-1] 0 0 0 0 0 0
1 5 () 1 [} 5 5 5 5
2 11 * 2 o 5 11 16 16
N
3 15 (o 3 [] 5 11 16 20
RSB
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 13

4, ZEfik

- ] ] U
B ~.C
EE wgt A val \ 0 1 2 3 4
wgt[i-1] valli-1] [} [ 0 [} 0 [
1 5 (] 1 ) 5 5 5 5
2 11 * 2 0 5 1 16 16
TE—
3 15 - 3 0 5 11 16

RERB:

dpl[i, c] = max( dp[i - 1, c] , dpli -

1, ¢ - wgt[i-1]] + val[i-1] )

Step 12
a a & &
EE wgt i val e 1 2 3 4
wgt[i-1] valli-1] 0 0 0 0 0
1 5 o ) 5 5 5 5
2 11 ¥ 2 ) 5 1 16 16
3 15 - 3 ) 5 11 16 20
EERFENRBAEENRANE 20
Step 14

14-20 0-1 5 HERERNZSHRTRE

H T NRSE R G H E—1TRORAE 3,  [RULFRATTAT DA AN SR s, #=REREM O(n?)

= O(n) .

W FRATREE (A — NS R ele? AT, S MRSE R HIE 7y BT ryks 7%
RN, RZRE—MEH, STHREAE « 7T, ZBEHEEITRREE « — LITHIRE.

WESREGE R, IR dpli, ] N, 75 b77 dpli — 1,1) ~dpli — 1,5 — 1] (ATREC &4
& RSB E MR AR
W ESREE B, AR R BRSNS, RASHR LR,

K 14-21 R TAESRADNEEH T © = VATHRIMES « = 2 /TR0, 16 B 1E 5 1 P A8 e 3 P A DX il

EBE wgt fifE val } c
1 5 () 1
2 11 ¥ 2
3 15 (O 3

N s - |B
- ST

..I

a .
3 4
) [}
5 5

s IEREREE

wer—rama « - ({1 I ED EDED

BH 1=
Step 1

2 #i, BIFR dp PIEMENR i =

1 WFRERIAR

EE wst HfE val

wgt[i-1] valli-1] 0
1 5 () 1
2 11 ¥ 2
3 15 (% 3

- B

iI

a & B
2 3 4
0 0 )
5 5 5

—

sl s | &

1

REFA—TRITHA dp =

BIFERE 1 =

Step 2

2 17, BTRERS
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EE wgt A val ~.C

i

wgt[i-1] val[i-1] 0
1 5 (] 1
* 2

3

« EES
r

o
o
0
o
]

e S o [ s[5 ]ue]

BFBHE 1 = 2 17, #TREHB

Step 3
‘ a a & &
EE wgt fifH val AR 1 B 3 "
wgt[i-1] val[i-1] 0 0 0 0 0 0
1 5 ¢ [} 5 5 5 5
2 1 LY s o s
3 15 (2 3 []
san—rurna o - (DEDEDEDED
EIFERE i = 2 17, #TREEB
l Step 5

Step &

Step 6

- ] ] “
EE wgt i val el e 1 2 3 4
wgt[i-1] valli-1] ] 0 [} [} [} o
1 5 (] 1 5 5 5
2 1 * 2 o W
3 15 - 3 [

sen—rsma o - ((DEDEIEDED

BFERE 1 = 2 17, #TRERB

EE wgt fiff val ™.C

wgt[i-1] wval[i-1]

o s|n|B

s s o
o [N

s

[ ]
3 4
0 (]
5 5

sen—ruina o - (D EDEDEDED

TREDE, ¥A dp RENHRRE 1 = 2 WFER

14-21 0-1 BN EILENSMXNERE

TEARBS S, MR dp RIS —4E « EEMIBR, JF EICAIER E o 851 P R a] :

// === File: knapsack.dart ===

/* 0-1 B8 ZERKEHEERL +/

int knapsackDPComp(List<int> wgt, List<int> val, int cap) {

int n = wgt.length;
/] #ERE dp &
List<int> dp = List.filled(cap + 1, 0);
/] K&
for (int 1 = 1; 1 <= n; i++) {

/] BIFIER

for (int ¢ = cap; ¢ >= 1; c--) {

if (wgt[i - 1] <= ¢) {
/] FEMEE 1 XA RERNRAE

dp[c] = max(dp[c], dp[c - wgt[i1 - 1]] + val[i - 1]);

}
return dp[cap];

14.5 2= 808

TEAT I, BAVeRBA—DME NSRRI 28, B T7ReEn—MEG: TRk,
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14.5.1 25 8RE

Question
B n MG, B ASNERR wgt[i — 1], MER valli — 1], M—DEEN cap WM, &
AP DEE R, R7ERE S OAE FEMRAYSNRRNME, ~EIE 14-22 AR,

ms EE {8 SaEE
i wgt[i-1] val[i-1] cap = 50
1 10 50 o <1 —
2 20 120 . x2 n
3 30 150 B
4 40 210 *
5 50 240 ()

RAME: 290

SRER: B—1 @ FE . BmAES
HEA 50 TRAE

14-22 sEeH AR RG]

1. EhEEHRBER

SERT BT 0-1 5 RLAEHER AR,  DXBMAE T ASBREIP Sh AR E R B

- AE0-1 HHWEEAE, SMYRmRAE D, FIR&  MNERE, JEEMAT ¢ — 1 DM rikeE,
- fESEEEEAET, SRS EERZICRE, RIERYIE  IRAE R, 9l BUAGT @ DinrbiEe.

EFE 2B WRERFE T, R (i, c] KL PRSI

- AN G 5 0-1 HRFEMER, BRI —-1,c.
C BN 5 0-1 HRFEARRE, HEE (i, c —wgt[i —1]] .

MR R TR :
dpli, c] = max(dp[i — 1, c|, dp[i, c — wgt[i — 1]] + val[i — 1])

2. K@M

Xt EEIERE H AR, IRESER A N — 12 1, HREE 80
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// === File: unbounded_knapsack.dart ===

[* TEEE: SR */
int unboundedKnapsackDP(List<int> wgt, List<int> val, int cap) {
int n = wgt.length;
/] #Ek dp &
List<List<int>> dp = List.generate(n + 1, (index) => List.filled(cap + 1, 0));
RISt g
for (int 1 = 1; 1 <= n; 1++) {
for (int c = 1; c <= cap; c++) {
if (wgt[i - 1] > ¢) {
/] EBEIZEBRE, WFEYm 1
dp[i][c] = dp[t - 1][c];
} else {
/] REREYGE 1 XA ENRAE
dp[i][c] = max(dp[i - 1][c], dp[il[c - wgt[i - 1]] + val[i - 1]);

}
return dp[n][cap];

3. FiEi

T AR R AT BRI Fe ok, stz mIRALa RN dp R R — 1T TR &,
XA TS 0-1 §EIEAFHHR, 1EEBIIE 14-23 SRELEME I X,

] - [ ] ' ] “ - [ ] " ] n
EE wgt il val el oo 1 2 3 4 EE wgt i val SC] e 1 2 3 4
wgt[i-11 valli-1] [} [} [} ] ] [} wgt[i-11 valli-1] ] [} [} [} [} ]
1 5 (] 1 1 5 ] 1 ) 5 10 15 20
2 11 * 2 [} 2 11 * 2 [] 5
3 15 (3 3 0 3 15 - 3 0

wen—rsons o - (DEDEDEDED sen—reona o - ((DEDEDEIED

B 1= 2 @i, Flk dp PERENE 1 = 1 WARENR EFBHE i = 2 17, #TREES
Step 1 Step 2
) - a = n - a B "]
EE wgt ffifd val el oo 1 2 3 4 BE wgt fifE val el e 1 2 3 4
wgt[i-1] val[i-1] 0 [} [} 0 ] [} wgt[i-1] val[i-1] 0 ] [} [} [} ]
1 5 o [) FEEERUE 15 20 1 5 o 0 5 10 15 [WEI)
2 11 * 2 [) 5 1 2 11 * 2 ] 5 11 16
=L
3 15 w» 3 0 *1t 3 15 @ 3 [ +1
sen—raims o - (D EDEDEIED nen—rema o - (DI EIED
EFBRE 1 = 2 17, #TRSHS EFBHE i = 2 17, #ITREEB

| Step 3 Step 4
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) - ] [ ] “ - ] ] U
EE wgt i val e o 1 2 3 4 EE wgt M val N 0 1 2 3 4
wgt[i-1] valli-1] o | o o 0 o o wgt[i-1] valli-1] 0 o o o 0 0
1 5 (] 1 5 10 15 20 1 5 (] 1 ) 5 10 15 20
2 1 * 2 0 2 1 * 2
3 15 - 3 0 +11 3 15 - 3 0
sen—ravna » - R EDEIEIED sen—rwins o - (D EDEIEIED
EFBHE 1 = 2 17, #TREEB SRIBMGE, ¥4 dp RENRE 1 = 2 NFENR
Step 5 Step 6

