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AENEERABTLELE GitHub A, WE 0-3 s, TS A MEURE, nT—3##3T,
QIRIRFORT, IR IR BATR . WIRBERMAIR, 520 st A s,
BRI A L, A RIS R R A 2 R, B T5R, AR EIE,

£ hello-algo DQ0Oaos

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

> B gt """Driver Code"""
> % .github if __name__ = "__main__":
v @ codes # AR
>Mmc max_heap = MaxHeap([9, 8, 6, 6, 7, 5, 2, 1, 4, 3, 6, 2])
> W cpp print("\ns#AFIRHEHEF")
> B csharp max_heap.print()
> dart
> M go # REETTER
> I java peek = max_heap.peek() —]
5 () [Eesils 118 print(f"\n#McHk* {peek}")
v @ python
> M chapter_array_and_linkedlist PORTS  GITLENS  PROBLEMS OUTPUT  DEBUGCONSOLE ~TERMINAL -+ [(Jzsh +v (D @ -+ ~ X
> chapter_backtracking
> B chapter_computational_complexity  ~/Dow/hello-algo main » || Py base 18:18:47
> chapter_divide_and_conquer
> chapter_dynamic_programming
> chapter_graph
> chapter_greedy
> chapter_hashing
~ chapter_heap
>
< heap.py
2 my_heap.py
& top_k.py
> chapter_searching
(R > chapter_sorting
R > I chapter_stack_and_queue
> OUTLINE
> TIMELINE
¥ Pmaina Iy LOtests @OAO WO GitGraph Ln118,Col 29 Spaces:4 UTF-8 LF {j Python 3.10.13 (‘base:conda) & (@ Prettier [1

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

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

Code sues (11

9 hello-algo

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

§ krahets fix: Sev

B Clone Python, Go, JS, TS,

.github

HTTPS  SSH

https://git

| Octotree

G2 Open with GitHub Desktop
Open with Visual Studio

[?) Download ZIP

Releases &

0-4 vl EE B R A2 i

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

72 Z“XHiEH % 3 Q
EXEEREE Pull requests 10

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

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

chapter_tree

\Fl, IINBTI= 9 krahets

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

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

array_binary_tree.py i

¥
i HEEXHRR
binary_search_tree.py

binary_tree.py

[ binary_tree_bfs.py

binary_tree_dfs.py

0-5 A NEH BB ER) PR SR 5

bR T A TR IS, 4 EUE SR Python FURSRIBIEL T (R pythontutor BH). 40k 0-6 ff
R, VRATDARSERE KRS R 779 “BEMLBT” AR Bk, BlsBAR s TiEte; thal DURGE “4
FREBIE", DTS 4 IR R s,
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PP ry—.
€ 0 @ 5 hiwsdwwwbelo-sigo comchapter_acray_and_lokedisciacraye? ax O 00 :

Budf a1 ma % T QR Shoocs dsesr 1

Hello 8% [ @ FARET M ]

@ ®o® wx >

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

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

& Bow niman s T ¢ BRRAENAETEEM

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

extend(nums, enlarg

12 H% 1 return res

43 FI® .
13 ""tDriver Code”"" <

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

extend

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

€ ¢REE

0-6 Python FEzUISHIE BT

0.2.4 7ERMEIRPHBERE
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RURMEE, —RRIEDL T Al £ RN [
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q (% krahets/hello-al
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Hello ¥3&
E#HoE §in N doo5 1H5H
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& EIE tuEEn v @ @R &) 2508
31 MBI
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34 FHEHD WA, t 3%, B B, FRs 2 R MRS E AR
35 o
B f4m gASHE O © @3
S W5E HBSUT >
@ BeE wEE , @ wroters 1558w B
b oETE W > FEE~ SENRERRERLE, FbE . MHTE | BNARERER
D owes i N "SRl (EREFIRATRE) . RGP, BEENEME (R3) BEE—TER Y
= SRCEBY —REEN, XTREECIR (RNORN) | BRI ERNE, i, BEXTE
oogoE @ > FNESE (A, BF) MRS (W) SESH,
= OBI0E ER > e Gm)
Il BNE AF >
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RRF, “HIFGES" ATRER — Pk, HETTD, ERRIEFR, MR PAZIE g S 2
WEEH, BEEET 3~5 MVERR, MeERHELE L, MRS EAR RS Rt GitHub
B,

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

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

PR — FEER— REER=
SR ERENFT R A EEAHRR

WA
P ING] RIERER RRRIES
WELEEH

ERAE IR BB

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

[ 0-8 {HETRSE AR

0.3 /héE

1. EE5[OIEE

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

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

- BREERR T, ERMEREE -AANMEERER, A UDERZEEE,

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

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

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


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

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

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

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

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

FRERHEFEROAFHT

\
EFHER: RICE—EHEETEA » 67 AR
EPRSE:

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

Step 1 Step 2
—H R —HERE

EFHRSR: EFHASR:

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

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

;
—HEBR
EFRSR:

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

Step 5

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

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

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

1-2 B R

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

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

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

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

fERpR P BRI R RRRT 1, #ERl —1 =07t

FRERE, 7TEA204+10+1 = 3175

AR
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BiEsa 31 = 11 - 1 = 0

BEEE -20 -10 -1

TWENTY

\
TWENTY ‘|

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

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

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

1.2 BEZERMHE
1.2.1 REEER

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

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

1.2.2 BRSBTS

BR4EME (data structure) ZHHMMFHFERIVTN, MEERNE, BRZHBRGRNERRIEE, EA
AL,



1R VAL www.hello-algo.com 14

- RS HEED, DS AR,
- ERHRIEATREDUE, MREERIWIML. B, MBR. EHEE,
- RUEERIEREOREEE N, DUEEEIASHIT,

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

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

1.2.3 EREBERREEZNRIR

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

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

BE—RIUREES

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

data structure

RUtERLHEEFNER
BN PEN B RHRIES &

[ 1-4 BRSBTS IR AR (R

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

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

11 R R R B R L 2 PHEREAR

BRUEREEETE  PREEAR

B R RPHERTREA

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

it R TSR

ERSAE, ERERREERERINENRGESH. ERM, AEFURHERZEEAESVE
B,

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

1.3 &g

1. ERSEIEE

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

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

- BWERENSRAH L REBEER, DRI RTE AR S E,

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

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

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

2. Q&A

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

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

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

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

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

fE LRI, KREMEEH DUESIREMRN, F2MEREWN “E127 Mgk T, MENESRE—T7
T AR R REAS B MR, 59— T R B TR O O RIGt #. A\RURTRRR e M, AEBRilZe, ot
IR &R, P RERE R TR 15 B (A



F2E EEESNR
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Abstract
PR AT NS r s B A T P R S
A EBAMAE R B2 S P E A S EIRAIRR, SIRE BT E,
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2.1 EEEMEL

FEMETRR TR, B ARIESR DA 8 g i ) A

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

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

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

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

RCRFETTIREE it BERHIEA,  BEGR (G R

2.1.1 EAR

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

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

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

2.1.2 IPREE

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

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

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

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

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

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

- e REAEREE, A RIE IR E AT &,

- BRI DB R E AR FTREREERNCR, THEAERERE SHEERNEE.

Tip

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

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

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

2.2 ECEEDR

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

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

1. foriBE

W RANEUERZ —, WEEFHTEIB IR BIREN

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

for

// == File: iteration.js =

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

// BERFM 1, 2, ..., n-1, n

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

}

return res;

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

-

i+

#
=1 E

=5
2-1 SRFIR AT AEHERE

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

2. while EE

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

THEFBAMA white BEAREHRKM 1 +2 4+ -+ n:
// == File: iteration.js =

/* while EFE */
function whileLoop(n) {
let res = 0;
let 1 = 1; // ¥ALIRHEER
// EERHM 1, 2, ..., n-1, n
while (i <= n) {
res += i;
i++; /| EHEHE
Iy

return res;

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

// == File: iteration.js =

/* while ERE (MRXEH) =/
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function whileLoopII(n) {
let res = 0;
let 1 = 1; // VARG ESS
// BEXRHM 1, 4, 10, ...
while (i <= n) {

res += 1i;
/] EERIRHEE
Teipp 2
i %= 2;
¥
return res;

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

3. BEikiDE

Pl mT DATE — {18 & Rl et A PR SRR 59— (EDE Rl 4, ST DA For JEIFE 2451 -
// = File: iteration.js =

/% &E for EE %/
function nestedForLoop(n) {

let res = '';

// BE i=1, 2, , n-1, n

for (let 1 = 1; i <= n; i++) {
// E®E j =1, 2, ..., n-1, n
for (let j = 1; j <= n; j++) {

res += ~(${i}, ${ib,

¥

+

return res;

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

Fsa




2w AR www.hello-algo.com 22

2-2  BLRIE P A A [

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

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

2.2.2 EE

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

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

MCERNMESR, BEEXBEE RS =R,

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

B DA A, FRMAFTIEMERK recur(n) , BEATRATERR 1 + 2 + -+ + n AUEIE:
// == File: recursion.js =

[* BT %/
function recur(n) {
/] #&IE&H
if (n = 1) return 1;
/] & IREREY
const res = recur(n - 1);
// @: R[E4ER
return n + res;

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

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

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

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

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

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

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

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

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

AT ‘@& Bkt ©

&

recur(n)

}

recur(n-1)

!
l

BERE recur(4)
! }
recur(3)

!

recur(2)

WERE
} PR

recur(1)

2-4 JRIENFATRE

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

Rl

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

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

e

- IR SRR e FOR AT AR R (R, IERWEREUR MR bR, ARSI T H AL

B, HtRsIEAR T L —ERE LTS

DIEHRE 1+ 2 4 -+ n 2, AT DR SRR res S 28, EMETERE:

// == File: recursion.js =

/* BiEE %/
function tailRecur(n, res) {

—

/] #EIE&MH

if (n = 0) return res;

/] EEEEY

return tailRecur(n - 1, res + n);

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

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

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

l f

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

| f

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

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

2-5 RiREERE

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

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

Question

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

REPACRESNE n B8FR f(n), HISWESR.

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

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

// == File: recursion.js =

/* BRARRET: IRE x/

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

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

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

2-6  BIRARLEA AR AR

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

R 2-1 IERBLRER BB L

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

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

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

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

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

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

Kk, FRAMT AT DAE P — A B P B A R I HE B 04T 2, PETT A IR i L 2 1R AT 2K
// == File: recursion.js =

[* EREREREE */
function forLoopRecur(n) {
/] ER—ARETCRYHE B R AR R LR
const stack = [];
let res = 0;
/] & EEEyY
for (et 1 = n; 1> 0; i--) {
/] BEE NEBIRE R R
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stack.push(i);

+

// 1@: R[EIEER

while (stack.length) {
/] BEE ‘HEBIRE R T
res += stack.pop();

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

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

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

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

2.3 BRIEHE

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

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

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

/] EEBRITEET
function algorithm(n) {
var a = 2; // 1 ns
a=-a+1; // 1ns
a=ax*x2; // 10 ns
// BE n &
for(let 1 = 0; 1 <n; i++) { // 1 ns
console.log(0); // 5 ns
+
}

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

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

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

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

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

/] BEE A BNEEERE: B
function algorithm_A(n) {
console.log(0);
I3
// ERE B WEREEME: FM4R
function algorithm_B(n) {
for (let i = 0; i < n; i++) {
console.log(0);
}
I3
/] BEE C HNEEEME: B8k
function algorithm_C(n) {
for (let 1 = 0; i < 1000000; i++) {
console.log(0);
}
I

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

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

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

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

WEE C - Bum
1000000

WL B — MR

REDEHITRE 10
5 /Mﬂﬁ
0

@ 1 2 3 4 5 6 7 8 9

BANERAN

& 2-7 EEE A, B C BRI R

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

BE” AOTREE BN AR RTEETR, SRR RSN SR,

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

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

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

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

2.3.2 HIUINEESR

A —flEm AR/ N n RO RE

function algorithm(n) {
var a = 1; // +1
a+=1; // +1
a x=2; // +1
// EE n X
for(let i = 0; 1 < n; i++){ // +1 (B&WEHHIT 1 ++)
console.log(0); // +1
+
}

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

T(n)=3+2n

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

TR RS RS RRR AEE 2 O(n) , ARV A Ak O 5238 (big-O notation), TR T'(n) K

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

PR b5

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

HT T(n) —EWHE LS, 3% T(n) = O(f(n)).

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

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

it ne

4,,——’"“—””ﬁ-'

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

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

&l 2-8 PR HYENL L5

2.3.3 #HEGE

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

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

1. B—%: HsHRFHE

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

L 208 T'(n) WRHEEL. KB n MR, Fr DS IRRIBEREREL 2,

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

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

wE —EpR R, BATRT DA BBy ARt at R E R

function algorithm(n) {
let a = 1; // +0 (15 1)
a=a-+n; // +0 (15 1)
// +n (15 2)
for (let 1 =0; 1 <5 *%n + 1; i++) {
console.log(0);
+
// +n*n (XI5 3)
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for (let 1 = 0; 1 <2 % n; i++) {
for (let j =0; j <n + 1; j++) {
console.log(0);
}
}
I3

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

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

2. B-¥. JEMHEESR

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

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

R 2-2 IR B I R A

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

(n

S

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

S

2.3.4 ERER

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

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
TR < B < SRS < SRIEBERE < TOIRE < 1EHRE < BEIRRE
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1. B8 O(1)

Gt (G ENEE S e

e o(2n)

E75PE o(n?)

TEIREHE 45180 0(n)
T(n)
BB 0(logn)

HEHPE o(1)

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

BNERAN

[ 2-9 s SRR i 1 A EE TR

B AR/ n R, BINBER n VSRR,

wEES. #EEE

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

// = File: t

[* B */

function const
let count
const size
for (let 1
return cou

2. 4R O(n)

ARVERS RO BEBERAN BN I A BRI n DURMEAR I R ARIERE 5 HHER 2 B R v

// = File: t

[* KRR */

function linea
let count
for (let i
return cou

FERISIFNE F SRS ER YIS REIIRF R AR LRI 2y O(n) , Hrh n Z5BHi5| st B IR FE -

ime_complexity.js =

ant(n) {

:O;

100000;

0; 1 < size; i++) count++;

nt;

ime_complexity.js =

r(n) {

= 0;

= 0; i< n; i++) count++;
nt;
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// == File: time_complexity.js =

[* HRUERE (ERREET)  */
function arrayTraversal(nums) {
let count = 0;
// ERERE Y REMIELL
for (let i = 0; i < nums.length; i++) {
count++;

I

return count;

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

3. F50O(n?)

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

// == File: time_complexity.js =

/* FEFHE x/
function quadratic(n) {
let count = 0;
/] BEREEER AN n RFEHREER
for (let 1 = 0; 1 < n; i++) {
for (let j = 0; j < n; j++) {
count++;
¥
b

return count;

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

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

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

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

// == File: time_complexity.js =

/* FREE CEXHE) */
function bubbleSort(nums) {
let count = 0; // t&i2%
// SMERE: RKHFERZE [0, il
for (let i = nums.length - 1; i > 0; i--) {
/] WERE: #ERHFER [0, 1] PHRATERREZERNRGIH
for (let j = 0; j < i; j++) {
if (nums[j] > nums[j + 11) {
// i nums[j] £ nums[j + 1]
let tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
count += 3; // TEXREE 3 EETRE

b
F

return count;

4. {58 O(2")

VR IR R IR BIER R AR T WIAAIRRER 1AM, RIS 2 fE, SRR
BE7y A, DAMOEHE, 0% n @A 27 (HAE,

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

// = File: time_complexity.js =

/* 1B (EEEIR) */
function exponential(n) {
let count = 0O,
base = 1;
// HREHE—DA—, EREY 1, 2, 4, 8, ..., 2°(n-1)
for (let 1 = 0; 1 < n; i++) {
for (let j = 0; j < base; j++) {
count++;
¥
base *= 2;
b
// count =1+ 2+ 4+ 8+ .. + 2"(n-1) = 2*n - 1
return count;
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BB BEN
BE—5AZ AR
28
21
2 - H 0@
zn—l
HEIRELER gﬂﬁi@.ﬁiﬂ’gﬁﬁ#ﬁﬁ% BRI
20 4+ 21 4 22 & . 4+ 2071 = 2n-1 B8R o(2")

[ 2-11 FeBRE A IRe A

EEBEE LS, 880 HEREE KR, FlangE ARERES, HiEEt—a%—, & n Ro5%
21k

// == File: time_complexity.js =

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

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

5. H#RE O(logn)

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

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

/* HEME (DEER) */
function logarithmic(n) {
let count = 0;
while (n > 1) {
n=n/2;
count++;
¥

return count;
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BNEFIRER N SEEE 1 8

ﬁﬂﬁ%ﬂéﬂ Efg ﬁ@ ] ;ﬁ_gﬁ %‘fﬁ?ﬁ“ﬁ{'ﬁ

s

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

=

[N]

[y

2-12  HIBRE R AR

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

/* HEME (REER) */

function logRecur(n) {
if (n <= 1) return 0;
return logRecur(n / 2) + 1;

F

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

O(logn) MIKEZEZ/D?
HEREARHE, “—r &y m” BERRRIERER O(log, n) . MEEHEHRIRARK, BMTLUSEIRA
RFEREL SRR -

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

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

6. WRMEHEME O(nlogn)

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

// == File: time_complexity.js =
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[* AREEEPE «/
function linearLogRecur(n) {
if (n <= 1) return 1;
let count = linearlLogRecur(n / 2) + linearLogRecur(n / 2);
for (let 1 = 0; 1 < n; i++) {
count++;
b

return count;

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

EEAIRIEAE
O nx1=n
2
H tog,n+1 B
LA 7R TR L
& 4 = n
& o o o S
n x (log,n +1)
FR9E5RE
1R 1R
1 n=n

P

1% 0(n logn)
=y ’

2-13  ARVEBBRE A RF R R

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

7. WM O(n))

RESFEREBIEEIS B “2HY)” R, 40 n MEAEENITR, REATTRENIIITRE, 7TREES:

nl=nxn—1)x(n—2)x-x2x1

BESFIEH (EADRIB B, niE 2-14 MDA NERBHUR, B—EoRt n i, SR n — 1, Dt
i, HEE n EREIRDER:

// = File: time_complexity.js =

/* BEFRPE (RIEEIR) */
function factorialRecur(n) {
if (n = 0) return 1;
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let count = 0;
/] %1 ESHE n @
for (let 1 = 0; 1 < n; i++) {
count += factorialRecur(n - 1);

}
return count;
}
EEH B
NERYE ERGEE
n n
n-1 n(n-1)
n-2 n(n-1)(n-2) s H oo @
1 n
2HFINA RS (BIREENHSEE) FIROREEE
nx (n-1) x (n-2) x .. x 2 x 1 = n! PEERE o(n!)

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

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

2.3.5 J®E. RfE. FISHERE

HRARIR PRI AR EE K, i Bl A RH A B (REim A —ERE S n BRI nums , H
Honums FTE 1 2 n ECFHK, ST HHBR 0 ERIEFZEMTELR, S5 HEERIREDTER 1
AIZR51. FAF AT DATS H DU 455

Eoums = [?, 2, ..., 1], BDERECHRE 1 K, FEZEEETMHY, R RERBBHEE O(n)
© Honoums = [1, 2, 2, ...]1, BVEERECCRS 1K, HEREEYI 2 RAATZESUED, EIRER
B Q(1) .

“I IR BB IR L5, AR O SRR, MHEM, “RAEReREMEE” S L R,
A Q RRiERR:

// == File: worst_best_time_complexity.js =

[* ER—EEY, TFEm {1, 2, ..., n}, [BEFEHRITE «/

function randomNumbers(n) {
const nums = Array(n);
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// HEREY] nums = { 3, ...
for (let i = 0; i < ++) {
nums[1] =i+ 1;

, n}

}
// BEHITELRES TR
for (let i = 0; i < n; i++) {
const r = Math.floor(Math.random() * (i + 1));
const temp = nums[i];
nums[i] = nums[r];
nums[r] = temp;
}
return nums;

h
[* BHEY] nums FEF 1 FREEZRS] */

function findUne(nums) {
for (let 1 = 0; i < nums. length; i++) {
/] BtE 1 EMEYEEEEr, EIRERMERE 0(1)
/] EBE 1 ERFIEDE, EIREREEREE 0(n)

if (nums[i] = 1) {
return i;
}
¥
return -1;

EFHSIANE, TRMEERPIRD A SRR, FREE U ER MR A BEER], ATae &k
—ERIRRENE, miRZR RS E TN, BABHN T —MBeREeE, R LUCOHE A
?20

T LB DAE Y, B 22 IR R FE A B IR P A U BN “Rp SRR M, TG LR IB LAY H BER
AIRETR/D, M AREE B MR RS TROR, ML R, PRI R R T DA B ST L e b A\ R
THIBITRCR, A O SRR,

SRR SRR, FRIPTAT DARR MM 5t DR S  REO TN, A Aom i, ph o ARSI T
ALY, BHTEE 1 HBIEE RS OMRARAISNY, ARSI T H 3 B B R ) B /2
| EIR RIS O(n/2) = O(n) .

(HEA R R, GHRCTR R AR A b e IR, R 2% TR A PR R A T AR R B2 1)
B, IO, BATE (5 22 AR P 1R 2 T SRR R R HAR

BBV RS © 779k
FTREIR O FFSmMN IR 11, R R 3 ) Ao TR, (AR B 3% L, o
TR B, 7EA TR T, FEEI TR IERE O(n)” MR, i
B O (n) .

)3??

2.4 THIEHE

TRIEME (space complexity) RSB IE R A5 AL IRRE 2 MRS = B RHE AR Rl %5, IS fEmi il
R AR AR R, R BT Bz SRR,
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2.4.1 BEEGEERZME

T ETRE S TIE AR P FH AT TR R s i S SRR DU 2676,

- WA AR AR AR
- B AR EEREIAERUTERT A, W B TIEEER,
- PR PR R TR R R
—REILS, SHEMERSEHER “E T ik s
W7 s R DA — #7025 =R o7
- BRI EERIE TR SRR B, BB, M
- MESIEAER] PRI R AT _E RSO R, SRR BRI NL bR IR & 16 R TE R A a7 — (A M A

e, BRIZRIEIE, B & R
- RN ARG EHRRIERIES, EERRAH IS R,

FE M — BRI Ry, SRIME SRt BA7 R, MBS i th R =85y, Wil 2-15 R,

BERER T HEREN T EE

AL

e A
PN HEERN =R
HAER giFEk W Ee
SR
Rl

[ 2-15 TSR I AR B 23

BRSNS

/* $ER %/
class Node {
val;
next;
constructor(val) {
this.val = val == undefined ? 0 : val; // EiZ4(&
this.next = null; // IR T—E2895| A
b
}

/* R */

function constFunc() {
/] BITRLEIR(E
return 0;

}

function algorithm(n) { /] BNER
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const a = 0; // BEEE (B8)

let b = 0; /] BEER (E8)
const node = new Node(0); // BE&ER )
const ¢ = constFunc(); /] HEBETRE (YR ()
return a + b + c; /] E@HER

2.4.2 HHERGE

2 A L O SR 75 TR BRI P AR KRB ], TRt e "SR E” % "SRR,

17 BB P MR FE AN R 2, FRAMDE 3 BTl 22 B A, IS K 2 e s e —JHREMEZOK, FRff
AMERRAERTA IR N A R HIRRC IR R S R TR

BRI, RETHMEMEDN “RE ARESE

1. DREMAKDRIZAM: % n < 105, SRMEES O(1) 5 83 n > 10/, PIAKIES] nuns 15
I O(n) %2, BB EZERBE S O(n) .

2. DABEHEBUTR IR 20 G, RERIERITRE T2, (5 O(1) %1; A
nums B, (5 O(n) %, KIS EEMBERE S O(n) .

function algorithm(n) {
const a = 0; // 0(1)
const b = new Array(16000); // 0(1)
if (n > 10) {
const nums = new Array(n); // 0(n)
}
I3

FEIRBPAAD, REEFSAHEBAN, BRI TR E:

function constFunc() {
/] BITRELAR(E
return 0;
}
/* EENTEEMES 0(1) x/
function Lloop(n) {
for (let 1 = 0; 1 < n; i++) {
constFunc();
+
}
/* IEENTEEHES 0(n) %/
function recur(n) {
if (n = 1) return;
return recur(n - 1);

7% Loop () 1 recur () IBSEIMARIE RS % O(n) , (HZRIMAER R,

. % Loop () {EIEMEHIFII T 1 % function() , AHHHAY function () HIRIEALRE T HEAR Y,
L2 R AR 52 O(1)
JEEFR recur () ERITEE T & RBSELE n HAIREN recur (), HEMHEH O(n) MM SIEZER,
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2.4.3 BRES

REAERIR N2 n, 8 2-16 R T H A EEMEERE] GERE=HD.

O(1) < O(logn) < O(n) < O(n?) < O(2™)
HHEE < BB < SRR < FITRE < FRE0E

S8 o(2n)
E5K o(n?)
seiRER=EAN 514RE o(n)

H#BE 0(logn)

WEES. HEEE

FHE o(1)

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

BNERAN

2-16 H AR AR A

1. B O(1)

R R RN BOR B N BRI n SRR B BB Wt

FEEMR, (B A eI ER T TS, A EER e, R R e
SRL A, SRS O(1) -

// == File: space_complexity.js =

/* R */

function constFunc() {
/] BITHRLEIR(E
return O;

¥
[* BHE «/

function constant(n) {

/] B8 B8 MHEER 0(1) =/’

const a = 0;

const b = 0;

const nums = new Array(10000);

const node = new ListNode(0);

/] BEFNEEGE 0(1) =M

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

+

[/ EEFREGEE 0(1) =M

for (let 1 = 0; 1 < n; i++) {
constFunc();
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2. 18 O(n)

BRVEREH R TR EE B n RUELLAREY, SEAS RS, HEB, (755

// == File: space_complexity.js =

[* ERIERE %/

function linear(n) {
/l RE% n B9EFHEAR 0(n) =
const nums = new Array(n);
// RE% n HWBETHER 0(n) =M
const nodes = [];
for (let i = 0; i < n; i++) {

nodes.push(new ListNode(i));

¥

[/l RE% n BWHERMGE 0(n) =H

const map = new Map(Q);

for (let 1 = 0; 1 < n; i++) {
map.set(i, i.toString());

}

i 2-17 R, HWERRAGRERER n, BIFERAELE n EARERER Linear_recur () M, A O(n) X
/N HE R I i -

// == File: space_complexity.js =

[* HRMERE (EIEEIR) */

function linearRecur(n) {
console.log(i&EE® n = ${n}");
if (n = 1) return;
linearRecur(n - 1);

}
&, 9 r.n]t
AT “& g
linear_recur(n) return @
linear_recur(n-1) return @
" | 1
linear_recur(2) return @
l L3 Ao]
I dts T
linear_recur(1) return @
RVEEMF IR RES n CRIEHEE

HAeEA 0(n) BBERETR £R1EPE o(n)
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2-17 RE R A (SRR 2 R

3. FAW O(n?)

5B H R AR E, TR n BT RER:

// == File: space_complexity.js =

/*x FHbE */
function quadratic(n) {
/] FERE(ERE 0(n”2) =M
const numMatrix = Array(n)
.Fill(null)
.map(() = Array(n).fill(nulD));
/] Z#RFUEA 0(nt2) =F
const numList = [];
for (let 1 = 0; 1 < n; i++) {
const tmp = [];
for (let j = 0; j < n; j++) {
tmp.push(0);
¥

numList.push(tmp);

qniE 2-18 iR, %R NANEIEIRE Ry n, EREEEE AP EGIaL T — M@k, REZHIZ n. n— 1,
201, HIRERAN/2, NHAEEGEE O(n?) 2M:

// == File: space_complexity.js =

/*x FHME (EREIR) */
function quadraticRecur(n) {
if (n <= 0) return 0;
const nums = new Array(n);
console.log(i&E@ n = ${n} K nums BE = ${nums.length});
return quadraticRecur(n - 1);

Iy
B nums RE BF @ o
n ~——+ quadratic_recur(n) return 0
n-1 ~———4 quadratic_recur(n-1) return 0
EERE . .y .y
" | 1
2 ——— quadratic_recur(2) WSEE return @
l gl c it T
1 ~———4 quadratic_recur(1) return 0
EEERDXAPHBRL T —EMET, BRES SRS

1+2+ .+ (n-1) + n = n(n+1)/2 EAM o(n2)
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2-18 R pR A AR S 75 B 2 A R

4. $5BBEO(2")

FRBEH R ook, BISE 2-19, EEZA n B W ook EEEES 2" — 1, (6H O(27) =M
// == File: space_complexity.js =

/* IBEME GEimioiE) */

function buildTree(n) {
if (n = 0) return null;
const root = new TreeNode(0);
root.left = buildTree(n - 1);
root.right = buildTree(n - 1);
return root;

BREVERAEE
20
/ \
21
/// \\\ z// \\\
2 - Hn [E
/N SN N
2n-1
FRAmEE ERRE
20 4 21 4 22 4 ... 4 201 _ Pn_q *Eﬁm o(zn)

2-19 il — oA A TR B 2 R R

5. EHEKE O(logn)

B E R MGERE. GlanE0HHET, WMARES n (WEE, SRRy e B g o 2w, 1©
R E 2 log n IRERE, i O(logn) HEmiEZSR,

AFIAA BT E T8, WA EERY n, RS [log, n]+1, BIEEFHRES |log, ,n] +1
, BEEREES O(log,,n + 1) = O(logn)

2.4.4 (EERREISRSM

BRI, T B R AR IR AR A S M AR R B e . SATIAE PR E D, [RIRF AR LI
F 2 R 2 o A R 0 W IR
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R ARG ] B L T 5 7 22 DAV T S PRI RE 20 I, R 2R TR HF A A TR 2 A A T B SR R A T O
FERRBBAAR 27 “ DA FRIHBIRR L Rz, RIRERy “DARFRIHRas i

RN B RN M E B A T, FERZBIEI S, R EHEE S, Bt “DIShHfR" E
HRER AR, B, EERERRIELT, s e thiEy =,

2.5 NG

1. EEL[CIEE
TR

IR PR B0 B T (S,

- TRIFIAT UBIE BRI AL ANCR, (BRI RGRBEI S, e R R

- RERESM A AT PRSP MRA S, 23 WA A BT ST RE, LB AR B
R RROXCR,

I R FEE

I T S P A M R R TE AT T IR T B e 1 R A 38, 7] DA MG A T B0, (AR B
NRTREZRL,  ANAER AR Ry N el R MR A R, SRR RS TS LT SRR 55

- RN R O FF9i0R, BIERAMNE B, RIE n EAERER, BRERET(n) 1
W RARG,

- RN R S D, EeRETRIEEE, BB -5

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

- FEEE RN AR E AR EE, 2 BRI A R, R D A e, I, SEEIREE
RS, R AR AT, R 2 A\ R — R T ST 2 A I A A B B B A1 0L

o PRSI R A FEE S W SR TEE RE M R N RSB TR, e R I A P AT BBLE R AR, RH T
F5JURE TR A PR T A i N Rl M DA B R S TR B,

BRI

SRR M AT O R B, PR RS A (0 P AT I R L R R34,

BT P ORI TR T 4 2 AR, TR, RIS, BRI R, WASIRR
NSRRI S, WA T 5 2 MR R, MBI RIG 2R, b e P 3 IR
B S SRR

PR RS R, VG TE RS A R 2B TR RS R M

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

2. Q&A

Q: RIBEMZRIIEIER O(1) 152

Fam b, Rl A SR ] DU E R O(1) » RMBRARZEIENXGES (B4 Java, Python, C+
+. Go. C# %) PR ABIREMERE, FEERH=MERER On) .

Q: BT TRIS P A 9 e 2 A 1R
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BT (function) A DABESZBIT, A28 DABAREIR, 757% (method) BL—{EPIFRAN, wia{Hikia
WEINE R, RESBE IR BIE L & BB R TR,

N DA AR R AR IR S R B .

- Ciis RERFARAREES, REMHEERIMES, FTAEER, [HIRF AT DOE IR #E A7 A
(struct) AHEEVIAFE ARG, Bda R A BRI RO R SO B R AR GEE = R 757

- Java f1 C# BYFERENRGES, BRI 0575 EEERIEERIN—E 0. FRETTTARTTRAME
ORI, R R L, NREFIHRE R BIEEE R,

- C++ M1 Python BESZREF ARG (M50, gt 05k,

Q: [ElfF “H AR RIBI” S M2 A2 A 2 T A AR 3 RN
NE, ZERRRZ R, HM AR REES, ARG 2 RIS ),

B n = 8, IRAJRE @ BB FRIIARIVEE R XEES b, 1SRRI S —EEE0E, Bk
o R e 21— {46 B A 1 A [ P

TFEEPET, RARMEFHNANERE AR “HE0E” @R 2/, Frbh— Bk AR AOEE n = 8
Z FHIE RS, HEH n = 8° MR T, BN RUACAETET,

Q BEFEMIRERRE MG R, EEEERE s RKRsHEREIRAER?

TEEVRIER R, KRB SRR P S A, BN, FE R B+ B R3,
(AR T ZSR, DR O(log n) 28 O(1) BRI,

R MEIRE B R, WERRmE RS, flanEm A, EECERREE, TR
R HREER, \%@ﬁﬁlﬁﬁﬂ lEras, DAETERCEREG A, REREHEE,
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48

Abstract
B A A [R] — AR [E] T 2 A FAEZE,,
TAERINE AR AL TR, EEIRS DAE R EAE B AR,
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3.1 BEHEENE

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

3.1.1 B SiERiEgH

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

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

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

TERRIE BRI ] DU — 25 87 2 BHE ST R A

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

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

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

3.1.2 YRR EERSE

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

00 @1 02 03 04 05 06 07

0x0000

0x0010 n
0x0020

0x0030

0x0040

FIRIERESR SR 0x0012 , 1SEIEN

. EEEERSR SRR 0x0024 , SRER

E 3-2 GOIRAEMR, ROIEREsSRH. ACRREfik

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

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

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

HATRET SycE it

EEFETIMRR R RN (Eca b plEER ol P )

aaaan

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

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

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

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

Tip

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

3.2 BFEHES

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

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

- REEOUR| byte, short, int. long,

- FEEOUR float, double, FRAFIR/INEL

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

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

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

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

R 3-1 HAEERI I 2 R U [

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

int 4 fhigegl —23¢ 231 —1 0
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bl Fok iz B ME RAME FHRAE
long 8 frrsl  —203 263 1 0

FHE float 4fges 1.175 x 10738 3.403 x 1038 0.0f
double S fryrél  2.225 x 107308 1.798 x 10308 0.0

FIL char 20t 0 216 1 0

itk bool 1fiycdl  false true false

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

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

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

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

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

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

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

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

// JavaScript BIREFIRILAEH#FSEERERE R

const array = [0, 0.0, 'a', falsel;

3.3 HFi4REE*

Tip
TEAED, FEEE * PRI RERERE, WRIRHEARSURS B REEE, TOUERhE, F87E0
A R P R

3.3.1 [FiE. —#EM_m

£ E—EiR RSP EE, AT BB RES SRR Y B BT LEIE B2 — A, BN byte HYHUEHEEZ
[—128,127] , BERRKKER, CRINEREYRER, —fE. —w8eomEpm .


https://en.cppreference.com/w/cpp/language/types#Properties
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HETEAR, BRbL “THBC B R RPN, SRR 2 B, e =
TE o
- DS WITRECT R A HRIRRA RS AR ARG, Hoh 0 FRIER, 1 RoRAE, HERMIERRE
FHIE,
- R IEEE BRI, SR BOR BRI ERAT R AL AN AU
© RREC EB ECRER RS, BB RECR B ER B 1,

3-4 JroR T IR, — B A B RO TR,

+0 +5 BF -0 -28

0000 0000 0000 0101 [REE 1000 0000 1001 1100
PRAFIRAISH
HHERFRE MR

0000 0000 0000 0101 —H¥ 1111 1111 1110 0011
E—HBAvER LM 1

0000 0000 0000 0101 ot -1 § 0000 0000 1110 0100

EMNERTE, —#El. —Hies EHNERE. —HN. —HNEEER

[ 3-4 JRbS, — i e B RO A ELE

B (sign-magnitude) BEARELE, (H{F7E—LERMbE, —77i, MRS FAE ELHRIRIESL, il e
BEREE 1+ (—2), BRNERE —3, BREARTEN,

1+ (—2)

— 0000 0001 4 1000 0010
= 1000 0011

— —3

A T RRIRIERE, FHEMSINT —HE (' scomplement), QIRBAMSCAF RIS EIR L —MEL, WE—HE
TR 1 4 (—2), SRS —mMBuERm R, RafSa e R —1 .

1+ (—2)

— 0000 0001 (J5H5) + 1000 0010 (JH5)

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

= 1000 0001 (J5H)

——1
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7T, W BRI +0 Bl —0 MR AR, SR E U B B (AR oS, e
RE@ATARLESS, UITERPRRIBT T, MR AIE A ERREAE, WA SO BA R, TSR
IRFREER AT, TS AESNOHIB R, 2 rTHE @ MR S T 5,

-+0 — 0000 0000
—0 — 1000 0000

SRS —hK, — MBI ATEERMAE, Kkt S P57 /M8 (27 scomplement), 5t
ABR— NEFRRE, —HE —HEEEREE:

—0 — 1000 0000 (J5H5)
= 1111 1111 (—#Hi#0)
=1 0000 0000 (—#H%)

FEETH M N 1 §EAER, Hbyte MBINRERA 87, FIEMAEIE 9 (1K 1 EHHFEE,
WatE, ATKN % 0000 0000, BIEZHN #HBMIE, EREWREE MEFRRTREE—EE, E
AT EEIETS 2R,

BRIRE— 5K byte BUBIMEUEFIER [—128,127], ZHIRN—EE% —128 2UA{SEIRTE? &K
MR, S [—127, +127) NERTEBEEA BRI RS, — o —ahiEL, 0 ERAESR s AT
DA AHE R,

SATI, K 1000 0000 J&—MABISY, BT BIERIRNG, MR ik, RIS S
0000 0000 , EEARFER, FAZEBRRANT 0, TR MBIEZRE S, SRR EERT
%1000 0000 183 —128 ., B L, (—1) + (—127) £ % RIS Bt —128

(—127) + (—1)

— 1111 1111 (J5#5) + 1000 0001 ()

= 1000 0000 (—#i%) + 1111 1110 (—Hi%Y)
= 1000 0001 (=#%) + 1111 1111 (ZHi%)
= 1000 0000 (—#H#)

— —128

IRATRECLACEEBL T, LRFTARIEEZIAESR, ERRE —EEEEE: PRI R 3 2 A
IMTEER S, SRR ZINRE AN HAER (bLansRiE, BRIERIIETE) AR, TR B Bk A o
B, HEAGETIATORER, ERIEEER,

AHER, BN ERE R REMOINIR, BB R INR R — S AGE R R A S, S RRRRES BB & R Ath
MBS, BN, SHRIRIE o — b AT AR ZET SN o + (—b) 5 stRSRIERIBRE AT DU 25t R 2
JI[IRPREIRTE RES

BIERRAT A DA AT A E A B R A BN i BEOR, sHREMERT DU R BB RS AR (R AR AR LI
BB BRI, AR EREt R R R R AR BT, I AR BIEBEIE B TR, ISR
LT iR, $Rm TIEECR,

“HBAREHERRY, RRERRERMRT ARG, B BB AEEE i — P IR AR,
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3.3.2 FERLEURES

AOHIIRATREE 2B int Ml Float RIEMFE, #Z2 4 Ao, HAE float AYEUEEEENE KR int ? &
R RER, HAIEEER float REF/NEL, HUEFEEEZEE A B,

B E, EREATZEE float BRI TARKZGRT Ao GC—1{F 32 (TR M AR 8 :

fR% IEEE 754 15278, 32-bit RIEH float HIPA N =MEFR AL,

CORFRRIS : 116, BHE by, .
CSRWERLE A5 8 R, B bygbyg .. b <
. ﬁ%ﬁ(ﬁi N . 'fljj 23 ﬁZ, %‘TB&E\ 622b21 e bO o

TIEALHIE Float BIEEAIEH R IER:

val = (—1)bs1 x 2(baobao--b23)y=12T 5 (1 b0y, ... by),

LR g T RTRH R AR

val = (—1)5 x 287127 x (1 + N)

A T R ] A -
se{0,1}, Ee{1,2,..,254}
(1+N) = 1+Zb232 (1,2 — 2723
float RES 4 bytes = 32 bit
H‘EF‘LL S ?a%ﬂi E S8 N
.nﬂ.n.ﬂn :
b31b3@ b23b22 bﬂ
HRU LR, 58 IR IEEE 754 124, 2l ENETS
S=20 val = (-1)5x2E°127 x (1 +N)
E = 124 = 1x0.125x%1.375
N =22+23=0.375 = 0.171875

3-5 IEEE 754 #Z2¥ R float FETERH
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HERlE 3-5, HE—ARAERS=0, E=124, N=224+23=0.375, HIf:

val = (—1)0 x 2124127 5 (1 4 0.375) = 0.171875
BAEFRAM AT ARV E AR . Float MR sV SR, EBOHUARIEDZE KRR int . RIRDL LETA,
Float TTFRRABAIESS 2294127 & (2 — 2723) & 3.4 x 1038 | IR SRR 515N,

(R TRE Float PR v HUERIR, (HILHIMEADRRYE VR, BBIUR int 2 32 TN R RECE,
BB RSB HIFAE, TERE Float AYBUEBCR, AHARF(E B < [ A 22 (E & i v ik
Ko

4%k 3-2 foR, 168U E = 0 M1 E = 255 AR ER, MRFR%E, MEA, NaN 3%,

% 3-2 fREUE R

fRHAL E AN =0 AN # 0 AtEAK

0 +0 UIE A (—1)8 x 27126 % (0.N)
1,2,...,254 RIS ERE (—1)% x 2127 » (1.N)
255 +00 NaN

{EASFRBARTR, ORISR 1 IR B RS I, S NE RIS 27120 | BUNEUIERISUR 27120 x 2723

o

EEXSIE double HERAIBALUR float HIFRIRTTIE, fEICMECENR,

3.4 FiohRts ™

FERTEM, A ERHER R A EHI BRI AR, 59T char hAfIsh, 2 7FRyIT, WMHRZER
M—E P, BUERHETITH EMHIBC MK ——EERER, TR R, stRERER g R E
RIE IR B R T IT R,

3.4.1 ASCIl E£t&

ASCI BE 2 i R B oisE, H42M %A American Standard Code for Information Interchange (3EE
B HRIE RS ) . BEH 7 6 &M HIE (—ERTERIR 7 6 Frn—E7IT, mZaEHFRR 128 4
RAFTC, dNlE 3-6 Fir, ASCII BSEHE TR/, BT 0~ 9, —LEASRRTSR, DI —2E45sil
7e QA TRIMIERERTT)
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il i FT a8 R e — i FT s i FIT it e FIT
0000 0008  NUL FFT 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001  SOH 1A 34 0010 0010 " 66 0100 0010 B 98 0110 0010 b
2 0000 0010  STX EXHs 35 0010 0011 # 67 0100 0011 c 99 0110 0011 c
3 2000 0011 ETX EXHER 36 0010 0100 $ 68 0100 0100 D 100  011e 0100 d
[ 2000 0100 EOT [ 37 0010 0101 % 69 0100 0101 E 101 e1le 0101 e
5 0000 0101 ENQ R 38 0010 0110 & 70 0100 0110 F 102 o11e 0110 f
6 2000 0118  ACK U3 39 0010 0111 ' 71 0100 0111 G 103 o11e 0111 g
7 0000 0111  BEL 2 40 0010 1000 ( 72 0100 1000 H 104  o11e 1000 h
8 2000 1000 BS Bt 41 0010 1001 ) 73 0100 1001 I 105 o110 1001 i
9 0000 1001 HT KRBT 42 0010 1010 * 74 0100 1010 3 106 0110 1010 j
10 0000 1010 LF WITR 43 0010 1011 + 75 0100 1011 K 107 110 1011 k
11 0600 1011 VT B3 LT b 0010 1100 , 76 0100 1100 L 108 0110 1100 1
12 2000 1100 FF MER 45 0010 1101 - 77 0100 1101 " 109 o11e 1101 n
13 0000 1101 R s 46 0010 1110 5 78 0100 1110 N 110 e1le 1110 n
14 0000 1110 50 ES T w7 0010 1111 / 79 0100 1111 0 111 o11@ 1111 o
15 0000 1111 SI RARYEA 48 0011 0000 ° 80 0101 0000 P 112 0111 0000 p
16 0001 0000 DLE BE s 49 0011 0001 1 81 0101 0001 Q 113 0111 0001 q
17 0001 0001  DC1 R 50 0011 0010 2 82 0101 0010 R 114 0111 0010 r
18 0001 0010  DC2 R 51 0011 0011 3 83 0101 0011 s 115 9111 0011 s
19 0001 0011  DC3 R 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 0001 0100  DC4 R 53 0011 0101 5 85 0101 0101 u 117 0111 0101 u
21 0001 0101  NAK B4R 54 0011 0110 6 86 0101 0110 v 118 0111 0110 v
22 0001 0118  SYN [EEZ=L 55 0011 0111 7 87 0101 0111 W 119 0111 0111 w
23 2001 0111 ETB AR 56 0011 1000 8 88 0101 1000 X 120 0111 1000 x
24 0001 1008  CAN B 57 0011 1001 9 89 0101 1001 ¥ 121 0111 1001 y
25 0001 1001 EM oriER 58 0011 1010 3 90 0101 1010 z 122 0111 1010 z
26 o000l 1010  SUB e 59 0011 1011 3 91 0101 1011 [ 123 111 1011 {
27 0001 1011 ESC RS {) 60 0011 1100 < 92 0101 1100 \ 124 0111 1100 |
28 0001 1100 FS TSR 61 0011 1101 = 93 0101 1101 1 125 0111 1101 }
29 0001 1101 [ A% 62 0011 1110 > 94 0101 1110 - 126 0111 1110 -
30 oee1 1110 RS STERSIER 63 0011 1111 ? 95 0101 1111 - 127 o111 1111 DEL
31 eeel 1111 us ETHRR 64 0100 0000 a 96 0110 0000 N
32 2010 0000 sp o

3-6 ASCII #§

SRIM, ASCII BEEREFIFORIL, BEE R EMAI 2Bk, 4 T MR RE ZE S M EASCI Pk, E
1 ASCIL B 7 i/ £:0% EARFEE 8 2, BEFIZR 256 AR TT,

e SREI R N, BRI BT — i@ F R A R IE Y EASCIL #oi8, B n it 128 7o —4
ASCIT 5, 1& 128 v uERAM, PUEBEARGESHIFRK,

3.4.2 GBKFrt&

BARNMEEB, EASCII BERMETLIN R FF 23l S BUREOR,  HanE a8 ME, J6H %6 A
AHTE, PREBEFEHELRE R 1980 /M T 6B2312 #iitk, HUER T 6763 iz, HAME TIHEFN
At R,

SRTM, GB2312 SRR R EH T, GBK FILt 2 E GB2312 AR HERSHIN, el T
21886 {7, 1£ GBK MMt/ 4, ASCII FIefE M —Ef TR, EyfAmERTH AR,

3.4.3 Unicode Ft&

BEE R BB R EZ IR, FOTREMIS R AL, MEW AR T2, —JrH, EEynsE Kk
HER TREESNTT, MEELESRE NERTE, H—0H, -GS remyooesE, u
R E AT M IR A R ARSI, e B AR R i & H AR

ARMER AR 7N B AEAE : A SRHE S — i R S s B o 8, R ISR P 9 Bl A 56 5 AT SRR I ik S
h, AERT CARDGES S S BRI ALAS A 1 W57 S EAENBEE N, — KM 27 % Unicode fEE
[

Unicode AU Sc#4f 2y “HE—H8”, Filah LEEAAN 100 2 BEF T, EBNIRK 2RE RN F TS —
o ve e i‘%ﬁt—@iﬁﬁﬁH’J?ﬁ:;’%ﬂé!ﬁf%ﬂ%ﬁm%@%éi?, e/ D ER] 20 i RS AR 88 A ] T 72 2 ) AL RS )
o
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H 1991 4B H PAZK, Unicode FEMEFTHIIIEES BET T, B2 2022 49 A, Unicode B85 149186 i
FIt, AMESEES T, REERETES, f£REKM Unicode Fo®EH, HARNFICIGH 2 Aot
4, BT 3 AT EE 4 foTa,

Unicode 22— @M ¥ILE, AE LZGEMETITOI —EMmSE (RS “WE"), HeMRA e 5
e ik el o i®s. MG E2MREN Unicode MERFIN HBIAE —E 5, REEL
gt oe? BNt e —EHRE R 2 (THRMmES, R e @ 2 Aot FoTE2mE 1 Aot
FHAYFIT?

BN DA ERE, —REE R R v oChif & RIO&IRE. IE 3-7 FUR, “Hello” HAEEE S
Tel A 1A, “EER” EEEEITE A 2 Ao, AT DUE@ S AIHE 07 “Hello HEIR" FHHIAT
AT TR 2 2 AT RE, ERARFRIAT AR 2 AT — 8T, IS EEERINE T,

FIT Unicode
H 00000000 01001000
e 00000000 01100101
RES 1 (ITANEXFT
1 00000000 01101100 > (B
={iiE o)

1 00000000 01101100
o 00000000 01101111
-} 01111011 10010111 o _

- RE#A 2 (riANHRNFT
it 01101100 11010101

3-7 Unicode #mbER4]

SR ASCII WS CAS TR, i s TR 1 At HERF BT %, 3OS AZEB R Mg 2
ASCIT %t FHIMIfE, AFFIRECEES M, Fit, TMOFE-FEEMNSUA Unicode b 75 i%.

3.4.4 UTF-8 #wtS

HAl, UTF-8 B4R - {#H&EZH Unicode #iE 7%, Bt —Mn S RERNSES, HH 13 40T
SHARFR—ETIT, RIBFICREEMEmE, ASCII FooHFH 1 s, i T FRMAIR RIS 2 fiotél,
WS FIr s 3 MoraH, HANR LA TS 4 oA,

UTF-8 AR ABHE, 0% DL S AR o

- BRRER LADTHNT T, MREARER 0, HiER 7 A&E % Unicode MR, EFERENE,
ASCII F#7t1E Unicode “FIC8rH 4R T/ 128 fERSES, W2, UTF-8 %ifl§n] LA % ASCII
. JERIREIRMT AT DA UTF-8 AT AGER ASCIT #5SLF,

- BRREZ n At (Hhn > D, #EEMITEN S n MEEER 1, o+ 1 VS0ER
0; WHE _Mafocbith, MEEMTTHRN S 2 AERER 10 ; HERTA AL REE 7T Unicode
F5 %o
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[l 3-8 ferr 7 “Hello EIR" ¥IER) UTE-8 #nfls. BURHH, Hils n (EEER 1, BRG] LIS
WA AL 1 B EBOR AT TR ES n o

HRH EEZRHER A MoTa Y& 2 AARRoE 7y 10 We? R 1, JEMH 10 RESEE2IMBRITHITEM .. A ARHE
e EghRRI N T BN T, ALTAHEEERRYT 10 RESE B AR e PudH i Bk

ZFCAE 10 B IERERTT, 2R UTF-8 MESHAIT, NalsEa v ik emmnse 10 . IS fFEsE ] LA
[ EATE: R ThRmEmAE 10, M TICRRER 1, BE ASCII#, M ASCII i
R O, BT &,

FIT Unicode UTF-8
H 00000000 01001000 01001000
e 00000000 01100101 01100101
1 00000000 01101100 01101100
1 00000000 01101100 01101100
o 00000000 01101111 01101111
-} 01111011 10010111 11100111 10101110 10010111

& 01101100 11010101 11100110 10110011 10010101

BEE 3 MRS 1 MEMBETENS 2
REPTEES 3 e s 10

@ 3-8 UTF-8 #fs il

BRT UTF-8 Z5h, # R &S 77 2B 4 DA T Mk,

- UTF-16 #ifls: (£ 2 504 AT FR—EF 70, FrA N ASCIT FIohl s FIYAESS oL, #FH 2
(T RN, DEF TR EME 4 ATARR. BR 2 AT T IT, UTF-16 AifEE Unicode HG
o

- UTF-32 %ill§: SEFICMER 4 (ot 1SRk UTF-32 b UTF-8 #1 UTF-16 A=, #Hl
JEEFR ASCIT F LAl ELB R IS

RS HRAEE, HH UTF-8 Ry InlbE @i, WAeE®R 10otil; f#H UTF-16 M3
gy (PN MR, WaeMEs 2 oo, 1 UTE-8 AIRERR = 3 Ayt

WA ES, UTE-8 R@EMMERE, #F2 TAMBEESF: UTF-8

3.4.5 EBREBSHFTHRE
AN AL BRERES, BRXPUTHIZEEERA UTF-16 5% UTF-32 BlE% EHE, 5 EHRET,
FAAT LUK T2 R B VERA A T, SRR B DL R AR,

- BRI UTE-16 MtSAY7 H ] DARA S TREMai . UTE-8 22—t Rawis, ZARIKEISE ¢ 18
Fot, BMFERTFBRIFRREDIE « 5T, BRE O(n) KK,
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- FoiEtE: BPERIIRIEEL, SHE UTF-16 MM FHRIRENRE O(1) Mg, B2, 55 UTF-8
A RS~ HR R JEE e O E A R 7

- PHPRE: 1E UTF-16 MR R b, REFHERE QooHl HEE, A MPRSE) EA5ET, 1
UTF-8 Ml A8 b, TSR E W TR ERIMIGRT R, DR & 24 S UTF-8 i,

BB, BRGSO TRES T Rt R ERESrETE, WA REER,

- Java iy string BUBIMEH UTF-16 #f, SEFITCIEH 2 Moo, BERHA Java w5 weat 2, A
w7y 16 A8 ARRITA AT RERY T TT, 2R, 1&2 —ME N IEMERT BT, 122K Unicode MRS T
1# 16 fiz, FTA Java AU CHRTERTRER — 3 16 fzAY(E (R “fUHEHT) TR,

- JavaScript #1 TypeScript fJ7H#H UTF-16 4 A K B Java $H{0, & 1995 4F Netscape 2 H]
B JavaScript @55 IF, Unicode BRI R, TRIFEEEEA 16 AASRISHE ARRFTE R
Unicode FIt T,

- C# i UTF-16 #ifls, FEZRA.NET FEZH Microsoft #&%&HH, 1fi Microsoft (IRZHi4# (&
i Windows 1E2E £ %) #BEIZ A UTF-16 4,

IR DA A2 3EE & BT SR ARG, RS A ERE RS (975 AR RN B 16 (LR Z) Unicode
FIL, EREMIER/R RS, —Jim, WEESNyET, —MEvICalaeibm 2 focHet 4 A7
JeA, EMIER T ERMESAVES, ST, RRERAES RN RS, SR e 7RG R
PERNPREGEET

HR A LR, # RN SR T — 2R RIS T .

-+ Python H{# str i/ Unicode #ifl5, WA —MEEENTHRERR, MENFZITREBGRRZES
B A1 Unicode 5%, #7822 ASCI Fit, RIS EFI 5 1 Mocs; mBREF ot 7
ASCII #il#, HERIMEEAZLESFH (BMP) N, HIEFICAH 2 focsl; mREESE BMP
7., AlEEFITi A 4 Ao,

- Go FEE M string BFILENERME A UTF-8 #ifli. Go &5 BIEME T rune BUAI, BEHRFRREHE
Unicode f5%,

- Rust 5= 1Y str 1 String BURITENEEEH UTF-8 #wfi, Rust it 7 char IR, HRFREME
Unicode 5%,

REERRE, bR B EREE S HRRETT X, B BT ER SR bl (s AL s b S
RAFIRIHE, ERESR G EER EEh, PNER &R 7 RIS UTF-8 183, DUZSIRERMAAEMNS

EIRR

3-5 lJ\n:l!I:

1. EB4[OIEE

- BRI T DA A R A Y B R 18 A B T 0B RS RERIA TR R 2 MR EER, M
VB RRA T B R E R B R IR R TP RO R T 3

- W RREREA R AR, BHIARIAIRSE, T8 TFMRIGE SN BRI ) A (Ps, Sl HS
HI. HEB, (TF)) FAERRYE (B [, HERD) WA, MERARAVEHL AT RERIR S AR M B RS R A AR AR
BRI,
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- BIEXBUTI, BRI AR AT IR, BERC IR s R A R R RS A, R EEIE
Seor R RE N HE R TR

- YRRAERS Sy A ST (A RIS ERET GRES R, FTE B REE AR 2 g, G
4 ER B B AR A B BRI

- EHEMI R EAR R B EFEEEE byte, short. int. long, #EiE( float. double, FJT char
FIAAHK bool o MR E {1 88 (B8] R P FH 2 Rl R N R 7 =K

- JRES, — B BB AR B RIS B T I =R A, B2 R AT DA B, BB RS R
NRTFFSRAL, HERN BT IIE,

- BEAERI R R LM R EN, fEMEERR T, sHEMRT DB E BRI A B —HE
=, PRELBEREEEREI RN ER, I B A ZEE AT R RE,

C OIFEBNARTEE 1 AIRFSRAL. 8 AR 23 N BUVAE, HRTEAETEEUNL, TRl B B E (A
ENEAAREE, REREE THE,

-+ ASCII 52 R HBNECFIuE, REA 1A, HUkEk 127 T, GBK Tk A
FIousR, USSR EZEEF, Unicode BUTATRME— 52BN Foo B fmE, gkttt L RS0
T, Ve A e 7T 2R — B B S LIS R,

- UTF-8 BmXEIIH Unicode #7715, BHMIEREL . v —MERNEE L BARENEE
e, BRARTT T REES BRI RERER, UTF-16 #1 UTF-32 B4R ASIE /712, 1EMmETH R, UTF-16
(SRS EL UTF-8 /)N, Java il C# S GE S TER MM UTF-16 4,

2. Q&A

Q: AT EMERRFIR SR EAR M B R A

MR R RS, %y TR E R, BIMTATREE A RO (RS HMRER” BEgH) M
FIpEEEARTa R — AR AT R A, B S ER Y RIEEE — e RI(ERy, SCRTREREL D CEH HALRED.,

WEREFRIAEARTE, MRRIRERES, Hbg @A et & —EE, Mrrset s — il $ 5L
—RRE Rk, FERRATRERIR R SRR ERASE (g1, SEsEeRs)) FARSRIE RS ().

