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£ 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
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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
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] ¥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
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@ Eow HR R Visualized with pythentuter.com
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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,
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- RS HEED, DS AR,
- ERHRIEATREDUE, MREERIWIML. B, MBR. EHEE,
- RUEERIEREOREEE N, DUEEEIASHIT,

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

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

1.2.3 EREBERREEZNRIR

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

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

BE—RIUREES

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

data structure

RUtERLHEEFNER
BN PEN B RHRIES &

[ 1-4 BRSBTS IR AR (R

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

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

11 R R R B R L 2 PHEREAR

BRUEREEETE  PREEAR

B R RPHERTREA

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

it R TSR

ERSAE, ERERREERERINENRGESH. ERM, AEFURHERZEEAESVE
B,

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

1.3 &g

1. ERSEIEE

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

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

- BWERENSRAH L REBEER, DRI RTE AR S E,

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

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

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

2. Q&A

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

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

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

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

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

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



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.ts =

/* for 1EE *x/
function forLoop(n: number): number {
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

B
Wl

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

81 for JEREREML, while EEME —EEBIERI T, £ while EEF, G omERMSE, 4R
R AE, RIABEIIT, SR RIERE,

THEFHMA while EREAREHRKM 1 +2+ -+ n:

// == File: iteration.ts =

/* while EFE */
function whileLoop(n: number): number {

let res = 0;
let 1 = 1; // ¥ALIRHEER
// EERHM 1, 2, ..., n-1, n
while (i <= n) {

res += i;

i++; /] EESEEE
+

return res;

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

// == File: iteration.ts =

/* while ERE (MRXEH) =/
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function whileLoopII(n: number): number {
let res = 0;
let 1 = 1; // VARG ESS
// EEXRM 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

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

/* &E for @E x/
function nestedForLoop(n: number): string {

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
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2-2  BLRIE P A A [

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

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

2.2.2 EE

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

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

MCERNMESR, BEEXBEE RS =R,

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

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

[* BT %/
function recur(n: number): number {
/] #EIEEHF
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. BiET

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

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

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

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

/* BiEE %/
function tailRecur(n: number, res: number): number {
/] #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.ts =

/* BRARRET: IRE x/

function fib(n: number): number {
/] #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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- EERAEE, M, HE, B, A, BREREIS 2 EEE AR el R E ] T e
B

- REEREEAEE, RERRE S RIS R, SAERAEBRE, RNATMIERIEE OGRS
At

2.2.3 MEHL
gasEDL N, W38 2-1 DR, SERANEE/EEE, SRR AR,

R 2-1 IERBLRER BB L

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

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

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

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

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

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

A, FRAPT AT DA I — (1 S X 3 A A b R M BB 47 2, (T AR M . 2 JE OB 2K
// == File: recursion.ts =

[* EREREREE */
function forLoopRecur(n: number): number {
/] ER—ARETCRYHE B R AR R LR
const stack: number[] = [];
let res: number = 0;
/] & EEEyY
for (et 1 = n; 1> 0; i--) {
/] BEE NEBIRE '] 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: number): void {
var a: number = 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%

“IRFREIG R EIE S NS bheth S, FRAME B — G TS DARERR, REREm AR A NE n, &€ = (EEE
A BFIC:

/] BEE A BNEEERE: B

function algorithm_A(n: number): void {
console.log(0);

I3

// ERE B WEREEME: FM4R

function algorithm_B(n: number): void {
for (let i = 0; i < n; i++) {

console.log(0);

}

I3

/] BEE C HNEEEME: B8k

function algorithm_C(n: number): void {
for (let 1 = 0; i < 1000000; i++) {

console.log(0);
+

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 - BHRE

1000000

WL B — MR

REDEHITRE 10
5 /Mﬂﬁ
0

@ 1 2 3 4 5 6 7 8 9

BANERAN

2-7 IEEZE A, B C R RS

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: number): void{
var a: number = 1; // +1
a+=1; // +1
a x=2; // +1
// EE n X
for(let i = 0; i < n; i+:){ // +1 (B&wEHAIT 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

/

@ 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: number): void {
let a = 1; // +0 (15 1)
a=a+n; // +0 (K15 1)
// +n (315 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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TEIRERE
T(n)

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

BNERAN

[ 2-9 s SRR i 1 A EE TR

1. B8 O(1)

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

e o(2n)

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

HEHPE o(1)

wEES. #EEE

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

// == File: time_complexity.ts =

[* BERE x/
function constant(n: number): number {
let count = 0;
const size 100000;
for (let i = 0; i < size; i++) count++;
return count;

2. 4R O(n)

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

// = File: time_complexity.ts =

[* ARMERE %/

function linear(n: number): number {
let count = 0;
for (let 1 = 0; i < n; i++) count++;
return count;

FERISIFNE F SRS ER YIS REIIRF R AR LRI 2y O(n) , Hrh n Z5BHi5| st B IR FE -
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// == File: time_complexity.ts =

[* HRUERE (ERREET)  */
function arrayTraversal(nums: number[]): number {
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.ts =

/* FRE */
function quadratic(n: number): number {
let count = 0;
[/ EEREERERA/N n HFEHRFE
for (let 1 = 0; 1 < n; i++) {
for (let j = 0; j < n; j++) {
count++;
+
}

return count;

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

EE n &
1R E
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.ts =

/* FREE CEXHE) */
function bubbleSort(nums: number[]): number {
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.ts =

/* 15808 (EEER) */
function exponential(n: number): number {
let count = 0O,
base = 1;
/] HEEHm—S%A=, 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.ts =

/* 1B (EEEIR) */
function expRecur(n: number): number {
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.ts =

/* HEPE (EEEIR) */
function logarithmic(n: number): number {
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.ts =

/* HEME (REER) */

function logRecur(n: number): number {
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.ts =
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[* AREEEPE «/
function linearLogRecur(n: number): number {
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
P17 P % P A Pn
n 4 = n
P P » P iR
n x (log,n +1)
FR9E5RE
1R 13
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
PEfeid i (DRI BB, dniE 2-14 MDA PERIEATR, F—E@oRt n 8, FoEoRE n — 1, DUt
Y, EHEH n ERHE L3
// == File: time_complexity.ts =
[* R (BEER) %/

function factorialRecur(n: number): number {
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.ts =

[* ER—EEY, TFE& {1, 2, ..., n}, EFHRITE «/

function randomNumbers(n: number): number[] {
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: number[]): number {
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,



H2®| RO www.hello-algo.com 40

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 BiEER W Ee
3 Lkl
Rl

[ 2-15 TSR I AR B 23

BRSNS

/* $ER %/

class Node {
val: number;
next: Node | null;
constructor(val?: number) {

this.val = val == undefined ? 0 : val; // EiZ4(&
this.next = null; // IR T—E2895| A
b
}
/* R */

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

}

function algorithm(n: number): number { // @WAEF
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const a = 0; // BEER (2

let b = 0; /] BEER (&2)
const node = new Node(0); /] BiEER 94
const ¢ = constFunc(); /] EBMETRE ()
return a + b + c; /] @HER

2.4.2 HHEGE

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. D2l NBORE 2538 B on < 10 B, ZMBMEA O(1) 5 HE n > 10 B, IR nuns 1k
H O(n) =M, HitEEZBEMES O(n) .

2. DAWREBA TP SO R R lan, RSERUTRE T2, 5 O(1) 25 EeIaikmEz)
nums I, FEXUGH O(n) =M, HWitRZEZMERES O(n) .

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

h

TR AP, TR SIR R, Bl DU RS

function constFunc(): number {
/] BITRELAR(E
return 0;
}
/* EEMNT=HEEHRES 0(1) */
function loop(n: number): void {
for (let 1 = 0; 1 < n; i++) {
constFunc();
+
}
/* IEENTEEHES 0(n) %/
function recur(n: number): void {
if (n = 1) return;
return recur(n - 1);

B83X Loop () #1 recur () HWIRFREIEREEEES 2 O(n) , (A= EIHEHEE AR,

- B3 Loop O) 7EMEEHHIEIY T n R function() , &#a-HEY function () ERIR [E]NGRE T HEB R =S,
Nz R 2 O(1) &
- JEERI recur O ERITIBREF G FREE n FEAIRER recur () , #EMIGEH O(n) FEBEZSM,
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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.ts =

/* R */

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

¥
[* BHE «/

function constant(n: number): void {

/] 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.ts =

[* ERIERE %/

function linear(n: number): void {
/l RE% n B9EFHEAR 0(n) =
const nums = new Array(n);
// RE% n HWBETHER 0(n) =M
const nodes: ListNode[] = [];
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.ts =

[* HRMERE (EIEEIR) */

function linearRecur(n: number): void {
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.ts =

/*x FHbE */
function quadratic(n: number): void {
/] FERE(ERE 0(n”2) =M
const numMatrix = Array(n)
.Fill(null)
.map(() = Array(n).fill(nulD));
[l Z#HBIUEE 0(nt2) =M
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.ts =

/*x FHME (EREIR) */
function quadraticRecur(n: number): number {
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")

FRERE R FUA ook, BIEKE 2-19, A n i W ook NETEEES 2" — 1, (5H O(2") =M
// == File: space_complexity.ts =

/* IBEME GEimioiE) */
function buildTree(n: number): TreeNode | null {
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,



F3IFE EREE

hello-algo.com

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

AR, 4% 3-1 $HERYE Java FEARBRABIREDL, SEEGESEHASANEREREER, EMrsH
2, BB EFIFERE AT RE & A TR,

- {F Python W, BEAF| int ] DURERER/D, RZERATTHCER; ZEE float 2B KE 64 f7;
%H char Bf|, BHEEFICEE ERRES 1 HTFEH str,
© C Al C++ RIFFER EREAGRA B AN, mKERAEESRE, #£ 3-1 85 LPo4 &R HER
f14E Linux #1 macOS N Unix 64 VAEERH,
© FJC char BIK/NME CHT C++ s 1 Aiocal, fERZEREGES PEUVARFEN ZIeMmiE 771k, s R
“FICHRIE T,
- BMERRAMEMEF 1 (08k D), BfEEEPEENEES 1o, BRERNARNREERE CPU
TEHER 1 ACARE A NEERD R RS BT,
AR, FEAERIA B BSR4 2 R (T R FRIMENE, BRI EsH B AL AR B G 7 R
X BAFEMEER “GE7 midE “Gr”,
WRABFRR “—HEET”, MBS RR (Y, &2 KA 4R G5 n] AR RSB RIS BR (R A E
R, BERFBENNBEER int. /N float IBRFIC char, HIEL “ERIGEHE" MR,
Haryaha, SEABRPRGIEE 7RG “Pas N7, ke R AL RN “aHak 7557, Blan DA R EERCHE,
B ARG RS () REFHRFORA R AR, 5 int, float. char. bool %,
[/ ERZEREKRERERRYBLES

const numbers: number[] = [];
const characters: string[] = [];
const bools: boolean[] = [];

3.3 BiFiREE *

Tip
TfEAED, BEHA * PR RS RE, WRIRRHEAREURS EREEE, TOUERhE, 870
A TR P R

3.3.1 [REE. —HEEAN—HEN

£ E—HEiRy RSP E, AT BB REA SRR Y B BT EEIE B2 — (8, BN byte AYHMUEHEEZ
[—128,127] , BERRIKKER, CRINEREYRER, —f8. —w8eomEm .


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 FE5ERIRE

1. #haepEs

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

// = File: array.ts =

/* HEES */

let arr: number[] = new Array(5).fill(0);
let nums: number[] = [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.ts =

/* BEMSEARE TR */
function randomAccess(nums: number[]): number {
// 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] = Aums[3]

:

HETTRIRA

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

HWFIRT| 1 WIENTE 3 TGS Rl

ooooo
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.ts =

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

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

B
‘ N
=

nums[1] = nums[2]

T TTERERMER

il TS E—
EREFIRRRES 1 BHTE ﬂ 5]5 ﬂ
N

nums = nums[3]

80080 -
~—
nums[3] = nums[&]

seRERER, EBIERTRUEH
1

AETE 4 BEESE, BRNEER

4-4  [EFIHERTCR R G

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

/* MIBRZR5| index EBRITTE */
function remove(nums: number[], index: number): void {
// 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.ts =

/* EFET] */
function traverse(nums: number[]): void {
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. EfTE

TERRFI R TR E TR TR L EA M, BB TRER G, AR B ERS ],
K 7P R AR M R, P DA IR G E G 2 “ARIEER,

// = File: array.ts =

[* TEREFIREHIEETER */

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

if (nums[i] == target) {
return i;
¥
}
return -1;
I
7. IREEY)

TERMER Rt D, R DUAREE RS 2 R A RO IR S A2 PR, 1Em i e s e s 3 . (AL
FERZERNAES T, MIIRHRERA 51,

QERBAMA EE AR, AR TR ERAIRES, SRR RS T R AR BT S, g — A
O(n) B#RE, (ERZITRARIIEN FIERFER, W TR

// == File: array.ts =

/* EREFIRE */
// #EEE, TypeScript My Array ZENRE[ESI, AJUEEREE
/] BTHESZE, xR Array BIERERAIERIET)
function extend(nums: number[], enlarge: number): number[] {
/] et —EiERRERRES
const res = new Array(nums.length + enlarge).fill(0);
/] H&IREYREIFRE TR E R FES
for (let i = 0; i < nums.length; i++) {
res[i] nums[i];

F
/] RENERERFES

return res;
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4.1.2 FEFIREREERERE

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

- ERRCRR: Y BRI TSR ARG,  BEIRR NSRS B8

© SCREREREGRIR . BESIRFEE O(1) RN RHEMTR,

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

TSGR ER IR, HAAED NMRRMY,

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

4.1.3 [E5I|HBIFER

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

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

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

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

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

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

4.2 iEEERY

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

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

A R AR RS IS A E ERG A] DA B A (e RO IR RE 250, e MARC IR RS A RO A,
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(Eca b N ER e P s )
L)

linked list

0-0-0-0-0-

M TE R
& 518 (s

BR
node

R ER ]

EFHRE | 77 SAE R
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 {
val: number;
next: ListNode | null;
constructor(val?: number, next?: ListNode | null) {
this.val = val == undefined ? 0 : val; /] ENEL{E
this.next = next == undefined ? null : next; // IEMT—EEH93|A

4.2.1 HE4EERYIERIRE

1. {yatksgst =%

N GEAS R > BN, B RIS R E, 55 0 R R ARG A5 | H B R, #ItAR{LTERkiE,
B sk e DAY SaAS FR A A SHEN B H3E, EIES | TSR next MRIREHEATA g,

// == File: linked_list.ts =

/* FIEAHEsEES] 1 -> 3 -> 2 -> 5 -> 4 %/

/] A EEENRS
const n@ = new ListNode(1);
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const n1 = new ListNode(3);
const n2 = new ListNode(2);
const n3 = new ListNode(5);

const n4 = new ListNode(4);
/] tEEERZ RS | B

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

PR — B S, ERAnRES] nums E13%7T3R nums[0] F1 nums[1] 5%, 55T ER 512 Hh 2 (8 B 32 RO G
PIPEAEA . FRAE FERF SRR MR RS AA RS,  Eban DL B AR SCRS R RS S BR8P AT A ER ST no o

2. HENERRS

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

M2 T, TERSI A TTRIR R O(n) , ERERE FRIRERBR,

P.next = nl1

B P M@ n1

B ./
FESRASRFIEE no A1 n1 ZRSIEALE P o i

no.next = P

Bl no M P

4-6 Sk ER AT A\ BB B

// == File: linked_list.ts =

/> TEREAESRYIREIRE n0 ZBIENERLE P +/

function insert(n®: ListNode, P: ListNode): void {
const nl = n@.next;
P.next = nl;
n0.next = P;
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3. HPRENES

quiE 4-7 For, eSS SR INPRETR AR T 6, N s m GeED Bin),

AETER, B EMBRIRIESE AR TR P USSR n1 , (ARIR BAEF AL RS CARUATIFE P, SRR
& P R HBERZEA R T,

n@.next = nl

H_ij Eﬂ/‘?\ no ;Er“:‘] nl
TERRAE BT IR RIFRERRS P
— —
no N nl
P
MpRERR, B2 P HIAER

nl,
BEFIFEEFISLHEREE P,
R AR P &M

4-7 Sl ER A HI R B R

// == File: linked_list.ts =

/* MpREEAEBTIERE n0 ZRINEEEES */
function remove(n®: ListNode): void {

if (!'n@.next) {

return;

}

// n@ -> P ->nl

const P = n0@.next;

const nl1 = P.next;

nB.next = nl;

4, BHRIEHES

TERUS RS RS ECRBRAE, 10 E TR, FelMATRAZE O(1) IR R BIRES I L RTE R, $AS
BRI, RAREETMI G, FEGES, SRR, MR, WS ETI0E
(AR AEEE i — 1, FERBRES O(n) .

// == File: linked_list.ts =
/* gL RY|PERS|A index BIEIRL %/

function access(head: ListNode | null, index: number): ListNode | null {
for (let 1 = 0; i < index; i++) {
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if ('head) {
return null;
}
head = head.next;
}
return head;
}
5. EHENRS

RS, ERHAPES target RUETE:, B ETREMGT YR IIRS [ R EERIEEH, 2
5N R

// == File: linked_list.ts =
/* 1ESELERYPhERES target AVEEEEE +/

function find(head: ListNode | null, target: number): number {
let index = 0;

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

4.2.2 [E% vs. sELERS

AR A-1 HARE T WS At R 71 A 25 TEURE R 36 BE T IRAERICR . YR AFIER P A S O ol 77 SRS, IRt 254
PR ARV ERCR th S BB S AR RS

K41 8| BREEAS HR BRI RR T

%) S5 ER 51
B TR Sy AT
ARME  RARE T R
SRR TR, HARESE RS
wirEE  O(1) O(n)
wiE  O(n) 0(1)

M#Ex  O(n) 0(1)
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4.2.3 BRuELERTIER

qniEl 4-8 Fivw, B RLASERST H 51 R I s =R,

- FEEEREER A BRI A A A IR BEAS ER S B IA1 S FR A RO ERG B S E AT TR A R — ETREA 5 | T RNIE
BRL, BT E R 2 SHENRG, AP IR (AR S R ETR, EETREZE None .

- BYBSETHRS: QIR BRI B S R R AR R A EETR (BRI, NISE—EBIE &5,
TEBIE S ERS AT ETRER AT DAL EBR RS,

- BEGEATERY . B A ST A IR LL, B SRA ER ARCER TR E T 1A S . BRI B S B TR 3R
[l S T RAE TR O — () FATERERS (L— @R A5IH (IR, MBI ER Mgl 41,
BRIt R A S BTG, AT DS 75 R A A AR 51, EUAH PR th Rk A0 Y 38 2 A RC IR 2o

[* LR EEER «/
class ListNode {
val: number;
next: ListNode | null;
prev: ListNode | null;
constructor(val?: number, next?: ListNode | null, prev?: ListNode | null) {
this.val = val == undefined ? 0 : val; /] ENELE

this.next = next == wundefined ? null : next; // IEERERZENSIHE
this.prev = prev == wundefined ? null : prev; // SMEHIEREIZLAIS|HE
}
I
EmilksRy)
singly linked list
—> —>| — —>{ —> None
IRAZ SRS R T
circular linked list
SRy
doubly linked list
o/ 3 — — —3> None
None <« -— -— -— —

4-8 i RGESE RS

4.2.4 $ELERY|HBIFER

BRIl R AE T R B HEE, (721, FEE R E R

- HEREYTH: EAE AN ERER A SAS B I0 —ImE TR, ERBRRIEAERL, HEE; &
AR YB3 T, MERRIEERA B AR 5 —ImiEErT, ERBER R oo, HIE
751,
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- MR SESUAOILR MU E RO R R —, &R, FrAERIITRA G HISE] (RS
FRAIH,

- B SRR IR AR A T3, H A A TE R AR B 8 A FR A RH AR, A ES S AR A
TLERARAAR B TE R A T 1) LA TR

B [ Gl ot HR 1) B DA AR RS S A — MEFD 12— ETT R85 5t

- rAPERDRIGTHE: LUNFEALRRE, B AR, RIMTEFIM AR ENRS, &R POEE L HR T R A — (e
]S EALR S | AR EH,  FALUR B s 351

- BITESVESE: fEMEBIRESST, EAPRENNESRIBLHIN, B RERS R I A 5 A A Al — (A
T —MEME E, B gl il 5 S BRI (A IS A R AR IS T B

- LRU @Rk EREEK (LRU) EREES, JROFERERIFEILR/DERNER, DS RIS
BN ERE R, ISR foe i FH B A AR Bl A 5

BE S R A RN TR B IR, HRUESR RS E IR HERE

- WA EEHRREEIL: EOERARST, A WEHREEERR T R CPU HEEER, BF
T HAEETIEE, AR SR TR R, ERER SR, CPU A UHRE N — 7, 8
T [ #5 ' AT DAY BRI S At H S| A BB

- ERMRmE: ERAERRERNESS, WrIREEEHBEMA RS, tEE. e,
BERHA AT RE & 150 B AR E AL A — (BB A R s, DA B B AR RE 1

4.3 7%

B (list) 2 —EMRIEREEEMS, ERPTRIAERFERS, XRoTRGRH. B Fid. MERNET
R, EAMEHES EARRSINRE, A8 aT ARGl 5 51| sl a1 BB,

- REEERSIRIAR B R —E RS, HSRTRE A SR e, i B ] IS B A
- FFISRTRE A, HERHREAAE, FitHEEE R R KRR R H

BRI TR, REASTENIEE SIS ERERR, 152N 58 ERE o R %
fffe 2/ DBk, e OB SER RYIRE, A REE/D, RIRARESIAN SRR, HREEX, Al
AR S R

FRDUERTRE, TR DAEFHBIRERES (dynamic array) SREBLHRS, BHEK T YIRS IEERS, 3 HATDA
R TR IE TR B A

B L, Sr2 GRS PR R A R AR SR BN RS BB, 5140 Python HAY list . Java H1i
ArraylList ., C++ HifY vector 1 C# HHEY List &, 7E4E RERBUE s, FRITKHE “H%1” f1 “BhRek#Hz1”
P A5 R IR

4.3.1 BRYIEREE

1. Mk

TAEFEH “HEOGE" 1 “GEGE" EMEGRTTIEA:



AT A BLGRAS R www.hello-algo.com 76

// = File: list.ts =
[* FIALET «/

/] ERRE

const numsl: number[] = [];

/] BEE

const nums: number[] = [1, 3, 2, 5, 4];

2. hRTE

YA 2], Fkn] E O(1) REFINEFRMERTTE, SRR,
// = File: list.ts =

/* TR */
const num: number = nums[1]; // sARIZ3| 1 BHTE

[* BHETTER */
nums[1] = 0; // ®FR5l 1 BHTHEREH® 0

3. EAERBRTER

MHBGRRES, B 5T DLE st SR TR, (R RS BRI TR AL S O(1) , B AFIMER
TER MR EFRSAE, FERIREZ O(n) .

// = File: list.ts =

/*x BB %/
nums.length = 0;

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

/*x ERRHENTE %/
nums.splice(3, 0, 6); // #&EFR3l 3 BEAHF 6

/* MERTE %/
nums.splice(3, 1); // MIBRESl 3 EMTH

4. FEFHHRT

SREF—kR, BT DMRIE RS ER, Ha] IEEEFSITE,
// == File: list.ts =

/*x BEBRS|IEHBY */
let count = 0;
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for (let 1 = 0; i < nums.length; i++) {
count += nums[i];

h
/* EREERBRIITER */

count = 0;
for (const num of nums) {
count += num;

}

5. HH&H

A E—EHTER A numsd , FRAM AT UK H BRI R B4 2 56
// == File: list.ts =
/* BHEmERT] */

const numsl: number[] = [6, 8, 7, 10, 9];
nums.push(...numsl); // #&E%] numsl $#EE nums Z#

6. HEFFERT

SRR SIHERR1Z, FAME AT CAEH fERAE I BIRE R K E B ER “Tofs” 1 SR WAL,
// == File: list.ts =

/* HFBRT «/
nums.sort((a, b) = a - b); // HRFR&, BITHEENEIKHET!

4.3.2 BIIER

A2 RAGESNE T H, Fla Java, C++, Python %%, EMMEB LB, #ESBREHIFEE
5, PlNPa AR, RAEEEE, RELEBRREE Al DA R R IAREIE TS,

7y 7N A AR R ERA RS, RMTE BB A 2R, RIS = (EE R,

© OPRAR: RIS OIE A R, EAORGI, TRFTIEE 10 fEA R A R,

- BEGER: B size , HNGCEREBSIENUTREE, WHEEITTRBAMMEREIR EH, RE
SR, TR DUEAL RS, PACHIBTE & H A,

- PRARH: SR TRNBEIERCH, AFREETHEE, SRR SRR E RN, i
E RIS TR TR RSB E RS, ARG, P BRI A 2 2 /i 2 %,

// = File: my_list.ts =

/* EBHIEER */

class MyList {
private arr: Array<number>; // (5| (f#F=H5I7TH)
private _capacity: number = 10; // BIIAB=E
private _size: number = 0; // SRIRE (EFixtxE#=)
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private extendRatio: number = 2; // BXRBIIEREEH

[*x BHEF «/
constructor() {
this.arr = new Array(this._capacity);

I
[* ERRIRE (ERITRBE) «/

public size(): number {
return this._size;

F

/*x ERRIIBTE */
public capacity(): number {
return this._capacity;

¥
/* SHEITTER */

public get(index: number): number {
// BES|IWMRER, MEHEE, TH
if (index < O || index >= this._size) throw new Error(' ZE5IHR');
return this.arr[index];

}
/* BIETE */

public set(index: number, num: number): void {
if (index < 0 || index >= this._size) throw new Error(' ZE3IHR');
this.arr[index] = num;

}
[* TEREFTETTE «/

public add(num: number): void {
/] MRREENETE, IIFEES
if (this._size == this._capacity) this.extendCapacity();
/] BT EILEIRTIEE
this.arr[this._size] = num;
this._size++;

I
[* EREEATE */

public insert(index: number, num: number): void {
if (index < 0 || index >= this._size) throw new Error(' ZE3|#HE"');
/] TEHEBHEER, BEESIES
if (this._size == this._capacity) {
this.extendCapacity(Q);
¥
// #ZF5| index UKZEMNTEEAEZE—
for (let j = this._size - 1; j >= index; j--) {
this.arr[j + 1] = this.arr[j];

}

/] BHTREUE
this.arr[index] = num;
this._size++;

}
/* MiBRITTE */

public remove(index: number): number {
if (index < 0 || index >= this._size) throw new Error(' ZE5|#HE"');
let num = this.arr[index];

/] ##EFR5| index ZEBMITTREMFIBE—II
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for (let j = index; j < this._size - 1; j++) {
this.arr[j] = this.arr[j + 1];

}

/| EFTEHE

this._size--;

// REIEMIBRE TR

return num;

}

/* BIIER */
public extendCapacity(): void {
/] FHE—EREZ size BIEY, WigFEEESIEREFET
this.arr = this.arr.concat(
new Array(this.capacity() * (this.extendRatio - 1))
DF
/| BmBIEE
this._capacity = this.arr.length;

}

/* {EERTIERARET] «/
public toArray(): number[] {
let size = this.size();
/] EEIRERREHBENNEREYTER

const arr = new Array(size);

for (let 1 = 0; 1 < size; i++) {
arr[i] = this.get(i);

+

return arr;

4.4 FCISEGEIREY *

FEARTERIRIPETT, FARES T PSR SEAS 5 510G AR R H B A RORE M, BN BIRER T "M E"
B MBS,

B E, PIBLESREARORRRE LDUE 1 RSB IR DR RE R 3R, e 2 B S R A S B R AU RE

4.4.1 HEMEERES

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

K42 HEMHGTRE

TS RCIEAE PREX

Hlig RIGFER, WSERARR,  HERMFEITIERNE MECHEHIRIERIES, B>
R, RERSE TE R B CPU #iHIRC IR RS A L
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TULS RO RS PREX
EN ErEERENAFEL ErEREREEL BriERENgER
A K, TB#HI B/, GB & FEH )N, MB 83
T B8, HEFIET MB/s ek, 1 GB/s FEF R, 2T GB/s
Eks (N BfEE, %BF¥c/GB W, %+FMEIT/GB JEHH, B8 CPU FTHEHE
ENiE))

TATRT DA B G F R AR A I8 4-9 R TIE 4, S S B TEm A M 7 A E R, &
BEUN, A, EMEZ ARG AR, TRE SRR S TREAT A IR R R A A R
- WAL IERE, Bk, RERTTNEREEERE R, HitErESRIMEER, HX,
FC IR RE A A BRI 1%, SRS E SR EE TS .
- PORIR A RS DGR B8 L1, L2, L3 BRI A RS R, KPR 8K, B CPU
bz MR EREE A &, SRR S iR N N, TTRAIFIEE R R, EENET S, ZER
AUPREE R R A R, TR A 2 I B (P

CPU

ol o |

N [ \ HREE BB
EciEEe it KARE

FERE HDD/SSD

& 4-9 FHEMRH RS

Tip
ATEME AR R R AR T, R EMA =E AR T, B L, SRR R
i L3R4ER, BBORIRMAEA A SRR il 2 R e AT

AR, BEREADR RO R RER], SeRm A R (7 R sV T v IEAE AR BRI DRL, M bR I falt
FEHUIRINERAE S, DHERRERPUTICR, =FHAME, WA EMARR ST,

qniE 4-10 Fow, EREVEITRE, BERME IR -H ISR ERE T, 4t CPU GHEMEM, tREXA] DB E CPU
A—HRsy, ‘BB SHARC R R, 45 CPU Rt AR, EmBEE R R BT ReR,
TR/ D B P R A R
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. —
;< - -

l
l
2

RIPEE REX Bt BB

CPU

@ 4-10 AER, FCIREEAPRECZ AV RE

4.4.2 EREGENCIEENE

FERCIRAS S FIA 7T, FEAIA S ER A2 B B SRR M,

—J7H, seiERbR AR, HRE BRI RE S MRt s, R R B R RE 500 (3 T RE s O
MMz, FEFIRTTRBEEHS, A EREIMNO A7 s B TR RS U (B, BRI EReRE
o SR, MATE— R MAEERL IR M, SR ESGUIRRIRE, YAt TR RS MY
RIS A, M, SEESERSIDL “HiE” ZBAOETEIRE IR piCmEI, fRAt T S RIEETE T,

75, ERHUTRE, BEERE A SRR, A A TR AR AR R, TR
TERERIA I RCR IR, AR IR T X, HEAE S EBGEERE AL, Mk, SEHRSIRITR
TR, FESHEHE A BLMPRR (e, EA 5 EREC R A,

4.4.3 BFRHEERIRINAE

TREUHEAAE S AR B/ VAR, G2, FRTHE HEE EMEEAEN, BR
PREAAERAIR, HRERF —/NRREFRAER, FILE CPU B aluiMA BRI R Ry, & 3%
ARERFREHR (cache miss), It CPU MEAEHE RIS HIFL IR P AT TR E L

FAR, “DrECRarR” @b, CPU MR RORHRCRER, FAUREthatiasr, I CPU PR &
HCEORH LL IR 25 TREXER AR (cache hit rate), JEETSHIEH A AHT B IREGCE,

& T RATREIE R E mATRCR, PRECE PRI AN BRI

- PREUT PR Z BAE AT A A BN DR, TR DAPRERAT 2 B, A LR BELAE LT AR A (i, PR
AT R 2 A=,

- THIDUMEH]: pEFLER & B TR R R (BIanER R, [EE P RESIME), MARBR e
B BRI, TR AR,

- R R ARG, TSR ERhER R TR It g, Ei, PRERERAR
FHRE, thESRAHKNIRER, PaEmma=,

- RN AR EEIR G, AR BN AR AR AT REFHR A, PREBORI IS — B, &
R B B vy I R R AR B e R

B L, EERRESS RSB PRI AR R AR, 32 SR AE DR %675 .
- PR SRS ERSIDTR ST RIS S M 2, ERPIRP AN ERE R R E D,
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- PREUT: SRS SR BERCIERE AR, TIRIUE T TEN” 1Y, ISR A LB 5 o
- PR FES LB B S BRI PR B AT TR, ARG A 5 0 RN R
- IR [ R A RC TR S R, RN R I A R SE A P RE R T

AR S, PESIAA E i a R, R EAERIERCR LB R, IS SRR R TR
e, kPSR A R R 1 S A2 O

T EERAE, S PRI ERE MSIE A TG DL T AR s B 51, B I A FhoSe SRR e A,
JERUR B TORADE . Bilan, FEAIFNGEGS R IE BT “HER™ BRR (P —E s iing), Hef
Sl ESENEEZ 5=

- AEfERTRER, BTG AR R A E B R HE R, K2 AR 1 m AR ERCR AR M
RIRES), AUEEZR TR E TS AR i —E R iR = .

CAERERHRARR R, BREMRE. HEBRTENIRNEE DR, ARG R 2 BB A HE B B N S 8
S HR A RESIE B R0 AU A7 IR R IR AR O N [RIRR 20, 3lf EL3E S 1 Pis) i 2 7 2 A RS M BR S

4.5 Ih&L

1. ER5EIEE

- [BIRNGRAS HR AR AR R, o BICRERHE Rt B IR T R AR R A 77 3 A SR
R R R, P ARG 8 B AR

- FSISZREREREAH, G HTRCIRASEL D EREARIMBRTRICRK, HAG R RN,

- SRASERSIEMENG I (GBI BB SRAERGTE A BLMER, Hal SRR, (HERGEHReR
%, (HHRCERE R, W ARG RS RS CAE B Al B 51, BUR S # Y, Erh i Hsl,

- YR ESRHE N E XA TR A PR S, EE ARSI EE, R T ESINES, [FRAT DI
AR,

- HRAIRHBURIESE & 1 AR E A, (HATREEE il B s IR &,

- BT, BRI TR AR, A AR SRR s R, R S AR R IR AR
NS,

- PRIBOE R PREAT, TEIUMEHI DAK 2 [T s R AR ] [ S S R AL, %% CPU 1R At PRIR BRI B ],
BRE TR ST TRICR,

- HPARSEA E m A PR A R, R EE R E R RS S Ak, (R R, BRI AR K
R = A TA

2. Q&A

Q: FHEF AL LRI /EHERE b, BRI B MR B A A R
{7 72 HE B L ADHERE b 1S BT G A AR SR IR S N, EORHRAFRCRE AR — B, AT, HEBAHERA
A5 EEREE, WEMES L N AR

L ECHBERRCR . HEBE — SR NRCIERE, /L hdnaEes B E5eal, MR IER SR, w] DATE

BB, HABWER . K, HER EA O EORTRE R (FiE & PR 118,
2. KR/NBRA: HESFCIRREA BN, HERRRY AN — RS2 BRI AT FH RO IR AR [A] I A S A5 &5 17 KR
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3. EETETE: HEM RAIREEIATR/ NG SRR R, THERR L RIS BRI T DATESRA T R B RE R o
Q: BB ERMFRBIRKTCER, A ER S Al A R A R R ?

PEAS ER A B BG AR R, GG EESIH (P LR, SEEE ] AR F AR ER, Fla int,
double. string. object &,

M, ST RAMEZMRRIGIR, SR REEE AT Bimis BAERCA TR B, Flan, R E R

& int F Long WFERLS, BAETCRTRIMGH 4 focsEm 8 ficél, R AREA A N ARG AW R T,
K78 & 7 i TR R,

# wRCEREMLL - FrEEEUL (BxiRcEEu) + t&2RE * TRR5I

Q: MHEREES P18, BEFRZAM P.next &4 None IE?