B 14-23 seeE UREESRIULE ISR
A SCPR LA &, AXFRRE AR dp BSS —4ERIER :

// === File: unbounded_knapsack.dart ===

[* T2EE: TENKENEIEIL */
int unboundedKnapsackDPComp(List<int> wgt, List<int> val, int cap) {
int n = wgt.length;
/] #iatk dp &+
List<int> dp = List.filled(cap + 1, 0);
/] RE¥Z
for (int 1 = 1; 1 <= n; 1++) {
for (int ¢ = 1; c <= cap; c++) {
if (wgt[i - 1] > ) {
/] EEIEERE, WREYmE 1
dp[c] = dp[c];
} else {
/] REFEYS 1 XS RRAE
dp[c] = max(dp[c], dp[c - wgt[i1 - 1]] + val[i - 1]);
}
}
}
return dp[cap];

}

14.5.2 TR0

H R — RREASMEIER, HIRMERE 2R, BN,

Question

S R, 48 R YT coinsli — 1), BRREHDN amt , APRRET ] AEALAR,

REMS I H B e Wi DREMECR, WRTCEE N Bineil, WHRE —1 ., REGHE 14-24 For,
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HS mfE
i coins[i-1] BirEE
1 1 1 amt = 11
~ B
2 2 $
3 5 C) x2 //)

ROEMHE: 3
stiEras: @+ © + ©

14-24  FESAHRIAEARBIEE

1. EhEEHIRIBER

TR AR RS 21 TSR — ARG 50, B A DU NRR S A A .

- PUIERER] DAHEERHE, “Wpdn” RN CREMT, “PrAhEERT XN CREMmEET, HAART XN CHARE
g}ﬁ”o

- AR, EeE PR ER AR IME, FESEE R MU R,

- EEEURETER NEET SRR, BERGOHER R RBE BRI

- MHERIUGE, 2 URE, MifEsl dp #

ARAS 4, o] RMEI TN i 0 FRETAERS A &0 o MU DRI ECR, 128 dpli,a) .
— 4 dp RIRH (n+1) x (amt +1) .

Fo PR T, MRS R AR R

R 52 4 5 PR IR AR T A TE DA R 22 5,

- AR RIME, EEEEHERT max() FéCH min() .
- R RE TSR TR A, e R T T 41 BT,

dpli,a] = min(dp[i — 1, al, dp[i,a — coins[i — 1]] + 1)

B WIS
YERESHON 0 I, B ErROEmEEN 0, BEFIFE dpli, 0] #%T 0.

YICREMN, FIRBIER > 0 WBEREH, BRI, NERESHEE TR min() HEREWBIRHIH
WIRTCRR, FATEEMER +oo KEREN], BILETHE dpl0, a] #EFT 400,
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2. K%M

REEGRFEE S HARIR ML 400 B, HEEMAER int WEKERRE, MXXESHEREEA: IREH
MITRERRY +1 #RIER REA A TR H

M, BATRAET amt + 1 RFRTERR, FRNED amt WERHERZ N amt . BEIREIE, HT
dp[n,amt] BEFETF amt + 1, FHRURE —1, RELEZHEMRESH, REGUTFAUR:

// === File: coin_change.dart ===

[* BEREHR S *+/
int coinChangeDP(List<int> coins, int amt) {
int n = coilns.length;
int MAX = amt + 1;
/] MEk dp R
List<List<int>> dp = List.generate(n + 1, (index) => List.filled(amt + 1, 0));
/] KEHER%: 51785
for (int a = 1; a <= amt; a++) {
dp[0][a] = MAX;
}
/] WSER%: HRTH5
for (int 1 = 1; 1 <= n; 1++) {
for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EEIERE, WAEED 1
dp[il[a] = dp[i - 1][a];
} else {
/] REFEET 1 XS ENRIME
dp[i][a] = min(dp[i - 1][a], dp[i][a - coilns[i1 - 1]] + 1);
}
}
}
return dp[n][amt] != MAX ? dp[n][amt] : -1;
}

B 14-25 R T R ESURAIEI SRS RE, Fiseen tmiEdEFE M e,

i & 8 & i &4 & 68
®wS EfE \i\\ﬂ 0 1 2 3 4 HS EfE \;\3\ 0 1 2 3 4
i coins[i-1] 0 i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ 1 1 @ 1|0
2 2 @ : 2 2 @ - )
3 5 @ - 3 5 @ - 0
EH#E n =3 BifE® amt = 4 Em#E n =3 BffEE amt = 4
MEURTA (n+1) « (amt+1) B8 dp %ERE MAKETTA MAX = amt + 1 . EFIH 0

Step 1 Step 2
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5 &4 & 6
®wS EfE el e 1 2 3 4
i coins[i-1] 0 0 m[\x MAX  MAX  MAX
1 1 ©® 1|0 1
2 2 @ : 0 *t
3 5 @ 3| o
RERB:
dp[i, a] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1)
[ Step 3 Step 4
8 & & 8
®S [ el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX M?X MAX
1 1 @ ! [} 1 2 | 3
2 2 @ - 0 *
3 5 @ - [}
RSB
dp[i, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1)
l SID O J ( Step 6
5 & & 6
®wS il e e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ : [} } 2 3 4
2 2 @ - 0 1
3 5 @ - [}
RERB:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1)
Step 7 Step 8
s & & ¢
" i ~Naloe 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ 1 0 1 2 ? 4
2 2 @ 2 0 1 1 2
3 5 ® - o +1
RS
dp[i, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1)
[ Step 9 Step 10
: & & & 6
®wS mEfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! [} 1 2 3 4
2 2 @ - [} 3 1 2 2
3 5 ® 3|0 1
RERTB:
dp[i, a] = min( dpli - 1, a] , dp[i, a - coins[i-1]] + 1)
Step 11

Step 12

s & & &
ws EfE 0 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 ;;
2 2 e : ] *1
3 5 @ 3| o
RERB:
dp[i, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1)
s & & &
WS HiE 0 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ©® 1|0 1 2 3 4
2 2 e - 0 =
3 5 @ - )
RSB
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1)
s & & &
ws EE ) 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 e ! o 1 % 3 4
2 2 e : [} 1 1
3 5 e : 0 1
RERB:
dp[i, a] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
s & & &
&"s i 0 1 2 3 4
i coins[i-1] [ 0 MAX  MAX  MAX  MAX
1 1 @ 1 0 1 2 3 4
2 2 @ 2 0 1 1 2 i
3 5 e - 0 +1
REHRB:
dp[i, al = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1)
- 5 & & &8
ws EE ) 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® ! ) 1 2 3 4
2 2 e : ) 1 } 2 2
3 5 @ : ) 1 1
RERHB:
dp[i, a] = min( dp[i - 1, a] , dp[i, a - coins[i-1]1] + 1)
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i & & & 5 & & 8
wS EfE el e 1 2 3 4 ws EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX i coins[i-1] [ 0 MAX  MAX  MAX  MAX
1 1 @ ) 1 2 3 1 1 e ! 0 1 2 3 4
2 2 @ - ) 1 1 % 2 2 2 e : 0 1 1 2 ?
3 5 @ - 0 1 1 2 3 5 @ - 0 1 1 2 2
REHE: RE#TS:
dpli, al = min( dpli - 1, al , dpl[i, a - coins[i-1]1] + 1 ) dpli, al = min( dpli - 1, al , dpli, a - coins[i-1]1] + 1 )
Step 13 Step 14
5 & & 6
wS EfE \i\a ) 1 2 3 4
i coins[i-1] ] 0 MAX  MAX  MAX  MAX
1 1 @ : [} 1 2 3 4
2 2 @ > [} 1 1 2 2
3 5 @ 3 0 1 1 2 2
EEEHETETNROETHE 2
Step 15

K 14-25 FESURMABR ) ST R

3. FTaEfitk
TR LA 22 AL B A B 75 2R 52 2 1 R Al — 2
// === File: coin_change.dart ===

[* BRI TERAENEIESAL *+/
int coinChangeDPComp(List<int> coins, int amt) {
int n = colns.length;
int MAX = amt + 1;
/] #MEk dp &R
List<int> dp = List.filled(amt + 1, MAX);
dp[o] = 0;
/] K&
for (int 1 = 1; 1 <= n; 1++) {
for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EEIBEREH, WAEED 1
dp[a] = dp[al;
} else {
/] EFNERET 1 XA RNRIME
dp[a] = min(dp[a], dp[a - coins[1 - 1]] + 1);
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return dp[amt] != MAX ? dp[amt] : -1;
}

14.5.3 T RIRR)E I

Question
250 n FREET, 58 MPREMNEAES coins[i — 1], BARSEN amt , SR HA] LEE IR, W
I HREPMEh A S BER. REINE 14-26 FR.