Q: char BUBIMREE 1 foCAHNE?

char BURIHT R E HFEGE S B IIARTS 77 Z204E B, Java, JavaScript, TypeScript, C# #i#%H UTF-16
#nfEs (77 Unicode W55, Kt char ZURIRRE % 2 it

Q: FAEY | EHAERIA AR SRR B0a 2 BT DUETT B A B EFIRE, &
LR RS “EIRET Y,

HeBAEE 0] DAE BN RHRIE, EERESMETIAR TR (REARRE) M, B ENEYIE R
Al ABREH I s PR R, (HEMNERZEEN, WRERE-EH THESE A/, A —EH
YRR KRR, SIS B 1) N A B 2T R 1 v

Q: fEMEEHES (f74]) BIREE, RIFETCHRDN, BEEME “EFeERIEEN" g2
HEEEERESH, RMEEANTIEEHS ((TY) NG EE, B TIEHERNIEEIZER, Hla0, Java
i ArraylList MPIIAA RIEF A 10, B, EARFEOEEIERN, FREEN “B5)7 =i,

Q: RIS B kR “SEBURIBI 17, AR SRR R EE Sk 1 BEUR”, TR
JRESth—ERRT DUEE “SeEUREM 17 158, B2 ERE?
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TSR A 2 IR A R B M R E R AR THEC pdi, eI R: Rta+b=c,
IREFAIRE a 2 b 2] c WHE, RO b2 a 2] c R

fE M n = 4 MRERN ZEMHIE 0010, WSRAEMEEBTEERE (NEEITIRA, TR —HE
wEE el RN 17 3%

0010 — 1101 — 1110
RIME I, A HBHIALZ 0010+ 1110 = 10000, b2, % 1110 2EH 0010 ¥ 10000
1) “HIEC, B LR SRR 17 BEE EREHEE] 10000 g E e,
AR, —AHEC 1110 2] 10000 HY “FHEC 22/ 0We? FMMRIRFTDAH “SeBUEm 17 [31E:

1110 — 0001 — 0010
utER, SRR B A 78 10000 B9 “HIRC, BRI BESE R0 A RS AT DU
HHFIIHERIE CEBUREIN 1) B,

B, BT DU OE R AR A 1110 AYJEAES, BRI “SEi 1 BEUR”:

1110 — 1101 — 0010

MR, “EBURARIN 17 0 Yo 1 IR EmAE R AR AR E] 10000 RURHE, EFMRFEER,

AE LA, BT BEERE EERE 1111 e (RANE REIE + —f8 = 1111); mE—HEEEREL
1SR =R, A2 10000 BIHE

ERLAn = 4 256, HrTaE R S R A B A
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Abstract
BRGS0 RN [E] — 5 R B Y RS,
BB R RE AR HES, B E B, SlAS ER Y AR B iR, JEARIVER 2 B AR A 4% > [,
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4.1 PEY

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

fEFRET pYsE s R S R R AR RY

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

i 00 04 08 12 16
memory location

o] A
B o tarErImEt ISR

4-1 PHFIE R 773

4.1.1 FE5VERBRE

1. ¥atrES

FeAM AT DR 5 oK 0% F S O iR 4R 1k 77 20 SRRTAGME. 457 EVIIRME, TERTEEVIIGERTER T, K28
FRGEE S Gk by TR O

// == File: array.js =

[* ¥IarES «/

var arr = new Array(5).fill1(0);
var nums = [1, 3, 2, 5, 4];

2. shRTTE

BB TR ARSI RL IR S T, EEWE R RS TR AR A AR A 5. e R IR AL
it (ECsReiEmnat) FRMETRIRG, BMTa] DUERE 4-2 FoRiy ARG RS SRt R rsC g AL,
T BRI HRZ TR,
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2]
TE®Sl o 1 2 3 &
oteREMat o0 o4 08 12 16

TTRRE -4

TECERGS - MIEEL + TERE « TERD
(B &) (fhHRFS 8)

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

& 4-2 FEFITTRAGE R AEE R

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

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

/* BEMSEARE TR */
function randomAccess(nums) {
// EERS [0, nums.length) AFEHEHHEN—EEFE
const random_index = Math.floor(Math.random() * nums.length);
// JEBRIIIR[C| TR
const random_num = nums[random_index];
return random_num;

3. ATTE

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

8800 ) .- e
|
N

nums[4] = nums[3]

:

HETTRIRA

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

RT3 1 BENTTE 3 e

800800
N
nums[2] = nums[1]

(s W1 ]s]2]s]¢ ii@ﬁiz;—zg 0 Bk

nums[1] = 3

:

4-3 (IR ATTRRGI

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

// = File: array.js =

/* 7EMEFIMZES| index ERIEATTE num %/
function insert(nums, num, index) {
// BZFE5| index UKRZENFIBETEREZE—I
for (let i = nums.length - 1; i > index; i--) {
nums[i] = nums[i - 1];
¥
// # num B4 index EEMITTER

nums[index] = num;

4. MpRTTE

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

LBEEE

2|2

H
B

n1] = nums[2]

T TTERERMER

il TS E—
EREFIRRRES 1 BHTE ﬂ 5]5 ﬂ
N

nums = nums[3]

80080 -
~—
nums[3] = nums[&]

seRERER, EBIERTRUEH
1

AETE 4 BEESE, BRNEER

4-4  [EFIHERTCR R G

iR, MBRTRENE, R RBRITREG “BER" T, URMEERER BRI,
// = File: array.js =

/* MIBRZR5| index EBRITTE */
function remove(nums, index) {
// BFE5| index ZEBHIFIBETERARIBZEI—L
for (let i = index; i < nums.length - 1; i++) {
nums[i] = nums[i + 1];

F

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

- RIOTR: HRESIREARE, FILEmAGTRRE, BHEYRERERNTTRE AR,

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

REE “HEER" 1, (HIERMEIE R R IR,

5. EzsES

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

// = File: array.js =

/* EFET] */
function traverse(nums) {
let count = 0;
/] BEBES|EHRET
for (let i = 0; i < nums.length; i++) {
count += nums[i];
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+

/] BiEEspkESITTE

for (const num of nums) {
count += num;

}

6. EATR

FEREA A TR E LR TR A, SR CRER AU, A VLECRIE HE ERS(,

(K 25 R 5 2 S G Rl RE, P DA LIRS SR E R 2 “SE AR,
// == File: array.js =
[* TEREFIREHIEETER +/

function find(nums, target) {
for (let 1 = 0; i < nums.length; i++) {

if (nums[i] == target) return i;
+
return -1;
}
7. EBET

TEEMERRGERE T, U DURFE Y| 2 RV RC IR S M2 rT R, TEmiEk o et Ry A &, it

FEARZEREAGES T, MR A 51,

QIR A B R A RS, TR EE TR S — (RS, ARIR SR RS TT RAR R E T 51, dE2 A

O(n) W#fE, (ERFIRKRIEN NEERER, 2N FaR:
// == File: array.js =

/* BEREIIRE */
// #EE, JavaScript BY Array Z2ENRE[MESI, AL EIEER
/] BT HERE, KRR Array BIERERAIERET)
function extend(nums, enlarge) {
[ Bt —EERRERIES
const res = new Array(nums.length + enlarge).fill(0);
/] EEEYREFRE TRER I HES
for (let 1 = 0; i < nums.length; i++) {
res[i] nums[i];

¥
/1 REERERFES

return res;

4.1.2 [EHIAYEEEERFIRTE

P2 A TR RC TR R S N, HOooR BB, SRS EE

A A B R RERTRIERCR,

AIJcERERR, FReta] ORI AE LB
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- ERRCRR: Y BRI TR AL IR,  ERRE NSRS BR B

© SCREREREGIR RS RFEE O(1) R NEIRHMEMTR,

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

R R TIR, HAP DA NRRME,

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

4.1.3 [E5I|HBIFER

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

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

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

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

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

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

4.2 §ELEERT

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

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

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

linked list

0-0-0-0-0-

M TE R
& 518 (s

BR
node

R ER ]

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

4-5 SlEGERSIE REGEF TR

B 4-5, SEASERYIRHKEAZER (node) WIft, RHEETEACESWIHER: HIBH “E" FFEAT
—HIRR “5IH7,

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

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

[* SEALERY|ENELEER] +/
class ListNode {
constructor(val, next) {
this.val = (val == undefined ? 0 : val); /] ENEL{E
this.next = (next == undefined ? null : next); // A T—&IEEA5|AE

4.2.1 SEEERYIERIRE
1. iMateiEsEERT)

HENTIRAG RS 2, S DRGSR, 58 0 R ENRG IS B R. WA,
PRI nT DAPESES ER S HUSHETRG 3%, IZ@5 TG next MIXHIFIFTH Bk

// == File: linked_list.js =

[* WIATLHEAEES] 1 -> 3 -> 2 -> 5 -> 4 %/
/] ¥R EEERRE

const nB = new ListNode(1);
const n1 = new ListNode(3);
const n2 = new ListNode(2);



HA4E (YRGS www.hello-algo.com 71

const n3 = new ListNode(5);
const n4 = new ListNode(4);
/] tEEERZ ERE| B

n0.next = nl;
nl.next = n2;
n2.next = n3;
n3.next = n4;

P | R — RSB, ERANBHES nums 135703 nums[01 F1 nums [11 &5, &S ER 5112 o 22 8 32 A iR
PIPERELACRN . BRI Bt SRR B AT R SRS, Ebin DA B AR SRS Hh RS AeS BR 81| T e (s A6l R 2T nO o

2. HENERS

FESEAS RS IR NETRGAER B 5. WNIE 4-6 PR, (R BRMTAREARAR A A BTG no M1 nd Z A A\ —fE#r &
Hp, MHTRUGEMMERT N (56D BIN], RREMEZ O(1) .

MEZ N, fERFIHE TR HEEIRES O(n) , ERERHER FRREREIT,

; ;
no nl
A

P
P.next = nl

B< P 5@ n1

T ./
FEAEREIEES no F1 n1l ZRSIEAEE P o i

P

nd.next = P

B4 no 8@ P

O

n@ A nl
P

& 4-6  §LhER Y A BT RR B
// = File: linked_list.js =

/* TESEAERTIRVENEE nO ZRIGAENRL P x/
function insert(n®, P) {

const nl1 = nO.next;

P.next = nl;

n0.next = P;

}

3. MHBRENES

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

n@.next = nil
H_Tﬂ ED% nod ?E’I’E] nl

FEER SRR P

A A

né nl
A

MibRsTRiR, B P HAAER
nl ,

BEMRMERTIBERENHEE P,
HIRMBAER P Bk

4-7 Sl ER A HI R e RS

// == File: linked_list.js =

/> MIBREELEERTIMIEREE n0 ZRIBEEEIE */
function remove(n®) {

if (!nB.next) return;

// n@ -> P ->nl

const P = n0@.next;

const nl1 = P.next;

nB.next = nl;

4. EPHRIENEL

TERRH S SRR AE, 1 b —EFTA, FRITATLAE O(1) BER Raifs LT, fiss
HAIAIRR, RATEACTEAIEINGE, BEGED, HRRE G, WRER, WS RIE
IAESEEEEE § — 1§, FERIERES O(n) .«

// = File: linked_list.js =

/* FhfEgEAEERY|IFERS|%A index HIEIRL %/
function access(head, index) {
for (let i1 = 0; i < index; i++) {
if ('head) {
return null;
}

head = head.next;

I

return head;
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5. EHENEE

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

// = File: linked_list.js =
[* 1EfRAERTIhENES target WEERR */

function find(head, target) {
let index = 0;

while (head !'= null) {
if (head.val == target) {
return index;
}
head = head.next;
index += 1;
}
return -1;

4.2.2 [E5) vs. ELEERS

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

R 41 BB B it 5 S R BT L

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

WTEE  On) O(1)
MiEE  On) 0(1)

4.2.3 BRigEHRTIER

GniE 4-8 Frow, ARSI LS =R

- FEEERER A BIVRTE A A AR BEAS RS B IA B FR A RO ERL BL SE AR A R — ERG R 5 | RN IE
Bkl FRARE (B ETRGRE 2 SR ARG, KRR —(EETRRE 2 R, EHIRGERZ None o

- BYBRGETHS: QIR BAMT B RS B S R R AR R A SEETR (B R, RIS R B8,
BT SRS, TR ETRAR AT DAL SR RS,
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- BEGEATERY . B A SRS A SR L, BB R AIRCER TR E T AT . BB B A R TR 3R
[l S fa A RAR RS O — () MAmERERS (L— @R A5 (). MBI ER Mgl 1,
BRIk R A SE BEETE I, T DASHR(E 75 e A A A3 51, (EUAE Pk th ok A0 Y 58 22 A RC IR 2o

/* EmERAEBRYIEEER] «/
class ListNode {
constructor(val, next, prev) {
this.val = val == wundefined ? 0 : val; /] EiELE

this.next = next == wundefined ? null : next; // IEEBHEEIEEAIS|H
this.prev = prev == undefined ? null : prev; // fEABIEEENZEAYS|FD

I
I

oL L)

singly linked list

—> —>| — —>{ — None

IR SR

circular linked list

[ & V]

SmiEsR

doubly linked list

o/ — — — —3> None
None <= — -— -— —

4-8 ' RLGEKS R SIREAE

4.2.4 $ELERY|HEIFER

BA GRS R E T N EBIHER, (78], AR R RS

- HEBBUTH: ERE BRI SRS R A0 — AT, ERBINRHEASERY, BIERE; &
AARIEAE A YA — o T, MERRIEERA B AR 5 —ImiErT, ERBRR R oo, HIE
751,

- OMERAR: SSUAOERUERE RO R R —, EZIRT, FrAERITTRE G HISE (RS
FRAIH,

- M SRR AR A — A A T3, A A TE R A B {8 A R A R A, S ER S R A
TEFRARAAR L TR AF I ) A TE RS

B sl Aef ER A1 R DN TR PRI S AT — (AR — T R A5t

© ERERORLENE: LUIEALRRE, B P, TR EAHIETRGR QENRG, 15 AT DUB I CEEIRG P — (A e
ARG 5 A B, FRDUR B [ St & 71
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- BITESVEN: EMEBIREST, B RENNES BRI, B TR I A 5 @ A AT — (A
g —MEME B, sl il 5 SRR (A S AR AR I T B

- LRU 5k ek (LRU) EEED, JOFEIERIIRIT R D AR, DS R
HOERIMIPRETRG, 5 IR (s A S a1 s ER S TR 3 5l

BRIESEAT R A RN TR ZE I RS 5, BRTESR R E PR

- RER IR RIA . EOESRRS T, R A WEHRE R M AR CPU Ak, EF
LR PIETIOE, AR PR T —ER R f, B A SR, CPU AFUIRE| T~ — k7. &
TR 5 P DAZ @ B A H A1 AR B B

- BRMEREE: ERAERREENERS, Wl EEABEMAES, tEEw. e,
BERHA AT BE & 10 i 8 E A N — (BB Sl 83 51, DAE B B SRR K

4.3 $7%

85 (list) B EMRAEREEBIMES, ERoRTRNERRE, SRTRGRH. B #il. MERAGES
SRR, BRI ES B A RRGIAREE, A8 AT DAL SR A H5 51| el a1 B B,

- ERERSIRIR] IEE A RS, HEZR TR A R, i H AT AR TS B RER A

- St TR M AR, HRRNEREA RS, HIERREE R RERHEE,
EE MBS, REASENTE GEBERSINE TR SRR ARMEFEER oM RE
2/ DER, Mg LURE BRI RAIRE, HRER/D, MRATEEERNEERFTER, HREBXK, R
SRR R S IR S
FfRDUIERTRE, FRTA] DAGEFHBhRERES (dynamic array) SREBLARS, B4R T YIRS IEEES, 3 HAT DA
R TEEIE TR G A,

B L, SRS PO AU R SR SR BN RS BB, (140 Python HfY 1ist | Java H1HY
ArraylList . C++ HfJ vector 1 C# FPHY List 55, fE8& FARIUF G, IIBRHT “Hhs1” f “BhegpEz)”
2R R IR

4.3.1 BYIERRE
1. ket

BAM@EHE SR “ReE” 1 BYIaE” EmEIaE Tk
// = File: list.js =

/* ¥taLERS */

/] EHGE

const numsl = [];

!l BH%E

const nums = [1, 3, 2, 5, 41;
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2. HRTE

YA F2MEE, Fe] FE O(1) BERNEHRAERTTER, SRR,
// = File: list.js =

/* TR */
const num = nums[1]; // #MZES 1 BHTEHE

/* EITE */
nums[1] = 0; // #ZF5| 1 BNTEEHA 0

3. EAEMBRTER

MHEGRRES, BFITT DL A BT SRR TR, 1RSI R EHTI TR AR E S O(1) , B AFIMER

TERMRCRELEFIAER, REREREEZ O(n) .
// = File: list.js =

/* BB */
nums.length = 0;

/* FEREFIETE */
nums.push(1);
nums.push(3);
nums.push(2);
nums.push(5);
nums.push(4);

[/*x FERRBHEANTE */
nums.splice(3, 0, 6); // TEXR3l 3 BEANEF 6

/* MIBRTTE */
nums.splice(3, 1); // fpRZzRs5| 3 BHTH

4. EHHR

B[ —kR, AN DARIRR S 17ER, Al AERET &R,
// = File: list.js =

/* EBES|EFHBY */

let count = 0;

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

+
/* BIZEFBIITE */
count = 0;

for (const num of nums) {
count += num;

F



4 Y ELGELS HR www.hello-algo.com 77

5. HHERY

4 —ERTERS nuns , FRAFTAT LA HLHFBE B BB R 35
// = File: list.js =

/* BHEmERy] */
const numsl = [6, 8, 7, 10, 91;
nums.push(...numsl); // #5&%] numsl BHZER) nums 2%

6. HIFERY

FERERBIHEFR, FMMERT DAUE TR R AR E P S B ER “ s i ‘BT HEL
// = File: list.js =

/* HFEY +/
nums.sort((a, b) = a - b); // #HF®E, BFITERNEIKHES

4.3.2 BIER

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

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

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

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

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

// = File: my_list.js =

/* EBEIER] x/

class MyList {
#arr = new Array(); // FE%I (EEFHIITE)
#capacity = 10; // EHA=E
#size = 0; // BIRE (EfiTt=E2)
#extendRatio = 2; // BRBIIEBHEE

/*x BiEF */
constructor() {
this.#arr = new Array(this.#capacity);

+
/* ERRIIRE (EFitiE#E) «/
size() {

return this.#size;

}
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[* EEEIIRE «/
capacity() {

return this.#capacity;
}

/* TR */

get(index) {
/] FEIWMRER, MEBEE, TH
if (index < 0 || index >= this.#size) throw new Error(' ZE3|#R');
return this.#arr[index];

F

/* EHITE */

set(index, num) {
if (index < 0 || index >= this.#size) throw new Error(' ZE3|H#HHE');
this.#arr[index] = num;

}

/*x 1EREPFILETR +/

add(num) {
/] MRREENAZ, AIEEES
if (this.#size == this.#capacity) {

this.extendCapacity();

¥
/] BT ERIEEIRYIESR
this.#arr[this.#size] = num;
this.#size++;

b

/* FEFRREEATE */
insert(index, num) {
if (index < 0 || index >= this.#size) throw new Error(' ZE3[#FR');
/] TEHEBHEER, BEESES
if (this.#size == this.#capacity) {
this.extendCapacity();
}
// #ZF&5| index UNZEBHTHEEHEZEI—(U
for (let j = this.#size - 1; j >= index; j--) {
this.#arr[j + 1] = this.#arr[j];
+
/] BFTEREE
this.#arr[index] = num;
this.#size++;

}
/* MBFTE */

remove(index) {
if (index < 0 || index >= this.#size) throw new Error(' ZE3[#FR');
let num = this.#arr[index];
// #ZFE5| index ZEMTREAFIBEI—L
for (let j = index; j < this.#size - 1; j++) {
this.#arr[j] = this.#arr[j + 1];
+
/] BFTERE#E
this.#size--;
/] REEMFRR TR
return num;

F
[* EBHER */
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extendCapacity() {
/] HE—EREAEREREY] extendRatio fEZAVHRFES!, WigERMEESEEEFHES]
this.#arr = this.#arr.concat(
new Array(this.capacity() * (this.#extendRatio - 1))
)E
/| EHEYARE
this.#capacity = this.#arr.length;
}

/* {EERTIERARET] x/
toArray() {
let size = this.size();
/] EEIERREHENNEYTER
const arr = new Array(size);
for (let 1 = 0; 1 < size; i++) {
arr[i] = this.get(i);
}

return arr;

4.4 sCiSREELIREN *

FEATERTRTAETH, AR T FEFIAnGES eh 50E m i S H AR RS RE, MR T “HERE”
B AR B A,

B E, PIBRASRERORRE EDUE 1 R UBT IR DRI (B 38, e B S R R S B R AU RE

4.4.1 EEEHEFESE

FHEM RS AR A2 E . BBRR (hard disk). 521888 (random-access memory, RAM), tREX (cache
memory), 3 4-2 J&/n T EMTEE EH RS AR A EAIRGER B,

R 42 EHERRIGTRE

TAES RO IR PRI

& RIIGFER, WIREERR,  BEREFEMPUTIORESNE  MEEHETRERES, B
W S TE R ERRT R CPU il RC IR A

CEN BrEREAAEEL ErEREREEL BrEREAEER

R 8K, TB A BN, GB &I FEH /D, MB &R

HE B8, HEFIET MB/s ek, &1 GB/s FEH R, A2 GB/s

Eis (N ®fiE, %EFHT/GB i, #1+F¥%E7T/GB IR E, bE CPU FTHEHE

KW

TATAT DAAS ST MG 7 R GAE R A5 [8 4-9 FrRA B 540, S0 S B THR A M 7 R B AR R, &
BN, AR, ISR AR RGET AR AR, TR At BRI AR AT AR IR A A SR
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- WAL IR, Bk, REETTNEREEEREEA, FitErESRIIFEER, HX,
FCIRRE A A AR 1%, SRS EH RN EE TS .

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

CPU

L1 Cache

L2 Cache

-

R B8
fE% KR

4-9 BHEM RS

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

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

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

|y 1y
10f = — — e\

ERIZE REX soishe R

CPU

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

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

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

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

4.4.3 BHEIBRVIRENIE

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

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

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

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

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

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

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

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

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

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

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

4.5 Ih&L

1. ERSEIEE

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

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

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

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

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

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

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

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

2. Q&A

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

S5, T LS RIS TR e, e T A AR R GE S IR stack fI
queuve , ARG EA,
Q: #fEres = [[0]] * nZEp T —E 44|, Hifg—{F [0] &2 AIUE?

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

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

Q: #fEres = [0] » n AT @RS, Hrbf %% 0 4128 Hs?

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

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

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

& (stack) 2 —REIEC AR HEEH AT E RS,

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

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

A

res | |faes

HERIE

5-1 HEBRITEARHA

5.1.1 ST BIRME

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

R 5-1 HEBATHRAERNCR

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

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

/* ¥IRHES «/
// JavaScript REWNENEELER, TTLUE Array EEMEERGER
const stack = [];

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

/* FHREEEETE */
const peek = stack[stack.length-1];

/* TTEHIHEE %/
const pop = stack.pop();

[* BEGEENRE «/
const size = stack.length;

/* FETREAT */
const is_empty = stack.length = 0;

5.1.2 HEMNEIR

5 T RANBEHEB BT, BMARE M CEBR AR

HEBRIE e AR AR, Rl X REAE HE B TERT I BMIBR TR, SR,  ReHAIA Gl ak R 1T m] DATEAE TR AL
ERTEAERTR, Il DAL 2 — R Z BRI RS el eh 5, fgata, BATATDL M feEs ek
A R A AR HERR R, REHCBIINRE AT S B AR

1. BitigERTInER

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

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

1 4
FE RIS
N 7
push(4) SR o
RETE l
A l T e b o
! |
ERRREEEES] ] ERRREREES] v
HONREA S N RTAEE
] : }
‘ N R
R

Step 1 Step 2
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i

pop() AR

o @

!
RERERRMSHET i
HMRBREE (?

N @D

|
‘ Step 3 |

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

DA 2 BE A S 45 £ 1) B B B ) R B A XS -
// == File: linkedlist_stack.js =

/* BEREERTIBRES «/

class LinkedListStack {
#stackPeek; // SBEENRAIEAHEETE
#stkSize = 0; // HENWRE

constructor() {
this.#stackPeek = null;
b

/* EEBEENRE */
get size() {
return this.#stkSize;

}

/* FENEERTAT +/
isEmpty () {

return this.size = 0;
+

[* NEE «/

push(num) {
const node = new ListNode(num);
node.next = this.#stackPeek;
this.#stackPeek = node;
this.#stkSize++;

+

[* HESE &/

pop() {
const num = this.peek();
this.#stackPeek = this.#stackPeek.next;
this.#stkSize--;
return num;

+

/* EEBEEIETER */

peek() {
if (!this.#stackPeek) throw new Error(' HEAZT');
return this.#stackPeek.val;
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/> ERELEERYIEA Array IHR[E] %/
toArray() {
let node = this.#stackPeek;
const res = new Array(this.size);
for (let i = res.length - 1; i >= 0; i--) {
res[i] = node.val;
node = node.next;
¥

return res;

2. BREFINER

(RS B BRIy, BT A] DURF RS R B0 2 HEAB TEL, ANTE] 5-3 Fiom, A B L B 5 1 ) I B T AE

Fi5 R ERHT I TR B MBR TR, ReRIEMEEA S O(1) .

]

L)L

1 ] b EFUER
Aig@ g
g EERREMET FE g
n R A D a
R \
| Step 1 | E Step 2
i
pop()
g EERREMET R a
n HbRRAEDE
R
Step 3 |

ua

EERRZMET]
HVRRRER

[ 5-3 ARSI T E bR ) N\ HE B ) HE B R

TR 4
RRE FHERIEE

B8
2 ]
B
R /

AR ANHESR AT 3R A] RE S IR B N, DRI B n] DAE I ENRERES, ISARmEAEZE B 1T AR R 81 7 P

PAF 2yl s -
// == File: array_stack.js =

/* EREYEIRES «/
class ArrayStack {
#stack;
constructor() {
this.#stack = [];
+
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[* EEUEENRE %/
get size() {

return this.#stack.length;
¥

/* FEEEEERT */
isEmpty () {

return this.#stack.length
}

[* NS «/
push(num) {
this.#stack.push(num);

o

+

[* HHER &/

pop() {
if (this.isEmpty()) throw new Error(' #H8A%');
return this.#stack.pop(Q);

+

/* FHEEEETE */

top() {
if (this.isEmpty()) throw new Error(' iE@AZ');
return this.#stack[this.#stack.length - 1];

+

/* iR[E] Array x/
toArray() {
return this.#stack;
}
I3

5.1.3 MESRYEL

LHEE
AR BB S HE B 2 P 0 S TR, RS BESLARAN S R, (LI LR T MM SN, (A
— R @I,

e

PSRBT B, AR e R A TR MR AR O 1T, AT AT OB AP,

RIS CR =, AT, QSR AHEARFE H S AR, S BIRRAE], SRR F A R ] U 5
#0(n),

ARG RV T, GG ERVIRIRAAR R TS, AP LIRS AR RCR R R, 2, A
BIRETREOGCERIFEIEER, FIERCRAHBER, N, WRAMEBTTRA SR SR,
JERT DA BRIV BR, e mReR.

AR ERTIA, B ONHER B HEBIRIER TR B EAGRI AR, HI40 int 3¢ double , FRAMTAT DA HI DU R4

2A
fiffl o

- SRS BB SRR SR AR R G R, (AR IARE, R PReRE =,
- BRI LB BB A HE A T DASE (1 SR B R R B
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Kl py &

FEWHACESIIR, R GREBHIDE “WIaAR", ZARAREEHERTXR; MH, HAMHNE R LR
SERER (BN 2 %) ETHRAN, MARKNARDATREELERRFRR, Fitt, ZHREEE B HER Al GEE R
R TR

SR, FRHRSSEAS S 51 B RG Te ZERE IMa A7 FEA, DRI LSt e 51 B0 06 P P 2 I R K
A b, FRIFRERG B AR E WRAE BB S AN RO R, R AR R TUE T O

5.1.4 HERHBIFER

- RIS PRRIB AT, WA BB, SERMBRTIMEE, BES e E—AEEHR
TTAHER:, EARFRIMAEAT DUBE ZIR SR ER B E— A H, RIBRIFER RESUT R, 1R R
H#i%ﬁﬁLﬂl AT, A B e 2 {1 A A &5 BB

- PesCRCERE B, ORI I, RGTER & EHEB TR — (A HE S, AR A8 N B RS E .
FEIRE PR, 1) NIEHERS BOS BT AHEEERE, e L B0 B & AT tHHE R R,

5.2 1751

175 (queue) &ML/ AJCHIRRIRIARIE B RIS, BAERE, (THIBHR T HERELS, RV RA A
IMAATHIREER,  TALE T2 E R A A2 BB o

QniE 5-4 FoR, BAGRHTHIERRES (728", RBEMA “THIRE", MTRIMASIRERERERS "N,
MR 721 & TR A HERAERE 2y “HiF7

51 HF o
queue pop() pop()
2 7ll=} [ /
i) |
I /
1F5E I
N5 N7
push(5) push(4)

5-4 ATHIRIFe A e A
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5.2.1 {T5UHERIRE

{PHIRH RARIEINER 5-2 DR, TREERRE, ARG SHESMAIRE AT R, BMIEERA
HEBMRIR 5 TR a4,

* 5-2 ATHIRERR

TiEG ik IR A

push() JEEAZI, EERHMERSIR  O(1)
pop()  FFAIETEE A 0(1)
peek()  FHRIFFIKILR 0(1)

Tl eT AE R AR CRE = BT 7 E R -
// = File: queue.js =

/* BLTE %/
// JavaScript REWNENTS, ATLEE Array E{ETHIZRER
const queue = [];

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

/* SHEMTIIETTE */

const peek = queuel[0];

[* TTEHT */
[/ REZMEY, Al shift() HERKEEEES 0(n)

const pop = queue.shift();

/*x ERTIINEE */
const size = queue.length;

/* FIEMTHIRERT */

const empty = queue.length = 0;

5.2.2 {THIER

2T EBUTH, BMTE RN, TDVERBTRCR, WS —RMBRICE, SRR
BER,

1. BRI ER

qniE 5-5 Fow, BRI DRSS ERSIRYG “SHERS” A1 “REEIRET RIS MTHIET M TR, BUE(TA
FEMERTHTE RS, (755 AT I ER R
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50 TRERRS
- |
'a
a R ET)
a ORI
i | B
3R
{ Step 1 |
‘ Step 3 |
5-5

DA 2 FH B4 ER 2 B HU T2 A2 2R -
// == File: linkedlist_queue.js

[+ BRiEERTIBRNTY) +/

class LinkedListQueue {
#front; // ESBENEY #front
#rear; // REHEIRL #rear
#queSize = 0;

constructor() {
this.#front = null;
this.#rear = null;

I

/* ERTHIHNRE */
get size() {
return this.#queSize;

F

/* FEMTHIRE AT */
iskmpty () {
return this.size = 0;

I

/% N5 %/
push(num) {
/] TEEEEAEFIE num

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

HEEARE 4
G E G RTIRE

A7l
push(&) FRETRS @

EERRRRSRT
HIMRRBTTI

R

Step 2
RIBREREDES

e ()
|
EERTRREES (- )
B8

HIMRFBITTI e

FR A BRI B BU T NS S350 E

const node = new ListNode(num);
/] MRTHAT, BISHE. BEEEIERZER

if (!'this.#front) {
this.#front = node;
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this.#rear = node;

/] MRTHAAT, AiSZERIIE IR ERE
} else {

this.#rear.next = node;

this.#rear = node;

¥
this.#queSize++;
}
/* HF %/
pop() {
const num = this.peek();
// MIBREEERES
this.#front = this.#front.next;
this.#queSize--;
return num;
¥
/* SHETIIETE */
peek() {
if (this.size == 0) throw new Error(' {FHIAZ=');
return this.#front.val;
}

/* H&3ELERYEE Array MDHRE] x/
toArray () {
let node = this.#front;
const res = new Array(this.size);
for (let i = 0; i < res.length; i++) {
res[i] = node.val;
node = node.next;

}

return res;

2. BEiMEFINER
TERRS MR E TR R & O(n) , EEERHSHRIERCRBAR, R, TR DERA DL N5 77
AR 3E M TR

oA AT DA — il %lﬂ"ont fErTAIE TR RG], A — A size AREEHITIIRE, EF
rear = front + size, EARXEFHEHN rear f5FTHIEITTEZ BN F—EAE,

BRiaat, MiFrh S o RAERIER 2 [front, rear - 1], &FEER(ERIEBLTIEWE 5-6 FixR,

NIRRT RIRELS rear RT15E, WiikF size 81,
HFEE: HEE front BHN 1, Wik size /D 1

AIDAEERI, AFIFIH SR T T — e, RS O(1) .
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front {E@ITHIETE 1. 5tHEIER rear

rear IEEFFIRTER + 1 2. BTEFIEE rear
rear = front + size BmysizelE i
25 kN
1750 push(4)
front > front > n
wsi | a B a8 (5 [
size = 4 n size = 5
u EERREET a EERBEES a
] HIMRBBITT a HHRIBITSI a
x| rear » rear »
155U

Step 1 Step 2

1.4 front B 1
2. 4 size HH 1

FHIRE

size = 4

front >

RERRZMET

a
g HIMRRBITTI

Step 3

5-6 FLREHAIEHTHIHI AT SR E

YRATRE & S5 3 — (R fETENET ASIMHSIRERES, front F1 rear HRFEAIG IS, B EMEERS
IR AETR AR SRS 1, 2 7RI, BT DA ISR 2 B AR “ERIE A

BIRERIEIS, BT R front 8L rear ERUEMESI AR, EZFIZIEAISEMAASUEY]. BRIENIMER
FATLUZEE “HERRIE” REH, B TArR:

// == File: array_queue.js =

/* ERIREEHEIRTY] «/

class ArrayQueue {
#nums; // RAREERTYITTERIRES
#front = 0; // 1THIEEE, ERTYETER
#queSize = 0; // THIRE

constructor(capacity) {
this.#nums = new Array(capacity);

F

/* ERTHINEE */
get capacity() {
return this.#nums.length;

F

/* EEUTIINRE */
get size() {
return this.#queSize;

F

/* HEHTHIRE AT */
isEmpty () {
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return this.#queSize = 0;
+
/* N5 %/
push(num) {
if (this.size == this.capacity) {
console.log(' fTHIEM"');
return;
¥
[/ SETYIEEE, ERTIERS + 1
/! él_ﬁyﬁﬂsﬁf’ﬁ IR rear #EMEY|EZPERIZIESD
const rear = (this.#front + this.size) % this.capacity;
// #& num FIEE(TTE
this.#nums[rear] = num;
this.#queSize++;
}
/* HFH %/
pop() {
const num = this.peek();
/] TYEEEREEE— 0, SHBEE, ALREIEIESIZES
this.#front = (this.#front + 1) % this.capacity;
this.#queSize--;
return num;
}
/* SEEMTHIETR */
peek() {
if (this.isEmpty()) throw new Error(' 1F3lAZ");
return this.#nums[this.#front];
}

/* R[] Array %/
toArray() {
/] EERAERREGENNSRTITER
const arr = new Array(this.size);
for (let i = 0, j = this.#front; i < this.size; i++, j++) {
arr[i] this.#nums[j % this.capacity];

}

return arr;

PAEBEBRAUTANIRBA RIRYE: R AT, AT, SRR, TR AT DA RS 2% Bl RE e
B, PEmsINIEA, AR AEEE n LB S BT EB,

PR E B RS LA R B R — 8, R AR

5.2.3 {T5IHBFER

- WEETHL, Y TR, STEAMATYIR, REMRERBIETEHRTIITHRETE, w1
), RN EELTRTE, SO TR ZEER BRI,

© BRI, EMREER CRRE]” HRERISR, BIGHENRERIES(TY, BB T,
(TS L35 5 AT DA R A 3 R BRI
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5.3 £r(T5!

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

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

2o {1 |

DooDE—
0ooe g

F5IR

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

5-7 BEATHIRERIE

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

%53 BFIRIESE

TTiEA fifii I i A e

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

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

/* BEERITS +/
// JavaScript BEWNEMNEIRTY], REEE Array BEEIRTHIZRER
const deque = [];

/* TTENG */

deque.push(2);

deque.push(5);

deque.push(4);

/] AR, BREES, unshift() FHIEAMNRREEHES 0(n)
deque.unshift(3);

deque.unshift(1);

/* EETTE +/
const peekFirst = dequel[0];
const peekLast = deque[deque.length - 1];

/* tEHH] */

/] FEEE, BRERES, shift() AEMEREHEES 0(n)
const popFront = deque.shift();

const popBack = deque.pop();

[* ERLRTIINRE */

const size = deque.length;

/* FIEREMITIIRERT */

const isEmpty = size = 0;

5.3.2 gmrHIER*

BT AR BB T AR, n] DOSSFRGEAS FR 2 sl e 410 20 R e R At

1. BRtEmigSHTINER

[ b — B9z, Pl A g B S AR BT A, R e m] AT (M PR AR, G H A1)

FITE RSB BT TR CEHB SR

BREE(THIT S, SRR AT ARSI, RAass, rfrs|REZ EH S — s m

AR, Zuitt, FRERA "Gt ers)” 1E 5 B2 R B RS,

QniE 5-8 7R, TR B e G A5 E 21 F) SE R TR AR 2 BE T S BT S E AT B R, TR R B A P S

AR B RS A EE
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NS RTITE

EERRESMEERT \0
HPRRHRETT]

{FHIRNG HEEES 4
push_last(4) =R RIS
FREDRS
n EERRERREERT @
a HWIrRRAYATT
o
R
Step 2
TR ERS
1FFIRHF!
pop_last() EREPRS
o
a EEERZEREERT 0
a HMRBERERTT]
ron ()
Step 4
MIBRERETRS
TREDRS
)

5-8 NG RS BB A2 NS SR E

551
5 1 lmg ; IR (CLQ
CE
EERRESMREES) (2 )
o HIORRA SRS
w5 | e R
A5 51
51
| step 1 |
o 1
FIEAF
puslh_firfst(l) FEENES @
g (]
B Fexseuamsss) ©
o HOMRRA BT
rin (@)
[ Step 3 ]
Step 5 |
BB IR
// == File: linkedlist_deque.js =

/* LriEiERyEE «/

class ListNode {
prev; // HiSREIELSIA (381%)
next; // BAEEESIE (51
val; // EiEhE

constructor(val) {
this.val = val;
this.next null;
this.prev = null;

F

/*x EREmEEETERNERTY] /
class LinkedListDeque {
#front; // SEENELY front



5w HEEE T www.hello-algo.com 100

#rear; // EEi# rear
#queSize; // ERTINEE

constructor() {
this.#front = null;
this.#rear = null;
this.#queSize = 0;
+

/* THIRNTHRIE =/
pushLast(val) {
const node = new ListNode(val);
/] EtEsEEsAT, BlS front M rear #BFEME node
if (this.#queSize = 0) {
this.#front = node;
this.#rear = node;
} else {
/] #% node FIEETEALERT|EED
this.#rear.next = node;
node.prev = this.#rear;
this.#rear = node; // EHEHZL
¥
this.#queSize++;

}

[* FHIBENTHRIE =/
pushFirst(val) {
const node = new ListNode(val);
/] EiEsEEsAT, BlS front A rear #BFEME node
if (this.#queSize = 0) {
this.#front = node;
this.#rear = node;
} else {
/] #% node Fi%EfEALERYFEED
this.#front.prev = node;
node.next = this.#front;
this.#front = node; // EEEENEL
¥
this.#queSize++;

F

/* (THIRHTHRRIE */
popLast() {
if (this.#queSize = 0) {
return null;
¥
const value = this.#rear.val; // {#ZEEEE
/] MBREENRE
let temp = this.#rear.prev;
if (temp !'= null) {
temp.next = null;
this.#rear.prev = null;
¥
this.#rear = temp; // EHEHE
this.#queSize--;
return value;

I

/* ATHEHINRE +/
popFirst() {
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if (this.#queSize = 0) {
return null;

¥

const value = this.#front.val; // (#FEEZE

/] HBREEERG

let temp = this.#front.next;

if (temp !'= null) {
temp.prev = null;
this.#front.next = null;

¥

this.#front = temp; // EFEEEIEL

this.#queSize--;

return value;

I

/* sHEMTHIRBTE */
peekLast() {
return this.#queSize == 0 ? null : this.#rear.val;

I

/* SHETIIETE */
peekFirst() {
return this.#queSize == 0 ? null : this.#front.val;

}
[* EREETIINRE «/

size() {
return this.#queSize;

F

/* FlERERITIIRE AT +/
iskmpty ) {

return this.#queSize = 0;
b
/* BIENERITE] */
print() {
const arr = [];
let temp = this.#front;
while (temp != null) A{
arr.push(temp.val);
temp = temp.next;
¥
console.log('[' + arr.join(', ") + '1");
+

2. BREFINER

niE 5-9 R, BRSPS BT AAML,  Feffth ] DA ERFE M8 A BB & A 751



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

front IEMFHIETR 1. HERIER rear
rear IEEITHIRTR + 1 2. BITRMEE rear &
rear = front + size 3.1 size Bl 1

{FHIENFI

1750 push_last(4)
fﬁguﬁ l l ﬁiﬂ% front > FHIRE a front > FHIRE
size = 3 size = 4
2 ERERZDEET EEERZEEET
a HIPRRAERTTI a HIMRRRERTT]
73R 1 l 75
el 31 rear > rear >
175
[ Step 1 J Step 2
1. #% front BH 1
2. HTRIEE front B .
3.8 size BN 1 1.4 size BH 1
fFHIENF TR
push_first(1) pop_last()
front >
a a8 -
a 1FFIRE a FHIRE
size = 5 size = 4
a ERERZOEET EERERZOEET
B HIMRRAHRRTT] a HIMRRARRTT]
@
[ step 3 ] Step 4
1. 4% front B 1
2.4 size BH 1
{FFIEHT
pop_first()
front > FHIRE
size = 3

EERRZCEET
a HPRRHRETT]

[ Step 5

[ 5-9 B RS BB EE A 781 9 AS S #R R

TEATHIRE B b, (ST “Ir2E AS” f Tl Hs” w7k
// = File: array_deque.js =

/* BERIRFEEHERNERTT] +/

class ArrayDeque {
#nums; // RAREEFEERTITTENES
#front; // (FRIEEE, ERATIIETR
#queSize; // EMTHIIRE

/*x BIEF */

constructor(capacity) {
this.#nums = new Array(capacity);
this.#front = 0;
this.#queSize = 0;

+

/* ERERTINEE */
capacity() {
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return this.#nums.length;

F

/* ERERTIINRE +/
size() {

return this.#queSize;
7

/> HEERTHIREAET «/
isEmpty ) {

return this.#queSize = 0;
+
/* FTEIRFEESIERS| */
index(i) {
/] EEEERREEIRME S EAE
/] B i #BMEyIEEE, CIZIZES
/] & i @AMy sESE, EIFIES
return (i + this.capacity()) % this.capacity();
+

[* AFFIENG */
pushFirst(num) {

if (this.#queSize == this.capacity()) {
console.log(' ER@ITFIEM');
return;

¥

/] TS EfeE RS e —L

// FEBREEFIREEIR front #@MRESIEIRE[LIEE SR
this.#front = this.index(this.#front - 1);
// #& num FOEETIIE
this.#nums[this.#front] = num;
this.#queSize++;

b

/* AFFIRNT */
pushLast(num) {

if (this.#queSize == this.capacity()) {
console.log(' E@ITFIEM');
return;

¥

/] FEFYIEEE, ERTYERS + 1

const rear = this.index(this.#front + this.#queSize);
// # num FIEE(TTIE

this.#nums[rear] = num;

this.#queSize++;

F

/* (THIEHT] */
popFirst() {
const num = this.peekFirst();
[l TYEEEREEE—
this.#front = this.index(this.#front + 1);
this.#queSize--;
return num;

}

/* {THIEHT %/
popLast() {
const num = this.peeklLast();
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this.#queSize--;
return num;

}

/* SHETIIETE */

peekFirst() {
if (this.isEmpty()) throw new Error('The Deque Is Empty.');
return this.#nums[this.#front];

}

/* SHETHIETE */

peekLast() {
if (this.isEmpty()) throw new Error('The Deque Is Empty.');
!/ FEETERSI
const last = this.index(this.#front + this.#queSize - 1);
return this.#nums[last];

h

/* REIFEFIFRRFIED */
toArray() {
/] (EERERRESENNRIITER
const res = [];
for (let i = 0, j = this.#front; i < this.#queSize; i++, j++) {
res[i] = this.#nums[this.index(3)];

h

return res;

5.3.3 £mryIER

B 78| R B HE R BT S i, Rt Enl LEBUE WA ATE RS R, AR AL = B B,

FAMEDE, WESH WO DIREIEE A B AR E I KRR SIRESERIE push ZIHEB T, RIBIEE pop
EHUREH, A, SEERGEIRAIRE], WEEs SRR S8 (FInERTFRET 50 ), EHRK
RIS 50 K, MESTZAHBIE (THIE) BATMERERCE, (HHEBMILEBIZIIRE, PR A8 &
{PFIAEARHER . SR, “HEH” ARLOBER SRR HE B e AR RN, FUZEE A1 751 REH) SN 2R 75 1
B LR N,

5.4 IhGE

1. ERSCIEE

- HEEJE —RENEEE AR R R RS, Al My s AR 8 AR B L,

- AERFRIRCR T TH, BRI BB B A RS EPIReR, (BERARRET, BIRAHEEBIRIERTR R E
EEHEO(n) . MILZT, HOBAHAS Ry E 3 BA B A TRE RCR R,

- IERERERTTH, HEEBREES BB REE S RN S IR, EFREERNR, SRS ER TS
PR RC IR RE 2 ] EL PRSI TR R,

- ATHE TG SC NS R R R A, [RIAR AT DAOZ 8 P51 s gl ER AR B, AEIRFRIRCR R 23
RERATHEL b, 751 75 5 B AT IR HE B A Al A L
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- BT RERA E S A BT, E R TIC R ATHT I AN PR LR

2. Q&A

Q: BITEZRAUAMERIBZE A2 mas Ry T2

BIREERAUATERIBIREAE L2 “HB” MURSEL, BRI A —Es Hmiy, S HEm oy s aE,
P REIRIRAZ N, % HI G IEHBTER L, (E a8l DU (e B BT — LE MR A, I8 A "2
151” =EIHRE,

Q: FEHHEERIR, BATHEREMHHEE R ERE?

QSRR A AR 2L A R L R, AN TR ZREGEIERE. 5 2R ANTREME], Java f Python SFE S HEA HE)
B sl R R ETERERGEERE; £ C M C+ hii E TR IERE,

Q: BafTFHG R MM BRI T ik, ERHRRME?

BTyt G 2 BT IR S e B PHE T, ERBIREHEE + (THIRGERE, [KIRT DAE B
BE(THIRFTAIEM, M H NS,

Q: ##H (undo) FIHEH (redo) BEAEZANAIEEA?
S P AE AR, SHB A FIATREH, B B AT SARUEH,

L. FEERFEIT R0, AEEREBAEE A, WFHTHEEB,
2. BRPHIT “HEH" R, TCHER A TR EROLRORCE, ARIHEE AR B .
3. BERPHUT “RIEH” K, (CHER B o BT ARE, MR B AHER A .
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Abstract
TERT B AR MBERNE—RENEEESHE,
REIN A EREDR, €T DAPREER R B A E .
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6.1 HER

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

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

HRER
hash table
25 key
| | | |
e value

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

@ 6-1 HERRIMRER

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

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

*® 6-1 JTLREMTCRE L

PeHZY GRS HERR

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

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

6.1.1 HMERTERHRE

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

/* HREER «/

const map = new Map();

[* FIBIRIE %/

/] EMERPIILEES (key, value)
map.set(12836, ' /N\&');
map.set(15937, ' /\E&');
map.set(16750, ' /NE');
map.set(13276, ' /NE');

map.set (10583, ' /N\EE'):

[* EHIRIE */
/] EREERPEAGE key , 1FEE value
let name = map.get(15937);

/% MHBRIEIE =/
/] EHERPMERRES (key, value)
map.delete(10583);

HEZRRA =M ARE T B REY, EVEAETE, RO N
// == File: hash_map.js =

/* EHHER x/

console.info (' \nEFHEEE Key->Value');

for (const [k, v] of map.entries()) {
console.info(k + ' -> ' + v);

}

console.info('\nEBIEEFHE Key');

for (const k of map.keys()) {
console.info(k);

}

console.info('\nE¥EEHE Value');

for (const v of map.values()) {
console.info(v);

}

6.1.2 MERMESTIR
A R RS, S — AR R B R, TR R, TRV RS o ) 5 23 0 A
(bucket), FHENAIREFE—HEEY, Fit, BHRERERE key BENNE, WAEATHEER value ,

AR, AR key ENCEHERIMNE? IS 2 & EMRR (hash function) BHIAY, HMEZRE AR ZAF—{E
TR\ 2 R 2 — a2, AR R, MAZRERATH key , WHZ=RZATER (F5
R5Do WAEhH, WA —H key , BT LUZEMEZ AT key BHERSEEHE RSP E

A key , HEZREAEHREEED 2L TR2,

1. BIEFAEEREERTE hash () sHESEIFEEE,
2. MAEREMEE (MYIRE) capacity BUE, {EMEHGZ key BIEAIM (FEFIZRS5]) index.

index = hash(key) % capacity
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BafR, FMIHEATDAMIA index fEAERRTRAFIBIENM, TEMER value .

