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~ HELLO-ALGO codes > python > chapter_heap > @ my_heap.py > ...
> I it “""Driver Code"""
> IF .github if _name_ = "__main__ =
v & codes # AIRATERIAME 3
>mc max_heap = MaxHeap([9, 8, 6, 6, 7, 5, 2, 1, 4, 3, 6, 2])
> ™ cpp print("\niEAJIRFEHEF")
> M csharp max_heap.print() &
> dart
> ™ go # IREUETATTR =
> I java peek = max_heap.peek() —]
> e javascript 118 print(f"\n#MmHHN {peek}")
v @ python
> chapter_array_and_linkedlist PORTS GITLENS PROBLEMS OUTPUT DEBUG CONSOLE TERMINAL ~ +-+ Blzsh +v M @ - ~ X
> chapter_backtracking
> B chapter_computational_complexity ~/Dow/hello-algo main > || Py base 18:18:47
> chapter_divide_and_conquer
> B chapter_dynamic_programming
> W chapter_graph
> chapter_greedy
> B8 chapter_hashing
~ chapter_heap
>
& heap.py

@ my_heap.py
& top_k.py
> chapter_searching

(R > chapter_sorting
‘ o > chapler,slack,and,queue
> OUTLINE
»> TIMELINE
X Pman< I LOtests ®OAO WO GitGraph Ln118,Col 29 Spaces:4 UTF-8 LF { Python 3.10.13 (‘base':conda) €3 @ Prettier (1

0-3 B TG RAI
BT HIATE TIEEE S N =,

H AR, ESRINRATRI AT LA, MRE LR, WAl phd iy,
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git clone https://github.com/krahets/hello-algo.git

MR, PRI DATER 0-4 FniIfiE, midi “Download ZIP” #45H E s FENEDIEGAE, RIGTEAMRERD
G

hello-algo

% hello-algo Unpin Unwatch 312 ~ # Starred 51k

main - 6 Go to file Add file » <> Code ~  About
Local
B3 Clone
HTTPS SSH GitHub CLI

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

[ Open with GitHub Desktop
Open with Visual Studio

[} Download ZIP
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Python C++

def level o

# Mkl

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

= deque()

# Miatt—17IR, BTREFEHF?

res = []
while queue:

oe

% W Q

J V# Go Swift Js >
binary_tree_bfs.py

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

node: TreeNode = queue.popleft() # PABIHIBA

res.append(node.val) # {R7FETiAME

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

if node.right

is not None:

EFHRAR

queue.append(node.right) # HFTSAB

return res

IBITIRYS, a1 0-5 FoR, X T IREARE SR AREI ARG ER,  FATTAT DAE R codes SCAFRA
KR B VR B AR ZE R N TR,

IEREER LET ¥

0 hello-algo

Code Issues 1 Pull requests 10

chapter_tree

9 krahets
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Y
e 7 RAREECHF
a
binary_search_tree.py
binary_tree.py

binary_tree_bfs.py

binary_tree_dfs.py
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Hello 3%
Ego# Mz
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£ mem
0B
AR T
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41 #A
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[ @ EELETT

v] ER

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

return res

“*"Driver Code""

-
if

-

Visualized wi

__name__ == "_main_":
# MafmE

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

nums = extend(nums, 3)

print("HEERESRE 8

Edit Code & Get Al Help

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

)€ ZBENE

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

Objects ,ﬁ EEH

Global frame function
extend(nums, enlarg

Frames

extend

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

412 HENRSASEEE
413 HERREM

nums

[ 0-6 Python R AIM{LIa T
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RS AT PAFE S X R

aniE 0-8 AIvR, ABNAETEME “HE—", SEMIKESIHEITH BB %3,


https://github.com/krahets/LeetCode-Book
https://github.com/krahets/LeetCode-Book
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H
(]
{1t
=
ol

M — FrEg— FrEg=
SERLEREND AR EBEAEAGR

BERE

BENDB RISERE FRRIESR
BB

ARt EmR ISt

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

K 0-8 RIRAF I

0.3 /&

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

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

- MNTEENT, EOENBRR-AANHERER, AIEFZEHK,

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

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

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

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

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

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

1. BT —FR s, EFEZNE TR, REETR N m,
2. MTAEPETRERT r LT m )5, FTIUHRTHATER >, SRS DEEFEE .
3. AWTEESE 1. P 2., BEERIIPHEEE TN r TR 1k,

FRERHEFEROMFHT

EFREN: RIEE—HEEEEN ¢ KT TR

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

Step 1 Step 2
5
—H B —HIBL

EFRSR: EFASE:

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

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

e
—¥ M
EFHRSE:

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

Step 5

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

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

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

1-2 $hwHEp PR

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

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

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

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

FHRERE, 7TEN204+ 10+ 1 = 31 75

ok wn e
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BirE 31 L2 11 = 1 =» 0

EELH -20 -10 -1

TWENTY

\
TWENTY ||

1-3 fRmikFdE
UL BT, Bl — DRI B R A AE R ORATRERRI#AIEE M), RS 7 alfTHRE TS
R, NBUREHISRIENMES, XMTEAR LR 500" Bik

INERE—IER, REVERAT, JUPAAERERRREE AT RE, TR LSRG g
KRG ENTES, FRINGS EEEH CPU Al GPU BUTHEIE, IXME—K, Tl Ik REFEAE i i A A)
FrsRHEAL L, DU 7y SRR AR 2k A,

Tip
QRN EERESA, RIE, BN o EREMS RS R E, THRSHE TR, AR5 ISIR
IBNBHREEH 5 BIERRIRRRE ,

1.2 BiERHa
1.2.1 EiZEENX

8% (algorithm) J2TEA R B ROVRE M) — 15 L BRIEP IR, B RA MR,

- ISR RARARYT, B TE TR AR e o
- BAATY, REMEGRPER. INRAAEZSR T ER,
- BLBEATEHE X, EAHRRMARIZITRET, MbaagArrE,

1.2.2 $BEMENX

HUELEM (data structure) ZHAMFMELIENITN, MBLIENE, Bz BRRMBEERIEE, ©R
AL HFR,
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- ZBEGEHRED, DA RINT.
- BAEHRERATREDUE, SRRV, A0 MIER, EHTE.
- BRI BIERORINZEER, DERRSR0sT.

BURSHBE R — e, SRR ERD T BUSHRT, EEWEAS T fEH 2, T2
T

- EERMET A, ERARISIFIMERERCE L ENERE, (HE T ER I AR,
- BT, RUTERENZEGER, ERESHERNAGFEERE,

1.2.3 HIEEMERZENXZ

N 1-4 FoR, BARSSHSRIESEHX, BEEE, BARIET =177,

- BARESHREIRNE G, BARAH OV EIRRME 7RISR, DAURIEERIRRT T
- RIEONBIREIEANE @), BURGAR S IUAERIRE R, SRR sEM oA E i,
- RIRER AT DE T AR BARE S, (EHITRERTREAZERK, SIS BIEai 2 K,

BE—RIUREES

MR AEHEL
FN ‘ ¥ S aith
 —
input algorithm output
YiEsm

data structure

REMEHLIFERE
SHMHBEEIRIES &

1-4 BRGNS RIERRAR

PRSI S EIEMUNE 1-5 FURIIPHERIR, —BRR, BRTESTZFHFZIN, EHATRAHE RS,
BAHEZ R — 202010, SREALS IR S BIARIAL,
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K 1-5 PREEFIR

B RTTRAIN B SR R ANR 1-1 Fmo

®1-1 REdRa SRR O PRERIR

BlRai 5 RE PRERIR

LN S ES/EENIAVN

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

it Rl PR

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

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

1.3 &

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

- ATHIEES S0 BEREEME R ZoBEREIAREL T amia M EERTREAE,

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

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

- BARSH SRR ERE, BURESHRRIRNEA, MERNBIRSHEAL® T,

© RATA] DR BREEA 5 RIER O PRERIAR, BRIRARERE, FURRITARAIERE 7T AR BURSE,
IR AV NN U DR VA RE S

1. Q&A

Q: EN—FEFGE, WIEAR LEPMRAEZRMRRIEME, FRHREEREREESERG T, BEAM
DAY X EERE AN LR RS A AR L RIARIFEE?

NFHE R TAFRGRE LRI “HA" #9IE, IR2ZERNRH RZE G2 N7,

TANNFEEE (DN HMERBE) NEXAZETELEPNELINE, MR TERIRNR, fEMRE
RN RERSUE LML SR ANHIWT, TR AR REA B R, 28— MARHIF, SMEmEIESHNE T HF
PRI

- WRBANA AL VARG SR, oG EmEdE, AT RERTELX MEFEREM T, 13170
. PEREAHS, B LERIFRAT AN,

- BRI, BT AENEH R RN I E 2R O(nlogn) 5 MRS ENEHRZEE
R (BIAS), ARATRATIREAT U RCRE il “HEEH e ki, KNRERERN O(nk) ,
Horb k Ofrgt, SEARARRRN, & HRINSITIN A QNEBRRNE (AR, AR ZFE),

FE LRSI, KEFBUZMEDOAE RO, Vr2mBlge “Ere” sy, FEEMESIEE —75
T R [P RAS B BRI, 59— TR T WL AR N RDR . ARVRIA S, ez, o
IR SEIR N, [P RE AR RS B AR
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Abstract
B2 e i B A B P R S A S
Er IR ER 85 2RI EE EIRARE, FIRERHENER TR,
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2.1 EEMETHE

FERIRRAT R, BACEIER AR AN ZE T H A

1. $RBNMEIRE . SRR EAENUE A% A\ TE RN AT SE sthoR AT (R R [E Ak
2. PREAME: F— DA REF SRS, BN ERER AT R E %,

R, fEREMSARRIBIRIATIE Y, RIRBCRER N ERERM SN EEZRN e, CREREINH A4
}EO

- WRIZeR: BIRIS TR,
- ZBRIBCR: BRSNS RN,

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

2.1.1 SERREMR

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

— 75T, HECAHERRMIAPA S TR, B CHAC B 2 AR MERER I, Bl — DN EIRAH TR, T
LEMEESEZ % CPU LisfT, — PMNRENAFHREES, BRoaeEsERNT RIS ELr. W
WUEW, FIREAFERLES BRI RATRERA— B, XEWRE BT ZESMYLE BTN, gt
FEIRER, X R AL,

7, RO EAAER R, M AR R L, FIRSRMHARRER, fla, ERA
BARBERVN, BIK A RTINS E EESRE B R, MEMALIRREORN, WA RATREA AR, Bk, M
TREFBRIIEER, BAITREMK SRR ALEE, X R EFERRI TR,

2.1.2 BitEE

HF BRI A KRR, K FRATRT DA &I — S BRI BIE AR, IX Rl B 77 AR
FIHEEZE DT (asymptotic complexity analysis), fEAREZE D,
2% BE AT RS AR B R IRIZA T BT B IN TRIAD 23 [ B R 5 A SR RN Z RIS R EHIIR T BEE A SR
ANIBEIN,  REPA TR I RS MR S, XN E SCREEH O, BATTAT DA 53 9 = B R PR AR
- IR ERIR” IR NV EHEIE 2 (time complexity) FIZSEIEZEE (space complexity).
- “BEERABIER/ NG RS S A R T EIRIBITRR S M A BER AR Z AR R AR,
- CITRAI A R FRORE RE ORI RIB TN B S A S AR ERME, R I R ]
B g7,

HAE S Bve i 7 SRR IS TR B, ABLAE LR LN
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- ELHRERSTIE, BEsk a6,
© BN TINAIAE, SAEERIER TR A,
BRI DAMABIA R R THIRRRCR, UHR AR R N HRTATERE.

Tip
GURARAN B RIMESBBINER, FTAEL, BIIEELEET RGN,

AL BANTRAE T —JEPERERCRE b7, BEHATTAT DA S AT B SR Pl 75 B IR TR 2 ) B3
IR, M HARREERZ R,

EARERMUCEMS, N TRFEARELRMR, F MRS, WX PNAEEE, EREHATREAK
EATENERIENMANINE, R, HENMTHERE N AR s RTRRR RN, XE DL 2 A HIa T A
22 A IE O

ER LRR, BWIRIER AN S BARE S RIRZ R, SOOI TR, DAERERS e R
TR AE T

2.2 EK5i2)3

FERED, BEEPTEMESRRE LN, E5EREMIEEME, Flit, 1EgI RS AR RS 2%
JEZ A, WAVER T R AERE PN EE PITESS, RIMMEARREFERIZ: RN #A,

2.2.1 #%

&R (iteration) B2 —MEEHRITHR MESFSHIIZHIG, IS, BFEIEMLE ERRA TEEHRITRE
8, BRI,

1. for f&IF

for AR WHNERERZ —, ESERVERIE R OBINEH]

PUNBREGET for TRIASLELTSRM L + 2 4 - +n, KMLREAZE res idx, FETERZ, Python
H range(a, b) XfNWAIX AR “AHAET 1Y, MNMAEAEEN a,a +1,...,0—1:

// === File: 1iteration.js ===

/* for {&IF */
function forLoop(n) {
let res = 0;
/] BWXM 1, 2, ..., n-1, n
for (let 1 = 1; 1 <= n; i++) {
res += i;
}

return res;
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B 2-1 2 %R R A TR AE ]

2-1 SRFIAEH AR

SRR B BRI S A BERE R/ n ELE, SREBR “RIERR, SLhr L, RSN
XA “RPERRT, HRNBTRRE N TR 4.

2. while f&IF

5 for fEFARLEL, while fEIAMLZ —RISCINERAITTE, 1F while 1B, R RRAXTRERM, WRA

PENEL, WIAKSEST, 7RSS AR,

THEFRATH while TEIARSEIARKM L +2 + - +n:

// === File: iteration.js ===

/* while BIF */
function whileLoop(n) {
let res = 0;
let i = 1; // VRUFRGTE

/] BWXM 1, 2, ..., n-1, n
while (1 <= n) {

res += i;

i+ /) BNRHZE
}

return res;

while TAEREL for IEFRARY E IS H B, 76 while TR, FRATATDAE % b 45 0028 & A9 4R AL FH B T 40

B%O
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BIAAE DA RARRDH, SRR @ BT PIIREERT, XAME DU KTTEH for MEFASEER:
/] === File: iteration.js ===

/* while f&If (FXREH) =/
function whileLoopII(n) {
let res = 0;
let 1 = 1; // FBLUEHETE
/] TEIRRM 1, 4, 10, ...
while (1 <= n) {
res += i;
/] BEHTE
1++;
1 *= 2;
}

return res;

SR, for TRIAIIREIENEL, while PREREMRIS, PEHLA] DASKHEREE, WereE FIME— M i%
AR [P R 75 SRR P

3. BRERR

IR LAt — MRERES IS 55— MEFRSEH, FEDL for TFR 0
/] === File: iteration.js ===

/* WE for 1EIF */
function nestedForLoop(n) {
let res =
/] ®F 1=1,2, ..., n-1, n
for (let 1 = 1; 1 <= n; 1++) {
/] &% j=1,2, ..., n-1,n
for (let j = 1; j <= n; j++) {
res += “(${i}, ${ib), s

00
>

}

return res;

K 2-2 B EIEIRFRENE R,
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SMEER

2-2 RENEIRIFFEAE R

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

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

2.2.2 #3

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

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

MM A EE, B EEAES =PER,

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

ML AR, FRATR B EEL recur(n) , FEATRASERL 1 + 2 + -+ + n M5
// === File: recursion.js ===

[* BT */
function recur(n) {
/] BLEZHE
if (n === 1) return 1;
/] & B)IERA
const res = recur(n - 1);

/] VA REIZER
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return n + res;

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

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

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

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

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

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

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

G 2-4 FoR, EMAZ RSP, FNFE n DARIREERITEE, EHEEN n .
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AT ‘@ Bt 93

recur(n)

!

recur(n-1)

!
|

BEARE recur(4)
! }
recur(3)

!

recur(2) Py

} i
recur(1)

2-4 B)AEHIRE

FESEPRA, GRAETE S PRI EOEE R A IR, RIS AT RE S B H IR,

2. Bi#)3

BEBRE, WRABHEIR M RTRG A TRV, WNZ R ER] DAigmiE s sl i Reas fioft, fHAE=S
HIRER 5%, XREReFr NE®YT (tail recursion),

- HEEN: HREOR A E—-RRREUE, FREASITRG, RHERAFERE E-ZEANET
o

- R B ITE R M EOR AIRTHYRSE — DA, XEREREBOR AR E—BH)a, TR T H At
BfE, RIERGTHRF L —ZREH) £ T

BAEFEE 1+ 2+ o W0, BRI DS RS res IOVBIHEHL, MTTO:BURIIA:
// === File: recursion.js ===

[* BiE) */

function tailRecur(n, res) {
/] ELEZHE
if (n === 0) return res;
/] EZYFFA

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

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

© MBI SRFIR(ERAE A7 AR PITRY, SRR S EE AT — OOR TR,
- R SRARERAE BT RIRERHITH, 37 MERERFEERIRE,
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I.E‘]-F “E" I.I-:]J: nuau

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

f

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

|
} f
|

recur(n-1, n)

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

f

recur(3, n+..+5+4) return n+.+5+4+3+2+1
recur(2, n+.+5+4+3) return n+.+5+4+3+2+1
recur(l, n+.+5+4+3+2 return n+ .. +5+4+3+2+1
@, ) A
l KEFH T

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

K 2-5 Ri#)dE

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

3. &Jan

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

Question

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

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

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

// === File: recursion.js ===

[* SERABEREEGI: BT */
function fib(n) {
/] BIERHE f(1) =0, f(2) = 1

if (n === 1 || n === 2) return n - 1;
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[/ #VAFEA f(n) = f(n-1) + f(n-2)
const res = fib(n - 1) + fib(n - 2);
/] REIZER f(n)

return res;

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

f(n)

f(n-2)

f(n-3) f(n-3) f(n-4)

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

B 2-6 EPARZELBHIE T

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

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

% 2-1 EREGEBEIAR ST

IER =9

BT TEEAAER BRECA A E &

2
=)



B2 SREDH www.hello-algo.com 27

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

Tip
GRIRIERTE DA AR E, AIDAIERSE S BETEERRE S,

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

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

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

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

\

// === File: recursion.js ===

[* ERERAEINEYT */
function forLoopRecur(n) {
/] ER—EXRRRIEN R RIR AR
const stack = [];
let res = 0;
/] & BV
for (let 1 =n; 1> 0; 1--) {
/] BT NERERET RIK 97
stack.push(i);
}
/] VA REIER
while (stack.length) {
/] B HARRE IR 937
res += stack.pop();
}
/] res = 1+2+43+...+n

return res;

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

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

2.3 BHE|ERE

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

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

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

/] EREEBTEET
function algorithm(n) {
var a =2; // 1 ns
a=a+1; // 1ns
a=a*2;//] 10 ns
/] &% n R
for(let 1 = 0; 1{ <n; 1++) { // 1 ns
console.log(0); // 5 ns
}

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

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

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

2.3.1 ited{Elgkiass

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

BRI XS LS, BATEE — MR DARERR, B ABAE R/ NA n, BE=ANETE
A, BFIC:
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/] B A WESERE: BHM
function algorithm_A(n) {
console.log(0);
}
/] B% B MBTRIERE: &M
function algorithm_B(n) {
for (let 1 = 0; 1 < n; 1++) {
console.log(0);
}
}
/] B ¢ WNEERE: BEM
function algorithm_C(n) {
for (let 1 = 0; 1 < 1000000; i++) {
console.log(0);
}

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

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

V758

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

N MR

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

RO TRV 2R RN A AEIR], (T5h “HEER

BiE C - H¥P

1000000

Bk B - Gl

BiLiE1THYa) 10
5 /Mm
7]

'] 1 2 3 4 5 6

BNBIER N
n

7 8 9

& 2-7 RIKA. B CHINFEKES

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

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

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

- IR AE A ERR RN, fln, RERR AN C (N RIS AR, ESFRaiTh R ZH1R
Ko [FIFE, REGEMNRHEREL &, EEMABIERD n BN, BiEsMEMTHEE o X
TURSEIEOL, FRATII 8 e DA 1R 52 2 HIWT R RR B i, 498, RUE e iR, SRvEn
W TSR R P AR e S HL R T 7.

2.3.2 HEARA LS
BE— AR n HIEEL:

function algorithm(n) {
var a = 1; // +1
a+=1; /] +1
a*=2; /] +1
/] &% n X
for(let 1 = 0; 1 < n; 1++){ // +1 (BREAIT 1 ++)
console.log(0); // +1
}

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

T(n)=3+2n

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

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

I RIS A E AR R “BIEEE T (n)” WEnE B3R, ©EAIAIECEE X
46U o

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

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

R {E e

/

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

4 n > n, B, $88F c-f(n) > T(n),
EEiAA f(n) & T(n) W—PALELR,
2% T(n) = 0(f(n))

K 2-8 PRECHIHTIL B

2.3.3 #EGE

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

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

1. -9 it EHE

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

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

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

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

B — R, BATTAT DU IR B Rt T R E R

function algorithm(n) {
let a=1; // +0 (&I5 1)
a=a+n; //+0 (5 1)
/] +n (%35 2)
for (let 1 =0; 1 <5 *n+ 1; i++) {

console.log(0);
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}
// +n*n (715 3)
for (let 1 = 0; 1 <2 * n; i1++) {
for (let j =0; j<n+ 1; j++) {
console.log(0);
}

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

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

2. B HEREE LR

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

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

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

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

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

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

2.3.4 FER¥EH

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

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
TR < WER < ZRMEH < SME < FIk < a8 < Bk
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HEIRERE
T(n)

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

BNHRAN

2-9 H DLAIIE TR 2 2

1. BHHO(1)

R R BRERE S ABIE RN n Jek, BIARREE n B93E

SHET 0(2")

T35 0(n2) **Hﬁ
s

LR 0(n) =

BB 0(logn) ﬂnﬁ
==
=

BHH 0(1)

AT

TEDUNEREH, RERIFEE size WRERK, ([HHTHSHMABIERN n LXK, FILNRERET O(1)

// === File: time_complexity.]js ===

[* B
function constant(n) {
let count = 0;
const size = 100000;
for (let 1 = 0; 1 < size; i++) count++;

return count;

2. 4HH O(n)
LR HIRE BRI T A BRI/ n ARSI K
// === File: time_complexity.js ===

[* MR/
function linear(n) {
let count = 0;
for (let 1 = 0; 1 < n; 1++) count++;

return count;

LR E H BB R E A
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S S 7 B S OIS T 9 O(m) , Eo m R 0 K
// === File: time_complexity.js ===

[* &R GEHERE) */
function arrayTraversal(nums) {
let count = 0;
/] ERRBSEAKERIEL
for (let 1 = 0; 1 < nums.length; i1++) {
count++;

}

return count;

ERFEERZ, WABIERD n THIEMABHERADR BRI, LaES — REIF, 28 n ALK
RN AR ARBIT, BEHKE n MEHEAR/.

3. FHH O(n?)

T W R ERCRARD TR AR RN n DOFT SIS K, P TBNE R HIEREIEA T, INZEAINER
TEFRIII R 28 O(n) , RUILEARIR RS 250 O(n?) :

// === File: time_complexity.js ===

[* FEFHH */
function quadratic(n) {
let count = 0;
/] BEFRREEEIRERN n HTEHXR
for (let 1 = 0; 1 < n; i++) {
for (let j = 0; j < n; j++) {
count++;
}
}

return count;

& 2-10 X EL T H BB, SlMERFIT- 75 i =R A2 2%
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&% n &

&% n & & n &
1R

0 @ @

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

(] RE—titmme

B 2-10 HEWT, LMERAIT T IR R 28

BUEHE R, SNEIEERATT 1 — 1R, WG n — 1 n—2, .. 20 13X, T n/2 %,
W EEZER O((n — 1)n/2) = O(n?) :

// === File: time_complexity.js ===

[* FHEM (BE#E) */
function bubbleSort(nums) {
let count = 0; // it#iee
/] MBI RHEFEXIER [0, ]
for (let 1 = nums.length - 1; 1 > 0; 1--) {
/] WEF: KRAFEXE [0, 1] PHRATERIREZXENRANR
for (let j = 0; j < 1; j++) {
if (nums[j] > nums[j + 1]) {
[/ X nums[j] 5 nums[j + 1]
let tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
count += 3; // TERREE 3 NETIRE

}

return count;

4. $E8HO(2")

VAR AR BRI R AR T WIRIREON 1 NI, SRR 2D, ARMRE
Bh AN, DSHE, R n fEfs 2" .
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&l 2-11 AL N AEE B T A R e, RIS ZREN O(27) . EIER, A n RnoR e, RMIE

count FIREIEIREL,
// === File: time_complexity.js ===

[* 1EEPN (BIFEI)  */
function exponential(n) {
let count = 0,
base = 1;
/] BRER—2 N, THES 1, 2, 4, 8, ..., 27(n-1)
for (let 1 = 0; 1 < n; 1++) {
for (let j = 0; j < base; j++) {
count++;
}
base *= 2;
}
// count =1 + 2+ 4+ 8+ ..+ 2%n-1) =2*n - 1

return count;

}
Y3 ZEEH
SE—NAZ TaENE
2 :
0 0 .
P O @8 9 =
] l } l ! ] ! 1
oL L
E:j ... [:] . [:j . [:] . [:j ... [:j . E:j e [:] 2n-1
HEZEEH EN2AMN TS E25) BiEl S S
20 4+ 21 4 22 4+ 4+ 201 = 2n-q 8 o(2n)

B 2-11 FEE AN A2 A

1k
// === File: time_complexity.js ===
[* 18EBY (BYASEE) */

function expRecur(n) {
if (n === 1) return 1;

FELPRAEES, e MBS R, Bl T, KBt =, &2 n RO REE

Y.
7t
=]
Gl

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

TR AR R IR, 57280 (BAOHER. BSE) FFHEE . N TEEIRECRRRE, 582N
RIRERZHY, B TR EE R SIS MRISGU ORISR MO,

5. 3k O(logn)

S8R, MR T “BRAIRE T M0, BRMABIER N n, BTSRRI,
AEFNRER log, n, Bl 2™ YR EREL

B 2-12 MDA NARBAEL T “EHARE] " W, MREEREN O(log,n), fidH O(logn) :
/] === File: time_complexity.js ===

[* JEENY (BIFREI)  */
function logarithmic(n) {
let count = 0;
while (n > 1) {
n=n/2;
count++;

}

return count;

BANBERKER n sEREE 1 1

£ v

s

ITEIRIER el S
logon +1 ¥ 0(logn)

~

N

[

B 2-12 XSRS RIR R 2 A4

SRR, R TR R, UM T RE N log, n AT :
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// === File: time_complexity.js ===

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

AR BT R T OERISHE RS, AT “—ahZ2” W OREONRET MEREM, EKEE, 2
AR B () BAE A I TR 42 2%

O(logn) MIERBUZRZ/D?
HERRBE, “— 9 m” MMM EERER O(log, n) . MHEEMBIRAK, FiTTUSFEHEA
ANEERE. MR A 2

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

WAEV, BB m FTDTEARENE A AR ML, R TEE S ERRE m, R B %
12 O(logn) o

6. LM O(nlogn)
MR BT EEI R, REERNEREE 2 E 2510 O(logn) M1 O(n) o ARG
// === File: time_complexity.js ===

[* BIEXEEN */
function linearLogRecur(n) {
if (n <= 1) return 1;
let count = linearLogRecur(n / 2) + linearLogRecur(n / 2);
for (let 1 = 0; 1 < n; i++) {
count++;

}

return count;

& 2-13 JEoR TR B AR e XM —RARESEE N n, #HH log, n + 1 /&, HitH
FE&EHN O(nlogn) .
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EEMNIZEREH
n 1=n
Zx2=n
$# log,n+1 B
% x & =n
HEIREREN
nx (log,n +1)
I BB ER®E
1R 1k 1R 0(n togn)

&

H
oF
H
x
=
"
=
A\

B 2-13  Zelhxt B A A2 2

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

7. BB O(n))

SRR A B “ e B, B n NEARSRTTR, KEARTRERHITTR, 77REEN:

nl=nxn—1)x(n—2)x-x2x1

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

// === File: time_complexity.js ===

/* BASRRY (ZBYIZIR)  */
function factorialRecur(n) {
if (n === 0) return 1;
let count = 0;
/] M1 AHDEE A
for (let 1 = 0; 1 < n; i++) {
count += factorialRecur(n - 1);

}

return count;
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EEH EBEH
PaE 6= HEME
n n
n-1 n(n-1)
n-2 . e n(n-1)(n-2) - #£n B
1 n!
2HTINARY (AIRKENT SHE) EERE
nx (n-1) x (n-2) x .. x 2 x 1 = n! FisEBH O(n!)

I 2-14 el I A2 2

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

2.3.5 RE. RfE. FYNESERE

FHARIN MR AR BEER), miSMABIRR AR RmA—DRKEN n (EAH nums ,  Hip
nums FIM 1 5 n BPECFARR, M RHBL—K; ETRITZEEETELR, (55 BAR2IREDTR 18
K5lo FATTATLASH LAURES IR,

W nums = [2, 2, ..., 1], HPHARRTER 1M, BEERmEe, KERERFERE O(n) .
% nums = [1, 2, 7, ...], ERSEATEEN LI, FIREAS KA EERR, BRI
0 Q(1) .