HwS EfE
i coins[i-1] BirE&@
amt = 5
1 1
2 2 §
3 5 (5)
WhHASHE: 4
EHAGHE: + + + +
+ + +
+ +
(5]

K 14-26 FE SR 1T AR BIEEE

1. =hEHLIBEE

MET E—, ABERRERAEHE, Rt Ry 6o MM RES RN o WG, M dp
RIMARRRSTH (n+ 1) x (amt + 1) B HERERE,

SRTIRSHIE SRR SF T AN 4 AT i 535 24 AR X ARV A SR M, RSB RN

dpli,a] = dpli — 1, a] + dpli, a — coins[i — 1]]

Y EFRESHCN 0 I, TCAVERALAIRE M I A0 AR R, RIS E5ITE dpli, 0] A9t 1. 4L
REMIN, JCEELER > 0 WERESH, FtETE dpl0, ] #%T 0,

2. KExEM
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// === File: coin_change_ii.dart ===

[* TERGHR I1: shiSHIK */
int coinChangeIIDP(List<int> coins, int amt) {
int n = coins.length;

/] ?ate dp &

List<List<int>> dp = List.generate(n + 1, (index) => List.filled(amt + 1, 0));

/] #EES
for (int 1 = 0; 1 <= n; 1++) {
dp[i][0] = 1;
}
/] KEEHB
for (int 1 = 1; 1 <= n; 1++) {
for (int a = 1; a <= amt; a++) {
if (coins[il - 1] > a) {
/] EBEEREE, WAREER 1
dp[i][a] = dp[t - 1][al;
} else {
/] EFEED 1 X HEZH

dp[i][a] = dp[i - 1][a] + dp[i]l[a - coilns[i -

}
}
}
return dp[n][amt];

}

3. FiEiik

S ECACAE IR AR, MHIBRAE i 4E R AT :
// === File: coin_change_ii.dart ===

[* BERME 11 TERKEHEIESIL */
int coinChangeIIDPComp(List<int> coins, int amt) {
int n = coins.length;
/] #Ek dp &R
List<int> dp = List.filled(amt + 1, 0);
dp[o] = 1;
RISt 3
for (int 1 = 1; 1 <= n; 1++) {
for (int a = 1; a <= amt; a++) {
if (coins[il - 1] > a) {
/] BEIEREH, WAREER 1
dp[a] = dp[a];
} else {

111;
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/] REFRET 1 XEFHHEZH
dp[a] = dp[a] + dp[a - coins[i - 1]];
}
}

}
return dp[amt];

}

14.6 YmiBEEE|n)RR

JwiHEERS, AR Levenshtein B, M D TF1F R Z IR AR B R MER LY, BHMTEGERERNHA
SRIE S A B BN SRR

Question

BMAMDTRIER s /il ¢, IREN s #Hy ¢ iR E R D g5,

VRA] DIAE— NPT ER R T =R . A DR MR — DR, P rrg it g — 1
o

GniE 14-27 R, R kitten ¥4 sitting FREGwE 3 40, TUHE 2 UOBHIRIES 1 IRIIIRIE; #F hello #2
# algo TE 3 7, HUAE 2 UUEHARIER 1 IUMBRERIE,

s - (3880800 s - 0000
1§m [@mlma l!ﬂllri%l 1@;&]@;&
8888800 [a]t]g]o]

- (0808086800 - (30080

[’ 14-27 G EE R R B EHE

SR 2 2 )] ATR ) SR ORI BVRDR IR, AT B T, —HRIRER (—IRGmEBIRIE) KT

—Zib,

NI 14-28 FoR, FEANRARRIEIHEICT, SR8 DURAE VP2 5500, BRI N —RigfE, IXER
% M hello ##%5] algo A IFLAIATRERIER TR,

MR ER, AR EFR2 KT A hello FITH AL algo Z Al AEIAE,
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s =

14-28 T HRIR MR R IR YR IR 25 ]

1. EhESHIRBER

Wi BERHRIIUSE, 2 SURE, TS dp %

15— RRIER FATH 5 HET — IR,

TA A EAE SRR R, (RO, XA BRI T I, 150 s 1 ¢ B9 KEEZS N
n i m, ROTEZERTBRIBNFT sln — 1) A1 tm — 1],

- % s[n — 1) B t[m — 1] MR, RATATABOLEN], EBE%E s[n — 2 f1 tfm — 2] .
C 3 s — 1) R tm — 1) AR, SROTEIER s AT DA AL MBS, i), (55 R
HYSPEAIR, AT DABRIE A, R o N

BRLR S, TATEFATE s PTG (GERIRIED), W2 s A ¢ PRIRIGFITREITR 42
flo WItE, RASNUHITE s W ¢ sPEIEIIE | M J A, B0 [, 4] -

KA [0, 7] REBIEOTIIEE: 95 5 BIRT & AT ESC £ IR § AT R DL,
P, EE RS (4 1) x (G4 1) =% dp .
B HRE T, TS IR

FERFWE dpli, j], HWSMIWDFZRERORBETA N s[i — 1] M t[j — 1], ARERRZREERES I E
14-29 R =FE o,

1. 75 s[i — 1] 2R t]j — 1], WEAFRE dpli, j — 1] .
2. MR s[i — 1], WIS T dpli — 1, 5] .
3. 4 sli — 1] B t[j — 1], WRIARTRE dpli — 1,5 — 1],
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EREFFM e
Ooooo .  OOBO0:
goon oo0 -
dp[i, j-1]
B k
.. ooon,/ oo
‘- ooon
dpli, jl dp[i-1, j]
# k Hi0A e
(b]o]o]e] (b]o]o
(c[o]d]e] (c[o]d]E
dp[i-1, j-1]

B 14-29 FmiHER R AR LA

AR L, WIS RIL TS5 dpli, j] MRDHRESEET dpli, j — 1], dpli —1, 7] dp[i—1,j—1]
=EPRIRDIREDE, BN EARRIGESE L o XN MAIRSEAE 771N

dp[27.7] = mln(dp[l,j - 1],dp[2 - L]Ldp[l - 17.7 - 1]) +1

TEER, Msli— 1) M t[j — 1] HIEIN, Joogni Suisry, XAE FRRESHER 7N

B2 WIS RSN

IR EOSN, FEPECN 0, B dp[0,0] =0, %4 s h2HME t RN, BORESBET ¢ K
&, BIEAT dpl0,7] = 7o 4 s AAZE L AEN, SOdRESEET s (KE, BEY dpli,0] =i,
WIS R TTRE, 8 dpli, 7] HMETT. B75. 72 LTI, BRI P BB E P A~ dp REIAT,

2. K%M

// === File: edit_distance.dart ===

[* YRIBERES: THASHIE */

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));
/] KEER%: BIT7E5

for (int 1 = 1; 1 <= n; i++) {
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dp[i][e] = i;

}

for (int j = 1; j <= m; j++) {
dp[0][]] = 3

}

/] REHEE: HRITA5
for (int 1 = 1; 1 <= n; 1++) {
for (int j = 1; j <= m; j++) {
if (s[i - 1] == t[j - 1) {

/] ERFFRE, WEEBRS AT

dp[i1[]] = dp[t - 11[] - 11;
} else {

/] DRESER = B BER. BRX=FMRENSRDRED R + 1

dp[t][j] = min(min(dp[i][] -
}
}
}
return dp[n][m];
}

- 11031, dp[t - 1][3

-1]) + 1;