A RJE capacity = 100, FEIEIHETE hash(key)
key Z255F1 value B &6, /R T HEER A TI/ERE,

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

AN key =5l FE% Bt value
key value
s -+ COED — &3
37 15937 | “/hg”
HRET
@ _— — 50 —{RCFETRRIN- o ——-m
key %100

[0

83

et 13276

CNE”

— &3

10583 | “/hER"

e . v . e . e ' a ven

(’E’;@ﬁ?ﬂﬁ?ﬁ—@%fﬁ

6-2 MR TR EE

DARFERIEER 7 — [ EMER, HA, M key F1 value R —(EXER Pair , DAFREEES,

// == File: array_hash_map.js

/* #{E% Number -> String %/
class Pair {
constructor(key, val) {
this.key key;
this.val = val;

F

/* EREFIEREER x/

class ArrayHashMap {
#buckets;
constructor() {

/] iy, 8% 100 @

this.#buckets = new Array(100).fill(null);

}

/* HERRT */
#hashFunc(key) {

return key % 100;
+

[* THIRIE %/
get(key) {

let index = this.#hashFunc(key);
let pair = this.#buckets[index];
if (pair == null) return null;
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return pair.val;

F

[* FTZIR(E x/

set(key, val) {
let index = this.#hashFunc(key);
this.#buckets[index] = new Pair(key, val);

F

/* MHBRIEIE +/

delete(key) {
let index = this.#hashFunc(key);
// &% null , KEMR
this.#buckets[index] = null;

+

/* EEVFRERES */
entries() {
let arr = [];
for (let i = 0; i < this.#buckets.length; i++) {
if (this.#buckets[i]) {
arr.push(this.#buckets[i]);

}
+
return arr;
b
/* EEFREHRE x/
keys() {
let arr = [];
for (let i = 0; i < this.#buckets.length; i++) {
if (this.#buckets[i]) {
arr.push(this.#buckets[i].key);
¥
+
return arr;
}
/* EEFREE x/
values() {
let arr = [];
for (let i = 0; i < this.#buckets.length; i++) {
if (this.#buckets[i]) {
arr.push(this.#buckets[i].val);
}
+
return arr;
+
/* FIENFEER x/
print() {
let pairSet = this.entries();
for (const pair of pairSet) {
console.info( ${pair.key} -> ${pair.vall’);
¥
+
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6.1.3 MiEEHREER
WAE B, MERXER R key MEARIVH A2 BT EBLSI S T 25 MR I H 23R, misiAzs
RIAE XA 22, ik, PR b — 1A “ S0 SRR s,

BN EIRORGIFFRMERE K, EEAR key RAAHFRS, Hik R e R AR, flan, ERSE5
12836 11 20336 AUMIMEEEAE RS, FAMFE:

12836 % 1060
20336 % 100

36
36

WniE 6-3 Fiow, MEESEEA 1A — @4, SRR NE N, FAM S 2 A\ B R — 6 S RS
2iEEEE (hash collision),

WA key EA] <37 B value

key value

HiwiEmse

N

— s 36 —

m// 3:7 15937“11\1!" \m

/ MERT 50 16750 | “/hNE" \
@—/ key % 100 . \W
“NE"

76 13276

83 10583 | “/hiR"

r

6-3 HERE IR

AR, FMHERAE n 8K, ZH key HMHCEI A — AR AR HIEMR, ERatED, Kk, L
GniE 6-4 FR, IRARTHEES (136, A) M1 (236, D) #AEMER, WMABRERHK,
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HMBRRTE - 100 HRRRE 2 13 HBERTE - 200
MEE key % 100 » HiEEN key %200
EE] key value e~ key value
7 36
36
136
50
150
83
183

& 6-4 HMERRBAE

ARSI, MEREATEITE R ERE MR RES ZMER, IEWAER,; I HHRMERAR
capacity ti%#, (TR ZIEBMER K AR EHE ET A RENRFEVE, SE DN 7 EFEERNE
R, Ait, BAGESEEGHE R RNHERSY R, PIHAERA,

&#HEATF (load factor) EHMEERN—MEZMS, HERMMERIVTRBERDMEE, HREEMRE
REVEERRE, WHEERRREARIERIRCE. I Java b, EESRE TR 0.75 K, REERMER
RIEHEZEFITH 2 %

6.2 FEEER
B w02 U X I RV Y 2 3EJE M N AN 1 BE: DA A s vl PR vl o 3 C s g AT 7Y = 1
AT H 2 2R, WM SHBEYERRRDN, AR ZEBEAMRER R
MHEE R G TR AR R, MELEMRERINAT M, & TR, SEERIMRE R, T
TR RS, EEERNASIL, BITEMEEREAR, ERERKR, HAMEREATREETAR
AUBERHRE BRER (B SR, 2 THRTIRCR, TR DASRA DA T 5,

1. B RARERERIERE, MBS RE R T DU BUME R 0 8N I3 LA

2. {EFERER, BVEMRRE R ER, A HITIEARIE,

FMHE RGN R AR “SaUAmE” A “FcE L,
6.2.1 fi#z({iuit
TERGEHEZR Y, BERERE R F —(M#EE, 8L (separate chaining) ¥ BELAE T R 2 HE45 R 1,

AF SR AELSETE Ry Sl i FR SV BITRS, TR P S AR SR A SE B AR (R (7 A2 [R) — B R 2 R, 8 -5 JRomR 1 — MRS XA
HEAER R BT
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#=5| c2 7] fHEEERY (misAgEy)
:
= e | OOHDO-00-00
5], g :
HNEAFEERTE » | D0
HEE key % 100 7'6 -
%zmm:aﬁm_ key ‘ n
BREREHER o n

6-5 SEFNIALAERR

ER A HE AR R ATIRIE T TR L T DU,

- EFCE: WA key , FOBMERERGRINERS], RIA] R R I GEETR:, AR E RS R A
Et key DA HAZS(EE

- WINpTR: E/OERMER ARG FR S HETRE, RO ETR GREYD BrEEes R,

- MHRRTCER : AR R A5 SR T Al R 27 RTS8 ) Aty 3 71 A2 B AR BRI 1 R

SEFNHEAFAE DA N RIR

- WHEERENEOR S R S BRTEAR, EOAH LRSI S AR B RO IR R e
© ERRCRIRIE: 5T B R B B Y AR A R B TR

DA RS AG T SRR R AV BB, SRR,

- fERI RS (BhRERY)) ARSI, MmN, EIEMRCE T, MREE () 2,
BpfEtmEr 2 — A& 5,
- UTFEBRGSMEREA A RN TR 2 R, RIMEREREATIREN 2 15

// == File: hash_map_chaining.js =

/* HER(IULEEER «/

class HashMapChaining {
#size; // REHH=E
#capacity; // MERE=E
#loadThres; // WEEESNEHETHE
#extendRatio; // BAEH
#buckets; // 1&EFES

/*x BIEF */

constructor() {
this.#size = 0;
this.#capacity = 4;
this.#loadThres = 2.0 / 3.0;
this.#extendRatio = 2;
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this.#buckets = new Array(this.#capacity).fill(null).map((x) = [1);
+

/*x FEEERN */
#hashFunc (key) {

return key % this.#capacity;
7

[* BEEAF x/
#loadFactor() {
return this.#size / this.#capacity;

F

[* EHIRIE %/
get(key) {
const index = this.#hashFunc(key);
const bucket = this.#buckets[index];
/] EFE, EiKE key , BIR[OHFE val
for (const pair of bucket) {
if (pair.key == key) A{
return pair.val;
¥
¥
/] EFRELF key , BIRE null
return null;

F

[* FZIR(E x/
put(key, val) {
/] EEHRFBBRER, BITES
if (this.#loadFactor() > this.#loadThres) {
this.#extend();
}
const index = this.#hashFunc(key);
const bucket = this.#buckets[index];
/] EFHE, FBEIEE key , BIFEHEHE val AR[E
for (const pair of bucket) {

if (pair.key = key) {
pair.val = val;
return;

¥

}

/] EEZ key , BBBREHINLERES
const pair = new Pair(key, val);
bucket.push(pair);

this.#size++;

F
/% MIBRRIE */

remove (key) {
const index = this.#hashFunc(key);
let bucket = this.#buckets[index];
/] EHtE, WPmbRREE
for (let i = 0; i < bucket.length; i++) {

if (bucket[i].key == key) {
bucket.splice(i, 1);
this.#size--;
break;

¥
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h

[*x BERMER x/
#extend() {
/] BEE#ER
const bucketsTmp = this.#buckets;
/] R IEREBIMEER
this.#capacity *= this.#extendRatio;
this.#buckets = new Array(this.#capacity).fill(null).map((x) = [1);
this.#size = 0;
/] EREHNEHMERREEZNHER
for (const bucket of bucketsTmp) {
for (const pair of bucket) {
this.put(pair.key, pair.val);

}
¥
¥
/* SUENFEER x/
print() {
for (const bucket of this.#buckets) {
let res = [];
for (const pair of bucket) {
res.push(pair.key + ' -> ' + pair.val);
¥
console.log(res);
¥
}

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

6.2.2 FMELE

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

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

1. BERE

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

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

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

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

FRRsEE 01
RIEER, PRS 1 02

v N
S S
S S

W

S
!
oo

E

76 L
HERIU key % 100 77

EMAERE key
BRERRER

3 w =
~ ~ ~
o o o

78

~
~
L=

o«
~
L=
aee
a H

@ 6-6 BABCEIE (BRIERE) MERRAVEES 2

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

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

=3l e 4]

00 <

w (3
S (=]
S S

01

02 30

S
a

76 <
Rz |0 E 2%,

REEEHIEZ THTERT

77

=
~
o

78

& 6-7 FEBABCENEH HERTC RS S &

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

Aitt, FRIESIEEE PR EHBEEE TOMBSTONE 25|, i =200 H i e R Ei:% TOMBSTONE 23
N, BRI R EFRERSIN T ERE, T2 EREEEANE (RIEGE) Hianm, ¢

i ELERRCR,

DUNERISESR 7 — A S MmERapadoe it RIEIRE) MR, & 7 EmsE e MRE RIS H, &
MR R RE 8 “BRIPREA", EBuEkEs| EE, [0 2SR v

// == File: hash_map_open_addressing.js =

/* BELHRER */

class HashMapOpenAddressing {
#size; // REHEE
#capacity; // MEREBE
#loadThres; // MEBBEANEHAFEE
#extendRatio; // BEAEE
#buckets; // 1@EFES
#TOMBSTONE; // fHIEFIZS

/*x BEETF «/

constructor() {
this.#size = 0; // REHH=Z
this.#capacity = 4; // HERA=E
this.#loadThres = 2.0 / 3.0; // BRIEANEGHEFEHE
this.#extendRatio = 2; // BEAZEk
this.#buckets = Array(this.#capacity).fill(null); // #&pES
this.#TOMBSTONE = new Pair(-1, '-1'); // MIkRiZEsE

+

/*x FEEERN «/
#hashFunc (key) {
return key % this.#capacity;

F

/*x BEHETF %/
#loadFactor() {
return this.#size / this.#capacity;

}

/* % key HENEES| x/
#findBucket(key) {
let index = this.#hashFunc(key);
let firstTombstone = -1;
/] BERE, SBITREE

while (this.#buckets[index] !'= null) {
/] EBE key , REIHEMNRERSI
if (this.#buckets[index].key == key) {
/] Ezanida® T mkREse, BIRRESHEHEZRSIER
if (firstTombstone !'= -1) {

this.#buckets[firstTombstone] = this.#buckets[index];
this.#buckets[index] = this.#TOMBSTONE;
return firstTombstone; // REZEHHERIFEZRS]
}
return index; // REIFHZES]
¥
/] EeERBEIEERBRES
if (
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F

firstTombstone = -1 &&
this.#buckets[index] == this.#TOMBSTONE
) {
firstTombstone = index;
¥

/] ERRS|, #HBEIPALREIZES
index = (index + 1) % this.#capacity;

¥
/l & key REFEE, BIREIFIGENZRS]
return firstTombstone == -1 ? index : firstTombstone;

[* THIRIE %/
get(key) {

F

/] #E key HENFHERSI
const index = this.#findBucket(key);
/] BIEEES, ALREIHE val
if (
this.#buckets[index] != null &&
this.#buckets[index] != this.#TOMBSTONE
) {

return this.#buckets[index].val;
¥

/] BEREHEFFE, ALRE null
return null;

[* FRIGIRIE %/
put(key, val) {

F

/] EEHRFBBRER, BITES

if (this.#loadFactor() > this.#loadThres) {
this.#extend();

}

/] #= key HEHIFEERSI

const index = this.#findBucket(key);

[/ EIXFREE, IEE val WiR[E

if (
this.#buckets[index] != null &&
this.#buckets[index] != this.#TOMBSTONE
) {
this.#buckets[index].val = val;
return;
¥

/] EREHAREFE, BFEZEES
this.#buckets[index] = new Pair(key, val);
this.#size++;

/% MIBRRIE */

remove (key) {

/] #= key HENFERSI
const index = this.#findBucket(key);
/] EXFIRES, EMFELEEE
if (
this.#buckets[index] != null &&
this.#buckets[index] != this.#TOMBSTONE
) {
this.#buckets[index] = this.#TOMBSTONE;
this.#size--;
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h

/* BERER */
#extend() {
/] BEE#ER
const bucketsTmp = this.#buckets;
/] R IEREBIMEER
this.#capacity *= this.#extendRatio;
this.#buckets = Array(this.#capacity).fill(null);
this.#size = 0;
/] EREHNEHMERREEZNHER
for (const pair of bucketsTmp) {
if (pair !'= null &% pair != this.#TOMBSTONE) {
this.put(pair.key, pair.val);

}
¥
¥
/* FIENFEER */
print() {
for (const pair of this.#buckets) {
if (pair = null) {
console.log('null');
} else if (pair == this.#TOMBSTONE) {
console.log('TOMBSTONE");
} else {
console.log(pair.key + ' -> ' + pair.val);
¥
¥
¥

2. FHEHER

IR BRI E RS R, AR BCE AR AR 2 —. BRI, P77 R i BB — (A [
SERPEL, TRBGE “RERERTTT PR, B1,4,9, ..

PRI EEA NS,

- P REB ORI BT 7T R, SRR AR TR E R IR,
- PR g PRE E R B S AL E, AR ER S E Ny A,

SR, SE BB R TE SRR,
- AARGAERERS, RIFLA B e H AN B A S 8
HIR SR, FalnTse N SRR MR R, ERRE MR RPE M, FrRAtnTsE
VLRI T,
3. ZRE

B AR, UGB RER 2 EEER [ (2). fo(z). fa(z), .. EATHRM,
AT EREER £ (o) HBER, MER fy(r), DU, EIEREISIEmAATE.
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- AHpTR: EMREEZEIER METER, ERREEEITRRNRE; FEEI SR EE AT
BRI, SRR A FEZLR, AR[E None ,

BARRVEREMILL, ZIMERTAN D EARE, E2 MR E X G ARBIMIE H R,

Tip
FRTERL, BACEHl (BRMERE. PRI 2R MIREAEE “TREERMR TR AR,

6.2.3 IEXESHEIE
HAEFRRGE SR T A RIEE R BN, R & .

- Python $RABIHUENE, it dict 8 ZREMEOETIRAL

- Java R4k, B JDK 1.8 PA%K, & HashMap WS R EEET] 64 Hil45 RS REET 8 I,
6l R A R 2 KT PR A AR T+ R AU RE

- Go tRASEANIE, Go BUE MR 217 8 (MG EY, A RNER MR, HikiE2
IKf, AT IRRRAVFRIR AR, DARECRSUAE,

6.3 HEEEZ

RIPHEI TR T RER R LR BRI R E R AR BT R, SR 2 A CE M B 2 sl Ak, e RefR e
MR T DAL RN B A, SR R i R 3

GRFHEERIBNIAS, MERRIVAEEN & SRS, WE 6-8 FrR, BRGEAMabzRE, MR TH#

EHH S HER AR, ERRAEEHNCR, REBI NG R EREGEERIE — D, RREEREER
= O(n)

baninedls 2

([

Zggiﬁ;ﬁﬁﬁﬁﬁﬁﬂﬁﬁqﬂ

Rif&E 0(1)

00 -00 00
%éziﬁﬁﬁﬁﬁﬁﬁ¢
RifEMRE o(n)

[l 6-8 AR RAVER AN ISR ZERL
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SEEEI TS DL HRE G AT, IR R AR R BR, JuatRARE, BRI U

index = hash(key) % capacity

BIRDLERS, EMHZERAR capacity FEER:, MEREEIA hash O U vihE, MEmRE T REHE
MEE R DL

ERERE, 27 REMRERREME, RFEERERNEPEREEEE hash() IR Lo

6.3.1 HMEEEZNEIE

2T BB BRXAY” BRI, MR ETAE AR DU T R R,

- WEETE: BRMHEIRERA, MREEAEAA AR SR RERE SRR R R AT 5,
©OReRE: AMERRRERRREEZ RS, SRR, MERRAE AR,
- WA R EIRIE A R E R A R R . MRS, R E SRR R

BFE b, MEREEIERR T A DUAREBIERR, BB H A,

- WG 2 T OREMERIE RIS Z e, REUEE A& ERMHFERE NSRS, MR RS R
FE, ERPmAER, RGEHMANES EMRE, AR MR EETHE, MR
DLHC, IR W3 A 25 IE B

- RORERPERRE: BRHENR TSR] DA SRR R R A AR HL— R0 $R MO AT AR R A SRR IR Y
ERARERE, A BRI MR EDEI TR, GRMETLAS, AREE R e,

BINERSRAMHEBIER], % 7RI EHEREHEE R a TR, MR AT B E SR %
2R,

- R RS FERE S L B A BRI
- PibEENE: EEMEHEIRES R, FEEMRREEEMR,

AR, “BIrh” B “HimEErE” RWAENLIEEE, RS — B R PR B, TEREH
WA key T, HMZEHE key % 100 A DUELIG MR E T, IR RZMREEIRENEE, Fra M
B key RO HHABHHIE, R AT AR A 5 A R (E S HE L R FH A Key |, PETIBR AR 15

6.3.2 MiEEE AR

MR ETAR R EHE TR Z S SR 2 R R EMRE, AMBRREZRAmSER, HFEaERE—&
i B A AR T LT

o OMIEEEE . EEE AR EET T ASCIT BEEITARNN, S RIRARAIIE R AR (.

ORI FIRSERA BN, SRR ERE, FRET IR ASCIL IS R BRI A,

- WG R ANERIBEETTRIER O SR E R AR R E T,

- TR A TR ASCIL HS R REE — AR EN, R EM AT & B R ST e 51,
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// = File: simple_hash.js =

[* NEMEE +/
function addHash(key) {
let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {
hash = (hash + c.charCodeAt(8)) % MODULUS;
}
return hash;

}

/% AR «/
function mulHash(key) {
let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {
hash = (31 * hash + c.charCodeAt(0)) % MODULUS;
+
return hash;

}

/* BERFZHE x/
function xorHash(key) {
let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {
hash ”= c.charCodeAt(0);

}
return hash % MODULUS;
}
/* hEEHE «/
function rotHash(key) {
let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {
hash = ((hash << 4) ~ (hash >> 28) ” c.charCodeAt(0)) % MODULUS;
}
return hash;
I

B3, SEEEEEIRNRE PR REREE 1000000007 HUs, DARECRFEZ(ELE S BRI, 8
SEBRR, AR E R, S S S B R Som 2 E? i8R — A BRI,

Jesa e SERIRHBESBE, ol AR KRGS MR35 S0, A2 B B Bt B 7 A%
L, AT DATR/D IR OS2 2R AR S, P e S AR 1 2R

BEG T, PERIMTEESE O (ER R, B DA 3 580, AREFTA AT DAL 3 BERRIY key # & HAMLE] O,
3. 618 =MEHEEE,

modulus = 9
key = {0, 3,6,9,12,15,18,21,24,27,30,33, ... }
hash = {0, 3, 6,0, 3,6,0,3,6,0,3,6,... }

QUSRI key TEUF IR C ISR ZRIIRVE R M, AR E & HBIREAE, EminEEER, BiE,
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(%K modulus BB # 13, HIA key il modulus ZFEIREIEAKE, it A ERNIY IS
TR T

modulus = 13
key = {0,3,6,9,12,15,18,21,24,27,30,33, ... }
hash = {0,3,6,9,12,2,5,8,11,1,4,7,... }

EFRIRE, WIREHIRE key R oM, IREBEHBEE SBIERHHEEHEATLL, EMARER
HEIE D GRIAERE, TE key M MifAEXAEIEMMNRE, HEBIRERS HBREHS,

mimE 2, WMEFEREEEAEE, I BEMEBRTRHIR, DUEATREMPRBIIMERR, SRz
RIRRIRR M

6.3.3 BERBEREEZX

AT, DA B MR B RAA LR “iss”, MR A ERIMREEEIAR R B BN, B
TEAN LR s /e et (R NTR R A L R R 2 T I 0 N AR TRV (ENE AN R ) 6, 0 ] RE e
REE, Aoz 2R,

TR, A G H — SRR E R, #l40 MD5, SHA-1. SHA-2 #1 SHA-3 5%, BfMA] UKE=E
TR A\ BRI R A RER(E

At AL AR, HEREE ISR BT R R AR R, — BT R N B S NIRRT R RRLRE,
o — kit N BMEZF IBOTN S BOREEIRN Z 2R, R 6-2 R T EEFRER R Az
Rixe

- MDS5 1 SHA-1 EZIRBINKE, RIteMp e eBEmEm,

- SHA-2 RHIFFH) SHA-256 R Z2MFHEHER IR —, TRHBBEDIKRERREG], FitHAESHEYZ
L S ik

- SHA-3 tH# SHA-2 FUEBIFIIHER, stRENCRE R, HEATEHEZRERZ AW SHA-2 R4,

*® 6-2 W RAHREER

MD5 SHA-1 SHA-2 SHA-3
e 1992 1995 2002 2008
5]
wmHE 128 bit 160 bit 256/512 bit 224/256/384/512
& bit
MEEm % R/D R/
%
% R, CHRshuE s, B¥RI% & =

4 L
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MD5 SHA-1 SHA-2 SHA-3

&M CHEN, AR s FEER G, BrEt TSN SHA-2
s

hn
# %

6.3.4 EREBEMEE

R TR R

BAVANE, HMERRA key A DUZREEL, NEEFHRERERAA, BXGESEE GREE
) HFEARGEH RS R A

MRS, FREHRMIZERPHIMRS. DL Python 261, FRTATLAREAL hash(
BIRTHEZ(E,

- BB MR AR E R A S,

- IFRSEON T ERRAER E R R A R, A RS REE EE B TR

- TCAHAVHERER BH A T RE TR, RBREEMEREA SRR, S2E —-AREE,
- PIFRRER ERN KRR SR A A i, R ERYFRIRER TR, ATEBERN AL KR,

Tip
R, PRIERGE S NEFREES R R XA E #H7TE R,

// == File: built_in_hash.js =

// JavaScript RiZfEPNE hash code KT

ERFLREAGE ST, HARIEYEA 2R RN key o (RUDFRMIF RS (BIREMS) (F% key , &R
FIRINA AL, ERIMERETRNE 2o, FMMERENERPERFER valve T,

HER B E YA (PLAnsdss eRFIEnRS) AR B BUE rI ), (HERAMRN, ERENAMIFNHREEE R
SRR GE RN E R, BIEMIERIN A SR T ML, (HERIEC IR A, FERETRR TR,

ADLDAYIRATRERBIEA R TRER, E AR ER AR, 8RR % Python ERRERERREL
BRE, RS 2y AR UM —MEBEAIEE (salt) fH. SREMIER LA 1L HashDoS W5, 1271 #ki%
AR 2 2,

6.4 &L

1. EEL[CIEE

- WA key , HMEERAEME O(1) FREINEZNE] value , FRIEH &,

- W RRMERRAR IR, RS, MERSRE R AR R,

- FEZEIUR key BT FRSIZRS], HET G HIE AR I EHL value o

- MIEARFEIR key AIRETEASEMERZ R AR SR FIAISIR S|, EBERAIR IS, ERB QN ik
RER,

- MERERAEEOR, MHEERIMR IR, Rt A] DOZ B A RER RACGR RS R, By A
L, MERREARIERR SR,
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- R TER AR R R ORI DR, R TR E SRR, BB R R A
oL

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

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

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

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

ORI M A, DA IR M, R,

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

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

2. Q&A

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

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

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

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

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

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

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

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

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

Q: AfHEERIRES,, EHyTRATRHR S HBTRERER0E?

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

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

Q: GNSRZy TR ER, IR B AN AT T

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

—7oi (binary tree) J2—REARARMERRIAME, AR ML B ORAT ZMIIRERR, #@HRT “—0%
=7 WG, BGESTERIER], TR RTTRETR, SEERUSE,. T ERS G T ETE
ElLER

/* ZroRIEnEssER] */
class TreeNode {
val; // EiEhE
left; // EFEIRGIEIZE
right; // GFEIEEIEE
constructor(val, left, right) {

this.val = val == undefined ? 0 : val;
this.left = left == undefined ? null : left;
this.right = right == undefined ? null : right;

hy

SEEEEEAMES [ (B, 2 BfEMAFE2E (left-child node) fIAFEIZ: (right-child node), #%HiEh
R 238 P IE T BT BG A AQERBE (parent node) . &4 7E — 8 TR AU EIRLIRG,  FRAMRE 5% B RG Y /o 7 ET Al S H
DA B B B R R 2 s BT B A2 F 48 (left subtree), [FIBERI1SEFH (right subtree),

fEeih, BRIEGNRGSE, HAbPA SRR EARE R, QE 7-1 R, A0SR RS 27 AR
s, A FHEIRGANG FEIBE D AR CHIRS 47 F0 “HIRE 57, EFEHE “HIRG 4 LH DU HIRE AR,
AR “HIRE 5 N H DU EIRTE AR,

=i SLEDRE

binary tree

|
E-}’-;W wjﬁﬂ

i aFH

ANV
WVivivi

@ 7-1 AQHIRG, FEIRE

7.1.1 ZcistsE Ri:E

TR R TR AN E 7-2 AR,

- 1REAZY (root node): HIA oI THEROEIR,, RA XHIB,
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- EHEiE (leafnode): A FHIBGAIEIRS, HAETFEELITER None o

- 8 (edge): MHARMIEHIRSHIARE:, BNEIRGSIH (EFD.

- HEIRESATERIE (level) : TETHZERIENY, RERERES 1,

- HIBSHIE (degree): HIBGHYFHIRAVEIR. £ _Johih, EABEFHER 0. 1. 2,
- KRB (height): FERRENRGE R IEEREFTACE AIB HUER,

- HIBSHREE (depth) : (AR BRI 5% B G AT A 1 118 1Y B

- HIESHRE (height): {ERRAEZEIRG BOR F SRR BIRX BTG ArAOE I8 R BUR

Zz | T~
SN N\
BE - 2 / \ \ / / \

n
e

TR

7-2 UK E RIS

Tip
TR, BB “EET M RET R KESNEET, BASEERBTREE R EE
For BRERVEER", EEEEN T, SEMREETFZEN L,

7.1.2 ZEBEAIRE
1. A=

ERERASERSIEL, Eelan iR, AEEEsIH ().
// == File: binary_tree.js =

[* BT «/
/] WIIRILERRS

let nl = new TreeNode(1),
n2 = new TreeNode(2),
n3 = new TreeNode(3),
n4 = new TreeNode(4),
n5 = new TreeNode(5);

// *%EE%EEZF&E%IEH (He12)
nl.left = n2;
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nl.right = n3;
n2.left = n4;
n2.right = n5;

2. ENEMIBRERS

BRGEAS ERAIRAL, £ T rhim A BLBR AT ] OB B SIS AR B, 8 7-3 & 1 — (R,

EE PN TPRERES
ni.left = P nl.left = n2
P.left = n2

(& 7-3 1E—JCh I A\ B PR RS

// == File: binary_tree.js =

/* HENERMIBRERRL */

let P = new TreeNode(0);

// £ nl -> n2 HRGENELE P
nl.left = P;

P.left = n2;

// MIBREREL P

nl.left = n2;

Tip
TEERAE, ARG TRy A AT, 17 MR B TR S I Rk i R
e, BRlt, fE—Jofirh, MARMERER 2 H —EREL SR, UEIA BRERIERE,

7.1.3 BRtHEB
1. =T

qniE 7-4 FR, 5eEZ7TR (perfect binary tree) Frf U ERSETHE I, TE58€ —Johirh, ZEEIRGHYE
P50, HORATH B 2 AIEES b, IS0, 2M T — 1 SRS BIRIER, R
BT B RS AT REBLAL
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Tip
FRTER, TEASGHERE, 583 TR BN 2w — T

SEFR T
perfect binary tree

(iR R —Toh)

FRE FE R B REET S

7-4 SER Tt

2. B2

aniE 7-5 Fior, Se2 7ok (complete binary tree) 70T & IKfEHIEIRS A 7E RIEMNW, HERICRE I HEIR4H
MAEBAGRIEFIET, HEE, TEITHtZE—REe =ik,

b b

complete binary tree

RREHRELER, EttEEReRIEn

7-5 SERJUK

3. TR

qniE 7-6 AR, SEm—sof (full binary tree) R 7IEHIREZ AN, HERFTH BIRSHEL A M flE 7 HiEh
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FEmTTH

full binary tree

FREEERERS 0 = 2

& 7-6  SEim ookt

4. FEZroH

GniE 7-7 piR, FZsoil (balanced binary tree) F IR 1 42 iR A T8 ) 2 2 ZE AR SBHE
W1,

o

balanced binary tree

RO ETHSE - SFHEE - d
I TR BERE d] <1

7-7 okt

7.1.4 ZiEn0Eik
@ 7-8 &R T e i BARAE RE BLR AL 5 R, TR0 SN BT R, 2“2 TRl WS
A EIEE R — I, —eEhRA “BEEERY,

- SERITRHEERNN, ATDAEr T iR MEE.
- GEESERBIAILE 5 — (AR, A TEBREEE 2 AR R, IERIMIRERILE O(n) .
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4
N P
S\ ,
4
pieiet: J/ IB{LEEHE
b S— | fRA5ERT

[ 7-8 —JTRARIR AT B iR A
R 7-1 AR, TEREMSHENRZEGHE T, oM ERREE, RRE. SEFEIIRAESR]ME,

R 7-1 TR R R i 2= A

SER Ik s H
5 1 JERIEN R B PA 1
FE A b BRSO 28 1
FEE A h B ERREs 2h -1 h+1

MBS n ORI log,(n+1)—1 n—1

7.2 ZychliERR

YRGS A ERE, B —EERAS R SRR, REES N EE R EREE R, A
m, BE—EIERIEERGEN, BESERMLET AR EMEM, FEEESEEEREH,
ookt RRER A NEERE R EN . miFES. HERETMEBEETE,

7.2.1 EBFEH
E 7-9 FR, BEESR (level-order traversal) #ETEERRIEERIZ G LR ook, WitES—EHZBIE ARG
JIE 7 575 R i 2

J@RESAE FEREERLES (breadth-first traversal), tLiEEEBLIESE (breadth-first search, BFS),
BT “—E-ERSMER NREET T



BT7E M www.hello-algo.com 134

RE@SED
(EIRSTE @ ERREH

/.x\/.\ 1, 2,3, 4,5, 6,7

7-9 ZIUERIE R AE

1. EXBER

B ERNE R RED “TH” AREBL, (THEE “JoEe” A, R e RIEE CEEE”
AORIRN, ME EIRA SRR 2, BEERET:

/| = File: binary_tree_bfs.js =

/* BRFEFH */
function levelOrder(root) {
/] EfTs, MNRERS
const queue = [root];
/] Bt —ESY, BRFEEFEEHRFS
const list = [];
while (queue.length) {
let node = queue.shift(); // FB¥BIHEK
list.push(node.val); // FEIR4(E
if (node.left) queue.push(node.left); // EFEIZENG!
if (node.right) queue.push(node.right); // AFHEIZENTG!

}

return list;
I
2. EHESR

- WEREIBRIE S O(n) © FTARESHERT—k, @H O(n) B, Hrp n AEBER,
- SEEBRRIE S O(n) : ERZEWNT, B oHi, EHIRRE 281, 1750 52 F 7
(n+ 1)/2 fEE%, 158 O(n) 22/,

7.2.2 FifF. HF. BFESH
HEH, w7, PREMEREHEBIRRERKLE (depth-first traversal), HWHERERLESE (depth-first
search, DFS), ‘EREI 7 —f “JoiERIHUE, RS ME T

7-10 JEoR T oTRHETIRE BITE I TR, SR EE SR S R TSR B —
e, EEEERAREESI=A0E, DHBERFES. TRERMERFE.
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def dfs(root):

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

BiFEDS (f @ EaAMHENE)
1, 2, 4, 5, 3, 6, 7
REFEEDN (T @ ERaARIEE)
4, 2,5, 1,6, 3,7
#IFEDS (£ @ EaAfEEnE:)
4, 5,2,6,7,3,1

@ 7-10 — riSBRIETF. . RFED

1. EBER

IRE B )@ H AR B
// = File: binary_tree_dfs.js =

/* HiFFE */

function preOrder(root) {
if (root == null) return;
/] SHEELIER: REE -> EFE -> AFE
list.push(root.val);
preOrder(root.left);
preOrder(root.right);

+

/* HEEF */

function inOrder(root) {
if (root == null) return;
/] sEEBLIER: £FE -> RERY -> HFE
inOrder(root.left);
list.push(root.val);
inOrder(root.right);

+

/*x BRFESF */

function postOrder(root) {
if (root = null) return;
/] hREMBKIER: A£FE -> A7 -> IRENEL
postOrder(root.left);
postOrder(root.right);
list.push(root.val);
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Tip
REEc = W] AR RE, AR FEE v AR TR,

[ 7-11 J&oR T R ERT —CRRNRIEIERE, a7z “B” " FE A EE .

1 B” FORBABCHTT1%, R T —E iR,
2. " FoRAIRME], URE RTHIR QAT 7EER,

B mTER
@: i e

WIFFED (@ RIRIER)
1

B BTERE
@: e e

HIFED (7 @ MR

Step 2

iB: mTER
@: fLEH

HIFFER (7 @ Rk
1, 2

B TR
&: AEE

HIFEN (7F @ mURIENE)

1,2, 4 1,2, 4
Step 4

B B TFRE iB: MR

@: e e a: @ EEH

RIFFERS (7F @ mRIEE)
1,2, 4,5

B FTEE
@: fEEH

RiFFERS (75 @ EasfIEEs)
1,2, 4,5, 3

Step 6 |

Step 8

WIFFED (7F @ EIRIER)
1,2, 4,5

iB: AR
&: L LEH

HIFED (£ @ BRI
1,2, 4,5 3,6
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B TR

@: e

WIFFED (7F @ RIRIER)
1,2,4,5,3,6,7

Step 9 Step 10

B mTEE

&: A e
BiFFERD (7f @ ERasfaEnes)
1,2, 4,5,3,6,7

Step 11

& 7-11 A ER R @R

2. EHMESR

- EEBAEES O(n) - PRAEEREIR—R, EH O(n) K,
- IR O(n) © (ERZENRT, HEHRL A ESNE, SEEREES 1, R4 O(n) %
égé[héigig ﬁ§1o

7.3 ZifEdIRT

TESEGERAIFR R, IR BT A HiBS TreeNode , HiBG IEIBFEEMHEL, F—HiM4H T HATH
FIFTR B TR A TEE AR R A

AR, FeAFIRETS FIPEAI AR R —oekifle? A58 HEhl,

7.3.1 RERFTEZiE

Jeotr— (ARG, e —MRoee ook, PR ATE BTRHL I E e v FIE A 7 —(EpEs b, Al
18] 5 R 1 S I — RO PRSI 2R 5

IR e RO, AP AT AR AR R R 5 | Bl HTRE R 5 | IR "B A" HEEENRS 2y 0,
WIEZE e FEEE RS 2 20 + 1, AFEBERSI2 20 + 2 B 7-12 R T B EEIRR 5 | 2 AT H R
o
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EFHEES 2i+1
EFERARS|: 2i+2

18 P P 5 2R — e Al

EOEA®E] 0 1 2 3 4 5 6 7 8 9 10111213 14

Lzl 11234 [5]6]7]8]9 [10[12]12[1314]15)

& 7-12 583 TSR

B A ERE R BEAT RSP ERGS (66D 467E s R R — (R, FMEnT POZE B A
ARFENE () FHik,

7.3.2 RREE

ek e R — ARG, 1E TRt @ FAERT 2 None o HITATE P ERT P FINE A 1548 None , [A]
A SR A 1B S AR None RUBCRAN ZMITALE, TEEWREAA1E 2 M oA Rl TY i v 8 Wi )y
5l

qniE 7-13 fow, #AE—HRAEER T,  EIRMSIRORTT TR E AR

T (FE5)) SeAME—MRRL ok

pEFI&FwS] 0 1 2 3 4 5 6 7 8 9

[ 13Tz 0 1]2]3]4]6]7]8]o]12]15]

[ 7-13 JE e 78 B IE S R TR AT RE
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7 T RRDUERE, BRIl DA IR AERE L d S R A None o 4N 7-14 FiR, JERREBIR, &
FAE P8t a] DAME—FoR ook 1o aRBIEEZIEEAN T :
[* ZeiESIRE «/

// 1ER null HRRRZAI
let tree = [1, 2, 3, 4, null, 6, 7, 8, 9, null, null, 12, null, null, 15];

000

10 11 12 13 14

ZFTI (7)) mME—#hRTmI = ok

EFIRSI © 12 3 456 7 8 91011121314

s @BE00 0008 | 8 @

=i

714 FERUHBI = SERHHIIES %

ERHRANE, 522 JuhHERE GRS, FEEE " TEiER, None {HWBIERIKE HEEH
MR E, IKILRTA None —s& tRBUEME ) EHIFFIRIA RS,

TS TRIRRE S R e 2 —TThiiRg, FTDAEISREEATA None , AEWTIME, [ 7-15 45 H T —(EHI

EEESFET (FE)

ERTETH
FIRES: fea=i)

BEEDGFS (FE5)

8880808000

[E 7-15 7242 oRyEERR

DANAE U 7 —AREL R SRR B ook, E0A5 DA AR
- MUEHLETES, EHERME, £ () THIRL KHIE,
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EEETFER. HEEsh. BFEN. BFEHTFY.
// == File: array_binary_tree.js =

/* PEFIRR TR ZoiEiEn «/
class ArrayBinaryTree {
#tree;

/* BT */
constructor(arr) {
this.#tree = arr;

b
/* BYRE %/
size() {
return this.#tree.length;
+
/* EERZRS|E i EEINE «/
val(i) {
// BR5ER, ABRE] null , KRZ=AL
if (1 <0 || i >= this.size()) return null;
return this.#treel[i];
b
/* EERZFRS|A i R FERIIZRS] +/
left(i) {
return 2 x i + 1;
b
/* EEZRS|A i EENAFERIIZRS] */
right(i) {
return 2 * i + 2;
+

/* EEZERS|A 1 SEHREEIIZERS] «/
parent(i) {

return Math.floor((i - 1) / 2); // METER
}

/* BFEEF +/

levelOrder() {
let res = [];
/] B3EEHES

for (let i = 0; i < this.size(); i++) {

if (this.val(i) != null) res.push(this.val(i));

}

return res;

F

[* REEBIETS */
#dfs(i, order, res) {
/] EAZEU, BRG]

if (this.val(i) == null) return;

/] BIFESS

if (order == ‘'pre') res.push(this.val(i));
this.#dfs(this.left(i), order, res);

/] RFEESR

if (order = 'in') res.push(this.val(i));

this.#dfs(this.right(i), order, res);
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/] EBFE:H
if (order == ‘'post') res.push(this.val(i));

}

/* BIFESH */

preOrder() {
const res = [];
this.#dfs(0, 'pre', res);
return res;

}

/* HEETF +/

inOrder() {
const res = [];
this.#dfs(0, 'in', res);
return res;

h

/* BFEH */
postOrder() {
const res = [];
this.#dfs(0, 'post', res);
return res;
+
}

7.3.3 {BRER(RMRE

TIPSR A DU R,

BT R SR, BT, ARSI,
- RRERES, RS S,
SRR AR,

SR, FA RS A A — 2R R

- RIS, RIANE & R B R R IE R AR
- BB RS T EOE B A A\ B BRI E BB, R,
- B TR EAERE None IR, IS AR LS O BITRG RER ELERIRAIR, 223 PRI FH 3R

7.4 —igsE

anfE 7-16 FioR, —tiES4 (binary search tree) i & PA R,

L BRARETE:, e r R ATA ETRRIE < RETRHIE < AR ATE iR I,
2. [EEEIRAE, ArathE orilet, RIRBGREMRF 1. .
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7.4.1 i SEigE

S as

binary search tree

B 7-16 —yCiy st

Bk — et B L — (@ BinarySearchTree , Wi & —{EKEEE root , FRAIBIAIHRETERS,

1. EENES

%a0C HAZETRNE num , AT DUARSE el S E AR &R, qHiE 7-17 FoR, TME S —EEiR cur,
TURHHIRRENRS root HiZE, JERE FLERETRNE cur. val Ml num ZFAFI AN IR,

- 5 cur.val
- #cur.val
- #icur.val

Step 1

< num,
> num,
= num,

St B ARERGE cur UG TR, RIEBAT cur
St HAREIRGTE cur BYZE TR, [RIHEIT cur
At TR ARG, Bk R 0 3R [ A

EZ IR BRI IR

cur.right,
cur.left,

ETIRSHNE R

Step 2
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FEZTTISS PR ETIE BP0,

Step 3 Step 4

7-17 i s pE R EERG]

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

// == File: binary_search_tree.js =

[* EHEIRE */
search(num) {
let cur = this.root;
// EEEN, SIBERERBL
while (cur !'= null) {
/] BIZEE cur BNAFEH
if (cur.val < num) cur = cur.right;
// EiEEEEE cur YA FEAR
else if (cur.val > num) cur = cur.left;
/] IXEFIEZEnEL, BHiEE
else break;
¥
// R[EIE 2R,
return cur;

2. HENERRS

M —MEFFRATTR num, 2 TOREE TS e TR < IRETES < AT AOME, WAL E
7-18 fiRo

1. AAHARAGCE: BAGIRIERIC, MORER IS, RIRE ATERGERN num IV NRRIEE R TS, B
A TEETRG CGERIE None ) RBkHHIENR,
2. (ERZACE RN UG ILETES num , KERZERRSETL None MUALHE,
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E-rRsETEAER @

2. EEZIERENEGE @

R #1T pre.right =

[ 7-18 £ —JTia i il A HRS

e EE, TR DT HiH

- ZorEsMA R EEAER, SHRNERIER. B, HFEARRES T ERE, AN RITH
A, BIZIR[ME,

o 7 T EBURAEIRG, IR EFEIETES pre 7 L —IIEERIETR, EHRIEETE None K, FRFTA] LA
FEREHACHTR,,  TEm o i E R i A Ao

// == File: binary_search_tree.js =

[* FRNEGRE «/

insert(num) {

/] &%

=]
=,

AIRTIE AR RS

if (this.root = null) {
this.root = new TreeNode(num);

return;

b
let cur
pre

this.root,
null;

// EEEH, SBEREL
while (cur !'= null) {
/] REEEER, BR[O

if (cur.val

num) return;

pre = cur;

/] EAMUETE cur BAFEH

if (cur.val < num) cur = cur.right;
/] WENLIBTE cur WIEFHGH

else cur = cur.left;

}

/] FENERRG

const node = new TreeNode(num);
if (pre.val < num) pre.right = node;
else pre.left = node;

B, SRS O (logn) i,
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3. HPRENES

JelE o R EARENRG, AR EINER, BUEAERGEL, MR ERFBEMRREERR, s
R e TR < ARETRS < AR MEEAN S, Bk, PR ERERE T HREE, 20, 12 =
MEEDL, HUTHERIMIPRETR R,

quiE 7-19 FUR, EFMERETRAIRE S O f, FORaXEIREIERRS, AT DAEREMER,

E=rRsmrmREN @

v Ei%E cur B 2. EHiEME cur BIE

1. ERMIRER cur FHRUE - o T pre.left = None

7-19 fE i pRETR (2% 0)

aniE 7-20 Frw, EFEMIBRETBREAIE 2 1 IRF, AR PR i 2 L BT ES RT AT

E-eawEhRnE ©

v Hi%h cur B9 2. # cur HiGBHTEE
FEARSE = 1 #$1T pre.left = cur.right

1. HHEMPRERS cur

7-20 fE TSR mEREIRS (2 1)
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ERHMBRER IR 2 I, MR EREMERE,

T (o ] — (TR ek R, R R T st

TR < IRETH < AT RME, Rt MEeiel DUR A 7R R MR T B R OR

(e A TR R B MRS (PR BT N — AR

L B NBRETESE T ERIFE)” S —E RS, T2 tmp o
2. tmp FMEEZEFMPRETRAOE, MAERIREMERERS tmp o

e L LT

1. EWHFFHIPRETRES cur

) 0 & @

Step 1 ‘

b2l LT )

cur }// «\\
a PN @ @ 2. MBREDES cur DA=H:

-] 0\ o \ (1) B cur ERFEHNGRBER nex

(2) EZTTHAEEHBRER nex

1. EWHBIBREE cur
v EEE cur WFEIREBE - 2

Step 3 \

et L LT )

o

S
AN

¢ ap A\

@@0@\@@

Step 2

EoaaETREs 0

00000

Step 4

@ 7-21 fE—JciaEhmpRETR (2% 2)

SRR CE AR AN E 7-21 Frro

1. EHSHEEE cur
v HE cur WFIHMHBE - 2

2. MRS cur A=
(1) #H cur EHFEHNREEHE nex

1. EWTSRIFREE cur
v EE cur WFEIRHE - 2

2. MIREEE cur DA=SH:

(1) &# cur EHRFEHNREEE nex
(2) FEZTRAEEHERER nex

(3) #6HEARS nex {HRAAEIRS cur

TR ET R R AR O(logn) e, Hrb& A MERERTRE O(logn) KM, EEhF ERRERR

F% O(logn) B, REFRTEN F:
// == File: binary_search_tree.js =
/* THBRERZE x/

remove(num) {

/] Eftn=E, BEERE

if (this.root == null) return;
let cur = this.root,
pre = null;
// EEEN, SBERERE
while (cur !'= null) {
/] HREVFMBRETR, BHOE
if (cur.val == num) break;
pre = cur;

/] FMIBREIZETE cur B9EFRIH
if (cur.val < num) cur = cur.right;
/] FMBREAELTE cur BYAEFRIH
else cur = cur.left;
+
/] EESMPRERLY, RIEZR[D]
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if (cur = null) return;
/] FEIEHELE = 0 or 1
if (cur.left = null || cur.right = null) {
/] EFERHE =0 / 1 K, child = null / ZFEIRS
const child = cur.left != null ? cur.left : cur.right;
/] MBRESEL cur
if (cur != this.root) {
if (pre.left = cur) pre.left = child;
else pre.right = child;
} else {

/] ERPREIRAIRER, RIEHISERER,
this.root = child;
}
b
/] FEIEHEE = 2
else {
/] EEFRFEEST cur BT—E
let tmp = cur.right;
while (tmp.left !'= null) {
tmp = tmp.left;
}
/] IEEMIPRETRL tmp
this.remove(tmp.val);
// B tmp BZ cur
cur.val = tmp.val;

4. PEFEGHEF

Gnid 7-22 iR, BRI ERENE O — R — A7 BESIER, Mo SsmE AT <R

TR < AFHETEET BIOR/NBR,

ERREE oS g R, REEEIERD N —ER/ R, S EEEE: o

EapRrh e iR TR

AR ET P OEE, JMOE oS EERA P ERMER O(n) R,

FEH =L

RS PFESFT]

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

TEAF

HEFETR,
ERRSTE @ ERAREAR

JHIEATRASNHE PR,
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[ 7-22 —eis B EET S

7.4.2 ZiESBnNE

wE AR, M R s T s . BISER 72, T RO A TR R A IR R A R A
R, AARE HEREIREE. AR, RERMPRERISGRS, FY TSR

?EI—JO

K 7-2 FEY| B S R E

g5 7 I Y
##LR  O(n) O(logn)
AR 0(1) O(logn)
R O(n) O(logn)

FEHAEEHR T, —ooiaEE P 89, IERA] DAE log n $iE 2 s (LR ETRG,

AT, U SEAVAE — TEA SR e A R BRENE, T ASEE TR L 2 B 7-23 R (s 41,
A R (T B th @B % O(n)

4
O "
/N )\ /
4
TR e B 4 BRI STIESH

& 7-23 —oci=ehEl

7.43 ZiESEERER

- RERETNZHRG], BB EREIER. A BRI,
- AR R R R ERTAN R E B R,
- HRREFERIT, DMRREHA FIRRE,
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7.5 AVL i *

15 “TITiga EEPRIES), ESURANIMRRIES, —Teia AR A RS, (CEmEN
WUF, BRI O(logn) £k’ O(n) .

GniE 7-24 FioR, $SBMRMPRETRGERIE, ISR o= BHE &R R ilss R A,

[\ / /

MipREDE: 5 MipsETRE 3

[\ [\ /

Btk 15314
ol ZE=TE fgiE R

7-24  AVL B EMIBRETEE 35 R 1B (L

FEGIN, TEE 7-25 FroRiysesE ookt el A M E TR R, B RRER A A2 MR, AR AR e
1o

[\ [\ [\

HNER 2 HENERE 1

/ /

B Bt
bt b Fig il il o

7-25 AVL e A BRI R IR AIRIE

1962 £ G. M. Adelson-Velsky 1 E. M. Landis f£ & X “An algorithm for the organization of
information” HHEH T AVL#, RS HERHAREIR T — RYIHRE, FERIER SRS MMBRETRE, AVL 81
iRk, M SRR EE R O(logn) &5ll. HfygRa, 767 AR ORI TN & Sdf e
G, AVL BHREGARORFS S B RHR R EE, R TRIFAIIE I EME,
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7.5.1 AVL #% Riy:E

AVL B2 —ooi s, R P ook, FRWEEmE o oBiratE, FIbe Mg _aiess

(balanced binary search tree),

1. BEE

|7

IR AVL R AR BR #5F e ZAE IR e, RIS R 2 B RE R HTHY hedght 5881

/* AVL RIEAEREERI +/
class TreeNode {
val; // EiEh(E
height; //Eig=E
left; // EFEIRGIEE
right; // GTFENELTEIE
constructor(val, left, right, height) {

this.val = val == undefined ? 0 : val;
this.height = height == undefined ? 0 : height;
this.left = left == undefined ? null : left;
this.right = right == undefined ? null : right;

“HIR LT RIECRXEIRE A RIRTEHTRG A EERE, RIATASEAY BT MBE, FERAITEENR, EH
AR O, TZSEIBRImEZ —1 o FRAPTRE S8 TEBRT,  J3 5l FH 78 BOR B8 7 6 Bh A v 2

// = File: avl_tree.js =

/* EEERSE */
height(node) {
/] EEHESEA -1 , EHNSES 0
return node = null ? -1 : node.height;

s

[*x BHEHEE */
#updateHeight(node) {
// BERESEERERSTEHEE + 1
node.height =
Math.max(this.height(node.left), this.height(node.right)) + 1;

2. EPRNFEETF

EiRLAI AT (balance factor) EFAHIR LA FEI S EIREG TS, FRIREZHRE P E
75 0 o BRAFIRIRR AT IS BB RS T A 7 RIS REBT AR I, 7 fEIRSA(EM -

// = File: avl_tree.js =

/* EEFEETF */
balanceFactor(node) {

/] TEEFEHEAFS 0

if (node == null) return 0;
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// BHFEET - EFEEE - ETEEE
return this.height(node.left) - this.height(node.right);
I3

Tip
ROPEA T2y f, AI—#R AVL SHAE R ER R TR e -1 < f <1,

7.5.2 AVL #iheEs
AVL MR EEIER “HEl” HRE, TREMERE o ESIFFIIRTR T, MAHG iy a ik
i, BADEEE, TEEEREELREGRRY “ TSR MR, AR ENEE L P T,

AR PHTR A EHE > 1 AVETRERE 2y “RHETEIRS . ARIRENRLHIE IR, DEE R SR AHE
TENE. SRR e, JefeeR e, AT AE e R,

1. AlE

qniE 7-26 iR, BT R PR . WRETEE, oo E ARG CERS 37, FRIMRE T DA
EITRE 2 MR ETRGR F1, FRZENRGEC 2 node , HETEIRSECZ child, BUT “HHE” #1F. ERAGHRRER, T
BRI, Sl BASA PR oo B E,

ES / 5 \ / \
3 o . BAEREOTEE
/ ode HIREIESEES node
RAEFEEEES child

=
= &)
s W 5,

/1

[]

Step 1 Step 2
\ BN TR p / \ BN TR
)
1. W child AF8, #§ node F%NEH h?l’ 1. 1L child %RE:, # node MANES

A\ 2. A child #ALIET node BIMIE
Q“ BN

ﬁ;&\ . RS, BFHENRETE

node

Step 3 Step 4

[E 7-26 FHhetR(ES

QnE 7-27 fior, & EiBs child B4 7Hi% (G0 % grand_child ) B, FFEEATEHHE—2: # grand_child
1E%5 node BV FEi S,
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‘e B -RPRARRE, B EREERBKERHEEARER, BB NTR:

A
/ grand_child

7-27 # grand_child A HER(E

// = File: avl_tree.js =

/* BHERIE */
#rightRotate(node) {

2.

FHIEH, QIR IR TR BT, RITREITIE 7-28 FIURI “fchie” #RIE.

const child = node.left;

const grandChild = child.right;
// LA child &[R25, #& node MAGHEE
child.right = node;

node.left = grandChild;

/| BmEHEE
this.#updateHeight(node);
this.#updateHeight(child);

/] R[EINEEE FERIRETR

return child;

KhE

Mk @
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7-28 FrliEiRfE

[, @ 7-29 for, SR child A4 FHi% (2% grand_child) I, TREAELIETHHE—F: ¥
grand_child f£% node BYA T-EiiZ,

(1 R @ crews

N
aleriia \

7-29 # grand_child A HERAE

A DABIE, e etk e e LR B, EM 0 R AR B R DL R B, R
M, BMRFTHATRN BB E R left B2 right, #TART right Bz left, HIFITE
B e T B AR 2 U -

// == File: avl_tree.js =

/* EBERIE */

#leftRotate(node) {
const child = node.right;
const grandChild = child.left;
// BA child &[RE:, #§ node MZAhesE
child.left = node;
node.right = grandChild;
/| EHEEEE
this.#updateHeight(node);
this.#updateHeight(child);
// R[ElEE % T EEIREE,

return child;

3. TkEhEEANE

BHAE 7-30 A ST ETES 3, (AL Be AR B IA (TR KAE T , HERFRR RS child T “/AEhE,
¥ node BT “HhE’,
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% child #1T @ ¥ node 1T
EhE HiE

o

7-30 SefehEetg e

4. FchHhEEihE

qniE 7-31 R, B EIRLH TR AL, FREICH child YT “HHE”, 3 node BT “ZENE

/// BHETE
)

O ivor OO

KhE

7-31 JetihEfR ke

5. hEiSAYEIE

il 7-32 ORI PR B IR DL AR BRI IE, DhlTERAGEE. e ale. JonieR/iche. it
HNEE
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FAhE F*AahE
s &ane #AEhE B

& 7-32 AVL VYRR e E i

QUTRARAIR,  FRAMIZ 8 I B ot B R -1 R 5 DA R e v — M T B RGP A 7 A TE B3R, AR SR R
JERE 7-32 FR RIS L.

R 7-3 PUMEHEE SRR R

KEGERGHPHIA 7 FEIBSACERIE T EERARIEE TR

> 1 (Efwk) >0 filie
> 1 (Zfm) <0 JelE R A e
< —1 (i) <0 FElie
< —1 (ffwt) >0 Jetiliei% e

2 TEREER, B ieE R 2R — R, A TigfimX, RIRRES SRR HIUETIoE, 5%
PR E R -, RES A AR

// = File: avl_tree.js =

[* BITHeEHR(E, BZFREMMETE +/
#rotate(node) {
// FEEVERZL node MYTFHRF
const balanceFactor = this.balanceFactor(node);
/] E{mtE
if (balanceFactor > 1) {
if (this.balanceFactor(node.left) >= 0) {
/] %he
return this.#rightRotate(node);
} else {
/] FEheigEhE
node.left = this.#leftRotate(node.left);
return this.#rightRotate(node);
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¥
!/ GfRk
if (balanceFactor < -1) {
if (this.balanceFactor(node.right) <= 0) {
/] *hE
return this.#leftRotate(node);
} else {
/] Sl
node.right = this.#rightRotate(node.right);
return this.#leftRotate(node);
¥
}
[/ &R, #EkRE, HiER(D]

return node;

7.5.3 AVL &5 mBiRE
1. HENERES

AVL i B B A5 F B oo s it E 08 B0, ME—RYEERIMER, 7E AVL il ABTEGR, TERxEnasz]
MRETRABE S L AR & B — RYIK MR, [Ait, BT EEMEmEIEaMG, AR LaTiemsoe, o
Fif Rt R P, KRS AN AR :

// = File: avl_tree.js =

/* WENENEE x/
insert(val) {
this.root = this.#insertHelper(this.root, val);

}

[* IEEIENENES (EBBhAE)  */
#insertHelper(node, val) {
if (node == null) return new TreeNode(val);
/* 1. EREANUELIENEGRL +/
if (val < node.val) node.left = this.#insertHelper(node.left, val);
else if (val > node.val)
node.right = this.#insertHelper(node.right, val);
else return node; // EFEEMHFIEN, BR[O
this.#updateHeight(node); // EHEIESE
[* 2. FITHEESIR(E, PR TFREMMETE +/
node = this.#rotate(node);
/] REIFEBIREIE,

return node;

2. THPRERES

R, £ TS BIAMBRETR AR b, TEMRETEPUTHEERE, frE LR T,
RSN R R:



BT7E M www.hello-algo.com 157

// = File: avl_tree.js =

/* MHBREARS =/
remove(val) {
this.root = this.#removeHelper(this.root, val);

¥
[* ECEMPRENRE (EBISE) */

#removeHelper(node, val) {
if (node == null) return null;
[* 1. EHEHELMER */
if (val < node.val) node.left = this.#removeHelper(node.left, val);
else if (val > node.val)
node.right = this.#removeHelper(node.right, val);

else {
if (node.left == null || node.right = null) {
const child = node.left != null ? node.left : node.right;
/] FEIEEENE = 0 , BHEMIFR node R[E]
if (child == null) return null;

/] FEIEEERE = 1 , HiEMIBR node
else node = child;
} else {
[/ FEIRGERE = 2 , BPEESRN TEERMR, 1RSSR E R,
let temp = node.right;
while (temp.left !'= null) {
temp = temp.left;
}

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

+
+
this.#updateHeight(node); // E#HEHIESE
/* 2. BITHeEHR(E, X FHEMMEFTE «/
node = this.#rotate(node);
/] REFREEVIRETR,
return node;

3. EERRY

AVL R R s R B et s — 2, R IR,

7.5.4 AVL i EIFER

AHARN A R R, AR e SR AR, RIS A =

PR R R 2R 5 | R A

AL R — R R TS, B AVL B, ALRBIREE IR BE SRR, A\ B BRET RS
TR BB TR /D, BRI P R B
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7 6 ’J\n\l:l

1. ERSEIEE

- TTERHE RIS RIARRE, B 4k T [SIAEE, S ORI S — (M DU HiES
SRS TR T,

- OEHATIERIRROL S, HAE () TEBRE D R RIS S R () TR

- CIEROMIRIAE GRS, AR, B, . . SRR,

- TR B A AR PR B B M AL,

R TR R e, See Tk, S T TRIRITEE ek, 522 TR BIANAOHE
R, TS BB H R 2SR AE,

L TR DA R, R R 2 R B RS, AR A0 R 6 > PR
25 B (R A IS A,

C CIERRIE R R R S, ERE T MR R TR, ERE
EEFFIACE I,

OB . BT SERAEELES, T T oEERE, EaWes mEniR,
B R A B,

- ISR TR B RS, A, IR R R R R 2 O (logn)
B TS BENR L AR RN, SIEREE G ST O(n) ,

- OAVL A, AP T, O R L 1 A B 5 B A

- AVL BV MR (ERIE A, e, JoAVEE Al JCE RN, (AR S %, AVL e
FERCIAITE T VR, (R ST T,

2. Q&A

Q: BRI AR IR, R AR R IR EUE O W52
B, HZmEMREEEERE RS RIEE",

Q: I AR A\ B HER — et — B IR(ERC B e, SR “—ERE” fa(TENE? AT DABR 2 B IR+
BT B TR A 2

E i SR, MPRETRG BRIy AR DORE, Hrh AR T 2O T 2 (8D BRIV E R R A
Q: Zft/& DFS Efi —Joi AT, . R=ENEF, rhlE T EHAlE?

BRE A P E R AL, B, . Rp R =M IoBER TR, BAMTAT DA e MG —ERy
TEMEFFHERIA R, Pl —ocisfirh, mRERINNE £ FHRE < REOME < GFEHRE, Hit
BRI % — R — A7 WL EDR, wa] DUES A FRIERFS,

Q: FAhEtRlE R R H % node. child, grand_child ZRIIBAR, FF node AR HIEEH node JHEZR
AR TR EAEENE? HIHR RS N RS T?

T T EAC IR WA AR B IS W T, A5 hE#R1F right_rotate(root) fBARYZ 71 MR i B, MR
return child JR[AIGEHE 2 RHY TR RUMRETR, Rt AXOAR T ARG AQ B RS B AR 1 % bR ZUIR [ S Y,
B BE BRI R MERE S

Q: 7£ C++ 1, MR P#|52 2] private Ml public W, BHHEETEEBWE? AT EZEH height () EzUR
updateHeight () BRI FIFAE public #1 private HlE?
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FEEFIENFEHEE, R77EREEBNERER, ARG & private o FIa0, {5 & B R0y
updateHeight () B AREREM, BHEMA. MEREREFN—2, 1M height ) ZaAfEIREE, LR
vector.size() , HIHEEERK public DAMEMFA,

Q: anfarfe—AH i A BRI — IR T S IRETR RS R TR IREE?