AMEL P.next tha] B, %I HSIRIAEE, (CHERENDEBHMOETERE P T, ERIREHR
P CASTEEAT ERFIPMER T, IEIRFERRS P FRAINEHLAR I & B xSl ah Ry A R

BRI (08 NAEE, NERRAEREFR, REAEREXIERZEMIMT, EEEN
R, BFEMNZ e, BTG, R, REsMERERG ARG H E, R e a R B A
RO AR A

Q: TEGHAS B i \FIMER SR A FO ISR ST FER O(1) o BRI BB O (n) HOIRIEES T2, T
LR R O(n) U2

R RSeATR. BMRTR, EEMRERER O(n) . A, SEEBEIE O(1) M E AT DIEHE
A _EASZIREE, Blan, ELafryE S R Ry EE, RIMMEE (A BUa K IR m BRI R, B
B, BREAEMEREREEZ O(1) o

Q: [E “BASHRYEREG T, B ORI TR — SR R ALY BRI ERE S
fili—-Me?
N E PR E N ROR, RN ERIR AR EIUE T 0T,

- ANFERAIR EEGEAS B2 R R, ER4N int, long. double FIBIEMIMFSE,
- TG RO RC IR RS 2 R/ MIRIR I T PR R It S AR BRI T, K22 %% 8 oTiHEk 4 foTat,

Q: TEHFIRHERE SIS O(1) ?
TR A S R, HITEE ARSI, BGOSR, SRR SIS
TEMEBE, BRI ER O(n) .

Q: “HRFIAYH BT AR S T IR M, (AT AR 4 ST T A PP, P2 R B
ROAUEER AR, B, SRRSO s

ERA RS B AW SR /7, e WG EE, REFEREREES; B
JiTH, A THIEEEHE, WA RaRU—EER, W x 1.5, K, hWamBResc, RS
B REE R I,

Q: 1€ Python H¥lfafk n = [1, 2, 31 1%, j& 3 ECEMBHERAIER, EEMGKn = [2, 1, 31§

BHEMEBFETRE id WAZHER, 22 RIER n RRHEE, ELTRIMIEEE, A n B2 E)
5?2
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BRANHE ER B T AR B AS R A %G n = [n1, n2, n3, n4, n5], JEEHEN NG 5 EHEY DB
fERLISRE R, AR, % —WEFIRS], BMBARIDE O(1) RERE N ERER B RO A L, fEmizhRa 2
HHERHEIE,, BN AP EEEN2EH N5, mIFEEA S,
HFF 2555 AF, Python Bt EAYtr, BYFHENTRETFAS, MB8T5/,
I, B E A E Y PR R B A R id , 3 HE SR A RE R o i A
Q: C++ STL #HfY std:: list ERLEH e mpdssi By, B —SEEEE EAEEEEFERE, 218
R &AM EIRIR e ?
—75TH, FMFEE E PR A ERE AL, mRELERA AR, EEEMERE,
- B HREECEFTEM ARSI (—EART—ETE, —EHARE—ETE), A
std:: list j@H Ll std:: vector BEAEHZM,
PREAR KU BRER AR EEE R, Ktk std:: list ¥R B H Rk, —&IE T,
std::vector FRRAE & FH I,
BT, B A R RGN R B e E, MBI 3 e AR A CEE S PR LAY stack AT
queue , MiAEGEAS RS,
Q: #HfEres = [[0]] * nZER T —E_gEEY|, Hibag—(E [0] &2B A2
B, RS, AR [0] BIE L2R—EYANsIH, RBMERES—FETE, S35
Fiv RO T 280 & Bl > 0,
QSR A 4k RS A [0] ARSI, FIDAE res = [[0] for _ in range(n)] ZKREH, S
TR R R T n (BEZHT [0] =514,
Q: #fEres = [0] * nZAERT—EEY, Hbg—EEEE 0 & 28rHIVE?
1ERZ AR, FrEREEL 0 B2 R — @5 . 182N A Python B/NEEE GEH 2 -5 2 256) £RAH Tk
B, DAERARMCYIEE R, e ARiEeE,
AR T MiEmE @Y, BRI DS B B FREEITE, EZR %A Python FEHUZE “frf
BYIE”, ERMBUETCERE, B ERYVHRAS —EWHER5IH, AR REHAY,

SR, EERAITTERE AW N (BIATES, e ERIBIESE), BUCOLETTR & BRI A S,
BTG 51 2RI TC R AR & R M RIS
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Abstract
HEBONFEIEBSET, TSRS S HERK
P 7 IR SE N1& AN S A5 Y A R B 1R
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5.1 &

& (stack) 2 —REIEC AR HEEH AT E RS,

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

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

A

res | |faes

HERIE

5-1 HEBRITEARHA

5.1.1 ST BIRME

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

R 5-1 HEBATHRAERNCR

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

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

/* ¥IRHES «/
// TypeScript REWNENHEELER, TTLUE Array EEMESERGER
const stack: number[] = [];

/* 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

PAN SR 2k R A R 21 B B B ) s (R S -

// == File: linkedlist_stack.ts =

/* BEREERTIBRES «/
class LinkedListStack {

private stackPeek: ListNode | null; // #5EEENZL(EAIESEIE
private stkSize: number = 0; // HEMNEE

constructor() {
this.stackPeek =
b

[* BEEUEENRE */

get size(): number {

null;

return this.stkSize;

}

/* FENEERTAT +/
isEmpty(): boolean {
return this.size

}
[* NHEE «/

= 0;

push(num: number): void {

const node = new

ListNode(num);

node.next = this.stackPeek;

this.stackPeek =
this.stkSize++;

}

/*x HHEE «/
pop(): number {

node;

const num = this.peek();
if (!this.stackPeek) throw new Error(' f&EAZ=');

this.stackPeek =
this.stkSize--;
return num;

F

[* FHEEETETR */
peek(): number {

this.stackPeek.next;

if (!this.stackPeek) throw new Error(' #EAZT');
return this.stackPeek.val;
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I

/* kLR ENS Array MHRE] %/
toArray(): number[] {
let node = this.stackPeek;
const res = new Array<number>(this.size);
for (let i = res.length - 1; i >= 0; i--) {
res[i] = node!.val;
node = node!.next;

h

return res;

2. BiEFINER

(o FH BB BB B, AT AT DURF RS ) R AR 2 B TH, ANIE 5-3 PR,  ASHEE L HHEBIRIE ) B ELE
W5 BRI TR B MR TR, KRR S O(1) .

- A -
push(4)
Em | msimmmen =
mnl ]wxu | (] RRE e
g ERRRERG R g g ERRTERES
HIMERARE a a W ETAEE
a Ll " a8 uxz (1)
Step 1 ‘ e Step 2
ey -
pop() H
RlRMTIR TR
] R RS == B
a8 HIERREE 8
- |
arx [0
| Step 3

[ 5-3  J R Re 471 T R A ) A ) HE AR PR (R

HIR AHE B 7T 3R AT RE & TRIECNBTHsg fn, R FRAM AT DARE FH BN RERES, SE Mt A 2H 11T i B8 i A T
PAR 7l 2 -

// == File: array_stack.ts =

/*x BERfEYIERESE «/
class ArrayStack {
private stack: number[];
constructor() {
this.stack = [];
+
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/*x EEGEENRE */
get size(): number {
return this.stack.length;

}

/* FIEMEERTAT */
isEmpty(): boolean {

return this.stack.length = 0;
}

[* NHEE «/
push(num: number): void {
this.stack.push(num);

h

[*x HEEE «/

pop(): number | undefined {
if (this.isEmpty()) throw new Error(' H2A%=');
return this.stack.pop();

+

/* FHEEEETE */

top(): number | undefined {
if (this.isEmpty()) throw new Error(' #8HZ=');
return this.stack[this.stack.length - 1];

¥

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

}

5.1.3 MEEREL

SCRHRAE

PR B SR B T R P A TR PRSI BB RSN SR B R, (UG Eil T BB A S g, At
— R EHE

RV &S

FERL A MA R BB A, B B R (A TS S B A BT IR P T, BRI PR B s,
RIS CR e =, 2R, AR AHEBRHE S AR, SR E], SRR R A IRy ]
7 0(n) .

TER GG B HIREBI, SRS EAIR R SIS, EE LAY RARRCRE A MAE, (B2, A
BAREREOGHETR IS SAEE, BUIRCRHEER, i, MRAEE RS R ERYE,
JER] LA BRI R, MR mReR,

fr LFTA, BN B MR R A AT SRR A ORI, 14N int BF double , FRMMATDAS B PURAS

2A
fffl o

- BLRESI B R R M R ARSCR G IR, (R RIEA R IARE, NI FReRE R,
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- BLIRGEAS FR S B TR HE R AT DASE B IR E U RCR AR,
B

FERIEIL RSN, R E R BHIDE AR
TER (B 2 %) ETEAN, BARNARD
M TR

SRIM,  FHAGEAS B S HTRG TR R MR (71 R, IR DL R S R A 1 0 23 BRI R
AR b, TR RERG B AR E MRRE B B N ET RO IR, R AR R UE T O

%EI EHEPRTR, MH, EAWHNEE 2R
B EPRTR R, R, SRR T B A S 4 vl RE S hR

)

H auk

5.1.4 MERHAFER

- RISV PRRIBEAGE, WEPAREEERIBSE. SERMBRCGTIMEE, 28R E—EEEHR
TR, ERREAM AT DUs@ IR R R E 2 E— A H, RIBIRFERR LR EHUT R, IR
IRFSCRFZIRAN R, TR 5 2 o 8] B AL & B

- PRGOS R, BRI R, RES G TEHEB T — (EHE N, AR B B RS E .
FENRAE PR A, 1A R HE RS B & BT AHEBRE, A L B RS B &S BT R,

5.2 {75l

175 (queue) 2 —HLENEL AJCHIRRIRIARIE R RIS, BAETE, (ToIRHR THERREIS, RERA AT
IONATBRERE,  TALIA T SE R NI A B B o

aniE 5-4 FoR, WEGRITHISEERE R “THIE”, RBEES TR, RHETTRIASIRAHRIER S “ A5,
MBRAT 5 E T RAIRIER 2 “HA,

75 7 3
queue pop() pop()

s /.

i | /

i |
A

175

N N5
push(5) push(4)

5-4 BRI NS KA
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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)

FefMmT LE R A G & B A TR -
// = File: queue.ts =

/* Fa(Ty */
// TypeScript BEWENTSY], AILUE Array EBfETHIZRER
const queue: number[] = [];

/* 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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$ER 4
SR DI
A3
175 RS @ puih(ln) TEEREL @
A
w | g o O
a R ET) (2) = ] EERTRRE T ©
a ORI a HINRRA(T) _
A5 | RO @ (5
3R BB Eé
{ Step 1 | Step 2
51
pop() RURRTREDSS

T @
,
EERREREES ()
B8

HIMRFBITTI e

‘ Step 3 |

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

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

[+ BRiEERTIBRNTY) +/

class LinkedListQueue {
private front: ListNode | null; // SEEAZL front
private rear: ListNode | null; // E&iZ& rear
private queSize: number = 0;

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

}
/* BEUTHINRE */

get size(): number {
return this.queSize;

F

/* FEMTHIRE AT */
isEmpty(): boolean {
return this.size = 0;

I
/% N5/

push(num: number): void {
/] EEREEEFIE num
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(): number {
const num = this.peek();
if (!this.front) throw new Error(' {F3|&Z=");
/] MIBREEEAR,
this.front = this.front.next;
this.queSize--;
return num;

}

/* SHETHIETE */

peek(): number {
if (this.size = 0) throw new Error(' {F5l&=");
return this.front!.val;

}

/* HiEEERYENE Array MDHRE] x/
toArray(): number[] {
let node = this.front;
const res = new Array<number>(this.size);
for (let 1 = 0; i < res.length; i++) {
res[i] = node!.val;
node = node!.next;

h

return res;

2. BitEFINER
TERRF AR E TR AR RIBARE & O(n) , B EESHFIRIERCREAR. AT, AT DAERA L R 5277
ARG (8

FAM AT DAfE H — 22 8 front fRMTHIE LRI RSG|, WHEE —HEE size AREERTIIRE, ©F
rear = front + size, EAREHN rear f8EUTHIEITTEZEN N —EN &,

i ptakst, Misha St BN AR % [front, rear - 1], SERIENEB T EWE 5-6 FiR.

ANFN e i A TTEIR(ELS rear RSB, Wii% size Hh01,
HAEEE: R front 801, WA size B/ 1,

FIDAEERI, NSRRI T T — R E, RS O(1) .
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front IEAITYIETR 1. 5tHRER rear
rear IBEMTFIRTER + 1 2. RITEMEE rear &
rear = front + size BmysizelE i
A3l KR
15508 push(4)
front > front » n
wsi | oI g B emee
size = 4 size = 5
u EEERZET n EERREET a
] HINRR B ] HINRR AT a
i | rear » rear »
175IR

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.ts =

/* BERIRFEEFIBIRTY] +/

class ArrayQueue {
private nums: number[]; // FRFEETTITREET
private front: number; // {THIEHEIR, ERTIIETE
private queSize: number; // {THIEE

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

F

/*x EETHNEE */
get capacity(): number {
return this.nums.length;

I
/* BEUTIINRE */

get size(): number {
return this.queSize;

¥
/* FEMTIIRERT */
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isEmpty(): boolean {
return this.queSize = 0;

}

/* NI %/
push(num: number): void {
if (this.size == this.capacity) {
console.log(' 1THIEM");
return;
}
/] FEITIIEEE, ERTHEERS + 1
/] FEBEERRIEEIR rear HIBESIEERR[CIZIZEEE
const rear = (this.front + this.queSize) % this.capacity;
/] # num FIEETTIE
this.nums[rear] = num;
this.queSize++;

h

/* By */

pop(): number {
const num = this.peek();
/] (FHEEERESE (1, SHEEEE, BREIEES5EE
this.front = (this.front + 1) % this.capacity;
this.queSize--;
return num;

}

/* sEETHIETER */

peek(): number {
if (this.isEmpty()) throw new Error(' {THIAZ=");
return this.nums[this.front];

}

/* iR[E] Array %/
toArray(): number[] {
[/ EERERREDENNEYITE
const arr = new Array(this.size);
for (let 1 = 0, j = this.front; i < this.size; i++, j++) {
arr[i] = this.nums[j % this.capacity];

}

return arr;

DAL EERUTHIIARRARIRYE: HREAREE, A, ISfEMEN R, B nT DA i 2% Bl e
I, Mg I NFEA W, A BRI ] B BT HE,

PR BB A S LA i B AR — B, (RN

5.2.3 {F5IsEFEA

- WEETH, EYE N ER, sTERIAMTAIT, REMERERIRIER EH TR AR, £
i, JERFREIN G ELFRATE, SRR TR ER SR,

© BB, (EMRREER CARE ThRERIG R, BIIIENRAIER T, B RER TSR,
(THIEIGLE S 5 ] DUB ROt 3 iR BIE



5w HEEE T www.hello-algo.com 97

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.ts =

/* #aEm(rsy */
// TypeScript BEWNEMNLIRTY], REEE Array BEEIRTHIZRER
const deque: number[] = [];

/* 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: number = dequel[0];
const peekLast: number = deque[deque.length - 1];

/* tEHY */

/] FEER, BREET, shift() AEMBSRIEHES 0(n)
const popFront: number = deque.shift() as number;
const popBack: number = deque.pop() as number;

[* ERLRTIINRE */

const size: number = deque.length;

[* FIERERITIIRERT */

const isEmpty: boolean = 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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5FIRAF R 4
- push_last(4) IR ERERTIR
mm p| | e ; ER (Cli TR
51 (5 | a7l 5 |
ERERRSAEEET (2 ) B EEmmRummss @
a HIPRRHERTT a HIMRBAHERETT
el e
o 51 - R
| step 1 | Step 2 |
JeREs 1
i S RIS Ll
5IEAF 5IR 5
push_first(1) FRENES @ pop_last() AR
e @ o
a8 2 ]
a EERRRE RS R @ a EERREEEEERT G
o BHIERTA AT o HIRRABAT
R e
rin (@)
[ Step 3 ] Step 4
{55 71
pop_first() HBFEREERE
HREDR
B EEmmRusmsss ()
a HIMRBAERETT
)
Step 5 |
5-8 FLAGEAS B A B EE AT AR A YR
BRI AR
// == File: linkedlist_deque.ts =

/* LriEiERyEE «/

class ListNode {
prev: ListNode; // RiSBEGRLESIA ($51%)
next: ListNode; // %HERIRSIA (H51F)
val: number; // EiZL{E

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

F

/*x EREmEEETERNERTY] /
class LinkedListDeque {
private front: ListNode; // ZBE(ZE front
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private rear: ListNode; // REEiZ: rear
private queSize: number; // Em{THINERE

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

F

/* THIRNTHRIE =/
pushLast(val: number): void {
const node: ListNode = 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; // BRI

¥
this.queSize++;

}
[* ATFIENTHREIE «/

pushFirst(val: number): void {
const node: ListNode = 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; // EHEEENEL
+
this.queSize++;

F

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

I

/* ATHEHINRE +/
popFirst(): number {
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if (this.queSize = 0) {
return null;
¥
const value: number = this.front.val; // #FEEEE
/] HBREEERG
let temp: ListNode = this.front.next;
if (temp !'= null) {
temp.prev = null;
this.front.next = null;
¥
this.front = temp; // EFTERELFL
this.queSize--;
return value;

I

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

I

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

}
[* EREETIINRE «/

size(): number {
return this.queSize;

F

/* HEERTIIREAT */
isEmpty(): boolean {

return this.queSize = 0;
b

/* BIENERITE] */
print(): void {
const arr: number[] = [];
let temp: ListNode = this.front;
while (temp != null) A{
arr.push(temp.val);
temp = temp.next;

h

console.log('[' + arr.join(', ") + '1");

2. BREFINER

niE 5-9 R, BRSPS BT AAML,  Feffth ] DA ERFE M8 A BB & A 751
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front IEMFHIETR 1. HERIER rear
rear IEEITHIRTR + 1 2. BITRMEE rear &
3.1 size B 1

rear = front + size

{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 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
EERRZEERET]
a HIMRRAYETT
[step s

5-9  HLR A B AT A AL SRR

AT BN b EFM “UTE AS” 1 YT EHY) B
// == File: array_deque.ts =

/* BERIRFEEYIEBRNERTY] +/

class ArrayDeque {
private nums: number[]l; // AREFEER(TYITTEHNES
private front: number; // {THIEEE, EAITIIETE
private queSize: number; // Z@E(TIIRE

/*x BIEF */

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

I

/* ERERTIINEE */
capacity(): number {
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return this.nums.length;

F
[* EREETIINRE «/

size(): number {
return this.queSize;

F

[* FIERERITIIEE AT +/
isEmpty(): boolean {
return this.queSize = 0;

}
/* STEIRWEFIRS] «/

index(i: number): number {

/] EEEERREEIRME S EAE

/] B i #BMEyIEEE, CIZIZES

/] & i @AMy sESE, EIFIES

return (i + this.capacity()) % this.capacity();
+

[* ATFIENG */

pushFirst(num: number): void {

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

/* (THIBNT */
pushLast(num: number): void {

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

¥

/] FEFYIEEE, ERTYERS + 1

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

this.nums[rear] = num;

this.queSize++;

F

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

}

/* {THIEHT %/
popLast(): number {
const num: number = this.peekLast();
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this.queSize--;
return num;

}

/* SHETIIETE */

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

}

/* SHETHIETE */

peekLast(): number {
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

/* R[EIFEFIERPIED +/
toArray(): number[] {
[/ EEERREHENNEYTER
const res: number[] = []1;
for (let i = 0, j = this.front; i < this.queSize; i++, j++) {
res[i] this.nums[this.index(3)1;

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.ts =

/* WiREEER */

const map = new Map<number, string>();
[* FIEIRIE */

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

map.set (10583, ' /N\EE'):
console.info (' \n¥i%5emkid, HEXRA\nKey -> Value');
console.info(map);

/% EIRE +/

/] FFEERPEANE key , 1GEE value

let name = map.get(15937);

console.info('\nENERSE 15937 , BHFML ' + name);

/* RIBRIRIE */

/] TEHRERDMREES (key, value)

map.delete(10583);

console.info('\nflB% 10583 &, FEXRA\nKey -> Value');
console.info(map);

MERRA —REEHET R B REE. EERNENE, RN R
// == File: hash_map.ts =

[/* EFHER */

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

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

I3

console.info('\nBIHEFHE Key');

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

I3

console.info('\nEB¥EEHE Value');

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

}

6.1.2 MERMEER
A% R RS, R — AR R B B R R, TR R, TRV RS o ) £ 23 LA
(bucket), HENAIREE—HEEY, FHit, ZREREIRT key BEANE, WEMTHEER value ,

AR, WML key E A EHERIMINE? ISR &M ERT (hash function) EEIA, HEREXAIERZAE—ME
TR\ 2 SRR — fEf N e, AR RT, MAZERITH key , W= REZATER (FH5
R5D. WAgEhH, WA —H key , B LUZEMEZ RN key BHERISEEHE RSP IE7 AL B

A —E key , HMERRXIEIEIBED %AW,
L. BIEFAEEREERTE hash () sHESEIFEEE,
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2. MR EEMEE (YR capacity B, TEMMEHGL key BHEAUM (HFIR5]) index .

index = hash(key) % capacity

BE1R, FIHEATDAMIA index fEARRRRIFEIERIM, TEMER value .

&% RJE capacity = 100, FEEEETE hash(key)

key Z258R1 value #4425, R 1 ke BRI 3 CHY TR B,

BN key

ED—
B

-

=3l

— 36

37

wEERX
key % 100

83

€ 17

key value

-

“h\par

15937 | “/N@”

16750 { “/hE"

13276 | “/NiE"

10583 | “/hiR"

e . vae . ven . e

(’é@ﬁ?ﬂgﬁﬁ—@ﬁfﬁ

6-2 MR TR

a e
J

i value

— &3

— &3
— &3

J

DU HS BB T — A AR R, Hrd, /MK key F1 value B —E A Pair , DAFRIREMER,

// == File: array_hash_map.ts

/* $B{EY¥ Number -> String %/

class Pair {

public key: number;
public val: string;

constructor(key: number, val: string) {

this.key
this.val

b

key;
val;

/* BERMEFIBRAMER «/
class ArrayHashMap {
private readonly buckets: (Pair | null)[];

constructor() {

/] WEkkEy, B& 100 {EiF
this.buckets = new Array(100).fill(null);

key , Z1E9HMHERINA key % 100, [E 6-2 DA
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/*x FEERN */

private hashFunc(key: number): number {
return key % 100;

Iy

/*x EHRIE %/

public get(key: number): string | null {
let index = this.hashFunc(key);
let pair = this.buckets[index];
if (pair == null) return null;
return pair.val;

}
[* FRIBIRIE «/

public set(key: number, val: string) {
let index = this.hashFunc(key);
this.buckets[index] = new Pair(key, val);

F

/* RIBRIRIE */

public delete(key: number) {
let index = this.hashFunc(key);
// EB% null , K&EMIBR
this.buckets[index] = null;

}

/* EEFRERES */
public entries(): (Pair | nulU)[] {
let arr: (Pair | nulU)I[] = [1;
for (let i = 0; i < this.buckets.length; i++) {
if (this.buckets[i]) {
arr.push(this.buckets[i]);
¥
¥
return arr;

I

/* EEVFREH */
public keys(): (number | undefined)[] {
let arr: (number | undefined)[] = [];
for (let i = 0; i < this.buckets.length; i++) {
if (this.buckets[i]) {
arr.push(this.buckets[i].key);
}
+
return arr;

F

/* EBVFREE */
public values(): (string | undefined)[] {
let arr: (string | undefined)[] = [];
for (let i = 0; i < this.buckets.length; i++) {
if (this.buckets[i]) {
arr.push(this.buckets[i].val);
}

}

return arr;

F
[* FUENFEZRR «/
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public print() {
let pairSet = this.entries();
for (const pair of pairSet) {
console.info( ${pair.key} -> ${pair.vall’);
}
b
+

6.1.3 HMRERERE
WAH L&, MEEAHERZRIE key M A2 FEEI AT R MR 2, Az
PR SR, R, PG E—E& e “ S A B ER L DL

BN EIRGIFP AR, EEAR key RAAAHFRE, Hik e XaoEm b s R AR, flin, EiR25E5
12836 #1 20336 HUMIfES AR, FRFI1SG2]:

12836 % 100
20336 % 100

36
36

WniE 6-3 fin, MiEESEER T A — @4, SRR NE, FAPIHE SR Ml N\ B R — S RS
2% &5 (hash collision),

BN key #35| EE5 &@itH value

key value

Y L

J

__——» 36 —] “Ihegr

@—// 37 15937 | “/hi@" \w
@// BERED 50 16750 | “/hE" \\m

key % 100

76 13276 | “/NiE”

83 10583 | “/hag"

s

6-3 HEREZRIRGI

AT, WHERAER n 8K, 2 key HTECEIFE — M AIMERMBE, ERBED, Fit, RFITL
GniE 6-4 Fiw, HEARTEES (136, A) 1 (236, D) #AEMR, WAREHRIHK,
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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.ts =

/% SEICAIIMEEER */

class HashMapChaining {
#size: number; // BEHEH=
#capacity: number; // HERA=
#loadThres: number; // EZEIESNEHEATFHE
#extendRatio: number; // BEEE
#buckets: Pair[]1[]1; // #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);
+

/* BERERT */

#hashFunc(key: number): number {
return key % this.#capacity;

b

/*x BEETF %/
#loadFactor(): number {
return this.#size / this.#capacity;

F

/*x EHRIE %/
get(key: number): string | null {
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;
¥
¥
/] BEXRF key , BIR[E null
return null;

F

[* FZIR(E x/
put(key: number, val: string): void {
/] 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: number): void {
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(): void {
/] 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);
IF

h

/* FIENFEER */
print(): void {
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.ts =

/* BELHRER */

class HashMapOpenAddressing {
private size: number; // BEH#HE
private capacity: number; // HERBE
private loadThres: number; // BEBANEHEFHE
private extendRatio: number; // BAEH
private buckets: Array<Pair | null>; // i@kE5|
private TOMBSTONE: Pair; // MIPRIZs

/*x BiEF */

constructor() {
this.size = 0; // REHEHE
this.capacity = 4; // HWEXRB=E
this.loadThres = 2.0 / 3.0; // #E3ESNaHEFRIE
this.extendRatio = 2; // #EBIEE
this.buckets = Array(this.capacity).fill(null); // #&BEF]
this.TOMBSTONE = new Pair(-1, '-1'); // MIB&EsC

+

/* HERRT */
private hashFunc(key: number): number {
return key % this.capacity;

}
/* BEREF «/

private loadFactor(): number {
return this.size / this.capacity;

I
/* 8 key HEMRRS] «/

private findBucket(key: number): number {
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;
¥

// stERERS], HidEEEREEEER

index = (index + 1) % this.capacity;

¥
/l & key REFEE, BIREIFIGENZRS]
return firstTombstone == -1 ? index : firstTombstone;

[* EHIRE */
get(key: number): string | null {

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;

[* FTBIRME «/

put(key: number, val: string): void {

F

/] EEHRFBBRER, BITES

if (this.loadFactor() > this.loadThres) {
this.extend();

¥

/] 5 key HEMEES

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: number): void {

/] #= key HENFERSI
const index = this.findBucket(key);

/] EIREREY, ARMNRETCERZE

if (
this.buckets[index] !'= null &&
this.buckets[index] != this.TOMBSTONE
) {
this.buckets[index] = this.TOMBSTONE;
this.size--;
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I
[* FEEMHER «/

private extend(): void {
/] 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);
IF

h

/* FIENFEER */
print(): void {
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.ts =

[* NEMEE +/
function addHash(key: string): number {
let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {
hash = (hash + c.charCodeAt(8)) % MODULUS;
}
return hash;

h
[* FEEHE «/

function mulHash(key: string): number {
let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {
hash = (31 * hash + c.charCodeAt(0)) % MODULUS;
¥
return hash;

h
/* BERSH#E «/

function xorHash(key: string): number {
let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {
hash ”= c.charCodeAt(0);

}
return hash % MODULUS;
}
/* hEEHE «/
function rotHash(key: string): number {
let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {
hash = ((hash << 4) ~ (hash >> 28) ” c.charCodeAt(0)) % MODULUS;
5
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.ts =

// TypeScript RizftP9jZ 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—REARARMERRIAA, AR "ML B RAT ZHEIIRERGR, B8R 0%
=7 W iniE, B ERYIRER, —UTEEARITRER, SEERTESE,. £ ERs ARG TR
ElLiEE

/* ZITiHEnEREER «/

class TreeNode {
val: number;
left: TreeNode | null;
right: TreeNode | null;

constructor(val?: number, left?: TreeNode | null, right?: TreeNode | null) {

this.val = val == undefined ? 0 : val; // EiZ4(&
this.left = left == undefined ? null : left; // AFEIZLS|E
this.right = right == undefined ? null : right; // GFEZS|H

HEEREEAMMES H (8, SBEREFE2E (left-child node) F1HFEIZS (right-child node), #%EiR:
iRE 2 B I E T BB R EIES (parent node) . & &G E — M8 oA B EGIRE, RS 5% G BL A0 /2 1 i RGN H
DA BT BRI AR 2% B A 748 (left subtree), [RIBEATSAFH (right subtree),

fEekh, BRIEGNRGSE, HAbPA AR S EARES R, Qe 7-1 R, G0AUKE CERS 27 AR
iR, A FHEIRSANG FEIBE D AR “HIRS 47 0 “HIRE 57, EFEHE “HIRG 4 LH DU N HEIRTE AL,
AR “HiRE 5 N HE DU ERTE AR,

—ci RENRE

binary tree

|
E@V ﬁm&

T aFH

ANV
Vivivi

[ 7-1 AHIRG, FHEIR T

7.1.1 ZiE RS

TR TR AN E 7-2 AR,
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- IREREE (root node): /R —JUKHTHERVEIR, 126 KHIH,

- EEIRL (leafnode): A THIBGAIENRS, HMN{ETSEREITER None .

- 8 (edge): HARMIEHIRGHIAREL, BNEIRGSIH (EED.

- HEIRSPTERIE (level) : ETHECIENY, MREBIERES 1,

- HIBSAIE (degree): ENBGAYFHIBSAVEIR. fE—Jokid, EERHREFERERZO. 1. 2,
- ZIUMIUEE (height) : fEHRETRL 2 FORIEERE FTAS RIS AR,

- HIEGRRE
- HIHHSE

Tip

(depth) : fREHRETRS2 52% B R A 8 I8 1Y B
(height) : {(EiFEAfE 5% B Bl o o A S B R 2 B RGP AS B I8 O R

IRENRE

=ik
#FE =1
BEh
=E =2

/|

/\

VasN VARN Al e s

[ /)

=R

7-2 UK E R

TR, TRMIEHEA T M RET ERR CRINEIERT, ([BAEEE M R g HE
F BRERAEE", EEEENS, SEMRERTEEM L,

7.1.2 ZoiEBEARIRE

1. sk h

BRGRASERBIRRAML, ECOIan L EnRs, ARSI (R,

/l =

File: binary_tree.ts =

[* W «/
/] WIIRILENRS

let nl
n2
n3
n4
nsS

new
new
new
new
new

TreeNode(1),
TreeNode(2),
TreeNode(3),
TreeNode(4),
TreeNode(5);
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/] BEERZENSIA (5

nl.left = n2;
nl.right = n3;
n2.left = n4;

n2.right = n5;

2. fENEMIBRERRS

SRR ERAIRALL, £ T rhim A\ BLIBRETR ] OZ BB S EF AR B, 8 7-3 & T — (R,

HENEDES THPREDES
ni.left = P nl.left = n2
P.left = n2

& 7-3 £ ok A SR RS
// == File: binary_tree.ts =

/% FENEEMIBRETRLE */

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

P.left = n2;

/] THBREREE P

nl.left = n2;

Tip
FEEERR, AR TR G ot oA A AT A, T I R B e 5 TR R T ek 717 A
FEFR, R, 7E—Joirh, MARMREEZH —EREL SR, UEIRAERERIERE,

7.1.3 BRTTHEB

1. BRI

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
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RE@EED

o ® \
/_ BEEDG (B @ B

)

/ "'\'"j_‘;‘"j_‘_jj:i:t-‘/—-‘-‘\ R

7-9 ZIuMRERER

1. EXBER

B ERE R RED) TH” AREBL, (THIE “SoET” A, R e RIEE B E”
AORIAN, M EIRA SRR —E, BEERET:

// == File: binary_tree_bfs.ts =

/* EBFEESH */
function levelOrder(root: TreeNode | null): number[] {
/] ETE, IMNREIE,
const queue = [root];
/] et —EEs, BREEEHFS
const list: number[] = [];
while (queue.length) {
let node = queue.shift() as TreeNode; // BX%IHEX
list.push(node.val); // fEEFEIELE
if (node.left) {
queue.push(node.left); // EFEENG!
}
if (node.right) {
queue.push(node.right); // GFEIZENG!