GRIE 14-30 AR, gmiREEES RIS RIS R 58 WREHAER 2L, & DB FEE — D 4R A

o
ooon
Sle 12 3 4
J
0 -
8 :
e -
s = “bag” t = “pack”
n=3 m= 4
MEWRTA (n+1) x (m+1) B dp &
Step 1

oon
2 4
2 4

3
3
+1

BoR e

w N ke

)

REHH:

dpli, j] = min( dpli, j-1] , dpli-1, j] , dpli-1, j-1] ) + 1

l Step 3 J

w N ke

w N ke

1 2 3 4

MeaEsT dplo, j1=3 « &% dpli, 0] =1

Step 2

w N ke

REFB:

w N Rk e e

o
- -l@

BB e
NoNN
w  w

dpli, j1 = min( dpl[i, j-1] , dpli-1, jl

Step 4

, dpli-1, j-11 ) + 1
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ooon

dpli, j1 = min( dpli,

RERB:

dpl[i, j] = min( dpli,

=1

RSB

dpli, j] = min( dp[i,

(s ]

dpli, j1 = min( dpli,

RERHB:

dpli, j1 = min( dpli,

[ step 13 |

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpl[i-1,

31, dpli-1, j-11 ) + 1

jl , dpli-1, j-1] ) + 1

31, dpli-1, j-1]1 ) + 1

il , dpli-1, j-1]1 ) + 1

31 , dpli-1, j-1] ) + 1

REFB:

dpli, j1 = min( dpli,

RERH:

= s[i-1]=t[i-1]=‘a’

[Step 8 ]

RSB

dpli, j1 = min( dpli,

dpli, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-1] ) + 1

[step 12 |
R,
o
(5 Y
8 :
[ <
REHEB:
dpli, j1 = min( dpli,
[Step 11.]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

~dpli, j1 = dpli-1, j-1]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1



14 % SN hello-algo.com 341

aoaon

?0 12 3 &4

o o 1 2 3 4

n 1 1 1 2 3 4
a 2 2 2 1 2 3
n 3 3 3 2 2 3

BERVEESY 3

Step 15

14-30 gwiREHE RSN

3. FiEfk

T dpli, ] B 77 dpli — 1, 5], %77 dpli, j — 1], 675 dpli — 1, j — 1] SHSMRH, TiE R
SFRSE LT dpli — 1,5 — 1], BIRFBHEEAHE dpli, j — 1], FEUHPRE TR,

Jutk, BT DMER — MR leftup RE A LTI dpli — 1,5 — 1], W R FTHIEL TR _EITI#
AR S e el WA, AIERIERES. A RATR:

// === File: edit_distance.dart ===

[* YRIEEEES . =EMAMERIEHSAL */
int editDistanceDPComp(String s, String t) {
int n = s.length, m = t.length;
List<int> dp = List.filled(m + 1, 0);
/] RE#E%: BT
for (int j = 1; j <= m; j++) {
dp[i] = J;
}
/] REHE%: HR1T
for (int 1 = 1; 1 <= n; i1++) {
/] KEHE%: 87
int leftup = dp[0]; // EF dp[i-1, j-1]
dp[o] = i;
/] WEEH%: HR5
for (int j = 1; j <= m; j++) {
int temp = dp[j];
if (s[t - 1] == t[j - 1]) {
/] ERFRBE, WEZBLIIRFR
dp[3] = leftup;
} else {
/] =LFESE = B BiR. BRX=MRENRDRES R + 1
dp[j] = min(min(dp[] - 11, dp[j1), leftup) + 1;
}
leftup = temp; // EFMAT—IH dp[i-1, j-1]
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}

}
return dp[m];

}

14.7 NG

- BIASHKIS FEE T, JREE A E T SRR EE TR, SRS RECR,

- ABENEIRATE T, FrAshSHRIREER AT AR R (B2 EITRME, (I KRR
HE TR, PR EESIICICSNER, Al DAIEERTA TR R RIS R, MR IEE A
AT H—IR,

© IR MR RAGEAAEE, TS 2 M AEhASIKIE — R KBTS L, H
iEl “HEHERKE —FE BT YAPRES ORI REIRE, EIIRATA DAERR dp R —DHEE, M
TR AR TR 52 2%

© TRE R AE R R RTR R, EE. SIS b BA AR5,

- BRI =R R, RILTEE. ToERUE.

- USRI AR AT B A AT DA T R B LA AR, e B iR I 745

© EEBIEEN T NIRE, HRRARASZIKEAX, MEEREHNTHEIRESTEX, wE2HA ML
A BEATCERNME, TCiRE A s SR POE K A#,

GREADED

- HURERRIRSESMNRE —, BA 0-1 B, 22T, ZEFUFLM.

- 0-1 BHAIREE SONRT ¢ MIGERIREEN c NEEPRRRME. RIEARAELRBAEEMN
PSR, RIS EIRILF &5, FR LRGSR TR, fEmed, BT e M RESRE Ly e
TTHUIRE, BT EEFELAIR, w5 ETTRSE 5.

- e AR AR S R BECRTCIRE], RIS AD MBS ER S 0-1 BEMEAR, BT
RESMAUE_ETTFIEZETT PR, RIEZE AL AR R 24 B3 i o

- BRSNS 2 T WA — DR, BMK RORT MEZONK RN MR, RIHIRAESE:
7R max() ROy min() o AIBR “RNEid” HEARINER “IBiF” B ERSE, KIE
M amt + 1 RFoR “TCiRZEH HARRET RITCR0E.

- RS IT AR “B/ DRI AR SOk “REMASEE", WS TREMAR MM min() SOy
RIBRF,

S o L 2 )

. GBI (Levenshtein BHEY) FITHFRHIANT 10 2 IRIMILRE, HL2 SO M—ANF A R 53—
SRR DS, BRI EERRIL. R, B

G B R AR SN s [OR G AN F RN ¢ R § TR R G AL Y
s[i] # tlj] B, SRR WO, BRR. R A RIRARIA T, SR AT AR R O
FLEM SRR SRS TR, T2 s[i] = t[5] B, JoGE s R,

- ERRERET, RESIRBLIE L. EAETT. Je b OTHORAS, BRI AR R S8 R B A
AT ASEE RS, itt, TROTRIF — AN REE A L TIRES, WTTEELES 52 2075 (S o 1
W, T DAE AL ST E R
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Abstract
Ml H 2585 KIH ), BZIESR B & KR KT EE,
O IRISAE —FREC A sk, B SMREEE.
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15.1 FOEZE

ROEZE (greedy algorithm) 22— WAYMRRAIL AR R, HEABARZRLE AT MR, #
WY ATE R R LAIESE, HS0OM M B R LATRE, DHIEBRG 2R, 2ORRRE S HsiL,
FEVFZ SLPRAE A & TZHIN

FOLRIEISASMRIER A TR e, ez B E— SR A, HanEs s It a5, =
TAEREEAFE,

- B SRYE Z AT B A A REORE S R, I 25 7 (A A A kA F 244 1T T R
- ROLRBEARFELRRE, T —BAnithit T oo0Ess, AWgNRETEE, B2 R,

TApEIHE Ty TRPODEIRN TERM, XEECAE EeniE” s5hhagid, M
BV EFH AR,

Question
255 m RS, 58 MPREMNEES coins[i — 1], HARSEN amt , SR HA] LEE IR, [
R BAR SRR R/ DR m AR, WERTCREL BAnem, NHRE —1,
AR B SO0 RIS UNE 15-1 FR. 407E BFREal, FANSPUOHERART HifEErIREm, AWERx
HIE, BEREDEREHOYILE,

B T RRERFATEREEHARSHNED

B 15-1 TER S S0
SEIRAAS AN N R
// === File: coin_change_greedy.dart ===
[* BERH: T */

int coinChangeGreedy(List<int> coins, int amt) {

/] 1&’i& coins FIRERE
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int 1 = coilns.length - 1;
int count = 0;
/] ERFHITROEE, BITRREM
while (amt > 0) {
/] HEVNTF ERIFAR RS ERIET
while (1 > 0 & coins[i] > amt) {
i--;
}
/] ¥ coins[i]
amt -= coins[i];
count++;

}
/] BERHBEETARE, WiERE -1

return amt == 0 ? count : -1;

TRAJRER AN HUBIY: So clean ! SOFEIRMHAHTRIERLARR 7 F R S A,

15.1.1 HORZENRRSERE

CODRIEAMUR B, SR, T HIEH PR WA, 0L LR, 2B MR/ NE{EH min(coins) ,
W OIE B Z EFF amt/ min(coins) X, NIEEZEN O(amt/ min(coins)) o XHESHRIREZER
IR ZE O(n X amt) /INT —NEES,

SR, TR MEEA S, FORPIFARIRSIRIM. & 15-2 254 T RA),

- 1EBI coins = [1, 5,10, 20, 50, 100]: fEIZREMAET, BEEE amt , FLOBEIEH AT DS RN
fi#o

- Bl coins = [1,20,50]: &% amt = 60, FULRIEHGERE] 50 4+ 1 x 10 B HAS, Hit 11
Rk, (HEHZSARIAT DR SR 20 4+ 20 4 20, X7 3 B,

- R coins = [1,49,50]: Ri& amt = 98, FULREIEHEERE] 50 4+ 1 x 48 sl A, it 49
Htgim, (MR DHRER LR 49 + 49, {455 2 #dEm.