JERY, MR EAE TS ERE AN build_tree ) ik, SBRREELEEE, RIEE
G mAERHET, RER PR TREAMRETR, FERERE G T8, BT DU AR AR IR 78 B Y T
e,
Q: ffJava ™, FHEHEE—EZEH equals() /7iL?
£ Java 1, $REEARERVIRI, = FRE L EESER SGHES, BATIHBIA, MR SER TrE R
AR,

- = HARHEMEZEE G famE— @Y, Beffesc et aa B GHEE.,

- equals(): FHARELLMEYIIIER S,

Rk, wnSRZEE, BRIMEZEH equals() , A, &EE String a = ?hi?; String b = ?hi?; #]
W7 BB A R B, eMEmE—EYE, Rttt a = b 2R EEEWE T BN,

Q: BEEBICEFHFIRICE R, (77 AoEiB s 2 2h 1s?
2, GIATEE b = 2 (Ui oTk, AR =7, AREMRER4=2"=(n+1)/2.
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Abstract
HerERt G R LRSS, EaRR, TBRRE,
JRE PR LU i ER BV, T e e O L I AR A ST B N R B
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8.1 iR

HHE (heap) 22— ERPEMRMAITER o0k, FERIZ2mERA], aniE 8-1 ffn,

- INEMERE (min heap): (EEHIEIE < HHiBHE,
- KIEHERE (maxheap): EEHEIBHE > HTHiEE,

N N
/N SN N N

Wy Wy

B ‘=2 B 2 ‘Re’miE” B
ARMMNE <« HFOHMNE ERERNE > HFHHaE
INEMTR KIBEH
min heap max heap

8-1 /NEHERREBLATEHERA

HERRTE Ry e & el iy —(AREB, BA AR,

- RIS ERG SR AT, LAt I B RS ED RN
- BRI RUAREITRRE 2 “HERATH”, AR ARG AV BRI “HERR
- BPRORTEHERE CNTEHERD), HERRTEDTER (RETED BEZ&EAR &) 1,

8.1.1 #TRRVE FBIRME

TEEHAR, 2GSRI ZEETT (priority queue), BR—FEMRERIEHE, TRABAE

FelE R HER T4,

TR L, HeROEH AR B ErS, KT R R C S RS MANE W et o1, G A
A&, BWMATDARE “BJefra)” M “HERE” BIFFERERASE, B, ABEEWE SHERRIEY, S

“i&%”o
HERRR B I BRE AR 8-1, T3 TAA T BRI T\ = AT

* 8-1 HERAIBRIERCR
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T4 ik IR R R
push() TERAHERE O(logn)
pop() SRR TE T 28 R O(logn)
peek() AMERTETER CBIAK [ /INTEHERE S B A K | /ME) O(1)
size() HERGREARIN T R BUR O(1)
isEmpty () HIBTHER R 5 222 O(1)

FEEPERT, AT AE R AR E S TR R HERDE (BB 81D

FCUAHE PR “ R NEIRHES” #1 “TERENHES”, AT 7] LUEIR 3% E — 1 £lag B{E4 Comparator
BHL UNEMERT BOORTEMERT < RIRE SR, REEEIN N TR:

// = File: heap.js =

// JavaScript FRIZHP9iE Heap %E7|

8.1.2 fIFEMEIR

NEBIARARTEHERS, 5 2R H 2y NEHERE, NSRRI A BB T (B0, % > Bz
<)o LR P AHITHEEL

1. ERMNFEEFERRT
Tk EETEEE, e JrHAFRIE S HMYIRER, HRNHERIER e e ook, RILBAIRER AR
BlA il A7 HERE

B AEAIFRR o, STRARMEME, RoIMGRERE TR E, WATEEERR AR
AREBL

GHiE 8-2 iR, #ERG 1, HATEHRNRSIZ 20+ 1, GFEMIORIIR 20+ 2, KEFHNRIA
(0 —1)/2 (MTERR), HRTIBGRNE, FRBHIBEEBRREE,
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SEREE - SEMMEEN (RS
“HERR :%%ﬁ ‘LT L £ ‘B ®E TR

#FEl o 1 9 10 11

(i-1)/2 i 2i+41 2i+2
~ A~
EF &F
SCERES -6} T A=k
EBERS I HREIR RS

8-2 HERARYFRIRELfH T

FMeT AR R 5 [t A BT E AR K, T7 R -
// = File: my_heap.js =

/* EBAETFERNZRS] */
#left(i) {

return 2 x i + 1;
}

[* TR FEIRARIZRS| */
#right(i) {

return 2 *x i + 2;
}

[* JEENRENREAVERS| */
#parent(i) {

return Math.floor((i - 1) / 2); // BTFER
+

2. hRDEFRIETTER

HERATH T 2R A1 4 — e AUAR RS, g2 R yIRyE (8T
// == File: my_heap.js =
[* HREREETER */

peek() {
return this.#maxHeap[0];
+

2 3 4 5 6 7 8
= (300088080000
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3. TENERE

AETCR val, TR E o HopT i SIMERE R, BTl 1%, B val RTRERRHEREH HMTT R, HEREASOZIRIF
FIREC AR, RIBL T BB AL A B AS SURR EEGAE 1E_ LR S MRS, 1S (AR Es 2R (heapify).

FREIENHERAATRR G, TERBTHMITHERL, I 8-3 FvR, TR A\ BiRG B EACHTRE IO, N R4
NETREEER, AR e, RIRESTT IR E, TOREHBEHERDISIEEER, BEEERERE0E
B HEIE AT A B B4 5

% @ MR e @) Nem
1. R 7 FRERRE
*NL ' ZRERER \‘
BIRT o
8000066808008 [step 1] 8000000808000 [ step 2

w8 @ AR % @) AR

1. GERE 7 FRIEEREE
2.)&9&2]?3@51&3!% (sift

1. EEE 7 FIEEEER
2.)%}%?]@&?‘?‘&&1& (sift

‘?55555357 'Fm5555§E!67
- STHATRERRS
. 5
A
=3 (IOO00OH00D0008 step 4|
w8 @ NgH 8 (@ NEH

1. GERE 7 FIEEREE
2.)#£F§§]E§ﬁiﬁﬁﬂ: (sift
Uj

1. EEE 7 MEEETR
z.)ﬁélEE]EEﬁﬁﬂﬂﬁ (sift
Ui

-?msssaﬁsu fmﬁssaﬁan
- BRMENES
s | (0500080080800 step s |
8 @ A w8 @) e

1. 6% 7 RIRERIE
2. WEETATARK (Sift
up

9 > Wl 7

1. HSEE 7 FEEERK
2. WEEE&ITHENL (Sift
uf)ﬁﬁsa 9 > ks 7

- TETRIR

4

[9]e]7[6]7]6]2]a[s[3]6]2]5] | ster 7 (o]s]7]6]7]eJ2]a]«]3]6]2]s] Step 8
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/ \ / \ e @ NEE
1. HER 7 FNEHAE
2. WEERHTARY (sift
up
/ \ / \ / \ RS, ATEHOLEREIEE

Step 9

[# 8-3 JTR AHEREDER

R ETEAEE R 0, QRIS O(logn) o HIEATAI, HERCIRIERIEREREEZ 2 O(logn) , JTTEA
HEREERVERIN I BEREE 25 O(log n) » FEHESAN RA/R:

// == File: my_heap.js =

/* TTENER */
push(val) {
/] FTIEEREL
this.#maxHeap.push(val);
[/ RERZETEEREL
this.#siftUp(this.size() - 1);
I

/* EIRL 1 BHRR, WREIEETREL +/
#siftUp(i) {
while (true) {

/] FEENEREE i BURENEL
const p = this.#parent(i);
/] B “BBiREIRY” s¢ “EnFAMCERIET K, ARERK
if (p < 0 || this.#maxHeap[i] <= this.#maxHeap[p]) break;
/] AR,
this.#swap(i, p);
// BER E#ERENY

i=p;

4. ERIATTREBER

HERRTE LR 2 R RUARETRS, BIASE TR, WERBMTERECHRSIHMERE TR, AR ok i ks
ARSI IR, ISR RS RE M RGBT RGN, & TERBOTTRRS IR, HFR
LN B

1. SRR TR BUERROTER GO ARG Bl A5 TR .
2. ZRGENAR, AHHERERIEHRSIRINER GER, mRCEscm, KB EMERER AR TR) .
3. MEARETRIRALG, REIHRICHITHERIL,

UIE 8-4 R, “BETHEIRHERIL” IR 7B PR TMAL” RUR, TRIPTHS RS S (4 76
W THR:, HERRHY T B SR S, SRR BT IR, 05 R A o B A e
ERBAE A,
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SERIATR IR

[ Step 1

SERIETTRLER

1. RERRTRIVERETRRIA
2. BHERBERETR

SERIRTR AR

I

. WHERETRRMRETERSR

. BHEFNERETR

. WEERETHEAL (Sift Down)
= 1EE0ES 5, 8, 7 P, EiBA 8 WA
- SRR 5 SR 8

w o~

SERIETTRER

-

. RERRTRIUEHRTRTIR

. B EAAERRTE

. WEERETERK (Sift Down)
v 1EEEE 5, 6, 7, HIRE 7 RA
o SAERRS 5 SERS 7

~

w

ERIRTR R

1. BERRTRBERRTRRZIR

2. BHEFRERETR

3. WRERETERML (Sift Down)
v fEERRS 5, 3, 6 o, Hl 6 BA
-~ HAENES 5 BLENES 6

SERIATR R

1. SRR RABERETRRIL

Step 2 J

SERIETTREER

1. SERRETRIBERRTRIMN

2. BHEREERRTE

3. WEERETEHL (Sift Down)
- {EENES 5, 8, 7 A, Hils 8 MK

Step 4 |

SERIATR R

1. BERRTRIDERRTRZIR
2. BHERAERERTE
3. WIREREITERMA (Sift Down)

v EEDEL 5, 6, 7 R, HiBE 7 ®A

SERIETTREER

1. BEAET R AR
2. WHEARAETE

3. WIRERGIPERA (SLFt Down)
£ 5, 3, 6 W, B 6 WA

Step 8 J

SERIATR R

1. BERRTRDERRTRRZIR
2. BUHERAERETR
3. WRERETERM (Sift Down)

TR E, ATERNMEEREIEE

Step 10
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8-4 HEFHTEITER HIHERE P BR

BRTER ANHEREIR AR, HERATE TR H R IR E R R % O(logn) o F2NEBANT NFR:
// == File: my_heap.js =

[* TTERHER +/
pop () {
[l HI=ERIE
if (this.isEmpty()) throw new Error(' #HREAZ');
/] RIGREIERAENY (KRB TRERTR)
this.#swap(0, this.size() - 1);
/] THIBREREL
const val = this.#maxHeap.pop();
/] WIEERH¥ERENL
this.#siftDown(0);
/] REBEFIETER
return val;

}

/* RENEL 1 FAtR, HIEERERNK «/
#siftDown(i) {
while (true) {
/] FIEREREE 1, 1, r HEZAKHER, 582 ma
const 1 = this.#left(i),
r = this.#right(i);

let ma = i;
if (L < this.size() && this.#maxHeap[l] > this.#maxHeap[mal]) ma
if (r < this.size() 8& this.#maxHeap[r] > this.#maxHeap[mal) ma
// EEEy 1 &AEZEG 1, r B8R, HEBEEEEREY, BiE
if (ma = i) break;
/] RIRmEnEL
this.#swap(i, ma);
/] EEmE T EREY

i=ma;

1 n
—~

8.1.3 HENE RFER

- BESRATH: R AR 2 E ST TR R RS, HASIRI SR ERIR AL E 2 O(log n)
, TEHERERER O(n) , BLEARERAEE SR

- HEREY: S AR, AR DU E M@ R, R AAETH BT TR MRS RRE, EmiS
Hregkl, Am, BINEE GEH —EE R NEBHEREr, SR Ry 52,

- JEHECRI EAECE: 5 AR, RN E IR, BRI VAT 10 AR
BIVE R AT, SREGEH BEAT 10 AURS hF.

8.2 EMIRIRF

FERLEARULT, B RGN — 8RR A TR AR — (A, SRR~ R,
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8.2.1 FEBINMIRIZIFEIR

B E LA HERE, REGEFH Y, R ETTRIT “AHRERIE", BEATamy SHERER 2
i, ABITRPUT WREH" HEREL,

FE TR, AR —, HRETRZ R THE AR BOIHIE TRy, FtHERRE “A L
(I =30 8

RITRYE S n , BIETRONHEFERIEMER O(log n) KM, Fitaz @ R LRI R 2 O(nlogn)

o

8.2.2 FERENSMRHUEIR

BFR L, A a] DB R 2 R R T TR, SR i

L. K ERSIATA TR IEEA BT BHERE T, R AR M E RIS TN e
2. IR ERHERE (B BRI MBI, RUCEHFEIEERRSNT “TETHE R,

FEMERE —MEEETR, DARKEIES 2 MR ENAG) B R — N8 S50 HERE, TR iR I e, Rt HEAR
2 “ENIMLE” R,

Z T AR B AR, RN IS RRRES R B ATETR . DR AR SRR THEM, SRR L E AT EIRS
A RARHI.

EFHINE, HREMRRA FEl, RILEMRRME GIAN FHER, MRMERIE. DU RENTR,
R AR SE ARG R A R — (W ARG AT ACHTES, BT ERRIAMEI AL F I T HER L -

// == File: my_heap.js =

[* BT, BUTHBANIRIBENBYIEHRR «/
constructor(nums) {
/] BBV TREFTAEFILEETR
this.#maxHeap = nums == undefined ? [] : [...nums];
/] HERBRER R INIE AT E B R,
for (let i = this.#parent(this.size() - 1); i >= 0; i--) {
this.#siftDown(i);
+
}

8.2.3 EMESN

R, FRITACE S — AR A T SR
e T IEHIIOEIER S n, BEREEURS (n+ 1)/2, Hrb / AETER. FEEERRE
HORRBEBOR S (n — 1)/2.

C TEMTEE AR B, SR S R B, R AAOR RIS TR logn .
W6 LIRTIE AT, ARSI RO RS A 2 O (n logn) » (LGRS BEAS S R HERE, A2 TRIM%
575 5 T S R 38 2 R THU BB L
1 AR T E A MRS S, 2 T MRSt SR, kit — (AN BOR 2 n . BIE2 h I “523a—
TER”, RN O A A R I R
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BREE HEMRNE

(B RAERR
5
h — 20
/ \ 1
- h-1 — 2
NN |
SR Y S 2
SIS
o =3 S 23
1 — oh-1
FEIR, EHMEES ) — 2h
)

[ 8-5 SE3& UM% R B

qnie 8-5 Ffrr, HiA “TETHRRMERL” HIRAOERIRBEF R E R SIS R A B e, TRk PidE 2 “HNRG
T (A, BT DB CHTRECR < BRI SR, 19 21T EARHERTLIE AR BRI AR,

T(h) =200+ 2 (h —1) + 22(h —2) + - 4+ 2" x 1
L EREHRI BB, St T(h) FLA2, (530

T(h) =2°h +2(h — 1)+ 2%2(h —2) + -+ 21 x 1
AT(R) = 2'h -+ 22(h = 1) + 2 —2) + o+ 2 x 1

MRS RS, IR 2T(h) W& LR T(h), w1
2T(h) — T(h) = T(h) = —20h + 21 4+ 22 4 ... 4- 2h—1 4 2P

B X, BB T(h) 2—EEHLES), rTERERRMARK, SRR

1—2h
T = —
(h) ok
_ 2h+1 —h 92

Bt BREA h R eI RS n = 2h T 1, SEEES O(2") = O(n) .

R, N ESE EER I RRE 2 O(n) , TERERL

PALEHER
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8.3 Top-k fi%&

Question
5 —ERE A n WERFES] nuns |, FHIREIES R kETE,

BONZE, FRIFSC A A RS LB BRI, AR RCR S SRR TR

8.3.1 Aix—: ENEE

AT DOEATIE 8-6 PIRAY K dwER, 7 ITESIRPIREGE 1. 2, ... K KRIICER, RREIBIEEZ O(nk) .
WITEFUERR k< n BN, WA kR n Hisaay, HISREME@EnR O(n?), JEHEER,

nums EBHESBRATE

) =—wnmz 1 xux

~

DB #-wuaz 2 x=x

[:]D[:] E=BHRIE 3 ARE

8-6 ErEHE AN k fETER
Tip

H k= nk, RMAIUSRIZEBEIEGRFS, WRSER BEHFET HERXK

8.3.2 FiEZ: HiF

aniE 8-7 A, AT DUSEE S nums EATHER, FHIREIRAIBH kTR, REEREZ O(nlogn) .
R, o7tk CEET SEER T, RAEMRTHKHERARN kTR, AT TR,
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k=3

s |[EJEE =)

HETETHIF

Baann

RESA k ETH

000

& 8-7 HEFF =i AR k TR

8.3.3 = iffR

P AT DAL R HERR S Atk Top-k I, Fifean(E 8-8 s,

SRS K AETCR AR AR,

W

— @0088
:

i

1. #80 k ETENER
ZRERT

. EFIRT

heap

=1

. :mm@
g [/ [ [3]2] é%é

A
i

1. #E k ETENER
ZRHRTE
EFIRT

v (00

[ step 3 :

Pga e —flE/NESERT, HHERTEICRE/ .

k=3

— @000
:

i

1. #H0 k ETENER

Step 2

k=3

w @0000
:

i

1. #80 k ETENER
2. #5 k1 fEFTRRGHIE
v EHITR > #MATR

Step 4

W58 k + 1 EOCRBALS, HEAUTRARHEREBULR, ARERTECR R, WS ATTR AR,
ERTENER, HEREP R RRH k TR,

:mmé@

TR
PR

heap n

o

MR
PR

v (@00
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k=3

— @000
:

i

1. #80 k ETRNER

2. % k+1 fEFTERAEHIET
¢ EEITE > WRIETER
- RERIRTTR LR

w @0000
:

i

-

. Ak ERENER
. WE k1 ETTERBANIM
v BEITR < BMETR

~

Step 7

B CHSA :

// == File: top_k.js =

/* TTENER */

SR @
o

S ZRERT
¥ g EFIRT

tmm
o o

ZRMRT
‘ ki EFIRT

i

k=3

«: (@008

FERTR, BE heap BIE]

Step 9

k=3

— @000
:

i

1. #8680 k BETRENER

2. #5F k+1 EFTHEREHIE

v EEITE > HRETE

- HSHRIBTR LIS
RERITTRNER

Step 6

k=3

— @0000
:

i

1. #H0 k ETENER

2. 5 kel (EFTEBEHIE
v ERITR < BMATH
- BB

Step 8

:mm
© o0

s ZRERT
v EFIRT

8-8 FENHERASHIR KK k ETTR

function pushMinHeap(maxHeap, val) {

/] TERER

maxHeap.push(-val) ;

¥
[* TTEREME «/

function popMinHeap(maxHeap) {

/] TERER

return -maxHeap.pop();

¥
[* HEPERIRTER */

function peekMinHeap(maxHeap) {

/I TTEERR

:mm
o o

MRS
3
g IR

uam (@)
o 0

R
‘ g PR
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return -maxHeap.peek();

S

/* EREHREHRITE */
function getMinHeap(maxHeap) {
// TERR

return maxHeap.getMaxHeap().map((num) = -num);

}

/* BEFEREAEYFPRAN kK BxE +/
function topKHeap(nums, k) {
/] B NEHERE
[/ AR BfREBETRETERRR, MmAKEREREREE/NEHER
const maxHeap = new MaxHeap([]);
/] #EREFIAET k BcENER
for (let i = 0; i < k; i++) {
pushMinHeap (maxHeap, nums[il]);
}
[/ #%E k+1 ExERR, FFEBENRES K
for (let i = k; i < nums.length; i++) {
/| BEBMTEANERIERTER, AERETRLIER. ERTENER
if (nums[i] > peekMinHeap(maxHeap)) {
popMinHeap(maxHeap) ;
pushMinHeap (maxHeap, nums[i]);
¥
}
/] REEFERTE

return getMinHeap(maxHeap);

WOEIT T n 0 ASERTRIH SR, SRR RS k| DU O(nlogk) o S7THERIMEIR
B, 8 kBN, BSRIRRAER O(n) 5 3 k Bk, WSRIHEREER @8 O(nlogn) .

SN, EITIRERREIRE R RS R BT, FRAF AT AR SRS RN TR, M E
BURRH) k TR ABIREEHT,

8.4 IhgE

1. EEBL[OIEE

- OMERUR RS e IR, MRS AR 42 A TEMERRINEMERS, e (1) TEMRA MR T 2R
K UM 1,

- BRI R B A SRR, S R B,

R PR B R A R R B O TEE AR O(logn). MERITEIEE HUERY O (log n) il
DiFERTE R O(1) 25,

- Sed T ITRHERE A IR, BRI PIE A T A (5 7 M

- HERARIE R RO, 8 )\ HERORD R b 2 & 51,

- n AT R R AR AT DU L O(n) , FEREAL

. Top-k & (ACHUFEIIARIRE, 7T AR RO s O, SRS 2 O(nlog k)
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2. Q&A

Q: HRITRER “HERE” HECIEREEER “HERT 2R —(EMSNE?

W R R —EES, FUZREEI “HERT, AHREMARSC IR PR B e R o ) — R ), X
FEITIR AT DME A e 2R k. BRaCA] DARE SR — & B AHERERCIRRE, R A7 AN R 0 B 51 <5 A A
EEEEA A ERER, BXATERI0EEIEm, bRk, AHBRHEET IR, AT IR
EHME TR R, [N E AT RE & R SGL IRRE IN E FE AR R
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Abstract
EAmIRIES, MG —EEETR, $REE T RAEHE,
H— ROV B, ERTEIE TRk ER B AR B HH B R I ERED,
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9.1

(graph) J2—FEAEGIMEORGEHS, HITEES (vertex) 38 (edge) ALA, FIATLUSIE G MgutFms—
UTERE V R —4L8 E RS, RIS T e 5 MEELH 7 R,

vV =1{1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5), (4,5)}

G={V,E}

GNSRAFTHES B (RETRS, BB (AR AR RIS IR (Fa), TR RT DURFIEN S 1 — RISl Af ER A1 e T 2
AU RIS, QniE 9-1 FrrR, HIBIRSRIERR GERTHS) RIsriGRGR (8D, MsBiE (8) KB dEE,

* [\ TN

b i} -]
(AR 1ERRTR) (533aRR{R) (HBERRR{R)

B EEEHERS, AMthRsEM

[E 9-1 SEASHRS, K, (8 FRIR R

9.1.1 EMERBRISEAE

RIg RS A M, n5rAEmEE (undirected graph) fliEME (directed graph), 4nE 9-2 Ffi7R,

- TEHEEIE T, BFRORMITER IR “EEa” EARBRR, BIANRIEE QQ HY “4F KBR”.
- tEAmES, BERATAYE, A — B A« B WE7 RS R BN, A ieelE -
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SRE FRAE
(B m) (BHFHm)

9-2 A 1 ] B A ] ]

MR ATE THR R EE)E, 7] Z%E@E (connected graph) FI3EE&EE (disconnected graph), &NfE 9-3 Fir
o

- BEEE, (CRMETER RS, AT AR H AR TR TR,
- BRREDEE, AL TR, B0 ETEREIRENE,

N

EBE JEEEE
(FrETRA EEE) (FETRRARATE)

-3 Ju it f] il I 3 [

BTAVERT DAZIB WY “REE” 2%, [CMSZIANE 9-4 FRiE#E (weighted graph). BIUNTE (EHZENME)
ST, RGN ER SR AR IR < R BT, ISR AR R] DU A REE R RR

G)“@ .

FRAEE BiEE
(FrEB%E) (ERAEERT)




HOE www.hello-algo.com 178

9-4 eI B ARt ARE

[ A A A L 25 AT B AT R

- $B#E (adjacency): HEMITHELZ HIFIEIBAHEI, REISWIESS “H0HE", 7EIE 9-4 rh, THEG 1 AAFHRETEE,
ATEEE 2. 3. 5,

- BBAE (path): ETHES A FITHES B &EAVBRERNFHIBRE 27E A B B 1Y “B&C7, 1L 9-4 1, BF
| 1-5-2-4 2 TESG 1 BITEES 4 19— REE1E,

- E (degree): —fHTHEMERRISE., ¥NAMIE, NE (in-degree) FnA Z/MKBIEZIES, HE
(out-degree) FnA Z/MEBIEXTHRTE L,

9.1.2 EIMERT

[ ) 5 AR 7T UG AR AT “HBRERT, DU A S [ A TR

1. MBiEREpE

RETHE SR A n, AMEMERE (adjacency matrix) HFH—ME n x n K/NHEERFRE, 8—17 F) 1R
F—HTESS, FERUTENRE, H 180 ZoRmiEES 2 MRS E R,

WE 9-5 Ff R, SRHSBEkER M., TEBGERSI% V| ASEEMITE Mi,j] = 1 FoRIEs V]i] 21 V)]
YRIEER, B2 M[i,j] = 0 FonmTEs: > M,

TRRsETI

#l o 1 2 3 &
o e 1 10

‘ ’\\\\ 101 e 1 0 @

SpIEIERE

graph adjacency matrix

9-5 [EIRABEAE AR

HPEFERLEA DU R,

- TEMEIE, THRGNRESL A, CERP R A AOTRIA B,
- BRSEE, E TS T, AR R R S A AR TR
- R EERIR RN 1 A 0 B, RInRoRAHERE.,
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(AR R P R Ry, TR AT DAERERA AR TR DB EGE, (RIS & R O RCeR R, R A
¥k O(1) o AT, ARSI S O(n?) , iEm s HEZ,

2. MpER

AR (adjacency list) ] n (EEEAS ERSIACRIRE, HEALSHIHIRIRORTHRS 5 ¢ (A5G RSB IETHR o
, HAPlAE 7 RZTER BT A AR L TR (Bl THRS AR A TER) o (8] 9-6 Jeom 1 —flEl (o FH A 42 R A 17 ) [ ) s
1l

TRR  ERIRRSRENFTA IR

e &
[ e« 2ele

RBHER
graph adjaceney list
9-6 [ERMIERLTR

AR BRGNS, TSRO E/NA n? , WItEENEEa, A, EMERhREE
I E AT A RS AR A GIE, TRl ELIRF VSR AN AN AR R e

BUERIE 9-6 , MILRAREEUEERPH “SAE” AERAHOL, DRI ERAM el CAER ATSRL 75 15K B AL 3X
B, L E ARSI R, AT DRSS R 2%y AVL BTaRALRAN, MR RRERRE O(n) R s
O(logn) ; IEr] DAEGESS S5 ER MR R, TEm R mERER=E O(1).

9.1.3 ENERER

R 9-1 R, FFEBIEARFA] DT EACERE, AH AR th n] DAL 25 [ R TR

®9-1 BEALTEH RAYE

HE B [ AL
A R KRR TBAELT JCHERS
HhERARES  uhERE UEREREIAEE M B R BR AR RS

ENZER B ERMEEASINER  TREYEEE
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9.2 EIRVEREHEF

THE 2

V] &+ AR

[ Y SRR E AT 0 29 387 ROTRCEANSS “THRE” BUBRME. £ “MPREIERT 1 “MPREER” MMERRTIE T, B
B AR,

9.2.1 EAMHEIERERETR

A —(E TERR R 2y n ORI (E, RIS RERERER BB 7 S\ANE 9-7 Fm.

- WIERINRRE . ERAE AR B SR E ANEENAT, A O(1) R, iR M, R
IRy SE T 177 T 32

©OBTTERG: 7EABRERRA AT — AT 5, WM 0 BIRT, [ O(n) R,

- RRTEEE: FEASEEE R T, MR TSI BRI, BEE (n — 1) R
“Ffe LRSEY, FETEA O(n2) IR,
- WA (A n TETERS, AR S n (UTEBE S vertices , AT O(n) WS WIGIL n x n K
AN EEAERE adjMat , 5 O(n?) KSR,

Step 1

Step 3

TRRGRT
=3l

MEE

N Y

TRRGERT
=3l

ipRE G-

~ W N ke

S kB o kB o ©

S kB & o ©

s & r & »r &

s & r & e =~

B e ke kW
S r Rk o & =

B R e B e N

HpiEIERE ]

Step 2

B B e kW
S kB o ©

BR e kRN

HpEAERE -]

Step 4

s kB B B o ©

®© o r B o o ©

S & r & »r B

® o o »r o & »

PR e Rk RN
B e Rk e kW

ABIEIERE

®© kB e k| kB N
® B o B o B W

ABiErERE

S B B & o &

® o r B o o &

e o | ® o o
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=3l
@—{\/\ MR ©)
(-]

o

] SBiENERE

men @O0 O00
o 1 4
0 1 0
1 o 0
1 1 0
0 1 0
0 o 0

F W N ke

Step 5

[ 9-7 HRFEMAIRTIAIL, BEME, S TERS

DA & J5 7 5 ek 2 s [ ) B B AR T -
// == File: graph_adjacency_matrix.js =

/* BERIMEERERNERELER +/

class GraphAdjMat {
vertices; // TEELERTI, wHEARFK “TEHEE", T5IFK “TBEES!
adjMat; // #PEEIERE, 175IRS|LE “TEEAZRS!”

/*x BEETF */
constructor(vertices, edges) {
this.vertices = [1;
this.adjMat = [];
/] FhiZIEEh
for (const val of vertices) {
this.addVertex(val);
+
/] FhigiE
/] FER, edges JTEMKRIEEZRS|, BIHE vertices TERSI
for (const e of edges) {
this.addEdge(e[0], e[1]);
}
+

/* EEEREE */
size() {
return this.vertices.length;

F

[* FTZTERE +/
addVertex(val) {
const n = this.size();
/] ETEERERSIRHTIEHTERY(E
this.vertices.push(val);
/] TEEMEEPERHIE—1T
const newRow = [];
for (let j = 0; J < n; j++) {
newRow.push(0);
¥
this.adjMat.push(newRow) ;
/] TESMZEPEARHTIE—5
for (const row of this.adjMat) {
row.push(0);
¥
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/* MIBRTERS */
removeVertex(index) {
if (index >= this.size()) {
throw new RangeError('Index Out Of Bounds Exception');
}
/] TEIEERERSIRFEPRZRS| index RYTERL

this.vertices.splice(index, 1);

/] 1EHBIEEREPMIBRERS] index BY1T
this.adjMat.splice(index, 1);
/] TESMZEREFRMIPRZRS] index B
for (const row of this.adjMat) {
row.splice(index, 1);
+
+

/* HgE «/
// B i, j HE vertices jTEZESI
addEdge(i, 3) {
// TR EEERE
if (A <0 |l j <0 || i>= this.size() || j >= this.size() || i = j) {
throw new RangeError('Index Out Of Bounds Exception');

}

/] EERES, ABIEER
this.adjMat[i][j]
this.adjMat[j]1[i]

= =0

AR EHARESE, BRE (1, j) = (G, 1)

1

[EEY

[

F

/* MBRE */
/| B# i, j HFE vertices TTEHEZXRS|
removeEdge (i, j) {
/] FR5|HMRENEERIE
if (A1 <0 ] j <0 || i>= this.size() || j >= this.size() || i = 3j) {
throw new RangeError('Index Out Of Bounds Exception');

+
this.adjMat[i][j] = O;
this.adjMat[j]1[i] = O;
+
/* HIENHARIZERE «/
print() {
console.log(' TEELERS) = ', this.vertices);
console.log("' #PIEIERE =', this.adjMat);
+

9.2.2 ENBIERNEIR

ST [ THRGRR B ., IBARES m, RAIIRTHURIE 9-8 FrnrI /7 iR EBLAREIRIE,

WS (ETHRREEGEAS RS BR ERTDE RIR], [ O(1) Refdl, H 22 e E, fr AR R
PIE 73 TET i

- THBRIE: TETERGE ERESS Ry rh ARG €18, A O(m) W, TEMEmE D, 352w R ER
flE 75 RIS
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©OBTTERG: FEARER T — RS RS, MR TR R SRS ERYIBEHERR, (A O(1) M,
- THBRTERS: FRERRERER, MBREESEEERNEE, A O(n +m) R,
- WL AR ST n (HTEESF] 2m K8, A O(n + m) R,

R SRR TN Y SEMRENATE R
) } W ) ‘ W W. W \
o—o ) o 0.0 o—o e
@ \ NEE 0-0-0 \ ° ,\ e @-0 00
>N ) } - -
| e 0-0-0-0 \\ P 0-0-0-0-0
@ \/ € 0-0-0 . N 5 0-0-0
oo 0-0-0-0 °o—o ©-0-9-0
0-0 0-0
E ahER -] mpER
Step 1 Step 2
R SRR TR A SEEMENRTE R
@—@\ wiTs: @)
_ L
0—©0
] ahER ]
| Step 3 Step &

TEE  RETRRBERFETRE

0-0
0—-0-0-0
D-0-C

\ msES €
"o

‘Cii “Ei
\V\

] ahER

Step 5

@ 9-8 #IERHIRIGAIL, HMIE, HEMHTER,

AN RS, BtuE 9-8 , BIERMNXIEH LA,

2 T T BAMPRTERS, DANERE S, BMEA AL (SRR AR H 5,
- ERMER BRI, key HIAMBIE, value Rz HMINTARRETER RS (A1),

Fh, FAHERIER P Vertex FRIRFRIER, SHMEVERZE: WIREEIER L, HHBSIRG K
A FITERE, AR EMMERER S 2% « BITERG, HITHERRRMEMRER, MTA R« RS2 1, X
IR, TANREHETER A2 ME— ) Vertex BIIH, MIPREE —TER 2 2R B HLM TR 1

// == File: graph_adjacency_list.js =
[* BRANEREBRNERELER +/

class GraphAdjList {
/] #BIER, key: TEEL, value: ZIBELRIFRE#NIZIEE,
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adjlList;

/* BT %/
constructor(edges) {
this.adjList = new Map();
/] FGFTETEEEFE
for (const edge of edges) {
this.addVertex(edge[0]);
this.addVertex(edge[1]);
this.addEdge(edge[0], edgel[1]);

}
[* EENEREE «/

size() {
return this.adjlList.size;

F

[* FEE «/
addEdge(vetl, vet2) {
if (
Ithis.adjList.has(vet1) ||
Ithis.adjList.has(vet2) ||
vetl = vet2

) 4

¥

// FigE vetl - vet2
this.adjList.get(vetl).push(vet2);
this.adjList.get(vet2).push(vetl);

throw new Error('Illegal Argument Exception');

F

/* MBRE */
removeEdge(vetl, vet2) {
if (
Ithis.adjList.has(vetl) ||
Ithis.adjList.has(vet2) ||
vetl = vet2 ||
this.adjList.get(vetl).index0f(vet2) = -1
) {

}

// MBRE vetl - vet2
this.adjList.get(vetl).splice(this.adjList.get(vetl).index0f(vet2), 1);
this.adjList.get(vet2).splice(this.adjList.get(vet2).index0f(vetl), 1);

throw new Error('Illegal Argument Exception');

F

[* FTIBTERL x/

addVertex(vet) {
if (this.adjList.has(vet)) return;
/] TEMIERPHIE—(EHEAERT
this.adjList.set(vet, [1);

+

/* RIBRTERL */
removeVertex(vet) {
if (!this.adjList.has(vet)) {
throw new Error('Illegal Argument Exception');

¥
/] TERBEERRAMIBRIERS vet HFERVHEASSRT



HOE www.hello-algo.com 185

this.adjList.delete(vet);
/] EFHEMIEEERNEESRT, MPRFIEES vet BIE
for (const set of this.adjList.values()) {
const index = set.index0f(vet);
if (index > -1) {
set.splice(index, 1);

¥
¥
}
/* FUED#BIER */
print() {
console.log(' #piER =');
for (const [key, valuel of this.adjList) {
const tmp = [];
for (const vertex of value) {
tmp.push(vertex.val);
console.log(key.val + ': ' + tmp.join());
}
}

9.2.3 MEHK

A [E A n ETERN m B8, 3R 9-2 BTHE T AR RIS BRI R BCR M SRR, SRR, MR
(BEGSERA) BHEASCE, MR (H%ER) %Taﬂiﬁﬁﬁ&ﬁ%ﬂ**i‘!&?%?ﬁ(%?%ﬁﬁ’]gfﬁo

R 9-2 b RA e BAR AR L

HPCRERE  AER (EREES) AR (RS

swRsHE  01) O on)
wike o1y o) on)
b o) o) on)
it T Om) o) o(1)
A T Om?)  O(n+m) On)
AEEEEGER O(n?) O(n+m) O(n+m)

Bl 9-2, OUIPAER (RS MRRRERES MR RE, (AE L, EAREEE RS RReRE
=, /\%*(}\@W%FEJYEWET%VFEHTO FREARE, MEEMERGE T DR AR, AR R
By “DARef#e i R,

9.3 [EBVE:S

BHRERRR “—¥2” MEER, mEREGESNEBRE, ATDUFRNMERER “2E2T R, Fit, PR
ERE VR — R, BEAR, RAE o PR i I ) A i i A — R B
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] S e P P R T LR AR EBUE F5 R F . [BIAEFT77 SN m] 7> 2 i . BB EANIREB L ER.

9.3.1 EEE%E:

BB Wi — R HNE RORRE S T, TESLIAEE 3%, R BT B AR G R TS, 3 — R RE s
gk, QN 9-9 FvR, MEAE BATERGHEE, EIUENRXERIATE A EIRE, RRER N —ETERA A A R
PRTERG, DUCSEE, BEEATETHRG M e,

| B EESLER
| (BFS)

LATRRS ik,
HIERGE. BB ERRZARIRR,

| EFETA
0,1, 3,2, 4, 6,5, 7,8

9-9 [ JEE MBS AE

1. BEZER

BFS @I THIRED, BAMW TR, (THIEA e Aet” F9ME, S8 BFS iy "ML fo=” fIE
Bl AT,

1. FEFLAETES, startVet MA(TA, A BHROEE,
2. {EIERE R EmIA R, S TH S TR RC BRI, AR A TERS I A A B THRE I A ZI T 51 2 R
3. DS 2., ERIFTETERBG 2SR,

7 TR B FITERS, PRI IR — AR RS visited ARECERIBLEENRL T I,

Tip
HERE AT ABE— AR GTF key MIAGETE value MFRER, ©rIDME O(1) REREHEME TET key
IS L PR E, MRIE key RUME—1E, FRRESEEHREREZESES R,

// == File: graph_bfs.js =

[*x BEEBRES */
/] EREERIRRRE, UEEBYETEIBREIFRE #MIRIEaR,
function graphBFS(graph, startVet) {
/] TBEREFEREY
const res = [];
[l BEES, BREREHEMBHIIER,
const visited = new Set();
visited.add(startVet);
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// {T5IBRER BFS
const que = [startVet];
/] LIBR: vet Aick, EBBEZE:HMEFEIEH
while (que.length) {
const vet = que.shift(); // {T5ETEELEH X
res.push(vet); // scikehfEIIERS
/] EFhZIBREHIFTE AR,
for (const adjVet of graph.adjList.get(vet) 2?2 [1) {
if (visited.has(adjVet)) {
continue; // BLBEWARIBIES
¥
gue.push(adjVet); // RAFIRFHREAIIERS
visited.add(adjVet); // IRcIERAEWHRE
¥
+
/] REIEREHFS

return res;

REASHESR, EReHIIE 9-10 ASHIRERR,

FEFT res EVFF res
1551 que 1551 que
HF A5 3 A5

HRIRE visited BEERDY visited

s () 3, BEETATHRE

[@ } 1. WEREMNERES) res {@@@ ]

2. REIRRSROPRE M TRRE BT

@ AF que IEHIN visited lstT

EDFT res EWFF res
(00 J (000 J
000 e00

HRES visited HRES visited

mns (E) w5, WA s () w3, BT

1. EBIEMMAERFS res [@@@@@ } 1. FBEMMAERES res {@@@@@@ ]

2. HETREMATE NIRRT 2. HIREHFTEAMRIREIT

A3 que AN visited Step 3 A5 que AN visited Step 4

(0000 ) (00000 ]
751 que {751 que
000 000

BEES visited HREE visited

e () w3, ARG e () w3, BT

L. REERAEIES res [@@@@@@@ } 1. RTINS res {@@@@@@@@ ]

2. WA EAREIERS ST
A3 que AN visited

2. HETRRKIFEMBETRET

[m A3l que M visited [W
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EBFT res EBFT res
‘_—'_—l\ (000000 ) \_—i__ (0000000
" (5) 31 que " 551 que
%%_giﬂj o0 ] o0
00 n e —0——0 o o

T () w3, R

1. KEIRRIMNEDRFS res
2. HEIREHFTE NIRRT
A%l que M visited

TR () w3, WETATHRE

1. KEBRMNERFS res
2. HEIRESHFTE NIRRT
A%l que AN visited

HRES visited

(00000000 |

=0
FEHFY res
(00000000 |
1751 que

o
= o

HRES visited
(000000000

‘ Step 9 ‘

= {75 que A%,
« HEEE], SERRES

BRED visited
(000000000

T () w3, ST

1. HEBEMANERFF] res
2. AR ETREERIT
A7l que I visited

e
Vi VA EHFT res
‘ I (000000000
1551 que

’ | 5 -
—— 3! A3

HRED visited
(000000000

‘ Step 10

mss () w1, LT

1. WEIBRIAEDFY res
2. HEIRRSHPTEMEREIIT
A5 que AN visited

FEHHFT res
(000000000
1751 que

o e

MEES visited
(000000000 |

\ Step 11 ‘

9-10 BRI EIE TP BR

I B R H R I —?
M, BEREERSCAE A N ERE “HIL R RINEREAERT, 2 AR ] B i TR A A e Fe o
FEZATAL. DA 9-10 2, TERS 1. 3 AUFMHINER AT LAZ e, TERG 2, 4. 6 AU#GRHIIER th ] DAMER S,

2. ERRESR

BERIBIARRE : A TEAR O ABINE X 1k, M O(|V|) ISR oA AR TELR AR, phy R R derv
RIS @i 2 v, M O(2|E|) W5h; 488t O(|V | + | E|) ke,

SSRIBRIE: H51 res , MEEHEA visited, {751 que sRITEBSBORIES S |V, 5/ O(|V]) 23,
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9.3.2 REBKEN

W B e R — MR, MR aE B E R 7 e i 9-11 o, 187 B TERGH RS, FifE
RO TEGRG RS M8 AR TERY, EEDERIFREERIR M, HESUER|RIIRE, DUEHE, BEAATERGE <

ﬁ‘io

1

o) 1: @ 1; (2) R B
2

13 1

9-11 [EIMITRRE (B ER

1. BHEZER

(DFS)

wife e (@) s,

EZEEAEE], BEIEARE,

5
0 @)T(@ USRS - BERRES
! EBFFIS

8
@ e, 1, 2,5, 4, 6, 3

el EFISRUEER AT AEEARRIEE ENRE AR EE, BEEECETEM, ERERET, K

MR EREB — AR S visited AGLERTHFIFMAYTERS, DUBH B A I THRS,

// == File: graph_dfs.js =

[* REBIES */
/] ERMEBERERTE, WEEBIEEIEENIPIEANIEIER,
function dfs(graph, visited, res, vet) {
res.push(vet); // sCiks/METERS
visited.add(vet); // 1S ERLEWEAR
/] EFHZIBREBIFRE #PIEZIER,
for (const adjVet of graph.adjList.get(vet)) {
if (visited.has(adjvet)) {
continue; // BKBEWARIAIIERS
}
/] EEEEAMETER,
dfs(graph, visited, res, adjVet);

F

/* REBIES */
/] ERMEBERERTE, WEEBIEEIEIIPIEAIEIAR,
function graphDFS(graph, startVet) {
/] TEREREFRFES
const res = [];
/] BEES, BREREWAMIBIIER,
const visited = new Set();
dfs(graph, visited, res, startVet);
return res;
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RS ER R EIA RN E 9-12 FR,

- ERBMURIRHE, OB T — TR I 75 T A R TE R
- RSN _ B, FORMRE TR AORE, [FIHE] T R T ERI AL E,

T INEREERE, ERRE 9-12 BARINIEAS Skl fERdPRR (B S T B(E DFS @, tfiE

fIEEE 75 TR IR BRR, fATRF IR [,

-
©
<

| Step 1

FEHHFF res

000

RIS visited

(000 }

IRHEPEES -
rewsns (6 sompsTans
wavmEs ©)

FEHFFF) res

(00000 |

MEEE visited

(00000 |

TBHEREER :

rewses (O sompzTams
EEHMIERS

FEHHFF res

000000

RIS visited

(000000 |

IBHEREES :
rewEns () ompsTans
wavmmEs O

[ Step 7 ]

EHFS) res

1) J

HREE visited

Ll )

BER:
rewmss () sommTms
e )

Step 2

EHFT res

0000

BEED visited

(0000 |

it
rewsRs () TR
mavmmEs ©)

Step 4 ]

EHFS] res

(00000 |

HREE visited

(00000 |

PR
s () wFrEmEEREE Y
Rt mnzms ©)

Step 6

EBHFT res

000000

BBED visited

(000000 |

PR
mx () wrsmEEREE
Rz, mnsEmms ©)

Step 8 ]
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2,

FEHFT res EHFT res
@&
@
HRES visited HEES visited
2 3 Y 2 3 a N
. ‘ . { J 12 ‘ ‘ 5 \ (5)
( ) a s
@ oS
’ ‘ ¢ ELAAPER 7 "* BHEREEL:
m () wramEERSem s () somizman
Btk 4R, EHAETER wewrms ©)
LU - REEHETRL
Step 9 Step 10
EDFT res

1 10
MRIRE visited
2 3 .
) ‘ ! {

‘ ¢ EIHAPEER :
Tak BIFE A TRE AR E
BitE75HEE], EETRR
Tk () 757%tiRE], BISERED

Step 11

9-12 [ERIREBIER B

TREEB AL R 51 2 75 M —?

Bl S E ML, IR PRI AR ME— Y, AR BETERS, SerEmbE s R R A AT
DA, BB EETERSHINEFS ] DUERATEL, #RRIRE BT,

DISHEF 2B, “|R— 7 = H" “E R0 £ —=H - R 2hIEEHRF. FF BFE
#, EfMRER T e B, AmiE=&ENREEE,

EHE S

BERIBIARRE: TS TR @I 1 ok, 0 O(|V]) Be; e ersing 2, 58 O(2|E)]) m;
wp s O(|V| + | E)) Wk,

SRS 51 res , MBESA visited HEMURRS 2 V], EEFEREAS V], FiEm O(|V])

=,

9.4 /Mg

1. ERSEIEE

- ERTERSFNB AN, A DAFOR 2 — M ITER A — B R RS,
- MHEBGRARIERIR GEEGERS) FIoERER (B, MEEER (8 RAE&KEEE, KiE e,
- BREFEEATT RN, EEE R R TERE A, A REE RS A SRR R
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- IR R ORI, BT ) R ETER, EEOTRAERE, W 180 FormiETEE
MAIBeES, ARSI SR IE LR R, B HERZ,

AR 2 RS R AR FORE, 5 MRS AS A ST ETERS ¢, HrPfEE 1Rk TER R AT E AR TE R
FTER A AR R M SE AN B 2, (E TR EOE A A ER S AR RIS, (RIS SR B

- ERGERTPAVRAS ERYIE RN, AT DU ISR AR SRR, MR AR,

- PEEETR AR A AT, ARERERERET T DA RN, AREEREEE T DARFRE s R

- RS B AR, LSRR, MBS

- BRI A — AR, e R R R A E T Y — R B

- R EEECEN R LR, EERRI SR, EEE T,

- ERREESET R EESERR, MR AER RIS K, ERERREARED,

2. Q&A

Q: BEHIERETHRFYERIBF5?

HERER EARESRANE RS~ g “BER—EEFy”, msaivg “BRISE —EIER
HI”o PATNBHESCRRIE S : In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.

TEASLH, BB 2 —EB ], mAZE—ETER Y, 1SR K 2 i fE TR W AT REfA 1R 2 i s, it
fRp FR {12 AR S0 JE — R

Q: AFELEE H RS & A HEIRE 2R ?

FEAREIEE A, ERETERS A, B0E (ATHREIREE, R TR 7 R 2 R,  DUERT 2 E
AT A EIE 7 &

Q: MR, TERSAHIE AR A TR RUTHRSIE 2 A5 A 2R

A URERER, (BEEREM , AIReREgiiiae SRR, HAMEIRTER RSy, BB %IRTE
BEERNIINERFSE, EHRA B PIEERH WA ERE ATER,
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F10E g

Abstract
M2 —IGARAMEbE, BMelir 2GR S e AvE, XEEFRT PAPIEEH E B,
EESG=mRZIRY, SRR A RS2 — AR G RHENE R,




BI0E Ha www.hello-algo.com 194

10.1 =—HiEs

—5#% (binary search) BN IGRIGH SRE SRR, EMAERIE R, S h—FEs
filE, EEKFHETTRSE SR AT 1k,

Question

fE—ERE R n KIS nums , TTRIZNEIRIIIERFHP HAER, #E#HIHREITTR target
PSR RIRG ], HRPIAE SR, ARE -1, /~E4NE 10-1 Fis,

35
31

26
23

15
12

fERERERTES]
nums

BAEFES] nuns , EHEETE target = 6

10-1 =orisonplEr

AnE 10-2 Fior, MRS i = ORI j = n— 1, S BHEABMSIE TEMRITE, (REEaER
0,0 — 1], LR, PERFRMAGRE, HOSEREAY,
R, TR,

L GtRARERE I m = [(i 4 ) /2], Ho | | FoRMA FIOERLE

2. H|Er nums[m] 1 target B R/NEMR, 7224 LL N =F1E M,

1. & nums[m] < target I, &BA target 7EIEM [m + 1, 7] 1, EHBHITi=m+ 1,
2. Hnums[m] > target W, A target &M [i,m — 1], FHHITj=m—1,
= target I, ZRPHERE| target, HRIMIRFEIRS] m .

3. & nums[m]

LIRS HETR, MaERREEH M 2, KRR -1,
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35 r 35|
| 31 i | 31 i
)3 26 53 26
i 15 | 15
: 12 ! 12
B“BHH sanill
#;El oo 12 3 4 5 6 7 8 9 #®l o 1 2 3 4 5 6 7 8 9
A A N A A
i j i n b
EE=3ES:
Weate i, j HREAETIETR. BTR 1. StEFE m = 1+ j) /2

MEXRTHEYD [1, j]

Step 1 Step 2

| == 1 2nll
b

6 s |
1 3 g . 3
fom D - |
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 4 5 6 7 8 9
A AoA A
i jom i om
EE=EE: EE=3EE:
1. BERE N = (4+3) /2 1. tEPR m = (i + j) / 2
2. ~ nums[m] > target
Step 3 ~BAT § = m - 1 GNEBER Step 4
=:.mi =:oml
#l o 1 2 3 4 5 6 7 8 9 #l o0 1 2 3 4 5 6 7 8 9
AA A Ao
m i j im j
EE=SEE: EE=SHE8:
1. StEFE n = (i +3) /2 1. MEhE W = (i +3j) /2
2. = nums[m] < target
Step 5 S BT A = mo+ 1 GNEBER Step 6
- “
= anf
#l o 1 2 3 4 5 6 7 8 9
A
m
EE=5E8:
1. BB m = (1 +3) /2
2. ~ nums[m] = target
~ BEFRS| m

Step 7

10-2 —n#smns
ERERRZE, BN f j AR int 2451, Wbk + j nIREEEE int BUBIRHUERIIE, % 7k RBHESR,
BIVEHRALR m = [0+ (j —1)/2] KatEAE,
RN R R:

// == File: binary_search.js =

[* Zonw (BRER) */
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function binarySearch(nums, target) {
/] Ve EEER [0, n-1]1 , BP i, j @iEEESIETR. BExx
let i = 0,
j = nums.length - 1;
// EBE, SESERATENRE (B i > j BAT)
while (i <= 3) {
// SHEHREERS| m , A parseInt() M TEE
const m = parseInt(i + (5 - i) / 2);
if (nums[m] < target)
/] LIERREA target EER [m+1, j1 &
i=m+1;
else if (nums[m] > target)
// WIERREA target EEM [1, m-1] &
j=m-1;
else return m; // #XEFIBEETE, REIHZES|

¥
/] RHEIBZFER, &E -1

return -1;

BERIBEAEIE 2 O(log n) = fE—SNEEr, RSN, FILEERES log,n .
SSRIBRIES O(1) 4508 1 j R BR/NasE,

10.1.1 ERKRTAEZ*

BT _EREPAERSN, W RMEMZRER LA EBHE, £%5[0,n), BEAEREERS, HBR
FEEES, EZFR T, B [i,)) i = j AT,

FAM ] AR sz 2~ B B B A AE R D REAY — 8 = s Rk
// == File: binary_search.js =

/* ZHEsE (EHGHER) */
function binarySearchLCRO(nums, target) {
/] B ERERER [0, n) , Bl i, j SREEESIETE. BE +1
let i = 0,
j = nums.length;
/] BE, EESERATERE (B 1 = j BAT
while (i < §) {
/] ETEFREZES| m , A parselnt() MTFEE
const m = parseInt(i + (j - i) / 2);
if (nums[m] < target)
// WIEREREA target EER [m+1, j) &
i=m+1;
else if (nums[m] > target)
// WIEREREA target EERI [i, m) &
j =m;
/] HXEEERER, REHZERS|
else return m;

b
[/ KIKEFBETE, RE -1
return -1;

qniE 10-3 FioR, EMMEERFOR T, o ESERIRARGIL, RGN R B A T E,
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B RN FoRr A AR 2 IR, BB | RIHGEE J MR th R R
[, SRR S, IR SRR MRSk,

TE |

i%l‘"@ 1 2 3 4 5 6 7 8 9"‘ ...@ 1 2 3 4 5 6 7 8 9"'10
i ERARNEsEs j i kEERGsESs FERFEIAE
EBERMN: $AEM [i, j] E8ERM: £AAHEEM [1, j)
MEHIEE: i =0, j =n - 1 MeatkiEIE: i =0, j = n
EEEIEEE: i > EEARIEES: i 2 )
MNERMEE: i =m+ 1, j =m- 1 MOERRE: i =m+ 1, j=m

[l 10-3 Py [ i 7 7

10.1.2 {BREEA(RMRME

o P e IR R 2 77 AT A A I RKRE

MRS R IR R AERYRLR R, S R TR R B R I, E R n = 270
IR, ARPEERITRE 220 = 1048576 #EME, i /MR log, 20 = 20 HWIEE,
- SRR, AR TR ZOE BN N S IR (BIANMER ), oS e A

'/_‘I_" FEﬁ o
SR, —oriEEaAREARITA TN, TEEITNERE,

- CosSEERNERER. FMARRER, B TEH o EaSmEMETHTY, /SAMER Bk
P EIANIR RBAREER 2 O(nlogn) , HARMEEMM M ESHE S, BVAEHA RIS R,
RURFE S E P, FERTRBATRENE, KFHEEEZ O(n), W2IFEHER,

- oS EERNEY, e REER GRS SRR, eSS H ST TEE R
AORICRIAI, PRI ANIE 75 M P AE S5 R 271 OB R S 5 R 71 B B S R

- NERET, StEERSEEELE, EAREE#RT, AW 1 CHETERE, mE_ s, TE 1R
g VIRBRIA, 1~ 3 UCHIBHRIE. 1A (BTR), 34 ~ 6 MEITHRME; B, EERE n B,
VAR SR,

10.2 —HESHENES

ZorisAERT RS TR, BRI 2R, s BSUTRE AL E,
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10.2.1 EHETEMNER

Question

i —EREZ n WA FHS nuns fMl—ECE target , MFIRNFEEEICE, B target
ABEF nums /) WRFFHA P, HESITCEFETTE target, HFEAZIHAETT, FIREHFAR
target 7EMFIHFHIRG ], REIAE 10-4 AR,

nums

BAR A target

nums

BAEFES] nums , BiZTER target = 6
Bl target RUIEAEIES|% 2

B 10-4 —SHESHHABRHIRDR

QUARAEHE ] b — B oA s, AIFRE I DA R A .
P8 —: EEYITHEE target K, HAMKNRIIZELZZTRNRG?

A EHE K target FHAZMHEF TR AR, BEKENEAN target B TJEXK target N E, 5L
i, ERYIEE target I, HMABNRSIEREZ target &S],

FIRE—: EEYITALETE target I, HABZWHMETTRIRT?