“EREMN A" NN EEHENL B, AR O IL5FoR, MR, “RAERN RS XN EEHNL N5,
IROAGRSE 7

// === File: worst_best_time_complexity.js ===

[* ER—NEEE, TER {1, 2, ..., n}, WEWITEL */
function randomNumbers(n) {
const nums = Array(n);
/] EREAE nums = {1, 2, 3, ..., n}
for (let 1 = 0; 1 < n; i++) {
nums[i] = 1 + 1;
}
/] BENITELE A TTR
for (let 1 = 0; 1 < n; 1++) {
const r = Math.floor(Math.random() * (1 + 1));
const temp = nums[i];



B2 SREDH www.hello-algo.com 41

nums[1] = nums[r];
nums[r] = temp;
}

return nums;

}

[* BEIEEA nums FRERFE 1 FRTERRSI */
function findOne(nums) {
for (let 1 = 0; 1 < nums.length; 1++) {
/] BitE 1 EEALERY, AREIRENEISERE 0(1)
/] BtE 1 EEARRN, AERENEISEZRE 0(n)
if (nums[i] === 1) {
return i;
}
}

return -1;

ERRIRE, BOVELFRHRDEHRENREARE, FOEE G ER/DMERTAREIAS], rIRESHR
—ERRSE, MiRZENPEREE NI, BOVERN T —ANRBeRLEME, IR DI R

MR AT, S5t 220N 15 A IR R TS A BT “RSTRAOR A, S B
AR, HORAEFSHR S REITRCR, M2 T, TR AT DA DI AERGH LS A SR R
BT, B O InERET,

TS, BATT AR 26 52 L B LR A RO IL, et BXRoRl, ph i A S R TAL
o, DRMTEEE 1 HHBIE (LR 0 MM A SRR, TP A S AR RO B AL K Rk /2 | F
IR EZER O(n/2) = O(n) .

(EXNTEONE AT, RPN R 2 2% R EERR RN, RO RME D T AR o A T IR AR A,
FEIXRMELLT, FATEH (8 S 22 1R B 2% A N SRR IR

PHLOEF © 1552
ATREEET O 7 Bt TR O, EUFRATH 3 M ok om PRI S 2R, (B S E i, X
R ARG, (EA-BRIEMYORR, 2B5E0 PRS2 O(n)” WA, WHHHER
AR O (n) .

2.4 FEERE

FEEFE (space complexity) FTFH&EE A G HANEZS BIREE IR &L KA KES, XS5 A
FEAERELL, RAFH BITREY Bl “SHANESR,
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2.4.1 EZHEXZ(aE

BRI TIE R A B 7 23 1R R R DR LA,

- AN TR AR A E,
- BN AT EEREIRESITEETE R, R, R E TR,
- FHEEE TR B A
—REOLS, SREAENGIHEER “EGEERT ik TRHasE,
G ] DA — R =00,
- EERYE: AT RERRISTEEPRSAE R, LR, NR%
- B R TR VA RO R SR, RGEE BRI FH BN A S AE AR TR G — M, BRI %K
RENE, ARz A 2 PR
LM AITRFHIEEIERFIES, ESRIH a2 A,

T —BAERF R AR R R, BADARW ST A RdE, B pA 8 =%, WK 2-15 for,

BERR TEiEERENSITER

AL

s N
WA HFZiE L h )
BNEE R HEE
Hinzsia]
g

B 2-15 RAE AR

UEES AV

[* 3K */
class Node {
val;
next;

constructor(val) {

this.val = val === undefined ? @ : val; // Ta{@E
this.next = null; /] EET—T =5
}
}
[* B+

function constFunc() {

/] BATFLAR(E
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return 0;

}

function algorithm(n) {
const a = 0;
let b = 0;

/] BNEHE
/] BFHE (B8)
/] BFEE (B8)

const node = new Node(0); // EFHIE (WR)

const ¢ = constFunc();

return a + b + c;

2.4.2 #HEGE

ZRISZAENHERTTESNAERERBHRE, HFRIGHRRMN “RIERE" o “BRZERKN,

/] tkmz=ia) (AR
/] HEEE

TSI 2 AR, RSB OGRS MM A, SRR NP5 R — TSR, Bl s
WRAE T 50 SR FEE R 1 2 T

WAL TR, BoEaa il B aRES Y.

1. BURAEHABIRMIE: 4 n < 108, 2FEZREN O(1); B2 n > 10 K, FHAKIEE nuns &

Fi O(n) 20, FHEZEZEREZEN O(n) .

2. DISEHRSATrIIEPAE A : BN, R ITRIG— (200, & O(1) S50 4 HIANKEAL nuns

i, FERFG I O(n) %0, WIEZEZ R AN O(n) .

function algorithm(n) {
const a = 0;

/] 0(1)

const b = new Array(10000); // 0(1)

if (n > 10) {

const nums = new Array(n); // 0(n)

}

TEIEHAEeD, TEIEES MR, WA RE:

function constFunc() {
/] BATHELERE
return 0;

}

[* BT EEZRERN 0(1) */

function loop(n) {

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

constFunc();

}

[* BANZ=EIERERN o(n) */
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function recur(n) {
if (n === 1) return;

return recur(n - 1);

BRI Loop() Fl recur () MIRHEIE Z4EHH O(n) , E=EEREARF,

- BREL loop() TEMEIAHIEH T n IR function() , EEHAY function() ASREIFRERL 7 Az /], Ktk
ZRERENH O(1) .
© JRVHEREL recur () EIBTTIIFEH S FEINTETE n DAIRE recur() , MIfidi A O(n) FIA&MIZS (A,

2.4.3 FER¥EH
WHABEER N n, B 2-16 JBR T WAz EE 2R (MRS EHES) .

O(1) < O(logn) < O(n) < O(n?) < O(2")
W < X < RYEH < PO < HREG

$EHE o(2")

EAE 0(n2) m

At SR 1 0(n) =
- HBH 0(logn)  #E

_ B 0(1) =2

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

BNBIER N
n

2-16 DL ) A 2 A

1. BHMO(1)

BEINH LT RO SRS/ n EXIRR, TR, WL,
FEERNR, (EOGER Y4 (1A Rok i R BT & T, A T — IR R SR, M RR R
B A2, RS2 O(1) :

// === File: space_complexity.js ===

[* EREL */
function constFunc() {
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/] BUTRLEAR(E

return 0;

[* BEE */

function constant(n) {
/] BE. TE. WREA 0(1) T/F
const a = 0;
const b = 0;
const nums = new Array(10000);
const node = new ListNode(0);
/] BEFHRNTELA 0(1) =iE
for (let 1 = 0; 1 < n; i++) {

const ¢ = 0;

}
/] TERFRERER S 0(1) =iE
for (let 1 = 0; 1 < n; 1++) {

constFunc();

2. %M O(n)

M T IERROR S n RIEHORCE, g, i SIS
// === File: space_complexity.js ===

[* MR/

function linear(n) {
/] KER n BEAESA o(n) =iEl
const nums = new Array(n);
/] KEA n BNFIREA o(n) =iE
const nodes = [];
for (let 1 = 0; 1 < n; i++) {

nodes.push(new ListNode(i));

}
/] KEA n MNIEERSA 0(n) T
const map = new Map();
for (let 1 = 0; 1 < n; 1++) {

map.set(i, i.toString());

N 2-17 iR, BEEREEDEVIRER n, BIRINTELE n DARIRER linear_recur () BREL, A O(n) K/
AR M 2 ] -
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// === File: space_complexity.js ===

[* B (BJFEIN)  */

function linearRecur(n) {
console.log('#Y3 n = ${n});
if (n === 1) return;

linearRecur(n - 1);

T “&” mt “3”
linear_recur(n) return @
linear_recur(n-1) return 0

BIEFRE l’ T

" | r
linear_recur(2) return @

lr fih %z

LSl T
L linear_recur(1) return @
RHOE)FEBEREER n FiEERE
HEA 0(n) KEMIZE SR 0(n)

Bl 2-17 BV BREG L RIZRIE R 23 A 2%

3. FHH O(n?)
FITE WTERERE, TTREES n RCFITRAR:
// === File: space_complexity.js ===

[* FHE */
function quadratic(n) {
/] FEFESA 0(nt2) =8
const numMatrix = Array(n)
LFLLL(null)
.map(() => Array(n).fill(null));
/] Z#FIRER o(n~2) =(d
const numList = [];
for (let 1 = 0; 1 < n; 1++) {
const tmp = [];
for (let j = 0; j < n; j++) {
tmp.push(0);
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}
numList.push(tmp);

G 2-18 AR, IZBREHEVARE N n, £ DERIARBREIGEE T M, KESHN n, n— 1,
201, CEKER /2, FEALR O(n?) 20:

// === File: space_complexity.js ===

[* FHM (BYIEIM)  */
function quadraticRecur(n) {
if (n <= 0) return 0;
const nums = new Array(n);
console.log("#Y3 n = ${n} I nums KE = ${nums.length}");
return quadraticRecur(n - 1);

i nums KE AT 8" Bt “7”

n ~——+ quadratic_recur(n) return 0@

n-1 —— quadratic_recur(n-1) return 0
IR 1 T
' ! f

2 ~———+ quadratic_recur(2) R return @
1 ZILFH T

1 ~—+ quadratic_recur(1) return 0@

ESMBTRHPEALT — A, S KERN FEERE

1+ 2+ .+ (n-1) + n = n(n+1)/2 5k 0(n?)

2-18  3BYH R AR AR 105 s TR AR 2k

4. 1BEBHO(2")

BN E T X, MR 2-19, BB n i X" R REER 2" — 1, &M O(27) 230H):
// === File: space_complexity.js ===

[* EEE GEILH_XMW) +/

function buildTree(n) {

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

return root;

BENTREH
20
21
x// \\\ z// \\\
2 - Hnn B
T A A
2“*1
FAESREE SiEERE
20 4+ 21 4+ 22 4 - 4 201 = 2n-] BB o(2n)

2-19 5 — SR AR A FE R S IR R 2

5. 3 O(logn)
SN WTF a8 AR, MAKESN n 8E, SIS 5 R, B
= log n AEIARY, (EH O(logn) ARMizS[Al,

O T AT S, WA DERn, ERMEOY [log, n| + 1, BN FRFHEKEN
llog,,n] + 1, HEt=REHEN O(log,,n + 1) = O(logn) .

2.4.4 WiEhtES=|E)
BARIE IR, TR S DO IN ) 5 2R R 2 ) B R R AR BN, SRTTAE SERRIG A, [RINHER AL A ) 5
2% P 1223 () 20 o 3 L o TR

REAVRE 1) 2 2% LI 3 7 e AR T T B MU A ARG, R TP BATTRAITE PN A7 23 RRIR T RTR I TIR Y
RBEEFRN “ PSRN )75 ez, WIFR DA R R

RN A BB T RATEB BN V50, ERZSEIEHT, NRSRESER, Fikt “DUs AR E” 8
WRER AR, SR, EEERERRIELT, RS R EE,
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2.5 Ihes

1. EREH

FLIERCRIPG

- IR S RRCR R M B IR LA B E I FEbR.

- BATA] OB BRI IAG RIRRCR, (B DAHPRINAFAE R0, HSFER KRB R R,

- BRI AT AHBRSE R IR R s, e RIEH TArEIBIT VG, JF HREB R EIEE AR EE
MU T HIRCR

I Pl B A

- IRV 2% T BRI TIN IR SO B KA, AT DAE ROTAG BIARCR, (AR50 R ]
REJSRY, ANTERm ARIEUE B Nal N T 2 2R EE AR RIN, TERAE I LL e 55

© RZENREREMAKR O FESFRR, NNVEEENL ER, KBS n BELHN, BERE T (n) 1
R,

- BN AERESANL, ERGITHRERE, KGRI ER,

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

- FERDIN E R A AEEE, iR SMASIRR AR, NRERES NRE, RiE FHNAE
IR, NS RETLTAH, B9 AR — MR 200 i S A REIR B R L

o SN A A P R PR ETE BEAT LSS N RIS ATR0%, i SRR Hh iy SRR, THEEIIN
(A1 7% 7 Bt L N B 010 DA SR & TR RIBCE

BRI

S IR TR S A, R 5 P 2 RIS R K 38,

LR A A T A AR, B, A BRI, AR
oSS A T, BT AT S W AR R, MeMZS IR 2, FLr b2 RS 3 (L T B
B2 ) B R,

Rl BEE AR R A A, BV AR SRR S BTN 2] R 2 A,

L HWAERERAREMERIEIEIE O(1). O(logn). O(n). O(n?) f1 O(2") %,

2. Q&A

Q: REIAMAE R O(1) 1?

g b, BB S RERER MR O(1) o NI RZEGmWEIES (BIA Java, Python, Ct+,
Go, C#%) AR EINMLLEBH, Ft@EHEIANNZERERER O(n) .

Q: BRI TRIXM AN ARIBERIX AR 42

% (function) A]DABARSZIAAT, FrESEEAEREIE, 757% (method) 55— PXRKHE, #ilE L
AHERNR, REMSXTIASE]H L& H B TR R,

i PA LR WA R TE = BRI

- CHEERUEARRIES, AR, UEEE, B30T DOE eI LK (struct)
SR X RS, 545N SRR B Bt 5 T HAth e 15 = 751
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- Java 1 C# BHEIANRIGIEIES, R O7i%) BEEENEDEN T, FETRNTREAT
BRE, OAEHIb ek b, AREVIRIRFE R LB &,

- C++ #l Python BESZRIEREASE (8D, HFFmmax Rtz 5k,
Q: K “H WA R A IR SRR A2 o5 A R AR /N2
Ne, ZEBRIRSRERE, HRRAZEKES, AR SR R RN,
B n = 8, IRATRESR A ARERAIE S MBS A b IXZRARRISERE S MBI, AR
HUEVE 4 ) — MR IE AT E
FESERRH, RINBA @R ARDER N7 IEN “HEHIT SR Z /D, il —BICEMITE R ERiEEn = 8
Z PR, BT n = 8° MUAET, XNHMKERELLEST,
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Abstract
LS AN [E — BIAS E T 2 AR HEZR,
ERABIENEFHLSRME TR, BIES AR A SRR,
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3.1 HELEHMnE

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

3.1.1 ZiE4EN: KMESIELH

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

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

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

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

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

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

push |/I ™~
i = — graph o /
stack -

pop

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

pop push

hash table value

BEE {key o & w}

3-1 SMEEdREi SRR

3.1.2 ¥PBREEN: EEE59H

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

00 @1 02 03 04 @5 06 07

0x0000

0x0010
0x0020 n

0x0030

0x0040

STENESE ARG 0x0012 , BEMIE

. BERESE ARG 0x0024 , SEMIE n

B 3-2 WfEsk. WTFaSHL A7 L

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

WFRITHRFP LR IR, SRR MER &, RS TCA AR P RN T IEAER
PRETH SRR, NERIE A EERB B R, T, JIRAT S R IR N R SR A
ZIRNANAE; WEREVDESRII A, B2 FTE R RS LIRS 7 (£ 7 I 7 22 A

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

EGTiETFhE YRS EEfE

TEAEAE I TF =S (Bl R SR A ERERNNEZEZIEN

aaaan

AR e
B =ranpizeia mEnaE | OAEEE
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K 3-3 LSRG RS R

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

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

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

Tip

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

3.2 BHiERE

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

- BERAY byte, short. int. long,

- PEREBCERA float. double, FHTFFERT/INEL

© PRI char , ATRRSHIBESNTE. A SEERERNSE,

- fi/REE bool , ATFR “B7 5 “B HW,

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

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

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

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

R 3-1 EALARIAIN & 2 A AT EUETE

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

short 2 FH —215 215 _ 1 0

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

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

TR char 2 FH 0 216 1 0

7R bool 157 false true false

THER, R 3-1 (A2 Java FEALIRRBIRIE L, FRGRIZIE SHE & B RVBERRADE X, NG M
20, BUETEEFIEOME R RES A AR

-~ f£ Python H, BEHCEKA int A[UBEREAR/DN, HZRTFAIHNTE; FREL float EIUEE 64 1 %
A char K8 BAADFRFERR LR2KERN 1 WFERFH stro

-« C M C++ R EREABIERAIN R/, MREMAEE SR, 3R 3-1 BIE LPe4 ufsisis!, HAFTF
IS Linux #1 macOS 7TEANY Unix 64 (L IRI1ER S,

© PR char BIR/INME CHI CH HON 15279, ERZBUEUREIES FEURTREEMN FRRmSTIE, TR0 “F
Frgmbd” E,

- BMERRA/REMNTE 1A (08K D, BENEREEMEEN 1577, XRENIARITENL CPU #H
¥ 1 = E R/ NS HENFE BT,

Mz, BRI GHARGEN 2 RIA 2R VE? TATRNE, Bieait 2t BN PR S R T
Ko RANEREER “457 mE “BdE",

RAEFOR “—HEE, BOTERSEENER A, X2 R EBEHRZIMEEEN A] AR HIAE A A5
JFRER, HETHEHEHNEREL int. /MU float IBEFHRF char, N5 “BdEEEHE” X,

ATEYL, FEABERITURME T BUER “MAERRL”, mBIRGREt T BRI “dgly”. Bl bR R,
BAVAMFEIRERSH () REHBSFRARREARYEIA, 15 int, float, char, bool 5%,

// JavaScript BYEEARAI LI B HE#EZHERIGEREMNTR

const array = [0, 0.0, 'a', false];

3.3 HFimS*

Tip
TEAS, FREHA * FFSHRIERET . IRIRIN A REUREIBEAR A, FTReBkd, SFsess
R P RO,

3.3.1 [Ff3. R3S

£ E—TRIRSHIRANVLI, FrA BECERI R Ron U BCER LU IE R Z — 1, HIl40 byte RYHMETEFZ
[—128,127] o MR EN, ERINIEREDY M, RS, WSS,


https://en.cppreference.com/w/cpp/language/types#Properties
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BT EAR, MR bL W RIESEETE T RPN, R AT R R Z B, Bt =FIE
XO

- RS BAPREC TR —HHIRORR RS NN S0, Hi 0 FoRIER, 1 Fonidl, HRAFRRET
WL

o B IR RS R AR, SO S R FR RS BRAT S IN TR AU

- A IERATANE S H R AR, SO AN R R SRS RS B 1,

B 3-4 JROR T SRS, A AIANGD 2 Rl EE 75 T

+0 +5 wF -0 -28
0000 0000 0000 0101 [R5 1000 0000 1001 1100
BREFS sk,
FE KB MR
0000 0000 0000 0101 =B 1111 1111 1110 0011
TERFIRVERL L 1
0000 0000 0000 0101 3 0000 0000 1110 0100
EHMERE, BB, HEHES H¥MRE, kB, HEEBRER

B 3-4 RS, RESHMD F A B A

[R53 (sign-magnitude) BAKREM, HEFEE—LFERM, —AH, ABNEEARERZH TR, flamfEsR
BRHE L+ (—2), BRENSERE -3, XERBEANM,

1+ (—2)

— 0000 0001 + 1000 0010
= 1000 0011

— =3

NT RIS, HENEIATRE (I scomplement), WISRBAISEIERIESONRRS, H1ERI R
1+ (—2), BESEEH AR R, T8 Ef R —1 .

1+ (—2)

— 0000 0001 (J5#%) + 1000 0010 (J5ih5)
= 0000 0001 (Jzh%) + 1111 1101 (/iH)
= 1111 1110 (J<H)

= 1000 0001 (J5ir3)

——1
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75, B FREMA +0 Al —0 MMRoRTTR IXEIRE BT NN R R i fl g, JXATRE
SHRESL HANESR AT, WERIEHE X EFMNE, NWATRES SFEHIWEE RS, manREATEL
BUETMATE X, WFHRZESIAGIMIHIWTERCE, XTI RN ERER,

-+0 — 0000 0000
—0 — 1000 0000

SEM—F, REUFEERFTEAE, RSP 5N T8 (2° scomplement), {17k
K NAEREY, i, (MR

—0 — 1000 0000 (J5if5)
= 1111 1111 (/zH)
=1 0000 0000 (*~H)

TEVBIRIGER LN 1 277400, (H byte SR 8 fr, HREHSIE o By 1 2a7,
BB, SUBIHED 0000 0000, SIEBRIMHIA, XEKEENBRTANGFEE—AE, EAEEYL
TR EIRR,

SRR — MEESR: byte JSRBMETG IR [— 128, 127], S HIRM— K — 128 RAIAESIRIE? &
MRS, KN [—127, +127) PIRIFTE A X B EAS, SORRTRND, I ELIERIATRMD 2 ) o] AT
i,

SATT, A3 1000 0000 J2—HISh, ©IFTEE MBI, HUREEST I, RO SN 0 R N
0000 0000 ., JXFARFIER, HNZEBETET 0, THMBIIZREE S. HEHHEX MEFIIING
1000 0000 87 —128 . Sk, (—1) + (—127) MG FIGHELERBE —128 .

(—127) + (—1)

— 1111 1111 (J5A%) + 1000 0001 (J5h5)
= 1000 0000 (5#3) + 1111 1110 (SiH)
= 1000 0001 (%M3) + 1111 1111 (kbiH)
= 1000 0000 (¥HH)

— —128

RATRECALZIN T, LRFTAHEEZIEIZE, XRRE N EEEL: HHRYIPERRREE g 3 2 5
TIESRBEHN, IXZROITREEMN T HAZE (Fanskik, BRIEMIETR) Kk, B8 Sk E i
B, HERGHATHTCE, BRI ER,

HER, ZHAERE T RENUREMINE, RS — AR RIaRA T, HRYIRES LI & F Al
BEAaSR. Blan, HRREE a — b AT AN EINE o + (—b) 5 HRSRIERIBRE AT DI TR 2
JIRPREIRRFS

PRAERRATR] PUSES T AL EE A ANME AR R SR TAMEEOR,  THEAL AT DUR R Y B AR (R AL BRI 2R
TEEIINE, AT ER I RFPRATRE A LR ERIRGE, I BRI B S T B R, JXRR e 7
REPFIRELE, 1R T IBBER,

MEE I ER R, RRIERRBATCNHENXE, BIA GBI RE PR T il
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3.3.2 FR4ERS

MOHIRATRER R BL: int M float KIEAHR, #BE 4 5717, {ENfH24 float AVEBUETEREIZ AT int ? IXIE
WA, R float fFEF/INE, BEVERINIZZ/NA XL,

Kb b, XML Float KA T ARINZE R, 18— 32 PERH A 3RO -

48 IEEE 754 frifE, 32-bit KER float HIA N =B344 5K

. ﬁ%'fﬁs . 5 l'fj, ﬁg b31 o
LSRRI E &5 8, KR bagbg .. b <
: %%&ﬁi N : 5 23 ﬁZ, Xﬂ‘m b22b21 e bO o

TIHEHIEL Float X RAEMIHRTTIEN:

val = (—1)bs1 x 2(bob20-b20)a= 127 5 (1 by by . by),
AR+ N R HE AT
val = (—1)8 x 2E127 » (1 4+ N)
Hrp S T B E TSR :
se{0,1}, E€{1,2,..,254}

(1+N) = 1+Zb232 1,2 —2723]

float KEAH 4 bytes = 32 bit

ﬁ‘%ﬂi S ?s?&h SN
ﬂﬂﬂ 2
bslbam b23b22 by
WNFULRR, 7% R4 |EEE 754 45, & B RIRYEF A
5=0 val = (-1)Sx 2E-127 x (1 +N)

E = 124
N = 22+23=0.375

1x0.125x%x1.375
0.171875

3-5 IEEE 754 #r#fE Y float BB RHA
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WIZZE 3-5, BE—AROIEIES =0, E=124, N=2"242"3=0.375, NH:

val = (—1)° x 2124127 » (1 4 0.375) = 0.171875
MAEFRATTAT AR E S IR R . Float MR NS HaE, SBOLHBUATEEIZ KT int . MRIEDL LI,
float Al ARG AIERCH 22547127 % (2 — 2723) ~ 3.4 x 1038, YIHUFSAUERTISEIE/ ML

RABTERE float ¥ v HUETEHE, (HILEIMERIZMTE VR, BEEA int H2E 32 A THRRET,
B RS A0, M TR FAE, FRE float IEMERUR, MW N ET Z R Z(E R & i
Ko

3% 3-2 iR, $EEUZ E = 0 f1 E = 255 BARKRS X, MTRR%E, K5 KA. NaN %,

*3-2 e

8L E SEAIN =0 SEALN # 0 HEAK

0 +0 UIEREL (—1)% x 27126 x (0.N)
1,2,...,254  IE#IK ERLEK (—1)% x 2E127) » (1.N)
255 400 NaN

(B IAR R, RIE BT T IR AR B, B/ NEIEMECh 27120 | B/ NEIEMECH 27126 x 223

o

BUAEEE double HSR AT float HIFRTRITIA, TEMAMEENIR,

3.4 FHRI *

FEHEHF, A EERARE DA RIS EH, 05 char AGISN, T RRFRF, BATREEL—
B TR, ESNTAN SR RE R R, B TR, R POEE ER SRR
R AT R R

3.4.1 ASCIl £5&

ASCI BB 2 i R B Z 174, H 42N American Standard Code for Information Interchange (3
PRE(S B A . BEA 7 AL EHEL (— D HUR 7 6D TR — DT, &EREBIR 128 MR
T, WA 3-6 R, ASCII ABHAR S FREA/NG . 85 0~ 9. —EbhrmfF s, DA —2Hwr/F (A
WATTFRIHIRTT) o
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itk it FH aX it st FH it it FH it i | FH
'] 0000 0000 NUL BEF 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001 SOH 1REATT A 34 0010 0010 " 66 0100 0010 B 98 0110 0010 b
2 0000 0010 STX IEXFE 35 0010 0011 L] 67 0100 0011 C 99 0110 0011 c
3 0000 0011 ETX EX4ER 36 0010 0100 $ 68 0100 0100 D 100 0110 0100 d
& 0000 0100 EOT Eiidt® 37 0010 0101 % 69 0100 0101 E 101 0110 o101 e
5 0000 0101 ENQ HER 38 0010 0110 & 70 0100 0110 F 102 0110 o110 f
6 0000 0110 ACK W EE5E 39 0010 0111 ' 71 0100 0111 G 103 0110 0111 g
7 0000 0111  BEL s 40 0010 1000 ( 72 0100 1000 H 104 0110 1000 h
8 0000 1000 BS BAE 41 0010 1001 ) 73 0100 1001 I 105 0110 1001 i
9 0000 1001 HT TRF BT 42 0010 1010 * 74 0100 1010 J 106 0110 1010 j
10 0000 1010  LF wiTe 43 0010 1011 + 75 0100 1011 K 107 0110 1011 k
11 0000 1011 vT SFHEIRT bhb 0010 1100 . 76 0100 1100 L 108 0110 1100 1
12 0000 1100 FF it 3 45 0010 1101 - 77 0100 1101 L 109 0110 1101 m
13 0000 1101 CR BEg 46 o00le 1110 . 78 0100 1110 N 110 o110 1110 n
14 0000 1110 S0 THR 47 0010 1111 / 79 0100 1111 0 111 0110 1111 o
15 0000 1111 SI )=1: 5 48 0011 0000 L] 80 0101 0000 P 112 0111 oeeo0 P
16 0001 0000 DLE  MiEEEH#EY 49 0011 0001 1 81 0101 0001 Q 113 0111 0ol q
17 0001 0001 bC1 SE&EE 50 0011 0010 2 82 0101 0010 R 114 0111 o010 r
18 0001 0010 Dc2 GEIEH2 51 0011 @011 3 83 0101 0011 5 115 0111 0011 s
19 000l 0011  DC3 BERE3 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 0001 0100 DC& put-perar 53 0011 @101 5 85 0101 0101 u 117 0111 0101 u
21 0001 0101 NAK ez 54 0011 0110 6 86 0101 0110 v 118 0111 o110 v
22 000l 0110  SYN A=A 55 0011 9111 7 87 0101 0111 W 119 0111 o111 W
23 0001 0111 ETB EREWR 56 0011 1000 8 88 0101 1000 X 120 0111 1000 x
24 0001 1000 CAN i} 57 0011 1001 9 89 0101 1001 Y 121 0111 1e01 vy
25 0001 1001  EM ferrEm 58 0011 1010 z 90 0101 1010 z 122 0111 1010 z
26 0001 1010 suB T 59 0011 1011 H 91 0101 1011 [ 123 0111 1011 {
27 0001 1011 ESC (L) 60 0011 1100 < 92 0101 1100 \ 124 0111 1100 |
28 00l 1100  Fs SRR 61 0011 1101 = 93 o101 1101 1 125 0111 1101 H
29 0001 1101 GS B 62 0011 1110 > 94 0101 1110 ~ 126 0111 1110 ~
30 0001 1110 RS CRDIBT 63 0011 1111 ? 95 0101 1111 - 127 0111 1111 DEL
31 o0l 1111 U P 64 0100 0000 a 96 0110 0000 :
32 0010 0000 SP =23

3-6 ASCII #4

SR, ASCII F{NRERS RIS, BEE AN BRI, AT —MEEBIREZIEF I EASCI F/E, &
1 ASCIL 1y 7 SrEsA B3 /% 8 £z, REREFRIR 256 DAFRIFLT,

e FIEEN, RS2t T —H#IE A T RFEMIX B EASCII FAF &, IXEFRFEMNET 128 M FEHR—N
ASCIT 14, J& 128 NFFHENAFE, UGN ARIES TR,

3.4.2 GBK F{&

JERMTEIL, EASCII BRTCIEW R P2 i8S NP EOR TR, ki ain a4, EHEERNR
BILTD. PEEZMERET 1980 £&7 T GB2312 F4A75E, HIKFET 6763 NMXF, FAE TIXNFN
HENAEEE,

SR, GB2312 TLIEAFER D FE W FHEIAT, GBK FRFERTE GB2312 At ¥ EAERIN, eiilks:T
21886 ™NNF, f£ GBK W4t 77, ASCII FAHEA—NFETHERR, WNEERARNENTRR.