¥
¥
return list;
I3
2. EHESR

WERIBEARIE 25 O(n) = AV BB — R, MR O(n) B, Hor n ZETEEEOR,
- OSEEBRRIE S O(n) : ERZEWIT, B o, ERIRE 281, 17500 52 F 7
(n+ 1)/2 f6E%, 158 O(n) 22/,

7.2.2 ®ifF. BF. BFEDH

HER, AR, PR ETE B RER.ES (depth-first traversal), HAREESLES (depth-first
search, DFS), TREHI T —f “JoERIFoE, HRIWEE" 1ER T
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7-10 JE7R T B TR T IR BT E A A AR, SR BE B Wi S TR ek ShE A —

e, EREERAEESI=MAE, DRBERTFES. P ERNERT E.

def dfs(root):

te TR RE B ES
A if root is None: return
k @ APiEEE R i
dfs(root.left)
@ EUEFHE, BEHRE iR
dfs(root.right)
@ EAFHMEHM, HEE

HFEDS (F @ EaAfNENE)
1, 2, 4, 5, 3, 6, 7
PEES (F @ EEARIEE)
4, 2,5, 1,6, 3,7
wEEES (T @ EaARNENE)
4,5,2,6,7,3,1

@ 7-10 — risBRIETF. . RFE

1. EBER

R e = R R E B B
// == File: binary_tree_dfs.ts =

/* BIFFE */
function preOrder(root: TreeNode | null): void {
if (root = null) {
return;
b
/] hREEKIER: RENE -> EFE -> GFE
list.push(root.val);
preOrder(root.left);
preOrder(root.right);
b

/* HEEF */
function inOrder(root: TreeNode | null): void {
if (root = null) {
return;

+

/] REEIER: £FE -> RER -> AFF
inOrder(root.left);
list.push(root.val);
inOrder(root.right);

¥
[* BEFETF */

function postOrder(root: TreeNode | null): void {
if (root = null) {



www.hello-algo.com

136

}

/] FREELIER: EFE -> AFE -> RER
postOrder(root.left);
postOrder(root.right);
list.push(root.val);

Tip

R B S AT DU OARE S, A BB A AT AE TR

[ 7-11 J&oR T R ERT —CRIRNRIEIERE, Az “B” T RE A e,

L “B” FORBABCHTTIE, FETEHER PR T —E R,
2. " FoReFORME], RRERTEIRC

Step 1

[ster s |

iB: g
@: fEEH

WIFFED (7 @ RIRER)
1

B mTERE
@: B EEH

HIFED (7 @ MR
1, 2, 4

i#: TR
@: @ LEEH

RIFFEDS (7F @ miRIEE)
1,2, 4,5

4

Step 2

Step 4

Step 6

& TR

i@: @ EE

HIFFED (£ @ BRI
1,2

B TR
&: ALEE

HIFEEN (7F @ mTRIENE)
1, 2, 4

& TR
&: L

WIFFED (7F @ EIRE)
1,2, 4,5
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B ETEE
@: EEEH

& TR
i@: @ EE
RiFFERS (75 @ EasfIEE)
1,2, 4,5, 3

HIFED (7 @ EIRIEE)
1,2, 4,5, 3,6

Step 7 Step 8

B: BTER
a: e

B ETERE
@: e e

HiFFERS (7 @ MR
1,2, 4, 5,3, 6

HIFFER (F @ IR
1, 2, 4, 5,3,6,7

Step 9 Step 10

B B TR
@: mLEEH

BIFREN (7F @ MmIRIER)
1,2, 4,5,3,6,7

Step 11

7-11 R E R AR AR

2. ERRES

- IR 2 O(n) © FFE MBI K, @ O(n) F,
- SSRBARE O(n) : TERZEMIT, HIHE(L RS H5IE, SERREES n, REEA O(n) H#
gz,

7.3 ZrohfEyIRT

TEFIRE RN FOR T, —oBIREE T 28RS TreeNode , HilG 2 MIZBIEEMES, F—H#iNH TGS
FIFOR N TR S TR AR,

AR, MRS FIMSI AR —ektle? B2 HEr.
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7.3.1 RERFEE_THE
ST — IR G, 4T —MESE TR, TR T R IR R A S R E Y B — kA, R
] TR S R O — [ BB 223

IR B RO, FAF AT DAHEE H AR B RL R 5 | B 7 HTRE R 5 | 2 IR "B A" HREEERS % 0,
WIEZE B FEEE RS 2 20 + 1, AFEBERSI% 20 + 2 B 7-12 R TS EETRER 5 | 2 A5
o

ﬁ%ﬁigéf\\\
//l\\ //2\\ EREEE: i

¥ swmes

PLUEPLPL L e

AFEHRARS|: 2i+2

7 8 9 10 11 12 13 14
RS Fom — ot

HIRGZERS| @ 1 2 3 4 56 7 8 91011121314
BRETFH

& 7-12 5E£ TIPSR

B A A OHE RS RSP ERG DN GEED . 4R R —E R, FRME] DOZE BN
AARFHEERE (F) FHiEL

7.3.2 RREETH

e e R — ARG, 1E et @ E FAERT 2 None o HITRTE T ERT 7 FINE A 21548 None , [A]
IR S TR 8% P A AR HE T None AUBURAIMGALE, T BIRE AL 2/ e R & w2 v i v
3,

qniE 7-13 FioR, #aE —BRAESESR I, _RIRRRAIFOR TR AR
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ZFT (7)) A —RRL = o

pEFIgs] 0 1 2 3 4 5 6 7 8 9

[ L33l 1]2]3]4]6]7]8]9]12]15]

7-13  JEFEEFIT Y E A T Al REME

o 7 RRILRTRE, BT DA AR AL W S B R A None o WNIE 7-14 Fow, ISROEPHR, JE
e B A A] DAME— R ek 1o RIS

/* ZITHIREYIRR */
// £ null RERRZA(L
let tree: (number | nulU)[] = [1, 2, 3, 4, null, 6, 7, 8, 9, null, null, 12, null, null, 15];

ZIFF (7)) AIME—RRI =T

fEFIF=SI © 12 3 456 7 8 91011121314

rrzvrs (3OO0 0000. 5|

=i

7-14 ARERIRBI et ppy 3R

ERHRARE, 522 JuBHEREGERMSIRIOR, FEEEe _JTiER, None {HWBIERIKE HEEH
AR, IKILRTA None —s& tRBUEME L FiIFFIRIA RS,

EREME SRR e 2 TR, A DB ISGEZRTA None , JARHTT6E. @ 7-15 4AtH T —fEHI+
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EEESFT ()

ERTETH
AT TR

BRFESBFS (F5)

88680800000

7-15 sEE ITBIIREEIIRIR

AN B 7 — BRI RS ORI e, BA5 DL R R A,

- AUTALENES, EECERE. £ () THEIRL HEIE,
BT ER. TREd . BFEV. BEETRFI,

// == File: array_binary_tree.ts =

/* PEFIRR TR ZIoiEsEn </
class ArrayBinaryTree {
#tree: (number | null)[];

/* BHEF */
constructor(arr: (number | nullU)[]) {
this.#tree = arr;

}

/*x BIIBE */
size(): number {

return this.#tree.length;
+

/* EEZRS|A i EEE */

val(i: number): number | null {
/] EFRSER, BRG] null , KRT(Q
if (i <0 || 1 >= this.size()) return null;
return this.#tree[i];

b
[* EERS|% 1 EHRNEFEREIRS] «/

left(i: number): number {
return 2 x i + 1;

¥
/* EERS|% 1 ERNAFERRS «/

right(i: number): number {
return 2 x i + 2;

}
[* EEERS|% 1 ERBIRERERIZRS| «/

parent(i: number): number {
return Math.floor((i - 1) / 2); // ETER
+
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/* BFEEF +/
levelOrder(): number[] {

let res = [];
/] B3EEHRES
for (let i = 0; i < this.size(); i++) {
if (this.val(i) != null) res.push(this.val(i));
+
return res;

}
[* REBFEES «/

#dfs(i: number, order: Order, res: (number | null)[]): void {
/] BB, QR[]

if (this.val(i) == null) return;

/] BIFESh

if (order = 'pre') res.push(this.val(i));
this.#dfs(this.left(i), order, res);

/l HFE

if (order = 'in') res.push(this.val(i));
this.#dfs(this.right(i), order, res);

/] #BFEH

if (order == ‘'post') res.push(this.val(i));

}

/* HIFES */

preOrder(): (number | null)[] {
const res = [];
this.#dfs(0, 'pre', res);
return res;

F

/* HFEET */

inOrder(): (number | null)[] {
const res = [];
this.#dfs(0, 'in', res);
return res;

I

/* BFES */

postOrder(): (number | nulU)[] {
const res = [];
this.#dfs(0, 'post', res);
return res;

7.3.3 {BRIEMRIRME

TR PSR R A DU R,

ReiB| ot (7 AE TR RC IR RE SRR, BIPRIBORGE, AT BE AR e bR
- ATEE AR, CREE S,
- TR B G R R

SR, FAI RN A — 2R IR
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- DB R RO AR R IR R S R, DRI ENE & (7 R R R
- PN RS TR EOE R P A1 A\ BB R AR R, R,
- E TR EAER R None I, BB LS RO EITREEDR L BRI, 2 A A R,

7.4 ZigsE

aniE 7-16 FioR, Z7oigS4 (binary search tree) T & DA REAE,

L BRARETR:, e RirhATA ETRIE < RETRSIE < GFRrh AT EiRs e,
2. (EREIRSHIE, AR —oria, RIFEBEW R 1. .

Zigan

binary search tree

7-16 —ori¥=

7.4.1 ZciESER0IRE

B et S Bt 4 2 — (8851 BinarySearchTree , WiE & —fE B E root , FRMIIAVARETES,

1. EERS

4677 HIZHETBME num , A DRI o S E R &R, tE 7-17 iR, BMES @& cur, £
TR E S root HiEE, JERE LLECHETES(E cur. val 1 num Z IR R/ NBR,

-+ % cur.val < num, #RBAEEETETE cur UG TR, FIEIT cur
. Fcur.val > num, SEAEFEEIEEEE cur WA TR, EIEET cur
- Ficur.val = num, HUBFERENEIRIENEE, Bk HE R R T,

cur.right,
cur.left,
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E-ssennEE (@) e LT L TG

e

™~
*\-~v//la
o ®
.
P

00000000 00000000
Step 1 Step 2
et L ) E-rmasurEnEE (©)

@\® /@ @\@
/\ VANIVAN
W APA]
ooo o@gv 0000000

Step 3 Step 4

& 7-17 et s AR ETRR A

ISR T M S AR TR 2, B ERHERR P E D IR 2 R ek
Mg, & ook, M O(logn) R, ABIFERESA R :

// == File: binary_search_tree.ts =

/* EEHEIEE x/
search(num: number): TreeNode | null {
let cur = this.root;
/] BEEN, HEEMEEE
while (cur !'= null) {
/] BIZETE cur E’\JE?E@':P
if (cur.val < num) cur = cur.right;
// BEiZEEATE cur BYEFRIG
else if (cur.val > num) cur = cur.left;
/] XEIEIEEE,, BiHEE
else break;
+
/] R[EIEZEIEE

return cur;

2. HENERRS

R AICE num , A THRR TS LB < RETES < G787 NE, HAREREWE
7-18 FlirRo

1. AAHAAGCE: BAGIRIERC, MORER IS, RIRE ATERSEN num FVNRERIEE R s, B
FBETEHTRG CERZE None ) RBkHHIENRE,



BT7E M www.hello-algo.com 144

2. (ERZDALERR G WIAGILETES num , KERZENRS B None MOMLE,

E=rRsEADS @

2. TERMIBENER @

R #}iT pre.right =

(& 7-18 1£ T b A\ EiEs

FERABEBR Y, TEERLL N mE

el A A EERER, SHRNERHER, B, SREmAESBERTCEE, IASITHE
A, HIZR[E,

- 7y T EBURAETE, ISR EFEIEIR pre 7 L —EE B AVETRG, ERHEETE None IRf, FRATATEA
FEHRE ARG, HEm e TR A IR (RS

// == File: binary_search_tree.ts =

/* FENEDEL *x/
insert(num: number): void {

/] EERE, AR HIRERS

if (this.root = null) {
this.root = new TreeNode(num);
return;

+

let cur: TreeNode | null = this.root,
pre: TreeNode | null = null;
/] BEZEN, HeEMEEE
while (cur !'= null) {
/] REIEEEE, BERE
if (cur.val num) return;
pre = cur;
/] BNLETE cur BIAEFEH
if (cur.val < num) cur = cur.right;
/] EAMUETE cur BUAEFEH

else cur = cur.left;

I

/] YENEEL

const node = new TreeNode(num);

if (pre!.val < num) pre!.right = node;
else pre!.left = node;
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ELATHETEEA, AR O(log n) R,

3. MBRERRY

JelE o TR SR EARENRS, FRREEINER, PR AERGEL, MR ERBEMRREERR, s
B e TR < ARERS < AR FMEEATNS, Bk, PIRRERERE T HREE, 20, 12 =
MERDL, HUTHIERIMIPRETR R,

Gnid 7-19 FoR, ERHMERETBATRE Sy O I, FORZETRZIEMHTR, 7T DAEHEMIER,

E=rRsmrmREN ©

~ Ei% cur B 2. EHiEMR cur BIE

1. ERMIRER cur FHRUE - o #iT pre.left = None

7-19 fE i pRETRS (2% 0)

GniE 7-20 FR, EFMIBRETREEE 2 1 IR, AR ERREE 2 H T EBE R AT

E-rEsHmREE ©

v HifE cur B9 2. ¥ cur BABHTER
FHREHE = 1 #}{T pre.left = cur.right

1. EHHSMIPRERS cur

7-20 fEsriEs R iERERS (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

0000

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

%% O(logn) W5l R
// == File: binary_search_tree.ts =

/* THBRERZE x/
remove(num: number): void {
/] EfEAT, BiFankol
if (this.root == null) return;
let cur: TreeNode | null = this.root,
pre: TreeNode | null = 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;
// FEAEREIE = 0 or 1
if (cur.left = null || cur.right = null) {

// EFEEHE = 0 / 1 K, child = null / &%TFEIEE
const child: TreeNode | null =

cur.left !'= null ? cur.left : cur.right;
// MIBRERELE cur
if (cur != this.root) {
if (pre!.left = cur) pre!.left = child;
else pre!.right = child;
} else {

// ERREIEEAIRENR, BEMISEREE,
this.root = child;

}

}

[/ FERELEIE = 2

else {
/] EEHFEEFF cur BF—EERE
let tmp: TreeNode | null = cur.right;
while (tmp!.left !'= null) {

tmp = tmp!.left;

}
/] IEERIPREREE tmp
this.remove(tmp!.val);
// R tmp BE cur
cur.val = tmp!.val;

4. PEEHERF
GniE 7-22 iR, BRI R ERENE E — R — A7 BESIER, moriESsme A <R
iR < AFHIE BRNEIR,

ERREE oS ET R, REGEITER N AR/ R, S EEEE: 5T
B E iR T

R ET P EAEE, J"OE oS ERAFERET O(n) K, SZEETEINOHTRIE,
FEH =R

RSB P FESFT

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

TEARF

FR R RERRE s
EARTE @ BRAREART
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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 —ooiats, R Pl ook, FRWEEmE oBifra e, FIbE Mg s

(balanced binary search tree),

1. MESEE

I AVL RS FOAH R R e 2 I IR e, RIS R 2 B RERE T hedght 2881

/* AVL THEREREERI %/
class TreeNode {
val: number; /] EREL{E
height: number; /] EEEE
left: TreeNode | null; // AFEIZLEIE
right: TreeNode | null; // GAFEIZHIEIE
constructor(val?: number, height?: number, left?: TreeNode | null, right?: TreeNode |

< null) {
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 RISCRZEIRE N RIETEHTRG A EERE, RIATAGEAY BT MBE, FERAITEENR, EEH
MR O, TZSEIBRImEEZ —1 o FRAMTREZmE TEBRT,  J3 Bl FH 8 B 58 7 6 B v

// == File: avl_tree.ts =

[* EEEHSE */
height(node: TreeNode): number {
/] TEEHEES -1 , EHMEES 0
return node == null ? -1 : node.height;

}

/* BHEHEREE */
updateHeight(node: TreeNode): void {
/| BHEEEREETEHEE + 1
node.height =
Math.max(this.height(node.left), this.height(node.right)) + 1;

2. ERRNTFEIETF

EiRLATEEF (balance factor) EFAHIB LA FEISEREG TS, FIRSE R T E 1
75 0 o BRAFIRVRRAT IS BT RS T A 5 RIS RE BT BRI, 7 fEIRMA(E M :

// == File: avl_tree.ts =
/* EEFEREF «/

balanceFactor(node: TreeNode): number {
/] TEERFEHEATFS 0
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if (node == null) return 0;

// EHETEETF = £EFEEE - AFEEE

return this.height(node.left) - this.height(node.right);
I

Tip
ROPHA T2y f, AI—#R AVL SEERER R PR EmE -1 < f < 1.

7.5.2 AVL ithEss
AVL BHEBELER “FEl” 4808, TREME R TR E SR AIMRHE R, 2 685 E BT RE T
5, HgEEs, EEPERERRRECRRY “ TUCIUSRY PR, AREREEISE S M e,

TRl AR EHE > 1 BOETRERE 2 “RHTETR, MURETRSHT IR, DEEHRIE A A ATE
TEfE. SehlER e, SeEReR G . N AT A IS L e R,

1. K/l

QniE 7-26 FoR, EEGTTT R R T, (ERETEE, —oirhE A ETRTE “HRG 37, BB DA
B R AR ETR ) T8, A% EIRGEC 2 node , HUEFHIBGRCZy child,, T “HHE #fF. ERAIRER, ¥
BHRIE T, Sl BTSSR PR ool = B EL,

SRR / 2 \ / \
2 0 . BAERGHTHE
/ /wde WIREIEA node
@ HAEFEREEA child
/ ' /?‘/
hild
')
Step 1 Step 2
N\ B R //(/ N e R
BHRETE \;o;
1. BA child AR, ¥ node [%hEs /[“§\ 1. Bl child %8, ¥ node %L
i
P 2. B child E{LIAET node BIMIE
0 A
ﬁ;ls\ . GRS, BT HERETE
node
node
Step 3 Step 4

7-26 HERIEAER

QnE 7-27 Fior, & Higs child B4 7Hi% (G2 % grand_child ) B, B EATEHHTIE—2: #% grand_child
£ % node HY 7 FHiiE,
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A
/ grand_child

7-27 # grand_child A HER(E

“mGieE” 2R, B EFEREERBKEEEERER, BB IR
// == File: avl_tree.ts =

[* GHEEIE +/

rightRotate(node: TreeNode): TreeNode {
const child = node.left;
const grandChild = child.right;
// L child #&J/REL, #& node MGHEE
child.right = node;
node.left = grandChild;
/| BmEHEE
this.updateHeight(node);
this.updateHeight(child);
/] R[EINEEE FERIRETR

return child;

2. EBE

FHIEH, QIR IR TR BT, RITREITIE 7-28 FIURI “fchie” #RIE.

Mk @
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7-28 FElERAE
[FPE, qnlE 7-29 FR, EHEiE child A7 78R (ii% grand_child ) I, FFEAELIETHE—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

F7E R BB A

// == File: avl_tree.ts =

/% FEHER(E =/

leftRotate(node: TreeNode): TreeNode {
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

BRI 7-30 FREYAKRETEIRG 3, [ A TR A TR R, IR RR ZESE T child BT “/ENE”,

¥ 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



BT7E B www.hello-algo.com 155

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.ts =

[* BITHeEHR(E, BZFREMMETE +/
rotate(node: TreeNode): TreeNode {
// 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 s BIRE
1. HENENZY

AVL SR A BB oot e 108 B0, ME—RIEBIER, /£ AVL Bl NEIRGR, xRz
IRETRERRSIE ERTRES tHEL —RYIKMIERS, [Kit, MITERIESMERRLSG, IR ERITiesRE, #
P Rt A R P, AU R AR

// == File: avl_tree.ts =

/* ENEREE %/
insert(val: number): void {
this.root = this.insertHelper(this.root, val);

I
[* IECENERE (FBISE)  */

insertHelper(node: TreeNode, val: number): TreeNode {
if (node == null) return new TreeNode(val);
[* 1. BEEBANUBELHENEE +/
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; // ERREIEAHHAN, HiZiR[O|
+
this.updateHeight(node); // EHEHSE
/* 2. HITheEHR(E, 2 FREMRETE </
node = this.rotate(node);
/] REIFEBIREIE,

return node;

2. MIPRERRY

R, £ oS BRI MERETR T TR R TR b, TR R ETRRAT e iR E, MATH KU HIRG TR -,
BRI ATR:
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// = File: avl_tree.ts =

/> MUIBRERRE =/
remove(val: number): void {
this.root = this.removeHelper(this.root, val);

¥
[* ECMPRENRE (EBISE) */

removeHelper(node: TreeNode, val: number): TreeNode {
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;
/] FEIHEE = 0 , BiEMBR node MHR[E]
if (child = null) {
return null;
} else {
/] FEIHEE = 1 , HiEMBR node
node = child;
¥
} else {

[/ FEIREE = 2 , BigPREFN TEERMIFR, XAZERE R E IR
let temp = node.right;
while (temp.left != null) {
temp = temp.left;
IF

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

b

this.updateHeight(node); // EHEHSE

/* 2. BITHEERtE, 2 FRERMETE «/

node = this.rotate(node);

/] REIFEEVIRETE,

return node;

3. EERS

AVL RV ETR B s R TSt — 3, R A,

7.5.4 AVL 18 RIFEF

AHAN A R, AN SR AR, ISR A5 =%

IR R R R TR 51 R Lo

ALRBIHHR — R RACEE oS, BTN AVL 8, ALBRBIRCFERAEE TR, i A BLIH BRETRS
TR A BE RS /D, R TR - 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.ts =

// TypeScript FRIiZHp9iE Heap %E5|

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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il

SEREE - SEMMEEN (RS
“HERR :%%ﬁ ‘LT L £ ‘B ®E TR

#5l 0 1 2 3 4 5 6 7 8 9 10 11
= (00000000000
(i-1)/2 i 2i+1 2i+2
~ T~
SLERRS 51 g; ga
ARG | B EIREEE

8-2 HERARYFRIRELfH T

FMeT AR R 5 [t A BT E AR K, T7 R -
// = File: my_heap.ts =

/* EEUEFEIEAIERS| +/
left(i: number): number {
return 2 x i + 1;

+

/* EERATFEHRNZERS] «/
right(i: number): number {
return 2 *x i + 2;

}

[* JEENRENREAVERS| */
parent(i: number): number {

return Math.floor((i - 1) / 2); // BTFER
b

2. hRDEFRIETTER

HEFETE LR RN A AR EIRS, st BA e EcE:
// == File: my_heap.ts =

/* sERERIETER */
peek(): number {
return this.maxHeap[0];

F
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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.ts =

/* TTENER */
push(val: number): void {
/] FTIEEREL
this.maxHeap.push(val);
[/ RERZETEEREL
this.siftUp(this.size() - 1);
I

/* EIRL 1 BHRR, WREIEETREL +/
siftUp(i: number): void {
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

BT R AHEREIREMELL, HERETE TR MR R E IR R ARt % O(logn) o FRAESUN FAR:

// == File: my_heap.ts =

[* TTEHHEE */
pop(): number {

}

/] =R

if (this.isEmpty()) throw new RangeError('Heap is empty.');
/] IR R AERME (RETREETR)

this.swap(0®, this.size() - 1);

/] MIBREREL

const val = this.maxHeap.pop();

/] WIEERH¥ERENL

this.siftDown(0);

/] REEEETE

return val;

[* EEIRE 1 BRI, IRERMERENL «/

siftDown(i: number): void {

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() 8& this.maxHeap[l] > this.maxHeap[ma]) 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;

non
—~

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,

- JERURRIY ke 8 AT RIR M, RN R RV E A, BIAnIB IR AT 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.ts =

[* BT, BUTHBANIRIBENBYIEHRR «/
constructor(nums?: number[]) {
/] 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);

I
F

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

(2008
.

-

~

ANV SN TN
// == File: top_k.ts =

/* TTENER */

. Ak ERENER
. WE k1 ETTERBANIM
v BEITR < BMETR

i

SR @

o SRR
v g EFIRT

smn (@)
o o

/ ZRMRT
4 EYIRT

i

k=3

w @000

FERZER, BB heap EIET

Step 9

k=3

w: (2008
.

i

1. #8680 k BETRENER

2. #5F k+1 EFTHEREHIE

v BEITE > #WETE

- HSHRIBTR LIS
RERITTRNER

Step 6

k=3

— @0000
:

i

1. #H0 k ETENER

2. 5 kel (EFTEBEHIE
v ERITR < BMATH
- BB

Step 8

BT @

o o0

y ZRERT
v EHIRT

8-8 FENHERASHIR KK k ETTR

function pushMinHeap(maxHeap: MaxHeap, val: number): void {

/] TERER

maxHeap.push(-val) ;

b

[* TTEREME «/

function popMinHeap(maxHeap: MaxHeap): number {

/] TERER

return -maxHeap.pop();

F

[* HEPERIRTER */

function peekMinHeap(maxHeap: MaxHeap): number {

/I TTEERR

A @
o o

ZREERT
FEPIRT

uam (@)
o 0

R
PR

R ]
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return -maxHeap.peek();

I
[* BXHEEFERITE «/

function getMinHeap(maxHeap: MaxHeap): number[] {
// TTEER

return maxHeap.getMaxHeap().map((num: number) = -num);

b
[* BERHEEEHETRREAN k ExR */

function topKHeap(nums: number[], k: number): number[] {
/] 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]);

I
}
/] REBERRRITER

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)
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9-4 eI B ARt ARE

[ A A A L 25 AT B AT R

- $B#E (adjacency): HEMITHELZ HIFIEIBAHEI, REISWIESS “H0HE", 7EIE 9-4 rh, THEG 1 AAFHRETEE,
ATEEE 2. 3. 5,

- BBAE (path): ETHES A FITHES B &EAVBRERNFHIBRE 27E A B B 1Y “B&C7, 1L 9-4 1, BF
| 1-5-2-4 2 TESG 1 BITEES 4 19— REE1E,

- E (degree): —fHTHEMERRISE., ¥NAMIE, NE (in-degree) FnA Z/MKBIEZIES, HE
(out-degree) FnA Z/MEBIEXTHRTE L,

9.1.2 EIMERT

[ ) 5 AR 7T UG AR AT “HBRERT, DU A S [ A TR

1. MBiEREpE

RETHE SR A n, AMEMERE (adjacency matrix) HFH—ME n x n K/NHEERFRE, 8—17 F) 1R
F—HTESS, FERUTENRE, H 180 ZoRmiEES 2 MRS E R,

WE 9-5 Ff R, SRHSBEkER M., TEBGERSI% V| ASEEMITE Mi,j] = 1 FoRIEs V]i] 21 V)]
YRIEER, B2 M[i,j] = 0 FonmTEs: > M,

TRRsETI

#l o 1 2 3 &
o e 1 10

‘ ’\\\\ 101 e 1 0 @

SpIEIERE

graph adjacency matrix

9-5 [EIRABEAE AR

HPEFERLEA DU R,

- TEMEIE, THRGNRESL A, CERP R A AOTRIA B,
- BRSEE, E TS T, AR R R S A AR TR
- R EERIR RN 1 A 0 B, RInRoRAHERE.,
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(AR R P R Ry, TR AT DAERERA AR TR DB EGE, (RIS & R O RCeR R, R A
¥k O(1) o AT, ARSI S O(n?) , iEm s HEZ,

2. MpER

AR (adjacency list) ] n (EEEAS ERSIACRIRE, HEALSHIHIRIRORTHRS 5 ¢ (A5G RSB IETHR o
, HAPlAE 7 RZTER BT A AR L TR (Bl THRS AR A TER) o (8] 9-6 Jeom 1 —flEl (o FH A 42 R A 17 ) [ ) s
1l

TRR  ERIRRSRENFTA IR

e &
[ e« 2ele

RBHER
graph adjaceney list
9-6 [ERMIERLTR

AR BRGNS, TSRO E/NA n? , WItEENEEa, A, EMERhREE
I E AT A RS AR A GIE, TRl ELIRF VSR AN AN AR R e

BUERIE 9-6 , MILRAREEUEERPH “SAE” AERAHOL, DRI ERAM el CAER ATSRL 75 15K B AL 3X
B, L E ARSI R, AT DRSS R 2%y AVL BTaRALRAN, MR RRERRE O(n) R s
O(logn) ; IEr] DAEGESS S5 ER MR R, TEm R mERER=E O(1).

9.1.3 ENERER

R 9-1 R, FFEBIEARFA] DT EACERE, AH AR th n] DAL 25 [ R TR

®9-1 BEALTEH RAYE

HE B [ AL
A R KRR TBAELT JCHERS
HhERARES  uhERE UEREREIAEE M B R BR AR RS

ENZER B ERMEEASINER  TREYEEE
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9.2 EIRVEREHEF

THE 2

V] &+ AR

[ Y SRR E AT 0 29 387 ROTRCEANSS “THRE” BUBRME. £ “MPREIERT 1 “MPREER” MMERRTIE T, B
B AR,

9.2.1 EAMHEIERERETR

A —(E TERR R 2y n ORI (E, RIS RERERER BB 7 S\ANE 9-7 Fm.

- WIERINRRE . ERAE AR B SR E ANEENAT, A O(1) R, iR M, R
IRy SE T 177 T 32

©OBTTERG: 7EABRERRA AT — AT 5, WM 0 BIRT, [ O(n) R,

- RRTEEE: FEASEEE R T, MR TSI BRI, BEE (n — 1) R
“Ffe LRSEY, FETEA O(n2) IR,
- WA (A n TETERS, AR S n (UTEBE S vertices , AT O(n) WS WIGIL n x n K
AN EEAERE adjMat , 5 O(n?) KSR,

Step 1

Step 3

TRRGRT
=3l

MEE

N Y

TRRGERT
=3l

ipRE G-

~ W N ke

S kB o kB o ©

S kB & o ©

s & r & »r &

s & r & e =~

B e ke kW
S r Rk o & =

B R e B e N

HpiEIERE ]

Step 2

B B e kW
S kB o ©

BR e kRN

HpEAERE -]

Step 4

s kB B B o ©

®© o r B o o ©

S & r & »r B

® o o »r o & »

PR e Rk RN
B e Rk e kW

ABIEIERE

®© kB e k| kB N
® B o B o B W

ABiErERE

S B B & o &

® o r B o o &

e o | ® o o
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ms @0 000
/) 1 2 3

Gi¥——*@§%\\\y
\ "
o
o

] SBiENERE

MR ©)

s & o & o &

0
1
1
0
0

F W N ke
S kB Rk & R
S B o B
S & r k| o

Step 5

[ 9-7 HRFEMAIRTIAIL, BEME, S TERS

DA & J5 7 5 ek 2 s [ ) B B AR T -
// == File: graph_adjacency_matrix.ts =

/* BERIMEERERNERELER +/

class GraphAdjMat {
vertices: number[]; // TEEEEFI, TRAR “TEEE", R3INK “TEEZRS
adjMat: number[1[]; // #BIZ5EME, 175IR5|EHE “TBEZES!”

/*x BEETF */
constructor(vertices: number[], edges: number[][]) {
this.vertices = [];
this.adjMat = [];
/] FEIEEL
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(): number {

return this.vertices.length;
b

[* FTZTERE +/
addVertex(val: number): void {
const n: number = this.size();
/] ETEERERSIRHTIEHTERY(E
this.vertices.push(val);
/] TEEMEEPERHIE—1T
const newRow: number[] = [1;
for (let j: number = 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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/* MHBRTERL +/
removeVertex(index: number): void {
if (index >= this.size()) {
throw new RangeError('Index Out Of Bounds Exception');
b
/] 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);
+
+

[* FigE */
// B i, j HE vertices jTEZESI
addEdge(i: number, j: number): void {
/] RSIHRRIEERE
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

/* MRS */
/| B# i, j HFE vertices TTEHEZXRS|
removeEdge(i: number, j: number): void {
// BE5|MREEFRIE
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(): void {
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.ts =
/*x EREMERERNVERELER +/

class GraphAdjList {
/] #BIER, key: TEEL, value: ZIBELRIFRE#NIZIEE,
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adjList: Map<Vertex, Vertex[]>;

/* BT %/
constructor(edges: Vertex[][]) {
this.adjList = new Map();
/] FILFRAETERFE
for (const edge of edges) {
this.addVertex(edge[0]);
this.addVertex(edge[1]);
this.addEdge(edge[0], edgel[1]);

F

[* EEEHHE */
size(): number {
return this.adjlList.size;

F

[* FEE «/
addEdge(vetl: Vertex, vet2: Vertex): void {
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');

+
/* MBRE */
removeEdge(vetl: Vertex, vet2: Vertex): void {
if (
Ithis.adjList.has(vetl) ||
Ithis.adjList.has(vet2) ||
vetl = vet2 ||
this.adjList.get(vetl).index0f(vet2) = -1
) {
throw new Error('Illegal Argument Exception');
}
// 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);
b

[* FTIBTERL x/

addVertex(vet: Vertex): void {
if (this.adjList.has(vet)) return;
/] TEMIERPHIE—(EHEAERT
this.adjList.set(vet, [1);

+

/* RIBRTERL */
removeVertex(vet: Vertex): void {
if (!this.adjList.has(vet)) {
throw new Error('Illegal Argument Exception');

¥
/] TERBEERRAMIBRIERS vet HFERVHEASSRT
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this.adjList.delete(vet);
/] EFEMIEEIEGESY, MPRFAIEESE vet NI
for (const set of this.adjList.values()) {
const index: number = set.indexO0f(vet);
if (index > -1) {
set.splice(index, 1);
}
+
/* FUENHARER x/
print(): void {
console.log(' #piER =');
for (const [key, valuel of this.adjList.entries()) {
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
(AR a) BEASCEBL, AR EER) SIERITH A R A MR R R EE,

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)

BIERK 902, LIPS CEER) MRS HRCR RS, HEE L, fEAEERr R R =
i, SRS AR ER TR, 525 2KE, ARAEMEREL T “DIs R AR, AR
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.ts =

[*x BEEBRES */
/] ERMERERTE, WEEBIEEIERIIPTEANIEZIER,
function graphBFS(graph: GraphAdjList, startVet: Vertex): Vertex[] {
/] TBEREFEREY
const res: Vertex[] = [];
[l BEES, BREREHEMBHIIER,
const visited: Set<Vertex> = 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
¥
que.push(adjVet); // RNFIREAR
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 <

’520

1

Q) 1: © 3 (2) B RE 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.ts =

/* REBSEFEENR */
function dfs(
graph: GraphAdjlList,
visited: Set<Vertex>,
res: Vertex[],
vet: Vertex
): void {
res.push(vet); // sCikshMTERS
visited.add(vet); // 1ZEsCZIERE KA
/] EFHZIBHBIFRE #DIZTER,
for (const adjVet of graph.adjList.get(vet)) {
if (visited.has(adjVet)) {
continue; // BKBEWFHRIAVIESRS
+
/] BTG A ETER,
dfs(graph, visited, res, adjVet);

b

[* REBFTET «/
/] ERAMERRERTE, UEERSERRBVPT A AR EIRR,

function graphDFS(graph: GraphAdjList, startVet: Vertex): Vertex[] {

/] TBHERFS!
const res: Vertex[] = [I;

/] #ERES, AR RmMEBIIER



How

www.hello-algo.com

190

const visited: Set<Vertex> = new Set();

dfs(graph, visited, res, startVet);

return res;

F

RS ER BRI E 9-12 FR,

- EURBMURI RHE, FORBHRCT — (BT AR AR 75 7 A T TE R
- HRSMRR R, FORMEE T ECAGRE, BRI T BRI T IR E,

7o T INRRRME, G E 9-12 BARHEAT S, (ERSPRRE (B F4EE A {E DFS dfe, it
R 75 TR IR BRR,  fATRF IR [

4
(st
@2—@%?
© oo
o
s

=

FEHFF res

000 J

WBIEE visited

(000 }

IBHEREES :
rewsns (6 ompsTans
mepmm @)

FEHFFF) res

00000

HRES visited

(00000 |

TBHEFEER :

rewsmns () sompzTms
EEHMERS

Step 2

Step 4 |

Step 6

EFS) res

00

HRES visited

Ll )

bri

v () somzTm
v @)

EHFT res

(0000 J

BBED visited

(0000 ]

SEAERLER

rewns () s TR
aemmEs ©)

EHFS) res

00000

HRES visited

(00000 |

ERE:
ms () wrsmEEsEEnY
Bz, mnzms ©)
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oo
! ﬁg
0—0

«
0—¢

Step 7

1
y Sl S,
(S
J QJQ
5

5 A N

© 00
7

©

Step 9

———

EHFFF] res
(000000 :
HRES visited °>—<@—(®
2 3
(000000 | K
P
© 0.0
B e
w0 sompzTams
asmE ©) o
Step 8 )
FEDFF res

000000 N T
MRES visited HG—B(GD

(000000 | é 5
09
AR nile
me (O srmamEmREERN .
RitgosaE, ERsmk ©) @
sutese - arEmEREs (O
Step 10
RIS res
) ) (0000000
@\—‘Q\%\/ ) HEES visited
|- S«E (0000000
© 090
! PR

g () omrEERRE Y
Bitgsnam, rzrs )
g ) miktEm, mEREy

@m‘\

Step 11

9-12 [ERIREEIETIPBR

EMFT res
(000000 |
HEES visited
loe0000 |
(SRR :

s () srrsmEEREE Y
Ritkesisam, mnzmEs ©)

EBHFT res

(0000000

BERED visited

0000000

it
rewns () somETns
mevrmEss ©)

W B LRI FE G —?
SRS E TR, IREESTET PRI AR ME— [, A BETHR, SerEMRE T iR R AR AT
DA, BRASRZTERGAINERS AT DUERATEL, #2REBIE,
DIHHEF 26, “MR— T = F" “E =R =6 F—=H - W 2hlEENF. Br. &FE
¥, EfMERT =REFBEIEE, RiME=&ERIREEET,

2. EHESR

WERIBIRE R TS TR @R 1k, O(|V]) BE: SIS eing 2, 5 O(2|E)) H;
g O(|V| + | E)) W,

SMIBIREE: 851 res , MBS visited HEBRESS V], BERERAS V|, EiER O(|V])

e



HOE www.hello-algo.com 192

9.4 I

1. ERSOIEE

- [EFRTERSFB AR, A DAFROR 2 —MHTERG A — MBI R 5

- MHEGRARMERR R GEESERSD) FoiaRaR (8, MEEEE (8 BAE&EERE, KR Emk,

- BREFEEAT AN, HEEE R ERTER A, AR RS N SRR

- RMRRIERA R ORE, BT B RETER, EEUTRAERE, M 180 FormiETER
MABEUER, MREREAE I M & R e ERCR R, [EES R,

- WA A 2 RS FR AR ROR I, 5 o MRS AS A S BT IETERS ¢, AP fEE TR TER R A E AR RETE R
PRRAAN BN AR R P AN G A 2, (H TR EE A Al R A AR H#NE, AR R AR,

- ERERTPARAS R RIRE, AT DU SR AR SOMER R, MR AR,

- AR AR AT, AREEREREEL T DA RN, AREEAREEE T DARFRE R

- BRI SEE B RS, WIS, HOBARES AR

- R EIE AR, A R R I Y AE A A — AR

- R EEESET R LR, EERRIE SR, EEE T,

- ERRE R REETERR, R ER AN ST, BRI EE,

2. Q&A

Q: FIERERBTHR IR RIBFHI?