P EE M SiER: & nuns[n] < target I ¢ B8, EREMERRER  ERKRER target AITER
S, [FIEE, IR J SA%AEAVIVRSEIR target HITTREEID,

Rt — SRR —E @ fBAEERR target RI7TER, j fRAIEME/NR target KITTR. HIFEHSIAA
# target B, WARTIZ i BXBWFITR:

// == File: binary_search_insertion.js =

[* ZHESENY (BEETR) */
function binarySearchInsertionSimple(nums, target) {
let i = 0,
j = nums.length - 1; // #aEEER [0, n-1]
while (i <= j) {
const m = Math.floor(i + (3 - 1) / 2); // stEELZRS| m, {EH Math.floor() M FEEE
if (nums[m] < target) {
i=m+1; // target EERM [m+1, j] =
} else if (nums[m] > target) {
j=m-1; // target &EERM [i, m-1]
} else {
return m; // %% target , REHEAEL m
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Ir
}
// K#ZF target , IREHENE i
return i;
I3

10.2.2 FHEEETENER

Question

1E L —TERALRE b, BUEMIATREE S EIULER, HRTE,
[BRIEY A AE LM target , BUFHE ~SMERIAEIRE 1 target 93], MMEEHEZLRNAE
BAEIRA 2/ target,

HZRGR TR AR AE, B AR & E A PSR target RG], K155 8% i
10-5 FsHIP BREHL,

L ST, SEERE—E target MRS, iR ko
2. PER51 k Bth, MAEITRMGEY, EIREIR/AEN target KFR[EL,

target

e

X ,.*\ PP

1. £-HIETIER—E 6
2. BigEEHERAEN 6

10-5 ARUEANEEITRAVEAR

U7 IEEEATTH, (ARG EHREER, NUREERES O(n) . EMHIRFEERZEEMN target K, %
TR,
BEEnE MR, WE 10-6 R, BERERR A, SRTsHETERS m, FHE target
1 nums [m] MIR/NBAIR, 23 A DL R &EED
- B onums[m] < target B nums[m] > target I, FREAIEIZEHE] target , HIHERAEE /=
AN R E, PEmEEFEE ¢ f1 j M) target S8R,
- Enums[m] = target Ff, FFA/NA target MTEEERM [i,m — 1] 1, HIERH j=m — 12k
fE/hERE, femfEREE 7 ZNR target yCR I,

eI, @ fRfR/CEN target , jIRAE /R target ALK, HILRG] 7 SU2HAR
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: 12
i 10
i 6 6 6 6 6
L
=1
#®l o 1 2 3 4 5 6 7 8
A
i

et 1, j DRHEAREIIETR. B

MERTAEY [1, j]

Step 1
12
10
6 6i{6 6 6
mE 1l 1
™ im
#l o 1 2 3 4 5 6 7 8
A Aooa
i m
EE=ER:
1. B8R N = (4 +3) /2
2. v nums[m] = target
l Step 3 < BT § o= m - 1 RMNEBER]
12
10
6 6 6 6 6
3 | i
wiE 1 M
#®l o 1 2 3 4 5 6 7 8
AoA A
m i j
EE=ER:
1. B8R N = (1 +3) /2
2. ~ nums[m] < target
Step 5 < BT Qo= m o+ 1 RMNESER]
12
10
6 6 6 6
3
b D
# o 1 23 45 6 7 8
A oA
j im
EE-SHEE:
1. BERE N = (4+3) /2
2. ~ nums[m] = target
l Step 7 < BT § o= om - 1 MMNESER

15}

Step 2

Step 4

Step 6

Step 8

o @e :

i
=3l
E |1
L.
#3l o
A
i
& 1
m
#3l o
TR ‘1‘
#3l o

12 3 4 5 6 7
A
m
EE=EE:
1. SEbE m = (i +35) /2

3
12 3 4 5 6 7
A N
n j
BEZ5ES:
1. tEPRE m = (i + j) / 2
10

] w

123 4 5 6 7
Aoa
im j
EE=3HEE:
1. BEPE m = (i +5) /2
10

1

v NRBEEEE i< j
- BHHZSHIEE, EEHRS| i

10-6 il BT R AT AR BR

12

12

12

12

BIZX DU RAERE, #7502 nums[m] > target Ml nums[m] = target AYIEIEARNE], [RIHRiE AT DLEBE,
BB, FR(MMIIRRT DRI BR R OR 4 B, R 2 @R s hnys iy, nIsl e sa 4f,

// == File: binary_search_insertion.js =

[* ZHESEAY (FEERTR) «/

function binarySearchInsertion(nums, target) {
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let i 0,
j = nums.length - 1; // #¥ECERER [0, n-1]
while (i <= j) {
const m = Math.floor(i + (j - 1) / 2); // StEFEZERS| m, A Math.floor() M TFEEE
if (nums[m] < target) {
i=m+1; // target EER [m+l, j] &
} else if (nums[m] > target) {
j=m-1; // target EEM [i, m-1] &
} else {
j=m-1; // B@NS target WTEEERM [i, m-1]

}
b
/] REFENES 1

return 1i;

Tip

AR E “BHERN” 85k, FREBNEETDBAITER “LEaEH" 8k
HRRE, SRR AT M1 R e B, BErREE —MEAMNITE (B target ),
trl e e — e EH#E (Fla/NR target FITE),

FEAETRTERE — o, $61% 4 M1 j MBENEL FCROE N B IR, B, EfER ikEIE R, sz
gk,

10.3 —HiESER
10.3.1 EHEER

Question
HE —ERER n WA TS nuns , HARTRER S EEITR, sHRMEIRY| P RAE—{H7TR target
MR5l, AT EZTE, ARE -1,

O 1 S 4H AN B 7%, S 5eiE ¢ Bk /A —M target , RIEEGEABAE ERIiEEHRA—
il target BIZSI,

ZREEERHARNKAERERALBR, FiEE, WY F g ~EE target, BB ATREESDLIT
LS R

- ARG G,
- JeE nums[i] B target FHE,

EIBFIDA LIRS, EHHRE —1 B, RS RATR:
// == File: binary_search_edge.js =
/* ZHEERE—E target x/

function binarySearchlLeftEdge(nums, target) {
/] FHENE target BUHEANEL
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const i = binarySearchInsertion(nums, target);
// &#%EF target , &[E -1

if (i == nums.length || nums[i] != target) {
return -1;

}

// % target , REZE3| i

return i;

10.3.2 E#HHEF

AREA 2 A — 1 target NE? BXEHEMY/TURBKAEANE, BIRTE nuns[n] = target & FHYHR
IR e, AR EL NS, G BN ] A E AT E L

T FRA A1 408 R B ALE 5 9 77 25

1. ERAEHEER
HBE L, BMTUAHERR A TENRARERREGTE, B85 %: BE#REAG M target B{L%
e M target + 1,

GiE 10-7 fiR, EHZERUR, f6E ¢ femR A —ME target + 1 (WRAFETE), 1 j #EMRA—1E target,
KgE3g Il 5 BIRl,

target = 6
- (000000
j i j i
EHRE—E
target +1
M|
EARE—E EmG—E
target target

10-7 f&EsAIR S E DA /B 5

R, IREREARE ¢, RIEFREAERE 1, REmES
// == File: binary_search_edge.js =

/* ZniES5E—@ target x/
function binarySearchRightEdge(nums, target) {
/] BAEHRE—E target + 1

const i = binarySearchInsertion(nums, target + 1);
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// j EAREAE—E target , i IEABEMEAR target BTE
const j =i - 1;
// ki#%F target , R[E -1

if (3 = -1 || nums[j] != target) {
return -1;

}

// #%ZF| target , EEIZE3| j

return j;

2. BUREATE
TFANE, EFESIAEE target I, &AL j GoRHEREERR,. /MR target FIITER,
(It 4nfE 10-8 Fw, FRfF AT DS —(E RS A A ERTTR, HRE#AAGIES.

- AR A —{E target : DAL A target - 0.5, ARIEFERE T,
- ARG —E target : A AEML AR target + 0.5, WIREFER 5

target = 6
nums
j i j i
i) i
target - 0.5 target +0.5
FH FH
EHRLE—E EHmEa—E
target target

10-8 & S L &It R

RSN, DU mEES R,

- AE RS AL E/ NG, IS TREIREE T ZE R O an AR BEAH S AT
- RBRZITESINT /NG, B AR EAS R 8 target 2 ERECA (Python HEZHKE))

10.4 HRmIEWRE

TR, BRI AR LA S 2 B R R R PR TR A R IR BE . TR B — (R SR
AEHMIRER S
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Question
457 —E RS nums F1—E HIZCE target , sE(EMAIHIER “f1” & target WMEDCE, if
REEMRESN RG], IR EEE—EfEETR],

10.4.1 #BiEE#: RRIRTRE

FRERGEVFTA ATRERVAR & WNE 10-9 AR, FRFBHRC— (MR, £ &R B BRI NE 5 25
target, #HE, ABREIEMIRS],

target = 13

ws - OO0

'E' 9 13 17
18 22
@ =

ESFIEHEES, SEIMA
target (AR SERE(D

10-9 #RPEEHSRMEMRECZ N

S MR
// = File: two_sum.js =

/* FiE—: BAVE */
function twoSumBruteForce(nums, target) {
const n = nums.length;
// WEEE, KEEEES 0(n'2)
for (let 1 = 0; 1 < n; i++) {
for (let j =1 +1; j <n; j++) {
if (nums[i] + nums[j] = target) {
return [i, j];
¥

F
F

return [];

MR 2 O(n?) , SRR S O(1) , fERYRHE FARHFER:,
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10.4.2 FEEHM: UTRIRER

FREFE MR, A DB R MEYTRNITRRS], BEEGRES, SHmEITE 10-10 Frsrbsk.
1. HIEET target - nums[i] BEAMERT, A2, MERREIEMETRIRS,

2. RSES nums [1] AR5 1 HrifiEREZR,

target = 13 target = 13

nums = || | |

nums = ‘ |

key FE key
= -0 " e 08
value &3 value
EHES) nums , EHES nums ,
13 - 2 = 11 R7E map 13 - 7 = 6 A map
~ TR 2 i map . HTTE 7 e map
Step 1 Step 2

target = 13

nums = || ‘

TR

88 |z

EHES) nums

v 13 - 11 = 2 7£ map
~ BETREEES| [0, 2]
Step 3

10-10  HHENAEZR IR AR B A

BHEAESA TR, (S5 EEER AT
// == File: two_sum.js =

/*x FEZ: EHBNMAER «/

function twoSumHashTable(nums, target) {
/] EEBhMEER, TEEMES 0(n)
let m = {};
// BEEE, FEEMES 0(n)

for (let 1 = 0; i < nums.length; i++) {

if (m[target - nums[i]] != undefined) {
return [m[target - nums[il], il;
} else {
mlnums[i]] = i;
¥
}
return [];

W77 B MR A AL R AT O(n?) B O(n) , KIBFRFHAITACE,

HIA T B — RS AR R, BRI EREE S O(n) o REWIL, 3507 AP RIR 23 3505 0 A 11,

PRlE e R AR B BT
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10.5 EHIESERE

EREZE (searching algorithm) FRTEERIAINE (BIANfHA, SEAGERSY, fHeliE) R — s —Hii e
REERIFRITTR,

AR ARRE TSR 70 % DU R,

- EBERTRRIASRACE N H TR, BIanfEs], SEakeRs, R A E A,
- PRI A R BRI S e, BBIRMBOTREN, flu =i, MR A ool
AHF,

THEEEH, JELEREE ORI R RS, FE SRR M AR A, fEAHF, X
FIRTEE MRS ATIN, HEHEFHEESERR

10.5.1 #hHiEs

2SR E TR R ETT R ACE M BT R,

© RRMEEET B RRESIISEAS RSE AR BRI, IR AT R — bR, ZEFIEITR, HE
3 BT REENE S —unl i A IE HAT R M1k,

C CEEESTEST M REESE R R EFIS I IEE ARG, B ST S IR ETR A6 2
=, HOEMIRMET TR, IR B SERIGERERG, W — R IOESIEE, F g el
A, EEEH e R BRI

2 ER R AL, SERBRRRHSrE PR BIMG RO R

SRIT, MREEIARIRBEAREZ O(n) , Hbn 2uREE, FIHEEREBRARIED NUEEERZE,

10.5.2 BHiEfEES

HEEE SN HERREEE (GInEaFh) Rt isa, 1EmEmsutE s HETR,

- s MAERINA PR EB SR, (SR,
- MEEERT MAMBERHE SR B RRE N B R, 1ET B AR,
AR ERUERTEIEE (B ool Hh, B CRERG E A IR HERR B, e A TR,
SRR ERERCR S, MBS ES] O(logn) £ O(1) .

SR, MEAE R RIAE R E R R THOERL, B, — s RETAEEETHY, Mk
R RN R EAE BN R SN A, MR8 L BRI th 7R SRR SN IRe R R 2 e el B

Tip
A s RTA T N A AR, RRRERE B R R DR HEDT R
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10.5.3 EZ7A57EEN

MER R n BRI DMERR S, e, B, EERS AT R EE
TLR AT TAR TAE R ERUN[E 10-11 Fim,

SEEE o(n) HETM 0(1) W\ key & value

28033539580

AAAAA
KRMEEREDY

Z51E8 0(logn) 7 0(logn)

EZ eSSt

MR R
oJ1[2]s]4]s[e]7]8]o]
—

RIREN AT SR ER

[ 10-11 227 = 50K
IR RERE T IR AR ERCR B A 3R 10-1 B,

% 10-1 EFEHEFNERE

st s 5 i R
AFHTTR O(n) O(logn) O(logn) O(1)
fAATCR O(1) O(n) O(logn) 0(1)
LillEveS O(n) O(n) O(logn) 0(1)
BRI O(1) O(1) O(n) O(n)
ERLFE R / ¥ O(nlogn) ##5 O(nlogn) #ikER O(n)
BRESHF i35 2 A A ELida 2

BTSRRI, a3 0REEOR, BRI AR B RS,
L=
- EAVERGE, HEAETERITER PR, (RUNRFETR L — KGR, IR HA =177 TRA R TR R B
AOHRe A AR P HE 2 AR DB ZE B
- EARHEREUNTER, TN R A SRR
- EARERERURRR SRR, WA AN TR SRR T TR M
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o=

- OEARKERENEDN, SRRBREE, RERMERES O(logn) .
- BRIEAREIRR, R Zyfk i beA R A A A TR e
- BRSNS R, R M A RS A R B A

M A

- EEBE MR R R ESGR, FHEREEIRES O(1) .

- NEAHEAFERSEEERNSR, RNAMRRERMEEERE T,

- PR R S UNIRER 1 SR BRI AU e s, A EORRTRRE S LR R,

- PEEEREIEKIIEDT, BAMRR TSNS AR AR R D &5, Mgt R i &Rk

[\
HEo

- EFRHERER, AR ER A R SRR R R 0 B AR

- EATHREMEE A PR s E AR

- TERHEN M ERRSERR D, ToTiE ST REAE AR MR, RRIBIEEESE O(n) -

- A AVL B SAT R, RISERIERE O(logn) HeR FRREHAT, (R4S E R 0F e i s
SRS,

10.6 /&E

1. EEL[CIEE

- DoEsOEERE Y, BRI ER D GRS E R AOE TER, BERMABREF, HE
188 FH TR L8 B TR 27 B B A S e A

- BRIESERET BRI RACT AR, AR S0E RS RIS B8, R et S IR
0 AR A, WEEEIRE A, SCERRRLE TR, (HIRFREAEE O(n) B,

- MERAER, BIESN o EesEREGRE ST, AERE BRI h PudE 7 BT R, TR
Mo, KEERERE O(logn) #£2 O(1) , H@HFHEHBREINERAEE,

- EFR, RMTEBERR, EaREER, ERERN RSN RE TR, EmEES
NS YARrS

- MR EE AR NUSSREE ISR, oSBT, HUPRIER, REREE AN B AR
FREORE e H AR 0 R A AR R s i 7R S R NE e A SR R S R B RE R

- MR AR AR M A — R T AR R B TR R SRS, AT R RARIETE O(n) B2 O(1) ©
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F115E HF

Abstract
HE iU — O RHRBLE AR P B AR, (HFRIMRE DA &k 7y SRR g B R B ke
R T, BRI EHEY, Hipa R ER TR RIS E,
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11.1 HIFEEZ

HFiEEE (sorting algorithm) AIRS —HERHZ IR EIEFEITHS . HFHEEAERIZAEN, FX
AP ERRE F RES S MO, AT IR EL,

qniE 11-1 s, HrEEEPRERRA AT DURREEL. PR ForsTHSE, HE RO I AT AR SR R 5K
ROE, BRI/, T ASCIIL HENEFP Y H & R,

EREFNFFEY

HRFHFAIFFSH

EREERRUAFES

11-1 BRI B B AR A1

11.1.1 HELEE
BATECR . BAMEAEH R EE LR R S R A, HARRSREEER /) (RRRIEME P EEIEEE N,
HRKEREEN, BUTHRESILAEE,

Rt A ER, RHRIEIR AR - ERAREE Y, SRR RSME N, 1E A R
B, EHEWERT, Bt ERHRE R, SUTIEE D,

RErE: BEHFAEESHIFR, MHSETTRERSHHIABIE P A 34 s,

REH R R 2P 5 R AR E R BRI — A2 EMAIRRS, 5 1515 2 510 B2 2
ik, EIEMEBIT, FEEHFATREEE AR A TR

# BMANBHERRY R AT

# (name, age)

('A', 19)
('B', 18)
('c', 21)
('n', 19)
('E', 23)

# (BREAIEE R BB E R T R,
# R ('D', 19) A (A, 19) WABRIENE,
# BNEREREHENERE

('B', 18)

('D', 19)
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(A", 19)
('e', 21)
("E', 23)

FIEIEYE: B@EaE e s A i AR CARIER B aURED R R, R EENREECR, BEET
T R TR ) B A P R R P 5 (B 1P g B P MR

AR EREBRNHEIFMELEER T (<0 =, >) KHABTRIOHEINER, 7EmHEsE e,
MR R R 2 O(nlogn) o MIFLLEHIF A LLBGER 7, RREMERE O(n) , EHEHME
M,

11.1.2 BEHIFEEE

PUTHR, L, R, BEEE. JEMPELE. B, IESRIEMOREBIRA DL ERTERHERHEE AR, K,
FERHE IR, TR AR B A R R AN R RERR SR AR ERE

R, TR ILRISE SR AR, MR LR SHE M B A HE e T R TR B A ET 04

11.2 #EHF

EIEHF (selection sort) AYTAEFEHEHERE: FM—IEERE, SWRICAHFEMERR/DITTR, fFHK
FIEHFEERE.

RIS n, EEHP BRI E 11-2 iR,

. PIEIREETR, FTETCRAHT, RIARHT (R5D ERMZ [0,n — 1],

R [0, — 1] PERANER, HHEERS 0 BRTRRM, sEiig, MEH 1 ETRCHT.
EEER [1,n — 1) PIRANCR, REERT| 1 RINITRSR, e, MEET 2 Ry,
o DARSEHE, #6080 — 1 WSRE YR, [IET n — 1 EoREHRF.

- ERE—ETRAE R RATTR, HAENT, BIESIHER .

KHIFER FHIFER

. @ - @
Aoa i
i k
21 mE 1R
iﬁ*}#ggﬁﬁx BER/TR nums[k] E%ﬁﬂiﬂﬂ?@lﬁ, BIER/NTE nums[k]
HBNTR nums[k] FRHFEMNEETE nuns[i]

Step 1 Step 2
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RHFEN KHFED
Pk -

%2 nu % 2w

ERHFER, RARITE nuns(k] A

ZHBRTR nums[k] FFHFEMMEETR nuns[i]

Step 3 ] Step 4
KHFER RHFER
- (00000
i k
# 3 W %3 B
: - M
EWRHFER, BBR/TE nuns[k] EHRAFER, BIERTE nuns[k]
TR nuns[k] FRHFEBNEETR nums[i]
[ Step 5 ] Step 6
KHFER FHFER
- 00000 - 08800
i k
; 4 g ; 4 W%
EBFRAFER, RER/TR nums[k] téﬁﬂiﬁFﬁfEFﬂ, SBIERTE nums[k]
TR nuns[k] FIRHFEMNEETR nums[i]
[ Step 7 ] Step 8
RHFER KHFER
nums nums n 4 5:]
A A —
i k
; 5 W ; 5 W
EHRHFER, BBR/ITE nuns[k] téﬁ;ﬁg;[:ii@ﬁﬂ, SBIBRGTE nums[k]
TR nuns[k] FRHFERMNEETR nums[i]
[ Sxp O ] Step 10
KHFER
nums
%ﬁ#ﬁ (RsF—ETRERAE
Step 11

11-2 BEEH PR

AT, WM kARG EE N &N TR
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// = File: selection_sort.js =

[* FEEHE */
function selectionSort(nums) {
let n = nums.length;
// SMERE: KHFERBA [1, n-1]
for (let i = 0; i <n - 1; i++) {
// WEE: RIXHFEEANNRINTER
let k = i;
for (let j =1 + 1; j < n; j++) {
if (nums[j] < nums[k]) {
k = j; // s/t ENRS

}
s
/I Bz TRERAFERNEETRRH

[nums[i], nums[k]] = [nums[k]l, nums[il];

11.2.1 EHEZEE

- WRIBEIES O(n®). FEENEREHDY: SNEREE 0 — 16, F—RIORIPFERIRES n, BE
AR ERIRRES 2, EEHANIEARIEE 0, n— 1, .. 3, 2@P0EE, kg 22

- RERBEIE S O(1), JRHEHER:: I R j G R RO NIRRT,

- AATEHDE: W 113 FOR, TR nuns[1] A ATRENCRHR B SIS A TE R4S, BEE A
MR8 2 5,

FHFER

oooooo
HITE—EE
iﬁﬁ@ﬁ
a0 o

SERR R — IR,
METE & HESUERETRE

11-3 EEHEEAERE R A

11.3 @%HIF

EAHF (bubble sort) JZI@IHA M LR B IR T R BB AT, SSRGS R T 2ITHE — 4K,
S AR .
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Gnie 11-4 FroR, B IEERE AT DRI TR A AR F AR (ERRS e e sm B da A E 7, MR LA TR AR
N, WIS HETER > AR MR H, BRI, RARRITTR GRS EIEIA R A .

- @000Q0 - 0Q00Q0

REFIARRE—H R

TEEREANEEMBARIELL
WEEREHBMTR:
v EBTE > GETE

nums ‘\nana - RMEMETE

| Step 1 Step 2

- 080000 - 200000

WEEEEHEMTE: WEEEEHEMTE:

v EETR > AETR v EETR > AETR

~ ZIMEMETE -~ IREMETER
Step 3 Step 4

nuns 0°0°°O nums gegcéc

WEEGEHBPTR: WEEHEREMBTR:

v EBRE < ABTE v EETR > B8R

o MR - RHGEMETER
Step 5 Step 6

KIE KE
nums o e o ° o °

(B9 n-1 EREAHE |

EHTERE,
BARERTHKE

11-4  FHTTER R e E

11.3.1 EBEZRIE
MBI RE A n, EEHEF S BWE 11-5 iR,

L B, ¥n ETRIT B, FRESINERTR LR IEMAE,

2. BERAR, HFER n — 1 E7TRAT “BilR”, 8 ORI E,

3. DAMCESE, &l n — 1 “Bil” &, 6in — 1 KECREP i IEmA E,
4. (R —EReE BRI TR, BANR, EIRESIHER 72K,
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B A

- 00008
ooDoBno

7% 2 WES

BITE 3 WEER

a0

BHITE « BEA

0800

BiT%¥ 5 WEE

088000

FeRHE (RIgf—ET=ERET)

BiTH 1 BER

B9TE

11-5 JERHEFp R

NS 1
// == File: bubble_sort.js =

/* JEFHEE +/
function bubbleSort(nums) {
// SMERE: RKHFERZE [0, il
for (let i = nums.length - 1; i > 0; i--) {

// WEE: BRHEFER [0, 1] PHEATERMEZERNRENH

for (let j = 0; j < i; j++) {
if (nums[j] > nums[j + 11) {
// ¥ nums[j] £ nums[j + 1]
let tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 11 = tmp;

11.3.2 ¥EREK

SRHFFFER

[01

[o,

[o,

[ay

[o,

[o,

5]

4]

3]

2]

1]

o]

WMEEE, aRK R “BiR” PRAPITIEMZGRERIE, SRSk, ATERREGR, Fit, [

DA I —{EREEEAL Flag AREERNEREME N, — BBz ENRE,

MBI, RS RS RE R0 A O(n?) ; HEMARSIERE TR, fE

S AEREEE O(n) o
// == File: bubble_sort.js =

/* BFHE (IZEREN) +/
function bubbleSortWithFlag(nums) {
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// MEE: REFERES [0, i]
for (let i = nums.length - 1; i > 0; i--) {
let flag = false; // #9AMIESS(L
// WiEE: HRHFER [0, 1] PRATERREZEENRARK
for (let j = 0; j < i; j++) {
if (nums[j] > nums[j + 11) {
// 3 nums[j] £ nums[j + 1]
let tmp = nums[j];
nums[j] = nums[j + 11;
nums[j + 1] = tmp;
flag = true; // SCER3TMITR

F
¥
if (!flag) break; // It&# “B&" RIMEMTR, BHRBH

I
F

11.3.3 BHEZEH

- IEHIBHE R O(n?), HEREHNE: &6 B0 EFHNEFRERREL — 1. n—2, ... 2. 1,
#FIZ (n — 1)n/2 . 1E5IA flag iR, REMRBERERNED On) .

- BHBGRER O(1), FHHDT: 4865 ¢ f j (R FEEOO RS MR,

- RREHEE: BRE CBIRT B TR,

11.4 EANHF

HNHEF (insertion sort) 22— AGHEFIEIRTR, TR TIEREE PR R — IR AE AR IE R AL,

B, BRI MRE TR, KR BHARCHPERBETRZE — gD, A
LR A IERERINL B

11-6 /R T RSB A TR AIVIRIERE, RAEMETTER S base , RITTFEAIEBIERTIZ] base ZHHIFTH
TLRAGRE 0, K% base MEL HIERS,

) u
880088 -

nums[5] = nums[4]

#&xE 3 HEBAE nums _ . N
" SEiETERR
BB R (i MRl 1 [ 1 [2 ]« [5]s

T~ nums[&4] = nums[3]
B888008E
= 8868000

nums[3] = base

eenss L 2000008

11-6  BLUGH N IRIE
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11.4.1 BEZRIE

AP R AR AN 11-7 PR,

L. WIGIRRET, FAIRYES 1 ETR T,

2. BEEFINTE 2 EICRIER base , FHMAZIEMA B, MSIKGET 2 TR CHim.

3. BHGE 3 AICRIER base , AFHIAAZIEMAER, WS 3 TR CHi.

4. DU, fERE D, BEEE TR IER base , FAEMAZEMAER, FifixiRIcHy.

BHIFER

[e, o]
[0, 1]
[o, 2]
[e, 3]
[0, 4]

[e, 51

11-7 fEAHEE 7
RBIRECHSAT :

// == File: insertion_sort.js =

/* HNHE +/
function insertionSort(nums) {
// SMERE: BHFERA [0, 1-1]
for (let i = 1; i < nums.length; i++) {
let base = nums[il],
j=1i-1;
// WNERE: & base HWEAFIEBHIFER [0, i-1] FHIERAUE
while (j >= 0 && nums[j] > base) {
nums[j + 1] = nums[jl; // #& nums[j] mBGHEH—ML
J--i
}
nums[j + 1] = base; // # base MREZIERME

11.4.2 BE XIS

- WSR2 O(n?). ENEWEHERE: (ERENI T, SUEIRESBIREEE 0 — 1 n— 2. ...
9. 1%, KRB (n— 1)n/2, EHERREIES O(n?) , EBSIERFLRE, HAREGRITE
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ko EEARS AR, FAHTIESRERNEEHRE O(n) .
- EHAEES O(1), kb 15154 F0 j SR BRSNS,
- Rty ERAREEET, RMERTRBAZIESFETRAH, SEREEMNET,

11.4.3 {ENHIFEES

AR 2 O(n?) , MR ETISE2E (O POsHEF R BRI % O(nlogn) o fEEAHER
AOiRe MR RE S s, HAERDRHRBUMOTEDL T, i EE E ik,

18 M8 At BLAR VLA SN — 01 = 1 IS DLV AR DL,  Pud P IEE O(n log n) MITBHERIRIE N AN 7016
RMSHHE PSS, S 2 BUTA R R, M RHREBONRE, n? Flnlogn MVEUE LB, ik
JEAME G M, PR BT S ERERDUE EE.

B E, FF2EAES (B Java) RINEADTEAEH TRASDT, KREUERZ: BIRRED, RAER
SHERMSHIHE AT, Bt ; BRERD, EREEREAT.

BESRIETRHE Y, RIEH T AUE A HE P R AT 2 O(n?) , (BAEBERRIEAR, 3N HEPF I i 5% 0
FHRIRIEARHE AR R, EEATER,

© ERHEE RRTR IR E T, R R R, PN 3 MEITRME; MAHFE AR TRREE
B, (7% 1EETHME B, WORHEEREH RS 5 Ll A HE 5.

ORIEHUF TSN FORR B S O(n?) o WUREE ML A FIROR!,  FAHDTIE S L%
ES TRV ST U

- BEERpr RS, ERERRZ T

11.5 HiEHIF

RiEHEE (quick sort) B —REELRMARIGIVHEREE L, $UTE, EREZ.

PRIEHE RO “THI#E D", HEER: BRI PR ETTRER R, AFFTH /MRS
RITC BB RN, MAREREHR I TRBEIHAN, B, THIeE 2 rRRanE 11-8 Frr.

1. EHR A f e yC 3R A E A AR B, RAR L EEAE 1 70 3 20 Allda Al FEA Y i
2. i, fEEmPER 1 () ohlSERE - EILEEEOR ) KR, RRZHBEMETTR,
3. EEHITHER 2., HFI i jHIBRHEIE, SEATEEREECR =M 1 A 72 FAR,
Step 1 BEH Step 2 BEY
left ght left ght
ums n a
i ; j
ht):
nums[left] AEAH # LU nums[left] AZAe
nums[left]: # WEREREEREEHNTE nums[j] > nums[left]: # HEAEREERERHRNTE
d nums[i] < nums[left]: # WEAGREEANBEHNTE nums[i] < nums[left]: # REBGREEARBENNTR
nums:l: iums[j] = nuns[31, nums[i] # RERIETR numszl;j rlmms[]] = nums[3], nums[i] # SHEIETR
nums[i], nums(left] = numsleft], nums[i]  # HEEBCRERTFHINHRR nuns[i], nuns{left] = nums(left], nums[i]l  # WEEBCIREMFMIINSRE

rrrrrr i # EEREHNFRS| return i # EEREHERS|
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FNE

step 3 | Ban | step 4 B2n
) left right : left right
v v
- 000000
A A »
i j i i
def partition(nums, left, right): def partition(nums, left, right):
EERI =S e THREIS
i, j = left, right # B nums[left] AEEH i, j = left, right # LU nums[left] AEEH
while i < j: while i < j:
while i < j and nums[j] > nums[leftl:  # HEAMAEREEIMBRBNTR while i < j and nums[j] > nums[left]: # fERAREENCERBENTR
= 5 =1
while i < j and nums[i] < nums[left]: # WERGREEANEEMNTR while i < j and nums[i] < nums[left]: # BERGREEAREEHNTR
i+=1 i+=1
nums[il, nums(3] = nums[31, nums[i] # IRERBITR nums[i], nums[3] = nums[3], nuns[il # RIEHBTR
nums[i], nums[left] = nums[left], nums[i] # HEEHCIMERTRIINS AR nums[i], nums[left] = nums[left], nums[i] # HEEHCIAEMT RIS R
return i # EEEEHNRS| return i # EERAEHEFRT|
Step 5 BEM Step 6 M
left right left right
v v
- S00D00
A
i3 j
i
def partition(nums, left, right): def partition(nums, left, right):
YRS " IHERI
i, j = left, right # L nums[left] AEEH i, j = left, right # LU nums[left] AEEH
while i < j: while i < j:
while i < j and nums[j] > nums[left]: # HAEMAREEIREEHNTE while i < j and nums[j] > nums[left]:  # HEMAREEIREEBNTR
j-=1 j-=1
while i < j and nums[i] < nums[left]: # WERGREEANERMNTRE while i < j and nums[i] < nums[left]: # RERGREEARERBENTR
P41 i4=1
nums[i], nums[j] = nums[j], nums[i] # RERETE nums[i], nums[j] = nums[j], nums[i] # SEMETR
nums[i], nums[left] = nums[left], nums[i] # REEMCHAERT RIS R nums[i], nums[left] = nums[left], nums[i] # RERBCHAEMT MY RR
return i # EEIEEMMES| return i # EEREBOFS|
[ Step 7 ] BEY Step 8
left right left EEH right

nums

def partition(nums, left, right):

nums

def partition(nums, left, right):
MRS

R 7R
i, j = left, right # LU nums[left] REEH i, j = left, right # Ll nums[left] AEEMH
while i < j: while i < j:

# WEREREENEEHNTR

while i < j and nums[3] > nums[left]:

51

while i < j and nums[i] < nums[left]:

# YEREREE I EEHTR

# WEBGREBEARNBRHNTE

while i < j and nums[j] > nums[left]:
j-=1
while i < j and nums[i] < nums[left]:

i+=1

# HEREREEARSREHNTRE

i4+=1
nums[il, nums[j] = nums[j1, nums[i] # SHREMETE nums[i], nums[3] = nums[j], nums[il # ZIWEMETRE
nums[i], nums[left] = nums[left], nums[i] # REEMCAERTEIIN5 A nums[i], nums[left] = nums[left], nums[i] # RERBCHAEM T MEIND RS
return i # EEREMARS| return i # EEREMHRS|
Step 9

nums

aFESI

“HRBIS” SERRiR, MR
EFESIERTER < BEY < EFRIHERTE

11-8 NHf=E| 40 BR

WHICEI D SE iR, JRESIRE R =5 e FRE), BEEL AR, HilE “ErREERTR < &
R < ATFEBIERITR. Kt I TRIATEISHE 7 EETHR .

PR HER 1 7 6 R
VST ) ) B R — (A R 1) ) e 1 2 P M o P 471 P 7 T
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// = File: quick_sort.js =

/* TR */

swap(nums, i, j) {

let tmp = nums[i];
nums[i] = nums[j];
nums[j] = tmp;

F

/* HEED x/
partition(nums, left, right) {
// L nums[left] Z&E#Es
let i = left,
j = right;
while (i < j) {
while (i < j && nums[j] >= nums[left]) {
j -=1; // REAEKREEINREEZEHNTE
¥

while (i < j && nums[i] <= nums[left]) {
i+=1; // REAGREEAREEHNTE
¥

/] TEXHKR
this.swap(nums, i, j); // MEWETE

}
this.swap(nums, i, left); // BEEHEIMEMTFFEYIN S FAR
return i; // REEZEHNES|

11.5.1 BHEELRE

PRigHE R R AR AN E 11-9 PR,

1. #JE, BEEFIIT X “WRED”, SEIRHER B TSR TR,
2. &, BAEFREGIRAG TSI AREST “TEs )7,
3. FHEIRE, HEFMYREZR 1R, TEm e Mg HET

- 00000 \

FARGEE
8 LUEE
TR
B0 - BEE waTmoI HREs
@A FES EESEFES - EEFHEIIRES 1 L
SERETIHE
: o

RS B

(o] JRl:]«]s]
E313

IEE

/
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119 PesHERr e

// == File: quick_sort.js =

/% R +/
quickSort(nums, left, right) {
/] FEFREZD 1 RLILEE
if (left >= right) return;
// HEES
const pivot = this.partition(nums, left, right);
/] EEAEFRES. GFE
this.quickSort(nums, left, pivot - 1);
this.quickSort(nums, pivot + 1, right);

11.5.2 EEZFY

- WEEIBURIES O(nlogn). JFHBREHT: £ F9EN T, WRESINERESE S logn,, FERH
B n, HBEEHE O(nlogn) K, TEREFBNT, Sy S# 0B Eai REA n (O H|
NEREE O M n — 1 KHETEE, HEHEEEEES n, SETFREESES n, SEEH O(n?)
IREfE

- SEERRER O(n). WM fE 55220 RSN R, ERRZRERE n, i/ O(n) 4
Bz HF e R RS TR, AFEBIRESMES,

- AMEEHNY . AN EE S RE D, ERREEETREG PR EMEE TR A M,

11.5.3 REHIFEAHER

e ERRER t, PORHFFERCR T HEZAEA —EHES, @8 PRI E R 5ok
B R CHEREHERST M), (EXE R PEHE R RIeR e, EEAUTERL,

- HBURZERE DU BERIME: SEADORAEF MR ERMIEIRES O(n?) , WHAIHITRE, BAEER
ZHUBN, POEHTERELE O(nlogn) MR EIMEREEE TEUT,

- PREERIRCR S FEPITIESSEI O RERE, REE AR EAE T RS BONE PR, [R5 T R A R
o MR “HEREHE" B E AT ERkRAA TR, mEi=iE Rt

- BEREREBURBUD: £ EA=REEEAT, PO, RE, SRS R REER D, B
AT L kT E AR AL,

11.5.4 BEHREWL

POEHE e R Ll PIIRFRISCR al RERRIC, 22 —(EMsn(l 7, IREmAFSIZ 22 PR, HRTErEE
BRIEUTCRIE AR, BN RE D R, AREEPEREMYRA W, B TEYIR-ER n — 1.
AFHPIRER 0, WHIRE NE, SR EEMEEE —~EFESIRRER 0, 2IARIBRN, Pudir
By TR RERIE R,

RIS IRE, AT DU RIS Sell) 73 v K SL R BB IOR G . B4n, FffnT DAREHOSEER —
TETCRIERAETREL, AT, WSRERAE, FRERE AR RS, BeRMATBIAE,
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WEERNE, BGESEEERIE “RRERED, WIRIME B 0 R EUF SRS — R 2 AR,
TR P HE P IR TSR AT RE S L.

TG, TR AR B = A g TR OB AR E, B, PRITR), AiffiE =1k
FURIIPAI B E LR B, S 2K, FEE "B AR/MIARRR” B RIER T, B, TIERT L
EHCH 2 RIBITE, DU — IR m AN R R, AR A, RBMESLE O(n?) WiRA
KFEAR,

ANV ESN T TN
// = File: quick_sort.js =

/% EEN={E{&ETRAPUE +/
medianThree(nums, left, mid, right) {
let 1 = nums[left],
m = nums[mid],
r nums[right];
// mE1THMr 2R
if ((L<=m&&m<=r) || (r<=mé&& m <= 1)) return mid;
// LE MM r Z2H
if (m<=18& 1L<=1r) || (r<=18&1 <=m)) return left;
return right;

}

/* HEE|D (Z8EE) */
partition(nums, left, right) {

/] EE={AEETEZRPAIE

let med = this.medianThree(
nums,
left,
Math.floor((left + right) / 2),
right

);

/] HERLIERIIAE Y R iR

this.swap(nums, left, med);

// BL nums[left] #REEH

let i = left,
j = right;

while (i < j) {
while (i < j && nums[j] >= nums[left]l) j--; // WEAEXEENNEEHNTE
while (i < j && nums[i] <= nums[left]) i++; // RERGHREEANREEHNTE
this.swap(nums, i, j); // RMEMETE

+

this.swap(nums, i, left); // EEEFESIEM FREYIHD R4

return i; // REIEEEHHERS|

11.5.5 REFRERENL

TR AR, POEHPF Rl REMSHZRIRZ . DSE 2 P A RS 26, s0RE R R RER m
i M e o BRI A AR R 2 O A S FRIFIRIRE 2y m — 1 WG FRES, 8RR & — iR i g
MIRERRE /N (R —ER), RESNSEEER n — 1, KRFEGH O(n) K/NEHERIE
FEﬁo

7 1 PR B R R, BT IR e e iR, Fememi e AR, (B 1 i)
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AR, HARE TSI R R @A n)/2 , LR IR R R log n , FEMIIGR
SRR RER L O(logn) » BEREEWT FHTR:

// = File: quick_sort.js =

/* RRHEF (BTREREK) */
quickSort(nums, left, right) {
[/l FEIRES 1 K&
while (left < right) {

/] HEBIDIRE

let pivot = this.partition(nums, left, right);

/] HREFRES RGN AR BRI T IR

if (pivot - left < right - pivot) {
this.quickSort(nums, left, pivot - 1); // IEEHIEAFES

left = pivot + 1; // FERRHFEME# [pivot + 1, right]

} else {

this.quickSort(nums, pivot + 1, right); // EEHFATFES

right = pivot - 1; // REgFRHFERZA [left, pivot - 1]

11.6 &HHIF

BHHF (merge sort) 2 —RENIMNARISHHEFEETE, WEE 11-10 Fory “#1537 1 "G50 FEE.

1 #5yREBE: BRI A R B8 R B EE 3 B, R B 4 P Pl REL AR 2% 6T el T e P L

2. BOREBL: B IIRER 1R EE Y, BIIAEOF, FRBTHbE /A RGN AR5 & fF 2y —

RIVAFHSI, EEEH

11-10  AfFHERRIE| 73 B 5 R B

B PEER

) p ol

S T

SRR
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11.6.1 EEZRIE
GOiE 11-11 AR, “BISYRERE 16 TE 2 IR A M e B 41 P B )4 22 o {1 - B

1. FHEMESE mid , JEEE DS (EE [left, mid] ) F4FMEE (&R [mid + 1, right]
)o
2. BEHATHER 1., AETFMEYIRMREZR 1 KL,

“EORER” R THMI £ T BRI A A & 0F 2 —(E A P iisl, RELEERE, ERER 1 FH5I5
RE P, S OREBH IR TSR A R,

' @880 | @080
BERS < Begs < a
MEERE L R
EJ1=E 50 ( FRIEEE
EMEH < Bt
Step 1 | Step 2

| @eea "
wans BERS -
{ ;i& L gﬁg&
EEst < E¥EH -
EZX [sten 4|

prsch kg frsct U g
| peaac]
(14000
EEs < EHEH
Step 5 Step 6
ETEIS
EEH

| Step 7 Step 8
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praici Ureg BaEgs < a an}
| g o
EAAH EaH [J
Step 9 Step 10

11-11 &0t ER

BIR3E, SOFHy B TR P E R HIRE NE 72 — 2,

- RN SRR TR, FREG T, REEFRETE.
AT JRRE TR, FHRES TS, RARER S D

AU EBRG DA N ERETR, s5ER, nuns INRFEDFIERT A [left, right], T tmp AUERERE R 2
[0, right - left].

// == File: merge_sort.js

/* BHETEYFEGFEY] x/
function merge(nums, left, mid, right) {
// EFEYERZE [left, mid], AFEFIERZA [mid+l, right]
/] BIi—EEREEY tmp , ARERESHENESR
const tmp = new Array(right - left + 1);
/] A FREYHA FRESREEERS|
let i = left,
j mid + 1,
k = 0;
[/ EEGTFREIEERITERE, ETHHEIFE)\ TR E R 2 RS 4
while (i <= mid && j <= right) {
if (nums[i] <= nums[j]) {
tmp[k++] = nums[i++];
} else {
tmp[k++] = nums[j++];

hy

+
/] & FREYIFNAE TSR RIER T R G R E ER MRS
while (i <= mid) {
tmp[k++] = nums[i++];
b
while (j <= right) {
tmp[k++] = nums[j++];

I
/] FEERESRET] tmp PRITTRENEIREET] nuns HIHFERER
for (k = 0; k < tmp.length; k++) {
nums[left + k] = tmp[K];
+
b

/* GHHEE */
function mergeSort(nums, left, right) {
/] IR
if (left >= right) return; // EFEFIREZ 1 K&LEE
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/] B PEER

let mid = Math.floor(left + (right - left) / 2); // =tE=HE
mergeSort(nums, left, mid); // EEALFEG

mergeSort(nums, mid + 1, right); // EEHFEG]

/] &SR

merge(nums, left, mid, right);

11.6.2 EEZXIFH

- WERIBEARIE 2 O(nlogn). 1k EEHEHE:: 8143/ RE % log n (IEER, &8 & DHOMHRIEYCR
Zn, FIHAESEIERE S O(nlogn) .

- SRS O(n). RERHNE: JEEERES logn , HH O(logn) A/MNAHEBIZER, &0HRME
TSI BB, (5 O(n) K/NURESNEE,

- RBEHDY: EADRRRNR, HSTRNR R,

11.6.3 fEEERTIHIF
BRFEGE RS, SOHHER RN HAHE R EE R B REEES, v DUSEESS BRI HE AT 2 s A itk
z=0(1),

- W BEBE: FTDAMERT IR BMR IR AE B AT R A > TR, (EE 2R {4 F A HE AR e 2
- AUREB: fESEGS RS, ENRTIIREEFRUEES N (e BRI EE, RSO G mifERE
FriAS BRSSO 2 — (8 R PRl ER 2 HEZECHE N7 RS NIAS R

HASE AN bR i, A BERAREE n] DA R BRI T2,

11.7 MFRHIF

Tip

FIREAHITRT, FRTECROSASE “HERE™ =H,
MR (heap sort) /& — RN HEREDRMGE E B S RCHE PP RS, FRIMAT DA AR AY “EHERE
BAE” 0 TR MHERERCE” BB,

L. i N FEBIG N/ NTEHERE, (R fe/ N TR AR HERETH
2. NErETHHERRCE, RXGLERIEHERDTR, AR SRS NEIRHE I3,

PAETTIREEPARIAT, (HFRERER— AR INES A 7 B TR, R &, EEPRT, BMEHEH
— o S AR BB T Ko

11.7.1 BEXHRE

AR ESIRER n, HEREHRPAOTTRRANE 11-12 FoR.
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L. S ARSI R THERE, SEUR, BRORTTRAHERETH,
2. FHERETETCR (BB —EcR) BMERROTR (RE—ETR) . ZRachE, HENRER L, B

HreREEm 1,

3. MEHERETE TR BALA, METHERBITHERILIR(E (sift down), SERUMEREILIR, HERAIPEERENEE,
4. JEEPITE 2. PRE 3. P W n — 1 EWiR, RIASElBEEIHT,

Tip

7

B L, STREMEREREH RS 2. PNE 3. P, HE2Z T ~HEEHTRIPER,

SERHT
1. BN ERER

RN TERT

BRI

w 000088
HRTETE BRETE
[ step 1 J

SERHT

1. ENEFEER

2. EEMSERPRIRATER
(1) WERRTRBEBRTER
(2) RTRERETHERL

U

&ﬁmﬁﬂﬁﬁ EmEEH
w— 000000

Step 3 \

o
° SBHRE
1. BRI
o000

2. EEUSERPIERERATER
ERNARER SHFER

(1) ERMETREBERRTE
w DO0008

) WEERETERML
Step 5 |

[2)
A
) © O

J——
- OO0B000
©
©o00

ERNENEN SHFER

— 00000

| Step 4 |
%
{

000

&ﬂwgwmm EWEEH
~ HO0000

Step 6

SETRHIF

1. BINRETILEER
2. EESERPRIRRATE
(1) ZSERATREERETR

SETRHIF

1. EINEEDIERER
2. EEMHEREPRRBATER
(1) HSERRTREBERRTR

SETRHIF

1. BINRETILEER
2. EEASERRRIRATE
(1) RSEMETREERETR
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o
ﬁ SERHF

1. ENEFERER

2. EEMSERPRIRATR
ERANERER BHFER

(1) RERHTRRAERIETE
w: (D00000

Q) REERETEREL
Step 7 \
@/Q 0

1. BNEFIIEER

2. EEUSERPEREATE
EMNEREN SHFER

(1) RERETREBERRTR
w (00008

(2) REERETHERL
Step 9 ‘

o
@ @ THIF
o0 0 '

2. EEMSERPRIRATR
HENEREN EHFERN

(1) RMEFEATRERRTR
- 00000

Q) WEERATERM
lstep 11

=
y

{@

000

ERNAENER BHFERN

w 00000

_4

-

Step 8

000

EMNEREN EHFERN

- 00000

Step 10

o
e o
000

EHFERM

- 00000

Step 12

11-12  HEREHE 2P BR

SETRHIF

1. BINRDIERER
2. EEMSEEPRBATER
(1) MBERRTRIBERARTR

R

1. BINFETEEER
2. EEASERPRIEATE
(1) ZSERATREERETR

SETRHIF

1. BNRDIERER

2. EEMHSERPRBATR

(1) HERRTRIBERRTR
(2) WREREITERMWL

3. FS—ETREARE, HFTM

FEREARSEBI, MM T "R ZEHERTEERRERL sift_down () B, ERERNEZ, H
FRHERERY RS G REE TRBURATTR MBS, FIEERMFTEELS sift_down () HEUHTIE —ERES# n, AR

T R ERTE R, BT AoR:

// == File: heap_sort.js =

/* ERHRES n , HEE 1 B, RIEZRERL «/
function siftDown(nums, n, i) {
while (true) {
/] FEREREE 1, 1, r REZAKNEER, 524 na
let 1 =2 %1+ 1;
letr =2 %31+ 2;

let ma = 1i;

if (L < n && nums[1] > nums[mal) {
ma = 1;

}

if (r < n & nums[r] > nums[mal) {
ma = r;
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¥
/] EEE i BAIHES 1, r @57, BEBEEMEEWL, BE
if (ma = i) {
break;
}

/] IR,
[nums[i], nums[mall = [nums[mal, nums[il];
/] BERTHEREL

i = ma;
I3
/* EREHFE */

function heapSort(nums) {

/] EERRIR(E. HRBRESIIMNIE M B ENE,

for (let i = Math.floor(nums.length / 2) - 1; i >= 0; i--) {
siftDown(nums, nums.length, i);

+

/] WEBERPIEEGATER, EE n-1 &

for (let i = nums.length - 1; i > 0; i--) {
[/ IR AERE (RRETEEETR)
[nums[0], nums[il] = [nums[i], nums[0]];
/] VIIREREEANCE,, RIEERETHERL

siftDown(nums, i, 0);

11.7.2 EHZHHE

- RHBAES O(nlogn). EEBEIEANT : SRR O(n) R, R IRBUR AT R IR
IHREE 2 O(logn) , HEE n — 1 i,

- BHEERES O(L). by BEEEEEEER O(1) 22M, TTRAHRAHER IR EH 2 1E 5 5
AT,

- ARl fERHUERIE TR AMER TR R, AT R AV E AT RERE AL,

11.8 HHiF

AT AERE PRI “ BRI RR”, e MIER LB TRER AR NR BB Y. AEHER T
FUARIR B LB O(nlogn) o A, WIVFIRGI &M “ELLEHIT AR, EMIR R E
JE AT OE R SRR,

W@HEE (bucket sort) 2 IAKRIEH—EMAER, TIBIRRE L BE K/NERFIIRE, SIS E—EE
BHEiE, AP R RIS ERT; AR, EFERNE D RRITHER; REGGIRMINIER a8 RE
¥,

11.8.1 BEZXEE

FR—ERER n WY, HrR2HE [0, 1) NIEEE. WHEFmERwE 11-13 Fir,
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L. ¥atk k aRE, #& n TR0 kEfad,
2. BEEMDHIBITHR CEM MRS INEHRED,
3. AR NEIRIIIER & O R

SN BT, HaENE
S ECEIH AR
] HE@EFEsR
buckets #ﬁiﬁ“?
HFEE lo, ‘6‘:2> [0.2; 0.4) [0.1/_«"'; 0.6) [0.6, 0.8)
/ R RIIER
| / / AR
SEREY) '
nums
11-13 WP A LR
P RFR:
// == File: bucket_sort.js =

/* WEHE */
function bucketSort(nums) {
// W% k = n/2 @@, TERESERSE 2 Btk
const k = nums.length / 2;
const buckets = [];
for (let i = 0; i < k; i++) {
buckets.push([]);

+

/1. #REFTESERRZERP

for (const num of nums) {
/] BNEREEES [0, 1), FH num * k HIRFEIZES|EE [0, k-1]
const i1 = Math.floor(num * k);
// #& num FIEERE i
buckets[i].push(num);

+

/] 2. HEEBRTHRE

for (const bucket of buckets) {
/] ERRNEHFRERI, Wr SR EMEE EEE
bucket.sort((a, b) = a - b);

b
/l 3. EFREHER
let i = 0;

for (const bucket of buckets) {
for (const num of bucket) {
nums[i++] = num;
}
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11.8.2 EEZIFMH

MR B R R B R BAR RV E R, BN, SRR 100 EEcR, mRTHRG, RetcEEL—
RMERAFTHE R e, AT DUREERI AR 1000 A, AR A ERETHER, RERERE

- BSEIRIRIE S O(n + k) [EROTRAAMRINTLI MG, IR TR RS . R
BLERGE O(% log ) WM, RUHEAAREGER O(n log ) WM, BHIRCR & HBEANS, WERIBGH
REHIEIRIIE O(n) . & 0HEERIFEEENFTERRILE, 18 O(n + k) Wi, (ERENNF, Fran
FRABEE R, FLHEF AR O(n2) 1R,

- SSRBRIE S O(n + k). TEVHAHDY: FEAED) k ERGRIALEE n JE7ERAIRAb,

A R A R B HE T TG G A R,

11.8.3 WNAIERFIY7EC

e R R R R _ BT POER] O(n) , BSHERAT RIS RIS M, RAERERHEE R
Ao E . Ban, FRFTAE SRR B b AR A R A A 2 o EC R 10 A, (RS R EAS o A,
IR 100 JTERYAER 2, @R 1000 TTHYAER Do 5 AF BRI R P81 03 2% 10 {1, S EmHrm s SEEn g
FEH K.

RHEBLPEINHE, BTA] DUCROE — KRB 2 SR, R RIS 2 3 EAf. srlsc g, MR mish
B2 ARAEE 5 2 3 i, HEFTHAPR TR BB,
QuiE 11-14 FoR, EETEARE BRE -RREE, HAEREEERAEE TR, B, AR EE
Wik ERHE 0 2% 3 MM, BRI 75 URTARIRE R R RS S T 8 4

AmEE
= HHEISHER
BEMELE — g5y 20% 15%
BEigERE BrhE
T o
REEM —qp0 100-500 >500 <10 18%
10-20 13%
20-35 12%
18% 35% 12% 35-50 10%
50-100 12%
<10 10+50" 50-100 .
1 100-500  20%
- : R >500  15%
13% 12% 10%
10-20 20-35 35-50

@ 11-14 R H| 534
QR SRFAPI IR AT o A BRSO R o4, WDl DARRBRRORHRER o0t e MR O EDRS 70 S . (ESTERROZ,
BRI Ml A T SRR AT, AT DURIR R R R SRR R A T 0L,

qnie 11-15 A, B BER R s E RS IR IEIERE 0, ISHEREA] DAS B RsoE AR R, 0 mfe il it P25 oo i
AR
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HERE

0.4

- \
0

0.0
0 3 10 25 80 200 +o T mERE
" A \‘—\/—/‘

EHiREE <3 3~10 10~25 25~80 80~200 >200

11-15  ARFERER 7l 70 40

11.9 =HEBHIF

sHEHF (counting sort) EIBME TTREEAR BB, EHEH RS,

11.9.1 §ESER

SeRE ARG 487E —EREZ n WES] nums , HAPRTREZ “FaBE0, M7 BN
FRUNNE 11-16 Frm,

1. EFREA, HRHEFHNRKET, Lo m, REEY—ERES m + 1 EBIEY] counter .

2. B counter il nums A BIRE, HAF counter[num] HEEF num FUHBUREL, #ist
FIAREE, HFEED nums GRERTEIT A num), iR counter[num] #0 1 BIA],

3. WA counter MEMARSIEARG R, HMHEREBZERHDTL 7. 8 7K, BMER counter
FRIE A B BB N B K IIE R nums BIA],

FHIFFRES nums

o B nuns MHERTRETRN
RV N N counter[num] X%k num MIHIRRE
#=5| (& 1 2 3 &4
F)
s 8fES counter

‘ \ 7EH counter , EHF
RBHIREIEAN nums BPA]

RS nums
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11-16 srEEHERFRE

P AR
// == File: counting_sort.js =

[* HEHEE */
/] BEER, \ERARHFEYE
function countingSortNaive(nums) {
/] 1. #HEthESIRATTER n
let m = Math.max(...nums);
/] 2. GEEEFHILIRE
// counter[num] X5k num BYEHIRAXEL
const counter = new Array(m + 1).fill(0);
for (const num of nums) {
counter[num]++;

+
/] 3. FE:H counter , BRITHENEMES] nums
let i = 0;

for (let num = 0; num < m + 1; num++) {
for (let j = 0; j < counter[num]l; j++, i++) {
nums[i] = num;
+
+
}

A FECHE e B HE P 1) B i
M PRI ER, TR DR AR R AR B counter RIRHER S 1174 —EM, AFHtat
BANEREE RS ETTR IR SERNT, AHLE, ST M R ER T8 — R,

11.9.2 BB
ADREE ATRER IR T, WA N BERHR IR, RSER 3. BT . (R NG REE R i, TRz
FEm SR e CERIAR 25880 BIR TETHER, T R ELE N REAA R AU HE R 4 R,

HR RGN A REAS 2 R HE &5 SRR ? R e S5t 5 counter B9 “HUSRAN", BEAEFE, &Il i ENRIR
M prefix[1] SFHFEAIET 1 TR 2

prefix[i] = Z counter(j]
3=0

AR A MR EFE, prefix[num] - 1ARFICE num FEE Y res it —RINBIN RS, EFEE
FAAEF B, R AT EHRRMSE TR EZ RS R EH Y EMEN B, 8 N, BIFEFEF RS nums
FIEEICE num , ESEIEHHIT L RWA,

1. # num AR res FYZR5| prefix[num] - 1 &,
2. ZHIBA prefix[num] B/ 1, FEMASE T XHE num U5,

EhSERE, Y| res HELEHEFIFIGE R, BREBMAH res BEIREA] nums BIA], & 11-17 B/R T 5220
S F IR,
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RS nums

HBF num
H#MET counter

[ Step 1 ]

FES) nums

RS res

HF num

WM prefix
(counter)

BFES nums FERSETRE num ,
1. # num A res WF5| prefix[num] - 1 &
2. LRBM prefix[num] Bl 1 , #MWEBTRKE num MHR3|

step 3 |

RFE5) nums

SERET) res

HF num

HUMEH prefix
(counter)

BIFFED nums FHRSETRE num ,
1. # num A res W5 prefix[num] - 1 &
2. 2F0EM prefix(num] BE 1, WMBETRKE num K3

Step 5

RFE5] nums

EERET] res

HF num

W prefix
(counter)

E nums MR EERFHIHTVRE
counter[num] & num BIHFRE

:
CoEzEEaEEE
([ [ [ [][]

SRUNT:

:
goEEoROEEE

Pz

>
S
Yy
T
/ s
o 1

2 3 &

EEEEE

SWRIT:

goREEReEE
CEEEE

REF] nums

KRS res

BFoum 0 1 2 3 4

BE counter MFIEN, iTH prefix
prefix[num] - 1 €% num 7£ res FERE—RHRNES|

HIgEA prefix
(counter)

[ Step 2 ]

num num
FE5) nums

KERET) res

HF num

BIEEA prefix
(counter)

BE - Ba

BFFES nums PNSETR nun , SRIIT:
1. #§ num 3N res WHR3| prefix[num] - 1 &
2. QI prefix(num] B 1 , MR TRKE num K3

Step 4

num
AR5 nums

KERET) res

a0
7
/
e
)

BFoum 0 1 2 3 &4

BEEEE

BIFFES nums PESETE num , SHHT:
1. # num AN res WFRS| prefix[num] - 1 &
2. QFBA prefix[num] B 1, RWEITRKE num W3]

BB prefix
(counter)

Step 6

RS nums

Haanaaaaan

KRS res

2 1 2 3 &

LEEEE

HREEIRENBE, HIERERITRED

1B res HRRBEHFNER

At B R B BRSNS R R:

/I =
/* StEHEF */

File: counting_sort.js

BFoum o0 1 2 3 4

BIgEA prefix
(counter)

SR res WHEFRMES nuns EIET

[ Step 8 ‘

11-17 GHEEHEE P BR

/] TRER, AHFEYt, TERRERHT

function countingSort(nums) {
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/1. GEtRESIRATE m
let m = Math.max(...nums);
/] 2. SEBHFHILIRRE
// counter[num] & num BYHIRREL
const counter = new Array(m + 1).fill(0);
for (const num of nums) {
counter[num]++;
+
// 3. 3K counter HIEIERA, 1§ “HIDXRE &EiA “BER5|
// BN counter[num]l-1 & num 7 res FHE—RHIFHZES]
for (let 1 = 0; 1 < m; i++) {
counter[i + 1] += counter[i];
+
/]l 4. EFEES nuns , BETRENGRES] res
/] #RRES] res FRECERER
const n = nums.length;
const res = new Array(n);
for (let i =n-1; i>=0; i--) {
const num = nums[il;
res[counter[num] - 1] = num; // #& num HKEINHERSIER
counter[numl--; // LHEHZMER 1 , BEITRKE num MRS
+
/] EREREY res BEEMES nums
for (let i = 0; i < n; i++) {
nums[i] = res[i];

}

11.9.3 EBE XY

- RERIBEE R O(n + m). IEEEREHDT @ W KET nums FIZERT counter , #I(EFIARMERGR], —f%
BT n > m, RKEERESER On) .