3.4.3 Unicode &

W& T BB EZ AR, FITRE IAARIE LTI, XHOR T2, — 77, XETRRE—K
HENTREES TR, TREZIESHE NERTME, H—77H, F—MESFESMFFERE, W
RWEHENERRR AR GERME, WSS AN S L,

ARAIHARRIRFFN AR QURHEE — A R e BRI 7T, R IR E B N A 76 S T SRR 3L
rh, ASERRT DA DS 1 S PR AELI M 1 I? AESXMARTERIIREN R, — K25 Unicode R
4,

Unicode XM “Gi—137, BRI BRERYN 100 27 DMFF. BB TR ESRTEE NI FFMAL—
AP rFse 2, SRAE—RE B P AT SR B B RS MIE 5507, D IR D g AR T AN [R] 7 28 AL 5 )

il
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H 1991 441 PR, Unicode AW 7EHIIE S 5F4F, #=F 2022 49 A, Unicode E&H & 149186 1™
TR, EESMHESHNTEN. FEEERBENES, EH AN Unicode #EH, #HANFIFEH 2 771,
AR E A 3 FHESE 4 57717,

Unicode /& —FEM 5%, AF LRGP FINE MRS G "B, BEHHEmEE sl
AR T, FRTRBE I 4 2R Unicode i ARIM L — ORI, Ry
FIRBAFAF? BINEE — RN 2 S, REUATIANER 1 2 FHIFIRERRA 1 5951
77

T DA, R IR SRS I S KIS, 41 37 R, “Hello” #i0E1
PR 15, TR SRR 2 55, RATATLUEI A0 45 “Hello WE" HA9HTE 7 7HE
GRS 2 K, SRERGERTT MR 2 SN N, IR NEEIAE T,

FE Unicode
H 00000000 01001000
e 00000000 01100101

. KEA 1 FUNEXFR
1 00000000 01101100  / e

(B{iE o)

1 00000000 01101100
o 00000000 01101111
" 01111011 10010111

- KER 2 PRRRXTH
& 01101100 11010101

3-7 Unicode Zmtd R4

SRTT ASCIT HHELABANER, st {157, HRMERTR, SR SSRGS 2
ASCII % RIFfE, AERIRSBEAF S, B, BANFZE—REMSAAE Unicode g7 %,

3.4.4 UTF-8 4&t5

Hifi, UTF-8 BN ERR EfEHEZH Unicode ffd 75k, B —MalEKENHS, £/H 12 457
RETR— DT, MRIETARE MM, ASCII TP A 157, ] FRmAETRHRE 2 71, WA
AR SCPAFR S 3 57, HMA—EAMTITRE 4 770,

UTF-8 HIZmm NI AE 2, 7320 BURPIRIME Do

CORTREN LFWTR, FREMEN 0, HAR 7 MZEN Unicode i, EFEERR, ASCII
FAHE Unicode FAFEA B8 1TAT 128 DML, tHRiZW, UTF-8 Sifthnl BA Fak%¥ ASCII Y, iX
RREBATTAT LARE A UTF-8 KAt eEAUAIZ R ASCIT f5SCA,

O RTFREN TR (Kb > D, BENTIRS n CHRREN 1, En+ 1ZEENO;
MEZAFITGE, KEDNFIE 2 EIREN 10 ; HARMEMH THEFAEFFFN Unicode 55,

& 3-8 Jeon T “Hello 57%" MWK UTF-8 4td, WIESAH, HT e n AARIREN 1, KitbRSA] Dy
PR AL 1 AN ECRIENT P TR RN n o
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EON 2 B AR A 1R 2 AT IR EOD 10 We? sChr b, XA 10 RESESRIRATHIMER. BRIZRGM
—MHRI TGN SCA, 77 3KE8H 10 REGSAE BN R G Hd AT Hi 57

ZFTLARE 10 SPERIerY, ZIRONAE UTF-8 gwfdAlll ~, ArlREA A HIREMAE 10 . X PE5er P
FAEERUER: R&— DR MALE 10, WINZFARREN 1, XM ASCII #3, 1 ASCIT #5HTR
AR O, ST E,

FH Unicode UTF-8

H 00000000 01001000 01001000

e 00000000 01100101 01100101

1 00000000 01101100 01101100

1 00000000 01101100 01101100

o 00000000 01101111 01101111

-} 01111011 10010111 11100111 10101110 10010111

b3 01101100 11010101 11100110 10110011 10010101
¥BRm 3 gEH 1 4%H%$%E’\JE‘] 2 {i
REFHFKER 3 F1 &E» 10

3-8 UTF-8 wtg il

BT UTF-8 Z4b, H WAISiHD% 75 2OEELE PR i,

- UTF-16 %itd: FH 2 80 4 FRFR—DNFR. FrA M ASCIL FRHFHE A AERSCFR/F, #H 2 %
TR, DEFRERERD 4 TR, AT 2 FIFERF, UTF-16 4S5 Unicode #5sUMHSE,

- UTF-32 %il%: BDNFRAEER 4 775, iXEKE UTF-32 [k UTF-8 f1 UTF-16 & 5 H=SH, RHlZE
AT ASCIT F45F o ERER S SOAR

MAEREE RS A EE, (EH UTF-8 FoREC IR @, ENENTR 1577, #H UTF-16 fmbbAL
EFSCFRF (Bl KR, ERNENTE 2 57, 1 UTF-8 ATRETRE 3 771,

NoREMERfMEE, UTF-8 FEMMtRE, F2 TAMEESH UTF-8,

3.4.5 RIBIESHFRYRET

T UERRZEmEES, BRBTHI 7R ERERM UTF-16 8( UTF-32 iIXKERGD, EFRHmIE T,
PATTAT AR P AT R B R AL B, IX AR EA UM,

- KLYl : UTF-16 Fwd 547 #rn] DURA Z A TRENLII A, UTF-8 2 Kagmhd, ZARIKEIS
NFRE, BATREMNFIFRIFFGIE TR « MR, XHFEE O(n) KN,

C IR SRENLTFIZEMLL, I UTF-16 SR B KEIE O(1) I#RfE, H2, 5 UTF-8
G i ) AT H A 7R 0 P B A R

© PR 1E UTF-16 i 1F i b, IRZFAFHIRIE (W #l, &R, A MERSE) EA 5T,
£ UTF-8 b7 AFef b, S TRXERFEE FEIOMITR, DR S ETE8H) UTF-8 %ifd.
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Kk b, FIEE S FA R R MREBIE-, B RITFZHEER,

- Java [ string KBYHH UTF-16 4afd, HFDFAFEA 2 57, XZ2EN Java IEF BIH2#], AMTA
16 78 AR A AT RERYF4F, 2R, X@&— N AIE#IIHIWT, J5K Unicode MIVEY REI T
16 £z, FrPA Java HEYFRFBIAE T REHI —XF 16 AIA(E (B “AREEN”) 2o,

- JavaScript 1 TypeScript HFIFAF R H UTF-16 HidHIRIAS Java K18, 24 1995 4F Netscape /A H]
B XM JavaScript IH S 1Y, Unicode TR RFM, AR B 16 M HIZwiSHLE AR ATE 1Y
Unicode F#F T

- C# fEH UTF-16 wtd, FEJEFN.NET *F&JZH Microsoft &1+, T Microsoft FIRZHAR (U
i Windows ##1F5%1) # iZfEMH UTF-16 45,

BT DA EGRAR TG S 0 P AR RIS, EMTAS AR D" 1975 ORE R 16 A2 KR Unicode
Tr. BB MARENZMTERZE, —77H, UERENA TSRS, —MFRaREh 2 s 4 7
T, MR 7RSS, 55—J5H, BB ERINEIAH, X8 7R S A ERIFIR
HERE

HTLLEERR, #ogwfeiE SR T — AR5 7T %,

- Python ##9 str {fH Unicode %fi3, FHRA—FMRIENFRHERR, FHENTFHRKERRT TS
i KR Unicode B, BHFFFERAPEERE ASCIL Z7F, MENFAEH 137, MREFFEE T
ASCII 7till, (HeHMERAZESTFE (BMP) W, M&ENMFRFLH 2 777; RABH BMP I+
B, MHEEADFRF S 4 579,

- Go TBESZH string RAAENERE ] UTF-8 ih, Go 1B S IR T rune 287, ‘B T#/R# Unicode
Y=

- Rust 1B str f String RHBULEANER(H A UTE-8 4wf8, Rust tHiZAET char K%Y, AT HRREAD
Unicode 45,

WETRE, PLETCHERR FAT RIERIEIE S FRIFIE T 3, XA PR M S F P A2 i R AE g
R AR, £ fEaMesftt, BOTBE /AT RHmDN UTF-8 183, PUAEIRLAIFHRE
PERZE AR,

3.5 Mg

1. EREHR

- BARSEHA] ANE BN BREE N A BEHA T 0 2K, IBREIR TR TR 2 MBI R, M
VIPREENIREIR T HARAE T BALNZ 776 77 2K

- WA EIELNE, RRRFIROREE, @ERIRIEZ SR EIRE 5 kit B, TR,
. DA FdELetE: (Rf. B, HE) Pikh, M7 ZRAVSSIR] RE RN B & L MR S R 451

- CURRTIBTIN, BARSHEEE T EALNEY . BNNESSEERA N M AL, sl XN
k7 R EE

- VISR Ry ES S A E (B Mo EE AR (55R) . A SURSSER R A, fERREL
P HZH & SEERY,

- HEANP YA RIERTI O RS byte. short, int. long, 7FmiEX float. double, ZFFF char Flff
/K bool o ‘B THVEE AT & FH 2= AR/ IR 75 =Ko
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- IR AR R AE AL GRS B =R, e R R DA R, BRI IR B iR = L2
frshn, HRMZETRIE,

- BRAETH RN R DAMSETE AR, EAMERR S, THRALRT DO IEB A —mE =, A
T E N BRI R R AU REF RS, I AN IE SR B R AT,

C RIS 1T SR, 8 BN 23 L BN R, T A ERR RN, Rl R B EE
AR TREL, O RIE TR,

- ASCII i i RSSO AF S, KEDN 19, HGR 127 D34, GBK FAFERE R I H ST
frER, HFEMG ZDIXF, Unicode BUN THREL— N2 BRI FAFEIRME, WoRiEH EXMIE ST
£, MR T 5 b 75 TA AN — BT S 2 ELAS ],

- UTF-8 2 ¥UHY Unicode #if 751k, BHAMARRL, ©RMERNmGITTE, BARGTY R
Y, BRERT TR AR, UTE-16 f1 UTF-32 2HKNgwmiS 7715, g Xi, UTF-16
di RS [AILL UTF-8 B/, Java Fl C# S54af2E1E S BROAGEH UTF-16 4fd,

2. Q&A

Q: Mt 2 R A & LM Ba S A I LR M BS54 ?

BRI, WoNTRRIBA IS, TATATRESMEA g™ OF%: “IBmehR” BN
AP MR — DRER, HRERKDENE —EBIER, XATREBFMNR GEE VLLBRD,

MR ERE, BHRIERZEH8A, KPS —MalA e & —ME, s s — PR —R
o i, MEfRATRERIN S BdRa . (B, 5% RS BdEasty ().

Q: char ERIKKERZ 1 F715?

char UK E AR FEIE S R NGRES 771508, 4N, Java, JavaScript, TypeScript. C# #8%FH UTF-16
Zhd (fR1F Unicode f350), Rt char BRI ER 2 54715,

Q: ETHASIN BRI MIR “FSBURGEN" BEABX? Hthn] DUHT AR ARREIR0E, XEH
TEElR “Bhas" 1,

M a] DASEELAIASHIBRIRCE, ERIREIIRE B (KREARE) 1, REETHANEYRS A
DABhSHERINEFRCR, HENNAERZEEN, WREIERBEL TR/, iR ZaE— N
BRI, FFIHEBHANESHIZHEE S,

Q: 7ML (BB HIMR, RIEEERIRD, ME2ENR WS8R Te?

FERPGETES T, BAEMATIEEH B FRiaEe, XD TIERENEEEIE. F1i, Java £
ArrayList FIRIMEA BB N 10, 540, I REEHRZ AL, RIS “FIR" &=,

Q: [RIEANGR T iR “SeEM 17, ARSI N2 e R e 1 eI, MiAME#e EaD th
—FERT U@ “JeBURJEIN 17 BE], XN ANE?

X2 KA RS A ANGS A B e s fr B2t AN IS AR, AL HAMUIEN: %k a+b=c,
HBAFRATFR a /& b & ¢ B, 2R b 2 a B ¢ BN

BE—Dn = 4 RRER Z#HHE 0010, MBI NMFEEREE (REEFSA), BAERMIFTRE
i JelUREM 17 153

0010 — 1101 — 1110



3w BUEL www.hello-algo.com 65

BAN2KM, JEEFAMEEIFZ 0010 + 1110 = 10000, HEt2id, *Md 1110 254 0010 £/ 10000 1
U, IXERRAE R ERURIEM 17 2bR R THRE] 10000 RIS R,

M2, #ME% 1110 ] 10000 9“1 B2/ 0WE? FAMRIART A “SeBU=JE 17 1§21e:

1110 — 0001 — 0010
HAIET, SAAIRNMG IO 5 E] 10000 #9 k8T, BRIt AR EANDT F1 NSRRI w] DAAEIRIAY
B GelJEm 1) 3,
S, BATHAT DS RRRAMD 1110 A9, B “Sei 1 a8

1110 — 1101 — 0010

BESRE, SEBURIEIN 1T FOSER L EEUR” XMAZEERE RS 10000 AR, BTN,

AR LR, “BUR” RIESER EREKRE 1111 f9h L (KOVER BB + REB = 1111); WfESRAEA LR 1
1SRRG, B2 10000 FIHNML,

ERLAn = 4 RB, HATHHET B R A —HEHIEL
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Abstract
LS p ptH FLan [F] — 3% 2 S ik 6k
BUARREHESTHES, BB, PRI ESAL, ERRREE B i R Tik5E 2,
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4.1 4

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

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

00 04 08 12 16
memory location

AIAREZE

L BHENRNTFEE

4-1 BEAHE L HFETT

4.1.1 ¥EAERIRE
1. 3aEea

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

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

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

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

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



B4E BHSHER www.hello-algo.com 68

¢

TE®Sl o 1 2 3 &

Rttt 00 04 08 12 16

TTRKE - 4

TRAENE - RARERLE + TREE « TERS

(BT (GRS E)

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

K 4-2 BT RBIA bk TR

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

CERCAP I TER R AL, BT e O(L) I FIPTRBHLY SO (R — T
/] === File: array.js ===

/* BEHlipETER */
function randomAccess(nums) {
// 7EX[8 [0, nums.length) ARREHIHER—EF
const random_index = Math.floor(Math.random() * nums.length);
/] REGHREIRE TR
const random_num = nums[random_index];

return random_num;

3. fATE

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

:

EEEEC

nums[4] =m5[3]

BERRAX

= et (8000
‘ nums[3 nums[2]

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

:

(3 W1 ]s]2]5]4 ;}ﬁjgzig;—uﬁ 0 =%

nums[1] = 3

K 4-3 A ATTERRG

ERERNE, BTEHNKEREEN, FHEMA-PMTROEXSFERARTITR “BXK7 BN

IR SERTE BRI,
// === File: array.js ===

/* TEERAAMZERS| index MENTTE num */
function insert(nums, num, index) {
/] BF&35| index UNZENFABETERGEEMN—L
for (let 1 = nums.length - 1; 1 > index; 1--) {
nums[i] = nums[i - 1];
}
[/ & num TR45 index ZHYTTE
nums[index] = num;

4. HBRTE

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

88000

nums[1] = nums[2]

BIRER

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

nums[3] = nums[&]

sehERE, SAERTRUEH 1,
KETTE 4 BERN TAHEENR

B 4-4  BEHMIPRTRRA
BIEE, MBRTRERE, FEARBITRES “TEX T, UBMNTEIRERELRE,

// === File: array.js ===

/* MBRZES| index HITTE */
function remove(nums, index) {
/] 1BFR5| index Z/EMFIBETTEMAIBEI—IIL
for (let 1 = index; i1 < nums.length - 1; i++) {
nums[i] = nums[i + 1];

}

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

- BIOTR: HTEAHNKEARNZE, RERAITRE, BHEHREOERTTREER,

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

g R B, (HIXFEMESIE R A7 AR PR

5. EBR¥HA

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

// === File: array.js ===

[* WA */
function traverse(nums) {
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let count = 0;

/] BER5|EHEA

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

}
/| BEBHEATE
for (const num of nums) {

count += num;

6. BHixE

FERAHPEPIE TR TR, SRAIWOTRER SN, VLR S MRS
RONEA RS BRSSPI DA LR ESIRERAR N "R,

// === File: array.js ===

[* EBHEPERIEETE */
function find(nums, target) {
for (let 1 = 0; 1 < nums.length; i++) {
if (nums[1] === target) return i;
}

return -1;

7. E%A

FEERNARGIGEEN, P URIERA LGN FSREZ AR, WMEkZ ety REHA R, FItE
REHGIEES T, BAHNRERATEN,

GERFATH B AR, WFEFEL N EREEAH, A RBLATRERRE RS, X217
O(n) H%0E, EBARKIIEI FERHFER . AR TIHTR:

// === File: array.js ===

[* TREUAKE */
/] iEEE, JavaScript BV Array 2ISHAE, ATUEET B
/] ATHEFS, ARG Array BEKERTEZRIEA
function extend(nums, enlarge) {
/] MEE—1M BRERREA
const res = new Array(nums.length + enlarge).fil1(0);
/] BREATNFRETREEHFFHEA

for (let 1 = 0; 1 < nums.length; i1++) {
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res[i] = nums[i];

}
/] REY REHFEEE
return res;

4.1.2 HANRRERMRE

BAFBEESENNFERAN, xRN, MRS FEERER, RIa] DRI SRR
ABIREERI AR R,

- ERRCRR: U VBRI TIESIHINEER, TCAUERSMUSER T,

© SCRERELVI: B R VEE O(1) RN FHE TR,

- RAFIRERTE: HUIMEBETTRN, HFRAUMUSINEE, IER% A7 B B A HAEERE, A& B s
17 REETH IR AR BRI T IR,

ELE AT i R —IEW)8, HAFE LN RIRME,

- AAANSGHERRCRIR: SBAHP TR, WA SR RIERER N RERNTTR,
- REANZE: BAHEGRERERERE T, P ABEHFRER A SRS R Z0 8, TR,
- ZEMEREE: AREEHECRIANEBIL SRR, IR 2RI IR 2R T

4.1.3 ¥HABHMEINA

HEH T2 — R B WSS, BN e RE R H, Al TSl &M E 2 R aiig,

- BEHLYI : GSRIRAVEBEHLE — A, B2 R AR B A7 08, HAER— DB, RIaR515
BEN AL

- HiE AR BEHRHP AR RIRR T BRI, POy, TR, 0 ESEE  EAER
#H b7,

- AR AREPIEES IR BRI, AR E N EIRR, RN T2
ASCIT WSRIBRES, W AT AR50 ASCIT WS EMENERSG], xR HITCERAF A B X R B

- BLERES): MM RSN TR, B KEZRIEERBIsE, XEHEEE DB
PR, B TR LR N 258 e o s i 6 FH O BSR4 A

- BUREHSEEL: BEHATDUR Tk, PABI. MRfnaR, i ESFEBURS, fln, ERISEERRORK
bR b — 48,

4.2 §ER

N EEMERFIALER, £ PERNRGSITINET, TREIANEZR AR ENTSL, &
TIRITE, (FOEEEHRI N2 USSR, TS EEH AR KN, PE AT RETC IR LNt R AE S, it
I REAR A RIETEIL AR BL R T
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R (linked list) 2 —ARMEEURSH, HPENMTRERZR - MTRAR, #0108 “5I87 Mg,
SIFIESR T R — DT AL, @I B R AN A s A 2R — D o

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

FHEERNAFEZEEIBN
R

linked list

—— — —{ — > None

N R rF:
H 51A (ds8sh)

s

AITARNEZE
node

EHEAE | spesna
Tt | TSR

4-5 BERE NG

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

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

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

[* BERTIRE */
class ListNode {
constructor(val, next) {
this.val = (val === undefined ? @ : val); /] TRE
this.next = (next === undefined ? null : next); // A TFT—TEM5|A

4.2.1 §ERTERIZE
1. hadkssR

ENBERIIAPIY, FB-L RIS DT RN, B RMET RZEGI KRR, Fiaksei)E,
AL AT DANBERR ISk it A, 8IS 5 I HFEI next ARUXVTFIFTE 19 o
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// === File: linked_list.js ===

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

const n® = new ListNode(1);
const n1 = new ListNode(3);
const n2 = new ListNode(2);
const n3 = new ListNode(5);
const n4 = new ListNode(4);
/] HETRZEINE|FA
n0.next = ni;

nl.next = n2;

n2.next = n3;

n3.next = n4;

HEHBR R — 2R, A% nums FUETCH nuns[0] Fl nums[1] 55, MHEFRE 2 MHSZAY T SO RAK
o FRATTBHF RN LU ERERIACRR,  bLan DA B AR YRR AT ICERERR no .

2. EATH
TERER PR AR A e W1 4-6 TR, R BLEAISPAIRT 5 no A nt 2 A — BT
MRS A TG (56D BIAL, W2 O(1) .

L2 R, S ATCENNE RN O(n) , FEARURR FIVRREIR,

°

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

o o
EHRTA 00 A nl ZIEEABE P i -
P

n@.next = P
BI$ no 3EM P

2O
no@ A nl

"

A

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

[* TEFERMTR n0 ZEEATS P */
function insert(n@®, P) {

const nl = nO.next;

P.next = ni;

nO.next = P;

3. MBS

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

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

no.next = ni
B4 no 8@ nl

A A

no nl
A

il
ERERTHRTLS P

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

4-7 BERMIERT

// === File: linked_list.js ===

[* MIFRERMNT R n0 ZENEINTHR */
function remove(n0®) {

if (!n@.next) return;

// n® -> P ->nil

const P = n0O.next;

const nl = P.next;

nO.next = ni;
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4, FHETHR

TERER I AR ERAE, W LA, RfIATAZE O(1) WA T VT ISP L RTE R, HERIIAR
K, FRFEEEMKT AR, BAFRE, HEREERT A MR, VRIS i AN A
Bi— 14, BINEZEN O(n).

// === File: linked_list.js ===

/* IFEIEERAFZES|A index BITR */
function access(head, index) {
for (let 1 = 0; 1 < index; i++) {
if ('head) {

return null;

}
head = head.next;
}
return head;
}
5. EXTR

WIRER, EHEAPEN target BT A, FHIZ T RERERPINES |, S EtE TE&EER, AR
TN

// === File: linked_list.js ===

/* EFERPEHEN target NEINTSR */
function find(head, target) {
let index = 0;
while (head !== null) {
if (head.val === target) {
return index;
}
head = head.next;
index += 1;
}

return -1;

4.2.2 4B vs. §ER

R 4-1 B4 T BEHMBER A IR RO X B THROERICR, T EM IR AR S ITA B RN, R A
GV ES e3P RVAIDES 0

® 41 BAHSHERNRER T
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el

7T BN
REYR REAAZ

HER

TIPS ]
ARG e

WERER  TREHANRED, EreERESR TREHNES

wigEE  O(1)
FITER  O(n)
WrsER  O(n)

4.2.3 BRHERED

G 4-8 Fivw, H ULAOBERR RIS —F,

O(n)
0O(1)
o(1)

- BABER: QIRTHE AR SR, AR RS ENEER T T RS N IEE, JATR &
N RFENSRT R, Rfa— DT RO R A, BT 52 None .
- BEER: ARIAIL RMBERAE T RAEASRT A (BRI, WSS —PMINERER, EIMPRER

o, AR AR AT DAL A

- O WAEER: SREBERMLL, DERERICR TN ARG . IABERT RUE RN B & e a4k
TR (R R) MR A (E— ) BISIH (88 AT RAREsR, AAsERE B RIS
PE, ATDASIPNA 5 A Do BE R, (AR M th 75 2 o FH 3 22 B P A7 2

[* WEWRTRE */
class ListNode {

constructor(val, next, prev) {

this.val = val === undefined ? 0 : val;
this.next = next === undefined ? null : next;
this.prev = prev === undefined ? null : prev;

/] HRE
/] EREHT =85 B
/] FERFIET R3] A
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HRER

singly linked 1ist

— — —a —_— —> NOone

AR

circular linked list

(@Y & & W]

WrER

doubly linked list

r— — — — —> None
None <— <~ - <~ -

Bl 4-8 H ULEERARSE

4.2.4 §EREBINFE

BABEFEH TSk, BB, M 3R SE R 4,

- KSR SR A PR FERAE BE R A — I TIN, BERBIARF St fa tH, A RIAR; i AR(E
FERERM—WEAT, MIPRRIEERERA S — AT, CRMIFFE et set, XS,

- TSR REHIER RIS PRI ER TR —, E%TRT, A PRITTRASERE— MR
I:':'O

- B AERREFORER AR T, KRN TURES — MR CEL, SRR ITREMK
R %A R HAB T

MABER F T F ZPEE AT — PG — DR R,

© RBUREH: FLANTELLRM, B AR, FANFTEYIRT RAIAT R, XA DU AE T R R —ME
AT R T I SR SERR,  SRLT XA eSS,

- PSRRI AR DU AR, AP R AT R IR TN, (X T AR AR RIE AP R BT —
JE— WL, AN BER AR P (X MR E 215 faT B

- LRU Rk £k (LRU) Bk, BT EREKEI R R/ ERRESE, DRSPS
FARMBRTY silo IXMH A A XA BE R AR H 51E,

INEBRERE I THRESAMIRERNI R, URERFRI BRI,

- N RREMERIL: ERERGD, WRAREEERZRE /M LK CPU MERE, BEREXN—
HUAFEHATIEIN, B NERRPOR T — DN R, SR AZERN, CPU SIS N — M, XAhE
MR AT DU IR R R S

- BURGONX . ERERRR XA SLBLT, MATRER MNP EER, LRAIEE, MRS, B
TATRES W M DERIMTPIF N —NIMEER, DRSS R
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4.3 FIE

FIR (list) B—MHRIBIREIS, EFRRTRAERES, FTRM. B% @, MERiEmn
TR, TOUERE S R REIRGIN R, 517 AT DA T HER s LI,

- EERRARRI DB IR, HEGRrR &SR, I H T AREShEST A
- WAHMSRTREM AR, HRTHREAZE, KRR DRE KERHZIR,

SEHBAESBIIRN, REAERMRES SBEIRNLMTERS, X2 ENENEE CEF e R =
el DEdE, MTMAELOERSIERIPIRKE, HRED/D, WRAREEMEHEMTENR, HRETR, M
RGN TR B

RO, FRATTAT DARE I DS 2R4E (dynamic array) SRSEEIFIER, E4K THAMSILS, F+HATEA
R TR TS A,

Khr b, VFBHRETE S PRObRE AR B FI R 2L T ah A 9B, Bl4n Python FEY list . Java A9
ArrayList . Ct++ Hff) vector Ml C# FFHY List 55, 1EFE FRAVIFIEH, FATRHE “FIR” 1 “ShS8Ed” W
R RIS,

4.3.1 FIRERIRE

1. MansiR

BAVEHEMH “TovaE” 1 “GOGE” XMReIE T
/] === File: list.js ===

/* PEUTIE */

/] FTHEE

const numsl = [];

/] BYI%RE
const nums = [1, 3, 2, 5, 4];

2. ipiATE
FIRAT R, RIATDAE O(1) B RINIRIFIE#TER, SRR,
// === File: list.js ===

/* HRTTE */
const num = nums[1]; // iAAIZRE| 1 EYTE

/* BEiTE */
nums[1] = 0; // ¥¥ZFE5| 1 LWTEREFHA 0
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3. {ASHRTE

T8, F1RAT LA BRI S MERT R, EFIRESRMTRNNAERESN O(1) , B AFMER
TERIIRCRI S EAMR, NAERERN O(n) .

// === File: list.js ===

[* BEHIR */
nums.length = 0;

[* EEEARMITE */
nums.push(1);
nums.push(3);
nums.push(2);
nums.push(5);

nums.push(4);

/* TEREEATTE */
nums.splice(3, 0, 6); // EZ5| 3 WENEF 6

/* WIBRITTE */
nums.splice(3, 1); // MBRZ=RS| 3 LHITH

4. BHYIR
SHeA—FE, FIRFDMRERS E, WAl EHER& T,
// === File: list.js ===

[* BERSIBHTIR */

let count = 0;

for (let 1 = 0; 1 < nums.length; i1++) {
count += nums[i];

}
/* BERBHYIRTE */
count = 0;

for (const num of nums) {

count += num;

5. HHEFIR

L0 — IR nums1 , FRATTA] UK HpHEEI R AR R #R.
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// === File: list.js ===

[* BHEFRANSIR */
const numsl = [6, 8, 7, 10, 9];
nums.push(...nums1); // %R numsl HHER nums Zf5

6. HIFYI®E
FERANRAEE G, TAMER] DUEREBHRRIEREEZEN “ o 1 DEEH" Jik
/] === File: list.js ===

/* HEFFFIR */
nums.sort((a, b) => a - b); // HFE, FIRTEMNNEIKHET

4.3.2 5IREY

UEmEESNE TR, Bla0 Java, C++. Python %, TNIMEBIHEER, SANSENLE NI
T, BIANEaA R, ¥ REEEE, RO AT A R R T4 S,

N T IR FIER TR BB, BT — MR B RAIR, SIS = E AR,

© PRAR: R D EEIBEHIRE R, EAOREIT, FATERE 10 fENPIRE .