HERER LRSS RANERS 8 g “BER—EEFy”, mhsahivg “BRISE —ETER
17, PARZIECHRESC: In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.

FEARSCH, BEHARA—EE P, MR —ETER 75, 82 E % M ETER ~ W rTREfF A 2 R AR, It
fR Fp {12 AR S0 JEE — PR

Q: AFEUEE F RS & H EIRE 2 HR?

fEAREIEE P, ERIETERS S, B0E (ATHRERERE, R TR E T o 2 Ek R,  DUERTEE
AT A EIE 7 &

Q: TEMRESRT, “BLEZIERSAIEAATATER" FITHRGIEY 2 & F ZK?

A URERER, (BAEEREMS, RIReREgifae SRR, HAEIRTER RS Ay, BB IHTE
REERNIINERFSE, EtRE A TIEER WA ERE ATER,
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F10E g

Abstract
M2 —IGARAMEbE, BMelir 2GR S e AvE, XEEFRT PAPIEEH E B,
EESG=mRZIRY, SRR A RS2 — AR G RHENE R,
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10.1 =—HiEs

—5#% (binary search) BN IGRIGH SRE SRR, EMAERIE R, S h—FEs
filE, EEKFHETTRSE SR AT 1k,

Question

fE—ERE R n KIS nums , TTRIZNEIRIIIERFHP HAER, #E#HIHREITTR target
PSR RIRG ], HRPIAE SR, ARE -1, /~E4NE 10-1 Fis,

35
31

26
23

15
12

fERERERTES]
nums

BAEFES] nuns , EHEETE target = 6

10-1 =orisonplEr

AnE 10-2 Fior, MRS i = ORI j = n— 1, S BHEABMSIE TEMRITE, (REEaER
0,0 — 1], LR, PERFRMAGRE, HOSEREAY,
R, TR,

L GtRARERE I m = [(i 4 ) /2], Ho | | FoRMA FIOERLE

2. H|Er nums[m] 1 target B R/NEMR, 7224 LL N =F1E M,

1. & nums[m] < target I, &BA target 7EIEM [m + 1, 7] 1, EHBHITi=m+ 1,
2. Hnums[m] > target W, A target &M [i,m — 1], FHHITj=m—1,
= target I, ZRPHERE| target, HRIMIRFEIRS] m .

3. & nums[m]

LIRS HETR, MaERREEH M 2, KRR -1,
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35 r 35|
| 31 i | 31 i
)3 26 53 26
i 15 | 15
: 12 ! 12
B“BHH sanill
#;El oo 12 3 4 5 6 7 8 9 #®l o 1 2 3 4 5 6 7 8 9
A A N A A
i j i n b
EE=3ES:
Weate i, j HREAETIETR. BTR 1. StEFE m = 1+ j) /2

MEXRTHEYD [1, j]

Step 1 Step 2

| == 1 2nll
b

6 s |
1 3 g . 3
fom D - |
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 4 5 6 7 8 9
A AoA A
i jom i om
EE=EE: EE=3EE:
1. BERE N = (4+3) /2 1. tEPR m = (i + j) / 2
2. ~ nums[m] > target
Step 3 ~BAT § = m - 1 GNEBER Step 4
=:.mi =:oml
#l o 1 2 3 4 5 6 7 8 9 #l o0 1 2 3 4 5 6 7 8 9
AA A Ao
m i j im j
EE=SEE: EE=SHE8:
1. StEFE n = (i +3) /2 1. MEhE W = (i +3j) /2
2. = nums[m] < target
Step 5 S BT A = mo+ 1 GNEBER Step 6
- “
= anf
#l o 1 2 3 4 5 6 7 8 9
A
m
EE=5E8:
1. BB m = (1 +3) /2
2. ~ nums[m] = target
~ BEFRS| m

Step 7

10-2 —n#smns
ERERRZE, BN f j AR int 2451, Wbk + j nIREEEE int BUBIRHUERIIE, % 7k RBHESR,
BIVEHRALR m = [0+ (j —1)/2] KatEAE,
RN R R:

// == File: binary_search.ts =

[* Zonw (BRER) */
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function binarySearch(nums: number[], target: number): number {
/] 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) {
/] FEHEZES| m
const m = Math.floor(i + (3 - 1) / 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 {
// #HREIBETE, REIHZES|
return m;
}
b
return -1; // KEKFBETE, &RE -1

BERIBIARIE 2 O(logn) = TE—4NEEH, RIS HG/N—F, FIDEERES log, n .
SAPBIRIE 2y O(1) + 4518 i A1 5 4 P Bk Nasi,

10.1.1 EFERTRHE

BT DASEERSL, HANERRTRE AR B, RS (0,n), BEEREAHY, HER
FAGEY, ERFRF, B [i, ) 161 = j KA.

FfMA] SRR E B A AR RER — S A A
// == File: binary_search.ts =

/* ZHEs (EEAARER) */
function binarySearchLCRO(nums: number[], target: number): number {
// ¥R ERERER [0, n) , BD i, j KilEEEFIETE. BxE:E +1
let 1 = 0,
j = nums.length;
// EE, SESERATHHRE (B i = j BAT)
while (i < j) {
/] StEHEZERS m
const m = Math.floor(i + (j - 1) / 2);
if (nums[m] < target) {
// WIEREREA target EER [m+l1, j) =
i=m+1;
} else if (nums[m] > target) {
// WIETERPE target EERT [i, m)
J = mj
} else {
/] HZEBEERER, REHZES|
return m;
¥
}
return -1; // RILFNBZETER, RE -1
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qniE 10-3 fioR, EMMEEMFOR S, o ESERIRARGIL, T FR AL R B A T E,

MR “EEPAIERE” RN A S TEOE FRAAPAIRRE, [RIE@ AR ¢ FIHEER J M/ R AR 1t
Mo EREARA S, Rt — Rl Rn “ERmRE MRk,

TE |

i%l\“@ 1 2 3 4 5 6 7 8 9"‘ ‘“@ 1 2 3 4 5 6 7 8 9"‘10
i ERERTEsES j i EERE38% RERTFEZAE
ESER: ¥PER [i, j] E8ERM: £AAHEEM [1, j)
Miadkisi®: i -0, j =n - 1 Miakigi®: i -0, j = n
EEEE IR i > EEARIEEE: i 2 )
MDERHEE: i =m+ 1, j=m-1 MEDERRE: i =m+ 1, j=m

[ 10-3 AL ] 3%

10.1.2 {BREEA(RRME

oS A IR RN 2 P 7 TR A LA O RN RE

MR R R AERYRLR T, S R R R R R I, E R n = 270
IR, ARPEERITRE 220 = 1048576 #EME, i —/MESER log, 20 = 20 HWIEHE,
- TS RRERSMER, BT ZRE IR I SRR (IR AR, oS N

? FEﬁ o
SR, —oriEEaAREARITA R, FEEITNER,

- CoEREERINERER. AWMAERHER, & THEH o RamErTETHY, SMEK. KAk
PRI EIE R 2 O(nlogn) , A& S E S, BAEHATRIER,
AR AP, FERTRBAZRENE, MHEEEEZ O(n), WE2IFEHER,

© DS EEARES, o Me TR QRESH) SIFITER, mERS ST R
AORCRIGAI, PRI ANIE & M P A St £ 271 e B R S R 71| BB S R

- NERET, MUEERSREELE, ERIEE#T, SRAE LR, mE—_ e, FE IR
ik, VIRBRIE. 1~ 3 UCHIBHRIE, 1k (BIR), 34~ 6 [ERTTRME, B, EERE n SV,
SEER R ML = SR,

10.2 “HiESHRAEL

ZorilEAMER AN S BETTR, BRI 22, s B TRIE A E,
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10.2.1 EHETEMNER

Question

i —EREZ n WA FHS nuns fMl—ECE target , MFIRNFEEEICE, B target
ABEF nums /) WRFFHA P, HESITCEFETTE target, HFEAZIHAETT, FIREHFAR
target 7EMFIHFHIRG ], REIAE 10-4 AR,

nums

BAR A target

nums

BAEFES] nums , BiZTER target = 6
Bl target RUIEAEIES|% 2

B 10-4 —SHESHHABRHIRDR

QUARAEHE ] b — B oA s, AIFRE I DA R A .
P —: BRSPS target I, HABMRGIZERZTRIIR?

A EHE K target FHAZMHEF TR AR, BEKENEAN target B TJEXK target N E, 5L
i, ERYIEE target I, HMABNRSIEREZ target &S],

FIRE—: EEYITALETE target I, HABZWHMETTRIRT?

E—PRE I NESERE: E nuns[n] < target I ¢ BB, EEWEIERE | FEARNRER target KITTR
S, [FIEE, IR J SA%AEAVIVRSEIR target HITTREEID,

Rt — SRR —E @ fBAEERR target RI7TER, j fRAIEME/NR target KITTR. HIFEHSIAA
# target B, WARTIZ i BXBWFITR:

// == File: binary_search_insertion.ts =

[* ZHESENY (BEETR) */
function binarySearchInsertionSimple(
nums: Array<number>,
target: number
): number {
let i = 0,
j = nums.length - 1; // #MACERER [0, n-1]
while (i <= j) {
const m = Math.floor(i + (3 - 1) / 2); // stEHhEYZERS| m, {FEH Math.floor() M FEEE
if (nums[m] < target) {
i=m+1; // target 7EERM [m+1, j] &
} else if (nums[m] > target) {
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j=m-1; // target &EERM [i, m-1]
} else {
return m; // #% target , REHENEL m

}
}
// F#KEF target , IREHHEND i

return i;

10.2.2 FHREEETENER

Question
16 b —ER A, B nfREE S ERITE, HERNE,

s R 7 E 28 target , RIREIE —/ri€s HEBR A A —{F target RIS, MiMEIAHEZCRN /AL
BIHIZEH 2/ target,

 H R B TR EA R R AR, F AR & ARSI b e i target KRG, V1205 EIZ IR E
10-5 FsHP BREHL,

1. YT ==, SEUER—1E target &SI, & k.
2. RSk BltG, mAEETHEME, EIRFIRALEN target FERE],

target

e

x ,.*\ PP

1. £=HESEES—E 6
2. BigEEHERAEN 6

10-5 #RPEE A TR AT AR,

4

U7 IREEA T, (AEEERIEEH, FIUERREEEESL On) . EMYITEERZERD target K, &
TR,
BEEinE o EesE, WE 10-6 R, BEREAR A, SRtsHETEERS m, FHE target
1 nums [m] MR/NBAIR, 5> A DL R &EED.
- Eonums[m] < target B nums[m] > target I, sREABIZEHE] target , HIHERAEE —/rE=
A4/ N REHRE, PEmiEEFEEE ¢ f1 j M) target S8R,
- Enums[m] = target Ff, FFA/NA target MTHEEERM [i,m — 1] 1, HIERH j=m — 1%k
fE/hERE, femifEREE 7 MZNR target CR I,

&SRS, @ f8MER/CEN target , 7 HRAEME/NR target 7T, KRS ¢ S2 AL,
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15} o 15}
| 12 [ | 12 i
i 10 i i 10
6 6 6 6 6 | 6 6 6 6 6
. wm 1
*ia > m
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A A A A A
i j i m j
EE—53EE:
Wiak i, j DREARTIETR. BTR 1. tEFR&E m = (i + j) / 2
WERTHERS [i, j]
Step 1 Step 2
15 15
12 [] 12 []
10 10
6 6 6 6 6 6 6 6
mE 1l mE 1 {
™ im 1 = a ]
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A Aoa A A N
i iom i om i
EE=sEE: BEZ5ES:
1. st8PE m = (i +3) /2 1. 58P m = i+ j) /2
2. v nums[m] = target
[ step 3 L BT G = m - 1 RIESER Step 4
15 15
12 [ 12 []
10 10
6 6 {6 616 6 6
o | E 1 [} |
=R k| = o D
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A A oA
m i j im j
EE=ER: EE=3HEE:
1. st m = (i +3§) /2 1. stEFE m = (3 +j) /2
2. ~ nums[m] < target
step 5 SBET Q=+ 1 RINESER step 6
15 15
12 [ 12 []
10 10
6 6 6 6 6 6 6 6
3
TR ‘1‘ [
4 5 6 7 8 9 #bl o 1 2 3 4 5 6 7 8 9
Ao A
j im i
EE=SEE:
1. st8PE m = (i +3) /2 v FRETERYE: i< j
2. = nums[m] = target = BhiH=s)iE, EEm3| i
[step 7 LT 5 = - 1 MESER Step 8

10-6 il BT R AT AR BR

BIZRDA N2, M7 57 nums[m] > target fll nums[m] = target HYHRIEMEE, RIE AT LA BE,
RGN, Bl sk aT DRI B R - CRae e B, DRI 2% S0 RR SR VA T, AT e B 4T
// == File: binary_search_insertion.ts =

[* ZHESEAY (FEERTR) «/

function binarySearchInsertion(nums: Array<number>, target: number): number {
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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]

let i

}
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,

EBF| DA RSN, ERIRE —1 BInl, X RAR:
// == File: binary_search_edge.ts =
/* ZHEERE—E target x/

function binarySearchLeftEdge(nums: Array<number>, target: number): number {
/] 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
- 800000
j i i i
EHRE—E
target +1
M|
EARE—E EHRG—E
target target

10-7 f&EsAIR S E DA /B 5

R, IREREARE ¢, RIEFREAERE 1, REmES
// == File: binary_search_edge.ts =

/* ZniES5E—@ target x/
function binarySearchRightEdge(nums: Array<number>, target: number): number {
/] 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

RN R R:

// == File: two_sum.ts =

[* FiE—: BHHIE «/
function twoSumBruteForce(nums: number[], target: number): number[] {
const n = nums.length;
/] WMELEE, REEHES 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—AMRR, A D BIREYTTRNITRRS], EEEES, SHEHITE 10-10 FisrPEk.

1. HIET#T target - nums[i] BEEMZERTS, G2, ERRENEMFETTRENIRSI.
2. RFSEES nums[1] AR5 1 Wiz R,

target = 13
nums = ‘7 ‘7 11]15
key TR
map =
EHET) nums ,

“ 13 - 2 = 11 FfE map
I o $TTE 2 FE map
Step 1

target = 13

nums = || [12]as]|

TR

{:1 1 J

EES) nuns

13 - 7 = 6 A map
o TR 7 FGE map

Step 2

target = 13

nums =

TR

- 88 |z

EHES) nums

13 - 11 = 2 7F map F
~ BETREAES| [0, 2]
Step 3

& 10-10 BB K I m B

BB IR, EFEERERT
// == File: two_sum.ts =

[* FiEZ: EEBIMEER +/
function twoSumHashTable(nums: number[], target: number): number[] {
/] HEBNEER, THEEMES 0(n)
let m: Map<number, number> = new Map();
// EBREEE, REEHES 0(n)
for (let 1 = 0; i < nums.length; i++) {
let index = m.get(target - nums[i]);

if (index != undefined) {
return [index, il;
} else {
m.set(nums[i], i);
}
+
return [1;

W B BRI R B O(n?) B85 O(n) , RIBRTHITACR,

HIA T B — RS AR R, BRI EREE S O(n) o REWIL, 3507 AP RIR 23 3505 0 A 11,
Pt e R A E R e A
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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) ©



209

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.ts =

[* FEEHE */
function selectionSort(nums: number[]): void {
let n = nums.length;
// SMERE: KHFERBA [1, n-1]
for (let i = 0; i <n - 1; i++) {
/] NEE: RERHFERNNRINTTE
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 BEERHE
- BEIBEEREZ O(n?). IREDEMEHERE: SMERELE n — 1, S WIRIEFERIRRES 0, RE
HUARHFERRE 2 2, EISHANERAHIES n, n— 1. .. 3. 2WPeiEH, kg Ut
C EBGRRE S O(1). UMb : f50 0 A1 j (8 PR RO N RSN

- AEREHE: aniE 11-3 R, JEER nums[i] A RIRERC BB EHAMERTTRIGIE, SEE Y
N7 3 A A B

FHFER

oo
BITE RS

FHIFER
30 0
SERR R — IR,
MIETE 4 EESAEEET RS

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

B9TE

- 00008
HITE 1 BER
ooDoBno |

7% 2 WES

BITE 3 WEER

a0 e

BHITE « BEA

0800

BiT%¥ 5 WEE

088000

FeRHE (RIgf—ET=ERET)

11-5 JERHEFp R

RBIFE SR
// == File: bubble_sort.ts =

/* JEFHEE +/
function bubbleSort(nums: number[]): void {
// 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

FIRAEREF M O(n) o
// == File: bubble_sort.ts =

/* BFHE (IZEREN) +/
function bubbleSortWithFlag(nums: number[]): void {
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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.ts =

/* HNHE +/
function insertionSort(nums: number[]): void {
// SMERE: BHFERA [0, 1-1]
for (let i = 1; i < nums.length; i++) {
const base = nums[il;
let j =1 - 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 FERIEMRUE

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.ts =

/* TTEXM */

swap(nums: number[], i: number, j: number): void {
let tmp = nums[il;
nums[i]l = nums[j];
nums[j] = tmp;

F

/* HEED x/
partition(nums: number[], left: number, right: number): number {
// KL nums[left] ZEEEE
let i = left,
j = right;
while (i < j) {
while (i < j && nums[j] >= nums[left]) {
j -=1; // REEAKREENEEHNTE
}
while (i < j && nums[i] <= nums[left]) {
i+=1; // ERGHKREEANREEZHNTE
¥
/] TTERHR
this.swap(nums, i, j); // KREMETE
b
this.swap(nums, i, left); // EEEFESIAEM FREYIHND R4
return i; // REIEZEHHRS]

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 \
BARGIEE
aoD000

TR

a
B
a

ECOFREFI#T “HEss”
EEEFET EEARTFES - EETFEIRES 1 KL

. BIRISERk I HEE

RS B

: (8008
ERIEEE
0888008 \
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119 PesHERr e

// == File: quick_sort.ts =

/% R +/
quickSort(nums: number[], left: number, right: number): void {
/] FREFIREZD 1 RLIEEDR
if (left >= right) {
return;
+
/] HEESD
const pivot = this.partition(nums, left, right);
/] EEAEFRES. GFES
this.quickSort(nums, left, pivot - 1);
this.quickSort(nums, pivot + 1, right);

11.5.2 EEZFH

- IRHBEIEZ O(nlogn). JEEBEREHDT: EFSERT, WHESEISRERE S logn, BEHH
AEEE A N, BEHEH O(nlogn) Riftl, ERZEMN T, FRESE DRI RE 2 n (IFEFIE]
DrARES M n — 1 BWETES, REEEGEER n, SREPIEBE S n, S8R O(n2)
IR

- BHBEEES O(n). BT E#A Y E2EFRER T, FERRZRERE n, HH O(n) #
B, HEFIRE RS FIEITHY, ARFEBNEEIMNES,

- AEREEHY . EEIEISNRE D, ERERIRES IR BT RIE M,

11.5.3 RIEHIFAER

e ERiRER t, PORHFFERCR T HEZEA —ERES, 8 PR PR e 50k
Fe7 A CHEREHERET AR, (EDE R DO ORCRE s, EEA DURERE,

- HBURZENE DU BRI SEADORHEF R EREIRIRE S O(n?) , WHAHITRE, EEEX
ZHIEHT, PuEHEFREE O(nlogn) MIRERIMEHEE 8T,

o PRHERIRCR S EPUTINSRE IR IR, RATADR A T S S ER,  BlIFFET R AR
o Mg “HERHEP” SRR AR TR, EmEk=iE Rt

- BARERREBURBUD: E EIR=REEEAT, PUEHEERI LR, A, SREREAEER D, EH
AT L kT ERA SR AL,

11.5.4 BEHREWL

PRidtHE P (e 2l A\ T ROIRFEISCR AT RERRAIS, 28— (Etwsm Bl 7, R ARSI 2 2R, BRErEE
BREuTCR IR R, BN R ) 7e iR, AREEWEREMY R, B FEYIRER n — 1.
AFEAIRER 0 R N, S aE MR E Ml B RES 0, 2IERIGKRRL, s
BACR “TEIRHERT BUEIE R,
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7RISR, BT DURAELI Sell) 7y v R SL R BB IGR G . Ban, BRI AT DARE MO —
TETCRIEZ AR, AT, WSRERE, SREER AR R, MeRMAT TN,

FEERNE, BGESEEARIE “RRERED . WIRIRMTE B R BT IR — R E ISR,
AREEPRIHE PP B RRAT PR T RES 1o

VPG, AT DAERS R = A pSE TR CERE AMSIE, B, PRITR), Al =k
TCRAPPA B E 2 AR, JEhE o, FEH BB AR RIRERIER T, B, BINER
BICE 2 e R, DUE— PR m AN, SRS, RRBEMESKE O(n?) MR K
KFEAR.

FRBIFE SR :
// == File: quick_sort.ts =

[* EEN={E{REETTEAPMIE +/
medianThree(

nums: number[],

left: number,

mid: number,

right: number
): number {

let 1 = nums[left],
m = nums[mid],
r = nums[right];

// mE1THMr 2B

if ((L<=m&&m<=7r) || (r<=mé&&m <= 1)) return mid;
// L7Emn M r 2M

if (m<=18&& 1L <=1r) || (r<=18&& 1 <= m)) return left;
return right;

h
/* HEEID (ZEEBE) *«/

partition(nums: number[], left: number, right: number): number {
/] EE={E{#E T RPN
let med = this.medianThree(
nums,
left,
Math.floor((left + right) / 2),
right
)5
/] EHRAIER R E B R
this.swap(nums, left, med);
// BL nums[left] BELEZ
let i = left,
j = right;
while (i < j) {
while (i < j && nums[j] >= nums[left]) {
j--; /] REREREENNREESNTERE
¥
while (i < j && nums[i] <= nums[left]) {
i++; // RERGKREERNEEHNTERE
¥
this.swap(nums, i, j); // IEWETE
}
this.swap(nums, i, left); // KEEEBCINEMFETIRD R
return i; // REIEEHZES]
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11.5.5 RiEFERENL

TSR R, PutHb T REM SR 2, DIE A 7 aVEm A BEZ 205, SORE 7Ry IR E R m
T E R EE S EA RE S 0 NAEFRAIFREZ m — 1 G FY, 18 ERE & — g ik gy &b
RERAIER /N (R —EeR), RESNSEEER n — 1, HRFEGH O(n) K/NEHERIE
FEﬁo

2T SRS 2R, FRTAT DAYE SRR SRR e, HOBeHE TS R, RN Thiis)
YT, RS TRISIG R R Sl n/2 , RIS AR OB TR R log n , TR
SRR B O(logn) » FESREL FFR:

// = File: quick_sort.ts =

[* RRHF (REREREN) */
quickSort(nums: number[], left: number, right: number): void {
/] FEIRED 1 BRIk
while (left < right) {
/] HEE|DRE
let pivot = this.partition(nums, left, right);
/] EHWEFRES REEIARE B TR AR
if (pivot - left < right - pivot) {
this.quickSort(nums, left, pivot - 1); // EEHEALFES
left = pivot + 1; // FEREKRHFEMZE [pivot + 1, right]
} else {
this.quickSort(nums, pivot + 1, right); // IEEHFEAFRES
right = pivot - 1; // ®ggkHFEMZA [left, pivot - 1]
}

11.6 &HHIF

BHHF (merge sort) B —EENRMERISHIHF AR, WEE 11-10 Forg “81237 1 “G0F BB

L oy REBE: BRI R BB 8 A B B, S R B 1 P P R 25 T 71 O e P L
2. BOREE: BrEYIRER 1RSIy, BRGSO, RS A M EERE A RS & OF 2 — 185
RIVAFHZ, HEH,
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FEEEEEEER

Bl PR

... WE
S

SRR

11-10  AfFHER RIS 73 B 5 R B

11.6.1 BHEELHRIE

qniE 11-11 Ffos,  “E o BEEL” 8 TH 2 SRR X i Bz (e R 1) 20 25 w1 fei57

1. GRS E mid , RIEE 7MY (&R [left, mid]) A% (&FE [mid + 1, right]
)o
2. BEHITHER 1., AETFMEYIEMRER 1 R ILE,

“EORER” R THMR = TR A & 0F 2 — (E A P isl, REERRE, ERER 1 HFRH5I5
et AUFREEEREE T AR A P,

2880 J 2880
prsch kg RTEIS a
‘\ ........................................... HESHEE ’ ............................................ HREE
( 1= ‘ 31550
Eas ‘ EEst ’
| Step 1 ‘ Step 2 ‘
(7]=]2]¢) [ G880
prizici b ‘ EE#HS <
‘ bt & i
EEs EEs -

Step 3 ] [m
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BERS < Baws -
BEEE REHEE
SR FRUER
EMAH < EHAH -
| Step 5 Step 6
b 4101 U, EOES
_ wmgEa BWREE
EJ1=C50 L3100
E#Est < E¥EH <
Step 7 ] Step 8
BERS < Bews -
REHEE
FRUEE
EMAH < EHAH -
Step 9 Step 10

11-11 &0t BR

B, SOt R TR R E R RRENE 2 — B,

- REEER: SRBRIEAE TR, FREG TR, REEMARETRS,
- A JEREAE TR, FRES TS, RIRER S

A0HEF R EBA LR EREEAUR, SR, nuns KIS S ORI 2 [left, right], i tmp AUSBERER 2
[0, right - left].

// == File: merge_sort.ts =

/* BHETEYMEGFEY] x/
function merge(nums: number[], left: number, mid: number, right: number): void {
[/l EFEIERA [left, mid], AFESIERMZA [nid+1, right]
/] BI—(EEREsfES tmp , ARERAHEBIER
const tmp = new Array(right - left + 1);
/] AT A FRESRERZRS|
let i = left,
j mid + 1,
k 0;
/| BEAFEIIEEEITER, ETERIAFE T RE R EI R ES
while (i <= mid && j <= right) {
if (nums[i] <= nums[j]) {
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tmp[k++] = nums[i++];
} else {
tmp[k++] = nums[j++];

}
+
/] #EEFREYHAFREY AR R T R E R R B fES R
while (i <= mid) {
tmp[k++] = nums[i++];
+
while (j <= right) {
tmp[k++] = nums[j++];
+
/] HEERRERES tmp HRRYTTHREREFERES] nuns BIEHFERR]
for (k = 0; k < tmp.length; k++) {
nums[left + k] = tmp[k]l;
+
}

/* afHERE x/
function mergeSort(nums: number[], left: number, right: number): void {
/] IR
if (left >= right) return; // EFEFIREZ 1 K&LEE
/] B PEER
let mid = Math.floor(left + (right - left) / 2); // EtEHE
mergeSort(nums, left, mid); // IEiEAFFES
mergeSort(nums, mid + 1, right); // EEHEFEG
/] EHIEER
merge(nums, left, mid, right);

11.6.2 EEZIFH

- WEEIBARE 2 O(nlogn). 1FEEMEHE: 8145/ RIE % log n (HEER, 8 & DHOLHRIEYCR
Zn, FIHAHSEIEIEE S O(nlogn) .

- BB O(n). B EERRES logn , 5 O(logn) A/NKHEBIEAE, &0
FEHE RIS BB, (5 O(n) K/NURESNE,

- RBEHDY: TEADRBRR, MBS TR R,

11.6.3 $ELERTIHF
SHAGESERT, 2 BEHER AR LA P LA B0, o] DSRS0 P B B
E0(1).

- BT REBL: AT IEAQT BN BRI ACEBRAGEAS ARSI E o> AR, PET A 200 fE A A e
© ADRREEL: 1ERASERSIR, EIRCEMEREERSEES N (e HIRTER, RS GEmEES
FRifs R SOt R — A RA P ilas R 5) RN BRI NS R A,

HEGE AN LR, A B pE r] A R b E T2,
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11.7 MRHIF

Tip
BB AHTHT, SERECRT oS “HERE =,

AR (heap sort) J&—fEALAHERE RO RE BB A mScH P i RE, MR DI CAS SRR R A

BRIE” M1 TR HHERRIET EHIHERHET

L. B NN/ NESERR, IR E NTC SRR HERRTE,
2. NErETHHERTRE, RIXGLERIEHERDTR, RIRISEIENEIRHE I3,

PAETTIREESRRIAT, (EFREREY — (ARSI A R o tH TR, HEGRE M, EEERD, JIEE N

— AR B T

11.7.1 BEELRE

RIS n, HERHERP AR ANIE 11-12 For.

L. #@ PRSI RTEHER, SEiR, ATTRANHERETH,

2. RHERETH LR (BB —icR) MHEROTR (RE—HR) K. 5eiachg, HENRER L, B

Her e REE 1,

3. TEHERETE TR, TETHR R THERELIRIE (sift down). SERUERILER, HRIIIEERSENEE,

4. EEBITE 2. DM 3. P, WE n — 1 W&, HA]5ERESIHERE,

Tip

BB, STREMERREPRERE 2. 2NE 3. P, LEZ 7 E#HTRIP R,

N

/

@ @ ST
/ / 1. BABFIERIER
000
BB TMER
RMAMETIRT
L’gnannaﬁw
RMETR i&ﬁréﬁi
| Step 1 ‘
0 R

1. EINREFEER

2. EEMSERPRIRATER
(1) WERRTRBEBRTER
(2) RTRERETHERL

lﬁﬁﬁgﬁﬂﬁl’ﬁ EHFEEHﬂ
w— 000000

Step 3 \

Y
5 ) AT
\ 1. WARBILEER
. REUBATTE
\e \e @ 2. EEERTERRATE

(1) SERNATREERETER
iﬁEWE%{EH EHF#EH

nuns \ﬁuanna

Step 2

o © B
/ 1. BNREDI RS
p
000

2. EEMSEREPRBATER
BRNENEN BHFERN

) REEREERERETR
w (00000

Step 4
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o ©
é@@

STEHEN EHFEN
w1 6D

[ step 5 }

()
000

EMNEREN SHFER

w (B00808

=12
6 o

000

SRIHKER BHFEN
wes - DEOE

[ step 9 }

-]
e o
000

ﬁﬂwgﬂﬁﬂ ENEEH
— 100800

‘Step 11

SERHF

1. ENREFERER

2. EEMSERPRIRATR
(1) WERRTRBERRTR
(2) RTRERETHERW

SERHF

1. BINFEFIIEERH

2. EEUSERPEREATE
(1) ZSERETRERRTE
(2) REERETHERL

ST

1. BNEFEER

2. EEMSERPRIRATR
(1) IWERRTRIVERRTR
(2) RTEEREETHERW

SERHIF

1. BNEFIIEER

2. EEUSERPEREATE
(1) ZSERETRERRTE
(2) REERETHERL

o
000

ERNENER BHFERM

- (00000

Step 6

o
o o
000

BRNEREN BHFEM
~ 00800

Step 8

e o
000

HRNERERN ERFERN

-

- (100000

Step 10

o
e o
000

EBHFER

- 000000

Step 12

11-12  fefEHE 2 B

SETRHIF

1. EBNRDIERIER
2. EEMSEREPRBATER
(1) MBERRTRIBERARTR

SETRHIF

1. BINFETIEEER
2. JEEMSERPRIEATE
(1) ZSERATREERETR

SETRHIF

1. BINEDIEERER
2. EEMSEREPRBATER
(1) MBERRTRIVERRTR

R

1. BINFRTIIEEER

2. EEASERRRIEATE

(1) ZERATREERETR
(2) REEREITERL

3. FS—ETREARE, HFTM

TEREARSEBI, MM T “HER" ZEHERNEEERER sift_down () =X, ESERNZ, B
FRHERE R R JE G REE TRBURATTRTEVD, R EMTEELS sift_down ) HEFUHTYE —HREZH n, AR
TEEHERER B TR R, RIS R ATR:

// == File: heap_sort.ts
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/* HRBEHNRES n , {ER 1 FR, RIEERHERL «/
function siftDown(nums: number[], n: number, i: number): void {
while (true) {
/] FIEREREE 1, 1, r AEZKHER, 584 na
let 1 =2 %1+ 1;
letr =2 %1+ 2;
let ma = i;
if (L < n && nums[1] > nums[mal) {
ma = 1;
}

if (r < n & nums[r] > nums[mal]) {
ma = r;
+

/] EER i RATES| 1, r ©R, HEBEEEHEEL, B
if (ma = 1) {
break;
¥
/] AHAENE,
[nums[i], nums[mal] = [nums[mal, nums[il];
/] EERETHENL

i= ma;
}.
[* EREHFE */

function heapSort(nums: number[]): void {
/] EERRIRME: HRAPREME NI M B EE,
for (let i = Math.floor(nums.length / 2) - 1; i >= 0; i--) {
siftDown(nums, nums.length, i);
¥

/] {BERPIEERATR, BB n-1 &

for (let i = nums.length - 1; i > 0; i--) {
/] RIREMEEAENS (RRETREETR)
[nums[0], nums[il] = [nums[i], nums[0]];
/] LIRENEGA#CEL, WIEERETHRL
siftDown(nums, i, 0);

11.7.2 EBEZFY

INFRIRAEE 2 O(nlogn). AEEEREH: BHERREGEH O(n) R, e BUR AT R AR
IRHEE A O(logn) , HEE n — 1 .

- EHBEAES O(1). FiHbY: BEEEEEER O(1) M, TTRARFMER IR EET 2 7E R 51
LT,

- AT ERHUERTE TR AMER TR IR, TR AV B AT RE R AR (L,

11.8 1&@HiF

AR MAEHE - E A E Y SR R HE AR, EME R BT RMR A MR E Y. HORHER T
BRI AR M O(nlogn) o #ERAK, BAMVKHRS %M “AEHeBipsais”, ermmr sk
J& AT AR SRR
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@ (bucket sort) 2 IGHRIGH— A BN, EIEBBE —LEHA R/ MEFIIM, a6 E— 188
TREE, HERPFI RIS ER T R, EREMNEOBITHEE; BAERMRER T B RS
{7j8

11.8.1 EEZRIE
% — AR n WS, HITREEEE [0,1) NATRESL FHEFRRME 11-13 Fis.

L. WIGME k (8, % n 7RIS kEET,
2. BEEMDBITHRE GEM MRS INEHFEED,
3. HEIHRAE NEIRBINER & OF R

Roioslil (0. o o.50 Jo.52 J0.05 Jo.57] 0.3 .91 Jo.7sJo.15To.57 JE SV NP e
— /[ — S ECEIH RS
1 His@EED
buckets #ﬁiﬁﬂ?
HFEEE [@.2; 0.4) [e.4, 0.6) [m.a',. 0.8)
| ' BRRERIET
N S BHER
EREy)
nums
11-13 e R E TR
A FFR:
// == File: bucket_sort.ts =

/* @HEE */
function bucketSort(nums: number[]): void {
/] #afk k = n/2 @@, EHRSEESE 2 ExR
const k = nums.length / 2;
const buckets: number[][] = [
for (let i = 0; i < k; i++) {
buckets.push([]);

13

+
/1. #EFTERSERIZEREFR
for (const num of nums) {
/] BNENEREZ [0, 1), B num * k HIRFES|EE [0, k-1]
const i = Math.floor(num * k);
// ¥ num HIEER i
buckets[i].push(num);

+

[l 2. BEERNTHRF

for (const bucket of buckets) {
/] ERRNEHFRRI, Wa SRR EMmEE EEE
bucket.sort((a, b) = a - b);
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/] 3. EHREHER

let i = 0;

for (const bucket of buckets) {
for (const num of bucket) {

nums[i++] = num;

+

+

}

11.8.2 EEZIFH

e AR R PR BARORRIBORL, BN, A RS 100 BHETR, BRsRHIRE, RCEEEL—
MEMAPTE &R LR, ATDUR R AR 1000 (8, A% 70 BB S EMETHF, RERSTREH,

- IEHBGREZ O(n + k) @ RROCRIESERN P, IEFEMRNKTTREER T o B
BEMER O(% log ) Rifd, RIHEFPRTEREH O(nlog 7) Wefdl. BEATEUR kb PLBOKIKS, IRFRIBEHE
JERIBIIR O(n) . BOFEERNFRZETNAMMITER, €% O(n + k) R, EREENT, HE
FHE I ECE— (BRI, BHEFZAER O(n?) Kk,

- BHBEES O(n + k). IR FEFED EEgL n Mo REssH.