Wmas Bir&H BLHERRAR NSRRI RN SR
(REpmIERR) (2RRIARE)

(D) 60 +@x1@ x 3
@ 98 +©x48 x2

K 15-2 SLRIRTCIEIR R AR A
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MR, N TEEAMAE, SUORRITERIERE 2R EIUE, HHERIEIEFRENR, EHEES
EEIESS Rl 27

—RAEOL T, SULBEIRATE R L PR P,
1. A PAGRUESREIRAM: SOORIRERMEI MEER R IUERE, FOvEEERLEm, ShSHRIE =R,
2. WIDARBENERURR: PO RIEERA A TR AT, M TREERMERY, SRR RIHEIE
HIRME, BEDAERRCRER BN A2 AR A,

15.1.2 SFOEEESY
IR AER T, A oMERRENE S DB LR ER? s w, OEIEEM A e BRI B &
fi?
M TSR, FOOETERE S E TR, H 3B A @y e ME R,

- SUDIERER: R YRR RGBA R SR e BRLER, SUOEEA RIS SR,

- RILTEN: RREB RIS TR &AL,
BRI TEMEARE ISR JBUHPNEY, XEAEER, HEFENE, —YEREPRMEFaEmaHA
FAE, {EARA] {5 B 0 O AR,

AN EEIRT ORI HINTTT %, BARERIHAE LR SR, Bk X TFHFSmE, D
EREE IR H

BlanFER e E R, A RRGEB R HHAS RG], X SOOI PEATIE Ny, (EIESCRIERERAR, W)
W 2 PR RE T 2 5 il DASE I SOOSTRR MY A R REFEAE AL B B8 Il ok 45 H — MBI AT A 2
=R, TAEDASS =R AR,

Quote

H—RIESEAE T —1 O(n®) INAIE 2«5, TRl — D mA &S 6 20O BIA R T
B B A

Pearson, D. A polynomial-time algorithm for the change-making problem([J]. Operations
Research Letters, 2005, 33(3): 231-234.

15.1.3 FOEZEBELSE

SOL BRI R R R 72 AR =2,

1. W8 Hr: Ais SRR, ERRIRAE S U BFRRIA R AESE, X —PAE RIS AR
AW M.

2. e FULIRMG: FEANFIE S — Dt SU0IERE, XD IRIGRES L — DBV, &R
DAl

3. IEFPEIER: JEH R EIEREEA ORI AR LT 45, X ERA] REFR M ZIECAIERT, I
ANYAANIR B SUETR S

R SO DSR2 SRR PR O 3R, (BRI REFF A 5, TEAPUREE,
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- AR FODRIGHIZE TR, N T2 Rk, SO0RIEHRIRE, BilEd —SRMEES
ZGAETS o MX T —E kM, SULREE AT REIER R, XAME IR F 5 1 N A fRELss 5
RIKREN T

© HEEETUORIE AR EARRNE, LA THIME ORI SO0RE, F RIS RIB,T, RATRE
RILER 7 ARG TCRE . IXR BRI VORI IZ “HMEM” B, EXAHF R 2
— MR B,

NTRIEERTE, BAIRIZN SULRMSHEAT ™ ERECAER, & S RO R B AN,

ST, IERATEIERI MR ATREAN R —1F 5 Fe FE 1A K4, @ S semamiLR T L, —
DB RIUE S0 R,

15.1.4 BROEEHBEGI

SOLBIRH N TR E SUDIE MR AL T4 L,  DURAI2E T — L2 AR sU O BIR A

- MERERFAE: EREEHAS T, RORERE IS EIRILR,

- DXMIHEERDEL: R — 55, B MESE BN RINELT, REERRZERRATREZ LSS,
REFREOE AR R RHESS, A2 T0LEIR AT SRR,

C rBEEmE: G -Arai— N EER, RN ERRIEE YR, @REERAELHER, B
SMERR, WREBRANEREEN tbikm (ME / ER) B9, IATDRIRE —LEH T A DUSE]
AL,

- RELIENNEL: g —HRERITIE A, VRATDOET 2 IRESE, HIRIRE SR AR, BALESEH
ZHIARRERFSE, EFRRIRBUR A,

- EREHNY: EREHGE T IREE R SO R, EIREREN, BIRIEREHIR
RSN R EH, RERINERSRIHREEERE WHKE) &/,

- Dijkstra 5ik: &R —FRREAE IR S H AR TUS B B2 RS S0 O RTA.

15.2 SEE i)

Question

L n NI, B MIRINERN wet[i — 1) MER valli — 1], FI—DEEN cap B,
MR B — R, (HA] USRI I—3k oy, OrEMRISEEE R ILBITHR, RERES AR
THEESYRNRRNME, ~EIANE 15-3 Fimr,
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#S EE fifE

i wgt[i-1] val[i-1]

1 10 50 ‘ Tﬂ)\i% ﬁﬂg%
cap = 50

2 20 120 2 20 \

3 30 150 o u

4 40 210 * 30—

5 50 240 (Y

BAMME: 120 + (30/40)x210 = 277.5

Bfi5Z: HE~ . f 30 28 ¥ paEa
HER 50 HARE

15-3 380K B RS R B

IR AR 0-1 5 B AR EARR ML, IS S SR IR E ¢, BMEZRRETFEER MY
BRARNME,

ANAFIET, ALY —#7, & 15-4 For, BT POt Y5, g E R
EEBIR T SR

1 T, TERRER RS valli — 1] /wgtli — 1], FREIHME,
2. BB i, RN w, WEEMMOAOER w x valli — 1)/wgt[i — 1] ,

RS EE i AfifiE

A . i val[i-1]
i wgt[i-1] val[i-1] wetli-1]
1 10 50 5 ) S ¥an L Hanmn
ENER B E e E
2 20 120 6 _ alli-1]
v -
3o% e 5 . g - R
4 40 210 5.25 %
5 50 240 4.8 -

15-4 PyifE A EE FHIMNE

1. SERBRHE
BAEUAYRENE, AR ERER AN E R FRPIMGE, Bt rT e & 15-5 FiRay su0sK
8

L. Wi IR s AT E N S B A THER
2. WA, SHERTLOHER AN E RS P
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v

3. &

HKs EB thid  BfIfiE

i wgt[i-1] valli-1]

val[i-1]
wgt[i-1]

20
40
10
30

U W R, N

50

120
210
50
150
240

6

5.25

4.

8

2. XM

HEAEAR, NI SRR — 3R =i .