- BEEIES O(n + m). EEMHEY: #B) T REDAIZ n F1 m KI5 res Fl counter .

- RREHEE: BRI res RIEFCRMIERZ AL 1Y, RIEIFET nums 7] DB T
E2ZMMHEAE, RmEREEHT. EfE L, EFER nuns WA DUSEIEMIHEF R, HE5R
RAERER,

11.9.4 BRI

BREM, RUFFERGFEHFIEFELY, (EERsEHEEN BB EAHE. A, GG

AR B AR S 2 A

Al 8y BRI RS, AR AR AR ARk, 7R CE R n] DU R R B RS, A H

FEE OB RPN RECEE S E TR Z FIRTAHE N R, B0, BNt E B BEIRBEES, ] UEAITH BT

b~ RSBl sER, Hrsepig mEikmE X,

st BT R R RO E ORI B MRS DL, e, 72 LSRRI m REERK, Rl A i 2 22
Bn < mB, FHEHFEER O(m) K, FIEEH O(nlogn) RIHT A IR EE,
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LR T R, SRR RHR n SRR m BT, RS n = 100 [
SOEITHEY, MiSSE 8 8 MiHT, EEREERIEE m = 10% A, [AEHEHF R E SRR T
TR, M ] DOR USRS DL

HEHF (radix sort) AL EAHEEHEHE — 2, thi@ASEHEBCREBIHF., AR L, EEHFA
MBS AL MRGERERR, QUG —ADETHY, RS EIRARRIHF AR,

11.10.1 FEERIE
DAEREEORL A0 B MEIRIRAESE 16, BEAUEE 8, HEEHEFRmAEE 11-18 ik,

L. Watehik =1,
2. BHESRAVE kAT RHEERTT. SRR, BRMERIRGE kA0 NEIRHER .
3. 0K kRN 1, AMRIREIPER 2. HEEDAN, ERIFTECERHET e IR R,

#N5] nuns . . SULSE, HEE 8 {1
1 2

4 HEE 1 i HEFS 2 % 37 {1 BiHHFER

10546151 35663510 35663519 10546151

35663510 88906420 88906427 30524779

42865989 10546151 82060337 34862445

34862445

81883077
88906420

34862445
63832996

35663510
42865989
63832996

72429244 81883077 81883077 72429244

81883077

30524773

30524779 82060337

82060337 42865989 42865989 82060337

63832995

30524779

63832996

]
&
[y
=

88906420

11-18  REHrEERRE

THEE A ER, BN dERRINE T v, TR kA, , FTRMER DUREHR AR
x
Ty = LFJ mod d

Her |a| FORBHFEE o 17 FEUE, T mod d Fn¥ d U (HUER). BRNPSRERL, d = 10 HE € [1, 8]

[e]

eoh, B2/ MER B E B RS, (2 AT DARIREC TS k ADEfTHY
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// = File: radix_sort.js =

/* JEBYtE num B95E k fiI, EA exp = 107 (k-1) */
function digit(num, exp) {
/] BN exp MIE k ALUBREILEERNITRENRSGE
return Math.floor(num / exp) % 10;
}

/* stEEE (IR#B nums 5 k (UHE)  */
function countingSortDigit(nums, exp) {
/] HEMHINUERES 0~9 , RILEERES 10 BIEET
const counter = new Array(10).fill(0);
const n = nums.length;
/] &t 0~9 FBHEFHHIRREK

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

const d = digit(nums[i], exp); // JBHX nums[i] % k fi, 327

counter[d]++; // #EEF d BHIRRE
+
[/ KEGERH, 1% “HIRES Hins fEHIERS])”
for (let i = 1; i < 10; i++) {
counter[i] += counter[i - 1];

+

/] BIFEE, BEBENGTER, $ETREN res

const res = new Array(n).fill(0);

for (let i =n-1; 1>=0; i--) {
const d = digit(nums[i], exp);
const j = counter[d] - 1; // JEY d EEFIHHZERS] j
res[j]l = nums[il; // #ERITHRENKS| j
counter[d]--; // #& d HEER 1

b

// EREREBEREMEY] nums

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

+

¥
/* BEHF «/

function radixSort(nums) {

/] EEESINRATE, ARFIERAME

let m = Math.max(... nums);

/] FEEREAEEAEFES

for (let exp = 1; exp <= m; exp *= 10) {
/] HEFTENE k UBITEHEHF
// k=1 ->exp =1
// k =2 ->exp = 10
// B exp = 167(k-1)
countingSortDigit(nums, exp);

S ERERARBIBALGHE?

FEEGRIHF @O, R @EEN W AR, BEE, RSB —WHFESRa < b,
M —wHEPAR a > b, RS AV SRS — AR, HREBFRIS M EICIERF =R

i, RIIERZIEHE RN L,
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11.10.2 EE Y

MR G BHE R, SEBCHE I R B E S RIS DL, (H AT RORLA S n] DAFOR 2 Bl LB R X, HLAE
BWARRER K, BN, IZEECNES (BT, RAHAE LB, ATREEEREAEE O(nk) > O(n?)

o

- IEBGRES O(nk). AEABEST: RERER n, RS dERHL BBk, RIS

SUTAHUHERF AR O(n + d) W61, HERPRTA ke BT O((n + d)k) RS, SRR, d 71 K #5H
HEN, BERTHEAREEREN O(n) o

- BREEES O(n + d). AREHHY : SEHEHEF R, S8 TERERES n fl d 5] res

K1 counter .

- REHEE: EstEdEReRy, REsHEERRTE; EstEdr A RER, R EARES R

HEFP AR

11.11 /&

1. ERSEIEE

- AR E A AR TR AR E B, B HTY AR AR BB AR ], B n] DR IRHE T

B S5 FE IS R MR I L5 O ()

- AR SR AR T EE N TREA R CH T B HEAERAE, My, MR AHFR

RFRIEAEIE 2 O(n?) , (HER BTSN, I NERHR I HE T H h I 220,

PR RIS R E Y . I E 0, A RTRER SIS B 2 N AR, BRI

MEHLE O(n?) o FIAPABEEESE MRS R IOSE S LR, BB ERE g T
[, AIA R MEEIRE, K EE R ERERES O(logn) .

- AP GRS R A A E R B, SUREEE T AR, EA O, HE R R R N i B

5II, SRR 2 O(n) 5 SRTTTHER S5 EHI U2 R AR T DU R AL O(1)

- WP RS =R BRI, MNHEE A MA R, BRI T AN, EAHREREE R

AT, AHE RS (B S 72 IR B BRI T2 70 i

- AHEHE R R R AR, EER st BRI B IR BUR E B, sHECE R E R R R E

ERHRE R A IRAEDL, B ZORE R RES i 5 2 IR R

- BREGEFIEER A K EEE R, ERERRER IR S B E A BT
- ORRAAE, WM ERRE - MEHE AR, BASCR, R, Rt DI BB SR, BN

HAngRS MR E 8, 6 PRI RN e T A IS Lk . fEEPRIEAI, |
EHURE R R AR R S A7 AT,

- [ 11-19 BT FimH P EEARRCR, e, st R B S,
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R SRR R
ee  ms  me  mw | EEE wem  oEmm g
®mEAR o) o  om oM ‘ HEE R FEEm e
FORT . wAWE  om oM o) on | wE W EmE KB
fENHE O(n) o(n?) o(n?) o(1) EE Rt B @ i 14
BOEHF  Onlogn) Ofmiogn) O()  Ofogn) | HilE i FE@EE  HL#
é’;flff) . @HH#F  O(logn) O(mlgn) O(mlogn)  O) | ME  HEM HEEE  E#
M Onign) O(nign) Ofmiogn)  O(1) ‘ FEE R FSER LR
BAF | On+k)  On+k  OM) On+k | ME  HFEE FEEE  FHE
BOnF  WEE On+m) On+m) Onsm) Omem) | WE  HEE  FEEE  FER
EMHBE Ok Onk Ok  Om+b) | MR FEE  FEEE R
n AEREAN
= - w | Hm e

FEHEIES, m AEREE
EHHFED, k RRAMIH, HHS b &R

11-19 HermREE

2. Q&A

Q: B AR E A BEIEN RN

EHRET, BMETREENY @ E I ETHE R, flan, 240N gEmmiEEE, RMmEEEH—
fEZ ey feteiRdRiETH T, 550 (A, 180) (B, 185) (C, 170) (D, 170) ; H¥ G EiETHF.
HR e EE AR E, FItATaeEfS%] (D, 170) (C, 170) (A, 180) (B, 185),

AIDAEREE, 24 D C M EHRA TR, AN ERESEIE T, mMERRMAREERIN,

Q: WHEHIH “MAEEEER” B “NAEAEER BINERF ] DA HIE?

T, ERMUAR LT R A, WAL “CHELEER” B “NCEEAER, Bl aEtrRES,
B ET— TR,

N Se#1 5y partition () MR — 222 nums [left] Al nums [1] o SERAHLR, FAERUC BT RAR <= 5
B IR ER BB — 2 2t nums [left] >= nums[i] B, REEFRMAE “DEEFEGER, AR
AR RN ICE, MIEE 1 = j RpkERE, sERaTEE nums[j1 = nums[i] > nums[left],
EtEaR, R — PR e e il —(E LB EOE KA e R B A B A v, B fe ] 73 B
BEH] 7, sGEMS [0, 0, 0, 0, 11, WHRL “MEMEAER, HHl7&EY A [1, 0, 0, 0, 0],
BEGE R RN,

FRNEEZ T, WRFBMEE nums [right] AREMEE ARERIELF OB, WEM “CEEAERR,

Q: BANRPEHEFRIERERE R, At SRS RS IR IR E A #iE logn ?

R R FE T2 AR B AR 7y PR B, i M e 1) 50 TR AP TR e 271 381 g 2 D - B 51, A SR DR VR S e
FERiZ, W NIRE) YR E R K AR R ER—F, BERERERN, —EBA FREE, IERKENIE
TERERLE logn o

[\ R A R HE R, FRMAE r] RE e B IR B R B i KM, mEBN FAn. n—1. ... 2. 1, &
TEVRFE A n o JRIENRFE BAEL AT DURE SIS R Tl B,
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Q: EEHFIFHATH TCRAM SRS, PO R AT 2 O(n?) W52 sXaal fR SRR (L% I ?

. BIREREEDN, AT DA RIE BN S #] R A 2 2 =8 ANRL SRR RIRETEE, fEH IR
B NAFURIR I ER e FERZITIE S, EATTR EMMHFRIRES], (2T o B AT 2 e,

Q: HHER IR R 212 O(n?) 2

BEWIT, FrEEEMA SR — R, GRRPHRA 0 O(n?) WEEAH FEt T2, RIRR i
Rt O(n?)
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F£128F #74

Abstract
HEMOR B, BRI e S B A R,
DMEZER T —AERENEE: HBEME, —UEIEEH,
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12.1 SasEE*
334 (divide and conquer), £z, BRI EE B RIEETERE, 268 FERIEEEH,
BEE “57 MO9RT miES R,

L g3 (B REEY) « BRI I AR o) it 2 IR B 2l 1 R, B EE R/ 7 R AR 1L,
2. 16 (GOREED - REAIR R/ T IR, PORETEME MR MET S 08, TEmm t s

HfiE.
qniE 12-1 fow, “GHHEET ZoERIH I EHN 2 —,

L g3 JEEMR RS (D S 2mifE ) (7R, E2FRIRE—ETR (G FHE,
2. 16 WREEMEAFR S (FRENR ETE0F, RmEErE RS (REER.

roar (BIEE
E)

BFHIE

- (B
B)

12-1 AP I TSRS

12.1.1 NfATRIERS JERIE

— (TR Al & I SHERRIR, JEH AT A2 DL B R
L. PRI CA R s FRE AT DA OSSR+ FTRE, DA RES DA R 77 sOEE st 1 T 81 7

2. FRIERENIN: FREZMIRAESR, DM, o] DIESZRR,
3. FRIERRT GO R BRI RER & O 7 FRER RS,

UK, A0 IR DU = MEH R iR,

1. PRI DA SRR s (SRR 850 2 1 ps] (R
2. FRIERBNIN: B8 REE T DI HE THE Y (PR ] DUBSLETT KA
3. FRIEMMTAE0E: WEGR Y (FRERE "] EH 2 — RS (RFERR
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12.1.2 BB BIREAME
SYIEAME] DA RO R D R, TR DRI R, TEH A, kY. S0,
HEREHE MRS, B, AHFED, MERATMER T 6%,

AR, FITALEEER: R n] DAPRTHESIARCR, HR s (g fasis, MRMEDMAZ
8 TR, BER T, # T RIS OF % IR ERERIE, ISR FIRCR 2B L R DR T RE AT R 3
o2 IS M T RE A] AR BRI A T 5 5 75 T A Ao

1. BFHERENL

DL kbR A, EpE A RS n SRS O(n?) B, BRBMRIEE 12-2 FrRirR, 1
FBUGE B 20 2 A TS, FIBIA T O(n) WERE, HEF A TRSITRE O((n/2)2) Wi, &OHmME
TRFIFE O(n) B, HOBSESRI BRI %

2

O(n + (g)2 X24n)= O(% + 2n)

FEEEEEEE FEEEEEEE
b

o(n)

EHE BEHF BEHE
o(n?) 0((n/2)2) 0((n/2)?)

DEEEEEEE

4888 o(n2) 4888 0(n2/2+2n)

[ 12-2 &7 AR R AR
R, BAEHEATAER, HAEEMNAGE 7 28 7w # o &R R

2
n
n®>—+2n

2
2
s M
oo
n 5 n >
nin—4) >0

EEWER n > AR, BIRMOREBERED, HipReRlZeEn. ST, 0 RNRREMETRR T
JilE O(n?), FURMEME P EUESN T,
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DA, RN 7 RSB e bRl 7 2 i - Bies, B 28 B L — e T R R 1 1 e ?
R ER EAUE “BOHEET, REERES O(nlogn) .

A, WURBAM S e a3, RS E 0 2% K E T REEIe? ISR AT AR,
AR BESH T IERER, M LFREERE DUESI On+ k) .

2. FITHERERL
PRI, 204y TR AR AR hy, RO o DO TR, thRLA, SN AT ARSI
FIRTIRTREIE, AR SRR T AR AL

WATRAENAE S Z R ERH BRI AR, BRG] DRI R 208 1, Emsen A Hat A
IR, REE T DR A TIRE

FRANTERE 12-3 Fomfy) “MHER” d, B ERERPEE S ECE S EA T, RIRTHE AT A AR B HE RS 70
FIREEHRETT, EREREEIHER

{/Eé \\% |

12-3 PRI TR R

12.1.3 8ERER
— 75T, A3VATT DA AR 22 4 e B i R

- SIREOEEE: SRR E SO BRI EE r, SRR BIERH MR 0 AR O R, AR R
R B RO R

- ORBEERIL: U0 Karatsuba 5%, ERRBEEERIE D R 72 2088 N R BIHISRIEATINE,

- JERESRTL: BN Strassen BT, EORFAERHIRIE T i R 2 8/ NE R SRIE R AN TR

- ISR R NRERE AT DOBEIEIE MR, 1SR S IR RIS

- ORMEREE: EEFAI, RATH BT NI S, ISR R E S, KR
Wi pr B T DM R R AR, REBh & OFHE R T SRR
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T3, SHATEEEIAME RSN P SRR Bz,

- DS SRR ARSI EER S R ARy, SAERAR HARE B TR E A R,
DRAEHERRIR—F=[5 [, A SR BRI R A TAH R = 0 1

- AbiEE: AEBRECE, SR,

- POdHEE . PREHE R R AR, SRR ) R M E S, —{E RS TR EE R DN,
b — P RESIRTCR LA R, FHERNEM R EIT RIS 2180, HETHEYIHE T —ETR,

- WHE MR U EA AR R B R BB 2 EA, RRBEERMNETTRETHY, REFSER
TERMIXE, M2 —E A R,

- OB Bl ToTEEt. AVL R ALRE. BRI, B+ 85, EMAVER. fEARIMERSE SRR T DAL A
THERMEHIE

- MERE: HERERR RERPRAVSER TR, HARERRCE, A MIBRFIMERE L, ERFR EARRRE T ARIE
i

- MRS MENMERR S ERIENI G, (BREARRE R R ERIER T ek, fln, s
b rR RS ER A1 S BB S KLR K, DRI ERRCR,

AIDVEN, it AR AR, S SRR R .,

12.2 9ARIESER

BMCAERE, B EHETR R MR,

RIS CEBBETEREHER, RRES O(n) .
FHRRES S SRR VORISR BB, I T2 R O(log n) #% O(1)

TR L, KRB S O(logn) MHESBEIRIE T IR IR GRS EBIN, flan — 70 208,

- oSN E PR RE ERYTH R BETTR) DN —E/NEE FERAIN— SR BT
F), B —EREEINY 22 s S BT R 21k,

C BRMIERENARR, £ TESH, AVL Bl HERESEREMET, SERENREEREZES
O(logn) »

oS E ARSI,

- FRER PR o SR R R (TERRS A T AR s T (TERFIA —F i T &
i), EREE L I T RN H TR AR E R,

- PRBERENE): EooEsd, VR T HEE, EASZ M T HERE A,

- TRFENEHSOR: —oa 5EER A TTR, HARES FRENRET S0 & FRE
TSFRIRTRIRE, i Pl & (R IRF S Z TR

IMARESITETHE R RCR, AH ERK AR S LR —EEIE, moraiEa s v DUHERR %
ﬁ@

1. ERaAaBlR—_niEs

fEZAiEF, —o@sFERERE 050 HEK, BERMERDE (BE) KEBE.,
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Question

e —MERER n AT nuns , HAATA TR ZME—H,

fessinarE, TMEHEBER [1, /] BEGTRIEEES £, ) .
DU £(0,n — 1) ZfEta%s, EB0 RSB —5Hea,
1. SFEBER [1, 7] RS m, BT HR S E .

2. MR SR RIS N — I TR, AIRER f(i,m — 1) 8 f(m +1,j).

3. S 1. B 2. B, HEE target Bl 2RI [E],
12-4 JoR T ARSI rp 0 80K 6 I TRIR,

(o, 3) ann 12 15 23 26 31 35]

.

(2, 3) [1 3 nn 12 15 23 26 31 35]
A

m

A 4

BAERETE 6 MHR3A 2

12-4 o ¥sK061ERE

FEEBERIE,, FME & —EREER dfs () AKRMEHE f(i,7)

// == File: binary_search_recur.js =

/x oS BE fd, j) x/
function dfs(nums, target, i, j) {
[/l BEMAZT, AFXEBIExR, ALRE -1
if (1> 3) {
return -1;
+
/] ETEAHEZRS] m
const m =1+ ((§ - 1) >> 1);
if (nums[m] < target) {
/] BEEFEE f(m+l, j)
return dfs(nums, target, m + 1, j);
} else if (nums[m] > target) {
/] EEFEE f(1, m-1)
return dfs(nums, target, i, m - 1);
} else {
/] HREIBExER, REIHZES|

return m;
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I
[* ZnEE */

function binarySearch(nums, target) {
const n = nums.length;
/] KfgfE £(0, n-1)
return dfs(nums, target, 0, n - 1);

}

12.3 BE_JciERE

Question
AT M I AT EST preorder A1 FERT inorder , FEMEHPREE —JOM, IR (A ot AOHRES
2, Rk ooB IR EEEENES QNE 12-5 iR,

B ER

/ \ EE ol preorder
‘ RS

inorder

12-5 TR RIRBIE R

1. HERRERSEME

R IREE A0 preorder F1 inorder R ol 2—EIAK /M TERIE,

- BRI DA MBI BRI, FRATAT AR JoE P e ) 2 o flE - A A, ARG R,
b= OIGHARENRS, TR SR (FRIED, MR RT M LA ESI2 771k, R
RN TR (FRE), ERERENFHE (8D Rk,

- FRPERBNLN: A BAE RIS IR, EfMZMRE2%, Mok, JRIMAFEET
PR AE AR P E a7 Fh B AL T R IR e A5 TR R B

- FRENEAIAE O — B2 T ETEIG T8 (FRERM, BIMTHEAT DURE s 2R RS L,
SR R,

2. ARG FHE

WRIELA L4, IEXERE A] DAE I 216 AR R, ABAMANZ BT EFi preorder MIFpFEi inorder Kl
TR T RE?
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B ER, preorder F1 inorder #A] LAE S 2 =155

- RIFER: [ RER | EFE | BFE ], BIANE 125/BEIEL 3 1 91217 1,
- hEER: [ EFE | RERE | AFE ], BIANE 125M0BEIEL 9 | 31127 1.

DAL BB R 2B, FRFAT DOZEE 12-6 Frni2 8BS 21E| 70 4551,

1. BIFERNE TR 3 2R EE,

2. EFHARETES 3 /£ inorder FIIRSGI, FIHZZESIFIHF inorder &l [ 9 | 3 | 127 1,

3. 1R¥E inorder MEI &SR, DL TEIA TFREIPETEEE DA% 1F1 3, EMmal# preorder &4
HL31912171,

HiTRARER

HiFFESS  preorder

IR
O O ot soorser (ENEDEDEDED s
. - ‘ 3 {EENES
EFiHE
o o

RiFFER  preorder anan

12-6  AER{ R AE R L 7 - #t

3. BEREHEAFHER
RIBLA #7775, BMCEMSIURER, 278, A 7RHE preorder Ml inorder R SIER, 7 T
RIS R W, TR ZRE AR AR R,

- JSERIBIIRRETES(E preorder HIYZT A i .
- HSERTRIIRETES(E inorder SIS m
SEAIIE inorder RIS BRI [1,1] .

Wk 12-1 R, & DL BB ET ] RRIR S B preorder HIYZERS], PAK FRILE inorder FIYRS|E
FEﬁo

R 12-1 AREEEFIFRIHERT R E ST P ERT IR S|

FRENEETE preorder YT FHHTE inorder AR [E R

st i [, r]
Tt i+1 [Il,m —1]
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MIEBE1E preorder YRS FHE inorder Y2RS5 RS

HFB it 14 (m—1) [m+1,7]

AR, AERETERS I (m — ) &R A rRNEREE", SR aE 12-7 FiE

(:) HiFFE ST.1/
preorder nn...
A A A

@ @ i i+l i+1+(m-1)
PREET

inorder naa

o O L

12-7 REVERIZA T RIRRS R RR

4, EXBER

7 TRAEH m BReR, BAMFEER—EFEE R hmap AREEFES] inorder HITREIR G HYHML:

// == File: build_tree.js =

/* WBEZTE: 298 */
function dfs(preorder, inorderMap, i, 1, r) {

F

[/ FHIEMATREELLE

if (r - 1 < 0) return null;

/] R IRENE,

const root = new TreeNode(preorder[i]);

// &E# mn, {MmEDEETFHE

const m = inorderMap.get(preorder[i]);

/] FRE: SR

root.left = dfs(preorder, inorderMap, i + 1, 1, m - 1);
[/l FERE: EEAFE

root.right = dfs(preorder, inorderMap, i + 1 +m - 1, m + 1, r);
/] R[EIRETE

return root;

/* WBEZTR +/
function buildTree(preorder, inorder) {

/] e HER, #F inorder JTHREIZRS|IRVEML

let inorderMap = new Map(Q);

for (let 1 = 0; i < inorder.length; i++) {
inorderMap.set(inorder[i], 1i);

b

const root = dfs(preorder, inorderMap, 0, 0, inorder.length - 1);

return root;
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12-8 J&oR TR —TRIRIRIEIERE, AEERRIER N BT BT, Mg (GIRD BER
BT R E R AL,

v OOOOA
- 00008 9

preorder (3 @2 (17 @
inorcer (3 (1 (2 (7

[ step 1 J

Step 2

- T
T S/
3 9 n preorder
@ 9 3 n inorder

Step 3 } Step 4

preorder |3 9 2 7 @
inorder (95 @92 (7

E—
[ Step 5 Step 6

3 9 2 1 n preorder

QGss=0 -
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wreorcer (E)ENEDEDED
inorcer ([E)EEDEDED

Came J 7 | 27 |

Step 9

12-8 feft st AR AR

BRI K N R AT R E T preorder M FERT inorder AYEHI 7 RANE 12-9 AR,

.
—

preorder | 3 92 1 7
inordern3 12 7

preorder || 3 9 | 2 n7
inorder | @ | 3 n2 7

39 2 lnpreorder
9 31 2 u inorder

I =0 B

12-9 {0 2 R X O ) 5 2R

SRR 2 1, DML (BT —EEE R dfs Q) 5 O(1) Wi, [HAIN B
Bl On) .

HMEBERRF inorder TTREFIRSINEB, SHEHRER O(n) » EREBIT, B ICIRK 2545
I, REREEER n, A O(n) MHEMEER, KISz O(n) .

12.4 FANIERE

FEE OFHE R AR T, AP R o PR 08 7 P B AR 25 S R — - - AT, RIS TAT S )
, FAIER AR 70 R RS
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Question

ME=MMT, i A BHIC, EIHRET, 7 A LEZE n FEEE, BEMRELEETHZRIENEIK
RINEFEHES . MR R ZIE n MEBBEET ¢ b, WAREMVEAEFR A2 (nlE 12-10
FR) . fERENERAERES, TEEF IR

1. (A8 HRETE — AL T THER S, 185 —HRAE T THRR
2. BIRAA

b
=
HRERS B —fEl Bl
3. /NEER AR ZIN KB Z .

ALl

Y wEEEELE A BBHE C
A B C

12-10 {RINIERTERBI

TRV BUELR @ R OIERTERCAE f (i) o Blan f(3) FRFK 3 [EERRE A IR C RV,

1. ZEELHHER

aniE 12-11 Fzs, BARE f(1), BVE A —(EESER, M e ERE A 8= ¢ A,

8 N B

A B [ A B c

MR f(1) RBR £(1) TR
BEiESERYE A BBHE C AR

Step 1 Step 2

12-11 R A 1 RS RE A
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aniE 12-12 fow, $HREE f(2), BIEAWERESR, RN MR ERRE b, R
B AR5ERFZ

1. Jeif EEE/NEERE ABEB,
2. HiEKEBEABEC,
3. BREKNERIEBREC,

=l 1l Lil

R £(2) PR
FiE £(2) 1. WERE A BHE B
Step 1 ‘ Step 2
A B c A B C
R £(2) WER: BR £(2) MR
1. #ERE A BHE B 1. #ERE A BHE B
2. RAEZYE A BBHE C 2. BAEEYE A BBHE C
—— 3. RNERESE B BBHZE C
Step 3 Step &

[ 12-12 Az 2 iR RE R i
R f(2) B AT AR 2y R EERAED) B R A S C . Hrh, CBABEEM. B MARE,

2. FRESHE

BRRE f(3), BVEE=(HERR, SRR T —L,

RZCHA (1) F0 f(2) Bf, FrARMTATiEmiam RS, A% A TERRIK s BV A 1 —fafi, BiTiE 12-13
PR ER, SR =B IEF e A= C T

1. 2B & HEEAE. C A&EE, HmEEREABEB,
2. 1% A HRIERH—EEIEETE A EREBEIE C
3. X CAHARHE, AR, MMEEBREBHEC,

all Lal

R £(3) WER:
iR £(3) 1. RW{EEZEYE A BBHE B

Step 1 Step 2
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lal Lla

A B C A B C
fRR £(3) MPEW: R £(3) WM
1. BTWEESHE A BBHE B 1. TEEER A BBHE B
2. BRIG—EERYE A BBHE C 2. BRK—ERSRE A BBHE C
3. MR B BBHE C
Step 3 Step 4

12-13  KifsEZy 3 AR R R
WAE LF, BATSERE f(3) 8155 Zmifd 7R f(2) M— 7R f(1) . e RNE =8B 1%,
JRFERE 2 2RI, IS T SR ALY, T ELA#A] LS OF,

b, FePTAT A B 12-14 ORI NS RN 5050 : JSEIRE £ (n) 815 2 TR f(n—1)
(A TR £(1), AL PR RS = (8 7R,

1. #n—1{EEE#ECIEAREB,
2. #FER 1 (EEBME A B ZEC,
3. #%n— 1 AEEFEB AREBEEC,

SHARTE T f(n — 1), USRI g HREES, EEEsR TR f(1) . 1 f(1) 1
RBERIN, R — DB (T,

FRIE f(n-1): #§ n-1 EEEK A BHEB

A |

) 4
FRE £(1): $HE 1 EESNE A BHE C

.é—.*.—

FRIFE f(n-1): ¥ n-1 [EEENE B BHE C

TTA

[RR3E f(n): ¥ n EESE A BHE C

12-14 R NS TR E R 70 16 SRS

3. EXRER

ERERER, BMES —EEEER dfs(i, src, buf, tar), BERTERZF: src THERY ¢ (EEEFE)
REAE buf BEIE BT tar :
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// == File: hanota.js =

/*x BEI—EEE +/

function move(src, tar) {
// # src ESEH—EERE
const pan = src.pop(Q);
// EESBBRN tar TEIP
tar.push(pan);

b

[* KEEAINEERIRE f(1) %/
function dfs(i, src, buf, tar) {
/| & src RET—(EELE, WEEEERZS tar

if (i = 1) {
move(src, tar);
return;

}

/] FRE f(i-1) : #& src TEEP i-1 {EE#EFEEY tar #BE buf

dfs(i - 1, src, tar, buf);
// FRE (1) : #& src REF—EEEHEE tar

move(src, tar);

// FEE f(i-1) : #& buf TEEP i-1 {EEREFEBR) src #BE tar

dfs(i - 1, buf, src, tar);
+

[* KEZFINIERIRE */

function solveHanota(A, B, C) {
const n = A.length;
// % A TEZP n {EEREFEB) B #% C
dfs(n, A, B, C);

4niE 12-15 AR, NSERER K — IR 2 n BORERE, S8 ER AR 0 7R, BIE—ER AT dfs O

B, BREERES O(27), SHEMEL On) .

12-15 {A S Rl RE AR e

it
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Quote

PN RETR B — S E e, EhEEN—ESEEE, BEME=RERNEaET, DAk 64
TEHR N —HEE R, BEMNEEEER, MMEEERE — [ ERYOEMRENI—Z], B
TH SRt & AR,

SRIM, BN PSSR —k, SHTEARL 204 ~ 1.84 x 1010 #, &% 5850 {4, isid
8 7R T E AR, TR, MEEEERZEEN, RMEZAFEROETRHNEIR,

12.5 /i

1. ERSOIEE

- oriaR R RREETARGET RS, EAE o @) fe (B0F) Mg, 8 RRIREEE,

- BRSO IGTEEIAFE IR MRS R, TRER SR, TRIERES S,

- AR R TR RIS SR ER], R bR P A 03 2% R AR E RS, EE R AT R R
wEa v, 1EmsERidHET.

© BIAARIGERE R DARTHERIERCR, — 750, 2ERIEED TIRIERE,; H—Jim, SHaREAIR
RHIAMATIREE,

- oMIAREA] DURIRET 2 IR, Rz B e R B RA RS, R n] R B,

- MEBR RS, BEEMSECRER, FEEMEZ O(logn) MRS ZERHERIRE
B,

- S ESEIRRIEH S IR, ENE SR T REERRET S A RIP B, I AT DO E IR
THAEB i,

- ERME TR RTE S, MR (SRR AT DAB ) i e TR T (D, g Rl DAEE ]
SR AR R AE AR 5 | [ AR B B

- AEFINIERES, —E R n AR R DAE > 2 MR 2 n — 1 B9 R — BRIy 1 A9
o TZNER RS = 7R, JREERE SRR,
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BE13E [

Abstract
BN ER = R RIR RS, FERTERIER ol sE e 2| K&,
[EIWARY D &R M RE S E TR LR, TETER, RAIRENEAEHNE M,
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13.1 [EIEEZE

EESEE (backtracking algorithm) & —fHiEE 53 AR IR ER 7%, B0 B ZIE—EIiaIkGE
3, RAOMISFERTREIMIRTT R, EEFEMARIEERER, ERHEIMEEER T rTReny e
IR AR A 1k

A RS REEE S RETRSE, £ ook’ mih, RMHRERTE. RERERE
PRI IR S, BN, BAMHI A A A S A — M (B AR R, 3D MR AR ] e R ) AR SR P,

ol —
fE AR oTh, S RCERATAER 7 RIETR, SEIREIEIR S,

BRIGE, WA ETSRE, WHEERERMIER SR 7, A2, ANZEREEMALSRES] res
2, FHEDERE BN 13-1 F1 2L RS R

// == File: preorder_traversal_i_compact.js =

/* BIFES: BlE— x/

function preOrder(root, res) {

if (root = null) {
return;

¥

if (root.val = 7) {

/] ECERfE
res.push(root);

}
preOrder(root.left, res);
preOrder(root.right, res);

REEKES

BIFFEsA—7ui,
WECHRMER 7 BURARS

AiFFES
£ @ RERs

[ 13-1 FERTFEAE A IR TR

13.1.1 ExFE[O);ER

Z i DARE 2 25 IR R, RN 2 X RA R SRS IR G ER L “ERL B R BSRIS, ETERIATE
B B R SR R TR ST TE B TR BTN R R AR RO, B RGP RRE, RAIF AT
ARRE, & R H A AT RERIEEE,
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BRBIE—, FEEEERHAAR X BT, MR EEE R EOR AR EIRE return RIFOR “[MHR”
ERSHRARE, PIBEAEEREERN, ZiRE R, BRIMTBEGRE MR,

Pl —
FEZ TR PR ATE AR 7 AIETRS, GHIR IR, 2E L R R 1L

TEBIE— TR b, TR 2B — M H%] path sodkai FDE RV EIRGERIE, ERiFEHER 7 FIER5EK,
AR path W HHESIR A res . EFITEMIR, res PREFIFLRITAIM, FXEEWNR:

// == File: preorder_traversal_ii_compact.js =

/* HiFEH: BIEZ «/
function preOrder(root, path, res) {
if (root = null) {
return;
}
// ER
path.push(root);
if (root.val = 7) {
/] ECERAR
res.push([...path]);
+
preOrder(root.left, path, res);
preOrder(root.right, path, res);
// [Eh&
path.pop();

fEFR “El” o, FRDEEKEE AT HIRGHTEE path RECERERAE; WAE “ENR” AT, FRIEHEEAZETRRE
path i, PAREARE A ARG,

BUgzlE 13-2 FonfiEts, BT PO E sUMERBEE 2y “HidE” B “HE”, MIER(EE 20,

EE: BOED, EMRE
EB: gk, RUEE
path = [1, 7]

’..
= i BOES, ERMRE
[EhR: kg, KRR
x \ path = [1]
0O 000

BEIER 7, AISREHEEGER

res = [] res = [[1, 7]]

‘ Step 1 ‘ Step 2

BE: BOEY, BRI
EB: fREikig, RRE
path = [1, 7, 4]

EE: BOES, BRRE
[EB: tRERAE, &zURE
path = [1, 7]

res = [[1, 7]] res = [[1, 7]]

| step 3 Step &
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=0

13.1.2 B9

AR RHEF) [ 1 o R O 35— (B B AR AR R A, AR PFIm TR “BIEL7

BHl: BEEDS, ERRE
EB: tREiAE, RRE
path = [1, 7, 5]

res = [[1, 7]]

BE: BOES, BRI
ElE: RS, REE
path = [1, 3]

res = [[1, 7]]

BEl: BOEDS, BERRE
ELB: kg, &sUEE
path = [1, 3]

res = [[1, 7]]

[Step 10‘

W BOED, ENRGE
ElR: RERAE, RUEE
path = []

res = [[1, 7], [1, 3, 7]]

13-2 EilHENE

EE: EOES, EMRE
EB: RERE, KRR
path = [1]

res = [[1, 7]]

EE: BEE, BHRGE
[EHE: PRERE, KRR
path = [1, 3, 6]

res = [[1, 7]]

B BEEY, EMRE
E1B: RERE, RUEE
path = [1, 3, 7]

BEEE 7, ARERETNESR
res = [[1, 7], [1, 3, 7]]

B =

TR R AT (E Ry 7 HIERS,

IR

AR (AR ARG EIE LR RS RS S, M BRI AR F A 3 1
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2 TR DA BRI, BT R A SRS, HBEMES 3 WEE, RIEEANEE,
Adr s, BEIUHBUN RTR:

// == File: preorder_traversal_iii_compact.js =

/* HiFFES: HIE= +/
function preOrder(root, path, res) {
/l B
if (root = null || root.val = 3) {
return;
}
// EH
path.push(root);
if (root.val = 7) {
/] ECERAR
res.push([...path]l);

}

preOrder(root.left, path, res);
preOrder(root.right, path, res);
// ELE

path.pop(Q);

“BIR” REARREIERI G, i 13-3 R, fEfsEiET, Wl 9T 7RSS SRR S
X, R SERERIER, EmiEm TSR,

BB BEES 3 AERSRRATRE

BB RES B R EAES TR
miEFHESME

13-3  HRARKIRARIF BT L

13.1.3 tEZIENE

TR, BMESREMN “E5. FNR, 3987 MTRIEZRIEMI, e asaiE .
FEALMEREKIE S, state FoRHERIERTIRAE, choices R RIRRE T AT DA TSR :

/> EIEREEZR */
function backtrack(state, choices, res) {
/] YERR B AR
if (isSolution(state)) {
/] ECERfE

recordSolution(state, res);
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/] T BiEELEs
return;
+
/] EFHFREIEE
for (let choice of choices) {
/] BN FIEREIER TS
if (isValid(state, choice)) {
/] EFl: MUHEE, FHikee
makeChoice(state, choice);
backtrack(state, choices, res);
/] [EhR: HEHERE, MERIZAIRIAREE

undoChoice(state, choice);

AR, FRMBEAEZRE AR EGIE =, IRFE state R HIRERIKIE, % choices A EATETRAIAE
TEIRAIG FEIRE, SR res EERIEHSI:

// == File: preorder_traversal_iii_template.js =

/*x FIETERTAREEEAME «/
function isSolution(state) {

return state 8& state[state.length - 1]?.val = 7;
b

/* GCERRRE */

function recordSolution(state, res) {
res.push([...statel);

+

/* FIEREERIARRET, ZBERTEZE +/
function isValid(state, choice) {
return choice !'= null && choice.val != 3;

¥
[* EHRRE «/

function makeChoice(state, choice) {
state.push(choice);
+

/* VRIEARRE */

function undoChoice(state) {
state.pop();

+

/* BIERE: GIE= +/
function backtrack(state, choices, res) {
/] BEREAMR
if (isSolution(state)) {
/] ECERAR
recordSolution(state, res);
+
/] EFHFREIEE
for (const choice of choices) {
/] Bt MEEERT AL
if (isValid(state, choice)) {
/] EFl: MHEE, TR

makeChoice(state, choice);
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/] ETTF—EEE

backtrack(state, [choice.left, choice.right], res);
// [ELR: #EEEE, MIEEZARIKRE

undoChoice(state);

R, BMHERENER 7 TR IEZ AR, LTIl 21219 return sHAIHNER. [E 13-4
BLE T IR EUMER return BEAIRYIESIETE,

nuRE L

FikEe
Q. et
[}
*Y return B return
sCiRfERIR0], FHRERIZS CiRfEEAEE, BEELES

13-4 {REFELMIBR return AYFE B E
MR AT E R AR IR BT, SR B E AR ZR R S B IR AR RS NS, (DB ELr, EIR L,

T 2 [0l TR ] DAEZHESR gD, RIMATARIB AR EA T % state Ml choices , I EBINEZN PRI
{875 IR,

13.1.4 ERAW:E

7 7 BIEMHI AT ETARE, MRS — TR R AR AR S 3R, MBI RE =4 H R,
4% 13-1 Fivro

& 13-1 H RAEE R RN

i R =

fi¢ (solution) fRZMCHEREMARIESR, nREA M RETREEIETR 7 R 25RO R

IR LE HH AR R RE AR IR T TR, EEAE B SHEIDS 3
(constraint) RBIHRE
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EAT EFR il =

IREE (state) ARREFRRN A R — R ZIEN, e ME B MR, B path HiZkE5)
EiE

=550 El BRI T R SRR RS ENERE, EEM  REMAE B) THIS, AFEEETEE path,

(attempt) HiES, HEIikRE, MEREAMR FIERE B ER R A T

EpiES ELRFEEZ AN ARG AR AERE, WEHaTEM  ERUAZEEIRL. FREBM. BEES 3

(backtracking) HAEEE, [FIZ| -—EiKE HEGRAR s RAORE]

EiL53 SR RIR B R ARG R EE RS EBRES 3 W, R HEsES

(pruning) BAERTTIE, RS SRR

Tip
FIRE, ff. IRRESFAESZIBARY, 1E70A. B, EhRe#|, S35 mAETEEY K,

13.1.5 {EELELERY

EEEEAE R — RS EEE, CERITE n s T R EERE N IR R, BT
VBB RRESER BT A RIRERI AR T 2, T BAESHISIRIRET, BEARENREE,

SR, FEJEFRAHRIAS B S R R s, ol SRV R TR e DARE 2,

- WRE RIS R E AR RE S IR P A AT RE, R AR A PT DOE 2 B0 s R T FE
- 2R R R R R A E ATATRRE (BIANESTE, R BIRA BN EE), BEIRERAR, =M
FORAIREFEIFRA,

RIEEGAE, Dl Ry SR Lt s B 2 R T e BB B AR DT R BN, iR ik TE
MR8 2 ] A R SRR, R AP0 ZH S AT Rl RERIISEME T AE R, (EIERETRTL S, BSER Al R
B, RBRCR R EE WA,

BB RSN E N G A A R AR, T B A R A

- s A sEETTIA LRSS EEHE, EmE T SR Al REE L BRI,

13.1.6 [El¥AER(GE

(e e 72 ] R R 21 TR, SR e PR S B L R
1R SRR AR RSN R R E R R TT %o

- EHIRE: A ARG, KREHFARTRERHSIE S

- TERMEE: AE RSN EEN, KERSHIEN R EENR &,

- ISR A AR TR — RYIR/NRRIR RS, EORRE T BRI AR TR B E] S — IR T,
BRARER B —EENE, HARER KB BB NEE L,

HIAN T SRR R E SRR R TR SRR R AR
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- n2iE fEn x n R ERE n BRE, #REMEARE,
©BOE: E9 X 9 ERTHIEARTY 1~9, fERRT. BYIMEE 3 x 3 TR THRIBT A EE,
- EFEORE: S —EERE, HEORBES B ETERE G, SIS HEBTERE AR,

A AL : TS RER B AR AE — (8 & 2 R TR T S R A B (B

- O-1 HHEME: A A —EEE, SEYas ENEENER, ERETEEFRRGIN, 3
Y LSRR E R R,

- RATRIME: £ -EE, (E-ERGHIE, FiREATE HARMA L OURIR AR, SRR,

- EROREIE: A —EEaE, PREIRCRRYSE e, R T I TE R < R A 18 A

LR, BIRNFF A G BRI, R RERITT %,

- 0-1 F A B RE A B e, DOE R m AR RAIRCR,
- RATRZ —EEE A4 NP-Hard B, # AMRH B BEEIAMS R IASE,
- ORI R R G P B — RS SR, T S AR R R R SN IR R R

13.2 £HYIRE

EHB R REREAN —E RN, ERERREAE —~EE S W— TR ERT, X
HHATCRIIFTH ATRERTHES

R 13-2 BB T ARMERBIRERL, BTG E A RES A0 A A HES
®13-2 EHFIRHA

LPN ] FR A HEA

[1] [1]

[1,2] [1,2],[2,1]

[1,2,3] 11,2,3],[1,3,2],[2,1,3],[2,3,1],[3,1,2], 3,2, 1]

13.2.1 EBFTENRER

Question

i A\ —ERE s, HrpAEEEETR, REFTH TRERIHES,

FEEIS EA I M, SRR DU RS A QR — R BRI AL, (i A2 (1,2, 3],
WIRRMEIRIE 1, FHRIE S, REORIE 2, AUEEHD(1,3,2] . FEIRER TG R,  rue s
.

TemMrE R AEE, FEES choices BEIAMIIFHIFIAILR, IRE state BEHZE HATCHIEEN
TLR. R, BETTRAAITPIEE R, Wt state T TR AR R HE— 1,

qnie 13-5 AR, A Al DURHE sod 2 e B — PRI, B RV EER R E RTIRGE state . TEARETRS
Bildh, A6 —FSRRENEIENRS, FIEEERAEE A,
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B—mRE

13-5 2HEFHIR G

1. ERBENK

T EHSETERPEE —R, BMFBESIA—EA RS selected , HH selected[i] Fon
choices[i] @A EHOEE, WHRNEEH DL NEIRIRE,

- EMHIEEE choice[i] 18, FeMMmti#f selected[i] B A True, T EEHHEIE,
- FERHEEERY choices I, BLBATHE CHOREMETES, BIBTRL,

GnlE 13-6 AR, (REFRAME —EEE 1, 55 WiEE 3, F=WBE 2, NIFEAES “WiTsTR 1 7,
TEH =8I HcR 1 FITR 3 H03

:

J StRES 1, 2, 3

P—
_ MR TRRENTE 1
BoRR 3 HSAETES 2, 3
BE 09__
ERE 2

B EHSEENTE 1, 3
FRaETES 2

13-6  EHHBTETRA

B2 13-6 3851, ZOURHRIERHE B ARA/ME O(n™) WNE O(nl) .
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2. EERRER

B LB IR, BIMRIAT DRSS i “eIEHE" T, 2 7 Ana i, B reEE
BHESEAIE RIS, MR eMERTE backtrack () Hz(H:

// == File: permutations_i.js =

/* EIESRE: 4% I %/
function backtrack(state, choices, selected, res) {

/] EREREFNTENER, CHAR

if (state.length == choices.length) {
res.push([...statel);
return;

}

/] EFHFREIEE
choices.forEach((choice, i) = {
/] B AAFEREIETE
if (!selected[i]) {
/] EFl: MUHEE, FHkRE
selected[i] = true;
state.push(choice);
/] EIT T —EmEE
backtrack(state, choices, selected, res);
// [ELR: HEEEE, MIEEIZ 8RR
selected[i] = false;
state.pop();
}
B
}

/* &H5 I +/
function permutationsI(nums) {
const res = [1;

backtrack([], nums, Array(nums.length).fill(false), res);
return res;

13.2.2 FEMEFTRIER

Question

A\ (EER RS, PSP RER S EHBOCR, IR ATE S ERRHES,

RS [1,1,2) . 27 /7SS MIEESTR 1, RIVES M1 as 1.
wlel 13-7 PR, L s RS — R A,
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B—mRE

BowRE

_—

AR TS

13-7 E®EHE

AN RBRERRIHRSINE? R E R, FRERE—EMERE S, ERBEHGRIETRE, AmEskies
A, N AEREBHSIR S AR, IERGERTRRNINE IR, ISk n] DA — IR HERIRACR

1. HETREK

BisIE 13-8 , (LS —imrp, B 1 slUEE 1RSI, (EE MRS Y R4 R a R, Fit
FERZAE 1 BUAL,
FIE, fESS—RIREE 2 2 1%, SRR 1R 1 eSS, RIS R 1 99EL,

EAHE LE, B HESRAER R, OS2 MR TR POEE — K,

choices = state = ;]

E—imiEE

13-8 EEHSIBTL
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2. EERRER

6 bR SRS |, TR RAE S — W P DR — (M5 S duplicated , FIREEZHTD
KERETTR, WMFERTEIR:

// == File: permutations_ii.js =

/* EERE: 5% IT %/

function backtrack(state, choices, selected, res) {

/] EREREFNTENER, CHAR

if (state.length == choices.length) {
res.push([...statel);
return;

}

/] ERFREEE
const duplicated = new Set();
choices.forEach((choice, i) = A{
/] Bt FAFEEREETRE B FAAFEEEEESE TR
if (!'selected[i] 8& !duplicated.has(choice)) {
[/l Ef: MUEERE, FIRE
duplicated.add(choice); // SEEEEBENTERE
selected[i] = true;
state.push(choice);
/] EIT T —EREE
backtrack(state, choices, selected, res);
/] [EIR: HEHERE, MBI ZAIRIKRE
selected[i] = false;
state.pop();
}
B
}

/* £H5 I1 %/

function permutationsII(nums) {
const res = [];
backtrack([], nums, Array(nums.length).fill(false), res);
return res;

(RETCRMIMZ AR, Jn E7CRAE n! FHES (BE3); fERCERAT R, JEERRER n KBRS,
i O(n) K, FIERRRBEREES O(nin) o

BRKIRERE 2 n , #H O(n) HeBiE=M, selected M O(n) =M, F—RZIRZ 3G n 18 duplicated
, R O(n?) 25/, s BBiakER O(n?) .

3. WMEBRELL

FETEEE, BfESR selected I duplicated #FHRBIR:, (HE M HZARF,

EEEEEE . SRt HA —f selected , EHZERTRETOEMLE TTE, HEHE
e SEAE T ETE state FREBEHH,

- ML ENE: SiRE (EEMEIR backtrack FN) #RELE—1M# duplicated ., Eil#tAIEEAR
e (For HPE) AL cZEMOEER, HIEH BASMHSETE RBEE X,
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[l 13-9 Jeor 7 mE ST RGP A A B, TERE, RrP RO IRENRG (OR — (A8, TEMRETRE B RGBS 1 |
A 25 Ml A B — 8 HES

o 5
nEEE— S
WHthHITIA [1, 1, 2] [1, 2, 1] (2, 1, 1] HEEF= §

13-9 PRSI Rk 1E F HE R

13.3 FEMRE

13.3.1 E|EERENER

Question

45 7E — M 1E R B FH%1) nums A1 —1E HAZERE S target , sERHIFTEATREAL S, FSEEFTRITE
A target . AEMYIRERITER, BREITETTUPGERZ R, sEABRFIERIRMENELEHMA S, &
A ER S ERES,

B, WA {3,4,5) FIEEEH O | 2% {3,3,3), {4,5} . FEEED Fik

SR AT AT LU U R MR,
- FERESTERIER, A {4,5) F {5, 4) BR—ETE,

1. S2ELHYIEE
FERUA HEFI R, TR DAE FEA BORFEE R K — RVE RN R, WEE SRR E “cHE
M7, EICEMER target I, Bl FEBREE RS,

iR AN FE R, AEEETPITE ] DI OGER, K SHFER) selected KA S E
TR O, TR IS 2R EI T/ MEB L, P15 IR S



13 E [E www.hello-algo.com 271

// == File: subset_sum_i_naive.js =

/* BIESRE: FEM I +/
function backtrack(state, target, total, choices, res) {

[/ FEMFR target B, CEkAg

if (total target) {
res.push([...statel);
return;

}

/] EFRFREEE
for (let 1 = 0; i < choices.length; i++) {
// BIf%: BEFEMBB target , BIBKBAZRE
if (total + choices[i] > target) {
continue;

¥

/] EF: MUEEE, EFTEM total

state.push(choices[i]);

/] EITT—EEE

backtrack(state, target, total + choices[i], choices, res);
[/ [EIR: fEHEE, MBI Z AR

state.pop();

F
[* RBFEN I (BEEEFE) «/

function subsetSumINaive(nums, target) {
const state = []; // #RE (F&)
const total = 0; // F&M
const res = [1; // #@R&E5 (F&E85)
backtrack(state, target, total, nums, res);
return res;

m L B ESEARS [3,4, 5] MEFITR 9, WMLAIRA [3,3,3],[4,5],[5,4] o HERRIHR ¥ AR
% 9 AR, EHPAEEBIN T4 [4,5) f [5,4] .

ERR R AR B BRIEFRY, AT TR R ERIER, (E 13-10 frr, JoiE 4 1238 5 BLIEE 5
RIE 4 RAFMIS, HEER—E 75,

choices =

target =

BREE
JTERM >9

BomiE
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13-10 FHi% s BB eIk

&7 APREE TR, RERNERRBEIRNET R, IS IRBCRIRAK, AR R A,

- BEYTREZ, THEE target BURK, EmmEeELRERNEEFE,
- s (M) RUREHERFER, TEICHERS, MR e ETT R R,

2. BETFEERK
BAE Sl R E B BRI T R, BIEE 13-11, S PR DURFENET BT R R E A1,
Ban LA &,

L EHE—RRE o BEE 3 4 1, SARESENETRNIETFE, 8 (3,4,...].
2. Z1%, EEHEWEE AR, W TREZPOE 3, WAL TE (4,3, . ] M 1. SR
HrEEeE,

fEfmidied, S ErREREC A EIG ORI E I, RIS D S8R,

1. miPWERESE 3 A0 5, ARTHE (3,5, ... ],
2. PRI AR D, ERTFE (4,5, ... ]

3. EHWIEE D I HREEPEE 3R A, AT (5,3, ] F1 (5,4, .. ] BUET 1. BRI 2. b
HORHY T 452 R L

choices = a

F#& [3,3,.] [3,4,.] [3,5,.] [4,4,.] [4,5,.] [5,5,..]

EfRFE ERTFE EETE

Bl 13-11 IR SR8 T 7
AT, BEMAM] (1), 2y, ..., 7,], FOBBRAPORIERINS (1, 2, , . ¢, |, WS
TEWIL i) < iy < <y, FWIETIEPEIGEIE I @RS, HER IR,
3. BRAEER

BB, WG start , FINEERRIARE, BIMHERE o, &, & P —WiER5! b
YT, SRR BRI 1 < iy < - <4, , TEMIERAE FHRME—,
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PRItz Ab, BADEBFEEEST 7 LN TER .

ERA RS AT, Sy nums HEFF, fEAEFIFTEBERE, & FENEM target RFE A RIERE,
BEBRITEELR, HPEM—Ti@A target o
BEICEMEE total, BIBLE target EBUTIRIER GG CEN, & target FiR 0 RFaBRE,

// == File: subset_sum_i.js =
/> EIFEEL: FEM I %/

function backtrack(state, target, choices, start, res) {

/] FEMHER target BF, :TiRAE

if (target = 0) {
res.push([...statel);
return;

}

/] EFREREEE
/] BT ¢t start BHMARESS, BREMEEFE
for (let i = start; i < choices.length; i++) {
/] B—: BFEMNEIB target , BIEZERERE
/] ErRAEARETIEHRF, BETREAR, FEMN—TEEE target
if (target - choices[i] < 0) {
break;
¥
/] ER: M®EE, FH target, start
state.push(choices[i]);
/] EITTF—EmEE
backtrack(state, target - choices[i], choices, i, res);
// ELR: HEHEE, WIEEIZ aiRIARRE
state.pop(Q);

F

[* REBFEM I %/

function subsetSumI(nums, target) {
const state = []; // #KRE (F£)
nums.sort((a, b) = a - b); // ¥ nums ETHIF
const start = 0; // EhtCIAES
const res = [1; // #REHB5 (F&EHR5)
backtrack(state, target, nums, start, res);
return res;

13-12 Fin 255 (3, 4, 5] FIEFETTER 9 A DL LR S & AR RE [ e e
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i target

choices = BRAMRE
target =

BE-RE

B=owmRE

i2if target BETFE

13-12 F5F0 1 [mEE

13.3.2 TEE/|RTENESR

Question

40 E —(E EEE S nums F1— M B EREE target , sERHFTAATREMAA S, HSMHEAHITER
FI%EIR target o 4AEPSIRIRER S EBICR, BMCERTHHER X, D EBSIE R ENELEH
&, PP EaSERAS,

FEIELS LR, AR ABRBIRT AL & RRER, JE5IA TR, i, sl [4, 4, 5] AL
0, ARG RES [4,5), [4,5), BT EETE,

16 P e P S AR A S R AR R b 2 IR (IR 13-13 vh, SR —dRdh =R, A miEE
4, GEAMEEEIES S, EmmtEE TR, FHE, B WM 4 thgEt 5w 4,

choices = a
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13-13 M TRERWERTHE

1. BFTRY

DI, BAMER RGBS R b L RESORIE IR, HEU By miRESIR EHT
[, RIHMSETTREEARAR, SRS RS T, HEADTREEEZTRMAS, AR e CAge
i, FtEEEETTR,

BLPERIRY, ASERUE REIERESC R N REBORIE — K, SERE, M R] DI AR start A 2 %A :
EHEE v, 18, RE N WERG 1+ 1 RGARET, ERRERRER &, Mt EREET
Fo

2. ERBER

// == File: subset_sum_ii.js =

/* BIESEE: FEM II %/
function backtrack(state, target, choices, start, res) {

/] FEMNHER target BF, :CiRAE

if (target = 0) {
res.push([...statel);
return;

}

/] EFRFREEE

// BT #t start BAMARES, BEREMEETFE

// BEif=: 1t start RGN, BREEEER—TTE

for (let i = start; i < choices.length; i++) {
/] BEifk—: BEFEMNBB target , HEEERIEE
/| EREAEYEHF, BETEREAN, FEM—EEA target
if (target - choices[i] < 0) {

break;
}
// BN MNRZTRELETREE, SEZESSTEE, BiEE
if (i > start 8& choices[i] == choices[i - 1]) {
continue;
¥

/] ER: M®EE, T target, start

state.push(choices[i]);

/] EITTF—EmEE

backtrack(state, target - choices[i], choices, i + 1, res);
// ELR: HEHEEE, MBS iRIAKRE

state.pop(Q);

¥
[* REBFEM 11 =/

function subsetSumII(nums, target) {
const state = []; // #KR& (F£5)
nums.sort((a, b) = a - b); // ¥ nums ETHRE
const start = 0; // EhtCIAE,
const res = [1; // #REH5 (F&EHR5)
backtrack(state, target, nums, start, res);
return res;
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13-14 R TR (4,4, 5] MIEEITR 9 WENER, HEOSTIREIRRIE, SRR E R 2SR
witr, MRfRR(EESIERE, DIEREBIERRIER WM TR,

choices = n
target = P

EwiRE Lotz
EE—&wPE%ET
&' REReEEEE—NR 09‘_ (X, 72’
-UF 7 Jam
&_ | EERE R
%‘?o [&,5] BETE
W=
FRFEE
Bki— . -
AR EIRES TR
818 target

13-14 F5H0 11 [EfiE R

13.4 n 2/5E

Question
BB SRR, 250 AR FERE—1T. —FIS— R4 LT, 47E n @25 —E
n x n K/, SHESRITE 25 2 MEHE LR N#RITT 2.

i 13-15 fiw, & no= 4K, HEADUREIMER, REWIEEIENAEE, n x n KBS n?
1%+, %At TRTARYIEEE choices . 7ERMENE 2GRS, HEGREE BTSN, SERZIAI B
JENRAE state .