MR R A RE R HE PN TR I ETR R S RE.

11.8.3 MEIEIRFIY 5L

iR R R R R _ BT POES] O(n) , BSHERAT RIS RIS, KA BERERHEE R
B, Blan, BRI SRR B b AR R R A P o EC R 10 G, RS R ERS o A,
IR 100 JTERYAER 22, &k 1000 TTAYAEHR Do 35 i E S [ P28 70 2 10 8, SEMPRIm S S EZE S
FEH K.

RHEBLFINEL, FITA] DUCoE —RE 2 SR, R R 2 3 (EAf. SrBse R, PR RS
B2 RIRIARATE 7 2y 3 I, EEFTAMPRTRBUR KRB,
GniE 11-14 fios, JERIEAE BRE PR, AERREARERTRE, R, ~fEEE
R Rl o 2% 3 (A, ELAEEI 7 75 TR IR R R B TG %
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R
-— HHEISER
RBE — 65y 20% 15% -
FEIEER BRI
MEEM —1bo 100-500 >500 <10 8%
- . 10-20 13%
e 0 20-35 12%
18% 35% 12% 35-50 10%
50-100  12%
<10 10450 50-100 100-500  20%
>500 15%
13%
10-20 20-35 35-50

11-14  JEEEH| 734

QR BAME ARITE P b S O MR 41, BT DURRDR ORISR 70 i S TEIS RO J0 SRAR. (EISHERRVE,
BRI A —E TERESET,  a] DARIRE R RE PR SR MR R A T AL

qniE 11-15 Fio, B ah AR ARTE I RE 70, ISRl i DA B 3 e (B I ], FRE T R A 125 20 i
FBEE

HWEEE

0.4

- K
0.0

+oo  Em{ERE

’ ﬁ@ﬁﬁ@ﬁ

EHiBsEE <3 3~10 10~25 25~80 80~200 >200
11-15 HABEHER M E

11.9 HEHIF

stEHEF (counting sort) ZEiBMAH T REEAEE Y, 1EH ERREEHEL,
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11.9.1 fHEEIR

FeRE —EMENBIF. 58 —~ERER n (ES] nuns , HAPRTRERE “FEREC, sHEHIPI0RRER
FRUNE 11-16 Fim,

1. EFREA, RHEPHNRKET, L5 m, REEY—ERES m + 1 EBIFY] counter .

2. B counter &t nums HABFIIBLIRE, HA counter[num] HEEF num BIHEBUREL, #iEt
FIFREHE, HFEE nums GRERTEF A num), i counter[num] #0 1 BIA],

3. MR counter AMHARTIRARAF, FHMHERMABZCKH)TY 7, Bk, &ME counter
MRS B BB N ER B IE B nums BITA],

#HFm51 nuns ([ nn...ﬂ.

\\, B nuns MSHERFHHTAN
e . v counter[num] 8% num BIHIRNEL
]

ﬁ%l(ﬁ

ST counter

F#& counter , BIHUF
IRBHBDREIEN nums BPT]

HEREY nums

11-16 stEEHEFRE

A FFR:
// == File: counting_sort.ts =

/* HEHFE */
/] BEER, \ERARHFEYE
function countingSortNaive(nums: number[]): void {
/1. GEtRESIRATE m
let m: number = Math.max(...nums);
/] 2. GEEEFHILIRRE
// counter[num] X5k num BYEIRXEL
const counter: number[] = new Array<number>(m + 1).fill(0);
for (const num of nums) {
counter[num]++;
+
// 3. 7FEsh counter , EEITHREBENEMES] nums
let i = 0;
for (let num = 0; num < m + 1; num++) {
for (let j = 0; j < counter[num]; j++, i++) {
nums[i] = num;

h



F1E HF www.hello-algo.com 234

A FEICHE > BT HE e 1) R gk
e PRI AER, BT DU E B AR IS counter RIRHER S 1124 —EHE, AFHtatE
BREBRB S ETTR OB BT, AE L, S8R RARHEE R NI — R,

11.9.2 =B8R
ADREEATRERIR T, MR AR DE, R EE 3. ST . R NG REERT e, FhifAEdz
FRRT A ERS CERIR R B2E0 BIREITHE, i LR H A B A HE 7 45 5

AU A REAS 2 5 R HEFP A5 SRIE?. (M Jeat 5 counter AU “HISRAN”. BIAZERE, Rl i EIVETR
il prefix[1] FRESIRT 1 TR M:

prefix[i] = Z counter[j]
=0

RIS LA RN, prefix[num] - 1{RKICE num 7E45 MY res hitg—RIBBIM RG], EEE
ARAEE S, NAT S FRIRMSE T EEZ B A RS R E A B, 8 Rk, BAFEFE 7R nuns
EEICE num , EESRIERPFITLRML,

1. # num ARSI res YRS prefix[num] - 1 &,
2. DHIEA prefix[num] BN 1, MR NRBE nun RS,

EFTERIR, Y res FREHIFIFHIER, KEEM res EERMY nums BIA], [E 11-17 BIR 7525
At B R,

= (000000000 = (000000000

BF num &;i { 3 l: BF num B/ 1 "1 /3 4
&S counter an AIEEA prefix aannm
(counter )
FEF nums W EEBFIHIRE #tE counter MIAIRM, 3TH prefix
counter[num] €& num BHIDRE prefix[num] - 1 &K num 7 res PRE—RHBENES|
Step 1 Step 2
num num
= e (D B0000000 = oe: (000000000
s HEBENENOED
wemm o 17 3 4 BEom o 13 3 4
BIEEH prefix aannn HIEEA prefix aunn
(counter) (counter )
EIFES nuns RESETR nun , SRHT: BIFES nuns HRESETE nun , SRET:
1. #& num BN res WHE3| prefix[num] - 1 & 1. # num N res WF5| prefix[num] - 1 &
2. LHIEA prefix(num] B 1 , HMBHTRKE nun K3 2. QHIEM prefix[num] B 1 , HWEHNTRKE num W3]

Step 3 Step 4



H1E HF www.hello-algo.com 235

v v
= o (000000000 w  (00G000000
SRl [ [ T[T T=12] T4 szm s ([DOBD

/
/
e

S o
a -
BFnum o0 1 2 3 4 HF num
waw e (@EOO0 wew e (@EOOE
(counter) (counter)
FIFFED nums FRSETE nun , SHRAT: EIFFEDS nums FRSETE nun , SHRAT:
1. # num N res MF5| prefix[num] - 1 & 1. # num A\ res MI%3| prefix[num] - 1 &
2. LHIEA prefix(num] BE 1 , RMBHTRKE num K5 \ 2. QHIEA prefix[num] BiE 1 , HWEHTAKE num M3
[ Step 5 l Step 6

= 000000000 - (0000000000
e - (0000000000 e (0000000000

HF num 012'3"1.' HFoum 0 1 2 3 &4

I prefix ua BISEA prefix unn
(counter) (counter)
HREHAINEDRE, EIRRRESIFEREN R res BHERMES nuns EIF]

B res HRREHFNER

[ step 7 Step 8 |

11-17 &P B

at B R E BRSNS R RTR:

// == File: counting_sort.ts =

/* StEHERE +/
// TEER, THEYY, TEREEHF
function countingSort(nums: number[]): void {
// 1. f?;h%‘l’@?”%jﬁﬁ? m
let m: number = Math.max(...nums);
/] 2. HEABEFHILIRRE
// counter[num] 3T num BYHIRREL
const counter: number[] = new Array<number>(m + 1).fill(0);
for (const num of nums) {
counter[num]++;
+
// 3. X counter BIETERF, #§ “HIRRE” Eifas ‘BRI
// ED counter[num]l-1 @ num 7£ res HHRE—XHBIFENZES]
for (let 1 = 0; 1 < m; i++) {
counter[i + 1] += counter[i];
+
/] 4. EIFEES nuns , FETREBENGERES] res
// #WIE1LES] res FBRECEFER
const n = nums.length;
const res: number[] = new Array<number>(n);
for (let 1 =n - 1; i >=0; i--) {
const num = nums[i];
res[counter[num] - 1] = num; // # num KREIHEZRSIE
counter[num]--; // SHISBHER 1 , BEITXHE num BIZRS]
}
/] ERERMESY res BEREMS nums
for (let 1 = 0; i < n; i++) {
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nums[i] = res[il;
+
}

11.9.3 EBEZFH

- WEEIBRRIES O(n 4+ m). JEEBREHET © ¥ GET nums FIER counter , B FARMERFRT, —8%
BT n > m, KEEREER On) .

- BEEIES O(n +m). MY #B) T REDAIZ n F1m KRS res #l counter .

- Ry BRI res FHEFITRIIEFZE “CAMAE" 19, FIETFED nuns 7] DRSS T
S MMAEEN E, mEREEHF. B L, EFED nuns tha] IS EIEREAHEFAS R, HE5E
RAERRER,

11.9.4 {EMRE
EFNEH, (R easst st IERIGY, (5585 SRR VBB EHERE ., AT, RS
(TR 0 R S 2 RS

Al 8y BRI RS, AR AR AR AR ER, 7R fE R n] DU R R B RS, i H

FEE OB RPN REESE TR Z FIRAHB N R, BN, BNt E B BRIREES, ] UEAITH BT

bE—EHEE, Ml ErE S EE, Hip iR ERmE X,

st AR R RO E ORI R B TS DE,  Eean, 76 BSRRBIT m REERK, 5 Rl A i 2 22
Bn <mB, FHEHFEER O(m) K, FIEEH O(nlogn) RIHT A BHIEEE,

11.10 EE3HF

IR T RN, EIEAR SRR n BORE YRR m BN E, BERR M EE n = 100 852
SOEITHEY, MR8 8 MIHT, EREREEREE m = 10% R A, MAFEHFEE AR T
TRRE=s ), M BHE R AT DO S i 5 .

HEHF (radix sort) AURLEAHESHEHE — 2, thiZBESAHEBCRER T, fFHER L, EEHFA
M H AL MRGERERER, RUCEHF—ADETHY, RmS SRR RIHF AR,

11.10.1 BEERIE

DAESREER 201, BB IRIRAIRES 1A, Sesfoess 8 i, HEHIFRmARLE 11-18 Fir.

L Ve k =1,
2. BIEMREE k ACET CEHEERTT. IR, BERIEIRIRE b AR NEIRHET
3. K k3N 1, SMRIREER 2. 4EEDEIR, ERBIPTEEHER SERIEAS I,
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NEE RIS EB, BN dEAHEREE o, BEREE kAL x, , ATRMERABCREE A

BN nums
WAtk k = 1

B BB 0 HEE 24

10546151
35663510
42865989
34862445
81883077
88906420
72429244
30524779
82060337

63832996

35663510

88906420

10546151

72429244

63832996

81883077
82060337
42865989

30524779

35663517
88906427

82060337

81883077
305247793
42865989

63832995

CALbStE, HF

HFSE 8 fi

B 3~7 1 HHFEER

11-18  BEHEpERERE

Ty = |‘dk—1J mod d

T

10546151

30524779

34862445

35663510

42865989

63832996
72429244
81883077

82060337

88906420

Hrb o] FoRENTE o 1A RV, T mod d For d BUSE (IR, BHREeeekl, d = 10 B k € [1, 8]

o

A, AR Z N ESEE B RS, (2 AT AR RIS b AOE THE

// == File: radix_sort.ts =

/* JEBY7TE num BIE k fi, HA exp = 107 (k-1) */
function digit(num: number, exp: number): number {

/I BN exp MIE k AJLUBRELEERRITRENRGE

return Math.floor(num / exp) % 10;

b

/> stEHE (R#E nums % Kk HF) */

function countingSortDigit(nums: number[], exp: number): void {

/] HEMHINGIEERES 0~9 , ALFEERES 10 AIFEES
const counter = new Array(10).fill(0);
= nums.length;

const n

/] &5t 0~9 BHFMHIRH
for (let i = 0; i < n; i++) {
const d = digit(nums[i], exp); // ¥EBX nums[i] £ k fi, 5% d

counter[d]++; // HEHF d HHIVRE

F

/] KEIEA, & “HIRES Was EIIRS

for (let 1 = 1; i < 10; i++) {
counter[i] += counter[i - 1];

F

/] BIFES, RIBRNSEHER, BETHREN res

const res = new Array(n).fill(0);

for (let 1 =n - 1; i >=0; i--) {
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const d digit(nums[i], exp);

const j = counter[d] - 1; // B d ZEEFIFHZES] j
res[j] = nums[il; // $EFITTRENRS| j
counter[d]--; // #& d BHEER 1

+
// ERERBEEREMY] nuns
for (let 1 = 0; 1 < n; i++) {
nums[i] = res[il;
+
}

[* BEHFE */
function radixSort(nums: number[]): void {
/] EEEFINRATTE, ARFIERAE
let m: number = Math.max(... nums);
/] FEREM RSB ESS
for (let exp = 1; exp <= m; exp *= 10) {
/] HEFITENE Kk [UHITEREF
// k=1 ->exp =1
// kK =2 ->exp =10
// Bl exp = 107(k-1)
countingSortDigit(nums, exp);

SRR B 4G HER?

R P EROR, B—tatr S EEN W RAR BEIRE, MRS AR a <D,
M —WmHPaR a > b, BRESE @A — WAV R, BRE TS EIET =R K

iz, [RUIERZSEHE AL ML,

11.10.2 EEESY

MR G BHE R, SLBCHE I R B E S RIS DL, (H T2 RORLA S n] DAFOR R Bl GBI R 2, HLAE
BWARER K, BN, IZBECNES (R EGT, RAEAE LB, ATREEER A O(nk) > O(n?)

o

- IEBGRES O(nk). EABEEST: RERER n, RS dERHL BRMES E, RIS
HUTEHEHTAER O(n + d) R, HEFFrE k AER O((n + d)k) K, BHEIEWRT, d ik #HE

B, TR R O(n) .

- BREERES O(n + d). AEHHY : BEHEHTHEE, 8T TERERES n fl d 5] res

K1 counter .

- REHEE: EstEdpRe Ry, REsEERRTE; EstBdlir ARERs, R EIARES SRR

HEFP AR
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11.11 /&

1. ERSOIEE

R E A TR A R B, BB HTY R R AC B RAR ], R AT DU R
B S5 EE IR R MR L5 O ()

R HER R A I 9 7E 25 A S R AR E IR, TS, BESRIE ARG
BRI 2 O (n2) | {EHURBTHRIERTE D, B TE NG RHR O HE R (D R IE R 200,

R R S B MR B, TER B, A TR R IE R A S R R
MR O(n?) o 51\ RIBEL R b M SR B T DA (RS (L IUHER, B O ERE T
R, ARGRNEEREE, SRR RS O(logn) .

BB AR R AL AR EL, TR T SNARN, TEA ORI R S e
5II, SRR S O(n) 5 SRTHE R BRSS9 92 MERREE ] DAREEAL % O(1)

RIS S SRR, R A0SR, IR T AR, R R R
FORSI, R B T SR T T 5

CEFRCHE AR, A R R RS B . SR BT R R K ()
COREEATRAOEI, 3 LR s AL,

- B EBER R BB R, R A BT

- RIAGR, TRIMA RS R, A R, R, DA RS s, AT, 4
R RIS KR, 1 R AR S R R A L, (E R, TR
TR R R AR R A O

- 1119 B T ERHE IR, R, SRR B s,

BEERE SMERE R
ae mn me  me | BEE e mEmm miwe
mEAE 00 O0d  OkY o) | HEE  RM  KEEE R
tgff‘f)'* wAME  Om o)  om)  o() | EE  FH  GEE kB
AW Om) oM o) o) | EE W DEE  E®
BEHE  Onign) Omign)  O()  Ologn) | FME R FE@E  Hw
f(ﬁfsrf) | &% OMign) Omlogn) Ofnign) O | MWE 5  FEEE WK
#BHS  O(logn) O(mlogn) Ofniogn)  O() ‘ R RE FEEE ke
B#F | On+k On+k  OM) On+k | ME  6E FOEE  FHB
BOAR . WEsps On+m) Onvm) On+m) Omem) | E  HAE  FOEE  FER
E#HF O(n k) O(n k) O(n k) O(n +b) BE E[35:] EEEE  JEH®
n ABEREARN
= th & ‘ WHEFEF, kK AEHE

BHHFED, m AEREE
EHHESD, k BEAIH, HEa b &k

11-19 HEFri A RS L

2. Q&A

Q: HIFHEERE M BEEI NRAwFR?
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BT, BMETREENAEEE e THE R, flan, 2AEuaMaEmmiEEE, RMmEEEH—
a4 feteiRdRiETH T, 1550 (A, 180) (B, 185) (C, 170) (D, 170) ; H¥ HEETHF.
HRHE R EEEAREE, FItrTaeEfS%] (D, 170) (C, 170) (A, 180) (B, 185),

AIDAZEER, BYE DRI C MBI 7, WRRAEREREEE T, mERRMARERIN,
Q: Ml “EAEAE#” B “EAEAEHT BINER AT DIsSHE?

AT, BERMCURATR AR, SAE AT AER” B REAEAENR, Bl ERER,
BAAH I — RIR A

M EE#| 5 partition () HRE S 23 nums [Left] 1 nums [1] . 52 A g, FEAEBUE IR 1T BHT <= 3
W TR IE 5 2 i nums [Left] >= nums[i] SAZEMRNE, BRI “EIEEA TR, AR
AR AR E R CER, HIEE 1 = j IEkHERE, BInIEE nums[j] = nums[i] > nums[left],
st s, MRS — D e e i — (i L R M B K e B B A i Aoy, O Ry R

BEpIF, 4Eks e, o, 6, 6, 11, WAL “WERAER", Ml ®REY% [1, 0, 0, 0, 0],
TS fEAE SR A IEERT,

BRABE T, WIRIMEEE nums [right] AL E, AREIELFSORA, e “IEEFEAER,
Q: B PRIEHE P HRE IR B AL, At BRI RE ARSI E AR TR I R A log n ?

RSB R PR A 2 AR [ 3R 77 TR A B, i I S 1 A7 [ ek 71 1 5 20 T {1 - P71, 7RI AR VR A
Ht2, [ FRER 7Y R ER K2R RER—F, BEEERT, —BEs—FERE, BERZIIE
TERERZ logn .

[l E R PO AR, FRAIMA AT RE & AR E R R KRS, REBR A n. n—1. ... 2. 1, &
ERER n o IRIETR R AT DUk S I Il

Q: EMFIHFTE TLRAERE, PodH T R 2 O(n?) W52 A g Bl IR 15 ?

. BIRIEREEI, w] DA ROE BN S RS E] o 2 =R /R SRR RINEREEL, (A TR
M NAFUERIREI MR 7. FERZITIE S, EATTREMHEFRIRES], (s o BT e,

Q: Wb IR R R E AR O(n?) ?

BEWMT, FrETEMS SRR, ARRPHRA 1 O(n?) FELkACH REtT s, RN
% O(n?)
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F£128F #74

Abstract
HEMOR B, BRI e S B A R,
DMEZER T —AERENEE: HBEME, —UEIEEH,
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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

M —ERER n AR nuns , HARFTATRAERE K, EEITR target

o, HMFESEE (4, 5] BN FRERLZS £(4, 7).
DUERIRE f(0,n — 1) Alctal, &bl N S EREIT — e S,

. stEEREM [0, 7] B8 m , R EHRR— S E R,
2. MR SR RIS N — I TR, AIRER f(i,m — 1) 8 f(m +1,j).
3. S 1. B 2. B, HEE target Bl 2RI [E],

12-4 JoR T ARSI rp 0 80K 6 I TRIR,

A

\ 4 m
(o, 3) an 12 15 23 26 31 35]
A

n W
(2, 3) [1 3 nn 12 15 23 26 31 35]
A
m

A 4

BAERETE 6 MHR3A 2

12-4 o ¥sK061ERE

FEEBERIE,, FME & —EREER dfs () AKRMEHE f(i,7)

// == File: binary_search_recur.ts =

/x oS BE fd, j) x/
function dfs(nums: number[], target: number, i: number, j: number): number {
[/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: number[], target: number): number {
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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FRENEEEE preorder YT FHTE inorder IR ER

HFB it 14 (m—1) [m+1,7]

SR, AFERETERS I (m — ) &R AR, SR aE 12-7 FiE

HiFFED
o000
preorder
A A A

i i+l i+1+(m-1)

PFEED
inorder n
A A A

1 m r

12-7 AREVERIZEA T BIRR S EERR

4. EXBEER

2 THRTFER m 1R, BIIFED—EHEER hmap K] inorder T EIR 5|1y b
// == File: build_tree.ts =

/* WBEZTE: 298 */

function dfs(

preorder: number[],
inorderMap: Map<number, number>,

i: number,
1: number,
r: number

): TreeNode | null {
[/ FHEMATREELLE
if (r - 1 < 0) return null;
/] R IRENE,
const root: TreeNode = new TreeNode(preorder[il]);
// E# n, MmN EETFHE
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);
/] REIRETE,
return root;

I

/* WBEZTR +/

function buildTree(preorder: number[], inorder: number[]): TreeNode | null {
/] ¥aEEER, #1F inorder FTTEREIZERS|AVEM
let inorderMap = new Map<number, number>();
for (let i = 0; i < inorder.length; i++) {
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inorderMap.set(inorder[i], i);
}
const root = dfs(preorder, inorderMap, 0, 0, inorder.length - 1);
return root;

[ 12-8 R 7RI TRIRRIEERE, SEERRER T B fmEhEA, marE (M) ZAER
£ T BERE AL,

wweorser (S EEIENED
e (O OOE o

preoraer (3 (@2 (1 (7 @
inorcer ({3 (127

) == ] -« B I3 =3 £
Step 1 Step 2

-]
-

/ Er o -

@ 9 3 n inorder

o) e I8 EZB BB
Step 3 Step 4

inorder @
Came J =7 | 7 |

Step 5 J ‘ Step 6

/ / 39 a preorder

/ @ 9 3 a inorder
3 9 2 1 u preorder
@ m inorder @ @
COEREs B =B £
Step 8

Came J 7 | o7 |

Cstep 7 |
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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.ts =

/* BE—EEE */
function move(src: number[], tar: number[]): void {
// # src ERFEH—EEE
const pan = src.pop(Q);
/] WEERERN tar TESP
tar.push(pan);
+

[* KEEAINEERIRE f(1) %/
function dfs(i: number, src: number[], buf: number[], tar: number[]): void {
/| & 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);

+

/% REEAIPIERRE */

function solveHanota(A: number[], B: number[]l, C: number[]): void {
const n = A.length;
// #& A TEZF n {EEEEFER) B #% C
dfs(n, A, B, C);

4niE 12-15 AR, NSERER K — IR 2 n BORERE, S8 ER AR 0 7R, BIE—ER AT dfs O
B, BREERES O(27), SHEMEL On) .

M @ @ O O G G o

12-15 (A NSE I RE AR e At
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Quote

PN RETR B — S E e, EhEEN—ESEEE, BEME=RERNEaET, DAk 64
TEHR N —HEE R, BEMNEEEER, MMEEERE — [ ERYOEMRENI—Z], B
TH SRt & AR,

SRIM, BN PSSR —k, SHTEARL 204 ~ 1.84 x 1010 #, &% 5850 {4, isid
8 7R T E AR, TR, MEEEERZEEN, RMEZAFEROETRHNEIR,

12.5 /i

1. ERSOIEE

- oriaR R RREETARGET RS, EAE o @) fe (B0F) Mg, 8 RRIREEE,

- BRSO IGTEEIAFE IR MRS R, TRER SR, TRIERES S,

- AR R TR RIS SR ER], R bR P A 03 2% R AR E RS, EE R AT R R
wEa v, 1EmsERidHET.

© BIAARIGERE R DARTHERIERCR, — 750, 2ERIEED TIRIERE,; H—Jim, SHaREAIR
RHIAMATIREE,

- oMIAREA] DURIRET 2 IR, Rz B e R B RA RS, R n] R B,

- MEBR RS, BEEMSECRER, FEEMEZ O(logn) MRS ZERHERIRE
B,

- S ESEIRRIEH S IR, ENE SR T REERRET S A RIP B, I AT DO E IR
THAEB i,

- ERME TR RTE S, MR (SRR AT DAB ) i e TR T (D, g Rl DAEE ]
SR AR R AE AR 5 | [ AR B B

- AEFINIERES, —E R n AR R DAE > 2 MR 2 n — 1 B9 R — BRIy 1 A9
o TZNER RS = 7R, JREERE SRR,
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BE13E [

Abstract
BN ER = R RIR RS, FERTERIER ol sE e 2| K&,
[EIWARY D &R M RE S E TR LR, TETER, RAIRENEAEHNE M,
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13.1 [EIEEZE

EESEE (backtracking algorithm) & —fHiEE 53 AR IR ER 7%, B0 B ZIE—EIiaIkGE
3, RAOMISFERTREIMIRTT R, EEFEMARIEERER, ERHEIMEEER T rTReny e
IR AR A 1k

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.ts =

/* HiFFE: HIE— */
function preOrder(root: TreeNode | null, res: TreeNode[]): void {

if (root = null) {
return;

¥

if (root.val = 7) {

/] ECERfE
res.push(root);
+
preOrder(root.left, res);
preOrder(root.right, res);

BIFFEsA—7ui,
WECHRMER 7 BURARS

AiFFES
£ @ RERs

[ 13-1 FERTFEAE A IR TR

13.1.1 ExFE[O);ER

Z i DARE 2 25 IR R, RN 2 X RA R SRS IR G ER L “ERL B R BSRIS, ETERIATE
B B R SR R TR ST TE B TR BTN R R AR RO, B RGP RRE, RAIF AT
ARRE, & R H A AT RERIEEE,
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BRBIE—, FEEEERHAAR X BT, MR EEE R EOR AR EIRE return RIFOR “[MHR”
ERHRIRE, PR EERREGRN, ZipRs R, BIMTBEGIRE—MIEnRE.

Pl —
FEZ TR PR ATE AR 7 AIETRS, GHIR IR, 2E L R R 1L

TEBIE— TR Y BESR b, FAMFREER) — 5% path sCdkan B AV EIREERIE, Eanfi2HEA 7 RYEIRLEE,
I % path AHTHDES R ARSI res . EFITEMIR, res HREFRIHUZATE B, RXHEIN FR:

// == File: preorder_traversal_ii_compact.ts =

/* BIFES: BIEZ +/
function preOrder(
root: TreeNode | null,
path: TreeNodel[],
res: TreeNode[][]
): void {
if (root =
return;

¥

// ERA

path.push(root);

if (root.va
/] ECERAR
res.push([...pathl);

b

preOrder(root.left, path, res);
preOrder(root.right, path, res);
// [EhE

path.pop();

FERR BT ) FME A E ARG E path RECERISES; WifE “ENR” A, TR T ZEIENE
path g, PAVREEARE K ZAiIRE,

BlsiE 13-2 Fosisfs, R BURFERUMmBRLAESy “RidE” B “RE”, miEiRiE LR,

N //\

J BE: BOEN, BRI /\‘/’\ BB BOES, BRRE
/ \ ELE: {RERAE, KRR ELE: KRG, &NEE
path = [1] V path = [1, 7]

// \\ // 5\, // &\ // \\ BB 7 | AHERAERR

res = [] res = [[1, 7]1]

Step 1 Step 2
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BE: BOE, BRI
E8: tRERAE, RRE
path = [1, 7, 4]

res = [[1, 7]]

BE: BOES, BRI
EB: 1RERAE, RRE
path = [1, 7, 5]

res = [[1, 7]]

Bl BOEY, BHRE
ElE: {RERAE, RUEE]
path = [1, 3]

res = [[1, 7]]

WH: BOES, EARE
ElR: REIRAE, RUEE
path = [1, 3]

res = [[1, 7]]

[step 11

‘ Step 10

path = []

13-2 EatiEng

B BOEY, BERRE
ELE: REBRAE, RUEE]

res = [[1, 71, [1, 3, 7]]

EE: EOEDS, EMRE
EB: RERE, KRR
path = [1, 7]

res = [[1, 7]]

EBE: BEES, BHRGE
B RERIE, KRR
path = [1]

res = [[1, 7]]

EH: BEEY, EMRE
EB: YREIRAE, RURE
path = [1, 3, 6]

res = [[1, 7]]

EE: BEES, B

ELE: iR, KEE

path = [1, 3, 7]

BEIRS 7 . BUISEREIIEEAR
res = [[1, 71, [1, 3, 7]]
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13.1.2 B
0 14 T 9 B 0 & — (e 2 MR SR G, SR B TR B,

il =
fEZTeR R RATE AR 7 AUEIRE, EIREIRRERZNE LR RS, BRI EES 31
Hiidho

2 TR A BRI R, BT EEHI TR SR, FHARMES 3 ROETE, RIRAHRE, A
Aesuds, BB N TR:

// == File: preorder_traversal_iii_compact.ts =

/* HiFEH: BIE= +/
function preOrder(
root: TreeNode | null,
path: TreeNodel[],
res: TreeNode[][]
): void {
/l B
if (root = null || root.val = 3) {
return;
+
// ER
path.push(root);
if (root.val = 7) {
/] ECERfR
res.push([...path]);
+
preOrder(root.left, path, res);
preOrder(root.right, path, res);
// [Eh&
path.pop();

“BIK B EARRIER A, G 13-3 FrR, fEfEsEft, B 9T TR SRS
X, R SEERIER, EmiEm TSR,

B BEER 3 AERAHEAHERE

HREAERENERENESTH
MR HESNE

.............

13-3  MRARKTR AR BT
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13.1.3 tEZIEE

BEFA, RME AN “E, R, SR 19 ERREARARIA, ST,
fEL FIER AT, state RRMENHATIRE, choices TR ATIRAE AT UHATELE:

/* [BIEEEES «/
function backtrack(state: State, choices: Choice[], res: State[]): void {
/] HERR T AR
if (isSolution(state)) {
/] ECERAR
recordSolution(state, res);
/] THBiEELES
return;
+
/] EFHFREIEE
for (let choice of choices) {
/] Bt FEMEERT S
if (isValid(state, choice)) {
[/l Efl: MUEE, FIE
makeChoice(state, choice);
backtrack(state, choices, res);
/] [EhR: HEHERE, MERIZAIRIREE

undoChoice(state, choice);

FETAR, BB AR R G =, RRE state #AHEIREDIEE, B choices A HE HIHTRIAA
THIRGAIG TEIRG, AR res EBEKFER:

// == File: preorder_traversal_iii_template.ts =

/* FEREFIIREEE AR «/
function isSolution(state: TreeNode[]): boolean {
return state 8& state[state.length - 1]?.val = 7;

¥
/* FCERARE «/

function recordSolution(state: TreeNode[], res: TreeNode[][]): void {
res.push([...statel);
+

/* HIEREERIARRET, ZBERTEZE +/
function isValid(state: TreeNode[], choice: TreeNode): boolean {
return choice !'= null && choice.val != 3;

¥
[* EHRRE */

function makeChoice(state: TreeNode[], choice: TreeNode): void {
state.push(choice);

¥
[* TRIEHRRE */

function undoChoice(state: TreeNode[]): void {
state.pop();
+



13 E [E www.hello-algo.com 263

/* BIERE: GIE= +/
function backtrack(
state: TreeNode[],
choices: TreeNodel[],
res: TreeNode[][]
): void {
/] BEREAMR
if (isSolution(state)) {
/] ECERAR
recordSolution(state, res);
+
/] EFHFREIEE
for (const choice of choices) {
/] Bt BEEERT ST
if (isValid(state, choice)) {
/] ERl: MUHEE, FHkRE
makeChoice(state, choice);
/] EIT T —EEE
backtrack(state, [choice.left, choice.right], res);
/] [EIR: HEHERE, MERZAIRIKEE

undoChoice(state);

RIBER, RMEKRIES 7 WEEREZEEE S, BT ER IR %EE return sEAMER, [E 13-4
B TR EMIBR return sEAIAYIE SOER,

wume 2K

FikEs
Q. et
(e}
¥ return fifE return
CERARRIRE, THEMEES CIRRERTRE, BEES

13-4 {REAEZMHBR return AU S @RS L

MR AT EF RS B, SR R E AR AR R BB A RS R, (X M ey, B L,
FF2 [ ] DAERZHER PR, I TARIR AR EACE 3 state fl choices , M EBIHER A
{[pSRER IS
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13.1.4 ERW:E

7 7 EIEMTH AT ETA M, FRMARAS— R EIERE T AR S FR, B IR RE =4 B R,
% 13-1 fimo

R 13-1 W R EE RN

4 s =

fig (solution) fRZMEHEREHANIESR, nREA e RETREEIETR 7 O 2 8RR AR AL

HIF G RGIFERTER R R AT R, B BRI SHE: 3
(constraint) REIRL

RAE (state)  JREEFORMIEERL—RZIEDN, WEACAEMIEEN ECHRERETE, B path Eik5H5

S
gl ERUSRR T B AR R R S HAERE, s BESMAE (B) FERS, KERIEE path,
(attempt) HSEE, HHTIRRE, MERGNR HBTEREHER AR 7
[EIpIES [FLREIE SR C A RO ERIRRER:, WEHRTII  EROAIEMTR, SRERIR. BEER 3 1
(backtracking) iR, [AIZ] - —{FEiKRE EIE S It S M B w A |
Bk SURCRMR MR A R R i e R s EDEZIES 3 UENESRE, AT g

(pruning) BRIEHTTIE, AR iR

Tip
MR, e, IRREEMTSREHRY, fE076, [E, BIEKE, SRS EERTEHEY M.

13.1.5 {2ELE1ERYE

s IAAE R R A SR, CERATH FIRERIRIR T RE IR S R R, BT
IR BERE R RESEREIFTH Pl RERIARR T 2, T HAEGERAVBIRARIE S, BARSIIRER,
SR, FERR PR MUl MUMERTRER, Il Bee R A B TR0 T e DARE 32

- WERE [P SR O R B IR S IR AT RE,  IRe R T DUSE SIS B B R SR

- 2 R R R A E ATATRRE (BIANESTE, NSRBI Es), BIRERAR, =M

TR ATRE &S RA,

RIEEGnt,  [IBRE R AT R o B e BT RN A A e BV AR TT R BINIGLERE, R SR TE
MR8 2 ] A A R, R ERAF 0ZH AT Rl RERYIISEME T B R, (EIERETRTL T, BASER Al iR R
B, RRRCRE AT IRA WL,

- BYRL RIS E AN A AR E, T B R e A 2

- s A SRR EEHE, ST SR A Al REE L A R,

0
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13.1.6 [ClAHBYIRE

[l SRR A TR IR AR s A, 2SR 2 PR AN A & B A TR
S SRR B AR RN R R R R T 5o

- EHPIEE: fAE S, KREHATEATRERIHSIM S
- TENEE: e EESN—EEEN, KEESTHIENZEENN &,
- RIS A = ARAE TR — RN FIR B, BRI BRI AR TR 32 55 —IRAE T,
RSB AR, HARERREBBAENE -,
FITGR R ISR TR H AR TR A A SRR PR A
- n2BiE: fEn xn RS ERE AR5, FREMEARE,
©BOE: E9 x 9 ERTIEART 1~9, #EET. SINEE 3 x 3 FEBTRET A ER,
- EREOHE: AE - EgmE, HRONEGOSE T SETERE G, EEHRBIEME AR,

A LR : SRR H AR A — 8 & 2 BT e S R B AR

- O-1 HHEEE: A —Aei—EEE, SEYas ENEENER, ERETEFRRGIN, #
Y LIS AR E R R,

- RATRIFE: fEEE, (EERGHIE, ST E HARAL - OURIR AR, SRR,

- EROREIE: A —EdE e, PRERORRYSE T, Rl T I TE R < R A 38 A

LR, BIRFF A G BB RTE, AR R ERTT %,

- 0-1 5 B PR Y (E BN REAR B AR, DARE S B i AR RS
- BRATR R R AT NP-Hard [, 5 FHMREE SR EAMIE AR,
KB E R P — (AR, a] A R A B R A AR

13.2 £HYIRE

EHBFE R RERE AR — RN, ERERREAE RS W — TR FERT, X
HHARTTRIIFTA ATRERIHES .