RiEAIfHE
MEEHESF
.
BRID RS
¢ REEFRUNET =R
»
7

15-5 7 80E W EHg o0 SR

PATEL T — PP Ttem , DUERYIZIREAMNEREITHERS . MEIAEE T S00ERE, S H B M Bkt

IR [F] i :

// === File: fractional_knapsack.dart

[* & */

class Item {
int w; // YmEE
int v; // ¥IRINE

Item(this.w, this.v);

[* DEEE: " *+/

double fractionalKnapsack(List<int> wgt, List<int> val, int cap) {
/] BIEYI@YIR, SEmINEYE: EE. NME
List<Item> items = List.generate(wgt.length, (i) => Item(wgt[i], val[i]));

/] RBEAMNE item.v / item.w MEEMEHITHE

items.sort((a, b) == (b.v / b.w).compareTo(a.v / a.w));

/] TERBOERE
double res = 0;
for (Item item in items) {
if (item.w <= cap) {
/] ERRBEFTRE, WKLY
res += item.v;
cap -= item.w;
} else {

= o o

ARXE

(RE-3

#*

15
B

a

/] ERRBERRE, WL mH—BoE#EE

res += item.v / item.w * cap;
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/| BEERREBE, ALLBKHEF
break;
}
}

return res;

}

Ay 28h, TERZERT, HEEHEMRIIER, FIRNBERER O(n), Hbn hamic,
HITRIAML T — Ttem X RIIER, BREHEREN O(n) o

3. IEFRTEIEER

RARIEE. REY v RN ER SV, ERERERGRARNEN res, HZ@EHALEYH ©
WENE U EH A ERAEREY R, OV EENYS v . HTYE © B MMERS, RIS
WIGHUEMNE—EKRT res . X4 res RBRMEFE, WHREGDLEEN © .
TR R A&, B A] DA ER P E, BMEZ, ARG EE RIS R B IR, X
B 200 SR 2 B R

aniE 15-6 AR, QNSRS it EE BRI S ERALATE 70 BB — 5k —HERISR AR, 0 380 R ) T
o “SRAEA FRAEH X A T A B R, 1SS EERT DAR BIERAT I LA R A 50 OO SRS A R

MRBNE
5.25 5 5
* v & (9
YREE
40 10 30
50
m sazE

15-6 R ERER LR
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Question

MA—DNA bt , BHNEDNTERR D EERRNEE, ZHPEERNER, DAL ENZ
B =3 (A A A B — D A28

AR RS TEEMREENFRRA (HR), HPEEHRENREROUE, 562N NERIEEEZERS
2%,

IETERA A IEBE NN ER, FRARNARNEERK, RERAKEE, REIGE 15-7 Fir,

iR

S B N W &~ 100N ®

15-7 wAHE M@ REIESE

AHEEEM N FERE R, FABRRE A BRERIRS], iKh (4, ] .
MEEE, ARSTRERMEE, HrhahEiove, 5ERMBIRINEEHERS 2%, RARN capli, j]

| WA HEAR:
capli, j] = min(ht[i], ht[j]) X (j — 1)

VALK n, PIMIRIGE SRR CREIED o C2 = 20U N mytity, liInl BLor i ik

ﬁ,Mﬁ*ﬁ%kﬁﬁ,wﬁﬁ%gﬁomq

1. AOEREE

I R Rk, NI 15-8 R, BUER—MRA [i, ], FlR 311 < j B heli] < ht[j]
L BRI,
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S B N W U 0N
pe—— <
EEsse——— <\

0 1 2 3 & 5 6 7

i RAER, j AKIER
WHIRE cap = min(3, 4) x (7-0) = 21

K 15-8 #IHEIRAES

QniE 15-9 Fw, FHBERRRERAR J rEmR @ SRk, WA SN,

XERRNERSNM § 5, BE j—i §EZ/N; MeElRERovE, FHitsERERE G IrohER) 88
AN (BENEH § RONRERD o

8

7

6

5 . -
. | :
3

2

. |

. |

() 1 2 3 4 5 6 7
MRS, BE—ER/
YHAIRE cap = min(3,3) = (6-0) = 18

15-9 [AINEEE KARGHIIRES

B, ARG MANRERR  , AAREEAFRER, FNERKEE —EZ/), HEETREIER B
SNIERREN @ ATRER R . BIANTEE 15-10 1, BahEia R,
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————— < \ad.

i

v
8
7
6
5
4
3
2
1
0

0 1

LUHIAE cap =

FABEER, BEREEEX

min(8, 4) x (7-1) = 24

& 15-10 MRS E FARES

P I AT AR SULSRRE . AR IL RS, [ PIR ARG, R YRR TR, EEMN

faEHHIE,

A 15-11 R 1 S0 SRS R TId S,

N

Step 1

iR

Step 3

S kP N W s O O N ®

S B N WS O O N ®

MateiEst 1, § , ERHTIBERE, FEREAME res =

0 1 2 3 4 5 6

LFAE cap = min(ht[i], ht[j1) x (j-i) = 24

BABE res = max(cap, res) = 24

FHAIRESTS, 485t M1 5 2 HIEEH M,

R APRSHA R capli, j], JHFENBARE R,
EEet o F1 AR g ORI, R A NRS S —1%,
TEIMAITES 2. PFNEE 3. 2, EHE 0 Ml j AHIBINEEH,

iR

Step 2

KR

Step 4

S B N WS O O N ®

S B N W H O O N ®

WHIAE cap = min(ht[il, ht[j]1) x (j-i) = 21

BABE res = max(cap, res) = 21

b

v
o 1 2 3 4 5 6 7
LHIAE cap = min(ht[il, ht[j]) = (j-i) = 15
RABE res = max(cap, res) = 24
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-
™

v . v .
8 7 8 7
R 7 a7
6 6
5 5
4 4
3 3
2 2
1 1
0 0
[/} 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
YUHiAR cap = min(ht[il, ht[j]) = (j-i) = 28 WUHIAE cap = min(ht[i], ht[j]1) x (j-i) = 21
l Step 5 BAZAE res = max(cap, res) = 28 Step 6 BABE res = max(cap, res) = 28
1 ol
v v
8 8
7 7 .
: ‘ ‘ d
5 RS
4 . 4
3 J 3
R 2 2
1 | 1
0 0
o 1 2 3 4 5 6 7 o 1 2 3 &4 5 6 7
LFER cap = min(ht[il, ht[j]1) = (j-i) = 4 LEIEE cap = min(ht[il, ht[j1) < (j-i) = 5
l Step 7 RABE res = max(cap, res) = 28 Step 8 BRABE res = max(cap, res) = 28
ij
v
8
7
e \
5
4
3
2
IREE
[}
0 1 2 3 4 5 6 7
v jEst i 5 AEE,

Step 9 - BRHBUOER, EERARE 28

15-11 RARAERER 7OERE

2. REEEm

REER R n 6, BEINREZERN O(n) o
ki, j. res MFHEOOMIBINER, FHREAFERER O(1) .

// === File: max_capacity.dart ===

[* RARBE: B */

int maxCapacity(List<int> ht) {
/] MEk 1, j, EEDTIHERR
int 1 = 0, j = ht.length - 1;
/] MRRABERN 0
int res = 0;

/] ERFEER, BEERRIBE
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while (1 < j) {
/] BREABE
int cap = min(ht[i1], ht[j]) * (F - 1);
res = max(res, cap);
/] EABEFENR
if (ht[i] < ht[i]) {
1+4;
} else {
i--3
}
}

return res;

}

3. IEFRTEIEER

ZFTLAD g 2 R, BRIV R SOOI = (BT — 2R

FRAEIRES capli, 4] F, @ ARIIR. § KR, A DDOHRKEIR « mABs—i, 2S8E 15-12 FiRisik
B BRI, RXERE Z R EIERIEX RSB AN

capli, i+ 1], capli,i + 2|, ..., capli, j — 2|, capli, j — 1]

| [ |
I | | 2 R | | |
- QU i f
| I | I T R A |
UL |_IIIIII|
capleo, 7] cap[1, 7]
Bl pY RS
| | |
| | |
L] | 5!'
| R | | | | 1
CUbrrt D ettt ! ettt
caplo, 6] caple, 5] caplo, 4]

caplo, 3] caplo, 2] caple, 1]

15-12 sl S BT IR

WA, XERH RS ERS ESUR R KR § IPBSIEIRE, aTm&MELIEARNBRIR—E S
SEEEL/. MHtRN, SRS RERR IR, B ENA2S Bt BRI,

AL AR, BalEmARieEe “2e” 1, ORIZA,
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15.4 &KX TR

Question
LHE—DIEEE n, KEY)AEDWADERBEAIHN, KU EMmAEBENFENRKZEZ/D, WE
15-13 ffi7Ro

HAEE n , R max(ngxng xngx..xny 5% 0, g %xn,)

B 15-13  F AV SRR REUE X

BB n V10 m DR 7, HAPE 0 MRFIdn, , B

m

=1
AR AR SRIG T B T RO,
max(H n;)
i—1

PNTEEHZHR: VIDEE m MizZR, 80 n, MizEz/h?