- BEIER: AR size, AITICRIIRLHTTREE, FHHEETRBARMPRELNER, RiE
e s, BATATUENAIRERS, DANFIRTR ST ZEY A,

- PHEPUR: EREACTERMNYIREARCH, WFRZEHTY A, ol Ao — N ERIEd, B
HHTEEHMIFTETTR RS SN R, FEAREIT, BATRUE FUCRHEEY A2 2 A 2 4,

/] === File: my_list.js ===

[* FIRE */

class MyList {
#arr = new Array(); // ¥ (FfEFIRTR)
#capacity = 10; // FIRAE
#size = 0; // FIRKE (Hgixx#H=)
#extendRatio = 2; // EXFIRT BHIEE

[* ¥&ERE */
constructor() {

this.#arr = new Array(this.#capacity);

}

[* REBFIRKE (Hixi¥E) */
size() {
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return this.#size;

[* REFIRBE */
capacity() {
return this.#capacity;

/* hRlTTE */
get(index) {
// BSIWMRER, WEHEE, TE
if (index < 0 || index >= this.#size) throw new Error('Z3[#R");

return this.#arr[index];

/* B¥TE */
set(index, num) {
if (index < 0 || index >= this.#size) throw new Error('Z3[#R");

this.#arr[index] = num;

[* FERERRITTER */

add(num) {
/] NRKEETEE, WEET S
if (this.#size === this.#capacity) {

this.extendCapacity();
}
/] R ARMATIRES
this.#arr[this.#size] = num;

this.#size++;

[* EREEANTE */
insert(index, num) {
if (index < 0 || index >= this.#size) throw new Error('Z5[#R");
/| TEHEBHAEM, LT S
if (this.#size === this.#capacity) {
this.extendCapacity();
}
/] BZE&35| index UKZENTEHBEGEEE—II
for (let j = this.#size - 1; j >= index; j--) {
this.#arr[j + 1] = this.#arr[j];
}
/] ETEHE
this.#arr[index] = num;

this.#size++;
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/* BBRTTER */
remove(index) {
if (index < 0 || index >= this.#size) throw new Error('ZE5|#R");
let num = this.#arr[index];
/] BZFR5| index ZEHTTRERARITEEN—IL
for (let j = index; j < this.#size - 1; j++) {
this.#arr[j] = this.#arr[j + 1];
}
/] EfTEREE
this.#size--;
/] RERFREY TR
return num;

}

[* BIRIE */
extendCapacity() {
/] FE—NKERNFEHAE extendRatio FHVFEAE, FHIFRHASHIZEIFEA
this.#arr = this.#arr.concat(
new Array(this.capacity() * (this.#extendRatio - 1))
)
/] BRAIREE
this.#capacity = this.#arr.length;
}

[* BHIRER A */
toArray() {
let size = this.size();
/] R ETEENNTIR TR
const arr = new Array(size);
for (let 1 = 0; 1 < size; i++) {
arr[i] = this.get(1);
}

return arr;

4.4 REEREF"

TEAZRRTN T, BRI T EAM R R BB Z R BRa, eMNosfRT “E8miE”
“OYBRAENE” R BEEER

SKBR b, PIBRESHIEAR KRR EOE TR X AR A7 R RIRCR,  EMT RN SRR P OB AR RE
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4.4.1 HBENEHESS

RN =M AR5 & (hard disk). W7 (random-access memory, RAM), #&7F (cache
memory), 3 4-2 J&/R T e HEH ENR G PR A GFPERERE Rl

* 42 HEAHNFER S

(TSN [NEE &7

Mg KU OESdE, BRRIERSL G i S RTNSTRIRFPAIE  FEEHETIREBIEES, W) CPU
P, XfFE TEAC TR AR iR AR

Sk WREBEEARRER LIGEVE GRS S LIGEVER S ETPREE S

13

wEOBK, TBYY B, GB 45l FEH /N, MB 5l

HE B8, JLAELT MB/s gk, JLt GB/s JEF R, JLHEJLE GB/s

ks BfEE, JLEFHJLT/GB 25, JLTEILET/ GB JEH S, BE CPU TR

AT A H BENAZ E RGN E 4-9 s S TIEE5H, BEE EFETm A7 i I i R, &
BN, AR, IR R ARME, TR EARE SR TRITE I IR RUE AR

- WEEERAINAAII, B, PEFPRIEIREN AR ER, FIENES KIFERDE, HX, W
HIRA SRR LA, IX (R e ATETH B8 T R

- RAFRIRA R EEEAE DGR, BEE L1, L2, L3 REMNARBIHA, HYERSISEK, 5 CPU
bz MR EREE B R0, AT SRR EN RN, JTRVTERE S, £4AERT, 2R
RIRAFEEA R A R, TR A 2[RI B P

CPU

L1 Cache

Ecd L2 Cache

g

4-9 HRHFERS

HREE s
g HAk
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Tip
HRENAIEE R RGN TR, FEMEA=F 2 BRI T8, SR b, X e 7 T
AT Tk, BZSRBAHEAR FIPLEMIBR ] < RIHE R - o

SR, BEELH T R RBUE, WA TR R a1 T e AR PRGN, 2247 W T 120k
SHWVIMNBIEIES, DUREREFIBTHER, =FHFME, MRITENRGSM0B1T,

N 4-10 FoR, FEREFIBTT, BdES MR AR BIRIREINFH, 4 CPU HEMM, %&fFrILAETE CPU K
—Hkoy, ‘ElEREHM N IERIE, 4 CPU 1R tmEAVEHRE IR, M EE R RPIPITRER, b
XIS I 17 HEHS

b —>
b < — —

|
l
2

WIEsE B RTF {7354

CPU

Bl 4-10 BEEL. WFMIZAE < R EHEHDE

4.4.2 BIRSNRTEE

fEWNFZE AT, MR 8B MIEMRRE,

—J5H, PFRARRE, HFE—RNEARER S MRS, BRI RS e R AT RE oA A
A, BAHMTRZEEHY, ANRREHINGZ RRAAERER T RIS (D), EI2 RReERE S, A,
BATE R B HESNF 2R, XATRESFBUNIAIRSE, By A thh RSN I AR 23 R A
MALEZ T, SRR “T9 " NRRALEATEIAS WA S ECAEIL, $RAE T BRI R TG,

S )i, RIS, BEEREPIE SRR, RNAFIRER R okeke, I S BN A7 Y
FIFIRCRIEAR, BB T HIESNFEET N, HNAES FEAER . R, BERFTTREDRUFIER,
BRI SRR e, ERSSBNERA L,

4.4.3 HIBRGHNETFRE

&P BT AR B/ NN, HELRRFIE 2, EREFITEE DR EXEZNEN, BT%F
MEEARR, JEEFMHE—/ N ME TR EdE, Kt CPU ViR EIEAERF TN, MLt
KaH (cache miss), It CPU ANMFAMIEEELIGHI N7 H BT T EE.

B, “BAF AP WP, CPU BSBURMBCR S, e rERtthtiler, AT CPU MERAFH IR
EEURHILLBIFR W& Fa =R (cache hitrate), X METRIEH R REFREE,

N T RATREIREHE S AR, A 2 R H DA N R AN EA L
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© BT RAFANZRA TG S INEREE, TEARGFT NN, TR TR, %17
R = R

- FREOHUR: Ab B 2RISR R (BN, EE 2 KBRERTTRISE), FARMER e A
R E R 2 H, MMHRT R,

- MR WUER D EARRIE, B2 ERNEREEE TR I SO, Ei, RAFEANESE
faly, REHEMNIAEEE, DaEmmahR,

- WA AR — N EARBIIR], AR EEAARIRERIR AT REFFRB I A, 22 A7 A X — R B, @i
TR B BRI V5 A1 R B R AR A R

bR L, BERMBERNRAAFI AR R AR, EEARBAEUT L5,

- AN BERITRIBETTR SR E S, SBRAHENNEREIRRE D,

©OBRAHMT: REREURE D BENGERLL, MR TR 8, RIS e R L =,
- PHHLH: BCEH EBER BRI CE R TR,  BIRSUE A 206 BRI B £,
- MR BB R ER TR A, RN BRI A 8E A AT RERIR T M),

BARTE, BHBRAERNEAG R, FCeERredes BaE Tk, XESERREIAREN, &
TEAH IR RR A A 5 52 X0,

TEERAE, MEFICRIFAEWERAENAN O MMETBER, SChrR A ik IR BuESsA, AR
TRRATIRCROGE, Blan, BEHMBEREATDASLEL “H” BdRgs (F—=EXE40 40, HEMEm T AHE
75

- EMOERTRRN, AT T TSI, FOVERME T AR ERCR A BEA LI R A 5E
71, A CUR TR E RN i —E RIS AL,

CARBHRRAER R, SSHRE. AT NERME T, IR TR SRR E N SIS, HERAET
RER BRI BUFET NI ARIER Y, FF Bl 7 ey A A RN,

4.5 g

1. BB

- BEHMBER R RS A RIBAREER, I AREBUERAE T BN PR R 7530 3L RA7 B
IR, P RYRE R S P EANR

- BEHSRRRENLTIRL, S HRFRD, EEARBBRITRSERR, BGHEKEARZ,

- REREN G I (FEE) KRR RAE A SRR, EATDAR IR R (R RRAR, &
RN, HIULRRERRRI AR AR, IMERER, TAHER,

- HIRBE MM ERKTTR AR S, ERE TSI, ERE TEAHES, RNFTLAR
AR,

- HIRAHBURIETE & T BRI, (HATRE B 2 N2 RITR 2R

- RFIBITR, BdEEEAMEENT, SRR EE SRS RRCR, MEERNENF M _EENR
o

© RAPIENRAFAT. B AR 2 1R R MR (R R R S R B L, v CPU R Bt Pid B i/l
BETETHEF R TRCR,

- HTEABAERNERFMTR, RIWEEE LR E & EREREIRSn, NARYE BATR R
oy anl EEpriEE N
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2. Q&A

Q: BAAFIBLER EAIFIBLESE L, X RBACRM S R 2 S A2
TR LA L AR AR IR AE RSN R S RN, BEIRIERCREA —B 281, ARAIHERAG % B IVR
R, MBI AR .

1. DECFIRECER : #B— B NINAE, BLH Wy B ahsen; msEMNFEAENER, A] DAERS )
Ao, EAZWA . B, #E BRI IGREE R b BRI,

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

3. RIEME: B EREANRNFEEESRENTE, i LA N DA T 8hASHE
Q: N LBEHESRMEFZEAIRITER, MIERER AN A SV RS AUE?
PERBT AR, VAZENESSIH (88 &R, S0 R DAEEARREAEHE, 140 int, double,
string. object &,
FEATHE, A TRENAIUEMERISERI, XA GBI T R EoRIRBOS R TR A E, Filan, HEARR
& tnt 1l Long PRRIAEY, B0 MTTESMAI 4 51080 8 595, WURRURAER AT AR R T, L
HPEE TR “TERKE,

# TEAFMIE = BARFIE (ExEREMIL) + TEZKE * TRR5I

Q: MBRTA PG, EBETEH P.next 529 None IE?

AL p.next HATLL, MIZBERIGAEE, ALY AOBITERE T M OE R85 p T, JXEE TS P 04
MFERPIER T, I 2 P AT R 2 R B 27 L B,
MEHREA 5% (M) MR, RNTFREXR, NI EE R EROMT. MR
BE, WOTENZA, WEEMEN. GRRNTIE, MR SRWE S E, T T2 RS2
P EIR.
Q: TERERFEANMIRRI RS 22 O(1) . [EEMMHHFTRE O(n) W HEHILE, Wi
LIRS ERE O(n) 12
MEREEHITR, FMRITE, WS REHITE O(n) . AT, BEFI O(1) RIMIIIH A e M
F_EASEIABL, B, WFIBAIE S (RSB, Bl — ME RIS A, RS, B
A SRR O(1) .
Q: B “RERE LSRR, I CITE I SRR R T — B HAEID? SRR A
g2
R RN REIET, ERETH AR,
- RFRAI AU S IR R AR, HAT int. long. double FISZHIR 5225,
4SRRI R A MR G R R G R, KN 8 TR 4 777,
Q: TEFIFARRIFIITERE TN ZLE N O(1) ?

GUERIITRNE IR KE, WTRECY RYIRERMN, RIEXHIEHUINE, HREYRNTE T
Ezd £, XNENEEZRERSE O(n) .



B4E BHSHER www.hello-algo.com 88

Q: “FIRMHBIM AR & 7 AN, HATRESFBER D NSRS, X EAZ FIR SR FE MY
I RINA R, KE, I AEET S RINEL?

XERS R EEEM IS — i, FIRARBE MG RE, BMIAEREARXLZ; 5—
JiE, AN TRIEEY R, IR -REEU-DRE, A x 1.5, XAk, WREIRZ A, BiTE
HANRESE IR EA

Q: f£ Python H#J4atk n = [1, 2, 3]1/F, X 3 PMICRAVHEZMER), (B2 n = [2, 1, 3] K&
ENHFNITRE id FHFARIESR, T2 AR n PR, IXLETTRITHIEANESE, B2 m IR EEH IS ?

[BAnIEFIRITTEBABER T A n = [n1, n2, n3, n4, n5], EHEEH TIX 5 N RN RS EAEMEENTTF
b, R, EE—MHIRERG], BAUHIARTE O(1) I EPARECT RN IbE, AT 7 IR IR B9
XIREN B AR T RS, TR R B

SWZIESF AR, Python FRIEFMEEINNR, FIRPFEIARKTAS, MENETHSTIH. B
I, BANSEZIHR DN EBAHFRAHERR AR~ id, I HIXER R AL TCAESE,

Q: C++STL HH std: : list EAKNH 7T WABER, HIFE—EREB EAELHE#RE, 2AN2EN
At 2 RRMEDE?

—J5H, BAVEEEFREABESEIRNE, mAELEN AR, EREEWER,

- FREFFE: BTSN TERFTEMNESMYET (— MR TEI— MR, —MHTE—TTR), il
std::list BH L std: :vector & 5 HZ(H],

© BIFARKRE: HTER AR RIESAE Y, R std: : List X BAEIR I RER, —fZIEIT R, std: :vector
HITERES AT

77, EE A RER A 0L R T AIE, ARSI 2 6 g iE 5 12 LAY stack F1 queue ,
MAERER,

Q: #fFres = [[0]] * n AW T — D4R, Hrp&— [0] #ZIHILAIIG?

ARIRILH, B ZHEFIRH, FrAR) [0] SEhr ERFA—DMHRIGIH, AERBAMESIHFH—IER, K&
A BIXS RT R AR = B 2 PR

QRA R SRR [0] HURMILAY, wJDAEA] res = [[0] for
AIIRERZAAAIL T n ESZHY [0] FIZRI &L

Q: #fEres = [0] * n AR T —NHIFR, HPEF—DEE 0 HZIHIZLAINL?

FEIZINRA, FrAEE 0 #UZR— MRS, ZX2ED Python xi/NMEsk (GEFZ -5 £ 256) R T4
L, DUERARMASREM, MmiErree,

BRENHERIR— DR, EIAMLAR] DS BSIIRFIEFNITER, K2R Python FEECGR “ARA]
TXER”, LEANMBLIENTCRN, SR ERUMON S —DINRI5IH, MIARSRERAENEA S,

R, HHIRTTRRE FIENRT I (BINFIEE, FHEESEAIE), BUEGENTTRIERRL N RAY,
AT 5 TZS RETTRE =7 A R 2,

in range(n)] SRS, IXFh75 =
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Abstract
Fetn RS S, A Y EUGIETEHERA
M AR NG R NSRBI R,




B5E RS www.hello-algo.com 90

5.1 %

% (stack) B—HmNEfEL NG HIZE LM R,

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

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

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

ll S/

BRI

B 5-1 ARG AL

5.1.1 R RIRE

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

R 51 FRAIBRIERCR

PR o fif ) 2 2

push() TEEAM GFIEEID  O(1)

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

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

/* fatbtE */
// JavaScript ZERNEBEMNEIE, ATLUE Array S{EHERER

const stack = [];

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

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

/* TELE */
const pop = stack.pop();

[* FRERRBIKE */

const size = stack.length;

[+ HIRRERT */

const is_empty = stack.length === 0;

5.1.2 RBYEMm

N TN T AR T, BAPRZA A LB

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

1. BTFH#RNIH

(S FHBER SCTIARIY,  FRATTAT DARFRER A SR AR, 1T A AR

i 5-2 Fow, T AR, BATRFRROTREATER KSR, XA mEm AT AP AT, T
HARRRME, HFRSLT RONBER AR HBRET AT
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Bm

Aﬁl Iwﬁ xR
=§= ERTIMEER
. o RMA
3
a8 RHA
| Step 1 | o
{ Step 3

B 5-2 FETHERTIRMI AR i

DA 25 T RER ST A R I :

// === File: linkedlist_stack.js ===

[* BFRERIIMBIE */

class LinkedListStack {
#stackPeek; // BT R{EAKIN
#stkSize = 0; // RHKE

constructor() {
this.#stackPeek = null;

}

[* FREVRRVKE +/
get size() {
return this.#stkSize;

[* FIETR R B R */
isEmpty() {
return this.size === 0;

}

[* Ntk %/
push(num) {

Step 2 )
i
pop()
sux (@)
== EEEREER G’
FHIhRMAEE @
\", rux (@)

push(4)

n.’

PR TR

)
o

(2]
ERTRESR
HHRINE
RS GD

BER 4
ARINEFERLED



55 FRSS

www.hello-algo.com

93

const node = new ListNode(num);

node.next = this.#stackPeek;
this.#stackPeek = node;

this.#stkSize++;

[* %/
pop() {

const num = this.peek();

this.#stackPeek = this.#stackPeek.next;
this.#stkSize--;

return num;

[* AT E */
peek() {
if (!this.#stackPeek) throw new Error('#kAZE");

return this.#stackPeek.val;

[* BEERERWMA Array FiR[E */
toArray() {
let node = this.#stackPeek;

const res = new Array(this.size);

for (let 1
res[i]
node =

}

return res;

2. BETFEHENIH

res.length - 1; 1 >=0; 1--) {

node.val;

node.next;

(AR SBURIN,, FR (TR UKL FE R R T, AP 5-3 s, KRS HERRAR 5 BRI (2 R R
TIER SMRIEE, RREAREN O(1).,

Step 1 ‘

|

=ard

FoDen

[ s

EEEI2%RA
FIMRE AR

r BARRE(

Step 2

push(4)

a'

REEIE%RE
IR MR

d

o

i

E
(-[-[~[-]-]

ot

m]

BTk 4
RINERARE
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Hi%
pop()
ISR R TTE
g EEERENA R g
a FHohRMAE a
!!J HRE !!

‘ Step 3

5-3 AT HEHLBURA AR MR E

BT AR TTER AT RE S TRTF AN N, R ERATT AT DAGE R ShASEE, IXFERE I/t B 17 A BRE ALY 2 TR)
PATR AR BAHs -

// === File: array_stack.js ===

[* BEFEATIMAE */
class ArrayStack {
#stack;
constructor() {
this.#stack = [];
}

[* IRENIREVKE +/
get size() {
return this.#stack.length;

}

/* FIETR R B RET */
isEmpty() {

return this.#stack.length === 0;
}

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

}

[* Wik */

pop() {
if (this.isEmpty()) throw new Error('tZA="');
return this.#stack.pop();

}

[* HEERITTER */
top() {
if (this.isEmpty()) throw new Error('t#&A=");
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return this.#stack[this.#stack.length - 1];
}

/* iR[B] Array */
toArray() {

return this.#stack;

}

5.1.3 FEFSCIRATLEE

SRR

ARSI IRAR SR AT PR TR (R, B SCEIRAN SR RERLI I, ERX BB L TAAE EkE, Kt —%
AZHE

IRV ES
FERT RN, ABM AR BRI ERE R DAL RESE N T, BATRGFIERFARINY, K%
R KM, WRAENEHBHA R, 2T A, SBORRARERNNRERELHR O(n) .
TEHETRERASCEIA, SRR ARAER R1E, AL LR AN IR R, HE, ARRERE
PIAHT N GOFERAEEE, IR R, N, MRABTTRAGMZE T RNR, IARTIE LA
SRIEP IR, TR RRER,
LR LA, YA HEARIER T RREEAR BTN, HIAN int B double , FRATTATDATRH DA RESIE,
T BASBIREAE A AR AR, (T AR, HIH PR E &,
- BT RERRSCEIRIR AT DR L S RS E HURCR R I
gl iy &
TEREHIIRIS, RAXNIIRDI “DIEHRR", ZABRARBBEHSIIRTR; HH, §ayLIHE s 22 R
SERER (Bl 2 %) TP AN, VAENARDATREE LSRR R, Eit, TSR fEER—
SE IS R TR B .
PRI, HTRERTT AT EROME e, DBLRERAT LS T2 RN EER.
g b, BATARERT A E MR A SCBLE T B AAE, R EE N BRI T 04T

5.1.4 RBBEINA

- PINESP RSB SR, PO S R, SEBAFTITHRIM DT, MY asa E— R
IR, RXAEBA AT POEIS R IR 1R AR 2] E— DT EiRBRESEPr LR AT ik, ARZERIN
RGBT, BRATZMN MREL &5,

- FRPPAERL, 00N, RGUARREARTRAI— MR, T ICRE S LR 58, i
B, [N IEHER B RITRAT AARAE, Tk [R1RT B S AN AT AR R
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5.2 BA%l

FAZ! (queue) J2—FEIESC AJCEMUMIIEMERARES T, B8 S, BRAIRUL T HEAERS,  BIGHr kA AT
ARSI REHEE, AT BASISLERHI B BT

N 5-4 FoR, BATRBAFISKERFRON “BAE”, EEFON “TAR”, RAETTRIMANERIERIER N “ A",
BREAE TCRAERIEN N “HIBL”

BA%Y N A
queue pop() pop()
BARY 1?' 'El

i | /
8 8 8
8-8~>8~»08

8 86 8 B8

ABA T / n n

BAR [

NBA NBA
push(5) push(4)

5-4 PAFIRFC AR

5.2.1 PASIERR#EE

PASIR R WA SR 5-2 FoR. REERRE, NRHMEESHTIESIRAEX AR, BAMELRAS
HAHE 75 TR .

% 5-2 BAIIRIERCR

Jiikg ik I R 2 2

push() TCRABN, BERTCRFMERE  O(1)
pop()  BAEJCERIHEA O(1)
peek()  VIMIBANETTER O(1)

TATA] LB F2 0 I A 1 = A BA S -
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// === File: queue.js ===

[* IR */

// JavaScript EZBERNERIPAG, AILUE Array H{ERATIRER

const queue = [];

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

[* BEPAETTER */

const peek = queue[0];

/* TR */

/] REZEA, Eib shift() HEMBIEIEZRE 0(n)

const pop = queue.shift();

[* FREATIRIKEE */

const size = queue.length;

[* HIEREATIZB B AT */

const empty = queue.length ===

5.2.2 PAFISEIR

9

N TR, BT R EdRairy, A DIE—SiinonR, HaES —mMEReR, MRS e =

Ko

1. BETFH#RNEH

GniE 5-5 Fow, ATAT DURFBERAY ST " A “RAAT 2RI “BRE” F1 BT, BUEIAR AT ERN

T, BUESCRTERT A

HAA "
'S
n EEEIEHER
a FHohRMABAT
AM]
AR

Step 1

se (@)
|
Q?y
[ @;

Step 2

ABA
push(4)

RELRERR
PRI AT

WBER &

RINERERE

XHR

Gi
\ 4

. N
-0

S
Y

r
00
¥ W

A

D
[ le—|
©
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pop() BIBRET R
o2 (@
a ERERESR @
o FHIEIAAT l\
8 e
REA dg

{ Step 3

Bl 5-5 EET5ER SIS BN AR AE
PAR 2 R SIS AR -
// === File: linkedlist_queue.js ===

[* BETFHRERIIAIBAT] */

class LinkedListQueue {
#front; // kT #front
#rear; // EBTim #rear
#queSize = 0;

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

[* FRENBATIRIKE */
get size() {

return this.#queSize;

[* FIERBATIR T AT */
isEmpty() {
return this.size === 0;

[* NBR */
push(num) {
/] EETSBERM num
const node = new ListNode(num);
/] MRATIAZE, WSk, BRREBHERZTR
if (!'this.#front) {
this.#front = node;
this.#rear = node;
/] MRAFIFRE, WEZTHRNEET RE
} else {
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this.#rear.next = node;
this.#rear = node;

}

this.#queSize++;

}
[* HEA */
pop() {
const num = this.peek();
/] BBRAT =
this.#front = this.#front.next;
this.#queSize--;
return num;
}

/* IBEAETTER */

peek() {
if (this.size === 0) throw new Error('PAFIARZ");
return this.#front.val;

}

[* BEERFEWA Array FHIR[E */
toArray() {
let node = this.#front;
const res = new Array(this.size);
for (let 1 = 0; 1 < res.length; i++) {
res[i] = node.val;
node = node.next;

}

return res;

2. BETFHAMTE
TERAAP PR E RN EAREN O(n) , X2 FEHBIRIEBCRER. AT, BATATLERA L F5275
R SIX AN A

BATAT AR — N Front JEIABAE TERIIERE, FAEi— R size I TIRTZATIK L, X
rear = front + size, BMARIFUN rear HIINETLE 2 G F— M H,

BTk, BdlrhmE R EUIX A [front, rear - 1], AFMRIERISLHLTIEWNE 5-6 i,

NBIRAE: K NTCRMRELS rear K514, I stze MMM 1,
HIBAIRAE: TR front 8A0 1, FHHF size B 1o

FIDAERI,  ABAFIHBARAEES LR T — X8R, WRERERN O(1) .
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front iEANIIETR 1. iHBRIEs rear
rear EEANFIBTR + 1 2. BTRAME rear &
rear = front + size 3. size DT
AR i
AR push(4)
front > front »
-‘HF)\I n AFHERE n FABHEEE
a size = 4 a size = 5
u EEER2NA a EEERENA
a FHYMRIAPATI a TSP RIMAPAT]
A I rear > rear >
ME
Step 1 Step 2
1.3 front B 1
2. size BA 1
HBA
pop()
front > PBABIREE
a size = 4
a EERER2HA
a FHIMRIMAPATI
‘ Step 3

K 5-6 HETEEHSIBABIHI ABN AR AE

PRATRES B — N Al FEANKIEAT ABANAIH BN 2, front M1 rear HSEMIGREN, M EMZLEEE)RE
TN ICTEAR S SR 1 T RORIARE, BATTRT DU B AR IR

MTINEEA, BATFELL front B rear fERUS B BTN, ER2A FIEEH SLERARSL . IX M IPE R
FTDOE “BURERIET RSB, AR RTR:

// === File: array_queue.js ===

[* BETHREATIBING */

class ArrayQueue {
#nums; // FRATFTEETITRAVERA
#front = 0; // PAEIEE, IERMETE
#queSize = 0; // PABIKE

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

}

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

}

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

/* FIBRRAFIR B AT */
isEmpty() {

return this.#queSize === 0;
}
/* NBA */
push(num) {
if (this.slze === this.capacity) {
console.log('BABIEH");
return;
}

/] IHEEIES, HERABERS + 1

/] BIEGRIZELI rear HLTEEHAREEEREIFILY

const rear = (this.#front + this.size) % this.capacity;
/] ¥ num FRINZEBAE

this.#nums[rear] = num;

this.#queSize++;

}

[* HBA */

pop() {
const num = this.peek();
/] PAEIESRAERM—GI, EHEEE, NREIF A KE
this.#front = (this.#front + 1) % this.capacity;
this.#queSize--;
return num;

}

/* HAAETE */
peek() {
if (this.isEmpty()) throw new Error('PAFIRZT");
return this.#nums[this.#front];

/* iR[E] Array */
toArray() {
/] R B R KESTRNMT IR TR
const arr = new Array(this.size);
for (let 1 = 0, j = this.#front; 1 < this.size; i++, j++) {
arr[i] = this.#nums[j % this.capacity];

}

return arr;
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PAESCBRRIEAS SR B A RBRE . HREA AL, SR, IX D AIEREROR, FRATTAT DOR B Hoh 3h A5
H, TSI BALH, A IEBETEE AT Az BT,

PIRRSCELRIN bLEf e Stk —2, TEAEEIR,

5.2.3 PAFIEBIL A

- WEITH, WYIE TG, TSI, RS S SRR AL FEE A R 1T R, FERH—
A, JEMRINS A FRITER, S AR AR5, 2 i R SO R,

© BRI, EIRELI VOREET WRERISR, BIANITEINLAIESS BB, )T R HERSISE,
PABITEIX 27 5t i DA RO 4ES P AL BRI

5.3 mAPAFI

TERASIH, AT REMIPR L BT R EAE BB AT Q1 5-7 FR, XEPAYI (double-ended queue) 2
T ERAREN, VRS ST TR AR5

WEARTY PAENBA PAEHIPA
deque push_first(1) pop_first()
BAE \ /
HBA T l ABA
A ]|
FAR / \
PARBA FARHPA

push_last(4) pop_last()

5-7 MIAIBAFI A

5.3.1 WRPATIEREE

XEIBABI A FHARAEANR 5-3 FR, BRI 75 IR0 PR T ZEARYE T T O R T8 5 SR A

%53 WANTHRIERCR
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TiiEA B30 I [R) 2 A%
push_first() HICHERIMENE O(1)
push_last() WILRRMENE O(1)
pop_first()  MHFRPAETTER 0(1)
pop_last() THBREA R T3 0(1)
peek_first() IHHIPAEILE O(1)
peek_last() VilmI\EITE O(1)

FIREHY, Tl AT L PR 2 e LS AT BB
// === File: deque.js ===

[* FIIRLINEPRAT */
/] JavaScript ZEREBENNIHPAYI, JEEHE Array H{EXIHRPAGISRIER

const deque = [];

[* TTENRA */

deque.push(2);

deque.push(5);

deque.push(4);

/] EER, BTREA, unshift() HAEMNBEIEZRERN 0(n)
deque.unshift(3);

deque.unshift(1);

/* hAlTTE */
const peekFirst = deque[0];
const peekLast = deque[deque.length - 1];

/* TCERHPA */

/] EEE, BTFEEA, shift() AENEEZRER 0(n)
const popFront = deque.shift();

const popBack = deque.pop();

/* SRER AT E */

const size = deque.length;

[+ HIEREMFIRTRE */

const isEmpty = size === 0;

5.3.2 WRPAFII *

XREIBABI A SERL S BABIZRAEL, AT DA RE R B 1 N R R B R A
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1. EFWmEERAEHR
(BB L — 5 P, Bl 8 D PR A BERORSEBLRAS, R & mT DAY (B Sk 17 s O B EHBAFRAE) AE
R UG HIET 1 5 O A BAERIE)

XTSI S, SkHESFIRE AR AT AT ABAFIHI AR, 0mgibid, INEIBAA TR ZE S S5 — R FR T 7]
AR, Dhit, FRATTRA “WABER" (R A S R ESHREEH,

aniE 5-8 A, FRATTRE XA BER A ST MR s A XX A BAB I A B AIRARE, (R A SEELAE PR R AT AR
T RRISIRE.