R 13-2 FIER TR R, WG A RSN B FTH HES

®13-2 EHFIRA

N2 R HE
[1] [1]
[1,2] [1,2],2,1]

[1,2,3] [1,2,3],[1,3,2],]2,1,3],[2,3,1],[3,1,2],[3,2, 1]
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13.2.1 FBFTRIER

Question

i A\ —ERE S, HrpAEEEETR, REFTH RTRERIHES,

TERE AN A A, Rl ARSI B A AR SR — RYNEFRMA R Bt AR5 % [1, 2, 3],
RIS 1, PRI 3, BIREIE 2, RESHS[1,3,2] . ENRFURHGH —(EEE, ZREMER
HAhsE

RSB R AR, REES choices BWMAMBSIFTHIFTAILR, RE state BEHZE HATCHOEER
TLR. AL, BETTRAATPORE R, FIt state FPHIFTA TR M1,

qniE 13-5 AR, WA DURF @ AR R B s — PROIR IR, R P AR E ETRE AR E ATIRRE state o TEARENES
Bildh, #SfE —fmStRRENEIEER, SIEIEERAREE S,

choices = na state =

E—imiRE

EImRIE

13-5 2 HES AR E s

1. EEEEN

7 T BB MEITERPOEE R, BMFBESIA— @M HRA ] selected, HH selected[i] ER
choices[i] BACHHER, WHRNTEH DI NI,

- TEMHEEE choice[i] 18, Mt selected[i] BEA True, RFECHHELE,
- FEFEERY choices IR, BKIBATH CHORSAVEES, BIBIR:,

qniE 13-6 Fs, (RS —EmERE 1, 55 WERE 3, F=EE 2, QRS “RTITR 1 93T,
TR =R BTHTR 1 TR 3 93
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L)

,L axnEH 1, 2, 3

e 1 a (-
:0F 5 30
o —'t .

o HREHRENTE 1

BREE 3 ﬂ%ﬁ%ﬁiﬁi,3
01 530
2

BSREE 2

HCHRENTE 1, 3
RS EETES 2

13-6  HABTETRA

2l 13-6 985, 2O RRIERHE B ME O(n™) W O(nl) o

2. EERRER

BB DL BB R, Bl DEMERRE SIS i “seib =" 7, % 7 iae s, MR E
BINESARE SIS P A2 R X, TR e MR FIFE backtrack () BzH:

// == File: permutations_i.ts =

/> EIESRE: 4% I %/
function backtrack(
state: number[],
choices: number[],
selected: boolean[],
res: number[][]
): void {
/] ERERESFNTEHER, LR
if (state.length == choices.length) {
res.push([...state]);
return;

+
/] EFHFAEIEE
choices.forEach((choice, i) = A{
/] Bt ARFEEEETR
if (!'selected[i]) {
/l Ef: MUEEE, FIE
selected[i] = true;
state.push(choice);
/] ETTF—EEE
backtrack(state, choices, selected, res);
// [ELR: HEEEE, MIEEIZaI8IKEE
selected[i] = false;
state.pop(Q);
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55
+

/* 285 I +/

function permutationsI(nums: number[]): number[][] {
const res: number[][] = [];
backtrack([], nums, Array(nums.length).fill(false), res);
return res;

F

13.2.2 EEBEFTENER

Question

N\ (EEE RS, MR RER S HBOCR, IR [EATE S ERRHE,

P 5% (1,1, 2] . AT/ EESHEEETE 1, RMEE M 1aes 1,
W 13-7 FiR, LR R — R I,

choices = ne state =

E—imiRE

AR EEHT)

13-7 EHEHS

AR RERERAHESIE? e, HEE R R S, EREHYIERETRE, RS
S, A EREBEHPINE S SR A0 E, BETRTERNEEIE:, EHRT DOE — PR HEETERNR,

1. HEREER

R 138, e —tnrh, ST 1 BURE 1 BSEMN, ESMIEREY TE RIS HEFE R S, Fit
FIEE, 7R85 WRIE 2 218, $ WmBiEthm 1R 1 h@ad Bl s, FImESE i 1 35k,
AR EE, BIMMHEREE —mEED, 2SR cEMeHEE R,
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choices = state = [?

e 3
HE—ERRE
T mEES 1 SIE
OEdRE—R
B ERRE
ﬁﬁiﬁW1
REwnRE—R
EoRRE

13-8 EMEHITIRL

2. ERRER

£ b —RER RIS AR b, BT AR R — IS R B — R R S duplicated , HIRACEGZIHE
REEBURRITR, W EETTRIIA:

// == File: permutations_ii.ts =

/* BIEEE: 285 II %/
function backtrack(
state: number[],
choices: number[],
selected: boolean[],
res: number[][]
): void {
/] ENREREZENRTRUEN, CiRfE
if (state.length == choices.length) {
res.push([...statel);
return;
+
/] EFHFREIEE
const duplicated = new Set();
choices.forEach((choice, i) = A{
/] Bt ARAFEEEETR B FAFEEEERESE TR
if (!selected[i] && !duplicated.has(choice)) {
/] Efl: MUHEE, FHikRe
duplicated.add(choice); // EEEREEBHNTRE
selected[i] = true;
state.push(choice);
/] ETTF—EEE
backtrack(state, choices, selected, res);
/] [EhR: HEHERE, MERIZAIRIARE
selected[i] = false;
state.pop(Q);

b
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/* 285 11 %/

function permutationsII(nums: number[]): number[][] {
const res: number[][] = [];
backtrack([], nums, Array(nums.length).fill(false), res);
return res;

}

TR M2 I EAHE, HI n ETREE n! Y (FE3R); TERtiRaa RN, TERERER n I,
5/ O(n) Kefd, BRI O(nin) .

RAIEERE 2 n i O(n) HEEBMEZ, selected i H O(n) 23, F—RZIH2 444 n 18 duplicated
, EH O(n?) 2=/, NERBHES O(n?) .

3. MTEERHLL

FETERE, BfESR selected Al duplicated #FFHABIR:, (HE R HZEARF,

- IR AR A —F selected . ERHRAEE ATIREEN SR TR, HIEMRE
B EAR T EE state HEEHE,

- M CENE: FimiEE (GEMEIUR backtrack F) #EE—E duplicated . ErRCERIEIEAR
e (for iEME) HIRL TROPHEEE, HIEMHRREHEE TR EE X,

[ 13-9 Jor 7 mEST AR RO ASE R, T, MR ROEEERG (OR — 1A%, TERETR ARG
A5 Ml A B — ML HES

BHEE— 3<
WIS (1, 1, 21 [1, 2, 1] (2, 1, 1] nEdt= §

13-9  PREBY R kA HO 1 =]
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13.3 FEMRE

13.3.1 EHETEMNER

Question

45 € —EE B nums F1— 1 HEEIEEEE target , sEIKHFTERIREMIAR S, S HIICE
&R target . #ATMHYIEE TR, BETERTDUPGERZ R, @EARFIERIREELH S, &
HI R S EEA S,

B, WA {3,4,5) FEESH O | % {3,3,3), {4,5} . FEEED R

- EAE G AT R AT DA R O EE R AL
© TERESICERIER, el {4,5} fi {5, 4} BRE—ETE,

1. 2EHTIRE

A HIPIRRE, FTa] DHEF R E OB RE R K — RYERAER, SRR AR TR
7, EITEMEFR target N, B FELEREEREBY,

iR A AR FE R, AEEEPIeE ] DI OGER, KIS selected bR FIZR G E
TLRE N PR, WA IS 2SR EE T/ ML, P15 2R S

// == File: subset_sum_i_naive.ts =

/* BIERE: FEM I +/
function backtrack(
state: number[],
target: number,
total: number,
choices: number[],
res: number[][]
): void {
/] FEMZEHR target B, ;LR
if (total target) {
res.push([ ...statel);
return;

+

/] ERFREEE

for (let i = 0; i < choices.length; i++) {
/] EiR:: BEFEMNBIB target , BIBBZEE
if (total + choices[i] > target) {

continue;

}
/] ER: MEEE, FHcEM total
state.push(choices[i]);
/] EITT—EmiEE
backtrack(state, target, total + choices[i], choices, res);
[/ [EIR: fiHEEE, MEEZAIRKRE
state.pop();

[* RBFEN I (BEEEFHE) */

]
i
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function subsetSumINaive(nums: number[], target: number): number[][] {
const state = []1; // K& (F&H)
const total = 0; // F&M
const res = [1; // ®&RBY (FEH5)
backtrack(state, target, total, nums, res);
return res;

A AR A5 [3, 4, 5] FIEHEER O, Bt R2 (3,3, 3], [4,5], [5,4] . BRI THAAI
2O T8, THHPIFERBI TS [4,5) 8 [5, 4] .

SR E AR R ERIEF R, AMFEANERENEF, E 13-10 foR, Joif 4 1238 5 B 5
RIE 4 BRI, (HEER—E T,

choices = TR
target =

BomiE

13-10 FHi¥ s BT BT

7 T RBREWETH, — AR SRR BRESNEIT R H, (EIEE T ERCRIRE, AT R

- BEYTREZ, THEE target BURK, EmBEeELRKENEETE,
- T (A1) MRFEAERFER, FEICHFRES, B s R TR AT R A,

2. BEETFEH
TR i @B R s R T 2R, BISE 13-11, B TR DOREIE B2 ] T Z R AR 1),
Bian AN IB

L B RA0SE hmor HEE 3 0 4 1, SARESENETRNTAFE, 8 [3,4,...].
2. 21%, HEWEE AR, P TREEENE 3, NARERELNTE (4,3, . M 1. SR
MrEEeER,

RS, B EREERRRIC ARG BOREE R, FIEREES R B HATRZ
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1. BINERIEIZE 305, ARTHE (3,5, ...],
2. WP A S, AR T [4,5, ... ]

3. B WORIE S IV RN 3 R 4, AT (5,3, | F1[5,4, .. ] A 1. BRI 2. B
HiRHY T 852 2 WL,

choices = a

BIk:: 2k 3
BREETE

BB 83,4
BRBEETE

FHEO[3,3,.] [3,4,.] [3,5,.] 3 [4,4,.1 [4,5,.] 3 ; [5,5,.]

EEFE ENTFE EETE

13-11 ARHERNEF SR ER 75

HEATE, REMAMT (1), 2y, ..., RESEEPGRIBTING [z, 2, .. 7, |, WZRETT)
TEML 1) < iy < - < d,, . FWICEHEPEIGRIERF S OGRS, MR TR,

3. EXBER

BB, BFWGHEE start , FINEERRIARE, BN o, &, e T WieRs! b
YA, SRR BRI 1 < iy < - <4y, , TETMIERAE FERME—,

PrRitbz b, BRI EEST 7 LN iiTER .

- (EBHRUE AT, SoAFMEA] nums HEFP, fEERTA R, B rEAEM target R EFRA B,
AHBIBIITRELR, HFPEM—EBH target ,
- BEILENBE total, BBTE target LITIRIERGEILEAM, & target FR 0 REECHER,

// == File: subset_sum_i.ts =

/* BIMEEE. F&EM I %/
function backtrack(
state: number[],
target: number,
choices: number[],
start: number,
res: number[][]

): void {
/] FEMNHER target BF, :CERAR
if (target = 0) {

res.push([...statel]);
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return;

+
/] EHFREERE
/] BT ¢ start BHAESS, BREREEFE
for (let i = start; i < choices.length; i++) {
/] Btg—: BFEMNEIR target , EZLERERE
/] ERAAMEFIEHRE, BREBITREKR, FEM—THEE target
if (target - choices[i] < 0) {
break;

}

/] EHl: H#EE, B3 target, start
state.push(choices[i]);

/] EITT—EmEE

backtrack(state, target - choices[i], choices, i, res);
/] [EhR: HEHEE, MESIZEIRIREE

state.pop(Q);

b
[* KREBFEM I */

function subsetSumI(nums: number[], target: number): number[][] {
const state = []; // #KRE (F£)
nums.sort((a, b) = a - b); // ¥ nums ETHRE
const start = 0; // EICIAEL
const res = [1; // @&R&EH (F&EB5)
backtrack(state, target, nums, start, res);
return res;

13-12 R 2605 [3, 4, 5] A EHEIEE O B\ DA AR S A0t A,

it target
choices = a BsRMRE
target =
BIRIE
%o
EoRIE
BE— =
REATE 3 BRLR FC
iBid target BWTE

13-12 FERA0 T [HiE e
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13.3.2 ZEEERZNER

Question

4 —H E B S]] nums FI—{8 HARIEREEL target , sEIRHFTARIRERIAL S, HEHEHHITER
TSN target o 4 BFIRTRER S EBOCR, BMEOCRRIBPORE R, 5 BRSIERREE LA
&, BHP A EASERES,

HHELR B, AR A BESInTRERL S EBCR, BTN TR, B, e k) (4,4, 5] fEETE
9, RIBIARAWRENARS [4,5],[4,5], HHTEETE,

18 PR e ) S AR A S e R AR R b 2 IR (IR 13-13 wh, BB —dRdh = RS, HAhmiEE
4, GEALMMEERNES Y, KmMHEE TS, FHE, B mOomE 4 hgEtEER TE,

(4,4,.] [4,4,.]

BERTE

13-13 METREHWERTH

1. HETREK

PRI, AT R e R — b AR — X, BT HRESIR
9, BIHAHSTCRECRAHMAT, ERWRE R W, HEATRAEABTHENAT, RS C iR
i, FtEEPNEE TR,

BLIERIRY, ASRERIE REIERESI e 3 L RE SRR — K, S ERE, Tt n] DI AT B start A 2 a5 :
EHRE v, 18, RE N WRERS 1+ 1 RGARET, ERBREXRRER TS, hablhEREET
%O

2. IERRER

// == File: subset_sum_ii.ts =

[* EIREEE: FEM II %/
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function backtrack(
state: number[],
target: number,
choices: number[],
start: number,
res: number[][]

):

F

void {
/] FEMNHER target B, :CiRAE
if (target = 0) {
res.push([...statel);
return;
+
/] EFRFhEEE
// BT #t start BAMARESS, BREMEETFE
/] BIR=: 1 start BHIAES, BREERER—TTH

for (let i = start; i < choices.length; i++) {

/] BER—: EFEMBB target , BIEEERITE
/| ERABMEIIEHR, BEBITEFEKR, FEM—EEEA target
if (target - choices[i] < 0) {

break;
}
/] BN MNRZTRELETREE, SEZESSTEE, BiENE
if (i > start &% choices[i] == choices[i - 1]) {
continue;
}

/] EHl: MHEE, 3 target, start

state.push(choices[i]);

/] EITTF—EmEE

backtrack(state, target - choices[i], choices, i + 1, res);
/] [EhR: HEE:EE, MERIZAIRIARAE

state.pop(Q);

/* RBFEM II +/

function subsetSumII(nums: number[], target: number): number[][] {
const state = []; // #KRE (F£)

nums.sort((a, b) = a - b); // ¥ nums ETHRE

const start = 0; // EhtCIAE,

const res = [1; // #REHB5 (F&EHR5)

backtrack(state, target, nums, start, res);

return res;

13-14 R TR (4,4, 5] MIEETER 9 WEINERE, IS PR,
fie, MRfRPR(EESIER, DEREIIRRRER WM TR,

A PR T B R RS A A
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choices =
target = U

Q\D

BoERE Bkm
ER—&PEET
&- ERBEEERE—NR 09‘- (x) 723
-0F 5 Jo
CS(_ | BRERE
(X;?o [4,5] EETE
HE=
FreFE"
k— . =
STEMRE Ll B
I8 target

13-14 FEF0 11 [E]3 e AR

13.4 n 2/5H:E

Question

RIRBI R R BRI, 25 AR B F R —1T, —HIel— R LT %5 n A 25—
n x n RNOBER, SREGHITHREZ BERAH LRI R,

aniE 13-15 fis, & n =48, EADUREIMEMR, REWEEIENAEER, n x n KNS n® @
1%y, #ath TRTHRYEEEE choices . ERXMENE 2/EHERES, RGBS, K2R B

TAREE state,

) | ) |

3
€

L3
L3

W |

13-15 4 2JERHER#

[l 13-16 &R T AR =L R IR B REAREER 1T, W5, WML EEEE0E, ¥
FRR R R AR \ FIUCE AR / AR,
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FEETER—RH AR L BREREREARET

FEEER—F — ] w

/
. |
] N N /
- - _ 0 I S B VA S VA
X ( X ¥ A 4
&8 ~ s
- % N A J
i NG @
., N/
o i %
X X, ””*?‘i”**””
S| —
5 N

FRER—F FEER—THEe L

|

1
X
b

13-16 n BJEMEL R

1. ZF{THERER

SEHEEBITER S 0, BRIRMESEE—Em: SURSTH sy LR asriE 656,
WL, TR ARPORITIE SRS : 8 —1ThG, ARTHE WMEE, BEERR 1T,

13-17 fiR s 4 2IaHERZR TR EBR, ZEERE], & 13-17 #RH 18 —TIHP— S5,
i ELAFAN I RS S SRR SR A TR 75 SR T T 39K

w [T W] | ]
HE%E 117 N —— [ [
(&BR) (&B8) (&B8)
W | W W [ ]

REE 2 5 % . F %] W]

’:! v w | LW
el mEnl el i

W . v v !j ¥
BEE & 17 | L (= = =2 | =

W ¥ ] v :

i W W

13-17 IBATHCE RIS

EAE LE, BITBCERKGES] v OB e, et 1R —ATHE M RIS ATE S 3
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2. FIEHAREIR

2 T RANFIH, B AT AR — 8 R E 2 n (MRS cols itk SR E A Bh. ESRIENRE
i1, BANEE cols #OH L/aRIFEITEIEE, MAERHHENEEH cols HIRRE,

Tip
FETER, JEMRERSAONE B, HATRSIE LRI TEmM, SR IEESHEM,

FIOE, U R R ARAT TRV SRR SRS TROFTAIRDI % (row, col) , M MEMEFR Y FoE F BHA 4R,
TRIMES B2 i LA 07T 225 RFI23 AT, MBS ERTA S 709 row — col 2y,
AR, WRRIARS L row, — coly = row, — coly , HIEM—EHAER— =SS 1, R
F, BlPAT DAREBIE 13-18 T RARESY diagsl SO B LR A 25,

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.ts =

/* BIERE: n EE *+/
function backtrack(
row: number,
n: number,
state: string[][],
res: string[1[1[],
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cols: boolean[],
diagsl: boolean[],
diags2: boolean[]

): void {
/] EREBSEFRIETTER, LR
if (row = n) {
res.push(state.map((row) = row.slice()));
return;

}
/] EFHFREY
for (let col = 0; col < n; col++) {
/] FEZEFHENEHAGNRE B
const diagl = row - col + n - 1;
const diag2 = row + col;
/] iR RAFFZIGFEEY. THAK. AR LEEEER
if (!cols[col] && !diagsi[diagl] && !diags2[diag2]) {

b

/] EFl: BEEKREEZETF

state[row][col] = 'Q';

cols[col] = diagsli[diagl] = diags2[diag2] = true;

/] BETF—1T

backtrack(row + 1, n, state, res, cols, diagsl, diags2);
/] [EhR: EZEFIMEBT

state[row][col] = '#';

cols[col] = diagsl[diagl] = diags2[diag2] = false;

/* KEE n BRF =/
function nQueens(n: number): string[][1[] {
[l % nxn KRR, Heh 'Q' RKRER, '#' AKR=TM

const
const
const
const
const

state = Array.from({ length: n }, (O = Array(n).fill('#'));
cols = Array(n).fill(false); // HRIIZEBEERE

diagsl = Array(2 * n - 1).fill(false); // mHFTHALLIETEER
diags2 = Array(2 * n - 1).fill(false); // ZHREAEBLERTEER
res: string[1[1[] = [I;

backtrack(0, n, state, res, cols, diagsl, diags2);
return res;

BATIE n Ik, FBINKIR, WREATEREAT2IE n. n— 1, ... 20 1EEE, EH O(n!) K
M, EEECERMRNY, THEERERE state MHTIIE res , WRERIEM O(n?) RERE, [N, SEHMIRIMIHEE
R O(n!-n?) . B L, RS A GE R A RER RIEG MY SR, RTS8 A DR

k5 state i O(n?) 23/, M5 cols. diagsl Ml diags2 B O(n) =i, BATEEFEZ n,
A O(n) feBigzsis, Wik, SRBES O(n?).
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13.5 /h&E

1. ERSOIEE

o I AIEAH R R, B AR TR RS SRR, SRR, 8E
R IFIFRARRIREER, B EIRBIFTH RECERT IR S R,

- [AE AR SR R A E SR AR AR ), EIEERE RS A B M SRR, EEEINW
FRATRMEAFRIIE DR, RIREE E— P RS, REIEIZATHGIRGE, WAEGTE UL ANEE, EiliEiRZ2
PRI 75 TR B 3

- [l R S 2 AEA AR, MR R BB YA R, BRAT DR ATAT R E A 203, K
EfRTHE =R,

- [l SR T S AT R TR = R RE AN A TR R TR AL B A R R SR T DA [T SRR R, B
FEEAFAERCR E S BICR E AP IR,

- EHIHE SRR T RS TRIATE FTRERIHES, TAIMFED) —(E 8 AR AL B E T 3R 2 5 PSR,
SR IRIR A TR ES 0 , WREBETTRAPOEE K,

- AEEfRIREES, ERESHFEREELR, AREHRGHEEEY, RFMTREHRAETRER
i HEERORIE — IR, Sl — AR R SR E D,

- TEREMMEN SR ES TR ETREMS EEENTE T8, R MRS TTRIERF, MEsERE
W FTA IR RORR, EAEE TR, RIHERMRTRERETHER, MR —AEEoRk iR T — W
AERRAARS, TEMR A e R A =) SOEITBIRG

- BPRTERMEE, MYIRRES TR G EEERRE S, TFAREY CHEF AT E R, B A AR
TEREGHEEERA, TR RS TR - L RESOEH — K,

- n REHESESHRE n @2EHED n x n R ERTTSR, ZRATE 2500 f R SR
Tio iAFERIKIREFAITAR, SIKIR, ZEABMIUCE AR, R ITAH, TR T
BHREE, RESTRE 25,

- FIRIHHATE A ARET R R LT B, BIRFIATER, B —ER R S SR G A Ba, e
TREPRIR TR E GTR. BIRBAATR, FAMFEmEES A flskaz . KA LR G
25, HRERNRHEER —T (FED AL BRI 7w e TAIRT IR,

2. Q&A

Q: BB A AR I A B R?
MEARE, [ EEIRREET, MEEEAE | A",

- [EERREEANREE L, A, ERRENERS R —, BREEE S METER,
- IREAGSHEREEL T (RO R, WG, [, BIREE GRIRRE) SFRH
e
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145 EHRERE

Abstract
/INRRE AT, TLIRTRE AN K
EREH SN E R BRI RENE SR, —0 5 [HBRAME MR E R R
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14.1 ¥IREHREIRTY

BREFRE (dynamic programming) & —(EEERHELEE R, i RS A — RV E/ N FRIE, i
BRI E AR B R, e RIEEE AR R,

TEAH, FMEEEMBFEAT, Jeatierg s, BIRHhUSHERTHE, BZEPEH
B B RE R B TR

JerE
fE e n BERUAERS, REEPAIDAL 1 BEEE 2 B8, sERH 2/ 080T 5A] DATERHTH?

qniE 14-1 Fiow, SR 3 BEIERS, Htf 3 M7 5n] DAUEEIHETH,

0

1BUEPES n = 0 1 2 3 4 5 6

et 3 BigpHs 3 EAx:
0513253 , 05233 , 0513

14-1 eZIZ 3 BE 77 8=

AR B K AT RECE, BT AEREIE B IR s R Al REME. BB, RTEHEER S —E%
TREAE AR (CHE At fERIRE L 1 PEe 2 [, SR PR TEAR R T REBEM 1, B
THERIR LR IR, REXCHBUN R RR:

// == File: climbing_stairs_backtrack.ts =

/* B %/

function backtrack(
choices: number[],
state: number,

n: number,
res: Map<0, any>
): void {
// EIMEEIZE n FER, ARHEEM 1
if (state = n) res.set(0, res.get(0) + 1);

/] EFHFREEE
for (const choice of choices) {
/] Bt AAFFHIBE n

if (state + choice > n) continue;
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/] ERl: MHEEE, T
backtrack(choices, state + choice, n, res);
// [Eh&
b
}

/% Jet&ts: B «/

function climbingStairsBacktrack(n: number): number {
const choices = [1, 2]; // AJEEE@ LM 1 FEsR 2 FE
const state = 0; // % 0 [ERIANE
const res = new Map();
res.set(0, 0); // M res[0] ERHRH=Z
backtrack(choices, state, n, res);
return res.get(0);

14.1.1 FiE—: BHiES
B T B T W A B G H S R E A TR R, TR SRR E B E— RV R B, BRI MeEs:, s
Fit G ] REF A,

T DA SR SR F B ST, SRS ¢ WA dpli] RS, T dpli] iR e,
TR

\
/i

dpli — 1],dp[i — 2], ..., dp|2], dp[1]

AR L RE b 1 REBR 2 B, RICEIRMGAESS o BEERS LI, b —dm - aTRESGESE ¢ — 1 FEaEE ¢ — 2 [
ko HATEER, BRAMIRETEE ¢ — 1 BEEEE ¢ — 2 PEEMIE | P

P P07 — (B A s TERISE © — 1 BN BB LIS ¢ — 2 B REUGR SRS ¢ B 7y
£ I/N: W

dpli] = dpli — 1] + dp[i — 2]

ERREECEBRHE R, 28 7 W A EIRHMERR, DA nT DU 7 PSR RS 2. [ 14-2
JeoR T RAIBHER R
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2

dp[5] =dp[3] +dp[4] =8

dpl4] =5

dp[3]=3

|

BRI n = 1 2 3 4 5 6
HEE dpln] = 1 2 3 5 8 13

14-2 75 REERIRHERR

AT DB A RIS EI R 9 BRI, DA dp[n] 2 E0A%, I HONS— NEBE AC A7 92 (/1N
BRI, EEEE RN TRIE dp(1) A1 dp[2] BHEE, b, BN TRIEMEZCHN, B dp[l]) = 1.
dpl2] = 2, FRMEEIE 1. 2 BEA A 1. 2 I7E,

BRI EE, ERESE R A AR S B s, (B NEE:
// == File: climbing_stairs_dfs.ts =

/* = %/
function dfs(i: number): number {
// B%1 dp[1] # dpl[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;

I
[* TetgtE: €8 «/

function climbingStairsDFS(n: number): number {
return dfs(n);

}

[l 14-3 JR 7 BTSSR, SR dpln] , EORERBERES n, HEERES O(27) , i
W RAER I, WRIRPTA R n, IS RIS i,
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dp[9]

dMé] dp[7]

dp[7] dp[6] dpl6] dp[5]

dp[6] dp[5] dp[5] dp[4] dp[5] dp[&] dp[4] dp[3]

ESLMEDMETEARERTFHE
HHRMEREAENE o(2")

14-3  TCHE A6 6 R U 30 st

BB 14-3 , FSBOBSIIBE BRI 2 A TR AN, Flan dp(9)] Bsr dp[8] A dp[7], dp[8]
WM dp[7) W1 dpl6], RIEEHEE TRIE dp[7] .

DAMCEESE, FREPEESEDNIES FHE, FrRARESED. B0t EE IR B RS EEN T
fif Lo

14.1.2 A3E=: sefsigs
B TIRFHEEENCR, WA EE RS T RTER RS R, At TR S —EREES] mem AT IS
(T RSB AR, N S A o e - R B A

1. EEWGETE dpld] Ik, BIMAFHECHRE mem[i], DAE B,

2. BEIRFESE dpli] B, FMERTEREN mem[1] FPEEGSR, Wik EE TR T R,
RS AN R FR:
// = File: climbing_stairs_dfs_mem.ts =
/* RS «/

function dfs(i: number, mem: number[]): number {
// B dp[1] # dpl[2] , REZ

if (i= 11| 1i = 2) return i;
/] EEFERR dpli] , BIEEREZ
if (mem[i] !'= -1) return mem[i];

// dp[i]l = dp[i-1] + dp[i-2]

const count = dfs(i - 1, mem) + dfs(i - 2, mem);
// 88k dpl[il

mem[i] = count;

return count;

¥
/* eigts: LIRMIES «/
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function climbingStairsDFSMem(n: number): number {
// mem[i] FCERMEEIZE i FERISRARE, -1 KRELER
const mem = new Array(n + 1).fill(-1);
return dfs(n, mem);

=

BisklE 14-4 , fEBCELER R, Firf EirPEm RS ), BREERELE O(n), 82—
ERHIARR,

N
gy nERE®, g
E#ED

N SRIRMIBENRIERES 0(n)

EHEEE FRIBAABRAE—R

14-4  GCIS LS = B R AR A

14.1.3 &= SHEEIRE

RClRfbig s — M “RIEENE” M55 RMTEERE (RETRS BHh, B R B R 2 g i+
M, EEMOENNRDFRE GEERD, 218, EREWIZE R T FERRE, MR,

Bl A, BhEERIER —RE “POREI” 5k e T IERERLG, SRMMEE AT HENE, B
5 FIRE

HABIRE R E A EEeE, Rt AR EHEREREDR, MAGHIRE, U, FMonit
—fERH dp AT FERE, CRE] T R S mem AHRIRYRCEREA :

// == File: climbing_stairs_dp.ts =

/% [Et&ts: ENRERE +/
function climbingStairsDP(n: number): number {
if (n =1 || n = 2) return n;
[/ Wtk dp */, AREETREERNZE
const dp = new Array(n + 1).fill(-1);
/] ¥EARRE: FERR &/ FRIEVAR
dpl[1] = 1;
dpl[2] = 2;
/] REEER . BN FRERD RERAFREE

for (let 1 = 3; i <= n; i++) {
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dp[i] = dp[i - 1] + dp[i - 2];
I

return dpl[n];

}

14-5 FfE 1 DA B RE sCHE BB Tl AR

N N, “ e N s
P S N

MEARAE:
dp[1] = 1, dp[2] = 2

HRARENIS 518
dp[n] = dp[n-1] + dp[n-2]

RAIEIRRERYS, BT, DEERRERAELLE

8 14-5 MeBHOBERBDE
ST B, DVRERIBIIAER RAE MERAT MBI E R, A IERAE A — (A TR
DR AF SR A, 140, AT TR R B 38 2 0 T R

FRIRLA LPUZ, BRIPTT DA D RE BN 4 P 4,

. HSRESI dp BB % dp F, dp[i] FETIRGE i BIET R,
- RN RIS IR (35 1 BEHISE 2 FEHBEE) FR A aT0auRne,
- BRI dpli] = dpli — 1] + dpli — 2] ARSI AT,

14.1.4 FRREL

OB TRESSIL T, WA dpli] R¥d dpli — 1] M dpli — 2] B, RISLFRMMAESE{E B —MEpE%] dp 2R 6
e RS, A T E A BORE AR AT, B IR

// == File: climbing_stairs_dp.ts =

/* etgs: TRRECERNBIGEE «/

function climbingStairsDPComp(n: number): number {

if (n =1 || n = 2) return n;
let a = 1,
b = 2;

for (let 1 = 3; i <= n; i++) {
const tmp = b;

b =a + b;
a = tmp;

¥

return b;
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Bla DA LAEAHS, diitE & TS dp (SR, EIEEERER O(n) BEE O(1) .

FEBRERIEIAET, EaREEEE R A REREA R, SRR AR RELEARGE, Bl FEE”
AREE IR S MR 2 “TRENERE” R “IEEhRE”

14.2 BHREFHBIRIAFFHE

£ bE—#ir, FAMEE T ERERER AN AE A 1 R AR R R, ERR B, R R —RE A
AUTRETR SRR, A, BIRERE] [P AR E R,

MR TE IR IR AR R [ R 70 2% 22 (8 B S L R FRE, B/, AR RS G
IR, BRAASEIRHERI R

- BB B M EETIRIE R, EEEERAR TRERIE, BHREMIE AT R AR,
FE o0 A A & B 2 SR AT

- [EEEIAAE E AR TR S R AT A FTRERYAR,  N0IE M BTEOR SN A 2 S IR YR —
RYNTRID B, FATA] DURF TR AP BR < BT 7 S B 7 F — 18 RS

B |-, BIRERIEE AR RS LR, TR ER S BB TRIE, BEE RN BB TR,
AL,
14.2.1 RBFEIE
BRATE TEH BRI R (EE, (2 EIE S BT R TR,
e R /M
KAE—EAERS, IR AIDAE 1 BEERE 2 B, 5 —BEMERs FAREE —EIE B, FoRIRTE LR
A i e, 4472 — AR UK B5 cost , Hr cost[i] FRIESS @ MR TN HAE,
cost[0] ZMiE GERIGH), #H3tEmOREMN M2/ M REAERNETEE?

GniE 14-6 Fow, A% 10 20 3 BEIRMEZBI% 1. 10, 1, RIFEtmes|ss 3 R/ MUER 2,

....

EIFMER n = 0 1 2 3
K& cost[n] = 0 1 10 1

Tets 3 fEBEHE 3 BAE:
0515253 , 05253 , 05133
Hr 0513 pNES), sIRES 2
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14-6 Ex% 3 PR/ IME

#t dpli] BTESIE | PR HEORE, A § BEATARIE  — 1 B i — 2 Bekde, (I dpli] HTRE:
R dpli — 1]+ cost[i] 5t dpli — 2] + cost[i] » % T HTTRERD KA, FlHEZEIERE i NG — 1

dpli] = min(dp[i — 1], dp[i — 2]) + cost]i]

JEFEAT DAS | iR B AR S I T I B P 1 o L) e R AR R 15 2R M)

AR AL B TSR BT 8T R dpli — 1] A0 dpli — 2] rhpB BB — M,
TR I dp|i] BB,

AR, b—ERTEARREE H A A R T AEmle? RIS R REE, B0 —FstBiE, HnR
TR ORBRATTREE", FMRIMEIEE, SRR BBt SN, (HReEaREBL K
T En BRATTRBEFNG n — 1BENE n — 2 BRI RBE N, TG, &EFEEIMRETT K
FeaEns, fERFRREREE RN SR,

IRIEAR B 77 H2, DAKWIUEHRRE dp[l] = cost[1] #1 dp[2] = cost[2], BAMmteT A5 2B A #1f2
fig:

// == File: min_cost_climbing_stairs_dp.ts =

/* [CiEipaIMUE: ERERE] +/
function minCostClimbingStairsDP(cost: Array<number>): number {
const n = cost.length - 1;
if(h=11l n=2){
return cost[n];
}
/] #iat dp R, AREGFFRIENE
const dp = new Array(n + 1);
/] ¥IEIRRE: FERE/\FRIGERIAR
dp[1] = cost[1];
dp[2] = cost[2];
/] ARREER: WB/NFREEZRD KFBRATRHE
for (let 1 = 3; i <= n; i++) {
dpl[i] = Math.min(dp[i - 1], dp[i - 2]) + cost[il;
}

return dp[n];

14-7 @R 7 DA B R RS A Eh e AR i AR
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cost[1] cost[3] cost[5] cost[7] cost[9]
min + min + min + min +
dp[8]
min + min + min +

cost[2] cost[4] cost[6] cost[8]
IYEHRAR :
dp[1] = cost[1] , dp[2] = cost[2]
ARAEER SR

dp[i] = min(dp[i-1], dp[i-2]) + cost[i]

14-7 MR iR/ MUERERE S HE R

AR DUEIT R MR, K — R ETAE, SE2MEERER O(n) B2 O(1) :
// == File: min_cost_climbing_stairs_dp.ts =

/* [EEm/MUE: THREMRBINSIERE «/
function minCostClimbingStairsDPComp(cost: Array<number>): number {
const n = cost.length - 1;
if(h=11l 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[il;
a = tmp;

b

return b;

14.2.2 EENE
AR BB R B e A A R R R B R 2 —, HEFERS: e —Merfikeg, RN
BLE AR REA B, 1 S A R A IR B SRR

DATCHEER 2B, 457EiRRE ¢, B dgfettiikiE i + 1 FGRRE 7 + 2, 2BUBIERL 1 gk 2 0, 1Efft
IEPRRIERE, IMEZES IRGE « ZATATIRGE, BIMEHIRE ¢ FIRARARE.