) | ) |

€
€

€
L3

| |

13-15 4 BJ5HIERfE
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[l 13-16 J&oR T A B LR BB AREER 1T, W5, F—E ML EEERNE, ¥
FaRRoT R EE AR \ FIUCE AR / AR,

RRAER— RSB MR R AR
x| x| X W
Faezem—17 x| W foxefox N W

<
N
N
<
., N R
B h N i s
X X. B (R e R W
~ | A P
22 a | |
| Noi 7
N
. i L
X X. RO
AN | —
| N T

FRER—F REEFA—THREE

13-16 n BJERBELT R

1. FITHERE

SEHEEMBRITEN S 0, RIRMESEE @ SURSTH R ER adrsE —E 556,
W, WA ARBORITIE RIS : 8 —1ThM, AETHE FHEE, EERR 1T,

13-17 iR 4 BIRFERZTRERE. ZEERS], B 13-17 (£RH T8 TR HP—Ef 23,
Ml ELAF AN RS AR BRA IR 75 AT T B9

L]
L3

W [ TN X

WE¥ 117

(&ER) (& 88) (HER)

W W N R
WES 2 & % F . ]

WE® 3 17 i T ﬂ

L3
e
L3
L3

3

WEE 4 17

[
3
=
[l
[
e
€

13-17 ZATHCE R

EAH LA, BIBCERIGES] ORI, et 7R T HEZ MR ENATE S50 3
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2. FIEHAREIR

2 T RANFIH, B AT AR — 8 R E 2 n (MRS cols itk SR E A Bh. ESRIENRE
i1, BANEE cols #OH L/aRIFEITEIEE, MAERHHENEEH cols HIRRE,

Tip
FETER, JEMRERSAONE B, HATRSIE LRI TEmM, SR IEESHEM,

FIOE, U R R ARAT TRV SRR SRS TROFTAIRDI % (row, col) , M MEMEFR Y FoE F BHA 4R,
TRIMES B2 i LA 07T 225 RFI23 AT, MBS ERTA S 709 row — col 2y,
AR, WRRIARS L row, — coly = row, — coly , HIEM—EHAER— =SS 1, R
F, BlPAT DAREBIE 13-18 T RARESY diagsl SO B LR A 25,

FIBE, BRI RS T row + col RUGEIE. TR trT OIS diags2 A HRBEUCEFARLY
5,

RERH AR
BEHER

Goan

cols

HIIRERER

13-18  RERFIA AN A ARFT R

3. EXRER

R, n #EHBEF row — col MEIEZE [—n + 1,n— 1], row + col MEEZ [0,2n — 2], FDAE%
FRRFIUCE AR B 2% 2n — 1, RIfH% diagsl fl diags2 AUREHRR 2n — 1.

// == File: n_queens.js =

/* EIMEEE: n EF %/
function backtrack(row, n, state, res, cols, diagsl, diags2) {
!/ BMESTFRETTE, kAR
if (row = n) {
res.push(state.map((row) = row.slice()));
return;
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¥
/] EFHFREY
for (let col = 0; col < n; col++) {
/] STEZRFHENTHABGENRERAE
const diagl = row - col + n - 1;
const diag2 = row + col;
/] Bt FRAFZEFES. THAS. AERASLEEER
if (!cols[col] && !diagsl[diagl] && !diags2[diag2]) {
/] ER: BEEHEEZIETF
state[row][col] = 'Q';
cols[col] = diagsl[diagl] = diags2[diag2] = true;
/] BETF—1T
backtrack(row + 1, n, state, res, cols, diagsl, diags2);
/] [EhR: EZEFIMEBTM
state[row][col] = '#';
cols[col] = diagsl[diagl] = diags2[diag2] = false;

I
[* K n 2l «/

function nQueens(n) {
/] ¥iEE nxn K/NRURERR, Hep 'Q' RRER, '#' AR
const state = Array.from({ length: n }, (O = Array(n).fill('#"'));
const cols = Array(n).fill(false); // ZRVIEZEEERE
const diagsl = Array(2 * n - 1).fill(false); // IHTHAKLETEER
const diags2 = Array(2 * n - 1).fill(false); // Ztgr¥Efmg tETE82E
const res = [];

backtrack(0, n, state, res, cols, diagsl, diags2);
return res;

BATIE n IR, FBINKR, MRETRRET2IE n. n— 1. ... 20 1IEEE, FH O(n!) K
M, BACBRANE, TREERAENE state T res , WRRIEREA O(n?) Wi, DKL, SOmmR B
R O(n!-n?), BEL, HRIEEHHAHRSIE RS IR MY SR, [RS8 E DLRRE

W51 state f#H O(n?) %M, %) cols, diagsl il diags2 ¥{#if O(n) 2M, BABERES n,
i O(n) Hemig=si, Hit, SMBELS O(n?),

13.5 /aE

1. ERSOIEE

- IERIEAH R SR, R A TR RS SRR, SRR, 8
R EIFRARRIRC SR, B EIRBIFTA ECERT IR S R,
(B3 RA R 2 B R S B B ER AR 7. EBIR IR A SR B A MR, BTN
JRATRMEPFRIIEDR, RIMEE — P RS, RIEIEIZATHGIRGE, WAEGTE UL MEE, EilimiRZ2
PRI 75 TR B 3
(BRI R B S 2 AT AR O, e el R E BB EARE, STEO] MR RTAT R D 8757, K
EfRTHE =R,
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< [EIATE R T ] P TR AR = R RE AT 40 SR R TR, 4H & B A R RE B SR ] DAF [ SRR TR, (H
[EREREZERVETUAT 6 E L TR 27N

- I S EE AT B S TRIATE FTRERIHES,  TRAIMRE) —(H M8 A AL B T 3R 2 5 B,
ST MR TR S0 3, MRSETTR R POERE X,

- fEEHPIRES, MRESTAEERILR, AREERGHBERHY, BRMTEORAFTRES
i HRERORIE — R, Sl E R — AR R SR E DL,

- TEREMBEEN SRS RSP RIS HEENNE T8, R EDTTRIERF, MEsEEg
W FTA IR AR, EAEE TR, RIHERMRTRERETHER, WRE — BBk~ T — Wi
FERTECARES, e EE T RS SOEITIIRL

- BPRTERMEE, MYIRRHES TR EEERRE S, TFA R ES CHEF AT E R, BB A
TLRE IS EBIIA, (EMgECRAHSE TR o L BEBOE T —IX,

- n RIEHESESHGRE n @R2EHES n x n RSB ERTTR, ZRATE 252 SR 5ERE
Tio kMBS AITAR, SIKR, FEABMOCE ABATHR, ST, FMERHEA T
BHREE, RESTHE 25,

- HIRIHRTE A ARET R R LT B, BIRFIATER, B — AR R B — SR G A B)a, 1Em
TRETRR TR EETR. BIRE AR, FMFEB ARSI BlRL ez T, KB AR RO
25, HRERRHEER —T (FE) EALR BRI 7w e ATAIR T A,

2. Q&A

Q: /BB BR AR B DAL ) R R 2
MEARE, [HRE—E EEIAREET, MmEEEAZE—E LA,

- [PEEREE R EE, A, FRRERERN SR, ZiREEESEETEN,
- REAGSHEREE T RO IR, FARRRE, [, BIREEE GOERE) FR

o
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145 EHRERE

Abstract
/INRRE AT, TLIRTRE AN K
EREH SN E R BRI RENE SR, —0 5 [HBRAME MR E R R




14 % BhRERIE] www.hello-algo.com 282

14.1 ¥IREHREIRTY

BREFRE (dynamic programming) & —(EEERHELEE R, i RS A — RV E/ N FRIE, i
BRI E AR B R, e RIEEE AR R,

TEAH, FMEEEMBFEAT, Jeatierg s, BIRHhUSHERTHE, BZEPEH
B B RE R B TR

JerE
fE e n BERUAERS, REEPAIDAL 1 BEEE 2 B8, sERH 2/ 080T 5A] DATERHTH?

qniE 14-1 Fiow, SR 3 BEIERS, Htf 3 M7 5n] DAUEEIHETH,

0

BEES n= o 1 2 3 4 5 6

TetsE 3 [EigiEds 3 BrE:
0515253 , 05253 , 05133

14-1 eZIZ 3 BE 77 8=

AR B K AT RECE, BT AEREIE B IR s R Al REME. BB, RTEHEER S —E%
TREAE AR (CHE At fERIRE L 1 PEe 2 [, SR PR TEAR R T REBEM 1, B
THERIR LR IR, REXCHBUN R RR:

// == File: climbing_stairs_backtrack.js =

/* B %/
function backtrack(choices, state, n, res) {
// EIMEEIZE n FEE, ARHEEMN 1
if (state = n) res.set(0, res.get(0) + 1);
/] EFHFREIEE
for (const choice of choices) {
/] Bt AAFFHIBE n B
if (state + choice > n) continue;
/] ERl: MHHEE, T
backtrack(choices, state + choice, n, res);

/] [EE




o
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2

/% Jetgts: Bl «/

function climbingStairsBacktrack(n) {
const choices = [1, 2]; // "IEEMLME 1 fEsk 2 B
const state = 0; // #% 0 [FEBILAIE
const res = new Map();
res.set(0, 0); // f#M res[0] IEHEARH=E
backtrack(choices, state, n, res);
return res.get(0);

14.1.1 Fi#E—: B2hEs

(e T R T M A R R A T IR, TR A R RIE B (E — RVIIRHP B, @l Ry, €&
FITH RIRERIfR

TRAPIT DA S R S AR £ W, SRS 4 WL dpld] FE/7, TR dpli] ER R, K
TR

dpli — 1],dpli — 2], ..., dp|2], dp[1]

AR L RE B 1 REBR 2 B, [RICE RIS o FEAEAE LI, b —dm - aTRESSTESE ¢ — 1 FEeEE « — 2 [
o TR, FAMHREIESS ¢ — 1 BEEES ¢ — 2 PEIEMIE ¢ B

FHHC (o ] 75— (B A eSS ¢« — 1 BER 7 RBOUM LIRS ¢ — 2 BEM)T REGRS IR TCRE ¢ B 75
£ /NG W

dpli] = dpli — 1] + dpli — 2]
TEERE O R, &8 7R AR R R R, DRI R R] PA 7 ISR e K, [8 14-2
JER T 2R HERR R

dp[5] =dp[3] +dp[4] =8

dp[4] =5

dp[3]=3

|

BEE#H = 1 2 3 4 5 6
7E# dpln] = 1 2 3 5 8 13




>
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b

14-2 75 REEIRHER R

T USHE A R B E) R BME, D dpln] AR tas, SRS — AR IR R BN
R, EEEERN TR dp[l] fi dp[2) BHEIE, HrR, SN TRENRECAN, B dp[l] = 1.
dp[2] = 2, FRIEEIE 1, 2 BARIE 1 2 FE,

B DU RS, e S A R R e =, (HEEER:
// == File: climbing_stairs_dfs.js =

/* 5 %/
function dfs(i) {
// BF dp[1] # dp[2] , REZ
if (i =1 || i = 2) return i;
// dp[il = dp[i-1] + dp[i-2]
const count = dfs(i - 1) + dfs(i - 2);
return count;

F

/* EIERs: 5 x/
function climbingStairsDFS(n) {
return dfs(n);

F

14-3 R T B SR RNEER, BRRE dpln], HIEEBINRES n, REEEES O2"), &
BN R, RIEFEA —EHECRE n, A& ABRAF 2 H,

dpl9]

dp[8] dp[7]

dp[7] dp[6] dpleé] dp[5]

dp[6] dp[5] dp[5] dpl&] dp[5] dp[a] dpl4] dp[3]

ESLHNEDRETARER RIS
W RERES RN 0(2")

14-3  TEHE A0 6 R 3 st

BB 14-3 , PSRRI IIBARIE 2 A TR WA, Flan dp(9] Wsr dp[S] A dp[7], dp[8]
WM dp[7) W1 dpl6], RIEEEE TRIE dp[7] .

DAMCERME, FREHOEEDERTHE, FrARESESRN, RN EEFERRE S HERN T
il Lo
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14.1.2 F%=: sLiEkigs

2 T HOTEETENER, BMA ARG 7 RIEERBENE R, 2it, WSS @S] mem K&
18y B RIAR, R R PR B 1 B R

L EEWER dpli] B, BMVEHGLEZE mem[1] , DMEZZMEH,
2. HEIRFESE dpli] B, FRMERTEREME mem[1] FPEEGSER, e B R RZ T RE,

RSN R R:

// == File: climbing_stairs_dfs_mem.js =

/* CIEHIES +/
function dfs(i, mem) {
// BH dpl1] # dp[2] , REZ

if (i =1 || i = 2) return i;
/] &EERER dpli] , BIEEREZ
if (mem[i] !'= -1) return mem[i];

// dp[i] = dp[i-1] + dp[i-2]

const count = dfs(i - 1, mem) + dfs(i - 2, mem);
// &B#x dp[il]

mem[i] = count;

return count;

F

/* [EtEts: LIRS «/

function climbingStairsDFSMem(n) {
// mem[i] ZESRMEEIZE i EMASRAEH, -1 KKRELR
const mem = new Array(n + 1).fill(-1);
return dfs(n, mem);

BURIE 14-4 , B RIOERR, i B ST IERREE X, BRBHERELE On), B2 —M
EORHIREE,

N
nEEl, g
EEM

SIS IR ARREHERES o(n)
ERAEESFRHERRHRAE R

14-4  GCIS LA = B R AR A
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14.1.3 &= EHREIREI

oL —f RSN 5k FRMIEERME (RETRD LG, RE MR BR T M 0 g R i 7
M, BEEMOCANRNTHE GEHR), 218, ZEENZEUCE T REAM, R R MR,

Bl A, BHEERIER R “PORETE” 75k e T IERERLE, SAMMEE AT HENE, B
A i FIRE

HAREIRERIE A S E e, R RFEAEEIAESR, SAMHRE, £ ERES, RAL
—fEleEZ dp ARfGE R, EREE] T RS R S P mem AR ERAEH -

// == File: climbing_stairs_dp.js =

/% [CtEts: ENERE] «/
function climbingStairsDP(n) {
if (n = 1 || n = 2) return n;
// e dp R, BREHETFEERRE
const dp = new Array(n + 1).fill(-1);
/] ¥taiRRE: FER R/ N FRIEAAE
dp[1] = 1;
dpl[2] = 2;
/] REEEERS . BV NFRIERD RERAFREE
for (let i = 3; 1 <= n; i++) {
dp[i] = dp[i - 1] + dp[i - 2I];
¥

return dp[n];
14-5 55 7 DA BRI TR AR,

N, s N, i N N\
— 7 o~

MRS
dpl1] = 1, dp[2] = 2

RIS R
dp[n] = dp[n-1] + dp[n-2]

WAIaIRRERLS, BT, B EBRRERRAELL

[ 14-5 JEHERAHIEhREI I E R
B [E s R b, BIRERIEIBE A RRE” MESARRRRIRE R AR R B, BHEIR REHR S I — i -
PARAH M sk M B (B, BTG, TR A P R )R B % 2 5 T P AE R R B 0
IRIRLA LA, FRAPTRT DA &5 H B RE R B 5 AT RE

- WEHEF dp W2 dp %, dp[i] FRIRAE § BT R
- RN RIBCE EOIRAE (35 1 BEHIEE 2 FEHBRE) FE A aT0auRRE,
- WREIEAR dpli] = dpli — 1] + dpli — 2] BaREEBERE,
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14.1.4 ZHREL

ADRERE ATRERE B 17, HUR dpli] R¥Ldpli — 1] Rl dp[i — 2] AR, FIEIRMMEZEAE A — M) dp sR6#
1A FRVERIE, TR EEBIRBRNERT T, RN TR:

// == File: climbing_stairs_dp.js =

[* [CigHE: TERENRISERE +/
function climbingStairsDPComp(n) {
if (n =1 || n = 2) return n;
let a = 1,
b = 2;
for (let i = 3; 1 <= n; i++) {
const tmp = b;

b =a + b;
a = tmp;
}
return b;

}.

BEEL AR, HAE 2 T M dp MR, BRI R O(n) % O(1) .

FEFEMEIEES, &R AT A R EAR A R, ISR A AR EATARGE, B “FeiE”
ARETE LIRS SRS MR E W 2y “TEhEE s “IERE

14.2 shREMREIRERE

10 b ik, JRIMEE T BRI R A TR A AR BRIy, B L, TR R —E
FORIA RS, 1650, BIEERIEL, EIMTIORE SR,

- M IATE SR TRR AR M i R A ) 2 2 AE A B N A T R, EERCDN TR, dER S O R
IR, BRI 2R HEERI R,

- B E S R EE TR iR, EEGERAR EEERIZ, BHREHTE AT AR,
TE 53 R AR Hh B H B 3 22 A Pl

- [ RAE B A DR R S R A A A RERUAR,  MEE ST RO RS 205, SRR —
RYNRID TR, BATR] DU R TR A BR < BT 7 S VE— (8 7 RS

B b, BREREIE AR R R EMHE, EMMEQSEBFHE, BREAHINNARE: &RETHHE,
R,

14.2.1 REBFEE
P TCAE A R A VRO, 2 BEANE G R B TS,
ek /M UE
e —EER, VREPEIRALE 1 e 2 BE, &M LERYE —EAE a8, FRIREZZEE

PR BT A E, A — MR IR B 5 cost , HAP cost[i] RaR(ES ¢ (MRS TENT HAIRE,
cost[0] ZsHum GEAAED . whstFE O FHEN M2/ D EA RESI=ETHER?
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GniE 14-6 FoR, #HH 1. 20 3 BERMUEDAIZ 1, 10, 1, RIFEHhmEsIEs 3 BEry s MUEZ 2.,

....

BEEME# n = 0 1 2 3
K@\ cost[n] = 0 1 10 1

TetsE 3 fE@EHE 3 BAE:
0515233 , 05253 , 05133
Her 02123 BXESD, RIMEES 2

14-6 EFZE 3 FERER/MUE

$E dpli] ZIEIE | SRS HORE, BURE § BEETTARE i — 1 BEek i — 2 BeEd, it dpli] RATAE:
I dpli — 1] + cost[i] 5t dpli — 2] + cost[i] » 2T WATRERD R, FIFREZORIE e MR8

dpli] = min(dp[i — 1], dp[i — 2]) + cost]i]

IS FERAT DAS | AR B T AR 5 3 it T ) e A A 1R 0 L) e B AR R 1S 2R )

RBEIER BT AR TR TR 8 IR R dpli — 1) R dpli — 2] rPHOR A —1E,
RGN dpli] BB,

AR, E—HR TS H AR A R TR EREEERET REE, FO2 st EHME, HnR
H—FERR: ORRATTREE", RSN, SRS BB TR, (HERE AREBL K
T B BEERARTTREEFNGS n — 1 NS n — 2 BEARTTREE M, b, RE BT R
oS, EARFEFEHE NN SR,

IRIBAR AR 7 1R, DAWIIEHREE dp[l] = cost[1] F1 dp[2] = cost[2], BAMERAT DA 2B RekH #IF2 0
s

// == File: min_cost_climbing_stairs_dp.js =

/* [CiEtpe/IMLE: ERBREl «/
function minCostClimbingStairsDP(cost) {
const n = cost.length - 1;
if(h=11|l n=2) {
return cost[n];
}
[/ Bk dp T/, BREHEETFREIERNE
const dp = new Array(n + 1);
/] ¥taikRE: FERR &/ N FRIERVAE
dp[1] cost[1];
dp[2] = cost[2];
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/] AREEEERS: HEUN\FRIFEZ S RERAFRE
for (let i = 3; i <= n; i++) {

dp[i] = Math.min(dp[i - 11, dp[i - 2]) + cost[i];
+

return dpln];

14-7 Jeon 7 DA BRSNS Y B RE I i A

cost[1] cost[3] cost[5] cost[7] cost[9]
min + min + min + min +
dp[8]
min + min + min +

cost[2] cost[4] cost[6] cost[8]
HIYGHRRE :
dp[1] = cost[1] , dp[2] = cost[2]
ARREEE AR

dp[i] = min(dp[i-1], dp[i-2]) + cost[i]

14-7 ertfi MUERB)RESTEE

AR DUEIT R MR, MR TAE, SESEERER O(n) BE O(1) :
// == File: min_cost_climbing_stairs_dp.js =

/* [EiEm/MUE: THREVBNSIEHRS «/
function minCostClimbingStairsDPComp(cost) {
const n = cost.length - 1;
if(h=1 1| n= 2) {
return cost[n];
b
let a = cost[1],
b cost[2];
for (let 1 = 3; i <= n; i++) {
const tmp = b;

b = Math.min(a, tmp) + cost[i];
a = tmp;

+

return b;

14.2.2 BN

R BN HIRE S A BRI R R —, HOERDy: M Ao iRGE, SRR
SR AR B B, 1T BRLIE AR PO A IR B AE R
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DATCHERERE 2, ARG 0, EEImHRRE « + 1 ARRE 7 + 2, o BIBHIERE 1 Mk 2 20, 1R/
SRRy, RIMEEZES ROINRE « ZATHDIRGE, EMEHARE ¢ FIARRIRARE.

SR, WERFRAFIAA TEAEAS R — (823, RIS —4K T

LSS
ME— A n BERIMERE, URERPRTDLLE 1 BEEEE 2 BE, fEAREMGIRmBE 1 K, sMA 2/ 0%

A DATEEHTE?
4niE 14-8 A, ME RS 3 MR 2 MEnlfT5 5, HAEg =k 1 BErY77 =AW KRR, RItpEEE.

HRTeeEEmamk 1 B,
FEEAZE 0315253 WEE N

B n = 0 1 2 3 4 5 6

L 3 l%f;ﬁ?%ﬁ 2 &7

0>233 , 02123

14-8 THHRICEIE 3 FER 7T RER

ERRIE T, SR R 1 B AR, BRI 2 B R, RS RI R AT
fE CRERIFTAERSRBREBO BScviot, TRRIRT—MHARGE (b /EREBEREB0 A,
REEEE, e R R SR e, MR AE MRS AR dpli] = dpli — 1] + dpli — 2] AT, EB
dpli — 1] (RFRAMBE 1 B, (EHPEE THS “ a1 BRI 77E, Wk TEas, MR
HEHS dpli — 1) EohEEt A dpli] .
B, RIEEHRRAEER: IRE [1, ] FormBLEs | BEH LBk T jRE, Heb e {1,2). ke
TGS T Bk T | BRI 2 B, TRl AR KA e T,

LML RBET L RERE, b BRI 2 B, B dp[i, 1] AR dpli — 1, 2] EEEK,

LM LB T 2B, b bW 1 BESRBE 2 1, B dpli, 2] FTAGE dpli — 2, 1) 5 dpli — 2, 2]

HREE.

W 14-9 iR, (EXTHF, dpli, j] FoRRE [i, 7] BRI 7TRM, MR AR 7 122

dpli, 1] = dp[i — 1, 2]
dpli, 2] = dpli — 2,1] + dp[i — 2, 2]
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TREEEMIRDE 1 B
ERTRES
dp[i-1,1] ]

dpli,1] dpli,2]

dp[i-1,2]
dp[i-2,1]

dp[i-2,2]

[ 14-9 =5 FEAYT N HEHER (&

B4, RE dpln, 1] + dpln, 2] BIAT, W& 2 RIRFRIERIE n BT REABC
// == File: climbing_stairs_constraint_dp.js =

/% FEHIRCIENS: BIREFRE| */
function climbingStairsConstraintDP(n) {
if(h=1 1| n= 2) {
return 1;
+
/] e dp &®, BREEFEERNR
const dp = Array.from(new Array(n + 1), (O = new Array(3));
/] ¥taikRE: FERR &R/ N FRIERAE

dp[1][1] = 1;
dp[1][2] = ©;
dp[2][1] = ©;
dpl2][2] = 1;

/] KRBT WEBUNFREIREER D KR K FHE-E
for (let i = 3; i <= n; i++) {
dp[il[1] dpli - 11[21;
dpl[i][2] dpl[i - 21[1] + dp[i - 2][2];

¥
return dp[n][1] + dp[nl[2];

fE LHRRBIF, HRERZZEATHE —EIRRE, RIEBMIART OB GIRRE T 3%, (15 M S e
IR, AT, FERTEAAIRERERN “ARIMIE,

JT st L Rz~ R

s —EIE n FERUMEES, REPATDLL 1 BEe#E 2 B, B ETCRIE « AR, REEEBELEH 20
R L BBy, 2P AR SO BkEIEE 20 B b, Blan, AR BIBEE T 2, 3R L, AlZ
R REBLEIEE 4, 6 B Lo ShfA 2/ D75 5] DUTEEHETH?

FEISERIER, T RBRBEAREOE R ATE ARG, A% R — Bk & 15 3 = AR R e e, IR B AK
ROk, BNISHERIE, BHRERIEE A DA,

B E, 2@ S REMHE (GINRITRIFE) A ERatt, BNEHEME, JRIMEE gk
ERHAMT I, FlanmEEE e, BEEEEA, SRR, Em7EE RN NS 2] AT A s i .
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14.3 BHREFRBIFEERIR

AR T BN RERRE RN B, 1 AR R R {1 B P P RE

L. Gnnfa ] — (R A R B RE R
2. RIRENEMHBIFEZ RN T, TRV E?

14.3.1 RIEFIER

AR, AR (R S R T R, B T A, MRS, R I A BN AR R AR
SR, FRAMREEAE R RN T B R B IS S, R FRAIE s S R O, Bl &l & A A )
W (58 MR

S R B EE RN DRI SRR T DARE R A AR,  Horb g — (A TR SR
—fEPRR, B EEEARR RS,

WA, WS S IR RS, I HARER — RYIRRELR, AR ERLN e R, @
AT DAGE A [ 3 A A R
TEMENE b, BhREAEIAEE A — LB “norIE”,

- MEEERK (N B&2 (D) FaEriR,
- FERGIRERES ] — M H 51, AR MU AR AR, il B — R RE B A R AR RE A7 AE IR B (R

MRS, thiFfE—2 “JorIH",

- RN EAEZ R T AT RERUARIR T 2., AR e
- FERA A HBEHP SRR, 2R A AR 2677 %,

Q0 SR8 R R R AR, i B BRARY “InoyIE”, FIMREAT CARR 2 — (EEh I R, e
RfpEREEE T,

14.3.2 FREKRBS R
B RE R 1 R AR & K TR MR B AN T A PR E], (HIE R EIE AT B MR, e FiRRE, &7
dp 3R, HEEIRREER TR, T8RS,
£ T BB B REED B, B — SR “ e NS SRR,
Question
HE—ME n x m MM grid , @R8PS REETHREES—EIEaREE, FRZETHIRE,

Was N DAZE LM BT ittindl, IRARER NeREMERE—8, BEEENEL METH, iR
e EA RGN IER,

[ 14-10 RoR 7 — M@l 7, SAE RS RIS MSTEM R 13
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RS

5
a
\
0

B/BRTEAZ 13

HEREAES 1925253325152

14-10 /S TERURGIE R

B BHERRAYOR, CRINE, EmiEE dp %

AR G — i DR AUR I E A T R E— 8, RERETFIITIIRS % [4, 5], BlA FemGE

ik, EAIEA [+ 1, R[5+ 1] i, REEESTRIIRFIRE WEE, 5[,
RAE [0, ] BRI TR (RS [0, 0] £3 [4, 5] KR NSRRI, TS dpli, ] -

i, MRS E THE 14-11 Foni — 4 dp FERE, HRST B A8 grid M.

j j+1
1 3 1 5 dple,0] dp[e,1] dp[0,2] dplo,3]
i 2 2 5 2 dpl1,0] dpl[1,1] dpl[1,2] dpl[1,3]
i+1 5 3I_: 1 dpl2,0] dpl[2,1] dpl[2,2] dpl2,3]
4 3 5 2 dp[3,0] dpl[3,1] dpl[3,2] dpl3,3]
grid dp &
SHRE. BaAATE—HHE FRIE: HAEERAEILL, §] MsNEREM
HREER: 1751%51[4, j] dp &: RTH grid HHREMER

14-11 #RRE&EFRH dp &
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Note

B RE R B B IE AR 7] AR IR 2 — BRSSP 2, TiikRE A DR B AL, CIEE S A MR
ERRTASE, HESTEMNEM, fEfAHRMEEH N —EikE,

BEREACH E—E &, FMETE M dp RARGEFENE TRIENE, AREER & 728
& dp B —ELEE, EARE LE, dp RSRER TR S,

B PG AN, M R B RES R

EHRUREE [7, 5], TIRER BT [ — 1, 5] BT [1, ) — 1) WA, EIRETasHs: 5
[i, ] BB NES SRR [0, § — 1) BB N RCRIER [3 — 1, j] A9 INER ERI R e MR — IR,

MRARCA B oA, AIHEE 14-12 FroRpiREER 77142

dpli, j] = min(dpli — 1, ], dp[i, 5 — 1]) + grid]i, j]

1 3 1 5 dple,0] dpl[o,1] dp[o,2] dple,3]
2 2 4 I 2 dp[1,0] dpl[1,1] dpl[1,2] dp[1,3]
5 3 2 1 dp[2,0] dp[2,1] dp[2,2] dp[2,3]
— —>
4 3 5 2 dp[3,0] dp[3,1] dp[3,2] dpl3,3]
grid dp &
HRAERIS 12

dp[i, j] =min(dp[i-1, j1, dp[i, j-11) + grid[i, j]

[ 14-12 ff ALk REE R T2

Note

RIBERGH dp =, BFREEMNFREN R, $OHEIE TR A B A 15 5 5 RE Y i i
H771%, BIEE T4,

— BHIRMERE T BB T4, whal DAEH AR E AR R

B2 weTiE SHRIERNIR R RS IR

A, R EITHRE L REIEH /B AIRRETS AR, R B YIRIRE N REME R _ BB AIRREIS 2, I E AT
i = 0 % j = 0 2Bkt

QniE 14-13 AR, HREHEN 72 HHZTTS TR BT RS AR, DR (6 8 A e v FE R, SME
EERST, WIEREEH,
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dple,0] dpl[e,1] dp[e,2] dp[e,3] dp[e,e] dp[e,1] dpl[e,2] dple,3]
dp[1,0] dp[1,1] dp[1,2] dpl[1,3] dp[1,0] dp[1,1] dp[1,2] dp[1,3]
AT T
dp[2,0] dpl[2,1] dpl[2,2]1  dpl[2,3] dpl2,0] dp[2,1] dpl[2,2] dp[2,3]
AT T
dp[3,0] dpl[3,1] dp[3,2]1 dpl3,3] dp[3,0] dp[3,1] dpl[3,2] dpl3,3]
— — —
BRES: MBLEITTEY REERIFF: EFEHERE

14-13 185kt BiR REE RS IE

Note

B FUR BN REFR S R wIGM dp &, =T R,

IR REERS N7 1% O 2 BAR S AL ST E R RTE VMRS, P E EAREA R 5 /1[5 RE I R B A 7 E R
FHEHAR,

RIELA B, M EASR DNERR B RE RS, 28T - o e — R IETHE iRy B4, KlItig i
‘BN - RS — BIREEET BN BB S R MR,

1. FiE—: 8hHigs

FEAREE [i, j] BIGATE, RETR A/ MOIREE [ — 1, j] A1 [i,j — 1], BEEREEL FEE,

- BB HREE (4, 7]

- JREHA: 1€ [0, 0] 2[4, 5] W/ NEISHT dpld, j]

- #IEEE: Hi =0 H j = 0K, REMRE grid]0,0] .

© OB H 0 < Ol < O RERSIBSE, HRRREE +oo , REARAT,

HEREAHE T
// == File: min_path_sum.js =

/* BRNEEEFN: BAOEE */
function minPathSumDFS(grid, i, j) {
/| BEHRELABTE, BjREES
if (i =068&3j = 0) {
return grid[0][0];
}
[/ &ITHEEIMR, AlRE] +o B
if <0 [l §<0){
return Infinity;
+
// STERAELAE (i-1, j) M (1, j-1) HNsDEBERAE
const up = minPathSumDFS(grid, i - 1, j);
const left = minPathSumDFS(grid, i, j - 1);
/] REIRAEAE (1, j) HmR/NEBERE
return Math.min(left, up) + grid[il[j];
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14-14 58T PA dp[2, 1] Z2RETRSANRER, Hrb @S —LEi i, HBREgEEsn grid MRS
BERTSBINE 2

WA LF, ERERTHENEREZ: RS RETE PAE A LM BNEE—ROT.

Bk R5IEA

dpl0,1] dpl1,0]

Q. 9. 9.
ox L LN

dp[0,1] dplo,2

] : : EBTRIEKE:
do = dp[1,0] dp[1,1] dp[1,2] dpl1,3] dpl[i+1, j1 # dpli, j+1]1 &6 dpli, j]
P dp[2,0] dp[2,1] dpl[2,2] dpl2,3]
dp[3,0] dp[3,1] dp[3,2] dp[3,3]

14-14 RS RE R

BHEREE A A NRIAG SRR, (L EAERE TARETRE m +n — 2%, FiRZERHEHES
O2m*™), Hrfrn il m 2B 248 TERIFI R, sEER, SRRy UK MENL AR IB AN, &
BRI LR N MR, I EPRIR R E S DL

2. FiEZ: miEniEs

B I AN—EFI4E4S grid HEIRSFRIGCIEES] mem , FRFCESE FRIER MR, 0K &8 7R EE T8
i

// == File: min_path_sum.js =

/* BR/NERIEAN: RIRLEE «/
function minPathSumDFSMem(grid, mem, i, j) {
/| EAELABETRK, AlRIEES
if (i=068&3j=0) {
return grid[0][0];
+
// BHITFES|IMR, BlRE +o B
if (<0 |l §<0) A
return Infinity;
}
/| EBHERLHR, AEERE
if (mem[i][j] !'= -1) {
return mem[il[j];
+
/] BN LB ETRINRNRERE
const up = minPathSumDFSMem(grid, mem, i - 1, j);
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const left = minPathSumDFSMem(grid, mem, i, j - 1);
// sEgRlREAE EAR (1, j) HsRNEERE

mem[i][j] = Math.min(left, up) + grid[il[j];

return mem[i][j];

aniE 14-15 iR, fESIAGEIRALTE, I FRIEMMRTEEIE R, FI R B ke s, [
RS O(nm) o

Bk BARHk LU

dp[1,1] dp[2

Q 7
%

10]

O

\,,“‘.

14-15 FefEfLfeai it

3. &= BRERE

BRI BB RSB R, B RR:
// == File: min_path_sum.js =

[* B/NERTEFN: ENREFRE] */
function minPathSumDP(grid) {
const n = grid.length,
m = grid[0].length;
// Wk dp R
const dp = Array.from({ length: n }, OO =
Array.from({ length: m }, O = 0)
) .

dp[01[0] = grid[0][0];

// REEEE: BT

for (let j = 1; j < m; j++) {

dp[01[j]1 = dp[B1[]j - 1] + grid[6][]];

+
/] IRREERE: &Y
for (let i = 1; 1 < n; i++) {
, dp[il[0] = dp[i - 2]1[0] + grid[i]l[6];
/] REEEEFS . HERITAIS
for (let i = 1; i < n; i++) {
for (let j = 1; j < m; j++) {
, dp[il[3j] = Math.min(dp[il[j - 11, dp[i - 11[31) + grid[il[3];
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return dpln - 11[m - 1];

14-16 JE/R T BN ERIBARREERS @R, HERT 7 RE(A498s, ILISBBARES O(nm) .
BE% dp Kby nox m, BILBREBEEES O(nm) .

i 3 1 5 o o 0 o i 3 i 5 1 & 5 10

2 2 4 2 o o 0 o 2 2 4 2 3 o o 0

5 3 2 1 o o 0 o 51 ) 2 1 8 o o 0

&4 &) 5 2 [) o 0 [ 4 8 5 2 12 ) o 0
grid dp & grid dp ®

iakETT dple, j1=dple, j-11 + grid[i, j]

Gl o e ACET) dpli, 0] = dpli-1, 0] + grid[3, 5]
Step 1 Step 2
1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3e>5 0 o 2 2 4 2 3 56>9 0
5 3 2 1 8 o 0 [ 5 8 2 1 8 0 o 0
4 3 5 2 12 0 0 0 4 3 5 2 12 0 0 )
grid dp & grid dp &
RS RREES
dpli, j1=min(dp[i-1, j1, dp[i, j-11) + grid[i, j] dpli, j1=min(dp[i-1, j1, dp[i, j-11) + grid[i, j]
Step 3 Step 4
1 3 1 5 1 4 5 10 1 ) 1 5] 1 4 5 10
2 2 4 2 3 5 9 e>11 2 2 4 2 3 5 9 11
5 3 2 1 8 0 0 0 5 3 2 1 8e>38 0 )
4 3 5 2 12 o0 0 0 4 3 5 2 12 0 0 0
grid dp & grid dp &
KRB RREEE
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]
Step 5 Step 6
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 8e>10 0 5 3 2 1 8 8 10e>11
& 3] 5 2 12 o 0 0 4 8 5 2 12 [ o 0
grid dp & grid dp ®
RREEE RS
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]

Step 7 Step 8
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1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 1 2 2 4 2 3 5 9 11
5 3 2 1 8 8 10 11 5 3 2 1 8 8 10 11
4 3 5 2 12e>11 0 0 4 3 5 2 12 | 11e>15 0
grid dp & grid dp ®
KRGS ARAEEES
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j1
Step 9 Step 10
1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 11 2 2 4 2 3 5 9 1
5 3 2 1 8 8 10 11 5 3 2 1 8 8 10 11
4 3 5 2 12 11 15¢>13 4 3 5 2 12 11 15 13
grid dp & grid dp &
KRS
dpli, j1=min(dp[i-1, j1, dp[i, j-11) + grid[i, j] REIR/\BEEMA 13
Step 11 Step 12

14-16 /NSRS RE AT E AR

4, ZRImEWR

P Rl 7 U8 AN IR AURS AR, RIEEAP RT U — (BB A TR R E R dp &
AR, BZMEE dp REERIR—1THUIREE, P ARRIMEERIRATOIMA L & FIIRE, mRlEEd ST e e:

// == File: min_path_sum.js =

[* BNEETEH: TRIREMEBIEIRERE] +/
function minPathSumDPComp(grid) {
const n = grid.length,
m = grid[0].length;
/] %tk dp *=
const dp = new Array(m);
/] REERE. 817
dp[6] = grid[0][0];
for (let j = 1; j < m; j++) {
dp[jl = dp[j - 1] + grid[01[3];

+

/] KREEEFS . HERTT

for (let 1 = 1; i < n; i++) {
/] IRREERE: B
dp[0] = dp[0] + grid[i][0];
/] ARREEEFE: HERY|
for (let j =1; j < m; j++) {

dp[j] = Math.min(dp[j - 11, dp[j]) + grid[il[j];

b

}

return dp[m - 11;
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14.4 0-1 5 8IfIRE

HHMER A EF BB MTEE, BRSSP R RIMEE R, HAGRZEE, il 0-1
HHME, TetuiE ZEEURES,

TEARHET, FMSesk iR R 0-1 B EME,
Question
FAE n B, 5B EY) R E RS wet[i — 1], BER valli — 1], M—EBES cap W&, &
Yy L REBE — R, FIERRE S BA R FRERAY S A ROR EIE,
BUgklE 14-17 , AP ARSE ¢ 18 1 BRGAETE, FEFIRS I O BRGAETE, R & © BIEE R wgt[i — 1] f1
EfH valli — 1] o

WR EE HfE

i wgt[i-1] valli-1] YaRsE
1 10 50 ¢ cap = >0
2 20 120 ¥ |~
3 30 150 s u
4 40 210 ¥
5 50 240 L >

=AEE: 270

BEASRE B . B BT
H{EE 50 HEEE

14-17  0-1 HHRAREIE R

BATAT A 0-1 B RIEBE— Ml n PR IERE, BN EYBEEE SRR MRERSE, Hit
IR T TR RS,

ZEER H R R “TERET BAR FRERAY MR REE”, FIHBRARZ — 8 Re R E,
H—0 BERREDCR, EFRIRE, mHs dp &

HINEEY RS, TRAEE, BOAERRE; HASH, SRR, HtSREESE: B
ARt M EAE e, A (i,

ARRE (4, c] BB FRIER: wi ¢ EYAMIES RS ¢ RS EP sk E, =22 dpli, .

FERMERZ dp(n, cap], RRFE—ERS% (n+ 1) X (cap + 1) B4 dp %,

B PRI A, IR RS R

BRI TRRAE, FIERIZAT ¢ — 1 YRR TR, RTor 2% DU R iR i,

C BB EEARANE, RS [ -1,
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C BN G BEARRD wet[i — 1), EEMMN valli — 1], RIS | — 1, c —wgt[i — 1]] .

BRI ERAE TR T AR R E TR BRI dp(i, o] SRR ¢ FURAPIS ¢ iR R E
B RHIR M, FH I AT IR R RS T 7 -

dpli, c] = max(dpli — 1, ¢|,dp[i — 1, ¢ — wgt[i — 1]] + val[i — 1])

FERER, HERER wgt]i — 1] BHERIT O ¢, IIRASRE RO,
F HEE R ERR AR
B R AP AR 2 O BRI 0, BV dp[i, 0] 1T dpl0, ¢] #2572 0.,

BRIIREE i, ¢] 7 LT RIIREE [i — 1, ] A BATROIRAE [i — 1, c — wgt[i — 1)) MRS, FILEB/HEHE
P IE M dp AT,

RIELA LA, B T AIGIE B s, ik, SREE,

1. FiE—: 8hHiES

HaEABEE N ER,

- JRESB: RRE I, ] .

- IBEME: FRIEEME dpli, c] .

o BRIRREIE: B EARSEEST ¢ = 0 SO RIBRA R O I, A RRENGREEE O o
- BB EENTY G E BT AR AR, HIHEE ET%$E$U\ 5,

// = File: knapsack.js =

/* 0-1 BE: LS «/

function knapsackDFS(wgt, val, i, c) {
/| BEETREYmEE SER ﬁﬁ?% BiR[EEE 0
if =0 |l c = {
return O;
}

/| EEBBEERE, REEERRAE
if (wgt[i - 1] > ¢) {
return knapsackDFS(wgt, val, i - 1, ¢);
+
/] STEFABANMBANYG 1 WRXEE
const no = knapsackDFS(wgt, val, i - 1, ¢);
const yes = knapsackDFS(wgt, val, i - 1, ¢ - wgt[i - 1]1) + val[i - 11;
/] REImiERZREEERI—E
return Math.max(no, yes);

qniE 14-18 Fow,  HIRAEHEY) vl & e AL ERDE MRS S5, IR RITRIERE 25 O(27) 6

BleRimts, ARBBHPFERERTHE, G dp(l,10] %, MEwHKZ, TEARKK, STHEMHEF
HENYNER 2R, HETRENEESEREEZ,
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R YaEE
dp[3,30]

REBRNIG 3

dp[2,10] ik YaERE > Se5E

‘,!"o\%‘ REHANE 2

dpl[1,-10]

BEBANDG 1

YIemiRsR i 1 2 3 HEEE cap = 30
YmESR wgt[i] 10 20 20
Y)EEE vallil 60 110 120

14-18  0-1 ¥5 G A 2 ) 14 = R X

2. HET: REKES
o7 (R0 T L S, BT R 51 mem TSR T RIBIAOME, 3L mem[][c] HHE
dpli,c]

SINGEML 2, WEIIBGREERUUR T RIS, Bt O(n X cap) . EHEREBNT:

// == File: knapsack.js =

/* 0-1 B TIRKES «/

function knapsackDFSMem(wgt, val, mem, i, c¢) {

// EEETFAEYIMEEBERFSE, RIREEE 0

if@A=0|| c=0) {
return 0;

+

/| EBEHETER, BEERE

if (mem[i]l[c] '= -1) {

return mem[i][c];
+
/] EReEERE, AREEREFHANE
if (wgt[i - 11 > ¢) {
return knapsackDFSMem(wgt, val, mem, i - 1, c);
+
[/ FABEFRBRANNBANY@m 1 WRAEE
const no = knapsackDFSMem(wgt, val, mem, i - 1, c);
const yes =
knapsackDFSMem(wgt, val, mem, i - 1, ¢ - wgt[i - 1]) + val[i - 1];
// EoERiliR[EIWAES RPEEEANA—E
mem[i][c] = Math.max(no, yes);
return mem[i][c];

14-19 JEon 7 e B s 8 ispg i =00 >0,
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MR YaEE
dp[3,30]

REBRNIG 3

B REEH dp[2,10] o WREE > KasE

&fi REHAME 2

% of

dp[1,10]

& BEBND®R 1
o = *

YImRsR i 1 2 3 HEESE cap = 30
MREE wgt[i]l 10 20 20
YEEE vallil 60 110 120

[ 14-19 0-1 7 B AR IR 18 2 e it

3. HE=: BRERE

BREATEEE _ERUR AR ER HIEE dp RAER, BB TR

// == File: knapsack.js =

/* 0-1 B8 BREHRE «/
function knapsackDP(wgt, val, cap) {
const n = wgt.length;
[l Mk dp *
const dp = Array(n + 1)
Fil11(e)
.map(() = Array(cap + 1).fill(0));
/] ARAEEERS
for (let 1 = 1; i <= n; i++) {
for (let ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 1] > ¢) {
/| EBBREERE, AEYR 1
dplillc] = dpli - 11[c];
} else {
/] RENEYm 1 EmESRNRAE
dpl[illc] = Math.max(
dpl[i - 11[c],
dpli - 11[c - wgt[i - 2111 + vall[i - 1]
)5

i

}
return dp[n]lcapl;

QI 14-20 PR, IRFREIAEMERE R 2 FIMREE B I B8] dp K/NRE, BT O(n X cap) o
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- a @ ﬂ - a B ﬂ
EE wgt (H{E val 0 1 2 3 4 EE wgt (AE val el oo 1 2 3 4
wgt[i-1] valli-1] ) ) [ 0 ) wgt[i-1] valli-1] ] [) ) ) [}
#5501
1 5 [} 0 1 5 () 1
2 1 * ) 2 11 * 2 0
3 15 - 0 3 15 o 3 0
FRAEEY
YRBE n=3 HEERE cap = 4 %:
dp[i, ¢] = max( dp[i - 1, c¢] , dp[i - 1, ¢ - wgt[i-1]] + vall[i-1] )
MEURTS (n+1) x (cap+1) B dp JERE
Step 1 Step 2
G a & B & a a & &
EE wgt {H{H val ~C| o 1 2 3 4 EE wgt {A{E val B 0 1 2 3 4
wgt[i-1] val[i-1] 0 [] ) 0 wgt[i-1] valli-1] 0 ) 0 [] L] ]
5N 550
1 5 [} ) 5 1 5 o 0 5 5
2 11 ¥ 0 2 11 * 2 ]
3 15 (% 0 3 15 (3 3 )
R RAEE
®: #:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
[ step 3 ] Step 4
a - [} ] ﬂ - [} ] ﬂ
EE wgt {H{E val ° 1 2 3 4 BE wgt {H{H val el oo i 2 3 4
wgt[i-1] val[i-1] [) ) 0 ) [) wgt[i-1] 0 0 0 [) 0 ]
5N
1 5 [} 0 5 5 5 1 1 [} ? 5 5 5
2 11 * ) 2 2 0 5
3 15 (% 0 3 3 )
RREE TRAEE
#: #:
dpl[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dp[i, c] = max( dp[i - 1, €] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 5 J Step 6
- a @ “ - a B ﬂ
EE wgt {H{E val el oo 1 2 3 4 ERE wgt (W val el o 1 2 3 4
wgt[i-1] val[i-1] ) ) [} 0 ) wgt[i-1] valli-1] ] [} 0 ) 0 [}
1 5 [} 0 5 5 5 5 1 5 ] 1 [} 5 5 5 5
Iy T M T
2 1 ) 5 11 2 11 2 0 5 1 16
3 15 - 0 3 15 o 3 0
RREE FRAEEY
B #:
dpli, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + vall[i-1] ) dp[i, ¢] = max( dp[i - 1, c¢] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 7 Step 8
- a B n - a B "]
EE wgt (H{E val ~c| o 1 2 3 4 EE wgt (AfH val B 0 1 2 3 4
wgt[i-1] valli-1] 0 [} 0 0 0 wgt[i-1] valli-1] [} [ 0 ) 0 [
1 5 [ 0 5 5.5 5 1 5 o 0 5 5 5 5
x N .
2 1 ) 5 1 16 16 2 1 2 ] ; 1 16 16
3 15 (% 0 3 15 (3 3 ) 5
R KRG
B N

dpli, c] = max( dpli - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

[ step 9 ]

dpli, c] = max( dpli - 1, 1, dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

Step 10
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a - - ] ﬂ - [} ] U
EE wgt (HE val \N ° 1 2 3 4 EE wgt H{E val N o 1 2 3 4
wgt[i-1] val[i-1] 0 ) ) ] [} ) wgt[i-1] valli-1] ] [} 0 ) 0 [}
1 5 (] 1 ) 5 5 5 5 1 5 ] 1 ) 5 5 5 5
2 1 * 2 ) 5 1 16 16 2 11 * 2 05 1 16 16
i 15—
3 15 - 3 0 5 11 3 15 (o 3 [) 5 1116
RREE R
®B: B:
dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] ) dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 11 Step 12
- - [ ] n - [} [ ] “
EE wgt (H{E val el oo 1 2 3 4 EE wgt (HE val N ° 1 2 3 4
wgt[i-1] wvalli-1] 0 0 0 0 0 0 wgt[i-1] val[i-1] 0 0 0 0 [) 0
1 5 ¢ ) 5 5 5 5 1 5 o 0 5 5 5 5
2 11 ¥ 2 [) 5 \\u 16 2 11 ¥ 2 ] 5 1 16 16
+15
3 15 ® 3 0 5 1 16 20 3 15 @ 3 [ 5 1 16 20
R
#:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) SEEFAMSRN S SRAEE 20
Step 13 Step 14

14-20 0-1 7 B FHIERYEhRE I E AR

4. ZRREN
FE RSB IR RE R LB b — TR REAG R, DR P ] A P R R e B i, s R O(n?)
= O(n) .

L8, WMRESEM —(EMES B RS i R VE? BUR AT, RHEARREHR H Ik 177 s BITRIRS ¥
HREAR, R E— RS, ERGESE « 17, ZEYIRERTRZE « — 11THIIRRE,

GSREREBUE S ER, AREEERE dpli, j) W, 72175 dpli —1,1] ~dpli — 1, j — 1] {EFTREC ASwc T
2, BEREETA G ERERTIRRE RS AR
GUSRERIR LT, HIA &R LR, RS AT DAUEREEST,

14-21 eoR TAEBR RS TESE « = 1 ATHHRESE ¢ = 2 {TRUER, #5831 E FiAHEl & wi i Al

- [ ] [ ] “ - = ] n
EE wgt (H{E val \i\c 0 1 2 3 4 EE wgt (H{E val \N ° 1 B 3 4
wgt[i-1] vall[i-1] [] 0 L] 0 ] 0 wgt[i-1] valli-1] 0 ) 0 L] L] ]
C e C e :
2 1 ¥ 2 [} 2 11 ¥ 2 [ A
3 15 (O 3 0 3 15 (% 3 )
aen-ausen o - ([ EDEDEDED aen—ass o - ((DEDEDEDED
EW 1= 2 i, B dp PEENR 1 = 1 WAIENR BFERE 1 = 2 17, EITREEE

Step 1 Step 2
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- n [ ] ||"
EE wgt (HE val el e 1 2 3 4
wgt[i-11 valli-1] ] ) [} ] ] )
1 5 (] 1 ° 55 5 5
2 1 * 2 ) ETy
3 15 - 3 0
mer—mesws « - [CI) I 0D ED ED

) BFESE i = 2 17, BTREEE
Step 3
€ - a @& n
EE wgt {HfE val e e 1 2 3 4
wgt[i-1] valli-1] 0 0 ) 0 0 []
1 5 ¢ 0 5 5 5 5
2 1 ¥ | . IEEEED
3 15 (% 3 0
- o - (EDEDEDEDED
) BFEHSE 1 = 2 7, BITREES
| Step 5

Step 4

Step 6

EE wgt (A val

i

c

wgt[i-1] valli-1]

0
1
2
3

@ +s

N s |~ | B
v
o s |n|B

o
o
0 —
)
o

e R ( 0 [ 5 [ [ ] e ]

BFEHE i =

2 17, EITRAEES

EE wgt {H{E val

wgt[i-1] val[i-1]

uer—mamas o - ([T EDEDEDED

SERENR, BF dp RENRE 1 = 2 WFER

14-21 0-1 B MR RIS B E @

TERE IS BB, FRMEFRRE IS dp B8 —4E ¢ EREMIBR, A B P e 5 e s 81 e s BT AT -

/!

== File: knapsack.js =

/* 0-1 B8 THRECENEIERE] «/
function knapsackDPComp(wgt, val, cap) {
const n = wgt.length;
[l etk dp *=
const dp = Array(cap + 1).fill(0);
/] ARREETS
for (let 1 = 1; i <= n; i++) {
/]l BIFE
for (let ¢ = cap; ¢ >= 1; c--) {
if (wgt[i - 1] <= ¢) {

/] FEMEY® 1 EWERSRNBRAE

dplc] = Math.max(dpl[c], dplc - wgt[i - 1]] + vall[i - 11);

¥
}
return dplcapl;

14.5 T2 H 8MHRE

TEAHH, TRy —EE RS aE: 228, Hmern—ERG: Tk
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14.5.1 25 8RH&E

Question
BE n @&, B EYSNERS wet[i — 1], BER valli — 1], M—EFES cap W&, &
Bl AR SGRE, M7ERE S OAE FEMAY SR KEE, RE0E 14-22 fir,

e B8 {HE SesE
i wgtl[i-1] val[i-1] cap = 50
1 10 50 o 1 —

2 20 120 . x2  — m
3 30 150 &

4 40 210 ¥
5 50 240 (>

=RAEE: 290

BEAR: §—E @ IRE = BASE
HiLA 50 HRAE

14-22 seen WRERREER

1. BREREIBER

SE T BN 0-1 AR AL, WML PRI AL B L

- AE0-1 HEMES, YA, BRI AR, HEERERT ¢ — 1 [EYs s,
- T UMET, SRS BERZERE, FIEYE AT R, il BARERT ¢ fav e,

fER T HMENRE T, RE [i, c] WEML T R MBI

C ORI BLO-1 PR, WA [ — 1, ).
BN i B0 ISEMEARR, #EE (i, c— wgtli — 1]].