VINN BEE 4
I push_last(4) ARNEEREL
| | na PE @) P (o
HBA a ABA ﬂ a /T_l\
EEERENAER (0 EEERERAEE @
2 | 2 ]
a SRR INEAF /ﬂ a FIMRIMA AT /TT\
wE 1| s @ 8
e rez @
Step 1 ‘ Step 2
BER 1
TANESERLE BIRES R
';A.Er:\_ p:\irst(l) *mE @ Kfﬁit() KA @
i jig
a % B ?
2 | 8 3
a8 EREMENAER @’ -] BEREMRNASE @
o HSMEIATEAT i) a HIPRIARENT i
@ sz (O
4 A4
1
B @
Step 3 Step 4
TAEEHIA
pop_first() IBRSKFS =
)
o EEERENAEE (H\
FA=ERI D @
FIPRITAPAFY TT
rex ()
| Step 5
Bl 5-8 ETHEFRICIAABAFIAT A B H ATRAE
LIRS R FR
// === File: linkedlist_deque.js ===

[* WEAERTR */
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class ListNode {
prev; // RIRTI=5IA (365
next; // BE#TRIIA (3EH)
val; // THRfE

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

this.prev = null;

[* BEFNEFERTIMAIIN @A */
class LinkedListDeque {
#front; // k™= front
#rear; [/ BT/ rear
#queSize; // WRAATIBIKE

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

this.#queSize = 0;

/* BAEBNBAIR(E */
pushLast(val) {
const node = new ListNode(val);
/] BEFERAT, ML front 1 rear #BIEM node
if (this.#queSize === 0) {
this.#front = node;
this.#rear = node;
} else {
/] ¥ node RINEFERELD
this.#rear.next = node;
node.prev = this.#rear;
this.#rear = node; // BET SR
}

this.#queSize++;

/* FABINFAIR(E */
pushFirst(val) {
const node = new ListNode(val);
/] BEFERAT, ML front F rear #FSME node
if (this.#queSize === 0) {
this.#front = node;

this.#rear = node;
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} else {
/] ¥ node FHINEFERLE
this.#front.prev = node;
node.next = this.#front;
this.#front = node; // BHikT=
}

this.#queSize++;

/* PAEBHIFAIRIE */
popLast() {
if (this.#queSize === 0) {
return null;
}
const value = this.#rear.val; // FHEET=E
/] BIBRET =
let temp = this.#rear.prev;
if (temp !'== null) {
temp.next = null;
this.#rear.prev = null;
}
this.#rear = temp; // EHET S
this.#queSize--;

return value;

/* BAEHHBAIRIE */
popFirst() {
if (this.#queSize === 0) {
return null;
}
const value = this.#front.val; // FEETSE
/] MIBRAT =
let temp = this.#front.next;
if (temp !== null) {
temp.prev = null;
this.#front.next = null;
}
this.#front = temp; // BHkTm
this.#queSize--;

return value;

/* HEIBARTTE */
peekLast() {
return this.#queSize === 0 ? null : this.#rear.val;
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/* IHAPAETTER */
peekFirst() {
return this.#queSize === 0 ? null : this.#front.val;

/* FREXWAPATIRIKE */
size() {

return this.#queSize;

[* FIETWEPATIRT AT */
isEmpty() {
return this.#queSize === 0;

[* FTENSREPAFY */
print() {
const arr = [];
let temp = this.#front;
while (temp !== null) {
arr.push(temp.val);
temp = temp.next;
}

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

2. BFHAmTH
s 5-9 FoR, SETEESCIASIZEEL,  BATTH AT DAE R R RSB ET RS

front iEEPAFIETR 1. itHRIES rear
rear EENFIEBTE + 1 2. BTERME rear &

rear = front + size 3. % size B 1

(t TN
A push_last(4)
i | | 0 frone> B ok front » IR
a size = 3 a size = 4
ERKRR RS o a ERKRRRANA
a FIPRIFITNEPAFY a a FIRIP AT
AR 1 l AR
ABA HBA rear > rear >
AR

l Step 1 ‘ \4 Step 2
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1.3 front ER 1
2. BTERFME front &

3.9 size &M 1 1.4 size BH 1
BAEABA BARHFA
push_first(1) pop_last()
front > front >
1
g PAFIHEE BT
size = 5 size = 4
a EREREEFSRA u ERERRERSA
a I RMAMFATI a I RMATIFATI
@
[ Step 3 ( Step 4
1.3 front B 1
2.4 size B 1
BB (i
pop_first()
front > |Bf PABIHSRE
o . size = 3
ERER2EARA a
5] FIMRIA AT a
‘ Step 5 H

5-9  FT LRSI ARSI B A tH PA R
FERNBIRISC LR b, (XTI “PAE AN A1 “PARHIBN” BYT57A:

// === File: array_deque.js ===

[* BETFIRREASSIIRI ARG */

class ArrayDeque {
#nums; // FBATFEENAEPATITRIVEA
#front; // BAETEST, fEMPAETTER
#queSize; // XWEPFIKE

[* SR E */

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

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

[* FRENNEPATINKE */
size() {

return this.#queSize;
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/% HUTUERABIRE HE */
isEmpty() {
return this.#queSize === 0;

[* HEIREARS] */
index(1) {
/] B ERIRESS A E BAEE
/] 8 1 BEHARESE, EFKE
/] B 1 MEEALEE, BERES
return (i1 + this.capacity()) % this.capacity();

/* BAEABA */
pushFirst(num) {

if (this.#queSize === this.capacity()) {
console.log( ' EBAFIEH");
return;

}

/] PAEESHRES R —(L

/] ESENRIRIESEI front MLSEAASLIBEEIZIESD
this.#front = this.index(this.#front - 1);

/] ¥ num HRINENNE

this.#nums[this.#front] = num;

this.#queSize++;

/* BAEBXNBA */
pushLast(num) {

if (this.#queSize === this.capacity()) {
console.log(' MEBAFIEH");
return;

}

/] TTEIAEIEE, IEEPAEBERS] + 1

const rear = this.index(this.#front + this.#queSize);
[/ B num FRINERE

this.#nums[rear] = num;

this.#queSize++;

[* BAEHIEA */
popFirst() {
const num = this.peekFirst();
/] PAEESHREE—I(L
this.#front = this.index(this.#front + 1);
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this.#queSize--;
return num;

}

/* BAEBHEA */

popLast() {
const num = this.peekLast();
this.#queSize--;
return num;

}

/* AEIAE TR */

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

}

/* IBEAETTER */

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

}

/* REEEARTFHIED */
toArray() {
/] VERERKECERNIRTE
const res = [];
for (let 1 = 0, j = this.#front; 1 < this.#queSize; i++, j++) {
res[i] = this.#nums[this.index(j)];

}

return res;

5.3.3 WFEPFIEZFA

XEIAS AR EAR S EASRIZ AR, Rt e n] ASCBLX M P B3R, RIS mi E

BATALE, PO W ShEeE s (ORI RGUR R IRE IR push 2tk 518 pop SKELHH
WMo A, FHEFRATIRAIRG], KAEHESREFEAPE B VFRE 50 2, HHRAKE-T
50 I, AR EEARIR (BNE) SAITHIBRERIE, HEICTASEBLIZIIRE, P ZAERDN MR, 15
EE, "W BRI IERRR e NG I, FUR XA PASIBE RS S0 R 75 sl — L2 B ME
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5.4 NG

1. BB

- BB AEIE S NS R AT EEREEH, @ B s AR S

- AERNTRCERTTH, ARSI AR RREFIRCR, e AEREF, BIRAMIRENN B2 E R
FHUEO(n) o MHHZT, HRIBERLIMEA ENFRENBEREM,

ERARCRTTH, FABALIARESH—EREN RS, HREERNR, BT SFRA

A ITTRE R,

- BAAIZ — ARG e A S R M B B g, R AT DOE IS B sBE R SEEL, A2 RIBCR N 23 [RI8CR
AL b, BRSNS IE S RTAHR RIS AL

- OREBNSIR MR s E RIS, B AR VFE SR TIT R AT INFI R R

2. Q&A

Q: MIVEERATRTIE S IR A2 A BERII?

MEERATATIE S IRIREA L B2 "8 BOMRIL, S P sl — S8 DOm0 SNSRI, 4~
R IRAL LN, XU 2 MARTHSH o 8 A XA A o] DATS A SC B — LR AMEAE, X DNE “XXE RS
BT AR,

Q: G, BERERBHHET RIATE?

RIGERAY TR EAE AT, WATRERRANGF, HZ 5 AFHEME], Java fl Python FiE S A HalhL
WAL, RIEATRZTFAIRRAT; £ CH G RRETINRERAF,

Q: XABNIHG R MEBHEE T —kE, BERARZT2?

L ERAB AR AT BAS B & B DPFE TS, BRI + AFIRIEH, KIta] DAL 5 RS
MIRTE R, I H R,

Q: #H (undo) FISIAHS (redo) BEfKZUNAISIILAT?
FERMAME, A AT, B TR,

L LA PIT R, BRI DRIEEAKA, FHEZHKB,
2. YHPHIT “HEET N, R A PR HEBOERERGE, HRHEAB
3. HHFHIT ST I, MR B e BGERIRIE, FRHEARKA
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Abstract
TEIFENIHAEA BmRmE—IEENE B ER,
ELEIAIHERBE, M PAPEEE] AR E .
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%R (hashtable), XFREFIR, EIEITHELHE key 51H value Z RIATMLS, SCHEAAITRER, BRI
5, BAIAEmRPEA—DME key, WATLAZE O(1) I RIPEREON B FME value o

E 6-1 FR, A5 n NMEA, BPNYAERE “WaT M ST NIEYE. REBMNHRESH WA
F5, RENNAEES” FERIIEE, WATCARAE 6-1 FURAa ARk LI,

BHR

hash table

BA—NES key, TifIXM#E value
IRERPENRENREIEZER 0(1)

B 6-1 MafmRINHRIR

PRI RSN, BAAMBERE AT ISCIEIRIIRE, EMBIRERX I 6-1 i,

©OWMCE: (FEETTRBMELE (555R) MEERIRT, fH O(1) R,
- AW BTHH R BEFH, FRFEEGESNRAETR, EH O(n) NiE,
- MBRCE: FELEWITER, BMAEBA GER) Bk, f#H O(n) KiE,

+6-1 JTLEEREXN

o HER AR

#HtE  O(n) O(n) O(1)
FEE  O(1) O(1) O(1)
WgE O(n) O(n) O(1)

Mg, TEMARPE TR SN A E R O(1) , ER &R

6.1.1 MBERTHIRE

G R H WEREERS: Witath, BIWHRE BINEENNIPRSEEXE, RERLT:
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// === File: hash_map.js ===

[* ¥iatRadmR */

const map = new Map();

[* AINRLE */

/] ERBRPARMEER (key, value)
map.set(12836, '/N\I§');
map.set(15937, '/N\IZ');
map.set(16750, '/NE');
map.set(13276, '/NE');

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

[* EIERIE *+/
/] BRERPIRNE key , FEME value
let name = map.get(15937);

[* MIBRIRIE */
/] ERFRPBIBREEI (key, value)
map.delete(10583);

AR A =R AR 72 s e e s i EH, BRI
// === File: hash_map.js ===

[* BHEER */
console.info('\niBAHEEN Key->Value');
for (const [k, v] of map.entries()) {

console.info(k + ' -> ' + v);

}

console.info( ' \nEJHiEHHE Key');

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

}
console.info('\nEJH&EHE Value');
for (const v of map.values()) {

console.info(v);

6.1.2 MERERIEM

BAVEEERFAAER, - DTBADRIBIGR R, ElAmRT, BOTREEH D Z AR 1E
(bucket), BMERIEIE—DRMEXS, K, EIBRIEMZIE] key X MAIE, FEMHIRI value
A2, WMAET key SEALX MATARIE? X 2IEL P FHRER (hash function) SEERRY, MG BREEIMERZR—1

BRATE NS IR 2 — MR N R tHaSEl, ERRRT, MAZEZITH key, MtHaRERZATAH (G
K51 AN, WA key, FRATAIOBEIEGT: BT 2% key X RGBS 7 AL P IOLE AR B
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BAN— key , WFEREEIHTELRED N ELRPP,
1. @S HEAE AL hash() HEFRIBARE,

2. B mENEE BEHEKE) capacity BUR, MITIIREBOZ key X W AYEEH 25| index .

index = hash(key) % capacity

BEJE, BATHEAT AR index TEMGARRAVIAIN N ATAH, MIMIRE value o

REUHEKE capacity = 100, MAATHIE hash(key) = key, FISIEHERECH key % 100 , B 6-2 DA key 225
1 value MBI, FER T IEA BREH) TAE R,

BN key

B3
Ea

=) -

AN SCEL 7 — Mg R, H,

// === File: array_hash_map.js ===

/* ${EX Number -> String */
class Pair {
constructor(key, val) {
this.key = key;

this.val = val;

}

[* BETFHASTIMNIRER */
class ArrayHashMap {
#buckets;

constructor() {

=3l

37

Lt

key %100

83

o L

key value

12836 ; “/hma"

. .

15937 | “/hB”
16750 ; “/hE"
13276 § “INE"

10583 | “/hpg"”

. . oo . . . e

i value

— &3

— &3
—&3

(BTMERRE—TRE)

B 6-2 M BRECT 1 B

FATE key Fl value BfEER—1 2K Pair , DAFREE(EXT,
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/] MEIEE, B8 100 M
this.#buckets = new Array(100).fill(null);

[* PETERIEL */
#hashFunc(key) {
return key % 100;

[* BEIEIRIE */

get(key) {
let index = this.#hashFunc(key);
let pair = this.#buckets[index];
if (pair === null) return null;

return pair.val;

[* AIRIE */
set(key, val) {
let index = this.#hashFunc(key);

this.#buckets[index] = new Pair(key, val);

[* MHBRIRIE */

delete(key) {
let index = this.#hashFunc(key);
/] BA null , KERME
this.#buckets[index] = null;

[* REVFREREN */
entries() {
let arr = [];
for (let 1 = 0; 1 < this.#buckets.length; i++) {
if (this.#buckets[1]) {
arr.push(this.#buckets[1]);

}

return arr;

[* RENFRER */
keys() {
let arr = [];
for (let 1 = 0; 1 < this.#buckets.length; i++) {
if (this.#buckets[i]) {
arr.push(this.#buckets[i].key);
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return arr;

}

[* RENFREE */
values() {
let arr = [];
for (let 1 = 0; 1 < this.#buckets.length; 1++) {
if (this.#buckets[1]) {
arr.push(this.#buckets[1].val);

}
}

return arr;

}

[* FTENIRFHR */
print() {
let pairSet = this.entries();
for (const pair of pairSet) {
console.info( ${pair.key} -> S{pair.val}’);
}

6.1.3 BEHNRETH
MAJ LR, WBARESEIERRRATA key HRH A2 RIS BIEEH AT E R 5 AR 22 A, T AL
IR Tt smE. Fit, Pe E—@ A e “SA AR 5L

T ERRBIFR RIS REL, S AR key JEFAAHRINS, BEAE B A RAARL, BilaH, BRSO
12836 120336 I PNFAAERS, WAMGE:

12836 % 100 = 36
20336 % 100 = 36

WE 6-3 Firr, MNEEIER TR—1MES, XEREANW, BATEIXFZ M AT R [F]— i H 1S UFR
HaE A (hash collision),
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BN key #=35| - b | itH value

key value

R TR ZE

‘
I. ".
J

NS TR W 17336 | “/)\0s”

m_/ 4 3 7 15937 . g \w

D_A : :
/ B 50 16750 | “hE" \
76 13276 | “hiE"

"' I. ." ..

83 10583 | “/hFg"

s
. .

6-3 M (R

AR, BHREEn BK, 21 key BOTELEIR—MAEPRBERRIE, o, Hitk, AT
WY E ARV R

WK 6-4 FiR, ¥ A riBEX (136, A) F1 (236, D) KM, ¥ BIEMRIEK,

KEREE - 100 RERTE 2 fi BERTE - 200
HMEEH key % 100 » IREEHK key %200
&3l key value | key value

36 236

- | CaER

Juy
. w e ™
<))
-~
[y
w
(=]
[ e e
J

- | e

ucn

-
183 783

ven . vee
«

Kl 6-4 WBEmETHE

RUTHAHY R, I6/mRY BERETERENMNERR R EFRIGHE, EHEN,; JFHETRARER
capacity K28, HATEELIGA R BCREN T RATAREN GO E, XE—PHN T A EHHE
THH. ik, gREIESIEE ST W RIIGHRER, PiEMEy &,

AHEF (load factor) BRI —PMEEMS, HECNGRHERITCREERDMSE, AT EERAH
REEEE, WHIENRTRY SR M. BIGITE Java i, MR T 0.75 I, REGEXRKET
RITHEFIEH 2 %
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6.2 MF

b RE], GEEN O TS R BEIEA IR T A, KIS BRI SROR AR AR A, b,
RO AL, EH OB A RN, WA 2 DB 2 R — MRS
G RS SEE WA REIR, FEEIGRA RPN b TROUZAE, FH8EIEA R, AT
TR RY R, EENMRHIONIE, WoTEm AR EER, ERERKE, BARAERT AHEH TR
A2 SRR ETI R, 0 THRIIRER, AT PR DA 5,

1. BRI REARLE, S A 2 nT DUE HBUG 7 R IE 3 LA

2. (AELE, BISRFAR R HET= BN, ATy AR,

WG RAIE R A EARS "R Cthht™ 0 "I SHIE™,

6.2.1 HEXihut

FEIRAEIE T R, B IMGEF M — DREEXT, $ExUitt (separate chaining) HFEAPNTTREGRNEER, K
EXENTERT R, R R RATER A I R —RER . [ 6-5 JoR 17— D Es UL IR 7 R A 1
T

=5l e R (TTEnBE)
00 H— —>

bt 37 L], L [

STMREEE IR,

HbGSmEARTE .

A EE key % 100 76

ERAMEEN key

KREBRTE R -

Kl 6-5 BEAMNEIGT R

F AL SR G A RAGIRIE T IR A T DA 2R 1K,

- HlLR: B key, ZUBFHREISEIRRS, RIRTREERLTY A, REEHERIF L key DA
FREAREEXS

© OWMCE: BB SR REOMRERCSLT R, RER TR (BYEX) BRInEEER T,

- BRI ARAENGTY BRAAIZE RYTBERSLHS, R I HER B E AR RO R IR,

HEAHBIETFAE DA T R RS
- EHZMRR: PR ST SRR, B B EANRE R A
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ERCRIE: ROV TRZE R Rk B BT R,
DA S T UG A R AT A B Sl REERM A

EASIR @A) ROFRER, MM, EXMEE T, Bik BE) S22 M, 80
R,
DUF B ST &Y A%, STEN TR 2 0, BROTERTRRT EEFEN 2 £

// === File: hash_map_chaining.js ===

[* SETUHIALIG AR */

class HashMapChaining {
#size; // BEXHE
#capacity; // WMHERAE
#loadThres; // fbk¥ BNHHEFEHE
#extendRatio; // ¥ &AfZEK
#buckets; // 1@

[* MEHE */
constructor() {
this.#size = 0;
this.#capacity = 4;
this.#loadThres = 2.0 / 3.0;
this.#extendRatio = 2;
this.#buckets = new Array(this.#capacity).fill(null).map((x) => []);

[* PETREKIEL */
#hashFunc(key) {
return key % this.#capacity;

}

[* AEETF */
#loadFactor() {
return this.#size / this.#capacity;

}

[* EIEHRIE */
get(key) {
const index = this.#hashFunc(key);
const bucket = this.#buckets[index];
/] BHE, EKRE key , MIREIFH val
for (const pair of bucket) {
if (pair.key === key) {
return pair.val;
}
}
/] EXRHKE key , MERME null
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return null;

[* FINIRLE */
put(key, val) {
/| YRBETRIREN, RTE
if (this.#loadFactor() > this.#loadThres) {
this.#extend();
}
const index = this.#hashFunc(key);
const bucket = this.#buckets[index];
/] B, EBEIEE key , WEHMHMMN val FHiRE]
for (const pair of bucket) {
if (pair.key === key) {
pair.val = val;

return;

}

/] BEXZ key , MRFBREXRNERS
const pair = new Pair(key, val);
bucket.push(pair);

this.#size++;

[* MHERIRIE */
remove(key) {
const index = this.#hashFunc(key);
let bucket = this.#buckets[index];
/] BHR, MAREREE
for (let 1 = 0; 1 < bucket.length; i++) {
if (bucket[i].key === key) {
bucket.splice(i, 1);
this.#size--;

break;

[* TBRRER */

#extend() {
/] BEREHER
const bucketsTmp = this.#buckets;
/] BT BEREFRER

this.#capacity *= this.#extendRatio;

this.#buckets = new Array(this.#capacity).fill(null).map((x) => [1]);

this.#size = 0;

/] BRENMREFERBEEREHR
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for (const bucket of bucketsTmp) {
for (const pair of bucket) {
this.put(pair.key, pair.val);
}

}

[* FTENIGFHR */
print() {
for (const bucket of this.#buckets) {
let res = [];
for (const pair of bucket) {
res.push(pair.key + ' -> ' + pair.val);

}

console.log(res);

ESERRE, HEERIRKN, TORER O(n) RE. N BLRHERHION “AVL B 8 “2LBR”, M
R IR E RN R AR O(logn) o

6.2.2 FrSFut

FFR 4 (open addressing) RE|AFSMUEERELH, TEET “ZUERMN” SRABIAT s, FNyR3:
SAFRLR AR, T R 2 RIE T 45,

T ARG, BTGS2 TAEN U,

1. ZiEN

ZRMETRINR 17 20 KR ML EORMEATIRM,  HARE A5 Il i RA P AR,

- AR EERAEEITRERRS, HRIMNEETTR, MM RCERELEN CFREHE N
1), EEHEETM, HTRmAHS,

- EPOUE: HRUEHIPR, WERHRESKEEE TR, BERHRERMITE, &E value B
Al AnAGEEISA, WA EMTRAER A RS, IRIE None .

B 6-6 R TOTISHE (SMEIRID) WeF RAVEEEX 01T, ARIBIIGREE, &EMAMHFN key #R ML
SRR R, TEE ZMERM, SN TARIRAF B I2A PAS . N R
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#3l - b |
AL o || o
BRI, HER 1 02 |
7 { | (COEKD
BERK key % 100 77
EREERY key T
SRR e [ £ )
676
776

K 6-6 JTSHE (ZRIARID et RATBEAER 734

SR, RPERINE 574 “RIBR”, BARY, BEMESHLE FIAI B, XS B L G A
RETATREMEACR, M — P ez BRRHEA K, BACRMIER, &AL SEOEMESIRIERRA L,

ERERNE, RO FHRAR RPEEMER TR, X2EMERTTR X EREHNE— DM
None , TMIHEIMTLRM, LMRMBZTMAZIRE, FIAEZTZ FRTCREICEEHIRE], FFa]
REDRANXLLTTRAFLE, W 6-7 AR,

=3l - L |

00 <
01

02

76 <
tiscE | | 25,

REEZEWIEZ THTRT

(=) [ (5} N
~ S S S
o

78

6-7 1S HEAMIFRTR S BRI E S

KT FRUUZIEE, FAT1A] DR BMES (lazy deletion) Ml B AREZMNBAERFPERICE, M4
5 Bt TOMBSTONE SKEFRICIX M, TEIZHLHI T, None 1 TOMBSTONE HRANFRZSAH, #RAT DU B RE N, (EARFR)
52, SR NZ] TOMBSTONE B N iZ4ksm i, KN 2 RalREiRfEE i EX ,
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SR, BBHIER Al RE 2 hdime 7 RAPEREIRIL, 12 RN RHR BRI EE =74 — DBRFRIC, Fii%E TOMBSTONE
HBghn, TERIER N, RODEMERN T RER ZBkid 21> ToMBSTONE A REERE HARTTR,

M, FERELMEENAIC BRI E D TOMBSTONE RG], FHIFEREI HARITE S5 1% TOMBSTONE 3 #f;
B XM Y R E RS T RN, TE2SEEsh2ESHEANE RGN HIEAM, M
ML EERCR,

DAL T — DS WERE TS AL EMERN) I6fmR, 87 Ense ot kA Ra 2, {7
KIEmBEE—A A", LRI BAHEEN, B2k ARk,

// === File: hash_map_open_addressing.js ===

[* FRIUAEHER */
class HashMapOpenAddressing {
#size; // BEXEHE
#capacity; // WMHERAE
#loadThres; // k¥ BNHAHEFEHE
#extendRatio; // ¥ &AfZEK
#buckets; // TEEAE
#TOMBSTONE; // MIBRATiC

[* &R E */

constructor() {
this.#size = 0; // BEXHE
this.#capacity = 4; // BHERBE
this.#loadThres = 2.0 / 3.0; // AT ANLHRAFEHE
this.#extendRatio = 2; // ¥ &BIZ%
this.#buckets = Array(this.#capacity).fill(null); // %A
this.#TOMBSTONE = new Pair(-1, '-1'); // MHERARIE

[* PRTERIEL */
#thashFunc(key) {
return key % this.#capacity;

}

[* BEHEF */
#loadFactor() {

return this.#size / this.#capacity;

[* R key WHAIERS| */
#findBucket(key) {
let index = this.#hashFunc(key);
let firstTombstone = -1;
/] MR, ZBE=HEABEH
while (this.#buckets[index] !== null) {
/] EiBE key , REIXNAIEES]
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if (this.#buckets[index].key === key) {
/] BEZmdE T RRTIE, WSRENBEZRSIL
if (firstTombstone !== -1) {
this.#buckets[firstTombstone] = this.#buckets[index];
this.#buckets[index] = this.#TOMBSTONE;
return firstTombstone; // REIEENEHIFEESI

}
return index; // REIEZES|
}
/] ERBEEMIBRTIE
if (
firstTombstone === -1 &&
this.#buckets[index] === this.#TOMBSTONE
) {
firstTombstone = index;
}

/] HERERE, il EER R E LA

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

3
/] & key FFTE, MRERMANES]
return firstTombstone === -1 ? index : firstTombstone;

[* EIERIE */
get(key) {
/] BER key WMUAIFERSI
const index = this.#findBucket(key);
/] EREFREX, WREIN val
if (
this.#buckets[index] !== null &&
this.#buckets[index] !== this.#TOMBSTONE
) o
return this.#buckets[index].val;
}
/] EREXRAEFE, WRE null

return null;

[* FRINRIE */
put(key, val) {
/] BHBEFBIRERN, TS
if (this.#loadFactor() > this.#loadThres) {
this.#extend();
}
/] BER key WHHHRSI
const index = this.#findBucket(key);
/] EXFREX, WEE val HirE
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if (
this.#buckets[index] !== null &&
this.#buckets[index] !== this.#TOMBSTONE
) {

this.#buckets[index].val = val;
return;
}
/] ERERNAEFE, WHRMZRE
this.#buckets[index] = new Pair(key, val);

this.#size++;

[* MHBRIRIE */
remove(key) {
/] #E key WHAEZES]
const index = this.#findBucket(key);
/] EXREREX, WBERRTCESE
if (
this.#buckets[index] !== null &&
this.#buckets[index] !== this.#TOMBSTONE
) A
this.#buckets[index] = this.#TOMBSTONE;

this.#size--;

[* TBRRER */
#extend() {
/] BEREHR
const bucketsTmp = this.#buckets;
/] R BERIRIRER
this.#capacity *= this.#extendRatio;
this.#buckets = Array(this.#capacity).fill(null);
this.#size = 0;
/] BREXNREARRRSERRER
for (const pair of bucketsTmp) {
if (pair !== null && pair !== this.#TOMBSTONE) {
this.put(pair.key, pair.val);

[* FTENIRFHR */
print() {
for (const pair of this.#buckets) {
if (pair === null) {
console.log('null');
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} else if (pair === this.#TOMBSTONE) {
console.log( 'TOMBSTONE');
} else {
console.log(pair.key + ' -> ' + pair.val);
}

2. FEHEN

SEF RIS LM ERMIZEA, AR ITFSHERF WRIE 2 —, AW, 77 RN E A Bt o — N E
TERE, TPkl “BRMIRESES” 5, B 1,4,9, ... %5,

SER R B BA DU,

- P IRES O R BT TR, I R AR R ) SR SR R
- PRSP ERREERER S NE, AT R 2 RIS E N A,

SR, P75 RIFHAZ 52 R/,

- BRTFERENR, AL B HAN B E A S .
© TR, PFTIRINAREA S RINEE NG R, X ERE BRI R 2o, F75 R tha] RE
TRV 2,

3. ZRRE

FGESY, SUAT LS NATER f(2) fo(2). fo(z)e ... EEFTHRDL

- WAJLE: ERHEE ) (v) M, W22 fo (), DUk, BRI HATR,
- BHOTER: EHFRRREREINE FEATER, ERIKEIEATRNIRE; FER S IAATE R
PR, ISR R AFAEIZITR, MHERIE None o

SRR, ZRERHRTTERDAERE, HZ2PMRAH RS RBINGIT R R,

Tip
THER, TPl GRIERI, ~F7 RN 22 R0GT) I6fm&AEE “AREEEMPRTR" AR,

6.2.3 RwIZIESHNEE

AP TE S R T ARG A RELBURES, T2 LMT

- Python RAFFHk, T8 dict (8 hREATIECHTERM,
- Java RHBEAMALE, B JDK 1.8 PR, 4 HashMap WA KEIXE 64 HEERKEIRT| 8 I, RS
R 2 BB DR T A R RE .
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- Go RAHENMIE, Go ME B MRS 8 NHHEN, B ARNERE — MR, S 2
i, ST IRERIIFEY A 5AE, DICRIERE,

6.3 BEHRZE

RPN T WA 2R A AR BRI R BTG 76, ARmTEIe B S abie 2 e ibat, M RECRUE
WA ] DAER A I IE T AR, miJeiiisl IR b R R A

RGNS TME, BAROMERENS2R S, WE 6-8 FiR, WXL R, AN TR
ERE P RAER D, RBREEWRER; REBI NG RENEEGERIE — M, NRE AR
t= O(n) .