1. FELKRIBRE

RAEZL, WAREBERFUEELLCEMIRMAE R, BN n hoE— T 2, METRFEED 2(n —2)
o BMTFZIRIG n FELLEL:

2(n—2)>n
2n—nm—4>0
n>4
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E 15-14 FoR, Hn > 40, YIt—4 2 JERRESER, REIRTET 4 FREEBERNIZESDIT

FODHRIE—: WRVIDTTRFEE > 4 AT, WLEHMIZRARLEY) 7y, RARYITTR AN 1, 2,
3 EX=RAF,

N
=
=
1
]

L n>4 B, 1EE 2(n-2) 2 n
RARENSARANEE 1, 2, 3 BF

15-14 Y5 S8ERAEZ K
ZOREEMANEFRRMN, £ 1. 2, 3X=EARFH, 2R 1EREMN, FAN1 X (n—1) < nfEK
37, B 1 ke SEBERE N
WE15-15 R, MUn=6K, 3 x3>2x2x2, XEKEVHE 3 Vs 2 #Hik,
TORIE . VI RF, RERNEERD 2, FAEA 2 B2 DIBEHCAMA 3, MRS KRR

Mo

HEE=ZT 2 B, HESEMEEAFEDT 3

15-15 &Y RT

Zi ERTR, FIHERLH DUR SO0 R,
L BMANEBE n, NHAKHYI AT 3, BEEREN0, 10 2,
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2. ROV O I, & n 2 3 IREEL, UL,
3. HREON 2, Ay, RE
4. MRECON 1N, HT2Xx2>1x3, HLMERE—3EHN 2,

2. KM

i 15-16 Fiw, FATEAVEL AR 2L, min] DA N ERIZRA2] 3 1M e, HEEIEERS
FIRED, HNA:

n=3a+b
HERE, NFn < 3WBFENR, “wHHRSH—N1, #I1 X (n—1),
// === File: max_product_cutting.dart ===

[* RATIDTAR: Tl */
int maxProductCutting(int n) {
// 8 n <=3 B, o tH—=> 1
if (n <= 3) {
return 1 * (n - 1);
}
/] EOHTISE 3, a A 3 BN, b IRE
int a =n ~/ 3;
int b =n % 3;
if (b == 1) {
/] BRER 1B, B—3F 1 * 3 8h 2 *2
return (pow(3, a - 1) * 2 * 2).toInt();
}
if (b == 2) {
/] BRER 2 B, FRE
return (pow(3, a) * 2).toInt();
}
/] BREH o B, RHLE
return pow(3, a).toInt();
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R¥ b ats3

n=3xa+b

K 15-16 AV RTTI

o} TR 52 A FE VR TG i SR RSB T4, DA Python N, H FRIR TR A =Hf,

- IBEAF ** FIEEEL pow() N THE 2 O(log a) .
- ¥ math.pow() PIFBIAFH C BT M pow() BREL, HHUTIZAEGR, NMAEZREHN O(1),

Ak o M b FEAFEOUVNIEINER, FRBERERERN O(1) .

3. IEH@4IEER

HERARIEE, Rt n > 3 BIEN.

L By < 30 BRRMVIZ T RPEE > ANET o, Ia—Er] LG EARSRI R 2(x — 2)
MRS ERRIRI, XS RIET &,

2. VInliRARE 1 BRRIMVIDTTRAPFE-INET 1, Bae—Erl LEFHF AR I PEFH, DA
PRERIFM, XS5BT E,

3. VInTiRmBUEMA 2 1 REEMVIATRPUE=D 2, Ia—Er] IEHAND 3, FRAHER,
XERETE,

15.5 /&

- SOLRIREE T RO U R, HRER AR D ORRRT B RS R LA R, ARG 2R

AL,
- LRIRRIEAHME — DX DN BUDIERE,  BERRHERE U ALK — RSN TR, S ]
R AR

- DEEACERIE R, EEARESIFERCR, AT, S00E RN R 2 2% 5 R,

- AEFEGURAE S, NTREEMAS, SORIAR DRIEKEIRMLME; T 55— mH S A
2R, SLBEIRATREIEIRZRIME,

- EEMAORRRBAIREEA WA IR R R T A, SOOI ARR TV RIS
MR,
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- ORTFRE Z, SUOE R ERE R R, MR, IEWEIIA, GRS,

L ORRALAE LTS = FESH. FE LR, RN, o B ORI RS IR,
TERMELER R A 5,

- OYERTSELRIEE 0-1 T A0SR b, A VPCERIR—5, PTG AL R, 2SRRI
T T DA PR ME A,

AR VAT SR, REZREEN O(n?) , B S0 NS, RN, o
I E RS O(n) .

CAERKTID TR, BN SRR SO R > 4 SR RIS, RIS T
N3, REHEEREE, NAEARRATREHSBUNE, BHA 0(1) % O(logn) ,
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16.1 ‘RIZIFIERIE

16.1.1 & IDE

IR, F8H VS Code fENAMEHSTT LI (IDE), ilA] VS Code B, MRAEHRIERIUEREH
RERRASE) VS Code BT FERNIZEL,

Qa%w 010 % i

Visual Studio Code  Docs  Updates + Download

Code editing.
Redefined.

Download Mac Universal | .,
Stable Build

mac0s Universal
Windows x64 User Installer

Linux x64 deb
rpm

F#i VS Code =y
Run and Deblg BONCN Git Extensions

16-1 MWEM T#; VS Code

IntelliSense

VS Code AT REASRG, SFFRZEGIZESHIZTAIE, DA Python NI, %% “Python
Extension Pack” ¥ @25, BIAI#E# T Python fREGIAIK, 220 BaE 16-2 Ak,


https://code.visualstudio.com/
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Python Extension Pack vi.7.0
Don Jayamanne 7,005,466 % % % % ¥ (16)
Popular Visual Studio Code extensions for Python
Disable v Uninstall |~

This extension is enabled globa

DETAILS
Extension Pack (7)

REHRNT

A B P O AT autoDocstring - Python Docstring Ger

doc

! Install

|
j—ﬁf*?ﬁ% ython Docstring Gen...
@ Python
P

3

Jinja

Python Extension Pack

Install

= ] Python Extended 12M k4

&l 16-2 %% VS Code ¥ et

16.1.2 REESIIR
1. Python Ifig
1. FEJFZEE Miniconda3, % Python 3.10 BEEHRRA,

2. 1£ VS Code W82 python , %4 Python Extension Pack
3. (FJi%) fE@SITHIAN pip install black , ZREMIMHEAILTHE,

2. C/C++IFIR

1. Windows RAFELEE MinGW (AL E#F2); MacOS B Clang, LM%,

2. 1£ VS Code MHEH T HHIER c++, L% C/C++ Extension Pack .

3. ([ i%) 47 JF Settings TU [, #4 & Clang_format_fallback Style fX A3 4% = fb & Wi, R E B
{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach },

3. JavaIfig

1. R#EFFZEE Open] DK (AT E > JDK 9),
2. 1£ VS Code WHtFTHH 2 java, &% Extension Pack for Java,


https://docs.conda.io/en/latest/miniconda.html
https://sourceforge.net/projects/mingw-w64/files/
https://blog.csdn.net/qq_33698226/article/details/129031241
https://jdk.java.net/18/
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4, CH#IFIE

1. FEFFZEE Net 8.0,
2. 1E VS Code HIIEMH R IZFHI822 c# Dev Kit, 2% C# Dev Kit (FilE ),
3. WAlf#A] Visual Studio (ZZ2E#f5),

5. GoIfi§
1. F#EFFZE g0,
2. 1£ VS Code WftFHi 782K go, %2 Go,
3. FPERE ctrl + Shift + PIEH@SEE, A go, 1%EFE Go: Install/Update Tools, EEBANIEIFZL
ERIA],
6. Swift IfiF

1. F#EFFZEE Swift,
2. 1E VS Code MU Hii7 182 swift, 2% Swift for Visual Studio Code o

7. JavaScript IfiE
1. FEFFZE node js .

2. £ VS Code HyidifF A4 javascript, %%E JavaScript (ES6) code snippets o
3. (AJi&) 1E VS Code MG A SR Prettier, ZHEMMEHAMTA,