SR, WERFRAIAR MEAEAS R — (8o, RIS —4K T

R Te R
FE—EFE n BERIHERE, UREEPRTDLE 1 BEEEE 2 BE, fEAREMGIRmBE 1 K, sA 2/ 0%
A DATEEHETE?
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QniE 14-8 s, MEEEE 3 BE{ER 2 FERIAT/7 5, HATBGT =Bk 1 FER7 AT R ARG, BItase,

B FeeEEmeamk 1 M,
ELEAE 0515253 HiEE —

BHRE n = 0 1 2 3 4 5 6

etsE 3 BEHEEE 2 85
£

95253, 05153

14-8 THHIRNEEIE 3 FEAY T REE

TERARIEER AR R 1 L Akr, AR R 2 B, R, TR R R TR
fE (EERIPTIEMEBEREB0 Brok, BRI MR (L —WPifEMBREE) AR,
REEESE, R E R B, WRAERIRS A dpli] = dpli — 1] + dpli — 2] KT, HWB
dpli — 1] (RFEARBE 1 B, EEFEETHE L HEDk 1 BRI 7L, Mk TREH%, RER
HEHE dpli — 1) EckEst A dpli] .
B, REEBRRETER: IR [i, ] FormBLET i BREH E—RBkT j R, Hobj e {1,2), itk
ERARUES T E— Bk T 1 BORR 2 8, FRPIAT ISR 4 AR AR AE A 1,

COBEWRBKT 1 BERE, b bR AERIERE 2 0, B dpli, 1) RAERE dpli — 1,2) Mg,

C B BB T 2 BERE, b E—BARDRIERE 1 REsRBE 2 B, B dpli, 2] FTRME dpli — 2, 1] 5k dpli — 2, 2]

A,

W 14-9 FF, (TR, dpli, j] FoRIRE [i, 1] BIER7TRM, IR AR 7 2

dpli, 1] = dp[i — 1, 2]
dpli, 2] = dpli — 2,1] + dp[i — 2, 2]
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TREEEMIRDE 1 B
ERTRES
dp[i-1,1] ]

dpli,1] dpli,2]

dp[i-1,2]
dp[i-2,1]

dp[i-2,2]

[ 14-9 =5 FEAYT N HEHER (&

W%, RIE dpln, 1) + dpln, 2) BIAT, A% 2 RUCRIESISS n B/ S8
// == File: climbing_stairs_constraint_dp.ts =

[* TEHRCIEES: EHREFRE «/
function climbingStairsConstraintDP(n: number): number {
if(h=11|l n=2) {
return 1;
}
/] #iak dp R, AREGFTFEENRE
const dp = Array.from({ length: n + 1 }, (O = new Array(3));
/] ¥EIRRE: TERE/\FRIERVAR

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]
— —> — — —

AT T

dp[1,0] dp[1,1] dp[1,2] dpl[1,3] dp[1,0] dp[1,1] dp[1,2] dp[1,3]
— — —

R R A

dp[2,0] dpl[2,1] dpl[2,2]1  dpl[2,3] dpl2,0] dp[2,1] dpl[2,2] dp[2,3]
L L L

AT

dp[3,0] dpl[3,1] dp[3,2]1 dpl3,3] dp[3,0] dp[3,1] dpl[3,2] dpl3,3]
— — —
BRES: MBLEITTEY REERIFF: EFEHERE

14-13 1B 5kt BiR B RS IE

Note

BFURAEBNRERR S R WIMGME dp &, EE=F R,

ARRERRL I 7 1 O BAR S AE 5 B E RO RTE RV ARIRE, P E EAKEA I B /N[5 RE A AR S A8 4 L i
R,

RIBLA_EorAr, BIMCAER] DIERES BB RS, R 7 A e — I TH R RS, R
‘BEE - R ES — BIREEE” NIEFEBENS S EMEEE,

1. FiF—: 8hHiES

FEURAE [1, /] PRGOS, BT E/NGIRE [ — 1, 7] A1 [1, — 1], IBERREE FEE,

- IRESW: REE 4, 5] .

- JREUA: [0, 0] 2 [, 5] FIER/NEESAT dpli, 7]

© BIEEE: E i =0 H j = 0K, JREIRE grid[0, 0] .

COBIEE B < OWFEC < O RPRSIESR, HREREIRME +oo, REAAIT,

B AT

// == File: min_path_sum.ts =

/*x ERNEEEH: BHES «/
function minPathSumDFS (
grid: Array<Array<number>>,
i: number,
j: number
): number {
[/l BAEELABETE, BRLEES
if(i=o068&7j =0){
return grid[0]1[0];
+
[/ BTHRSIER, BlRE] +o B
if <0 [l j<8)Aq
return Infinity;

I
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/] HERELEHAT (i-1, ) & {, j-1) HENBRRRE
const up = minPathSumDFS(grid, i - 1, j);

const left = minPathSumDFS(grid, i, j - 1);

/] BREMREEAE (1, j) NSNBRERE

return Math.min(left, up) + grid[i][j];

14-14 f8 8T PA dp[2, 1] Z2RETRHNRER, Hrb s — sl HBREgEEemn grid RS
BERTSEINE 2

WAE LF, ERERTHEEEEZ: ARSI DA L BNEE —ROTh.

dp[2,1]

£—51

Bkt R5[ER

dpl1,1] dp[2,0]

dP[apll dp[1,0] dP[loﬂ

0/ 9. 9,
o LN LN

dpl0,1] dpl0,2] dple,3

: : : BB TR
do % dp[1,0] dp[1,1] dpl[1,2] dpl1,3] dp[i+1, j1 # dpl[i, j+1]1 &Rk dpli, j]
. dp[2,0] dp[2,1] dp[2,2] dp[2,3]
dp[3,e] dp[3,1] dp[3,2] dpl3,3]

14-14 R RE R

THERRERCA A PRI AR, e EAERIG PARKEE m +n — 2%, FIbARERHEMES
O(2™+™) , Hrfrn #1m 53R 288 B0TBONSIE, s, ISy URS DL IR AT, &
FEEMRE SR ORI TSR, FIEERIRSEBEG DL,

2. FiEZ: mieniEs

BA5 I N —EF 484 grid MEER THICIE S A mem , FRRCERSE 1 RIEM AR, A ES R TE]
5

// == File: min_path_sum.ts =

/% BNERTEAN: SRIRWIES «/

function minPathSumDFSMem(
grid: Array<Array<number>>,
mem: Array<Array<number>>,
i: number,
j: number

): number {
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[/l BAELABETE, BRLEES
if (i =068&3j = 0) {
return grid[0][0];
+
/] B1THIZREIREFR, BRE] +o B
if (<0 ] §<0) A
return Infinity;
}
// EBEBLHR, AEERE
if (mem[i]l[j] '= -1) {
return mem[il[j];
+
/] B EEETTRIRDERAE
const up = minPathSumDFSMem(grid, mem, i - 1, j);
const left = minPathSumDFSMem(grid, mem, i, j - 1);
// seEFMREIE EAF (1, j) HsSRDERMAE
mem[i][j] = Math.min(left, up) + grid[il[j];
return mem[i][j];

qniE 14-15 PR, FESIARDIRILTR, P FRIERBRFRG R R, KIHR R IR Re A B, BI4Y
RS O(nm) o

R BAiR B R5[ER

dp[2,0]

0 .-
%%

s

dp[e,1]

14-15 Ol s

3. FiE=: BERE

HPRIER BB ERERE, B AUR:

// == File: min_path_sum.ts =

[* BNERTEFN: BHREFAE */
function minPathSumDP(grid: Array<Array<number>>): number {
const n = grid.length,
m = grid[0].length;
/l %tk dp iR
const dp = Array.from({ length: n}, O =
Array.from({ length: m }, () = 0)
DF
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dp[01[0] = grid[0][0];
// IRREEE: BT
for (let j = 1; j < m; j++) {
, dp[0]1[]] = dplB][F - 11 + grid[0][3j];
/] e 551
for (let 1 = 1; i < n; i++) {
dp[il[6] = dp[i - 1]1[0] + grid[il[6];
}
/] ARREEETS: EHERTTAIY
for (let 1 = 1; 1 < n; i++) {
for (let j: number = 1; j < m; j++) {

dp[il[j] = Math.min(dp[il[j - 21, dpl[i - 11[31) + grid[il[j];

¥
b
return dpln - 11[m - 11;

14-16 /R T i/ NI ASFIRIRREIEIR B A, HOERT 7 ReM@4aty, RULINRIBIREREZs O(nm) .

Bz dp K/hZy n x m, FIREREBEREZS O(nm) .

1 B] il 5 [} ] 0 o 1
2 2 4 2 0 o 0 0 2
5 5] 2 1 0 o 0 ) 5}
4 3 5] 2 o o 0 o 4

grid dp &

etk dp &
Step 1 Step 2

1 5] 1 5 1 4 5 10 1
2 2 4 2 3>5 0 o 2
5 3 2 1 8 o 0 o 3
&4 B] 5 2 12 o 0 o &4

grid dp ®

IR
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j]
Step 3 Step 4

1 3 i 5 i 4 5 10 i
2 2 &4 2 3 5 9 >11 2
5 B] 2 1 8 o 0 o 5
&4 5] 5 2 12 o 0 0 4

grid dp &

IRREE

dpli, j1 =min(dp[i-1, j1, dpli, j-1]) + grid[i, j]
Step 5 Step 6

3 1 5 1 4 5
2 4 2 3 ) o
3] 2 1 8 0 o
3 5 2 12 o 0
grid dp &

PakETT dple, j1=dplo, j-11 + grid[i, jl
MIAED) dpli, 0] = dpli-1, 01 + gridli, j1

8 1 5 1 4 5

2 4 2 3 5 &> i

9 2 i 8 o o

g 5] 2 12 o o

grid dp ®
RREEE

dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j]

B 1 5 1 4 5

2 4 2 3 5 9

3 2 1 8 > i o

8 5 2 12 0 o

grid dp &
ARG

dpli, j1=min(dp[i-1, j1, dp[i, j-11) + grid[i, j]

10
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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 11 2 2 4 2 3 5 9 11
5 3 2 1 8 ge>10 0 5 3 2 1 8 8 0e—>11
4 3 5 2 12 0 0 0 4 3 5 2 12 0 0 0
grid dp & grid dp &
IR RREE
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j1
Step 7 Step 8
1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 11 2 2 4 2 3 5 9 11
5 3 2 1 8 8 10 11 5 3 2 1 8 8 10 11
&4 3 5 2 12e>11 0 0 4 3 5 2 12 11e—>15 0
grid dp & grid dp &
RREES RS
dpli, 31 =min(dpli-1, j1, dpli, j-11) + grid[i, j1 dpli, j1=min(dp[i-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 1 2 2 4 2 3 5 9 11
5 5 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 ®
RREETS
dpl[i, 51 = min(dpli-1, j1, dpli, j-11) + gridli, 31 BERNEENS 13
Step 11 Step 12

14-16 B/ NS TSHR B RE AL E AR

4. FHREWR

AR RS 7 R E g B2 Aors A0, R AT AR — (B TR AR B dp K.
AR, BZMS dp RREFRIR—1THUIREE, A ARRIMEEIRIZATAIA L B SIIRAE, TR e BT e:

// == File: min_path_sum.ts =

/* BR/NEEEH: TRREMERNENRERE] «/
function minPathSumDPComp(grid: Array<Array<number>>): number {
const n = grid.length,
m = grid[0].length;
// #8atE dp &
const dp = new Array(m);
/] ARG BT
dp[0] = grid[e][0];
for (let j =1; 3 <m; j++) {
dpl[3] = dp[j - 11 + grid[0][j];
}
/] ARREEETS: HERTT
= i

for (let i = 1; < n; i++) {
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/] REEES . B
dp[0] = dp[B] + grid[i][6];
/] ARREEERS . HERS
for (let j =1; 3 <m; j++) {
dp[j] = Math.minCdp[j - 11, dp[j1) + grid[il[3j];
F

¥
return dp[m - 1];

}

14.4 0-1 HEIf5%8

HEMER A BB FTEE, 2RSSR RMEE R, HAGRZEE, i 0-1
HHMEE, TeEuiE ZEEUMES,

TEAHT, FRAMSes R iR R 0-1 15 BT,
Question
7E n EYIEL, B EYESNERS wgt[i — 1], EER valli — 1], M—EFES cap M,
&P L REEEE — X, MITEFRE S EA R FRERAY) I R A E(E,
BIsgIE 14-17 , HRYIGARSE ¢ 706 1 BAGAETEL, BEAIRSIE O BILAEIE, L @ BIEE R wgt[i — 1] F1
EfE valli — 1] o

R EE BfE

i wgt[i-1] vall[i-1] HagE
1 10 50 ‘ cap = 50
2 20 120 2 | —
3 30 150 s u
4 40 210 ¥
5 50 240 7

mAME: 270

BEAR: B . B HAEE
H{EA 50 HESE

14-17 0-1 HEMRHEE R

AT AAE 0-1 H R REBE—EH n @WTRARAERE, BIREEYREET A SRR RIS, Kit
A [ e T e TR,

%R B KR “FERRE H BA R TR MBI R KEE”, R E —(EEh e,
BB BERROPOR, CFINGE, R dp #
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AR AR, RS,
s i IS EAR ¢, 5 [i, ],

ARRE (4, c] BB FRIER: #i ¢ EYIES RS ¢ B EPrsoREr, 2% dpli, .
fRERIZ dp[n, cap], RIRFE—MERT% (n+ 1) X (cap + 1) B4 dp &,
B RN AR, 8RB T R
BRI @ RS, RIBRIVRAT ¢ — 1 EYSISRN T8, 715 % L N miEE .
© RN BUARETE, REEES [ — 1, ¢,
C AN BEAERD wet[i — 1), EEEN valli — 1], REEES [i — 1, c —wgt[i —1]] .

BRI T AER R E AR BKEE dpi, c] SRR RIS, « Wik R E
{E SRR —MlEl,  F It AT R RE RS 5

HEAENE, MAHRE, FEARR/D, HrHREER: B

dpli, c] = max(dp[i — 1,¢|,dpli — 1, ¢ — wgt[i — 1]] + val[i — 1))

FEEENZ, BENYMER wgt[i — 1] BHERSREOAR ¢, AIHBEERERNIAL .
B W SMEIFRGIR R RS
By RS A RS 0 FrcKE[ER 0, BN dpld, 0] #1E1T dpl0, c] #5120,

BATIRAE [1, c] HE b THTRRE [ — 1, ¢] R EATEORAE [i — 1, c — wati — 1]) ST, FHEEmEE
FEEE P 746 dp Z2HAL,

RIBLA L #r, B T ARG EE R O s, EtEs BREE,

1. FiF—: 8hHiES

el E U TER,

- RESW: RE (i, ] .

- R TR dpli, o] .

LRI VIR | = 0 SRS ERIMAR % O 1, KEEEEEE O .
LRk BENTRE R ARG AR, AR RS,

// = File: knapsack.ts =

/* 0-1 8. BHES +/
function knapsackDFS(
wgt: Array<number>,
val: Array<number>,
i: number,
c: number
): number {
/| BEEETEYSIECERGFEE, MIREEE 0
if i=0 || ¢c = 0) {
return 0;

¥
/| EEBEEARE, MREEEFABRATE
if (wgt[i - 11 > ¢) {
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return knapsackDFS(wgt, val, i - 1, c);
+
/] SERBANNBANYG 1 HNRKEER
const no = knapsackDFS(wgt, val, i - 1, ¢);
const yes = knapsackDFS(wgt, val, i - 1, ¢ - wgt[i - 1]) + val[i - 1];
// REmESRPEEEAIB—E

return Math.max(no, yes);

qniE 14-18 v,  FA D) s & AR BRI RS E 005, BRI I 2 O(27) .

BIgRER, ASBEEHPF RS FRE, FlUdp[l, 10] %, MEYRERZ, BSEARKK, THEHHA
HENY R, HETRENBER G REE 2,

MREsR 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 & W21 SRR

2. Bk oEkiEs

B TGS E S TRE ARG E R, RIS mem Rk TR E R, Hrb mem[il[c] ¥ E
dpli,c] .

SINGLIRLZ %, WERIARE R UOR TSR, k2 O(n X cap) . EHERIR:
// = File: knapsack.ts =

/* 0-1 B IENIES «/
function knapsackDFSMem(
wgt: Array<number>,
val: Array<number>,
mem: Array<Array<number>>,
i: number,
c: number
): number {

// FEETFAEYSRNESERFEE, REROEE 0
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if (i=0 || c = 0) {
return 0;

b

// EBEBEALER, BEZEERE

if (mem[i][c] !'= -1) {

return mem[il[c];
+
// HEBEERE, AREEERHAEE
if (wgt[i - 1] > ¢) {
return knapsackDFSMem(wgt, val, mem, i - 1, c);
+
/] SEFRBANFMBANYG 1 WRXEE
const no = knapsackDFSMem(wgt, val, mem, i - 1, c);
const yes =
knapsackDFSMem(wgt, val, mem, i - 1, ¢ - wgt[i - 1]) + val[i - 1];
// EEERIR[ERiES RHEEE AR —E
mem[il[c] = Math.max(no, yes);
return mem[i]l[c];

14-19 JEoR 7 e iR e 8w rg i 00 >0,

VRieR YaEE
dp[3,30]

REHRANIS 3

Bk $REIDER dp[2,10] it YaER > 888

= of &51 BTHANE 2

dp[1,10]

= REHANE 1
o = *
IR i 1 2 3 YHEAE cap = 30
YRESE wst[i] 10 20 20
YEEE valli]l 60 110 120

14-19 0-1 B R ERYRC R A SR e s

3. FE=: BRERE

BRI ERUR AR ER HIEGE dp RAER, BB NTR:

/!

== File: knapsack.ts =

/* 0-1 BE: BERE «/

function knapsackDP(

wgt: Array<number>,
val: Array<number>,
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cap: number
): number {
const n = wgt.length;
/l #Et dp *=
const dp = Array.from({ length: n + 1}, () =
Array.from({ length: cap + 1 }, () = 0)
)E
/] ARREET
for (let i = 1; i <= n; i++) {
for (let ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 1] > ¢) {
// BBBREERE, AfEYm 1
dplillc] = dpl[i - 11[cl;
} else {
/] FEFNEYISR 1 EMEARNRAE
dpl[illc] = Math.max(
dpl[i - 11[cl,
dpl[i - 11[c - wgt[i - 1]] + val[i - 1]
g
¥
}
}

return dp[n]lcapl;

Q1B 14-20 FFR, BEREAEEC AN R MR EEAR RIS dp J/NPoE, BT O(n x cap)

- - [ ] "I‘ - - ] ll“
EE wgt (H{E val h 0 1 2 3 4 EE wgt (HE val el o 1 2 3 4
wgt[i-1] val[i-1] 0 [) ) [} 0 0 wgt[i-1] valli-1] [} [) [) 0 [}
_— _— +5°¢
1 5 [} 1 [) 1 5 () 1 5
2 11 ¥ 2 ) 2 11 ¥ 2 ]
3 15 (o 3 ] 3 15 (2 3 )
HRREE
YEHE n=3 EEERE cap = 4 %:
dpli, c] = max( dp[i - 1, c] , dpli - 1, c - wgt[i-1]] + val[i-1] )
MAKRRTA (n+1) x (cap+1) B dp %M
Step 1 Step 2
al - = ] ‘l‘ - ] ] “l“
EE wgt (H{E val h 0 1 2 3 4 B wgt (H{E val e o 1 2 3 4
wgt[i-1] val[i-1] 0 o o o o ) wgt[i-1] valli-1] [} [} ) o 0 [}
e — +550 _ +55
1 5 (] 1 0 5 5 1 5 ] 1 [} 5 5 5
2 11 ¥ 2 ) 2 11 * 2 0
3 15 (O 3 0 3 15 - 3 )
RREE G
22 #®

dp[i, c] = max( dp[i - 1, c],

Step 3

dpli - 1, ¢ - wgt[i-1]] + valli-1] )

dp[i, c] = max( dp[i - 1, ¢] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

Step 4



T
or

914 FE BIFEKEE

5

www.hello-algo.com

307

- a B ||"
EE wgt (HfE val el e 1 2 3 A
wgt[i-1] valli-1] [} ) ) [} 0 0
NG
1 5 (] 1 ) 5 5
2 1 * 2 )
3 15 - 3 0
RREE
B:
dpli, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + vall[i-1] )
Step 5
- a B n
EER wgt {H{E val el 1 B 3 A
wgt[i-1] val[i-1] 0 0 0 0 [ 0
1 5 o ] 5 5 5 5
11 v
2 11 ¥ 2 0 11
3 15 (% 3 0
R
®:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
| Step 7
al - [} ] Hl‘
ER wgt {H{E val el oo 1 2 3 A
wgt[i-1] val[i-1] 0 [) ) 0 0 [}
1 5 ("] 1 0 5 5 5 5
% T
2 11 2 ) 5 1 16 16
3 15 (O 3 [
REE
#:
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 9
- [} ] Hl‘
EE wgt (H{E val el e 1 2 3 A
wgt[i-1] val[i-1] 0 ) ) [} 0 [}
1 5 (] 1 ) 5 5 5 5
2 11 * 2 ) 5 1;1 16 16
3 15 - 3 0 5 11
RREE
B
dpli, c] = max( dp[i - 1, €] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
[ step 11
- - [ ] Hl‘
EER wgt {H{E val el oo 1 B 3 A
wgt[i-1] val[i-1] 0 ) 0 [ 0 )
1 5 o 0 5 5 5 5
2 11 ¥ 2 0 5 1 16 16
T
3 15 @ 3 ) 5 1 16 20
R

dpli, c] = max( dpli - 1, c] , dpli

|s:ep 13 |

-1, ¢ - wgt[i-11] + val[i-1] )

- [} ] “I“
EE wgt (AfE val el e 1 2 3 4
wgt[i-1] valli-1] ] [} ) ) 0 ]
1 5 (] 1 [} 5 5 5 5
v
2 11 * 2 0 5
3 15 o 3 )
FRAEEY
#:
dp[i, c] = max( dp[i - 1, €] , dp[i - 1, ¢ - wgt[i-1]] + vall[i-1] )
Step 6
a a & @&
EE wgt (HfE val N e 1 2 3 4
wgt[i-1] val[i-1] 0 0 0 0 [) 0
1 5 o 0 5 5 5
+11 v
2 11 ¥ 2 0 5 1 16
3 15 (3 3 )
R
#:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 8
- - ] u
EE wgt (EE val el e 1 2 3 4
wgt[i-1] 0 0 ) [) 0 ]
1 1 0 5 5 5 5
2 2 0 g 1 16 16
3 3 0 5
RAEE
®:
dpli, c] = max( dpli - 1, ] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
Step 10
- [} ] ‘l‘
B wgt (HE val el e 1 2 3 4
wgt[i-1] valli-1] ] [} [) ) 0 ]
1 5 ] 1 [} 5 5 5 5
2 11 * 2 ] 5 1 16 16
\7IE‘\\\\\\\s
3 15 - 3 ) 5 11 16
FRAEEY
#:
dpli, ¢] = max( dp[i - 1, c¢] , dp[i - 1, ¢ - wgt[i-1]] + vall[i-1] )
Step 12
- a B "l“
EE wgt (A val e e 1 2 3 4
wgt[i-1] valli-1] 0 [ [ [} 0 [
1 5 o 0 5 5 5 5
2 11 * 2 0 5 1 16 16
3 15 @ 3 ] 5 1 16 20
EEHFIEMRBAE SRRAEE 20
Step 14

14-20 0-1 = B FHERYEhRE S E AR
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4. FRIREN
F AR ARG LB b — 4T (R ABA A, DRI P ] DAt P o R Rt B e, K s R AR O(n?)
= O(n) .

P, BIMBES A —EMES B 2 MR A Ve? BISAIAl, SERERR R HIE BT eE BT RIRS +
BN, A, ERAERSE ¢ 7T, ZEFIREARSE ¢ — 1 THIRRE,

- NSEREUES R, BEERIR dpli, j]| W, £ LJ7 dpli — 1,1] ~dpli — 1, j — 1] {ERIREC AL
2, R G R E AR RS AR
GUIRERE RIS, RIS & st LR, IR AT DAEMEEST,

14-21 /R TAEBR RS TESE « = 1 ATHHRESE ¢ = 2 1TRUEM, 558 1E & FAHE & Fi Al

) - ] [ ] “ - ] ] “
EE wgt {H{E val el o 1 2 3 4 ERE wgt (H{H val el o 1 2 3 4
wgtli-1] valli-1] [} [} [} ] [} [} wgt[i-1] val[i-1] ] ] [} [} [} ]
L e S e :
2 11 * 2 [) 2 11 * 2 ] gl
3 15 (3 3 [] 3 15 - 3 )
R 0 [ s [ 5] ] ] eer—murrres) oo - (N OEN) OEN (EN D)
ER 1= 2 B, By dp PEENE 1 - 1 HFAENE BIFESE i = 2 17, ETRESS
Step 1 Step 2
- a @& U - a B “
EE wgt HfE val el oo 1 2 3 4 EE wgt (AfE val el oo 1 2 3 4
wgt[i-1] val[i-1] 0 [} [} ] 0 [ wgt[i-1] vall[i-1] ] 0 [ [} [} [
1 5 [ 1 0 5— 5 W 5 1 5 (] 1 5 5 5
2 11 * 2 [} * 16 16 2 1 * 2 ] B
3 15 (% 3 0 3 15 (% 3 )
aen—anin o - (I EDEREDED aen—awin o - ((DEREDEDED
BFEHE 1 = 2 17, BITRESS BIFESHE i = 2 7, ETREEB
| Step 3 Step &
s - - [ ] n - - ] n
EE wgt (H{E val el oo 1 2 3 4 EE wgt (H{E val el oo 1 2 3 A
wgt[i-1] valli-1] 0 0 ) 0 0 0 wgt[i-1] val[i-1] 0 0 0 0 [) 0
1 5 [} 1 [} 5 5 5 5 1 5 () 1 [} 5 5 5 5
2 11 ¥ 2 [} s 1 16 16 2 11 ¥ 2 [) 5 1 16 16
3 15 (O 3 ] 3 15 (3 3 )
sen—msnn o - ((DEDEDEDED aen—msas o - (D EDEDEDED
BIFEHE i = 2 17, BITRESE SERUERSE, M5 dp HENRE i - 2 WFRER
[ Step 5 Step 6

14-21 0-1 BN HREMRIEEREERE

EFEARS B, FRAMEFEE] dp FIEE—4E ¢ ERMIpR, 7 A P R B ol 2 (8 e 2 i Bl
// == File: knapsack.ts =

/* 0-1 HE: THEREMENEERE «/
function knapsackDPComp(
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wgt: Array<number>,
val: Array<number>,
cap: number
): number {
const n = wgt.length;
/] #tEf dp &
const dp = Array(cap + 1).fill(0);
/] ARREET
for (let i = 1; i <= n; i++) {
!l EIFES
for (let ¢ = cap; ¢ >= 1; c--) {
if (wgt[i - 1] <= ¢) {
/] FEFNEYIR 1 EMEARNRAE
dplc] = Math.max(dp[c]l, dplc - wgt[i - 1]] + valli - 11);

F
I

return dplcap];

14.5 T2H8M&E

TEAHH, TR —EHE RS ARE: 2280, HRmern—ERG: Tk

14.5.1 25 8RHE

Question
BE n EYIE, B EYSNERS wet[i — 1], EER valli — 1], M—EFES cap W&, &
Sl AR BGER, B7ERE S AR FREAY SR A EE, ~EAnE 14-22 Fir,

WS EE fH{E SasE
i wgt[i-1] val[i-1] cap = 50
1 10 50 o 1 —

2 20 120 2 x2 “
3 30 150 &
4 40 210 ¥
5 50 240 (>
RAMEE: 290

SELR: K—E @ AWE . BASE
HiEA 50 BRAE

14-22 seen WRERREER
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1. BHREREIBER

SET BN 0-1 MBI AL, WML PRI AL B L

- AEO0-1 HEMES, YA, BRI AR, HEEREET ¢ — 1 [EYs i,
- fEEEEEMET, Y EERZERE, RIEYE  RAE R, 9yl BARERT I inrbaEeE.

e HMERE T, RE [i, c] RELT R MBI,

C ORI BLO-1 PR, WA [ — 1, ).
BN 501 WHMEARR, WEE [i,c— wgtli — 1]

TEMMIRRE RS 7T R 2y -
dpli, c] = max(dp[i — 1, ¢|,dp[i, c — wgt[i — 1]] + val]i — 1])

2. EARER

BrEemiiEE H RS, REER T E— B — 1 8%, Hikwe 80
// == File: unbounded_knapsack.ts =

/* TE2HE: MERE +/
function unboundedKnapsackDP(
wgt: Array<number>,
val: Array<number>,
cap: number
): number {
const n = wgt.length;
/] #EKE dp &
const dp = Array.from({ length: n + 1 }, () =
Array.from({ length: cap + 1 }, () = 0)
DF
/] ARREEEFE
for (let 1 = 1; i <= n; i++) {
for (let ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 1] > ¢c) {
/] EEeEERE, IfEYHE 1
dplillc] = dpl[i - 11[cl;
} else {
// RENEYR 1 EMESRNRAE
dpl[illc] = Math.max(
dp[i - 11[ecl,
dplillc - wgt[i - 1]] + vall[i - 1]
g

}
}
return dplnllcapl;
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3. TRRmEWR

R B ARG R A8 g AR A T AR, Rt MR IR %S dp Frpi g — TR IERE

%O

EMEERNEFE 0-1 WHIEAF M, FRFEBhIE 14-23 ACERARMIE AI1E A,

a) - a & “
EE wgt (H{E val el 1 2 3 A
wgt[i-1] val[i-1] 0 ) ) [} 0 [}
T e
2 11 * 2 )
3 15 - 3 0
aen—ansm o - ((DEDEDEDED

Ew 1= 2§, 85 dp PEFNRE 1 = 1 WFAENR

Step 1
) - - ] u
BEE wgt (HE val e e 1 2 3 4
wgt[i-1] valli-1] ] ) [} ] ] [}
1 5 [} 1 0 5 10 [EEEEEPT)
2 11 * 2 ) 5 1
3 15 ® 3 o 1%
sen—uncen - ([N EDCIEDED
ERFESHE i = 2 17, ETREES
| Step 3
€ - [ ] ] ﬂ
ER wgt {H{E val e e 1 2 3 4
wgt[i-1] val[i-1] 0 0 0 0 [ 0
1 5 () 1 5 10 15 20
2 11 * 2 [)
3 15 @ 3 ) a1
asn—uncen « - ([N EDEIEIED
EFEHE 1 = 2 17, EITREES
[ Step 5 J

Step 2

Step 4

[ step 6

- ] ] U
B wgt (HE val el o 1 2 3 4
wgt[i-1] valli-1] [} o ) ) [} ]
. s ] 1 ) 5 10 15 20
2 1 * 2 o H
3 15 - 3 )

wen—axsws o - (D EDEIEDED

EFERSE 1 = 2 17, BITREEE

- a B u
EE wgt (AfH val N e 1 2 3 4
wgt[i-1] valli-1] e | ¢ o o o o
1 5 () 1 0 5 10 15 [0
2 1 * 2 | o ERNEERE]
3 15 @ 3 0 1

uen—masms < - ([)IEDEDEIED

EFEHE 1 = 2 17, BITREES

- [} ] ﬂ
EE wgt (A{H val el oo 1 2 3 4
wgt[i-1] valli-1] 0 0 0 0 0 [
s () 1 0 5 10 15 20
2 11 ¥ 2
3 15 @ 3 [)

eem—murrres) oo - (N OEN) 500 ECD 2D

SEREDR, B dp RENHME 1 = 2 MFTERR

@ 14-23 e UHEES MR EMRBIESEIERRE

AT EB LR, SRS dp B9 —HEMPR:

// == File: unbounded_knapsack.ts =

/[* TEEE: THRRENMENERERE «/
function unboundedKnapsackDPComp (
wgt: Array<number>,
val: Array<number>,
cap: number
): number {
const n = wgt.length;
// #iatk dp &
const dp =
/] AREEETS

Array.from({ length: cap + 1 },

0O = 0);
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for (let i = 1; i <= n; i++) {
for (let ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 1] > ¢) {
// BEBBREERE, AfEYR 1
dplc] = dplcl;
} else {
/] FEMNEYISRE 1 EMEARNRAE
dplc] = Math.max(dplcl, dplc - wogt[i - 111 + valli - 11);
¥
}
¥

return dp[capl;

14.5.2 THERIGRIE
HHMEE - KEEEASIMENNRER, EaR2EME, TR aikiiE,
Question

it RERE, 4 0 FEREVSIOTES coinsli — 1), EUESE% amt , AERRRINE ] LR BRI, R
RESHIE L R A e DR B, A B B, BRI — 1, RO 14-24

=L HEfE
i coins[i-1] BiESE
1 1 ] amt = 11
\ -
2 2 $
3 5 @ x2 /

BOTESEYE: 3
semsas: ©+©+©

@ 14-24 FEEEAREERIREE R

1. ENREIREIBER

TR DB R 2T MR —REREREDL, W& B DT B B [F 8

 PIERER] DA, YT R CRETT, “PahE R BIE HEREET, HUART HIE "HES
gﬁ”o

- RECEHENR, BeE EMRERERAMY)MEE, TEICHHER SR/ MU,

- RETUMERR TNEET FEAR TR, TEORER R RE HESRER,
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S BEERIIPOR, ERRE, R dp %

RAE 4, o) SHRER RIS W REREWRESITE A o MRV DRISROR, 2 dpli,a .
—4f dp BIRS 2 (n+ 1) x (amt +1).

S PR TN, T R RS 7 R

AR5 A R B RS R { 1E DL T 22 5,

- RBEREME, FIEEEHES T max() il min() .
R R R RO TR (M, (R  RESRERAT 1 BT,

dpli,a] = min(dp[i — 1,al, dpli,a — coins[i — 1]] + 1)

W= WS SMGIERGIR R RS IE
BHESEA 0K, BHENRDEEEER 0, RNESIAE dpli, 0] #%FR 0.

E AR, MHARIMER > 0 MEHELSH, BURMR. AEREERE 2 min() KRR
B IR, FME R oo RFREM, HLEITHA dpl0, a] #EFR +oo .