HETUHnEIE TR

miERR:
REMTHDHES MEF
BfialERE 0(1)

.ee .o TS
w

mERER:
BENEHSHERMEFR
EfalEZ2E 0(n)

6-8 MaT M RIRER IS RERN
AN I A T OL R R B BORE . [BHZIG R R RSB, SEIH RIS TE, P S

index = hash(key) % capacity

ML EAK, HIEMHERR capacity BEER, WMWK hash() YO8 T HithE, HEMOUE THRENERT
RPHI A Do

XEWE, N TR RIZEMR, ROV ERNEPERRRIE hash() RUIRIT B,

6.3.1 MEFEZNER

NTIE “BERXAR” BRI R EERAER, IGRIEN g DL .
- OWEPE: STMHEIREA, MR EIANGL T MR XA RERORIG A R AT SRR,
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©OReRE: HREIRARENERENZ RS, HEITRRN, 16RO R,
- S I RRIEN S REN IS AR R, RIS, IR R AR,

KPR_E, WEREIERR T DU TSEIIGMmER, &7 T2 R H T Ay,

C WA N TR P EENLE, REUEE A EEAER P RIASCER, TR EED I
Ho HHAFRANENEN, REENMARNEEITRGRE, R5S5EMENRREEITIER. WRMFHT
e, AR E TR IE.

- BIRSERER R BE R0R 7T A] DA R BRI AR E R TR 10O AT DA T T SRR IR Y
BAERIGTE, H5REWEINIGRERI TR, WERMFILAS, BRABHEREA e,

TR ARERN A, TR MG RERES SR E A LR, BhREARERSESSRNLZ L
Fiko

R TEHE (R T AR T L
 GUREE: SRS OEREI A RRIRA, TR R
TR RN S BRI  T ERAT BN

HER, “W50h” 5 “PiRiEtE” RMAMNIEE, RS A e RN, 1A, FERERL
BN key &, MTREE key % 100 A] DU 5 A, AMZaRREL TR, FraE AR
key RS HHAERHHIE, [RIEFRATTAT AR 2 IS 7 (B R HEHE FT A key ,  MTTIRBAR RS

6.3.2 MBERZENIZIT

G RIARIHE MR EFBIFZRRNERAE, AN TREZRASIR, ROMLRERT L
BHIBAER,

- MERRA ORI TR ASCIL FSREATARIN, KSR E A a7 E,

ORI FIRBRIERIRRESRME, SR IR, R DT ASCIT M REMEIG A E,

© REIGT: CRRMABIERN &S T REN BRI E RS MR ET,

- R R TATR ASCIL A REME—NGRES, FIRER ZATE SN WA (R ThEs R,

// === File: simple_hash.js ===

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

}

[* FERE */
function mulHash(key) {
let hash = 0;
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}

const MODULUS = 1000000007;
for (const c of key) {

hash = (31 * hash + c.charCodeAt(0)) % MODULUS;
}

return hash;

[* BEaE */
function xorHash(key) {

}

let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {

hash 2= c.charCodeAt(0);

}
return hash & MODULUS;

[* hEFEad */
function rotHash(key) {

let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {

hash = ((hash << 4) ~ (hash >> 28) ~ c.charCodeAt(0)) % MODULUS;

}

return hash;

WS RN, FRIE T RIER B e — S HUE X KB 1000000007 Bk, PARRERIG i EAE SIERTERIN, EIF

BN, N2 EER N PO, B Ui S BURE R B2 27 X2 — D AR,

et gt ERRBEBA B, ol DU R R UE IS AR I3 2 04, RO B S KAt B A2 R

B, AT DAIRD R USSR R T 2R A R IPERR K, AT SR E 7 v 2%

BT, IRIEFEANDEFRAEO MEBEL, BT DA 3 B8BR, TRAPTE ] DA 3 PRI key T SHIBRESE] O,
3. 6 X=IATE,

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,...

QISR key TRUFH R IZANE ZREINEAE 0, BRLMTAAEM S LR, WmnERRhR, JE, &
R modulus HHNTEL 13, HIT key Ml modulus ZIAIAFIEALIEL, it A RENSSEZAE
$eTto
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modulus = 13
key = {0, 3,6,9,12,15,18,21,24,27,30,33, ... }
hash = {0, 3,6,9,12,2,5,8,11,1,4,7,... }

ERHRARE, WERAESCRIE key BRENIISI AR, RIS EEE S BIENBREE AT DA, e T#RERm
HES S AT HINGTR{EL 1124 key BIZIMAAE LSRN HIPERS, XS HIEE E A 7 IR EIAR,

BMEz, FATEFIEBEIEARE, XN PR R R, DR ATREHPRAMIMER, ErHamE
TRHIRS

6.3.3 ERNMERZE

AHERI, DAEN R T EIRE LR “Hess”, ARG R AR BAR. f1a0, BT
FEH R A, R ANTANG A A S BRAG A JCTA X 0 WA RMEIF AR R 47 6, IX A RES ARG A 2E,
FH 5l — L2z (A,
FESERRAR, BATEE SH— SRR RYE, F40 MD5, SHA-1, SHA-2 fl SHA-3 %, BT UHERK
JEE P A B e St B R R A (L
IE—MELDOK, W ERCAEARR AR SRS, —Ho R AN RS RS REIRIERE, 55—
I N BB ECN TS ERIGREEN L 2R, 3£ 6-2 R 1 EKFRN A A WG/ RIA,

- MDS5 1 SHA-1 EZ R IKE, BRI eI 2 e M7,

- SHA-2 R H) SHA-256 R Z 2HIGHRIRZ —, IRHIRIIMBEERR, HiHHESEL 2

VA ESNANE N
- SHA-3 HH#¢ SHA-2 FISEHIFH SRR, TSRS s, (HH At #E SR SHA-2 25,

*6-2 WWHIGHEIE

MD5 SHA-1 SHA-2 SHA-3
HEHIN 1992 1995 2002 2008
I
Wil 128 bit 160 bit 256/512 bit 224/256/384/512
i bit
MmNz L EZ R/ R/
%
ZeE AR, CHhsEh ik, BEERIIK & =
% i
v FH EWFEM, ATEEREEE CHFER IBEMRZ I, BFE%4 TR SHA2

= %
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6.3.4 HIBELGHBIEHE

BATRNE, WA R key ATDUREERL, /INEEUTATERSFEEREAL, JMfEIE S8 H S X BRI N E
AR, AT HAEBRARPIMAERS, L Python ufl, FATATLAVAF hash() BRECR TR AFEHE R
G A E,

- BB /RERIG A EPURHA S

C IFRERT TR RR A E T EROVE S, AXMNBREEETE ETY .

- TTANIBRERN KPS PR TR, RERXERmREHSER, S8R —BRAHEH,
- REETEE T HAF A R, B ES SRR T, KM T AL E,

Tip
THIER, ARGEE S RN B R E TR B E 77 IEA R,

// === File: built_in_hash.js ===

// JavaScript FKIBHWE hash code K%K

TEVFZgEIE ST, RARZENRA NG RN key o RINFBATRFIER GHEEEH) 1F0 key, 251
RIGNBREZN, R AEDBREKEE, ROTCIRER R E R IEH value T,

EAREESCI R (BANRERT D R R n[ 2R, (HRR I IR R M GRS A P 2 1k
TR, BMES RN E AL T2MA, (HERRFIEALE, IR ETRRANZR,

AORIIRATRE R AR G HisfTIRP N, FH ISR ER RN, X2FN Python R SERRS
i, S NFIFRIEREREIA — RPN (salt) {H, XRMEEERT AA R 1 HashDoS %, 1@7Hia
mEIRNZ 21,

6.4 INE

1. ELER

- B key, IETRAEMBTE O(1) MEANZERE] value , BRI E,

- WIS AR OER I, ARINBEEDR . WHEREEEDN R P WA A RS

- IEF PRECRE key BRETNEEHRS], TV AIX BARFHFARER value

- AR key AIRETELS I MAUG R 2RIV R S|, SHEWLSREE, XMIMEEAONIG
i,

- RTRETREK, IGFMRABERIET, Fir DOEE T AR RREMR IR R PR, SEAT A%
L, ARy FHRIERITHIR A,

- PR T XON IR R PR BB PRDAEEE, SO T ISR PRI B, WA ISR R R
ISESES

- RERHIALIEIS R DT RN EESR, KA TR IEER — MR, 2R, HRTKIMFERE
WRCR,  w] DOE I — 0 R R PR o 2L BT = R



How IAMHR www.hello-algo.com 133

- PR RIS 2 DRI B G A PR, SR EE P K, BB AREMERICR, HAS ™ ER
%o ZRBAEHZMIGREEOTIRN, MHEREMRNERS AR %, B2 N BRmEEEN T itE
Ho

© ARYRFEE S RIT ARG AR EI, HlaN, Java i Hashmap £ FHEE UL, 1 Python f Dict R
PRI,

- AEMART, ROFERARRIEEARENE, SRR MR R, EENTP, BRERICNIZ
B FiR EEAN S R,

- IR RIREHE R KBRS, DA R RIERS T [ 5 A, D Ia TR o,

- HEIAEABREAEE MD5, SHA-1, SHA-2 #i1 SHA-3 %, MDS5 &M TR 52, SHA-2 HH
T 22N ST

- IARIE SR OVBERRRR N B R RIE, AT IHRIERETIMERS. @EELT, AR
xR IERIIEFT A

2. Q&A

Q: AT E e 4150 T2 O(n) ?

YT L EIN, BRRONEERESIRILE O(n) . YWBRFEEBIRIHF LKL, ARREIR
EHL, MRHECFN, NRSRER O(1) . FAIEAREESNENRREERN, WIS ER
O(l) o

Q: NtLAMERABAEE f(x) = x We? M ASHMET,

£ f(r) = x MWK, SNTRNNME—RMRS], XSEHEN. Rm, A EE T2
Al B K, KIS R R e — P AR B KRS, a8, W7 R B — MR
RS I 2 — NN, R O(1) WERR,

Q: MARIKZLIREA., R, XN, EAF2RER] U eTE mlE?
B, WBmRINRRERER, EERBRER T, WARAEMHEGS o AERER,

Hik, HBERE R PN RRCRE S 1o Q1R — D IIRERENS 7EAH R R &2 2% B T (o8 A B i e AR sk
B, HBGEH LR R E P, KR E AR RBOHEREITH, N EZE R E BITE A,

G, WA S R AT RE R A S, DI TERE S b, B TSRELE B 2 LT S R T RS 1,
PREBAZE O(n) I EIE R

Q: ZRGTAAREEZMERTTRIIEFEND? bRic MR 2 B RE P F IS ?

ZRIGABITRFHER —Ff, THRSHEEE A A RE M PR TR ATERE, TZmdbric bR, Fridoh SmikR
AZE IRl AT DARHRGE . S e R R, JF B AR W EERERIC ) CMPRAIAER,, %A B ] PA
BHTCRMEM, IXFEMEEREAR R T RAVRNFFIAL, XRERIEIG i RATE R =R,

Q: M AELMRNF, EHTTRIINES MBI RNE?

AR N 8 IS A7 PR SR E R AU BB, B key ANDLHAC, XLIGRAEMA IR, HL, ZRIERM
BRI BOE R KARIRE &R, EERENER R EN SO EIBk oy ik,

Q: N2 MG RY AREWS RAFIE T T E?
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HoE Mgk

W7 PR R B JE — AR RN B K n B (BGR), b EVE SRS EEN; £ 85, 2K
JE n RAE, T key MRS [BATRER AL, FICHER —MARIZ D key , T AEIRERH AL
FZAAE, I SEIE TR ISR %
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Abstract
SRAR W EM ), RIRHR, 7Rk,
CRNBAREI TR M ESNES.
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7.1 =X

—X# (binary tree) ML BHRLEN, AR “HIE” 5 BN ZRMIRERSR, BELT “—ah="
MIriaIZHE, SREREE, “XWIEARITTRET A, MY RESE. AT AGIHE 1851,

[* ZXWTRE */
class TreeNode {
val; // TRIE
left; // EF TR
right; // BFTRigH
constructor(val, left, right) {

this.val = val === undefined ? 0 : val;
this.left = left === undefined ? null : left;
this.right = right === undefined ? null : right;

BT EEAEMANSIH (85, 25HERIEF TS (left-child node) FIEFT = (right-child node), %77
BERRRIXPNF TR T & (parent node) s M4 E— D XY s, FRATEIZTT e T R HE
PARY s BRI AR o117 A F4 (left subtree), [FRIFEAT{SAFH (right subtree),

FE X, BRMAT b, AR W R e S 1 AR i, s 7-1 R, WK R 27 R
TR, MEAEFWRMGF TR N 4” M “9R 57, EFg W 4 HEDUR mUBRRn,
AR "R 5 RHLDUR T R RAIA

2 KR

binary tree

|
E?ZV \E?fﬂ

T aFm

/N N
WVivivi

7_1 /\jﬁ,‘/ﬁ\ ?‘jﬁ"/ﬁ\ ?‘*X‘j‘

7.1.1 “XWERKIE

XY E FARTEANE 7-2 FR.
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- BFWE (rootnode): M T WHTHEMT A, BAERYH,

- M58 (leafnode): %A F1 TR, HFMEE IS None -

- i (edge): EEFANTEMILEL, BNV AEIH (B,

- TEATEME (level): MIRERIEHE, RITSMEEN 1,

- THRME (degree): TRMT T RMNEE, £ XM, ERBEEERO0. 1. 2,
© ZXWIEE (height): MR s BB M1 s BB R

- T REIRE (depth): MR sLENZNT A& IO EE,

- TRIIBE (height): MBI Az M7 BN mFTE B AR,

RER

S &y
[\ [

St
I

¥ o3
71
n
=

B
I g

i
N

B 7-2 . XHEEBARE

Tip
TR, ROTEHFR “SE7 M W Oy "SRR, (B E s TR R HE
SO G REERT, TEXRMERS, SRR 1,

7.1.2 Z“XHEAERE

1. Ak

SHERAELL, EhRma R, AREEsIH (8.
// === File: binary_tree.js ===

[* FIR XA */

/] VBT =

let n1 = new TreeNode(1),

n2 = new TreeNode(2),

n3 = new TreeNode(3),
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nd = new TreeNode(4),
n5 = new TreeNode(5);
/] METRZEN5IE (8%
nl.left = n2;
nl.right = n3;
n2.left = n4;
n2.right = n5;

2. EANSHIBFHSR

SHERRML, 7S IBRT AT DOE I B e RS, B 7-3 S T — Rl

BATR PSR

nl.left = P
P.left = n2

nl.left = n2

B 7-3 £l A SR A

// === File: binary_tree.js ===

[* NSRS */

let P = new TreeNode(0);

// T nl -> n2 FEHEANTIS P
nl.left = P;

P.left = n2;

/] MBI P

nl.left = n2;

Tip
REERRE, AT R RES L — MR A AREEH, TAHER T 0@ 5 R MERIZ T
ARt B, fE=XR, EASHEREE 2 H—EREL G MR, PISEIMA KPR IR,
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7.1.3 ERZRAR
1. EEZX
anEl 7-4 R, SEEZXAM (perfect binary tree) B B BB ERIEM, 1E57632 = XRH, 5 B

FO, HRFTETRIOERN 2 BN b, MRSy 20 — 1, SBRRERIEREER, K
DR =S sl EHT 0P LS IE 8

Tip
THER, EASGEXH, 5838 = A HE PR #H Z W,

SER_XH
perfect binary tree

(oA #r o i = STH)

PR B9 mER IR

7-4 5SEFE X

2. REZXIH

K 7-5 7R, SE2 XM (complete binary tree) RERIEEMNT RAHHEM, AREKETNTSREBELAH
oo EER, SEERXAHLE RS T X,

LR

complete binary tree

REETRELRRE, EttETHREHIER
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7-5 FEETXH

3. TR

Gl 7-6 AR, ST XA (full binary tree) FBR 7M1 R ZAh, HARATE T SEA NN T R

RN

full binary tree

FIETRNERA 0 = 2

7-6  SEli— XM

4, FH -

WE 7-7 FiR, FHRZXA (balanced binary tree) AR sl B AE FHFIAS 106 04 /8 1 2 ZE 4 0 {E AN
o1,

TH_Si

balanced binary tree

WA EFREE - EFREE = d
N FH NPT REHE |d] <1

7-7 X

7.1.4 —Xa0iEk

B 7-8 R T X HIBHAR S A S IR MLEEM . 4 RO ENT S AR, JRE] "SRR XM AT
AT R AN, —XRHRN “RERT,
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- ERXREEEENN, ATDASE AR X ia” L.
- RERNIR S — MR, STURIEEE NRIERIE, NRERERMELE O(n).

4
N P
S\ /
4
mag / BiEEH
FETXIN R

K 7-8 XRHIERESTH S RS
R 7-1 R, (ERESHNRESHT, R P8GR, TR SEFRSINCARESWRME,

R 71 ZXMRIRELTH S R ES

SEFE XM BEER
R NEORT = s 9i—1 1
EEE h RO SR 20 1
SN B IR RSB 2n+1 _q h+1

TREER n RKEE log,(n+1)—1 n—1

7.2 Z—X#iEH

MBS R, PR — R TRERMBURS Y, R EE 75 2RISR MR Al R0,
PR — AR RARSS Y, IX(E S i P iR AN 7, TR B IR R RIS,

TR s A AR R, s . R RS R %,
7.2.1 BFiERH

WK 7-9 Fr, BF&R (level-order traversal) MITHREIREIZE B — XA, HAEG—EHRBMNERIGH
e 73 1079 Ao
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BRFEHAR LB T EfiBh (breadth-first traversal), AR E#f5kiEZ (breadth-first search, BFS),
BHRI T —f/ “—E—ErSN R R 7T

rrEREER

e \
' BFBE (55 @ LEHTE)

/ ":‘X"':.’"""_'_jjﬁil'-'/"\ bm e

B 7-9 ZXREEFET

1. KBsEH

AL D@ ) RSN SRS, PASIENE “JeHESCH” AR, RS Mg i R
AOREI,  PE T E R SRR — 2, SEERAAgan

// === File: binary_tree_bfs.js ===

[* BFIBH */
function levelOrder(root) {
/] WIELBATI, MART =
const queue = [root];
/] s —151R, BFREFERFS!
const list = [];
while (queue.length) {
let node = queue.shift(); // BAZIHPA
list.push(node.val); // RETEE
if (node.left) queue.push(node.left); // EFHHEN
if (node.right) queue.push(node.right); // BFTEAA
}

return list;

2. EREDH

WRISZZE 0 O(n) © BT SBI—K, (8 O(n) I, Hrhn ik,
AR O(n) : TEREWIT, B =W, EHERREZ A, WSS RN
(n+1)/2 41, 5 O(n) %50,
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7.2.2 FifF. PF. EFIERH

M, wiF. FEAGERRGENE T REMRKLIER (depth-first traversal), WAGREMLIEE (depth-first
search, DFS), BRI T —& “JeERIRL, FHBIHLkL:” 19D 77

B 7-10 J&oR 7R R TR A SE i O TR B, DRI TC D5 S B R — SUR IS “H 7 —
B, RN REKIBR =MIE, oA AT, R AR R

REGIRE 0 @,

B 7-10 —XAERMATHTF.

1. fKE53Em
REN S RIE R BT IBA50
/] === File: binary_tree_dfs.js ===

/* BB */

function preOrder(root) {
if (root === null) return;
/] BRRER: RS -> £FH -> AFH
list.push(root.val);
preOrder(root.left);
preOrder(root.right);

}

/% REBE */

function inOrder(root) {
if (root === null) return;
/] ARIRER: AFH -> RS -> AFH
inOrder(root.left);

def dfs(root):
" RERE AR
if root is None: return
@ EMEinin AT R
dfs(root.left)

@ EBisinkEFH, MFHREFR
dfs(root.right)

O EEFMIE IR, EHBEE

HiFFER (F @ AipiETHa)
1, 2, 4, 5, 3, 6, 7
fFER (7F @ ipETHsa)
4,2, 5,1, 6, 3, 7
BFER (f @ LifnTa)
4,5, 2,6, 7, 3,1

. SR
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list.push(root.val);
inOrder(root.right);

[* EFER */

function postOrder(root) {
if (root === null) return;
/] R EFH -> BFH -> BH=
postOrder(root.left);
postOrder(root.right);
list.push(root.val);

Tip
RIS R M AT DIEE TR, A4 53 n] LR AT,

7-11 J&oR T Rl P — R A Id A2, Heoh “3%8™ R 037 AR

1. %" FoRITENTTE, BAERERERTIE R — DT,
2. 3" FoREEORE], ARGFTT R EEVI S,

57
#: BT
. V3: FEE
BRI (2 @ 2355
1
: ; A
4 4

N
4 4

& TSk
A: @ LB

HIFFEE (F @ AipETEE
1, 2

[ Step 1 J ‘ Step 2

T @ g
A: @ EE N ;5 EEH

oA AR (7 @ WA
1,2, 4

HIFFEHA (7 @ LiAATiR)
1,2, &

&

Step 3 Step &
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s

i#: ETE
13: B EELH

HIFFEH (7 @ LhiAIATIR)
1, 2, 4, 5

#: TR
3: B LEEH

HIFER (F @ LiHiETR)

Step 6

#: aTRE
V3: L EE

HIFEH (£ @ AiAET=)
1,2, 4,5

#: M
A: B EEH

HIFER (7 @ 45T

1, 2, 4, 5,3 1, 2, 4, 5,3, 6
l Step 7 ] Step 8

#: TRk #: mTEE

3: BLEE A @ LEEH

HIFEA (7 @ iAATiR)
1,2, 4,5,3,6

HIFFER (@ WiniETm)
1,2,4,5, 3,6, 7

Step 9 ] Step 10
A
#: mFe
A: EEE

HIFER (£ @ ihETiR)
1,2, 4,5 3,6,7

Step 11

K 7-11 #iFE s

2. ERESH

INFERER O(n) @ FTA Y R —R, A O(n) N,
BREREN O(n) : FEREHBIT, BIRDRACVEERN, BITREIXE n, RELH O(n) Bz,
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7.3 ZXRHART

TERERFOR T, “XWIFAERTTN T A TreeNode , TR MBI FREHAHER, - THERRTH
XM AR

2., FATIRETS FIEEHR TR X IE? A 52 HEr,

7.3.1 RERFTEZXM
ot — ME RN, A —MREE XMW, BATEMRE T SIZREF iR NIF 7 E— DA, e
AT RERAS B ME— AR &S |,

IRE R i R, BRI DS R ARG IS FHRRIIZHE B AR": HENERRI DN,
WZVWRIAEFNTRRTIN 20 + 1, AFNRRTIN 20+ 2, B 7-12 R T &N RRT | Z FFIBL <
Ao

T —
%mﬁl//f\\\
//1\\ //2\\ R T

BRI K F

PLILPL )L s

BFTRAESl: 2i+2

7 8 9 10 11 12 13 14
fERBARR XY

TEFS 0 1 2 3 456 7 8 91011121314
BFEmFS

A 7-12 SEE-NHMIBHFIR

WSt AU A Y TRER P RSN (RED . e BEETRER DI, RATER AT DOE e 2 50k
WRERE (B) F1R.

7.3.2 RLEEZXH

FER XR— DRI, A SR EE A EVFZ None o I T BRI FHIH A ZIXLE None , [l
IEBRATTCIEAUE P FISRAED None VBB AL E, XERE FAEZ R METHIERTT & %27 %
B,

Nl 7-13 FioR, A —PRARSESE XM, EIRRMEBEHFRR T IREARA.
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ZFT () TEE—RRLE =R

BeAFESl 0 1 2 3 4 5 6 7 8 9

a1 [2]3 4 [6]7[8]912]15)

B 7-13  Z R 2 B 2 i — SO T REE

NT R, FRATTRT LA IBAE R D 5 b e sV S A None o A1 7-14 iR, IZARALFE)S, 2
i 1 Fe Ak a] DAME— SR XK 7o BB anT :

[* ZXHERART */
/] EB null RKRRZEMIL
let tree = [1, 2, 3, 4, null, 6, 7, 8, 9, null, null, 12, null, null, 15];

ZFTI ($H) MR T AN

BRI 012 3 456 7 8 91011121314
BFERF7

=i

K 7-14 (FERA W EEHER R

EREARNE, e - XHERIES I BADRIGR. RIIsEe — XMATE X, None RNBIfERIIKZ HEEH
RINCE, BIBLFTA None —i2 HBRAEIZ RIS AR S,

XERE EABEHIOR 22 X, RTDLEISIEERTE None , BRI, 18 7-15 S H T — Bl
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BRERFT (88)

EARERH
RERCE e

BRFERFY ($4H)

8880800000

7-15 584 " XWHEEH TR

DA SCEL 7 —RRE TR AORH XA, B4 DU LR,

HERTR, REME, £ (B) Fia KRG
RN, e, Bl BRrEEmhEsl.

// === File: array_binary_tree.js ===

[* FEART TN +/
class ArrayBinaryTree {

#tree;

[* WEFE */
constructor(arr) {

this.#tree = arr;

}

[* FIRBE */
size() {
return this.#tree.length;

}

/* FREVERE|A 1 TRlE */

val(i) {
/] BR5IER, MWRE null , KR=(
if (1 <0 || 1 >= this.size()) return null;
return this.#tree[i];

}

/* REYES|A 1 TRENAEFHRNERS| */
left(i) {
return 2 * 1 + 1;

}

[* FBERS|A 1 TRNEFDBRIERG +/



O ) www.hello-algo.com

149

right(i) {

return 2 * 1 + 2;

/* REXES|A 1 TR THTRRS] */
parent(i) {
return Math.floor((i - 1) / 2); // AT

[* BFER */
levelOrder() {
let res = [];
/] BEXEmhEA
for (let 1 = 0; 1 < this.size(); i++) {
if (this.val(i) !== null) res.push(this.val(i));
}

return res;

[* REMRFTERD */
#dfs(i, order, res) {
/] BRZEAL, MWiRE]

if (this.val(i) === null) return;
/] BiF&H
if (order === 'pre') res.push(this.val(i));

this.#dfs(this.left(i), order, res);

/] HFER

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

/] BEF&H

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

/* BB */

preOrder() {
const res = [];
this.#dfs(0, 'pre', res);

return res;

[* R */

inOrder() {
const res = [];
this.#dfs(0, 'in', res);

return res;
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/* ERBE */

postOrder() {
const res = [];
this.#dfs(0, 'post', res);

return res;

7.3.3 iRE5RMRHE

CXMHEEH SRR E A UM,

- BB EESN NG RN, SR, ViS5 EE R,
- ANHEFMEEE, AT AR,
- SEVFREALIS AT R

2R, BEHFOR A 2R R,

- BT EESNF SR, RIARIE &7 B 2 R,
- T R R I B N SRR ARSI, BRI,
- X ARFEIER SR None I, B SR REBURHLERMR, ZRIFHREIK,

7.4 —XR¥EER

N 7-16 FioR, —X3EZ4M (binary search tree) e A R &

LS TIRWA, ZEFRFirE T SREE < R REME < AR irE T RRE.
2. AR AL, A TR AR, BIFEREHE S 1. .