TR REE RS 7T RESE 7y -

dpli, c] = max(dp[i — 1, ¢|, dp[i, c — wgt[i — 1]] + val]i — 1])

2. EARER

BLEmIEE H AORECHS, KRB E &It — 1 8%, Hipme 8
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// == File: unbounded_knapsack.js =

/* T2EE: BREHRE +/
function unboundedKnapsackDP(wgt, val, cap) {
const n = wgt.length;
[l ek dp *=
const dp = Array.from({ length: n +1 }, ) =
Array.from({ length: cap + 1 }, () = 0)
)5

/] ARREEF
for (let 1 = 1; i <= n; i++) {
for (let ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 1] > ¢) {
// BEBBREERE, AIfEYR 1
dp[illc] = dp[i - 11[cl;
} else {
/] FEMNBEYISR 1 EMEARENRAE
dp[illc] = Math.max(
dpli - 11[cl,
dplillc - wgt[i - 1]] + valli - 1]
Dk

}

Iy
return dp[nllcap];

3. FHRER

HRE ARG R B L AR s TR R, Kt R EIRIEZE dp #rhS —T®ITIERE

o
b N El E==3
EEEFNERFE 0-1 HEIEIMR, HFEBIE 14-23 AHEREME FI R,
a) - a B u - a B “
EE wgt (HfE val el oo 1 2 3 4 EE wgt A val el o 1 2 3 4
wgt[i-1] valli-1] ] [} [} ] ] [} wgt[i-1] valli-1] [} ] ] [} [} ]
2 11 * 2 [} 2 1 * 2 ] 5
3 15 % 3 ] 3 15 (% 3 [
uen—muams « - (1D EDEDED nes—anams < - | ([ ED EDED
) 1= 2 6, B dp PEENR 1 = 1 WAIENRE ERFERHE 1 = 2 17, ETRESS
| Step 1 Step 2
- [} [ ] n > - - ] n
EE wgt (HE val el oo 1 2 3 4 EE wgt {H{E val el o 1 2 3 A
wgt[i-1] valli-1] 0 0 ) 0 0 0 wgt[i-1] val[i-1] ) 0 0 0 [) 0
1 5 o [) [TV 15 20 1 5 o ° 5 10 15 |1
2 11 ¥ 2 [] 5 1 2 11 ¥ 2 ] 5 11 16
L
3 15 @ 3 o 11 3 15 @ 3 [} 1
uwr—mxEs < - ([I)IEDED EED uer—masEs < - ({1 IEDEDEDED
EFEHS 1 = 2 17, BITRESES EFEDHSE 1 = 2 17, ETRESE
[ Step 3 Step &
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- = [ ] “ - ] ] u
EE wgt {HfE val \N 0 1 2 3 4 EE wgt (H{H val el o 1 2 3 4
wgt[i-11  valli-1] ] ) ° ] ] ) wgtl[i-11 valli-1] ] ] ) ) ° ]
1 5 (] 1 5 10 15 20 1 5 (] 1 [} 5 10 15 20
2 1 * 2 [) 2 1 * 2
3 15 - 3 ) 1 3 15 - 3 0
- | ] ]:) —— - [ ]
EFEDSE i = 2 17, ETREEE SeRED®R, B dp MENHME i - 2 HFIENR
Step 5 Step 6

14-23 R MREET B REAENBIREHE IR

RIS EH LUl B, (TR M dp RYSE—AEMIPR:

// == File: unbounded_knapsack.js =

/* TEHEE: TEREMBNENRERE] «/
function unboundedKnapsackDPComp(wgt, val, cap) {
const n = wgt.length;
// Wk dp R
const dp = Array.from({ length: cap + 1 }, () = 0);
/] ARREEE
for (let 1 = 1; i <= n; i++) {
for (let ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 1] > ¢c) {
/| EEBREeRE, AfEYR 1
dplc] = dplcl;
} else {
/] FEMNBEYISE 1 EMELENRAE
dplc] = Math.max(dp[c]l, dplc - wgt[i - 11] + vall[i - 11);

¥
+
return dplcapl;

14.5.2 ERRIBRFIE

HHEEZ - REBEHEBREN IR, HEEREEE, AT,

Question
450 n FERERE, R 0 MEREMSINTEE S coinsli — 1], BFESEA amt , R ] DUE BRI, R
ReshiR I AR SRR R/ DB R, RERE B, ANRME —1 , REIGNE 14-24 FR,
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F=l EfE
i coins[i-1] BifEE
1 N . amt = 11
\ -
2 2 $
3 5 @ x2 /

BOEEHE: 3
sEEsEs. @+ ©+©

14-24  ZE 4T HER R EIER

1. BEREIBER

TSR DB R 2T RN —REREREDL, A B DT B BN [F 8

- PIERER] DAHE S, YT BE CREET, “PahER” BIE HEREET, HUART HE "HES

- RECEHENR, BeT ERERERAMY)EE, TEICHREER SR/ MR,
- EEEUMERR NEET SR MM, TERORER Ry BRI BRI

S BEERITOR, ERIRE, TR dp %

RAE 4, o] SHREE FRIES: B ARERAEMTEI AN o M DRIBOR, 5% dpli,a) .
—4f dp BIRS 2 (n+ 1) x (amt +1).

B RN TGN, TR AR 7 R

AR5 At R AR 7 R 7 1E DL T2 5,

- ARBEERIME, EEEEH T max() Eeks min() .
- R RO TR U, SRR AT 11 AT,

dpli,a] = min(dp[i — 1, al, dp[i,a — coins[i — 1]] + 1)

B WS SRR R A
HEESHER 0K, BHENROEEERES 0, NESIFE dpli, 0] #%R 0.

BN, MRARIEE > 0 MEESHE, FU2MNR, HEREER 7 EBN min() HEXAEHRR L
B, MR oo REREM, BILEITANE dpl0, a] #EHR 00,
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2. EERRER

REYREGE S MARIR AL +oo A%, HABMEAER int MRAERMNE, MiE X &ESCRES: ke
TR +1 18 E A RESE A AL,

i, BRIMERAET amt + 1 RERIER, HRRE amt WEEEERZ S amt . RBIREIE, B
dp[n, amt] BEFR amt + 1, FHRABRE —1, REEERL B, R0 R:

// == File: coin_change.js =

[* ZEERH: BHRERE +/
function coinChangeDP(coins, amt) {
const n = coins.length;
const MAX = amt + 1;
[/ Wk dp R
const dp = Array.from({ length: n + 1 }, () =
Array.from({ length: amt + 1 }, (O = 0)
DE

/] RREER . 51785
for (let a = 1; a <= amt; a++) {
dple][a]l = MAX;

+
/] REEEEFS . HER{TAIS
for (let 1 = 1; i <= n; i++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 11 > a) {
/] BEBIBEIZEEE, AfEEE 1
dpl[illal = dp[i - 1][al;
} else {
/] FEFEEE 1 EmEAENB/IME
dpl[il[a] = Math.min(dp[i - 1][a], dp[il[a - coins[i - 1]] + 1);

}

+
return dp[n][amt] !'= MAX ? dp[n][amt] : -1;

14-25 Jeor T ZEE IRV ENERENERE, M5ee tREIRFARLL

5 &4 & 6 s & & 8
R mfE \N [) 1 2 3 RS EfE 2] e 1 2 3 4
coins[i-1] 0 i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 1 1 ©® 1o
2 2 @ - 2 2 ® 2o
3 5 @ - 3 5 @ | o
WHEE n-3 BifE® amt - 4 WHEE n-3 BiES amt = 4
MEURTS (n+1) x (amt+1) B9 dp JEME WA ETTS MAX = amt + 1 | EFI% 0

Step 1 Step 2
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5 &4 & 6
=R EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! o 1
2 2 @ - 0 *t
3 5 @ | o
FRAEEY
#:
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1 )
[ Step 3
s & & 6 6
MR EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX M?X MAX
1 1 @ : 0 1 2 3
2 2 @ [) 1
3 5 @ 3 0
s
d‘p[i, a] = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1 )
[ Step 5
y & & 6 @
=R EfE e e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! ° BN - 3 4
2 2 @ 2|0 1
3 5 @ | o
HRREE
#:
dp[i, a] = min( dp[i - 1, al] , dp[i, a - coins[i-1]] + 1 )
[step 7 |
s & & 6 6
R EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 1 2 % 4
2 2 @ - 0 1 1 2
3 5 @ 3 0 "
R
#:
dpli, al = min( dp[i - 1, a] , dpli, a - coins[i-1]1] + 1)
[step 9 |
5 & 8 68
R il el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® ! 0 12 3 4
2 2 @ 2| o | e
3 5 @ |0 1
HRREE
#:
dp[i, al] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
Step 11

i 4 & 6
& EfE h [ 1 2 3 4
i coins[i-1] 0 0 MAX MAX MAX  MAX
1 1 @ ! 0 1 2
2 2 @ - 0 *1
3 5 @ | o
HRREE
#:
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1 )
Step &
&8 & & 8
R EiE 3 [} 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 o : ] 1 2 3 4
2 2 @ » ] 1
3 5 @ 3 [
R
db[i, al = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1 )
Step 6
i 4 & 6
R EE h 0 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 3 1 ; 3 4
2 2 ® 2|00 1 1
3 5 ® 33| "
KRR
#:
dp[i, a] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
Step 8 |
s & & &8
Eot EfE 3 [} 1 2 3 4
i coins[i-1] o 0 MAX  MAX  MAX  MAX
1 1 @ ! [} 1 2 3 3
2 2 @ [} 1 1 2 2
3 5 @ s | o ‘1
R
#:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
[step 10
: & & 6 6
R EfE R 0 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® ! 3 12 3 4
2 2 ® 2|e¢ 1 5
3 5 @ : | o 11
KRR
#:
dp[i, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1 )

Step 12
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5 &4 & 6 5 & & &
=R EfE el 1 2 3 4 (] EfE el 1 2 3 4
i coins[i-1] [ 0 MAX  MAX  MAX  MAX i coins[i-1] ) [ MAX  MAX  MAX  MAX
1 1 @ ! 0 1 2 3 1 1 @ ! 0 1 2 3 4
2 2 @ 2|0 1 1 e 2 2 ® 2|e¢ 1 1 2 2
3 5 @ - [} 1 1 2 3 5 @ - 0 1 1 2 2
i RAEE
#: ®:
dp[i, al] = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1 ) dp[i, al = min( dpli - 1, a] , dp[i, a - coins[i-1]] + 1 )
Step 13 | Step 14
i & & 8
R M \i\a 0 1 2 3 4
i coins[i-1] 0 0 MAX MAX MAX MAX
1 1 @ 1 0 1 2 3 4
2 2 @ 2 o 1 1 2 2
3 5 @ 3 0 1 1 2 2
EEREERERNROEERE 2
Step 15

14-25 ST AR B RE R E) A

3. FHRER

TR [ R AL A R B 77 R s 2 R Rl — B
// == File: coin_change.js =

[* B TERECRINERERE «/
function coinChangeDPComp(coins, amt) {
const n = coins.length;
const MAX = amt + 1;
/] #EE dp &
const dp = Array.from({ length: amt + 1 }, () = MAX);
dp[0] = ©O;
/] ARREE
for (let i = 1; i <= n; i++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] BEBEIZEEEE, AfEEE 1
dplal = dplal;
} else {
/] FEFEEE 1 EmEARNBIIME
dpla]l = Math.min(dp[a], dpl[a - coins[i - 1]] + 1);

¥
+
return dplamt] != MAX ? dp[amt] : -1;
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14.5.3 EEERFIGMRE N

Question
G87E n REREYE, S8 0 FEREWSINTEES coins[i — 1), BELSEEA amt , SRR DAEEER, M
H RS HR A S BR, RBIAE 14-26 Fn.

iReR EfE
i coins[i-1] BiEEE
amt = 5
1 1
2 2 $
3 5 (5]
EEASHE: 4
EASHR: + + + +
+ + +
+ +

14-26 ZEETHARTE 11 R AIE R

1. BREREIEHE
FAHEH b, A E SR AR, [ RIS B 0 ARt R o IALABUR. T dp
FORBR 2 (n 4+ 1) x (amt + 1) (-4,

ERIRABAIAL & B SR B R B A B WO AR IR A B 2, SRR RS 77

dpli,a] = dpli — 1,a] + dp[i,a — coins[i — 1]]

B HESEA O, MZDRIBEAEEAI S BReH, BB ESITE dpli, 0] #uhts 1, B
R, SEEIER > 0 MBS, HEETHE dpl0, a] R0,

2. EARER

// == File: coin_change_ii.js =

[* TBIERM I1. SHREFRSB] «/
function coinChangeIIDP(coins, amt) {
const n = coins.length;
[/ Wk dp R
const dp = Array.from({ length: n +1 }, () =
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Array.from({ length: amt + 1 }, (O = 0)
)E
/]l EtEs
for (let i = 0; 1 <= n; i++) {
dp[il[0] = 1;
+
/] ARREEEFE
for (let 1 = 1; i <= n; i++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EEBEIEERE, AIfEEE i
dpl[illal = dp[i - 1][al;
} else {
/] FEFEEE 1 EmEAEZM
dplillal = dp[i - 11[a] + dp[illa - coins[i - 1]];

}
}
return dp[n][amt];

3. TRImEWR

S R BE T 77 MR, IR e 4 BT
// == File: coin_change_ii.js =

/* ZBEERM 11. TERENEBIRERE] x/
function coinChangeIIDPComp(coins, amt) {
const n = coins.length;
/] #iE dp &
const dp = Array.from({ length: amt + 1 }, O = 0);
dp[o] = 1;
/] ARREEEF
for (let 1 = 1; 1 <= n; i++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EBBEIEEEE, B EEE i
dplal = dpl[al;
} else {
/] EFEEE 1 EmEARZM
dp[al] = dpl[a] + dp[a - coins[i - 111;

F
F

return dp[amt];

14.6 *mEEEERERIRE

AnEEEEAE, 1A% Levenshtein R, fEMifE T At 2 M EAHEHRAY R MESOREL, EH FHRE R ARRRN AR

AR 5 P P R {1 51 R AR A
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Question
HPE T s 1 t, IREK s A ¢ rasiE/ D a8,
VRA] DATE— {8 7 BB FhofEA T = REAm iR e A —EFoT. MBR—EFoT. HEoEisttE—E50,

Nl 14-27 R, fF kitten My sitting FREMTHE 3 20, TG 2 DO BURIEE 1 JUBTIEIR(E; 1 hello
W2y algo T 3 4, QIS 2 SO HRIRIERN 1 IRIMBRIRIE,

s- E0800 s- (80080
lgm lﬁﬁlﬁﬁ m%llsﬁlgm
Gl o] oDoo

- BE88080800 - (3E80

14-27 SRARBEAEAY R IIEOR)

A AR AT DR BRI DUR BBV iRE, R IER IR, —HRDUR (—IRATHIRIE) BRI —
g,

qniE 14-28 FoR, EABRFERIEAIEICT, SEERHERR URAE HFF 20508, SigEE —ERiE, SRk
FHIE hello HHRF| algo HiF 2 AT REAYEETE,

TERRRI R, AR ESE R ARG hello METE: algo < MIHYEIEIETE,

14-28  FLJRIRAR BRI R S i PR A Rl R
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1. BHREREIBER

B BERRORE, ERINGE, Rmesl dp &
BRI T s T XA,

TR AL IHREIERER, PSRBT, A AR TR, 3250 s M £ ORISR n
film, % A R IE sln — 1) F1 t{m — 1] .

- i s[n — 1A t[m — 1) HER, TR ABOBE, EEEE sin — 2] F1 Hm — 2] .
C #s[n— 1 A t[m — 1] R, RIEES s 8T REE GEA. MR, iR, FERTE RS
FIEAIR, FETTAT ABOB M, % R N R,

s, FFMETH s PIETHEmRR (GRiERE), MEHERE s ¢ PRIERRIRFILAC T3 R L,
Ktt, ARREZERITE s F1 ¢ HhB AV ¢ FI58 j 57T, &% [1,7].

YRAE [i, j] SRERO TRERE: 9§ s O ¢ MR EREs £ IR § MERimi D
S, BE RS (1) x (+ 1) 4 dp %,
o PR TR, TR RS R

208 TR dpli, j], HEBEITET RS s[i — 1) A ¢[j — 1], AORSR R AR SR 5 2
14-29 FiRHY = REIRH.

1. 16 s[i — 1] 24%H t[j — 1], BRI TFRIE dpli, j — 1],
2. WBR s[i — 1], HIRISKTRIE dpli — 1, 4]
3. W s[i — 1) Bt i — 1), BUEIBR FRIEE dpli — 1,5 — 1],

EREPHLE e

00000
(c[o]d]e] (c[o]d
dpli, j-1]
fE% k
s - BB0OC 080
‘- (T ]
dpli, jl dp[i-1, j]
1 k #in8 e
(b]o]o]e]
(cJold]e] (c]o]d
dpli-1, j-1]

14-29 HWiEEE AR REHES

FROEDA L5V, ISR TA5HE: dpli, j] BRGSO dpli, 5 — 1] dpli— 1, 4] dpli—1,5—1]
SHPIR RIS, FI AR 1, SRR R
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7

dp[lhj] = mll’l(dp[l,j - 1]7dp[2 - 17]]7dp[2 - 17] - 1]) +1

SERE, B s[i— 1) R t[j — 1] RIRING, SCRGMRERITIT, SR Rk s

=8 R SRR E R RS IE

N FERE AR, MELSEA 0, B dp[0,0] =0, & s &=H t RAZR, R/DMREDBER t WRE,
BT dpl0, j] = jo & s TAZME t =K, BOMEBAEER s WRE, BIEF dpli,0] =i,

BlgsREHERE T2, 8 dpld, j] WM/ T, B77. 7o o7 Ifg, DRIz i i g 2 1 ZE R RE A dp 2RENFT

2. ERBER

// == File: edit_distance.js =

/* HmEEEERE: ENREFRE x/
function editDistanceDP(s, t) {
const n = s.length,
m = t.length;
const dp = Array.from({ length: n + 1 }, () = new Array(m + 1).fill(0));
[/ REEERE: 51TEY
for (let 1 = 1; i <= n; i++) {

dplille] = i;

}

for (let j = 1; j <=m; j++) {
dp[0]1[3] =

}

[/ RREEETS . HERTAIY
for (let 1 = 1; i <= n; i++) {
for (let j = 1; j <=m; j++) {
if (s.charAt(i - 1) = t.charAt(j - 1)) {
[/ EMFTEE, MEEBLMFT
dp[il[3] = dpl[i - 11[3 - 11;
} else {
[/ =VERESE = A RifR. BRE=BIRMENRDEESE + 1
dp[i][3] =
Math.min(dp[il[j - 21, dpl[i - 21[31, dpl[i - 11[F - 11) + 1;

¥
}
return dp[n]l[m];

nlE 14-30 P, A PR Ak 4 RE AR RE AL IR R Bl G R T AL, A1 mT DAB MRS — (8 — MR AR A I8
o
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ooon

h J
0
0 :
8 :
[ I
s = “bag”
n=3

t = “pack”
m

=4

MEHRTH (n+1) x (m+1) 89 dp &R

o880

FRAEEY

4pli, 31 = min( dpl3,

s |

1R
dpli, 31 = min( dpli,

e
dpli, 31 = min( dpli,

Step 7

e

4pli, 31 = min( dpl3,

[ Step 9 l

o 1 2 3 4

e 1 2 3 &4

j-11 , dpli-1, 31 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, jI , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dp[i-1, j-1]1 ) + 1

ooan

MeateETT dple, j1=3 « &F dpli, 01=1

Step 2 |
o
0
l' 1
[ 2 [
[ < S
#:ﬁﬂ
dpli, 31 = min( dpli,
[ Step & ]

1R
dpli, 31 = min( dpli,

HRAEES
B

e slin1]=tli-1] = ‘a’

‘ Step 8

R

pli, 31 = min( dpli,

[Step 10]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

« dpli, j] = dpli-1, j-1]

j-11 , dpli-1, jl , dpli-1, j-1] ) + 1
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oaan (p]:0-]«]
7 -
SNle 12 3 4 SNle 12 3 4
0 o 1 2 3 4 o [0 1 2 3 4
t’ 101 1 2 3 4 l' 101 1 2 3 4
l' 2 |2 2 1 2 3 l’ 2 |2 2 1 2 3
13 +1
!’ 3 |3 3 l’ 3 (3 3 2
KRG R
#: #:
dp[i, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-1] ) + 1 dpli, j] = min( dpli, j-11 , dp[i-1, j] , dpli-1, j-1] ) + 1
|Step 11 Step 12
ooan ooga
Ne 12 s i\{ 0 1 2 3 4
o o 1 2 3 4 o o 1 2 3 4
t’ 101 1 2 3 4 l’ 11 1 2 3 4
" 2 |2 2 1 2 3 ‘, 2 |2 2 1 2 3
+1 +1
t’ 303 3 2 2 !’ 3 (3 3 2 2 3
R giﬁﬂ
dpli, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-11 ) + 1 dpli, j] = min( dp[i, j-1] , dpli-1, j1 , dpli-1, j-1] ) + 1
Step 13 Step 14

ooan

Ple 12 3 4

o e 1 2 3 4

[ 5 I U G T
a 2 2 2 1 2 3
B s 3 2 2 3

EBERREESH 3

Step 15

14-30 #wiEERAERBRE SIEERE

3. FHRER

f dpli, §] e 57 dpli — 1, 7). 75 dpli, j — 1]. 7 E77 dpli — 1, — 1] SESTSRHY, T )
FFEN LT dpli — 1,5 — 1], BIFESREEIRATRE dpli,j — 1], EILAREIERER T,

itk TR DAGEF —E % Leftup R FA LTI dpli — 1,7 — 1], MR TE AT LT H#
Rt e 21 WREA R, AlER L ER . U NTR:

// == File: edit_distance.js =

/* 4REERERE. TRIREMEBINEIRERE] */
function editDistanceDPComp(s, t) {
const n = s.length,
m = t.length;
const dp = new Array(m + 1).fill(0);
// IRREE: BT
for (let j =1; j <=m; j++) {
dpljl = 3;
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2

}

+
/] RREEEFS . HERTT
for (let 1 = 1; i <= n; i++) {
/] RREERE. 55
let leftup = dp[0l; // BfF dpli-1, j-1]
dp[0] = i;
/] RREEEFS . HERY
for (let j =1; j <=m; j++) {
const temp = dp[jl;
if (s.charAt(i - 1) = t.charAt(j - 1)) {
/] EMFTEE, MEZIBILMFT
dp[jl = leftup;
} else {
/] RVERESE = A, bR, BRE=EEENRVRETEH + 1
dp[j] = Math.min(dp[j - 11, dp[jl, leftup) + 1;
}
leftup = temp; // BHAT—&®wE dpli-1, j-1]
}
+

return dp[m];

14.7 &L

1. ERSEIEE

- BIRERES TR, ADERGHT T REER AR AR, s RRCR,
- ABREREIATE N, FrABReSEIFTEAR AT AR (B a) @R, (R RKRR

B, DR BB AGERAHS, AT AR R RS R T R, e O A T
AW IR,

- AL s I TH R RANEE s, M BB B e R B TR R L, H

GnlE “HEARMT —A HREATIRE AR LE I IR, R IR AT DATHER dp RAT—(EHERE,
e R R R

- FRES R EE AR, Eoia, BENEL mhRE R ERIEE,

- ENRERIEIRTEA R R, R TR, R,

- USRI R A A T DA 1 PR R B R A AT A, e B i 1A

- ERBUETREIR —EARRE, HARR IR A BRI R EFTA NG, fF2 Mo RE

PRI A HA SRS, ST P B RE AT A PR SR e

G

- BEMERRINBIERERE -, A6 0-1HHE, we2ii, SETUFEME,
- 0-1 BEAGREERTHT ¢ AYRERRS c NEEPRRAEE. RIBARAE BT iR

R, AMSEIRE AN, WAREHIREER T, EERERS, BREEIRERRIE E5RE )5
HORRE, R EEFER B, /e BT iRERE =,

- sEe T E R AR b A SE BB SR, RIS IR IR RS B 0-1 AR, HR

ARREARRAIE BT FIIEZE DT HUARRE,  [RHfE =S AR AL & IR AE 3

- TEOIRFER S 2T WRHER —EERE, BIOR TR EEEAR RN EEEE, FItiREE

Bo7ifE i max() %% min() . fEER “FEd” HOARINER “Bir” B EESE, KIS
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Al amt + 1 &R GOk E SR R0,
BRI AR “ROTEEUR B BN AR, RIS TR AL min ) B
SRR

TR

- HmiEEERE (Levenshtein BREE) FIRMTE MM v & 2 FIBIROUE, HoE 21— ¥ H 255 — 85 H
MR/ VAR E, AREEIRIE RIS, MBR, B,

+ i R L AR ) R R BB 3R 2R s BRI 0 BTy ¢ BIRT j T T TR R DD B B
sli] # tlg] Wf, BAREDER: B, MRk, Bk, 2MEaHEERATRER 7R BRI DI A
TR RS R, TE s[i] = t[j] I, MEMREETTTIC

- AEAWEREERMECD, KRB 77, IE/E75. 72 BTTHORRE, RIS el de A (AR L e B8 A A AT JE 1
IEREHETIRREM RS, Z5itt, TITAIH —(EZEBOE 7 /2 L77/RRE, M s Bl 2 WHESFEE
o, A DR MR R T IERAE 7.
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Abstract
Al H 25 KI5, ReZIER B & R EE,
BAE RIS AE — i Y f BB, BPEMREE R,
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15.1 S¥ERZE

BEEEL (greedy algorithm) 22— RARD R AL RERTIRE,  HAEA AR AE P ) £ 8 DR SRR
B, WOREATE AR EREE, Rt Bt R ERRER, DHER et R, S8mEk
R E R, TERF 2 HIRME G ERZRIER .

B IR EN B R R R, B A MR, iR B AR,
B AR AR,

- BYRERE SRR RIS BRI A DR B RTTRER, {38 2 7 R A e A s i PR A i

- BMEERAGEREENDGR, M2 —RAaTHE T B2, TR, BB,
FMCE BB TR A EIAR TAERM, EEECRE el iiE” =ZHih 4, A
BUREFE AR,

Question
47E n REEEYE, S8 ¢ REREWSTNTEES coinsli — 1), BRESEA amt , SRERE ] DIEEER, [
RSB BIESEN R DB R, REREL RS, ARE —1,

AR S AE RIS AN 15-1 e a7 AR, SRR KR Hidin enins, Bz
LER, HERBESEA L,

15-1 RSB EAETRNE

BB TR
// == File: coin_change_greedy.js =

[* ZERM: BF «/

function coinChangeGreedy(coins, amt) {
// &% coins [EFER
let i = coins.length - 1;
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let count = 0;

/] BEETEEEE, BRIERGRESRE

while (amt > 0) {
/] EINR BRIZRE R AR S REAVRE S
while (i > 0 && coins[i] > amt) {

i--;

}

/] EE coins[i]

amt -= coins[i];

count++;
¥
[/ BXRIEIATAE, BRE -1
return amt = 0 ? count : -1;

YRATRE & 3% H/EE . So clean | BAAHEITAEMAHTRENHERUMIR T Z 8 (o il

15.1.1 BREREZNEMRERYE

B IRA R B, BB, L@ R PR AR, 12 DA LR, SORE RN E{E A min(coins)
, RIBAEEISE 2 WM amt/ min(coins) R, RHEHER O(amt/ min(coins)) . & HLEIRERIBIfEE
RERIEREE O(n X amt) /NT —(EBELR,

SR, BRSNS EEA S, SRR RERBR . (8 15-2 &t T mEs .

- BB coins = [1,5,10,20,50,100]: fEZBSAHET, SEMEE amt, EEHEEILEA] ARER
{378

- Ml coins = [1,20,50]: &% amt = 60, EEFDEHAERE 50 + 1 x 10 WEHES, Hat
11 #hsitss, (HBHRERIEIAT ARSI SLHHR 20 4 20 + 20, {87 3 B,

- B coins = [1,49,50]: &% amt = 98, EBEEIEAAEIKE 50 + 1 x 48 il s, Hat
49 WrEs, (HBYREAREI AT DARFIR MR 49 + 49, (47 2 B,

13 Bifst ARRNARESR BRRREIRESE
(IR RRR) (SIRIERBAR)

(1) 60 +@x10 x3
@ 98 +©x48 xz

15-2 B AR RIRIE R i R AR B

WtEH, BRTECREE, SAHEREAREIE 2R ER, 3 HA A REREAER R, ©E
18 5 B RE R AR

—RRILS, EARERIRRIE AL DA R,
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L. nfCAPRGER B B B RIR RS I MEE R R R, R T AL, BhREREE &5,
2. nIDMRENEUR R SAEEIATEIERE AN MR AT IR, BIRNR 2 AR AR, SHesitRE
AR IREE, BE DA SRR ER BN AR A A EERY,

15.1.2 BEERERNE
ARERIEA T, A BRI & S A SRR R e ? siE s, S BIAEM BTN il ARE RS R
Ei?
METRENREME], B RTARI MR EINET I, HE E R R M
- AANRIEENE . A ERREEEAA A ISR e R e AR, SAEEIR RERES 2 R AR
- ERETAR: RN RERE S TR R SR
REFHEMOEE “BIRNE" P NAE, SEAEER, BESEENE, —ERENERE TR
HAEE, (EA52R AT B AR TR IR

B T ER T AR E A7, R ERRE R, HERE BRI, Saik
IRV REAE S 3

BIanF eI, WMEEARES A BRI B, BB EDE T, HREAERER WIRM:
TR PR PF A B AR 5 vl DAfSE P SR R OR MR TR RIS B R sl R B - Ak At — (AR R P P Y
B, M DAE R R B,

Quote

H—RasSGE T8 O(n®) WA OB,  FARAIBT—(E R AL & fl 75 58 P B A T SRR
HE R SRR R

Pearson, D. A polynomial-time algorithm for the change-making problem[]J]. Operations
Research Letters, 2005, 33(3): 231-234.

15.1.3 S¥ERIRETE

BHARER R A 22 AR =2,

L. S0 e SRR R, AR IR. R BAEMAHRRAF S, 18— P AE A1 Zh e Sl
FHEET M

2. W ARG FEE AR Dt AR, IS RIS RESIE o — DB NEERT R, M AR
DR (A,

3. IEREVERN: B R EERE A BRI E RS T, SRR RETRE MBI, B
QRERANIR B SR TR

HEE SRR 2 SRR OV B, (BB AR AR A 5, TEAUREE,

© AIRIETER BRI 2 BB, BT 2 AR, BN LR R, BB — LA S B
ERUAEIS o TSR — LM, SRR AT REAR RS RS, SRR DU TR =5 Bl A\ e Ae B b
HRIRREN 7o
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SR ARG AT ORI R B RS O R at i SRR, 5 AR G R ST, RAT
REFEBLAR > HIBARPIETR R, ER N DRGNS 2 "M EME” 1), BRI i
o (1 HSE SR

7 T REEIERENE, FRIMERZE SR TRGER BUR R, W T B S sk ol R B i

R, IEREMEREPI AR ATREAN R — MBS, AnAs I saRE, BAMIEE & s m i E B TR S PR,
— B SR E AR R

15.1.4 BRERZADFIE

BEASEELIRE AR B AR R M E AR AR I s AL R, DURAIER 7 — S SR S AT RTA
ﬁ:ﬁ% o

- BT A ST, ASERIRGUE A DS B R .

- ImPEHPRRE: (REURE — TS, BEERE BN EPEST, IRAYE SR SEE Al REZ RIIEFS. W
REFRESE R RN R e FAUERS, R S AR RTR L A] DS 2 B B

© rBE B AT AETE R ERER, REEEREE Y, ARRERTEARER, H
ABEERR, WRSEEREN RS (FBE/ EHE) Y8, IR ERIRE—EEI T A S
Elll g 3N

- REEHERRE: A AR R ERER, (KA DUETTZREE, EARIREAER AR, AREEE H
ZHINRERE, BRI AR,

- ERBHNE: ERSMIE NN R R B AR, BEMEEREN, BUOERHBUR
KRR AR S 0F, RESZINERSMIVFERERE WGBRE) &,

- Dijkstra 3RE: B2 —FEARRAE T IR TERG S AR-2 TERG A B R s 1S P R BT AT TR

15.2 HEEaME

Question

B n @IS, B EYSNERS wet[i — 1], EER valli — 1], M—EEES cap W&, &
E i R BERE — R, (HA] DUEEWIN— s, BFARIEEENE R LIS, MERES AR
NHEAUPYEARREE, REIE 15-3 FR.
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W EE fHfE

i wgt[i-1] val[i-1]

1 10 50 ] BAER HazEE
2 20 120 20 cap = 50
3 30 150 B ™~ m
4 40 210 bd 30—

5 50 240 (>

BAEE: 120 + (30/40)x210 = 277.5

BESE: BRE A 30 58 ¥ pAEe
H{EM 50 HEAE

15-3 P BUE SRR G R

SRS CLRIREA O-1 75 CLPAEACRE FAERAE0L, KBRS AT | AR o, EEERIE S RAR T
N
RFBHER, ABAT RGN 5y, W6 154 Fis, BPio SUEHms e eiTYI5y, kit
B st S .

1 SOAYIR TSGR R RIS valli — 1)/wgt]i — 1], BRSALEIE,

2. [ER A i, ER w, B EMIIEES w x valli — 1] /wgt[i — 1] .

RN EE HE BEE
val[i-1]
i wgt[i-1] val[i-1]
wgt[i-1]
1 10 50 5 ) B BRI Hanm
ENER BIEE MnEE
2 20 120 6 _ e
va -
3 30 150 5 & Yo gtlicll u
4 40 210 5.5 %
5 50 240 4.8 7

15-4 PyinfE A R B NYEE

1. ERIREE
RAMHE RN RREE, AH BREACEA R FRYSMELL, I r] R E 15-5 FroRi s
[

L ¥t SR BN EE T s EHROETHER
2. FEFAATEY)SL, e AR B A AR S P
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\

3. HHIEREHARANE, RIEEHE R RE— BT B

Ryt EHE H{E EfiEE
vall[i-1] R EUEAEE

i wgt[i-1] val[i-1] wgtli-1] TR

2 20 120 6 2

4 40 210 5.25 ¥ P —

1 10 50 5 ™) BAOEEEUEEESNYS
3 30 150 5 B

5 50 240 4.8 -

[ 15-5 o380 BRI B A TR

2. ERBER

AN T A SER Ttem , DAMEHEY) G BEA EEE THEY . BEMETE2EE, ET ORI
H SR (] i

// == File: fractional_knapsack.js =

/* ¥gn %/
class Item {
constructor(w, v) {
this.w = w; // ¥YImEE
this.v = v; // ¥YI®EE

¥
/[* DHER: 8% «/

function fractionalKnapsack(wgt, val, cap) {
//Eﬁ%%%ﬂ,ﬂﬁm@EE:E%\E@
const items = wgt.map((w, i) = new Item(w, val[il));
// REBEMEE item.v / item.w REEMLETHF
items.sort((a, b) = b.v / b.w - a.v / a.w);
[/ EEEEEE
let res = 0;
for (const item of items) {
if (item.w <= cap) {
/] BERGARERE, KENYREELZESE
res += item.v;
cap -= item.w;
} else {
/] ERGARERE, A EsRN—BoEESEE
res += (item.v / item.w) * cap;
/| BERGAE, FIBHIOE
break;
+
+

return res;
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PN 0 B (RIS RS SR FEE 2 2 O(log m) , 2SRIMERREDER 2 O(logn) 5% O(n) , BUARAERES
GECTE )

i oh, TERERNT, FEETREY B, FIERNEBRES O(n) , Hin Y80,
HURWIEAL T —18 Ttem W51, FEZHEBHES O(n) o

3. IERET4:8HH

BRHRETE, B o R RER S, SRRERDORIGRAEED res , HEBHIUSYM
x o

BERH U EHEMEENEEY M, WERASEAERYIN oo BRY5 v MR EERS, KIS
BIRIMEE—TE RN res . 1EH res RREWPE, SHRERPLHEEETMN .

B ER A, B AT DIRER  EA P, MIME 2, BAEEE RPN EL E R, 50
HH B AR SRS 2 B R

GniE 15-6 Ffow, 4n SR b e BRI it BB 70 BB 1 — Tk — A R ARl AN At e, R o> B0 [ R ) i
P2y “SRAEA PRSI T [ A AR TIAE” IS {RE ] DAR BP0 A (e Ay E B A B 28 SRS (4 R o

YmEEE
5.25 5 5
* v & -
YoES
40 10 30
50
| “uzE

15-6 U L RER &M FRR

15.3 RAFEME

Question

A —EES] ht , HAPEEETRNAR —EEERRAEE, BATRREEmRERR, ez
[l ) 2 [ AT DAAH B — (A

DERNA RN @A R ER R (HE), HoeEhBIERRRRE, M ERR AR 2R 5|
2%

SR AL REA IR E R, SR AR RREAR, RERKAR, ROIA0E 15-7 Fir,
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R

e B N W B U O N

BAAES (5-1)x7=28

15-7 BRARARHERREE R

AR M EREAIE AL, RIEASRERGIR R 2 MR RRAR AR5 ], Re [4, 7] o
HURER, ARENEERUEE, HrhmmEhERIE, SERmRRINESIRT 22, S &2 capli, j]

, BIAT{3aH AR
capli, j] = min(ht[i], ht[5]) x (7 — 1)

STIER Y 0, WERRIALA R0 CREERED 2 C2 = "L (0, e, Fll] DSk
fE, FETIRIHRARR, WRBERES O(n?) .

BEEEA S RCRIIE, W 15-8 Frx, BURE—EIRGE [, 7], HiWE R < j BEE ht[i] < ht]j]
, B i BRI, § AR,

8
7
6
5 | J
4 = |
3
2
1 | ‘
. |
0 1 2 3 4 5 6 7

i Z5ER, ] AER
BIAE cap = min(3, 4) x (7-0) = 21

i3
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15-8 WI4HiIRGE

QniE 15-9 R, FHBLRHRFHRAR j %R ¢ SRk, WA R e s,

BN ERERR j 18, R j— @ §E8/0; MeERERIE, FtmERRENE (%8R 5
SN (BENRM § AR .

pE—— < e

e B N W s 0 N ®

BNBERR, BE—E)
LRIAE cap = min(3, 3) x (6-0) = 18
15-9 MNBEIRREZIIAGE

i, BMRARMRNBEERR  , AATREEAREER, HAMARTE T/, HEElRegEAn B
BRI © FIREEEER) . BIANTERR 15-10 1, BEHREHIRHIFEEEKR,

e B N W & 0N ®
ess—— <\

L

0 1 2 3 4 5 6 7

mPRERElR, BEAREEA

BIBE cap = min(8, 4) x (7-1) = 24

B

15-10 [ ESEN AR R ARG



FH1oE B

www.hello-algo.com

333

P I AT A R B AR . RGP AR, 7 asphivn, ki PO WS A R S T O A,

TETAHIE,

15-11 R 7 B SR B A T iR

W e

Step 1

KR

Step 3

KR

Step 5

S kB N W s O O N ® S P N W s GO O N

S kP N W s O O N ®

PIGIRAET, $5H2 5 1 § 45 5URBI s,
S RTIRAERI A capli, 7], WERTEA
HOBER i VIR j IO, SRR B — .
EEEGTE 2. HRE 3. 5, HE DR,

o 1 2 3 4 5 6 7

MBKIER 1, j , EHDTIESIME, SRRAME res = 0

< He

—— < .

o 1 2 3 4 5 6 7

HHBE cap = min(ht[il, ht[j1) x (j-i) = 24

RABE res =
3
v

0 1 2 3 4 5 6 7

max(cap, res) = 24

< He

HHIAE cap = min(ht[i], ht[j1) « (j-i) = 28
RABE res =

max(cap, res) = 28

Step 2

Step 4

Step 6

it

KR

S B N W H O O N ® S kP N W s GO O N

S kN W F O O N ®

HHIB® cap = min(ht[il, ht[j1) x (j-i) = 21

B|ABE res = max(cap, res) = 21

< b

j
v

o 1 2 3 4 5 6 7

EHIBE cap = min(ht[il, ht[j1) x (j-i) = 15
BAZBE res = max(cap, res) = 24

< He
=y

0 1 2 3 4 5 6 7

ERAE cap = min(ht[il, ht[j]1) x (j-i) = 21

BABE res = max(cap, res) = 28



FH1oE B

www.hello-algo.com 334

<.

KR

S B N W s O O N ®

o 1 2 3 4 5 6

HHAE cap = min(ht[il, ht[j]1) x (j-i) = &

l Step 7 BABE res = max(cap, res) = 28

S kP N W s O O N ®

Step 9

7

8

7 s

‘ ;

R s

4

3

2

1

[)
) 1 2 3 4 5 s ,
WHER cap = min(ht[il, ht[j1) x (j-i) = 5

w BAZE res = max(cap, res) = 28

i3
;

v iEiE i B AEE,
- BRHAREE, BEERASE 28

15-11 mAHFRMEN B

2. EERRER

BATEERZ n i, FILREEEEEZ O(n) .
BAELG. j. res (ERIRBOUNORESMER, FLEHEEEES O(1) .

// == File: max_capacity.js

/* RABE: BE */
function maxCapacity(ht) {
[/ ¥atk i, j, EESHIRESIRHLS
let i = 0,
j = ht.length - 1;
/] VIERAEES 0
let res = 0;
[/ EEEEEE, BEEWIRER
while (i < j) {
/| BMRARAE

const cap = Math.min(ht[i], ht[j1) * (3 - 1i);

res = Math.max(res, cap);
/] EREERER
if (ht[i] < nt[3]) {

i+=1;
} else {
i-=L

F
b

return res;
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3. IEREMH:EEA

ZF S Es B, REABREEEENE Pud” —SiRE,

FLANAERRRE capli, j] T, @ 2980, j 25 RIR. 5 BRI ¢ B —i8, E8sE 15-12 Frnrikig
B, JEREWRE IR TR E LN B A D,

cap[i,i—{— 1],cap[i,i+ 2]7 ,cap[i,j - 2],cap[i,j - 1]

|
| R | ||
il o I | [ | |
EEREEE g ERREEN
caple, 7] capl1, 7]
BhBAYIAE
| | |
] | |
| | ] | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
caplo, 6] cap[o, 5] caplo, 4]
| | | | | |
| | | | | | |
L | | || | || ] |
oy ||| HEE | | ] ]
caple, 3] caplo, 2] caplo, 1]

15-12 B RS kiE ATk RE

Blas, EEupbB R EERE LR R § NBENFAEIRNE. fiERMCEERNERR—E g
HEAREN, WptEH, SEanRER I RERRERE, BOREMA eEBEnR R R,

DAL, BEERAIRIER 2" 1Y, SRR ARN,

15.4 mAY)5 FiRREE

Question
HE—HIERE n, BEYIDAZ/DWME BB, RUIDEMEBRENRERAZZ /D, WE
15-13 Firre
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| =

BIANES n , R max(ngxnyxngx.xng o xn, 4 %ng,)

15-13 RV SRASA R 7%

R B n Uo7 m BN T, Hh% i MR n,, B

m

=1

AER) HAR R A BN TR AR, H

MRARAEER, MERE SRR EMRIAE R, & n ot —ER T 2, RIEMfRER 2(n —2)
o FRAFREZIRAEER n (ELLER:

2(n—2)>n
2n—nm—4>0
n>4

GniE 15-14 R, Hn > 48, J)rH—E 2 BRBEEER, EHRIIRRFR 4 K BHEREZS) 7.

BRI —: AIRVIDTTRPES > 4 WET, BECIEZEAESTY) n. RARRIY) T R A 10 2,
3 E=MKT,



H15E BE www.hello-algo.com 337

(=]
=)

nz4 B, 58 2(n-2) 2 n
ALRESAERERFE 1, 2, 3 BF

15-14 Y EBEREER
PR ARBEWER R REN, 7£1, 2. 3E=MFE T, AR LREEN, FH1x (n—1) < n K
3z, BI)orih 1 e & EBERER N
aniE 15-15 iR, En =60, B3 X3 >2 X2 x 2, EEEEVISH 3 LUt 2 HEE,

BARRS . YIRS, RS EREEEME 2, FR = 2 SR ISR ZME 3, MRS E KRR
FHo

EFEE=ME 2 &, @S iamE 3

15-15 &EDInHF

Fr PR, RTHERLH DUN ARSI,

WAREH n, EHAEMY)I R Y 3, ERERES 0, 1. 2,
EERE 0 IR, 1R n 2 3 IR, R MUEmERE,

ERREUS 2 R, ARSI, RE

B LR, HR2 x 2> 1 x 3, FEERERE M3 Hihs 2,

BN e
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2. EERRER

Nl 15-16 AR, BAEEZEEEIE R A Y] 88, ] ORI A MEPRERSE] 3 BIEE o , HEEIESS
FIERE b, A

n=3a+b
TR, R n < 3HEBFRIEN, LEFRSEEL, #BEAL1 X (n—1),
// == File: max_product_cutting.js =

/* RAUIDTIE: B *+/
function maxProductCutting(n) {
/l & n <= 3 K, ¥EYISH—E 1
if (n <= 3) {
return 1 * (n - 1);
+
// %*%ﬂﬁﬁ:S,a%i5%@%,b%ﬁﬁ
let a = Math.floor(n / 3);
let b =n % 3;
if (b = 1) {
/] BEREA 1B, % 1 x 3 ks 2 x 2
return Math.pow(3, a - 1) * 2 % 2;

b
if (b 2) {
/] ERREA 2 B, THERIE
return Math.pow(3, a) * 2;
b

/] ERREAE 0 B, FHMERE
return Math.pow(3, a);

L . ] D
2B b af@ 3
n=3xa+bh

15-16 AV FRENEH RTTE

Iy ] R FE B DR Pl SRR R BB TA. DL Python 261, ARG B EUE =,

TEFE T %% FEE pow () MRFREEES%A O(log a) o
KX math.pow() PERIEAY C 755 EAT pow () BRI, HBTIBECR, RREMEER O(1),

S a F0 b A FEBOVNESNER, ISR O(1) .
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3. IEREMH:EEA

AR, Rt n > 4 RIS

L AR < 3 BRE&EEYIS T RPEE > A WET o, IE—E DU HES# 2 2(x — 2),
TEMAES R (B RIS, SRR E.

2. VInTiFAuE 1 BEREEYIDTTRTPEEERF 1, BEE—EA LEHASD IR FH, DA
RS ERARE, ERBERTE,

3. ViR mBWE it 2 « (Rt BY) T RS =8 2, ARE—E Al DR mifE 3, SRAEE R,
BT JE

15.5 Ih&E

1. ERSEIEE

EUAR TR B PR NI B L R, EUER R A (P SR R D I M I R DA, DO
(B4 R,

R L (O — (T TR SR, S TR L — (R STRLE N TRE,
PR BRI,

- AL R RS, R AR RENR, MBS, S RS O
15,

BB, B RAL S, ASHOIAT AR SR A R 5 S A & H R
R, EUE R SRR,

A AR R R R T AT SRR AR TN, SR T (R A
W T R

- BRSO RN, MIEAR, BAEMNA S, GBS,

CORMRERIE RS A PEAN, W ARG, IEREMEE, Eh B AN L,
B TP S

-V ERIEETE 0-1 TR b, AR, AT SRR, EEIGHY
AT A T A,

- R RN SRR, BERIRERES O(n2) . BB NS, SHRABEIEN,
SRR L% O(n) .

- ERKYIS TR, B A T R > 4 RIS, REVISRE T
%3, RO AR, W R RS BB TIE, B2 O(1) 5t O(logn) .
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16.1 X HIRIERE

16.1.1 #FE IDE

HEEEGE BT, R VS Code ERAMILSFIFEEE (IDE), #iftl VS Code B, MIRIEERFIEEM
JERRAE) VS Code AT FHEUFIZEE,

Q% OO0 F :

Visual Studio Code Do ¥ Download

Code editing.
Redefined.

Download Mac Universal
Stable Build

Stable Insiders

mac0s Universal
‘Windows x64 User Installer

nnnnn

e K Ie

.rpm

0417 ©OAO K1 © Gatsby Develon (gasby-oraph-apo)

8 .
mecan 2 ks 1
T# VS Code
Run and Debllg BUNT-IN Git Extensions

16-1 fEE# TH VS Code

Other downloads or open on web

IntelliSense

VS Code A BARBREARBRG, XFRZHRNGESWPITHERSE, LA Python 26, % “Python
Extension Pack” g 21%, BIAIEST Python #ENNERREE, 24P ERANE 16-2 R,


https://code.visualstudio.com/
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[ Extension: Python

Python Extension Pack .70
Don Jayamanne | <> 7,005,466 %k % % ¥ (16)
Popular Visual Studio Code extensions for Python
Disable [v Uninstall [v O

This extension is enabled globa

n Pack DETAILS
udio Code extensions fo...

Du;\ J;ya & Extension Pack (7)
RERTTINRE

Python Environment Manager wnn  autoDocstring - Python Docstring (

_r.

Extension

Python

;ﬁxmgﬁmﬁ I

m Python 84K * 5
P

@  shirc Install

Jinja

Python Extension Pack

Install.  /\

p I Python Extended

16-2 %% VS Code /R

16.1.2 REEFESIZIE
1. Pythonigif

1. F#fiZ4E Miniconda3, % Python 3.10 BEEHHRA,
2. 1£ VS Code M7 DIRETT G HIEE python , %% Python Extension Pack .
3. (A[) 7Em2HEi A pip install black, ZERFEHRAIMLTH,

2. C/C++IRIR

1. Windows R&#asELEE MinGW (HLEZGE); MacOS B# Clang, fZHZEE,

2. £ VS Code MEFAINRET HHIER c+ , Z#E C/C++ Extension Pack .
3. (A1) BARK Settings E i, %5 Clang_format_fallback Style F&2zUHEH% =X (k% I1H,

{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach }.
3. JavalzRig

1. F#Ei%%4E Open] DK (AR W2 > JDK 9),
2. 1£ VS Code WIHEFTIHET G 18R java, %4 Extension Pack for Java .


https://docs.conda.io/en/latest/miniconda.html
https://sourceforge.net/projects/mingw-w64/files/
https://blog.csdn.net/qq_33698226/article/details/129031241
https://jdk.java.net/18/
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4, C#HIRIR
1. F&EZ2EE Net 8.0,

2. 1£ VS Code HHEFEIHRET GRS R C# Dev Kit, 2% C# Dev Kit (AlE#H),
3. tA[{# A Visual Studio (245041,

5. GoIRiR

1. TGl %24 go .
2. 1£ VS Code HRFEHRER TR go, %% Go,

3. ZIREERE Ctrl + Shift + P BHEMSMW, WA go, #i%¥ 6o: Install/Update Tools, &HBZE

A2z & RIAT

6. Swift IRiS

1. F#EfZe8E Swift
2. £ VS Code HIIEAINHET TR swift , 2% Swift for Visual Studio Code

7. JavaScript IRI%

1. F#fR4E Node.js o
2. (AJ#&) 1E£ VS Code MHEFRINRET SR Prettier , ZHEMAMKAMTA,

8. TypeScript IgiE
1. [A] JavaScript BRIR 2244 B8,

2. &4 TypeScript Execute (tsx) o
3. £ VS Code MHEFIIRETIHHHEER typescript, %% Pretty TypeScript Errors .

9. Dartigig

1. N#AE2ZE Dart o
2. £ VS Code HIHEFEIIREM IR dart , & Dart,

10. Rust i

1. T#HOEZ%E Rust o
2. 1£ VS Code RYHEFEIIREMIHHER rust , %% rust-analyzer


https://dotnet.microsoft.com/en-us/download
https://code.visualstudio.com/docs/csharp/get-started
https://learn.microsoft.com/zh-cn/visualstudio/install/install-visual-studio?view=vs-2022
https://go.dev/dl/
https://www.swift.org/download/
https://marketplace.visualstudio.com/items?itemName=sswg.swift-lang
https://nodejs.org/en/
https://github.com/privatenumber/tsx?tab=readme-ov-file#global-installation
https://marketplace.visualstudio.com/items?itemName=yoavbls.pretty-ts-errors
https://dart.dev/get-dart
https://marketplace.visualstudio.com/items?itemName=Dart-Code.dart-code
https://www.rust-lang.org/tools/install
https://marketplace.visualstudio.com/items?itemName=rust-lang.rust-analyzer
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16.2 —iCZ2EBIE

HNEFHRENAIR, HPERFE SR MIERR, e, TUREHEE 7R, MR WAL, X
FEER, MREATEWEI TGS GEERE, MR METEBIE, DUasrE R E R 2R I,

i 566 AR GitHub ID #S7EAZ A E, A EMAN PDF M3 H FIEITRR, DURGEHIAM S B Tt B i
FAZR R

BHIEERE ))
AR [ 3 1 R O BTV B P R RS AR TR, N ST AR RN 75 (.
TEABHIRE Y, A SR A IRp 45 A0 R 22 B H 2R 2R MR

1. NEMA

GniE 16-3 Fow, SHEHEMEA EAEA “AWEEDRT, An] DI LS P BRE Oy Bl 2,

1. BhE “4RiREIR7, WFIBEH “F2E Fork A" IR, sERIEZERIE,

2. 8% Markdown JFRERNE, WENBRERME, MRS % —.

3. EEHMARTIES BRI, AEREE “Propose file change” #%8H, HmptiEiZ, B5% “Create pull
request” %5 RTAT S ECHIEGE K,

“x D 0@

Pudli _etomst % % Qmn O e
Hello 3 31 4t A BR
B ®O™ Mk 1 SREE %R 300 BN HES TR

B 1% MRk
B ®2® BRESH
o BIW MRS

31 BBGEHH%R

< v ovov

312 WIS EREHR
BROMIBENEIENA. BRI BAR B . B, TNERAEEE R n
ATHREDETHN.

32 WABBAE 311 BIELEN: M S5IEEMN

=
33 e - s T A . HilEmfmiEiaiE
s s IR T MBI OMEMA R, MR, WERRERRIT], LT HE2
e BN TR, MBMRRIM TREANG), MIHRASERZEMRERR; MUEBSR
38 M AR, RAT ERDRERR,

B MaR BASER

s Wsm HSUI ,  HMESIEE, 2 SRR AR, SRR, BESNRAE LR

o [ ; EEER, 2 X

@ mom mAE L DL SHSIAR, SR

A 7R B > © BMIRAN: WA, B, 1. DI REE

omew > « ARSI B M B, AR

& wowm @ >

= BI0E BE > armsan et

tlmnm > L

-3 W2W A > e T2 # ;‘/ \

19 W13 % @H > are S LA

g%mﬁ wamy > - -0-0-0- '
BI5H Hd > ke t O—0O

.
@ WICE KR > £ o _\/_‘/'
B 2 [2fafzls )] —€
T e

16-3 [ i 2

[ SR BB, REIEBFTE [ssue BT B S AR, B & S PR B A RO E Fr o


https://github.com/krahets/hello-algo/graphs/contributors
https://github.com/krahets/hello-algo/issues
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2. NEEIE

REH B2 I FIRE R, R EXBSRRERHMERGE S, BRCENEE, REFREERLAT

Pull Request TAEifRfL,

g LN

3. Docker ZfE

B GitHub , ARSI 055 # Fork 2IMEAMRSE R,
HEASER Fork GREAE, #FH git clone 2 iHE i mibE 2 A M,
TEAHETNABINE, WEFTEERE, Bt Aas ErEE,
A AT E L Commit , A% Push Zja & #,

BT RMEE, 5% “Create pull request” %81 EIATZEE RIBGE K,

1£ hello-algo iRH® T, #ITLATN Docker #5215, HIRJYE http://localhost:8000 #ifIAHRE:

docker-compose up -d

{5t FH AR i <> R AT HIBR AR -

docker-compose down
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English

algorithm

data structure

code

file

function

method

variable

asymptotic complexity analysis

time complexity
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English

space complexity
loop

iteration

recursion

tail recursion
recursion tree

big-O notation
asymptotic upper bound
sign-magnitude

1’ s complement

2’ s complement
array

index

linked list

linked list node, list node
head node

tail node

list

dynamic array

hard disk
random-access memory (RAM)
cache memory
cache miss

cache hit rate

stack

top of the stack
bottom of the stack
queue
double-ended queue
front of the queue
rear of the queue
hash table

hash set

bucket

hash function
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English

hash collision

load factor

separate chaining
open addressing
linear probing

lazy deletion

binary tree

tree node

left-child node
right-child node
parent node

left subtree

right subtree

root node

leaf node

edge

level

degree

height

depth

perfect binary tree
complete binary tree
full binary tree
balanced binary tree
binary search tree
AVL tree

red-black tree
level-order traversal
breadth-first traversal
depth-first traversal
binary search tree
balanced binary search tree
balance factor

heap

max heap
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English g i
min heap /T /INTEHERE
priority queue N sl
heapify Hefl HEREIL
top-k problem Top-k [Al& Top-k [l
graph &

vertex ToUA THRS
undirected graph TmE 3 1 ]
directed graph Al A I [E
connected graph e E JeEL A [
disconnected graph ez E 3 ey [
weighted graph AE A P
adjacency LB skE

path JEgEs PRTE
in-degree NE NE
out-degree HE i
adjacency matrix RAFEHERE AR
adjacency list LBfER HhER
breadth-first search ISR R
depth-first search RENEHER RER S
binary search TER “ofds
searching algorithm HRAR A RS
sorting algorithm Her ik HEFp IR
selection sort e BEHE
bubble sort B HERZRE FB
insertion sort AT AT
quick sort PRIEHE Y StSEEag
merge sort HHHEF At
heap sort HEHER HEREHE?
bucket sort HER? WY
counting sort T g /€ 352
radix sort R GE 35 2 23 GE g
divide and conquer GaR(=| PaR(E]
hanota problem IS ] TR N EE R
backtracking algorithm IR RES [ e 5 1%

constraint IR IR
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English

solution

state

pruning

permutations problem
subset-sum problem
n-queens problem
dynamic programming
initial state
state-transition equation
knapsack problem

edit distance problem

greedy algorithm
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