2. ERBER

KL GE S AR AL +oo 8%, HABEAER int B KMERMNE, MiEX &SSO R
BTIREAHHT +1 #RERTREF A AL,

ik, TRAET amt + 1 RFREIR, FHED amt FIEEEERZ S amt . &ERERT, HE

dp[n,amt] B2EFR amt + 1, FHRADRE —1, RREEZEHEESRE, Xm0 TR:
// == File: coin_change.ts =

[* SR BRI +/
function coinChangeDP(coins: Array<number>, amt: number): number {
const n = coins.length;
const MAX = amt + 1;
[l %k dp =
const dp = Array.from({ length: n + 1}, () =
Array.from({ length: amt + 1 }, () = 0)
)i
/] KEEERE. 817875
for (let a = 1; a <= amt; a++) {
dp[0][al = MAX;

/] ARREEEFS: HAERTAIS
for (let 1 = 1; i <= n; i++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EEBEIEERE, BFEEE i
dplillal = dp[i - 1][al;
} else {
/] FEFEEE 1 EmEARNBIME
dpl[il[a] = Math.min(dp[i - 11[al], dp[illa - coins[i - 111 + 1);
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return dp[n][amt]

= MAX ? dp[n][amt]

-1 H

14-25 JeoR 7 ZERTIRAEN B ENRRR, Mseeh tREIEFEAR L,

s & & 8
R HEfE Nal e 1 2 3 4
i coins[i-1] [}
1 1 @ :
2 2 @ -
3 5 @ -
WHEESR n-3 Bif&i amt = 4
MERTR (n+1) x (amt+1) B dp %R
Step 1 Step 2
s & & 8
=R mfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 1
2 2 @ 0 *t
3 5 @ | o
RS
#:
dp[i, al] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
[ step 3 Step &
s & & ¢
MR HfE el e 1 2 3 4
i coins[i-1] 0 0 MAX MAX MAX MAX
1 1 @ : ) 1 2 :i
2 2 @ [) 1
3 5 @ 3 0
HRREE
#:
dpli, al] = min( dp[i - 1, a] , dpli, a - coins[i-1]1] + 1)
Step 5 Step 6
5 & & 6
=R EfE e e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 4 2 3 4
2 2 @ 2|0 1
3 5 @ | o
ke
#:
dp[i, al = min( dp[i - 1, al] , dp[i, a - coins[i-1]] + 1 )
Step 7 Step 8

5 & & 6
R EfE }{ ] 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ 11| o0
2 2 @ 2| o
3 5 @ | o
WEHEER n-=3 EiFEE amt = 4
MAKETTA max = amt + 1 | HIIA 0
i & & 8
£ EE el 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
HRRER
#:
dp[i, al = min( dp[i - 1, al] , dp[i, a - coins[i-1]] + 1 )
s & & &8
KRR HiE Nl e 1 2 3 4
i coins[i-1] 0 0 MAX MAX MAX MAX
1 1 @ : ] 1 2 3 4
2 2 @ » ] 1
3 5 @ 3 [
R
#:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
5 4 & 6
R EE i\a [ 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ®@ ! 0 1 2 3 4
2 2 ® 2|00 1 1
3 5 ® 33| "
KRR
#:
dp[i, a] = min( dp[i - 1, al] , dp[i, a - coins[i-1]] + 1 )
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5 & $
E i 3 3 4 R EfE 4
i coins[i-1] 0 MAX  MAX i coins[i-1] MAX
1 1 @ ! 3« 1 1 (1) 4
2 2 ® - 2 2 2 (2) 2
3 5 @ - 3 5 G)
] RAEE
#: ®:
dpli, a] = min( dp[i - 1, a] , a - coins[i-1]] + 1) dp[i, al] = min( dp[i - 1, a] , a - coins[i-1]] + 1 )
[step o Step 10|
s 8 $
sk [ 3 3 4 f ] HiE 4
i coins[i-1] 0 MAX MAX i coins[i-1] MAX
1 1 @ : 3 4 1 1 (1) 4
2 2 @ 2 2 2 2 (2) 2
3 5 @ - 3 5 @
ARREE RS
#: #:
dpl[i, al = min( dp[i - 1, al , a - coins[i-1]] + 1) dp[i, al = min( dp[i - 1, al , a - coins[i-1]] + 1 )
step 11 | Step 12
5 € S
Eot mEfE ~Na 3 4 R HfE 4
i coins[i-1] 0 MAX  MAX i coins[i-1] MAX
1 1 @ ! 3 4 1 1 (1) 4
2 2 @ 2 e 2 2 (%) 2
3 5 @ - 2 3 5 G) 2
R KRGS
#: ®:
dp[i, al] = min( dp[i - 1, a] , 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
s & & ¢
MR EfE Nale 1 2 3 4
coins[i-1] MAX MAX MAX
1 @ 1 3 4

2 @ 2 0 1 1 2 2
5 @ 3 0 1 1 2 2

W oN R e

EERHERERNREEHE 2

Step 15

14-25 ZEE4rH AR BRI H R

3. TRRER

TR S MR R T AR 2 e R E -2
// = File: coin_change.ts =

/* BRI TERECEBNERERE] «/

function coinChangeDPComp(coins: Array<number>, amt: number): number {
const n = coins.length;
const MAX = amt + 1;
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// W%k dp =
const dp = Array.from({ length: amt + 1 }, () = MAX);
dp[B] = ©O;
/] ARREEEFE
for (let 1 = 1; i <= n; i++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
// EEBEIEEEE, AEEE 1
dplal = dplal;
} else {
/] EFEEE 1 EmEARNBVIME
dp[al] = Math.min(dp[a]l, dp[a - coins[i - 1]] + 1);

F
I

return dp[amt] != MAX ? dp[amt] : -1;

14.5.3 THEFIGRHAN

Question

ST n FEREYS, 55 0 MEREMERYTE(EA coins[i — 1], BIESEA amt , SREREE AT AEEIER, M
Hih HE SRR S8R, RBIANTE 14-26 FR,

EE HfE
i coins[i-1] Bif&E
amt = 5
1 1
2 2 §
3 5 (5)
IS HE: 4
EBEEHE: + + + +
+ + +
+ +
(s

14-26 FEESTHARTE 11 KR EIE Rk

1. BREREIBER

FAHER b, A E SR AR, R TR B 0 ERENAERITE 2 o IALABUR. T dp
BRI (n + 1) x (amt + 1) i 4E%EH,
B RTRAEAUAL 2 O SR B AT S AT R RSO S W 2 A, KBS PR
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dpli,a] = dpli — 1, a] + dpli,a — coins[i — 1]]

B HERREA O, DRSO AREA] B0 B, FILERESIATE dpli, 0] #uihths 1, B
REMEIRE, SOEBEHER > 0 WHESH, FEHEITE dpl0, a] #5%R 0,

2. ERBER

// == File: coin_change_ii.ts =

[x BEERIR I1: HREFRS «/
function coinChangeIIDP(coins: Array<number>, amt: number): number {
const n = coins.length;
/] #EE dp &
const dp = Array.from({ length: n + 1 }, () =
Array.from({ length: amt + 1 }, () = 0)
s
/] ¥EES!
for (let 1 = 0; i <= n; i++) {
dp[il[e6] = 1;

+
/] ARREET
for (let i = 1; i <= n; i++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] BEBBEIZEEEE, AfEER 1
dp[illal = dp[i - 1][al;
} else {
/] FEFEEE 1 EmEARZM
dp[illal = dpl[i - 11[a] + dp[illa - coins[i - 1]];

}
}
return dp[n][amt];

3. FHRER

S AR R T AR, IRRAE s 4 R AT -
// == File: coin_change_ii.ts ==

[*x SERMR 11 TRSEVENSRERE «/
function coinChangeIIDPComp(coins: Array<number>, amt: number): number {
const n = coins.length;
// Wk dp *&
const dp = Array.from({ length: amt + 1 }, () = 0);
dpl[B] = 1;
// ARREET
for (let 1 = 1; i <= n; i++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
// EBBEEEEE, AIFERE i
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dplal = dplal;
} else {
[/ RETEEE 1 EmEREZM
dpl[al] = dp[al + dp[a - coins[i - 1]];
¥
}

¥
return dplamt];

}

14.6 #mEEPEEHAIRE

AiHEEAE, A% Levenshtein EERfE, HamifEy H 2 f EAHEHRA B MESOREL, @R EERRRMEA
A5 5 i A {37 RO E

Question
i AMETE s fl ¢, IREL s Bz ¢ pras /0 i o 3
VR AT DATE— {8 7 Ef A T =R AR IR E . MA—EFon. MBR—HEFT. KFoBhattE—MEFT,

QniE 14-27 Fos, i kitten By sitting FREMEH 3 0, TG 2 UBHURIEE 1 OHTHEIR(E; i hello
W7y algo FE 3, WL 2 DO HLERIER 1 IRMBRERIE,

(3
n
P
=
r+
n

14-27  #wiBEEEER R B R

AnE AR T DR B 2R T DR R BVRR R, = R TR R, —HMDROR (—IRAWTEIRME) BHIERIA—
i,

qnieE 14-28 Fow, ENREERIEAEIT, SRR DURE HFF 2008, SHaBBE MR, EE%
FH1E hello HHHE] algo AT AT REMIIEAE,

R ER, AR EEER ARG hello METES algo X MR EIEHSIE,
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s =
Wg%g/\
o /\

t =

14-28  FEFATR A F S e e A ]

1. BREREIBER

P BERRAOR, EFNE, Rms dp %
BRI T s AT IR,

T AR IEIGRELR, R RRBORNA ), SR AR T, R s At I RED A n
film, % A R IE sln — 1) f1t{m — 1] .

- % sl — 1) F t[m — 1] MR, BFAABOBE, B s[n — 2] A t{m — 2] .
C % sl — 1) t[m — 1] R, RPFEEE s 7RG GRA. MER. B0, M1EmF BRI
SR, HETTAT BB T, 2 A /MR,

htiEn, RIFETS s FEFIE - RPEE GRIHRE), MEMEE s A ¢ PRIBIF IR FT 3R,
R, SREEZERILE s F1 ¢ % RIS § O30 j 59T, 325 i 4]«

RAE 7, 7] EHRERO TRIRE: 0§ s MR ¢ M7 et ¢ AT § I CRT i D B,
i, BEERS (i + 1) x (4 1) 4 dp %,
o PRINEREE T, R AR s R

FREFEE dpli, j], HHERMEFEREBFITA sli — 1 ft[j — 1], AAREAR SRR 7 2
14-29 BB =FE 15 L,

1. 1€ s[i — 1) 250 ¢[j — 1], RIS TR dpli, j — 1] .
2. MW s[i — 1), HUTISRTRIE dpli — 1, 5]
3.0 sli — 1] Bt t[j — 1], MRIBRTRIE dpli — 1,5 — 1],
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RS e
(0[o]o]x]e]
(c[o]d]e] (c[o]aE
dpli, j-1]
k% k
s - BB0C 080 (b]o]o B
‘- (T ]e]] Boonc
dpl[i, j] dp[i-1, j]
1 k iR e
(b]oJo]e]
(cJold]e] (c]o]< B
dp[i-1, j-1]

[ 14-29  HiiE EE A IR RETE RS

HRISDA LA, TR TA5H: dpli, f] MR SIES WS dpli, j— 1), dpli—1, ], dpli—1,5—1]
SHBIR RIS, ARSI 1, B TR

2493

dp[lmj] = mln(dp[l,] - 1]7 dp[l - 17.j]7 dp[l - 17.7 - 1]) +1
RETERL, B os[i — 1) M t[j — 1) IR, MM E R, SREN NrREHER 7%

W= o s SRR BRI

BT RS, S E 0, B dpl0,0] =0, & s %MHE t Sz, KD

#

D BN R,

BIEAT dp[0, 5] = jo B s FAZe(E ¢ 220, BOMESBEER s (R, BIES dpli,0] = .
SRR /A, 8 dpli, ] k7T, B2y, Je b ATIONE, BREE B E R R dp ERT,
2. BRBEER

// = File:

edit_distance.ts =
/* 4REERERE. BNREIRE +/
function editDistanceDP(s: string, t: string): number {
const n = s.length,
m = t.length;

const dp = Array.from({ length: n + 1 }, () =
Array.from({ length: m + 1 }, O = 0)
DE

/] REEES . B1TET!
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for (let 1 = 1; i <= n; i++) {
dp[il[0] = i;

for (let j = 1; j <= m; j++) {
dple][3] = 3;

b

/] ARREEEFS: EHERTAIS
for (let 1 = 1; i <= n; i++) {
for (let j = 1; j <= m; j++) {
if (s.charAt(i - 1) = t.charAt(j - 1)) {
/] EMFTESE, BEERKBIMFT
dp[il[j] = dp[i - 11[] - 11;
} else {
/] RVERESE = A, bR, BRE=EEENRVRETEH + 1
dp[il[j] =
Math.min(dp[il[j - 11, dp[i - 211[3j]1, dpli - 21[j - 11) + 1;

}
}
return dp[n][ml;

Qi 14-30 B, e A ] REL A B R i A B s GO RV B L, AT DA VR IEUR — {18 — e AR 0
o

_ BopBao ooan
SNle 12 3 4 Nle 12 3 4
0 e |8 1 2 3 &
n 1 u 1|1
a 2 a 2 |2
B 3 a 3|3
s = “bag” t = “pack”
n=3 m= 4
M ETT dplo, j1=3 « &5 dpli, 0]=1i
) MERTS (n+1) x (m+1) B dp R
Step 1 Step 2

ooan ooan
O DR
0 o 1 2 3 4 o o 1 2 3 4
u 1 1 i 1 n 1 1 1 i 2
n 2 2 a 2 2
B 3 3 B 3 3
iR G
#: #:
dpli, j1 = min( dp[i, j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1 dpli, j1 = minC dpli, j-11 , dpli-1, jl , dpli-1, j-11 ) + 1

Step 3 l Step 4 ]
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R
#

dpli, 31 = min( dpli,

FRAEEY

4pli, 31 = min( dpli,

s ]

HRREE
#

4pli, 31 = min( dpli,

=0

ik

dpli, 31 = min( dpli,

| Step 11

e

4pli, 31 = min( dpl3,

[ step 13 |

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, 31, dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) +1

j-11 , dpli-1, 31 , dpli-1, j-11 ) + 1

HRAEES
-3

dpli, 31 = min( dpli,

‘ Step 6

e

"o s[i-1]=t[i-1] = ‘a’

=0

1R
dpli, 31 = min( dpli,

Step 10

HRAEES
B

dpli, 31 = min( dpli,

‘ Step 12

R

4pli, 31 = min( dpli,

[ Step 14 ]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

= dpli, j] = dpli-1, j-1]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) +1

j-11 , dpli-1, jl , dpli-1, j-1]1 ) + 1
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2

_ oooo

IR

) ) 1 2 3 4

u 1 1 1 2 3 4

u 2 2 2 1 2 3

B 3 3 3 2 2 3
EER/MEES# 3

Step 15

14-30  #miEER A p BRE Al AR

3. FRImEWL

R dpli, j] 521 B3 dpli — 1, ). 775 dpli, j — 1], 7175 dpli — 1, j — 1] #ASTIAHS, IR
@EKSE L7 dpli — 1,5 — 1), BIFEBICEIRAIME dpli, j — 1), LRSI R,

#ltt, FRATAT DAGEA —ES L Leftup 2RE 72 LTTME dpli — 1, j — 1], 1Emi & AT TR _LITH#,
R I B se 21 U REA R, AIERIERERT. BN R:

// == File: edit_distance.ts =

/* fREEEERE: THEREMBIENRERE «/
function editDistanceDPComp(s: string, t: string): number {
const n = s.length,
m = t.length;
const dp = new Array(m + 1).fill(0);
// REERE: BT
for (let j = 1; J <=m; j++) {
dpl3] = 3;
}

/] REEEEFS . HERTT
for (let 1 = 1; i <= n; i++) {
/] IRREEE: B
let leftup = dp[0]l; // BfF dpli-1, j-1]
dple] = i;
/] RREERFS . HERY
for (let j = 1; j <= m; j++) {
const temp = dpl[jl;
if (s.charAt(i - 1) = t.charAt(j - 1)) {
// EmFiEE, AEEBLELLmTFT
dp[jl = leftup;
} else {
/]l RVERESE = A, bR, BRE=EEENRVRETEH + 1
dp[j] = Math.min(dp[j - 11, dp[jl, leftup) + 1;
}
leftup = temp; // EFAT—&WHN dp[i-1, j-1]
}
+

return dp[m];
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14.7 &L

1. ERSOIEE

- ENRERIEIHEEIT M, WOEB R T REIER AR EEE R, SR ERCR,

- ABREREITATE N, FrA eSS a AR (B a) @R, (R RKERR
HBTHE, YR ERGIAGIRCERS, A AR ERTA R RIB R HERI R, T or 8 1
AWK,

- AL SR I THE RANEE A, M BB B R E TR R AL, H
GnlE HEARMT A BREATIRE AR B IR, R IR AT DATHER dp RET—(EHERE,
e R R R

- FRES R EE I REEEER, Eoih, BENEL mhRE N EIEE,

- ENRERIEIRREA =R R, R TR, R,

- USRI PR R AR A T DA PR R B A AT 2, HIE i B i 1A

- ERBUETREN —EARRE, HARAR IR BEGIREAR, ELE RAEEFTA RG], fF2 o RE
LA B SRR, TR G P Eh B PR R

G

- R R R BIESEIREY —, B 01 . e a, SEENSE,

C 01 TSR REE R 2§ AT RAER S ¢ (T U RUBCIEL ARIRRHONTS RO TS L ATAED
G, ARSI TR, AR AR AR R, (R, B EHERAERRAIE TR b
HoRAE, DR B ED s, B/ E TR 2,

S AT PR AR SO LR, DRSSO SRR AR RS 5 0-1 75 BRI, phiR
SRAEFRHATE b7 ATE 277 (RS, DRI 2 B (P S T PP E 3.

- BRI 5 T R AR, AR CRR” EEEAR CEN RN, [ AR
BRI max() B min() . OBR FEE” SEARIIER BRI ENEEE, EHE

M amt + 1 ¥R “HERH EESET AHER0E,
- RPROIRATE IR “R/DRE R KRk WAL EERT, AREER T AR B min() 2R
RIER T
A 2 AT )

. 4WEHEEHE (Levenshtein Bih) FARAMEBAINAS 4 2 BIAUMILUE, HEsmit—H7HE 5158 — s
OB DA B, AR LR, TR, B

G P R R BB S A 0 s MR 4 AT ¢ R 5 IR R D S,
s[i] # tlj] W, FUESREASE: WM. MRR. R A RIS TRIE, S A DA
TR AR AL AR, T s[i] = ¢[j] B, MG ATTIL,

- {EARIRIENE, IRABRRCELIE L7y, (AT, Je b ATIOIRAE, DRI L RSB e S A
ERHEATIRAE RIS, Zutt, TRIFRIR — (A0 17 2 LT iRAE, FETi (LS 505E 27 RS A
W AT DR R R L AT P
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Abstract
Al H 25 KI5, ReZIER B & R EE,
BAE RIS AE — i Y f BB, BPEMREE R,
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15.1 S¥ERZE

BEEEL (greedy algorithm) 22— RARD R AL RERTIRE,  HAEA AR AE P ) £ 8 DR SRR
B, WOREATE AR EREE, Rt Bt R ERRER, DHER et R, S8mEk
R E R, TERF 2 HIRME G ERZRIER .
B IR EN B R R R, B A MR, iR B AR,
B AR AR,
- BYRERE SRR RIS BRI A DR B RTTRER, {38 2 7 R A e A s i PR A i
- BMEERAGEREENDGR, M2 —RAaTHE T B2, TR, BB,
FMCE BB TR A EIAR TAERM, EEECRE el iiE” =ZHih 4, A
BUREFE AR,

Question
47E n REEEYE, S8 ¢ REREWSTNTEES coinsli — 1), BRESEA amt , SRERE ] DIEEER, [
RSB BIESEN R DB R, REREL RS, ARE —1,

AR S AE RIS AN 15-1 e a7 AR, SRR KR Hidin enins, Bz
LER, HERBESEA L,

BigER BEER: ARBREFTANERBIRGRSHENEE
131
N
31 J— :
¥
e U
’
¢
N O =
’ (1)
(]
@ 15-1 ZETHRAEAERME
B R R:
// == File: coin_change_greedy.ts =

[* ZERM: BF «/

function coinChangeGreedy(coins: number[], amt: number): number {
// &% 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

G EE fHE  E{EE
vall[i-1] RSB EE

i wgtli-1] valli-1] wetlio1] HEBHEHE

2 20 120 6 2

4 40 210 5.25 % P —

1 10 50 5 ) BREEUBEESNYS
3 30 150 5 Y

5 50 240 4.8 7

[ 15-5 o3 80H B B A TR

2. ERBER

BATEENL 7 —EY) e Ttem , DAREREY SIS IR B B EDEITHE . EME T RAERE, EHuaimkk
HH S [ -

// == File: fractional_knapsack.ts =

/* Y& */

class Item {
w: number; // ¥)mEEZE
v: number; // ¥)mEE

constructor(w: number, v: number) {
this.w = w;
this.v v,

¥
[* NHEE: BE «/

function fractionalKnapsack(wgt: number[], val: number[], cap: number): number {
// BiYmey, eamEBY: =8, EE
const items: Item[] = wgt.map((w, 1) = new Item(w, val[il));
/] EBEAIBEE item.v / item.w HSEUEETHF
items.sort((a, b) = b.v / b.w - a.v / a.w);
//Llﬁ”ﬁﬁ
let res = 0;
for (const item of items) {
if (item.w <= cap) {
/] BRGRRERTE, EEYREERZESE
res += item.v;
cap -= item.w;
} else {
/] BRGRERRE, WEENYRN—oEES
res += (item.v / item.w) * cap;
/] BERGAE, FiBHiEE
break;
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return res;

S

R HE 7 LR IR AR B 2 O(logn) , SHEMEER % O(logn) 8 O(n) , BURRERGES
MR A E L

BribF2Oh, TERERIY, REEHRESHS, FUREEERES O(n) , Hhn Z¥amEk,
HIRRIGGEIL T — 18 Ttem ¥fFeRsl, KLBRBREES O(n) .

3. IEH#E14:EHEA

R B v REAEER &Y, ERXEEERGRAMEES res , HBH IS
To

BERE U EHEAERREEY N, WERASBEMEENYN v . HRYM © B EERS, RIS
BIBHIMREE—TE RN res . 1EH res REBEWEPE, SARERPBHEEETMN © .

B RAEAY &, M the] DR BIAP )G, MME 2, BAEEERIPMEE E g, S0
HH B AR TR 2 A R

QniE 15-6 FfrR, Q0ESRGRE) Gt EE AP B A 70 BB 1 — 9k AR SR A R A A, S0 o B0 R T
%y “SRAEA RIS R T R R TR, 38 IR b AT DA B BRAFRE T 1 FEE P B AR RS O A R

YR BEE
5.25 5 5
% ¢ & -
YREE
40 10 30
50
B “azE

15-6 7 EEHREER R RR
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15.3 RAB=RIE

Question

g AN— ] bt , HHESETERR—EEERRNEE, HIHREERERR, AR EMz
B =3 i ] DAAE R — 525

A A BEFREEMRERNFME (HfE), HiSEHBENRERIE, M E R EE RS |
ZE,

FHTERA RN ERENR, FEREARNASRNARERRK, RERAKAE, REIGE 15-7 i,

bl

e B N W B U N ®

S
[y
[
w
&~
(L]
[=)]
~

[ 15-7 BRRA BRI R

AR AR AL, RIAERGIRE 2 MR AR ARG ], L% [4, ]
HURER, ARENEERUEE, HrhmEdERIE, SERMRIRNESIR 22, AR5 capli, j]

. TS Et AR
capli, j} = min(ht[i], ht[7]) x (j —1)

SEMEI R %, FERIRAAL A ROR GIREEAER0 2 C2 = 2 mersisty, SRVl BASSSRR AR
RE, HEMiRIHRAAR, RIS O(n2) .

1. BERBEE

SR AR, W 15-8 R, BUBE—EIRAE [1, /] , HUNERS1i < j B ht[i] < htlj]
B i 2R, § B ERIR

)
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S B N W PN
pe—— < e
—— <\

i Bl ] B/ER

ERIAE cap = min(3, 4) x (7-0) = 21

15-8 WIURARRE

aniE 15-9 FvR, SRR j R ¢ SRk, WA R—a 8.

ERRNDHEBERN § 18, BE j—1 §E8/); MeElERRE, FHitsER g erg G hakEm) 5L
N (BRI § AR o

8

7

6

5. .
| ;
3

2
1EEEEER
: |

e 1 2 3 4 5 6 7

HRBERERER, BE—E
ZRIAE cap = min(3, 3) x (6-0) = 18
15-9 MNBEIRRZIIKGE

i, BMAmRNBEERR o, AATREEA RS, HAMARTE T/, HEElReEEAn
BRAVEN ¢ FIREEEER) . BIUNTER 15-10 H, BEERRHEEEER,
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—— <\

i

A
8
7
6
5
4
3
2
1
0

(7] 1

2 3 4 5

FPBENER, BEFHEEX

EHEE cap = min(8, 4) x(7-1) = 24

15-10 NS EIREAR IR AR RE

P I AT A R B A SRS . RIAGIL IR ER, B S as i, R A PR RAR B R TR RS, B

EELELEDEN

15-11 foR 7 BRI A T I AL

B

| Step 1 |

KR

Step 3

S kR N W s O O N ®

S kN WS O O N ®

MEIER 1, § , EROTIRSIRG, FEBAME res =

] 1 2 3 4 5 6
EHEE cap = min(ht[i], ht[j]) x (j-i) = 24
RABE res = max(cap, res) = 24

WFHAARRETS, 4845 4 F1 5 251 BE5 it
AHEEATRREI AR capli, j], WMEHRAR R,
Eeget « FOMR j RO, RS A RS B —4%
EESITE 2. FE 3.8, BE 0 M J HIBRETR,

KR

S Rk N W F O O N ®

Step 2

it

S Lk N W H O O N o®

Step 4

j
’ v
i
] 1 2 3 4 5 6 7
EiEE cap = min(ht[i], ht[j1) x (j-i) = 21
BABE res = max(cap, res) = 21
i
v
| 3
v
o 1 2 3 4 5 6 7
ERIBE cap = min(ht[il, ht[j]) x (j-i) = 15
BABE res = max(cap, res) = 24



H15%

\
T

www.hello-algo.com

336

< h
< He

8 i 8 2
R 7 SR 7
6 6
5 5
4 4
3 3
2 2
1 1
o [)
[} 1 2 3 4 5 6 7 [} 1 2 3 4 5 6 7
HHIAE cap = min(ht[i], ht[j]1) x (j-i) = 28 EHIEE cap = min(ht[il, ht[j]) x (j-i) = 21
l Step 5 BABE res = max(cap, res) = 28 m BAZBE res = max(cap, res) = 28
- i
Y v
8 8
7 7 )
6 | 6 3
5 EE s
4 . 4
3 3 3
iR 2 2
1 | :
o [)
0 1 2 3 4 5 6 7 [} 1 2 3 4 5 6 7
HASE cap = min(ht[il, ht[j1) =« (j-1) = 4 MHER cap = min(ht[il, ht[j1) x (j-i) = 5
(w7 RATE res = nax(cap, res) = 28 =T BARR res - nax(cap, res) - 28
ij
v
8
7
6
5
4
3
2
1
[}
[} 1 2 3 4 5 6 7
- i8R 1 B 5 1EE,
Step 9 - BHATEE, EERASE 28

15-11 mARAERMEN B

2. ERRER

ARSI E R n dh, FUEREBHEEZ O(n) o
B j. res (EREBOUNORESMEM, KBRS O(1) .

// == File: max_capacity.ts =

/* RRBE. B «/
function maxCapacity(ht: number[]): number {
[/ W i, j, EEDFIEYIWS
let i = 0,
j = ht.length - 1;
/] VIERABES 0
let res = 0;
// EEEREE, BEEMIREE
while (i < j) {
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/| BHMRARE

const cap: number = Math.min(ht[i], ht[j]) = (§ - 1i);
res = Math.max(res, cap);

/] AR ERER

if (ht[i] < ht[j]) {

i+=1;
} else {
j-=1;
¥
}
return res;
I
3. IEFEE:ERA

ZF I E Rt RRA SRR ENE Pud” —SiRE,

FLANAERRRE capli, 5] F, @ 2980, § 2 RIR. 5 EEHRINR ¢ B —i8, E8sE 15-12 Frnrikeg
B, JERENRE IR TR E LN B A ROD,

cap[i,i—l— 1],cap[i,i—|— 2]7 ,cap[i,j - 2],cap[i,j - 1]

caple, 7] capl1, 7]

cap[@, 6] cap[o, 5] caple, 4]

caple, 3] caplo, 2] caplo, 1]

15-12 B RS kiE ATk RE

B3, EEupbB R E B LR j NBENFEIRE. fiEmRMEEERNERR—E g
HEAREEN, Wt SearRES IR REE, BhReMA eEBEhR R R,

DAL, BEERAIRIER “2a” 1Y, BRI AR,
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15.4 mAYIS FiRRE

Question
HE—E RS n, KHY)D 2O WEERENMN, RKUDBREEERNRERAZZ/D, WIE
15-13 Fii7Ro

ENEEB n , R max{ngxny xngx..xng_o%n,_q%xny)

15-13 &K1 FerEnI e &

et n V15> m ABEIR 7, HAs ¢ MR 7R n, ,

m

=1

AER) HAR RIS A BN TR AR, H

PMTEEHZNR: VIDEE m EZ2R, 8 n, BxEz/0?

1. BEHERETE

MRARASER, WIEREEEOFRAE L E MM E R, B n ol —MEEF 2, AIEMEsRES 2(n — 2)
o BIMHFRZIRAEE n (FLLEL:

2(n—2)>n
2n—nm—4>0
n >4
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GniE 15-14 R, En > 48, J1rH— 2 BREEER, EHRIIRRFR 4 K BHEREZSD)IT

BARRIE—: WIRVIDTIRPEE > 4 MET, R EEZEAERY)y. BEHYID TR AEEE 1, 2,
3 E=HER ¥,

N
=
=
1
N

(=]
==}

n: 4 8, 58 2(n-2) 2 n
AERETDHRIAEEFE 1, 2, 3 BF

15-14 Y EBERIEER
B TIASRERE R T 2R BN, /£ 1. 2, 3E=MEFH, R 1RREN, HA 1 X (n—1) < n K
Sz, BIPIOr 1 S & S EORAER N
GniE 15-15 FR, En =061, A3 x 3> 2 x 2 x 2, EEKEVIZN 3 U5 2 HisE,

BANRI . U RT, RS EREGEME 2, FRH = 2 82 R ZME 3, MRS E KRR
FHo

BEEEDME 2 &, EEEmhEramE 3

15-15 &EYI7 AT

ok BRTIE, FIHERLH DUN B AEERI,
L WARE N, RHEAEMYIDHET 3, EEMREE 0. 1. 2,
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2. EEREUS O, AR n @ 3 IREEL BT R,
BRI 2 Wy, AREEEY, RE
4. BB LR, HR2Xx2>1x3, HILERRE—E3 EHhA2,

w

2. IERRER

qniE 15-16 AR, MRS BRI 2B, mnl DA MERERG2] 3 NES o , FHERBIERR
FIGREL D, WA

n=3a+b

TR, R n < 3MBFRIEN, LERSE-EL, #BEA 1 X (n—1),
// == File: max_product_cutting.ts =

/% RAYUIDFE: 8 +/
function maxProductCutting(n: number): number {
// & n <= 3 K, HEJDSH—E 1
if (n <= 3) {
return 1 * (n - 1);

b

/] BEMTINH 3, a A 3 WEH, b ABH

let a: number = Math.floor(n / 3);

let b: number n%3;

if (b = 1) {
/] EBHEAE 1K, §—%H 1«3 #Bks 2 x 2
return Math.pow(3, a - 1) * 2 % 2;

b
if (b = 2) {
/] ERREA 2 B, TMHRE
return Math.pow(3, a) * 2;
+

/] BiFEA 0 B, TMYRE
return Math.pow(3, a);

B8 b af@ 3

n=3xa+bh

& 15-16 FAYV)I MR R TT I
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I P BRE E B DR P sl SRR R BB 7L, DL Python 261, W ARG B EUE =L,

- JEET xx FIEE pow () WRREEAEEZSZ O(log a) o
- B math.pow() PIERIFAY C 35S AT pow () BRI, HBITIZBEEE, WRIEMER O(1),

S0 o 1 b R B MO NIRRT, RIS BARIE 2 O(1)

3. IEH#1%:EHEA

HERRFEE, Rt n > 4 BB,

L AR < 3 BRREEVIS T RPEE > 4 WEF o, WE—EA] DU HAESESE 2 2(x — 2) ,
TEMERER (B KIRME, ERERETE.

2. UInTigAuE 1 BERREVIDTRPFEERT 1, BEE—Er LGB IR 7, A
JERS ORI, SRR E,

3. VInTiRm B W Wi 2 : (REkmEY) 7T RS =82, 0B —En] DU amifE 3, FAEER,
SRR &,

15.5 /i

1. ERiEEE
- BBHEETREE AN R SR, HRBUR R B A TR RS B (T I i B TRER,  DASIIE
(EEctdénodl JiiN
- BEETAEIE A — A A B AR, AR A A R R AR BN TR, B
fe] REAR AT

- R R AN, R RN, MR BIREAIE, SR NSRS A R
fi5,

BB, B S, AR AR SR A B 5 A A & IR
R, UL TR BRI,

AT R R R L ORI SRR A TR AU R AR
W 2

- OBHRSLEYRRR, EAEEE E A R, MR, BOEAS, GBS,

CORMRERIBE RS A AN, W RN, IEREMEE, Eh e AN L B,
Al M T S

- VBRI 0-1 TR b, ARV, AT SRR, EESRIGHY
e T LA P 38 DA,

- ERA RN SRR, BRI O(n2) . BB, SHRANBEER,
YR RIREARI L EEALZE O(n) o

- ERAYIS TR, B G I AR > 4 IR, RETISE T
%3, RSO AR, BRI IR RSB B TS, 8% O(1) 5t Ologn) .
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E16E PMitR
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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/

16 E sk www.hello-algo.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

16.3 #5:E

® 16-1 P 7 EPHBIRE MR, ([ESTERDUT %8,

- EERELEA TR HSCUTR,  DARER s SOk,
- Bl e AR P SO B P S N RYIMTA AN,

% 16-1 E RS TE E AR B A

English

algorithm

data structure

code

file

function

method

variable

asymptotic complexity analysis

time complexity

fii
Bk
Blmaity
(N
&G
BRIEX
Tiik

=X
L

AL = AL T
I R &2 2

ZHh

USES

EFa

Ttk
LR AT
I i R


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

space complexity
loop

iteration

recursion

tail recursion
recursion tree

big-O notation
asymptotic upper bound
sign-magnitude

1’ s complement

2’ s complement
array

index

linked list

linked list node, list node
head node

tail node

list

dynamic array

hard disk
random-access memory (RAM)
cache memory
cache miss

cache hit rate

stack

top of the stack
bottom of the stack
queue
double-ended queue
front of the queue
rear of the queue
hash table

hash set

bucket

hash function

fafg ¢

23[R AR
TEER

AR

19

J2 i)

e RUSE
KOs
i SR
JiihG

ST

EART

el

EGl|

R
R
SR

JE T AN
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ASEA
%

el

17
ZAFARA
RAranhR
(53
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WEIRAF
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R
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K5l
SRS
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PREX

PRECAR A
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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

fafg ¢

IS
AT
Bl CHiE
FSHE
LRI
LGS
XM
TR R
FEF R
LA
AR
e
LSRR
R R
9 AR

i

=

i

i

IR

SEFE X
RN
SEI X
-1 — X
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AVL f#f
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=30
IR S T
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PNt
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FHCE L
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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

fafg ¢

fiRt

TN

L1157

2 HE 7]
FHEAN A

n BJEFM
BHZSHK
IR
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EHP

figt
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n 2JEHE
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AR REHER 7R
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