ZRigFER

binary search tree

K 7-16 — AERM
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7.4.1 “XHEFMBVIRE

Pl TR — A RRBEFEL— 2K BinarySearchTree , FFARH— MM IAAE & root , FEMAIRIATART AL,

1. YR

L E BARTT AAE num , AT DURIE — AR/ PR ER, R 7-17 Fir, BATFBH—NMT A cur, WX
RFIARTT R root A&, TEFRLLETT RfE cur.val fll num Z [AIF RN R,

- % cur.val < num, THBAEFRYASAE cur 045 A, RIAAAT cur

cur.right,

« Fcur.val > num, WRAEFRTTSAE cur AT, RIEHIT cur = cur.left,
© #cur.val = num, BEAAEKEIEFRT A, BEHIEA IR ENZT A
RN E R

ERERMPER TR EZRERAPERTR
o )
Mo A M A
[\ T [LILLL
Step 3 Step 4 .

K 7-17 = XAERMEIRT SURH)

R E RIS B REIAN TR B, AR ORI, TR = i
RAFE, SRR, O(logn) I, REIFRLR:

// === File: binary_search_tree.js ===

[* BERTR ¥/
search(num) {
let cur = this.root;
/] TERER, EIrTRERkEH
while (cur !== null) {
/] BT RE cur NEFHE
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if (cur.val < num) cur = cur.right;

// BMTRE cur BHEFHA

else if (cur.val > num) cur = cur.left;
/] BB R, BRHTER

else break;

}
/] BEIBFTR

return cur;

2. ATIR

HE—MEEATCE nun , N TR XHEER “EW <R < GTRT R, HmARERENE
7-18 v,

1. BREAMIE: SESREHEL, MRT A, ARYES R RUEN num FAVNERIERA TR, B
FEL AT R (EJTEE None ) INBEKHITERR,
2. EEATERBA YR FIAAY S nun , FIZT R E T None HINZE,

E-REERTEATR @

7-18 FE XAERM AT R

FERRD SR, FREERATM AL

C IXERWARFAEREE TR, SUROERIEE L B, HEEATREMHERE, WARITH
A, BEIFR[MA,

©ONTIRBHEAT R, BATHREEBT S pre A7 L —HIEIRAINT Mo IXAEIEIEIZE None I, FRATTAT LA
PRIENHACT S, M ZE T s fili A1
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// === File: binary_search_tree.js ===

[* AR */
insert(num) {
/] EWAZE, WHERKRTS
if (this.root === null) {
this.root = new TreeNode(num);
return;
}
let cur = this.root,
pre = null;
/] TERER, EIHREkEH
while (cur !== null) {
/] HEREETR, BERE
if (cur.val === num) return;
pre = cur;
/] FENBEE cur HEFHAE
if (cur.val < num) cur = cur.right;
/] FENALEBE cur HEFHA
else cur = cur.left;

}

/] FEATR

const node = new TreeNode(num);

if (pre.val < num) pre.right = node;

else pre.left = node;

SEEN AR, AT REH O(logn) MFL,

3. MIFRTS

FEAE XM EREIEAR T A, FRREMER, SRATREE, RIOTFERIEEMRREERE, —XER
PR “ZEpR < AR < TR BOPEBUAAT R, Bk, FRATRYE BT 71 R, 20, 12 =
MIEOL, SAITRE B AIBRTT A

QAL 7-19 FR,  SAFMHERT RAUEDY O I, FomixTi mug M s, AT DAEREMNRR,
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E-REERTRTER (@

v A cur B 2. HiEMR cur BIET
FHaME =0 HIT pre.left = None

000000

1. EFHRFHMFETR cur

7-19 EXAERMHMERT R (RN 0)

GniE 7-20 AR, HAEMBRTT RBIEDN 1, RERRHBRTT U oy Her T s ]

E-REERTIRTER ©)

v HR cur B 2. ¥ cur BEAHETFTR
FraME = 1 1T pre.left = cur.right

1. ERFHMRETR cur

7-20 1EZXAERMPMIERT S ER 1)
MREMMBRT RAEDY 2 I, BATCEEEMBRE, MeRZ M — N0 A% A, AT ERE X EERR

ETR < HRTR < B TR BT, Ilﬂ:ﬁ’l‘”ﬁ)ﬁﬂu%ﬁ?m AR/ INYS SR TR R T L
RN R TR/ A (PREHRN— D RD, WMBRRERAEWE 7-21 Fr.

L. REIREMERY SAE “PriF " PR R —PNT R, 128 tnp o
2. tmp AOEFE S RRIHERTT SR,  FRAERTAFIBYIMIBRTT AL tmp o
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E-igEEEmEE (O

o
CE\\7> 1. ERBBREA cur
cur

E-xgRnTEssE @

N
1919

E-xEnReEREa )

l Step 1 ‘

E-xigEnEEEsE @

o

1. ERHBRRTSR cur

v TR ocur WFHRNE - 2 A
cur
)

2. BRTRE cur FAH=H: 10}
(1) & cur FEHFBHNGHTR nex
(2) FEZXWFRIIMFRTR nex
00000

Step 3 Step &

7-21 R XAERMPMERT R (R 2)

1. EREWBRTR cur
v TR cur WFHRANE - 2

2. BRRTR cur FH=F:
(1) &R cur EFFBHNELTSR nex

1. ERFEHRTA cur
A cur WFHRKE - 2

2. BRRTR cur FH=P:

(1) R cur EPFERNEHTR nex
(2) EZXHPRIPERTR nex

(3) #¥¥& nex ERATH cur

THERT R ERAAER O(logn) MR, Heo &AM mFEZE O(logn) WA, ZREXH P 5481 5

T2 O(logn) IEl, RECHSLTTR:
// === File: binary_search_tree.js ===

[* BRI */
remove(num) {
/] EWAE, EFRERIRE
if (this.root === null) return;
let cur = this.root,
pre = null;
/] TERER, HIraERkEH
while (cur !== null) {
/] HRIEREET =, BEHER
if (cur.val === num) break;
pre = cur;
/] FHHBRTRTE cur HNATFHE
if (cur.val < num) cur = cur.right;
/] FRBETRE cur HAEFHE

else cur = cur.left;

}
/] EXLFHEMET R, NWEERE
if (cur === null) return;

/] FHEEE =0 or 1
if (cur.left === null || cur.right === null) {
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/] BFTEHE =0/ 18, child = null / ZFT A
const child = cur.left !== null ? cur.left : cur.right;
/] MBRTI = cur
if (cur !== this.root) {
if (pre.left === cur) pre.left = child;
else pre.right = child;
} else {
/] ERRETRARTS, NEREERTSR
this.root = child;
}
}
/] FUREE =2
else {
/] FRBHFERFR cur HF—MHR
let tmp = cur.right;
while (tmp.left !== null) {
tmp = tmp.left;
}
/] BFAMIPRT = tmp
this.remove(tmp.val);
/] A tmp BEH cur

cur.val = tmp.val;

4. PEEBHERF
i 7-22 pioR, —XORAR RGO — R — A7 AT, mo SRR AR <R
TR < AT FIRNER.

REREE X ERM TR, SRk N — MR, A H—NEZEER: X
RRWH P E TR THE .

A b e BB, FRATIE = AR TR EH 5 8RR O(n) IR, TEAUEATRIMNOHE AR 1E,
FEH =L
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— iR PFERFTI

TERARF

.
. ~
Ry NN
c" s AN e
- Nl ] S
Iy % 4 Y
i I 1
L r 1
! 1
h [ [
I¥s A\ A AR 2, 4, 6, 8, 10, 12, 14
’ PN VA AR
v [ A S/t 1\ !
r 1 H 0y Sy . .
’ L *, 7 ! (S
4 Y M + v ! -
’ " ! vy N ! LY
[ H oy 1 1
[ ! : ] :

Sm=

FPFERHET,
TRE @ AiAE

K 7-22 AR RS

7.4.2 —XREFMBIKE

AR, BB EE B IR A, R 7-2, AR RMAR TR (RN (7] 2 2% AT
A, BARE BEsirrat. RAERSIEN, IR ESRPREARRZ RS, B = AR

SR,

R 7-2 WAHSHERRBIER

TFEH RN

#HTE O(n) O(logn)
AR 0(1) O(logn)
fipRTE  O(n) O(logn)

FEFAEEIUT, “XAERME “FH” 1Y, JXAEEA] DAIE log n RIEFF BT M.

SR, ANSRBUATHE = AR M P AWHAR AFIBR T, AT RE S B BHBCNE 7-23 FspysE®R, Xm%

R )& 2R 238 O(n) .
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e o
0000

EEN_igRR

B EHRR

K 7-23 YXAEERBL

7.4.3 “X¥EFEMERNA
- RGPS RERD], LIEMIERR. AL MR,

- RN R AR R EBAR S,
- ATAEEEEER, DR A RS,

7.5 AVL g *
1 ““XHEERM BN HERAMED, E2EAMMBREES, —XERWAEERM R, EXFENRT,

PR E#RVERIIN T Z 2K O(log n) %5128 O(n) -
N 7-24 AUR, S R RERE, IR SRR E IR RER,

BRFTR 3 @

B Bt
TH—RH EiE-RK R
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K 7-24 AVL SEMIERT g & 4B

BB, FEE 7-25 FURRI5E3E SRRl AP RS, BERE TR B0, EERIRCERII RIS 2
Fto

[\ [\ [\

BATR 2 BATR 1

B Bty
RN FH_—i EiE_Rp

7-25 AVL BHERR AT UG & AR

1962 £ G. M. Adelson-Velsky #1 E. M. Landis 7£ it 3¢ “An algorithm for the organization of
information” {2 T AVL i, IESCHTRAIRNER T —R5IHME, FORAERFSAIFIMERT /U5, AVL BiA
Bk, IS RERERIN RS 2 ERRE O(logn) Pl BaaTiE DL, 767 B SOEA T HY N & (e
fItzsR, AVL B REMGAORF e BB E R RE, BARAFHIN A ME,

7.5.1 AVL ERARIE

AVL R B = SRR, R S, FINTREX R X BI AT A TR, AR — R = ISR

(balanced binary search tree),

&

1. TE5E
BT AVL S E R BARECT s S 2, R TRRZ N 1Y s 2B height & :

[* AVL BT */
class TreeNode {
val; // TRfE
height; //TRBE
left; // EFTRiEH
right; // BF P RIEH
constructor(val, left, right, height) {

this.val = val === undefined ? 0 : val;
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this.height = height === undefined ? 0 : height;
this.left = left === undefined ? null : left;
this.right = right === undefined ? null : right;

TREET BIEEMNZT REIERRIZH SR, RIS (07 (R, TERIERNE, MR
AU O, MAETRREEN —1 . BATRAEM D TREE, 7250 TR R s i m

// === File: avl_tree.js ===

[* RBTHEEE */

height(node) {
/] EREEER -1, HEREER 0
return node === null ? -1 : node.height;

[* BERTREE */
#updateHeight(node) {
/] TREEFTESFNSE + 1
node.height =
Math.max(this.height(node.left), this.height(node.right)) + 1;

2. BRFHEAF

TR FEEF (balance factor) &N RAF IS EIRESG FRAVEE, FIRMEZT S8 P E 1
0o BARRERRICT s PR 7RIS REBIAR AR R, 77 e SEH :

// === File: avl_tree.js ===

[* FRENFEEERETF */
balanceFactor(node) {
/] ENRTERFRH 0
if (node === null) return 0;
/] TRTFEEF = EFHEE - BFHEE
return this.height(node.left) - this.height(node.right);

Tip
BRI f, WI—HR AVL BRUER T SR PR e -1 < f < 1.
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7.5.2 AVL BihEst

AVL WERFRAET “BRE:” 1%0E, ERESTEARIN — XA R e oI RIER N, BT R Rk
i, BAEE, BEERIRIEBERECREY “ SRR MR, WAEREREHE N P X7,

PATRPHTER FAaME > 1 AU RO “REGT " AR KRR ORI, B R Rt AHE
FENE. Setibefa/eie. Jefehefatilie. N AR e R,

1. AlE

GnE 7-26 FIUR, TR T, WREDGE, —XRAPE N RUZ 1R 37 FATSHEAIZK
TRV R T, RHZTT R0EN node, HATFIRICHN child, YT “Glie” #1E. EltheE, 7
MREF-, I EAPRORE = AL R AL,

N O\
/z
/1

o

. REEAENTFHE
ode BIRTIRIBA node
BEFHRIEA child

TO
s W 5,

Step 1 Step 2

\ “BRE RERE: / \ “ERE RERE:

S
enzrs —(E))
1. I child JRX, % node M4 ..71 1. B child }RA, # node MANEH
VN 2. B child &RLET node WAIE
0’ BN
ﬁﬂ\ . BRI, T HERETE
node

A
node

Step 3 Step 4

K 7-26 GHERIESE

WE 7-27 AR, 4954 child B 710 (o grand_child ) B, BEELGHEFHRIMN—2: ¥ grand_child
YE4 node AT Ao
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NNy
o

A
/ grand_child /

& 7-27 £ grand_child M4 EglE
“FItilEsE R MTGRILATE, SR LR IDE I SRR, (SR R
// === File: avl_tree.js ===

[* BTERIE */

#rightRotate(node) {
const child = node.left;
const grandChild = child.right;
/] LA child AES, ¥ node MGHEHE
child.right = node;
node.left = grandChild;
/] BFRTREE
this.#updateHeight(node);
this.#updateHeight(child);
/] BB EFRERT =

return child;

2. EhE

MR, GHERZ & LIRS — XA “BifB”, MITRERITE 7-28 FoRi) “ZEhe” 1#1E.
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& 7-28 felietilE

FH, @/ 7-29 FiR, M7 s child BAF 1A (28 grand_child ) B, FREFELIEFHRM—2: ¥
grand_child 2% node 45111 mio

P ERETH
) o
i m&m& o \
\ \
©

A
grand_child

K 7-29 f grand_child f/cHEs(E

A DAOER R, e el e 2 i R B FRI), SN A PR R TS DL M FRIN . 2T xR
M, BATRTRATER IR R left BN right , KATER right BN left, BIRIGEIE
TR SEBARAS :

// === File: avl_tree.js ===

[* FEHERIE */
#leftRotate(node) {
const child = node.right;
const grandChild = child.left;
/] LA child ARS, & node MIZEhed
child.left = node;
node.right = grandChild;
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/] BFRTRRE
this.#updateHeight(node);
this.#updateHeight(child);
/] R[EFEE EFREET =

return child;

3. EERERARE

T B 7-30 RT3, A A s A BEAR O IR TR S A, R RSN child BT “AERE,
X node AT “HliE”,

# child H4T @ 3 node 1T
EhE Al

K 7-30 SeiElEE e

4. FHBEFERE

nE 7-31 FoR, AT ERKE XTSRRI, TELX child UT “HE7, X node AT “ZEHE

K 7-31 Jeflea Ll
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5. NefsRYER

& 7-32 R P RPR S G L 5 RIRRBIBR XN, Al ER A e, Seiebgatbe. Jorlea/ohe. 7ohe

WA

FoIhE
=g

FhahE
=73

e

& 7-32  AVL FRHIPYRRIER: 16

QITRERAIR,  FAT @ I S 1875 s P R DR e — MU 7 s B PR R B IE S S, SR E R M 19 A

J& T 7-32 A BEAE O

® 7-3 VURBERC R DL RIS

KRR FUREEEET  RCRARER 7%
> 1 CEfmith) >0 filie

> 1 (ZEfmt) <0 JefehiefE e

< —1 () <0 FEle

< —1 () >0 JetiliefE fee

NTRETER, BATRBEFEAREERR DR A TR, HAVREN SRR ORI s, K

Y ST P, AR RN
/] === File: avl_tree.js ===

[* BITHEEEARIE, R FNERRE TS */
#rotate(node) {

/] FFEXT 5= node HYFHIAF

const balanceFactor = this.balanceFactor(node);

/] =R
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if (balanceFactor > 1) {
if (this.balanceFactor(node.left) >= 0) {
/| e
return this.#rightRotate(node);
} else {
/] FEhREETE
node.left = this.#leftRotate(node.left);
return this.#rightRotate(node);
}
}
/] Efmk
if (balanceFactor < -1) {
if (this.balanceFactor(node.right) <= 0) {
/] Ehe
return this.#leftRotate(node);
} else {
/] FaEREER
node.right = this.#rightRotate(node.right);
return this.#leftRotate(node);
}
}
/] FER, TN, BiEHR(E

return node;

7.5.3 AVL WEBIRE
1. BASS

AVL BT A BRE S AR RRE TR EREL, ME—RIXBIET, £ AVL WA RE, METHHEE
MR R R R ATRES I —RIIK M, Bk, OB ENXANTROTR, AR ERTheskie,
PR RBP4 R AR

// === File: avl_tree.js ===

[* FATE */
insert(val) {

this.root = this.#insertHelper(this.root, val);

}

[* BIFENT R (GEBIAEE) */
#insertHelper(node, val) {
if (node === null) return new TreeNode(val);
[* 1. BEREBANUEHBATS */
if (val < node.val) node.left = this.#insertHelper(node.left, val);
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else if (val > node.val)

node.right = this.#insertHelper(node.right, val);
else return node; // EETRAIEAN, BiR[O]
this.#updateHeight(node); // BT aaE
[* 2. PITHESSIR(E, RZFHENRMETE */
node = this.#rotate(node);
/] REFREVIRT =

return node;

2. MBsT=

Ko, 7E = AERMAIMBRT mUT AR R b, TREMWRETTHERARE, ST LM R T,
(LR

/] === File: avl_tree.js ===

/* BIBRTIS */
remove(val) {

this.root = this.#removeHelper(this.root, val);

[* BUAMBRTI R GEBISE)  */
#removeHelper(node, val) {
if (node === null) return null;
[* 1. BT RHMER */
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;
/] FHRHE = 0 , BiEMPBR node FHiR[D|
if (child === null) return null;
/] FHRHE = 1, BEMBR node
else node = child;
} else {
/] FUSKE =2, WRPEFEHNTMTRMER, FRZTABRIFITR
let temp = node.right;
while (temp.left !== null) {
temp = temp.left;
}
node.right = this.#removeHelper(node.right, temp.val);
node.val = temp.val;
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this.#updateHeight(node); // BEfimmaE
[* 2. BATHEAEIR(E, 2 FRENMETE */
node = this.#rotate(node);

/] REFREIRT =

return node;

}
3. BETR
AVL BT A SRR S RN —8, 7EHAEEE,

7.5.4 AVL (BB

- HERE BRI, IS TRk, (RS 5.
- AT HREIREEHRTIRG.
- CLPRRAHUR — R LR T SUERN, MET AVL B, ZLBRRIE RS AR R A, A S IR A

FRTRATBEER RS /D, T MR R A PR B i

7.6 NG

1. EREHR

© XA AR BRGE, AIL “—rh = iR e, B0 XK RE S — MED R E

B, BRI 1 S T R

C T EXMPRENTR, HE (B) FHRNENERIMERRONZT S () 7

© XMBIRHRARTBCAERTT A, M AL B E b SEMRESE,

- XHIRIAME, TR AT BRI SRR R T IR

© WA R SR X, e R SR SR R, 5238 O R AR AR AR

&, MHERERMERRZERS,

- SXBRATDARHBEAOR, TR T R EN S B I HES, FRARIEACY RS T R Z A

RGOS RR LB EE

- SXMHERED R AT R R, ERIT C—EERINRT REE TR, B

AR LB,

- HIR. PE, EREN EETRERER, ENEIT SUERIRSL, mRaks” fehriN, @

{6 IR S

© SXAERMR - MEE TR ERERS, HAEK AR R E 2R O(logn) .

4 MRERHE NSRS, STHEERERSLE O(n) .

- AVL B, AR SR, EIEd e B E R PR AE AT AFIERS USR8 R -
- AVL WAhER R E S G e, Zohe. Juhlefaie. Jo/ehemahe. AR A5, AVL =

MR THE R B E, (AR BT IR S P
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2. Q&A

Q: X T HAE MR, MR EEARYT SRR Z O 15?2
i, BDym RS R E SOy G R RI R,

Q: =X HHHEAN S MR — i —EIR(FRC A 7EM, XHEA “—EBRE 5 20e? AT AR B IRE
TR BB RS ?

EXAERREREG, MR SR =R E, R R R IR TR AT 2 D P BRI R,
Q: ft2 DFS M —XMAHI. H. JE=AiE, 2BlET2mHE?

S Fid e B2, B, . JerE R =R SO 7, BATA] DA e S 2 — R
TEMFE ISR, FINE RN, BT HTRAVNGE EFPRE < RTRE < BF0RE, KHit
BATHEGI “F2 — R — 67 BRSESosinmt, el DERTSH BRI R,

Q: GHER E 2T 5 node, child, grand_child Z[EIAIXR, HE node YA miFl node JFRAIERE
AFBYEIL? AhetEE e g T2

FAV T 2N T LA oK B XA R, 45 HE#%1F right_rotate(root) f& AYZ F W AUMR T 5, &
return child JR[BIHER: 2 JEHIFRIFARTT Rlo FREIBIHRT RORTHACT RUBIERR R X R BOR AUE 52, A
JB T A BERA R4 L

Q: 1 C++ 1, BREHKI 5 private #1 public H, XTI AT LB RIL? Nt 4 Z K height() BREA
updateHeight() BRI BIKTE public F private HIE?

FTEEHFENMERHGE, WRAERERNIMEH, LT private o FlaN, H - s 5kiE H
updateHeight() & A B XN, EHREMA. MEREEFR—2, 1M height() ViR mEE, RLF
vector.size() , RIIZERK public DA,

Q: AHfAT AN —ZH iy ABHEAE — PR SGRERI? AR R IR R AR IREE?

SEM, MR 7 A AR RS Y build_tree() FiEHAA ., BTART ANNER, BRITEFES
R NEEEH Y, RER T ROTRE R R, B AG F0 IXAREORT DURORRE FE PR UEAR 1 -1
Mo

Q: f£ Java Y, FIFHXELEG —EZEM equals() J7iL?
£ Java i, X TFREAMIRRA, == AT RN RRBIER ST, X T5IHEA, WS H TIERE
=2 NGl

© == ADREEADZRZGERR—DNNR, BEMENF A ER SHE,

- equals(): HIBRM LA REVER S HE,

Rltt, WSRZEXLEE, FRATNVIZE equals() o A0, @I String a = "hi"; String b = "hi"; ¥4I
PR EAETZRE S, EMERR— ISR, FtEa] A a == b RELBHDNFRF RS,

Q: IEEMRSCEIERIRE A, AFIHE SR 2h 12
R, BIRREE b = 2 M9 SO, HE A = 7, MBS AR A = 20 = (n+1)/2.
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Abstract
et 2 ILEED, BEERAR, BEESR,
JE R L U i IRER T, T e N LI 2 B S R AR 7
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8.1 i

# (heap) 22— RIERMAAIER XM, TEAJNMARE, K 8-1 Fr.

- TR (min heap): LR AIE < H7 S0E,
- KT (max heap): LR AMME > H9 SHME,

N N
/NN SN SN

L)L L)L)

2 ‘B2TXW B 2 ‘T2’ B
EETRNE <« EFT=E EETSNE 2 HFTaNE
TG P2
min heap max heap

8-1 /NTIHES KIViHE

HEFE N oE 2 I — DRI, Bl DURRE,

- RRETREEAIETE, HART R,
o BRSO EARTT SRR CHETR, RERZER SR BT RN HERR,
- OTFRTME ONTHE), HETOTER (R WERRKR &I K,

8.1.1 BEVEMIRIE
FEAEHMRE, 2 RmRIE S IREZMET (priority queue), IXZE—FHHRNEHELH, & X HEHBR
FeRHE BB

SCBR b, HEEHT T SEBOLERAS, RTHHER S T oea3E MR M BRI IETERAS, A F R,
BATRTLLRE “PEIEBASN” 1 “HE” BOESEMRIEIREA. HIt, AHNMERMRERIX Y, gi—MfE “HE”,

HERTH FIRIELR 8-1, T5TRA TR ERIEHmAE IR = RE,

7% 8-1 HERTHRIERCR
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T4 ik I P 2
push() YN O(logn)
pop() HETRTT 2R e O(logn)
peek() VIHETEER Tk /NI B A / /M) O(1)
size() FREHER) T R R O(1)
isEmpty() H b= A O(1)

FESERRML AR, BRATTRT DAERE(E R gmAE1E = TR HIHESS (BRILTEPAAIZE)

RUTHFEIETR “WNEERHES” F1 “MREVNEFN”, FATA] OB IR B — flag BB Comparator
SCEL NI 5 OCRTIME” Z [RIRER R, AL R TR

// === File: heap.js ===

// JavaScript KRIEMHHWE Heap £

8.1.2 MERYSEIR

ICKRIRHRARTINE, 25 R AR/ NTE, HFTRArE R/NEEHMTA TR (BN, 1 > 2ol <),
ESGRBATIRE A] DAE TS,

1. BNEFHESRE
X BN, R XAMHERIE A SRR, BTHEER MR TR, RIBATIRER B

SEABAFOR X, JTTRAETAE, RIMURTRE XK E, WRAREHEE RS I 2K
K

i 8-2 iR, /ERGI ¢, HEFWRNRIIN 2+ 1, GFWRNRIIN 21+ 2, KWENRIIN
(0 —1)/2 (MTHRR), HRFIBAN, FRH RN AL
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IREYZIRSH SRR (REEFHE)
W BER TRIUW £ “$E” TR “TEIXW

#5l 0 1 2 3 4 5 6 7 8 9 10 11
== (000880080000
(i-1)/2 i 2i+1 2i+2
~ I~
TR HR gg gi
BT RS MRS RIS e

& 8-2 IR 171
AT LUK 25 (WL A R EPEREA, 7 IESE b
// === File: my_heap.js ===

/* REVEFTRZES| */
#left(i) {
return 2 * 1 + 1;

}
[* RBAFTHRNERS| */
#right(i) {

return 2 * 1 + 2;

}
[* KRBT RHRS| */

#parent(i) {
return Math.floor((i - 1) / 2); // BETER

2. ipiEBETTR
ST EE — SRR A, RS A T
// === File: my_heap.]js ===

[* HEETNTTE */
peek() {



HeE M

www.hello-algo.com

return this.#maxHeap[0];

3. TENE

#ETLER val,, BATETCRHEBMEMER. BNZ)E, BT val ATRER THEREAMITER, MR AT E

CARBER, IR ZEE BT RS R LS, X MRERAR L (heapify),

FIEMAHET JTTE, WRETSITHEIL, 10 8-3 R, TATHEHEAT R 5 H AW RIME, RAEAT
REER, WHRENMZe, REREIITIIRME, WERETEEHEHRS DT A, EREERT [e08 2T

I R EE A

5 0 [ N N

w50 Ne

#8 @ e

1. BHR 7 FNEHER

Step 1 ]

2. WEETR#{TH (Sift Up)

v PR 5 < BRT

@ N

1. BHR 7 FMEER

T

2. MEETm#{TH (Sift Up)

v PR 6 < BR7

s

wE @ Mt

1. BHR 7 RNERE

(sTaleleT7[sT2[aeaTel2] ]

[ step 2

HR @ Mt
1. BHR 7 FNERE
2. MEET#THY (Sift Up)

v HE S5 s AT

o RRFTHR
800000B0080D0 [step s

HR @ M

1. BH= 7 RNEHRE

2. MEZTG#TEW (Sift Up)
v HR6 < R 7

o SRR

(s [s [7 Te 7 Te [2[a [+ 3] ] 2] ]

Step 6

174
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w5 @ Ne 5@ Mt

1. BHR 7 FNEEE 1. BH= 7 FNBHEE

2. MEETR#THK (Sift Up) 2. MEETR#THA (Sift Up)

v R 9> R 7 v EE 9> FRT
o FHfTRs

3
(9]e]7]6]7]6]2]s]e]3]6]2]5] step 7 | (9] ]7[6]7]6[2]a]e]3]6]2]5] Step 8

#E @ Nt

1. BHR 7 FNEER

2. WEETG#THE (Sift Up)
BURRE, ATUENMREIIEE

(5187 l6 17 eT2]a]e [ael2]s] Step 9

8-3 JLRAMEDS IR

R REEOY n, WHMEEEAN O(logn) o HIELATA], HECBRIERTER LR 20 O(logn) , JTERAHERR

RIS 2R O (log n) o (REFATRAR:
// === File: my_heap.js ===

[* TTENME */

push(val) {
/] AR
this.#maxHeap.push(val);
/] MIERETHY
this.#siftUp(this.size() - 1);

/* W= 1 FFia, NRETEL */
#siftUp(1l) {
while (true) {

/] FRETE 1 BIRT=
const p = this.#parent(i);
/] & “BERTRT ® TRENMEE” B, SR
if (p < 0 || this.#maxHeap[i] <= this.#maxHeap[p]) break;
/] HRET R
this.#swap(i, p);
/] TERmE L

i=p;
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4. MR

HETTC R 2 —XMAURTT R, BIPIRETTR, MRBATERMIIRAMERE TR, B2 = XRHRTE T R
RO RELM, XES R T RGN, T REREDITTRRS IS, TATRAI
TRV IR,

1. ZHHETOTRSHIRTTR CRIRTT A5 B 5D
2. SERE, RHERMFIRAMER GEE, hTogscit, Btshn EMEREZERITHETTTR) .
3. MR ROTAR, MDBTEIRPIITHEL.

aniEl 8-4 FR, “MBEFRHEL” BIERIETTIYS “IREDTHEL” R, BATRARY RIES HNADF 1 R
EHTEARL, ORI R SR R, SRRTER T I RRME, EEBOE M- [ sOB B TC A 5
LNEST

>

BRI ) ! T
/’9 X //ox Z)g 1. RETTESHETRSSR
@\ O ©o ) :\g g
@@(ég é@@ o
R s ZRRRE U
o maRR b e
000000000000€¢ step 1 | 3080008800080 [ster 2
BITELS BITEMLE

1. BEMTRSEETRR
2. BHUESERTE

A0

QLD EEE

Step 3 ‘

TR LS

1. BT RSHETRETR

2. HHMEIEERTER

3. MTRER#{THK (Sift Down)

v EBR 5, 8, 7 H, FA 8 ®A
- RRTR 5 5N 8

Step 5 ‘

JaUfdoeEeaa®

1.
2

Ta
]@\ j"/@\@

;lmwa@

BLO D DEEEEEEE

FHETMTRSERTRZIR

. B UEIREERTTER

MIREE#THA (Sift Down)
R 5, 8, 7 1, TR 8 MK

Step 4

SETRT RS

1. SEMTRESHRTRTR

2. P UFRBERTR

I

000000080808

MIREEH#THA (Sift Down)

EWR S5, 6, 7R, PR 7 BA

Step 6
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SETMTRLE SETRTTR LS

1. BEMTESHERTRZIR
2. HHMBIMHETE
3. MIRER#HTHW (Sift Down)

v EHR 5, 3, 6, A 6 BK

1. SHTTRSHRETERR

2. B MEIRMETR

3. MIREE#{THEMA (Sift Down)

v EWR 5, 6, 7 F, ¥R 7 Bk
o RTFR 5 5TR 7

step 7 | Bl - @ EE EZX

ETMTRLE TR

1. BEMTRSEETRR
2. BHUFIABEETER
3. MIRER#THA (Sift Down)

v ERR S5, 3, 6 W, TR 6 RA
- RRTIR 5 5TR 6

1. BEMTRSMHRTRTR
2. S HFIRERTE
3. MIMER#THML (Sift Down)

EUTRE, ATBENERIGEIEE

000000800000 ws] (30000000000

& 8-4 HETTTER HIED IR
SRR NERERERL, HETUTER HHER RN R E & EHR O(logn) » RESUINATR:
// === File: my_heap.js ===

[* JTTEREHE ¥/
pop() {
/] Hlz=abE
if (this.isEmpty()) throw new Error('¥EAZE");
/] REBHRERAHTR (RRETRS5ETR)
this.#swap(0, this.size() - 1);
/] BBRTI =R
const val = this.#maxHeap.pop();
/] MTRZE [
this.#siftDown(0);
/] BREBETTE

return val;

[* W= 1 Fih, MIRERRHL */
#siftDown(i) {
while (true) {
/] PR R 1, 1, r PERKETS, 127 ma
const 1 = this.#left(i),
r = this.#right(i);
let ma = i;
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if (1 < this.size() && this.#maxHeap[l] > this.#maxHeap[ma]) ma = 1;
if (r < this.size() && this.#maxHeap[r] > this.#maxHeap[ma]) ma = r;
/] BEHR 1 &RAEKRS| 1, r MR, WEadrgtd, Bt

if (ma === 1) break;

/] AR

this.#swap(i, ma);

/] TERE T

i = ma;

8.1.3 RN

- DRFEBNFI: HEIEE (SR SE A AR RS,  HNBARIH AR RN (B 2 2% 2150 O(log n)
, THEHERIE O(n) , XA SR

- HEHRE: g R, BATAT DA BTN — D, ARG RBb T TR HHERE, MM EIE 7
o SAM, FATEHE SEA—MEJURER 77 UCBIERE R, TR “HEHERT =0,

- RWURRI ke R NEMAEERR, [FINt2— R A, BIanE SR T 10 FOHTE
TENTREEE, B EAT 10 YR M.