8. Dartifig

1. —Fﬁ}l‘:ﬁg Dart,
2. 1£ VS Code HUfflitF 4R dart, %% Dart,

9. RustIfig

1. FEIFLEE Rust
2. 1£ VS Code W@ MR rust, &% rust-analyzer o

16.2 —iES 58Ik

HTEERIAR, HFXERFAE—ERMER, EERE, MRELITER, BERRM. WEK, X
FEL, WRATEWEA TSGR R, BB TBIE, DA IR AE LB > B,
Fif #5250 A GitHub ID KEARB G, WUk PDF k300 F3EA TR,  DUBGHH AT JE X T
FAZE TR


https://dotnet.microsoft.com/en-us/download
https://code.visualstudio.com/docs/csharp/get-started
https://learn.microsoft.com/zh-cn/visualstudio/install/install-visual-studio?view=vs-2022
https://go.dev/dl/
https://www.swift.org/download/
https://marketplace.visualstudio.com/items?itemName=sswg.swift-lang
https://nodejs.org/en/
https://dart.dev/get-dart
https://marketplace.visualstudio.com/items?itemName=Dart-Code.dart-code
https://www.rust-lang.org/tools/install
https://marketplace.visualstudio.com/items?itemName=rust-lang.rust-analyzer
https://github.com/krahets/hello-algo/graphs/contributors
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JF RIS S
25T P A3 8 P R BTV B R R N TR AR, R ST AR AN 75 (.
TAEATTIRAI A, A IR A R4 80 E = LA

1. RERGE

i 16-3 AR, BANTmEAA EAEE “aEREART, AR DHEIE DU P BB OOR s,

1. il “GRiREAR”, RIBE| “FE Fork tha A" MR, 15FEIZRE,

2. B% Markdown JEXXFNZ, WMENBSRIERMYE, HFREFEHRENSE—,

3. ETUHEHES B UiiH, RJEsd “Propose file change” #%%l, THE Bk )G, i “Create pull
request” 5 RIA&EEREUE K,

O 5 eo-sigo.comichaster_deta_strciursichssification,of_dita_structurs] aw O 0O
Fudf  vello Wiz % F Qe O S Tea
Hello 3i& 31 444 H ‘ &

B Ho® Wa > 1 HREE ) 311 missm: ssksm
B #£18 MWk > 312 ¥R ERSHH
R Wom mAESN > HRNMESHOERA. ER K. WL ARR B 4. B, TR BREH N
S —. MBI,
31 ERiBLEH S 2
32 WAHERY 311 BEEN M 5IFEE
33 MPERE = Jriy
4 TER- T SETH | BEERIRFAORF], BT HEZE ﬁﬁ%iﬁ&ﬁ%
- BLIERR; MERD, WENTSETRERMY, BNHAESERZIENRERR; BUESS
36 AL, RIRT ERCIRAERR,
B W4l nasEE >
& EoE HSUS! 0B 3-1 B, DREE T RA AL, SHANLREN, KRBESEARLS
- £ il; AEIEEINIER , 2k I8
@ Sen mrk R SAEED); IRAAESIINVAR, 2G5
AE7m B > - BEMIBEN: WA BE B WL MER
& WewE > - FEMMIEEN: B 8 B BEE
o oMom B >
= E0E BE > IR S
] EBNE HF >
v W2 B > P " "
19 BI3E @K > : AUy Y
[ R > e Yy
@ B15E E > K
® WmieE KR > -y = ] B
B = o

16-3 TiHmiatia st

AR ERZ BN, TR [ssue BFICE S RENARIE, AT RRERAHIFEHE A

2. RELIE

MREAE GBS S HIREE, BRI RIS, I RENESE, WATELMELLT Pull
Request TAEfE,

. B GitHub , #ABMHL G4 Fork 2N AKS R,

. HENIER) Fork @EMTL, ] git clone ar i G va B A M,

- AEARHIBEATNAQIE, TR TR, SIEARS A ER T,

. B AR Commit, fA)5 Push FifE )%,

. RIFTCEMTL, i “Create pull request” %1 RIAT & ECHiBUE R,

a b~ W N


https://github.com/krahets/hello-algo/issues
https://github.com/krahets/hello-algo
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3. Docker =

1E hello-algo MRHE T, $UTLAT Docker BIA, BIAIFE http://localhost:8000 il ARTH :

docker-compose up -d

(5 AT i <> BT AT A BR 02 -

docker-compose down

16.3 RiEXR

* 16-1 FIH T HH IR EEAE, EEEEULTILA.

- BRI, DU,
RS A E R SR SR IR,

£16-1 BIRGHT S FANEEA

English

algorithm

data structure
code

file

function

method

variable
asymptotic complexity analysis
time complexity
space complexity
loop

iteration
recursion

tail recursion
recursion tree
big-O notation

asymptotic upper bound

fa Rz
2P
Bmgtiy
(AT

X

BRIER

Jii%

LR
S A E A
I ) &2 2 2
R A
TR

JESAN

|
2%
BYIBE
KOS
i 5

Bz
CCRES
B
UZES

B3

Ttk

A HERE b
F ] 2
2 [ R
Jel |

IER

'
iR
KO
Ll e
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English far A=
sign-magnitude JE R

1’ s complement =2

2’ s complement AN
array el
index £
linked list R
linked list node, list node TR
head node KA
tail node B R
list LB
dynamic array A
hard disk Pt
random-access memory (RAM) HfF
cache memory %17
cache miss AR
cache hit rate AR
stack e

top of the stack AL
bottom of the stack HeJiE
queue BAS)
double-ended queue EIRAS
front of the queue N=
rear of the queue [YNE2S
hash table MR
bucket it

hash function & 7y BRI 4
hash collision [EEGRUIEN
load factor T T
separate chaining ek
open addressing FRSHE
linear probing MR
lazy deletion Tt B
binary tree X
tree node USREISE
left-child node FEFT R

Eihrpz

JEHS
L
—HE
a7l
5]
S A
S RS B R
SHER
e iR
3|
BB
TdES
LR
PRI
PRECR A
PRELATHR
HE A
HEAB TH
HEB I
1751

e fr5i
THE
(Epdl)=
MERR
i
AT
SEALAHE
FHTCE HE
ARIEIR A
BEMmIER

—
AR
TE - HRG



HleE s

hello-algo.com

368

English

right-child node
parent node

left subtree

right subtree

root node

leaf node

edge

level

degree

height

depth

perfect binary tree
complete binary tree
full binary tree
balanced binary tree
binary search tree
AVL tree

red-black tree
level-order traversal
breadth-first traversal
depth-first traversal
binary search tree
balanced binary search tree
balance factor

heap

max heap

min heap

priority queue
heapify

top-k problem
graph

vertex

undirected graph
directed graph

connected graph

fa g

TR
AT
TR

(SRR

oo NI
X

¥
pe

e X
FER X
SETMh — S
S — SR
TXARRW
AVL ff

AR SY)

JE i

I EE A3 T
R SE
TXARERW
P — AR
A A

H

KT
/INTHUHE
RSEBAF
HEfk

Top-k (Al

Eihrpz

A TR
AL HR
T
[ERR ]
HRETR
e

g
K

W

FE36 T
FE4 T
FETm A
SEL i)
v )
AVL £
ALIRAS

& 7 AE

& e A e A R
RS ER
—uig =t
At i s
2L ISR
HER
RIEHERE
/NTEHERE
gl
HEREIL
Top-k [H&
]

THEG

g ) f

A 1l
e



HleE MR hello-algo.com 369

English falfAHZ ELINED 4
disconnected graph JFZEIE E A i
weighted graph AE A HE
adjacency RS Hikz

path 1 FEIE
in-degree NE NE
out-degree thE HiE
adjacency matrix LB R R 42 e e
adjacency list LBHER kAR
breadth-first search TTERER & e i =
depth-first search RS R REEE S
binary search TEK iy S
searching algorithm BRED Rk
sorting algorithm Her &k HeP s RTA
selection sort iRt 35 2 R
bubble sort (ER(EkE 352 HERZRE AR
insertion sort AT AP
quick sort PrEHET PrigHE
merge sort VA3 S Ei 352
heap sort HEHE HEREHE
bucket sort e W
counting sort Y i 165352
radix sort S CE 3a 2 FHH
divide and conquer GaR(=] if
hanota problem I TR) R T ST
backtracking algorithm [EIE=RPS IR RPN
constraint AP KPR
solution i figé

state K& R fE
pruning k53 1153
permutations problem SHEZ A EHEYIRE
subset-sum problem FERF ) THREME
n-queens problem n 2R n 25 HE
dynamic programming BNASHK BRER
initial state HIHRIRES CULGHIN S

state-transition equation REEB T2 ARG T2
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English falfAHZ ELINED 4
knapsack problem GE2lEk: G2k
edit distance problem St teE B 9 ] R i P e T R
greedy algorithm LFEIE BAHETA
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