8.2 BIfHIR(E

FEFRLAROUT, TR — NIRRT TR — D, XN “EHERE,

8.2.1 fEBHINIEIR{ESCIY
BATE SeQE—ANBHE, RIERTFNE, UGB DN TERT “AHHRIE", BT ERmE iR,
SZTTEHIT NIRRT HEAL,

Y —MNITRAME, HERRESMN— BT AU NTRE AR AT = KR, EiEE “H km R
PR

VOERMEN 0, FATERIASERIER O(logn) N, [RIXEHE 7 I I 2R O(n log n)

o

8.2.2 BB IIL

Khrb, FATA] DASEEE— R A ST TR, R,

L. RARFT A TR E SN, A HER P B RIS 2 2
2. EiFpmptE (BRPEIIAIEIR), MR AEMHT ST “ TR
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T — AT UG, PO RORY R RSB R — A GTAN e, Tl TR EpEN, FiEE A
mE” M,

Z LA E i, RO IZAERENS CRIE L AT 2 N T ELR GIAR THE, XML ST R 2
AR,

EREAE, BTHYREA TN, BeM R GIAN i, i, MTRBATR, &E
—NEMT R RGN TREIR TR, BTN ETHAE i A THE(L -

/] === File: my_heap.js ===

[* MERE, BITHIRBRMATIRERE */
constructor(nums) {
/] BHIRTERRS RN
this.#maxHeap = nums === undefined ? [] : [...nums];
/] HEABRH T R UMY E AR T =
for (let i1 = this.#parent(this.size() - 1); 1 >= 0; i--) {
this.#siftDown(i);
}

8.2.3 EXESR

T, TRl S0 Rl P S ] 5

- SRS R AR, WA (0 1)/2, BB/ NI R, R

AR (n—1)/2.

- EMITE AR, G SR S LI, IR OE RIS — U logn o
15 LRPIEHTE, IS SEHE R S 2 O(n logn) » MXAMEEESRIFANER, BNIRITE
B R ORI S T TR PR
BT ORI DRAT BRI ST, T WM SR, A — 1 R . BN b 52—
SR, R R R B A IE R
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TRaE BETRNE
(BMg R ARIERED)
h 20
/ \ 1
h-1 2
N N |
— T J—— 2
/N SN S\ )
- h-3 S 23
1 2h-1
(58, HYRsERN 0 e 0 i 2h

K 8-5 SER - XMHIHET REER

A 8-5 FiR, TRl “MTZERHEL” R AR T B S EE RS, MZEEER 1A
7, [Ritt, FRATATDON SR “I 8@ x WAEE” KM, [T R AR B S,

T(h)=2h+2(h—1)+2%(h —2) + - 4+20"1D x 1
e FAFREME P AREGIENR, %k T'(h) b2, 155

T(h) =2°h+2'(h = 1)+ 2°(h = 2) 4+ + 271 x1
2T(h) = 2'h+22(h = 1) + 2°(h = 2) + -+ 2" x 1

R GRS, R 27 (h) B EX T(h), 1f:
9T(h) —T(h) = T(h) = —20h + 21 422 4 ... 4 2h—1 4 9h

Wk Ex, RH T (h) B—NEHES, EHBERARRAR, BEI 5

1—2h
T = -
(h) o b
_ 2h+1 h 2

H—, RN h 52 R R = 20— 1, SRR O(2h) = O(n) . BLLEE
R, WASIFIERENNEIS 20 O(n) , TERERL
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8.3 Top-k B

Question
BE— M KEN n BEREAH nuns , TEIRBIEHAFERN k MITE,

TR, BAVC H PR LR E R, B AReR E RS,

8.3.1 FiE—: BHiEE

AT DOHATIE 8-6 R k e/, 73 ERAeRECGE 1. 2. ...« K KT, WHERENR O(nk) .
WHEFIERT b < n BB, WHRY k5 n lEgEsant, HEEEREEmT O(n?), JEHEFEN,

k =3

nums 2008 #rursirx
ﬂ B—RRIE 1 ARE
N .
B EoRRIE 2 ARE
an E=RRIE 3 ARE

8-6 M FHERAR) k PNITR

Tip
Lk =ni, BOTUERZRBOERFFY, WNENT ST Jik

8.3.2 Fi#EZ: HF

aniE 8-7 Fiw, FATA] DA B nums A THE?, FHEEIEAILH & DNITR, WAEZREHN O(nlogn) .
B, %Ik I ERUES T, BFONBERNMAFTHHERE b DTRAE], AR EH TR,
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k=3

s [DEEEE
HBLRITH
28000
EEEA k MTE

000

K 8-7 HiFIHREAK k MR

8.3.3 iE=:

BATTAT AEE T HEBE AN ROt i ek Top-k A, (RAR4NE 8-8 filim,

1. FHAfe— A/ INTisE, HHEDUTRE/D.

2. JERECEHRTAT k DICRAIRAHE,

3. W k + 1 DTHEITA, HERTTRATHENOTR, WAHETUTER i,
4. WsERE, HEPRIFRIEUR ERH kDT,

k=3 ’tm@ k=3

Ll 1 [ [ [:]2] [ [ ]:]:]
i i
1. EH0 k DTENE 1. BE0 k DTENE
s ZXWERR
BART
heap @
l S & Step 2 J

k=3 ﬂ]ﬁ k=3

nums naa nums 1(7
A o0 fanaa
i i
1. #H0 k DNEENE 1. B k NTENE
ZRMRE

2. M# k+l DITEFEHI
v YR > EINTR

BART

e (@00

[ Step 3 Step 4

FRF L ATTTR A

sm (@)

ZRMERT
WART

ol )

ZRWRT
WART

v (@00
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K- -
~ @000 o

:

i

1.8 k ATENE
2. ME kel NSTEFLIER =
v MMTE > RTE

- RETTRE heap
[ Step 5

ZRWET
WART

ks ol |
~ (@0000 o o

i
1. #E0 k MTENE

2. ME k+l DITEFAHE
v MEITR < BIMTR

‘ ZRWET
BART

[ Step 7

k=3

~ (2088

@A, RE heap BIE]

k=3

— @000
;

1. Bl k DTRNE

2. ME k+l DITEFIRHAIET
v YFITE > MR

- BRTIEE
RBERTRNE
[ Step 6
k=3

— ([@0000
:

i

-

. RET k MTENE
. ME k+1 DTEFEAIT
v YFITE < RMTHR

~

=1

sm (@
o o0

‘ ZRRWRT
BART

8-8 HETHEI AN k TTHR

RS ATTR

// === File: top_k.js ===

[* TTENE */

function pushMinHeap(maxHeap, val) {
/] TTERER

maxHeap.push(-val);

[* TR */
function popMinHeap(maxHeap) {
/] TTEERR

return -maxHeap.pop();

ism
o o

‘ ZRWET
WART

ism
o o

‘ ZRWET
WART
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[* IBEEETTTE */

function peekMinHeap(maxHeap) {
/] TTERKR
return -maxHeap.peek();

}

/* ERHHEARITER */
function getMinHeap(maxHeap) {
/] TTEER

return maxHeap.getMaxHeap().map((num) => -num);

}

[* BTHERBAPEAN k NTE */
function topKHeap(nums, k) {
/] AT
/] AR BAOVEHERAETERIR, KA AT SRAE I T
const maxHeap = new MaxHeap([]);
/] RELANE k NITENE
for (let 1 = 0; 1 < k; i++) {
pushMinHeap(maxHeap, nums[i]);
}
/] ME k+1 DTEFE, REBENKER Kk
for (let 1 = k; 1 < nums.length; i1++) {
/] BERITTERTHITER, WIHETTELHE. HFmiENE
if (nums[i] > peekMinHeap(maxHeap)) {

popMinHeap(maxHeap);
pushMinHeap(maxHeap, nums[i]);
}
}
/] REERTER

return getMinHeap(maxHeap);

EIEHITT n S NHERNHHE, MERBRARKE N b, FHINHEEREN O(nlogk) o ETARRBCRMRE,

kBN, IEE2ERER O(n) ;5 2 kRN, NASRERZED O(nlogn) .

SN, BITIRER T ISEIRRIE TR EABTIIABIER,, BATa] DS e HENRITER, IS

BRRH) k NTERAIEhASE T,

8.4 Ih&

1. EREHR

HER— PR X, MR RRSZSRAF AT 0 0 RTTER/ N, K () THERHETOTR 2 &R () 1Y,
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- RSEBAFI T SR B N SE RN, A R TR S,

R RO R LA ST ) 2R i TERAME O(logn). HETTEEHIE O(logn) RV FIHE
7% 0(1) %,

- el T WRHERIES SRR, BRI R BT .

C AR T AP OPERR, 7E MR R (R R 2 ),

C N 0 NTEESFRMEIR A E 2 ML E O(n) , EHERL

. Top-k JE—NEMELIANE, W LAEAIMESGREL SRR, R 2R O(nlogk) .

2. Q&A

Q: HdESSHN) “HE” SNEERR “HET 2R MEEE?

PERRFE— MRS, HRRIGEN “HE”, HENRANGE MR SISNE SN —E S, RPEsTn
A DABE A ERAF BRI, R rT DUESR —E BATHENTE, HI T REUN RN B 2Rait, X dE A~
HREN, BERERIOXENTF, DB LN, TN, R EBAE A TR I,
ML ATRES S BUAAF AN B f et <5 ()
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FOE

!
R
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Abstract
EAEmIRIES, BIGEE— DN, SEEE A NRIOHEIE,
F—RIHIRSHEE, #BEIXTKE KIS E F B R ETE,
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9.1
(graph) 2—FAELMERIESEN, M= (vertex) Al (edge) @Ak, FrATAIDUEE G RN —

IR V Mi—Hid E &S, DURBIER T —ME 5 DS 7 388918,

V={1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5), (4,5)}
G={V,E}

WK LB N, OB EEES N TRIISIE GEED, AT DS BB F— R R Tk A £
45K, WNE 9-1 R, MIERTERMRR (R MoraxRR (W), MEgRR (B) MAREES, HifsE

Y
* /\ .
] / \ ‘\\\‘///
Y
-2 "
(BHXR) (HRXR) (REXR)

ERZiEEHERS, AMttRAER

o1 HER. . EZRKRR

9.1.1 EMERARBSKIE

iR G BA T, Al hEm@EE (undirected graph) fIEmE (directed graph), 1 9-2 FirR.

- AETCAEF, BRI ZRIR WA ERRR, FInMER QQ Y “MFAKRR",
- tEAAEY, BEETANE, A — B A« BWATTARLRE TN, Bl e
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ZTmEE BHE
(ax7m) (am7m)

K 9-2 AmESEmME

RIEFTE TSR AEE, Al 0EEE (connected graph) MIIEEEE (disconnected graph), 4i& 9-3 filf
Ro

- OTFEEE, MR, ATARIAERERETN.
- NTAREEE, MNEITR R, B0 DR TEENE,

N

EEE IEEEE
(PR TR E2T35) (AT ET3E)

K 9-3 EEESAREER

BATERT IOILEs “FEE" &, MMSEANE 9-4 FiRiBE (weighted graph). BIANTE (EHRE)
EFWerh, RETRMHEHL RN R IR 2 MR “SRERE”, XM E M4t n] AR ERRR,

TANE BRE
(FrEIa%H) (hRANERM)
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B 9-4 ARESTANE

BRI & DU B AR,

- 4B (adjacency): YT Z [AIFETEIAEIERS, FRIXPITAR “SR%7, TEE 9-4 H, THAR 1 YR TR
HIA 2. 3. 56

- B&R (path): MW A BT B & HIM I FFIHF I A B B 1Y “BRIZ7, £8 9-4 /1, 4P
Hll 1-5-2-4 F2 TR 1 BITUR 4 B— 5812,

- E (degree): — N USIHANILEL, NTAME, NE (in-degree) Fnf 2/ &INTEMIXTUR, HE
(out-degree) FnA 2/ &I MNIXTTUSTE

9.1.2 BEIMRT

EH R 7T N QRN 1 “QBERT, DUNERI T A T2501,

1. SPiEsERE
RN AEE N n, $MEERE (adjacency matrix) #HH—1 n x n K/NHEERFRE, 8—17 ) 1R
F— DR, HMEeENRRIL, H 1880 RRMANTTUE Z RS FEL,

WIE 9-5 FiR, IRARHEERER M., TSN V | BBLMERIER M, j] = 1 R Vi) ST V]
D, R’ Mli, j] = 0 BRmIA R0,

mR%IE

#E o 1 2 3 &4

0 @ 1 1 0
\ 101 a 1 0 o
‘ ‘ / 2 1 @ 101
— 3 10 1 8 1

4 0 0 1 1 o

Trims
SBIRSERS
graph adjacency matrix

B 9-5 ERIATEIERE RN

WREHEFEEA AR,

- TERIRE, WURARES B SMHE, HERBRRERE EXN A LOTRIAE
- RTFERE, BT, BRI X SR,
- REAREEFERITTERM 1A O B E, WA Ron A,
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(AR R R PR BN, FRATTAT DAERE S AR R TR DASKIEGS, R s e R R RO RSeR R i, IR A
B O(1) o 4RT, BMEMZERERER O(n?), WNiFEHKRZ.

2. PIER

PiER (adjacency list) M n MERKFRE, PRV RFRIUR, 8¢ DMERN ML ¢, HAFEE 7%
TBUSHIFT A RFETUR,. (SIZTUSRERTTUR) o 18 9-6 R 17— Ml I AR RGR A BRI E R 7R B,
MR SHISEE A TS

e %
[ e« 533e

PiER
graph adjaceney list

B 9-6 BT RKR

ABERAUF ERFENIL, THLREOER /N T n? , RILEEMY 2R, AT, ENERPHEIE
i P RO BRI, DRI TRISCR AN AT R R

WIERIE 9-6 , RRHEREM GIMARPH “BEHHE” BRI, RIBEERAT Tt T DUR AR 75 3R RR,
FRAn Y BER A, AT DL REREE (L AVL SeRZLRBM, MIFPEINRREEM O(n) L= O(logn) ; 1A
DAIREREHNIRT R, MR AEREREE O(1) .

9.1.3 EIMNERMNA
N 9-1 FRs, Y2 IS 2GR AR ISR AL, A S Y R 0t T DAZA AL A9 1] - ]

*9-1 BSATE R WAYE

Wi b B -
HMzg HPE FRREA IBHELT I HERE
HERERES  whe i RRIREE RRLBREAHER

ENEER 2K BARREDTESINEMR  TRPUEHE
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9.2 ERvEiRF

BRI ERE R RT 0 0 307 BORRCERORT “TR” AOHRfE, 1E “ARREIERE" 0 “SREEER" MIRRRIT IR T, &

B AR,

9.2.1 BEF4BIFIEPFRYSCIN

SR TUREE N n BTEAE, N MERERISSELT S ANE 9-7 Fivr,
© WSIMBRINRRIL : EARAE AR B AR E AL BEIRT, (A O(1) Nl M2, FitkFE

I BE T 7 TN 32

WAL : AEATHAERE R BRI —1T—51, FF2ME 0 BIn], A O(n) NH,

- BRI R PR R ER— 1T — 51, MER AT I IR EI BN, FEH (n— 1)2 e

“lfe LREE”, s O(n?) B,

- WL B n TR, WAL n BOTILNESIER vertices , A O(n) INE; #I4GTE n x n K

INFIAREEHERE adiMat , FEM O(n?) KL,

TREFIR
® oo 1 2 3 4
o e 1 0o 1 o
E— MeatE
\\\\\\\ 11 0 1 0 o
/////// 2 e 1 @ 1 1
—— 3 1 0 1 0 1
4 e 0 1 1 o
3] BIRERE
Step 1
TR5IR
®E o 1 2 3 4
o e 0 1 1 o
1 HipRn EH-
\\\\\\\\ 1 0 o 1 o o
//////// 2 1.1 o 1 1
— 31 0 1 0 1
4 e o 1 1 o
3] BIRERE

Step 3

1\ BIBRTRR

Step 5

el
=3l

F W N ks

Step 2

TRFIR
=3l

wmms @

oo W N Rk e

Step 4
DI ()
#w o 1 2 3 &4
o o 1 1 0 o
11 0 1 1 o
2 1.1 0 1 o
3 0 1 1 0 o
4 o 0 0 0 0
ShiAERE

S kr B B o ©

© o r B o o ©

S & r & B, B

® o o B o & »

[ O N N~
S N

ABIEIERE

T N N
®© kB o B o kB W

BHERERE

S kB B & © &

®© o r B o o &

P
-] ] -] ) ) -] U'\e/
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Kl 9-7 SBEEFEFEAIRIGaM. ML,
DA 2 BT AR AR R 2 R R A S A RS -
// === File: graph_adjacency_matrix.js ===

[* BFBIFEFELIMNTEESE «/

class GraphAdjMat {
vertices; // TNRFIR, THREAKR TMRE", R3IKKR “TWRR5”
adjMat; // SBHEERERE, 1TFIRSIMN “TARZES|”

[* MEREL */
constructor(vertices, edges) {
this.vertices = [];
this.adjMat = [];
/] AT
for (const val of vertices) {
this.addVertex(val);
}
/] AINA
/] EEE, edges TTRARINAES|, BIMI vertices TTRERS|
for (const e of edges) {
this.addEdge(e[0], e[1]);

[* FREUNSEE */
size() {

return this.vertices.length;

[* ARINTRE */
addVertex(val) {
const n = this.size();
/] ETRRFRARINFINRE
this.vertices.push(val);
/] TESPEREFEFARIN—IT
const newRow = [];
for (let j = 0; j < n; j++) {
newRow.push(0);
}
this.adjMat.push(newRow);
/] TEPEEEREFRRIN—T
for (const row of this.adjMat) {
row.push(0);

BT



B www.hello-algo.com

193

[* MHBRTRER */
removeVertex(index) {
if (index >= this.size()) {
throw new RangeError('Index Out Of Bounds Exception');
}
/] EIRFIRAPEFRZRS] index BITHR

this.vertices.splice(index, 1);

/] TESBIZEEPEMIBRERS| index BY1T
this.adjMat.splice(index, 1);

/] TEBIFEREFRIPRZRS] index EYF
for (const row of this.adjMat) {

row.splice(index, 1);

[* AA */
/] B 1, j WM vertices JTTRZERSI
addEdge(i, j) {
/] F5IBRSHEEFLIE
if (1<0 || j<0 ]| i1>= this.size() || j >= this.size() || 1 === j) {
throw new RangeError('Index Out Of Bounds Exception');
}
/] EEEER, PEEEXTENRENTR, BHEE (1, j) == (G, 1)
this.adjMat[1][j] = 1;
this.adjMat[j][1] = 1;

/* BRI */
/] B8 i, j XN vertices JTEZERSI
removeEdge(i, j) {
/] F5IBRSHEELIE
if (L<0 || j<0|] i>=this.size() || j >= this.size() || 1 === j) {
throw new RangeError('Index Out Of Bounds Exception');
}
this.adjMat[1][j] = ©;
this.adjMat[j][1] = O;

/* FTENSBIZRERE +/

print() {
console.log('TRE%IER = ', this.vertices);
console.log('4B¥E5EPE =', this.adjMat);
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9.2.2 EF4BIERAITI

MBI TUREEON n, LEEOY m, WIATHYEE 9-8 FRAY T TSI AR,
USRI AETRRON B ERR AR B IAINARNRT, I O(1) N, Ey2EmE, Fr AT Z N aRmnm A

JITAIIA,

- MHRRIA: FETURON MR R A SO MBRE R, A O(m) INFl, TEIAEF, FERR MR D77

QESpun

© WAL (EAREER TP — R, FRREBTIE U RER KT R, A O(1) TR,
- BRI : TR, MREESEETURATAIL, @/ O(n + m) NHE,
- VIR TERBERBOIE n AN 2m 4638, - O(n + m) I,

R SERMSEENFRETRR

0-0
0-0-0
0-0-0
0-0

&
®
&
L]
) 000 &

)
l/
@ @
°\~ )
(
A4
0000«

{

WER

Step 1

TAR Sz EENFA TS
_ 0-0-0
)

© @\ »2 00 o0
| e 09000

o—o ©--0-0-0
- A4 @/ @ w@
3] PER
l Step 3
D @

Step 5

TR €)

MR SEMEENAETR

PN 0—-0-0-0
@— \ iz (-6 @ @M@
]\r P ©-0-0-0-0
00 % 0-0-0
-0

Step 2

@*@\ AR @
oo

Step 4

TR SEMRAEENFETLR

0-0-0

0—-0-0-0
0-0-0

@[

WER

K9-8 AWEARAIMIIA, ML, M

DU ARSI, HLLHE 9-8 , SRR LT AR,

- AT RIS MERTUN, DA, BAIERYIR GSEd) REEER.
- AR IR ESER, key NIUREHI, value NIZTURHIMIETRSIFR (HE5R) .
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54N, BAHEBER A Vertex ZERFORTUN, IXFEMEVRER : (RS MWRIEME—FE, HZIRRTIKRX
DR, BB ERPRR S0« TS, WFTREHENER, HIrERT « BRI 1, JeR
RARe TIANREF N URAZME—HT Vertex SEBI, MHIFRIE— TR < Ja il oM s BB TR T,

// === File: graph_adjacency_list.js ===

[* BETFPEREIMNTEEE */

class GraphAdjList {
/] SHER, key: T, value: ZINHAYFRE SBIETNA
adjlList;

[* MEHE */
constructor(edges) {
this.adjList = new Map();
/] AIFRE TR =04
for (const edge of edges) {
this.addVertex(edge[0]);
this.addVertex(edge[1]);
this.addEdge(edge[0], edge[1]);

size() {

return this.adjList.size;

[* AINA */
addEdge(vetl, vet2) {
if (
'this.adjList.has(vet1) ||
'this.adjList.has(vet2) ||
vetl === vet2
) {
throw new Error('Illegal Argument Exception');
}
/] FIA vetl - vet2
this.adjList.get(vetl).push(vet2);
this.adjList.get(vet2).push(vetl);

/* HiBRA */
removeEdge(vetl, vet2) {
if (
'this.adjList.has(vet1) ||
Ithis.adjList.has(vet2) ||
vetl === vet2



B www.hello-algo.com

196

) {

throw new Error('Illegal Argument Exception');
}
/] MIBRIA 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);

[* AINTRE */

addVertex(vet) {
if (this.adjList.has(vet)) return;
/] TEBEERARRIN— MR
this.adjList.set(vet, []);

[* BUBRTAER */
removeVertex(vet) {
if (!'this.adjList.has(vet)) {
throw new Error('Illegal Argument Exception');
}
/] TEBFERPBFRTNS vet XLZATEER
this.adjList.delete(vet);
/] BRHEMINSEER, BERFEESE vet B9IA
for (const set of this.adjList.values()) {
const index = set.indexOf(vet);
if (index > -1) {
set.splice(index, 1);

[* FTENSBIER */
print() {
console.log('$Bi&EZER =');
for (const [key, value] of this.adjList) {
const tmp = [];
for (const vertex of value) {
tmp.push(vertex.val);
}

console.log(key.val + ': ' + tmp.join());
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9.2.3 XMEXEL
R n AT m 08, 72 9-2 X kb 7 AREEE MERT A2 RIS R AR A 22 A0,

R 9-2 AWHEHE S AW RAT E

WREFE  ARHER (HER)  AWRR (RHR)

JIESSE  O1)  O(m) 0(1)
TR o1) 01 o(1)
230 01)  O(m) o(1)
VRITTIL (n)  O(1) 0(1)

BRI O(mn?)  Om+m)  On)
WEEEGR  On2)  Om+m)  Om-+m)

K92, MIPMEE (BAR) MINRRCR G SRR RM, HEPR L, EREERE P RIEORSRE
f%?, /\ﬁ*miﬂzéﬂlﬁlﬁﬂﬁﬁﬁf%{’ﬁﬂﬂTo RAKRE, EIEMHAILT DA R AR, AT R AR
BT DAl A

9.3 BEmMER

PHRRITZE “—X 2" KRR, MENBAESREHE, fJUFRRMERR “2X 2" KR, Bk, BT
ERE R — MBI, AR, B3 Dh PR i P ks s — FRE B

IR HR T 2 PR R R LB . A 75 SR s ERSBHNRER LB,
9.3.1 [ EfRFiEH
)RS C D e — R IR I D TR, WEA VIR, REURTiMBERRIETL, 22

ke WA 99 AR, MEEMTRIIA, Bz Ii- R E MR, Rak T — DI B RTA AR
IR, DA, EETETRTIRSEE,

| B EfRkiER (BFS)

I BATH R Aikghs,
RIERGE. EREY KRR

| iz 27po
e, 1, 3, 2, 4, 6, 5, 7, 8
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B9-9 K ERSTE

1. BE%Em
BFS J@H fEBIBASIRSCE, I ™R, BYIER “JeAJe” BItEs, X5 BFS /Y “HikMiz” #9848
FE To

1. PGS startvet ARG, HIFETER,
2. EPERE IR, A E TRIFICSI, SRR RIZ TR BT B T A B FA S R #R
3. R 2., EEIFTE GBI R SE R EEE

NTHiEEREAUR, EANFEEY—PBHES visited RICRIBLT L EHIT .,

Tip
157 8 & R ABE— A A7 key T ATEH value MG, BRIDAE O(1) I AR & FHHT key
AU A AR (R, ARTE key RUME—PE, Mt il M TR REF TR,

// === File: graph_bfs.js ===

[* TTEMTER */

const res = [];
/] BHEEES, ATIRRERIAFREENINS
const visited = new Set();
visited.add(startVet);
/] PAFIRRFEIN BFS
const que = [startVet];
/] UTR= vet AER, EREEIHPSTHAEIIR
while (que.length) {
const vet = que.shift(); // BABTASHFA
res.push(vet); // iERiFETASR

for (const adjVet of graph.adjList.get(vet) ?? []) {

if (visited.has(adjvet)) {
continue; // BbEE#WIAEBTNS

}
que.push(adjvet); // BNBAKIFRIBITN S
visited.add(adjvet); // tRCIZINRERIAIA

}

}

return res;
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FREEA R, EEBOMIRIE 9-10 RANTRER,

TR () B, FHATUTHRE

1. BERMRMNERFT] res
2. RETRRAIFIA SRR AIT
ANBA que FHPON visited

TR () B, FHATUTIRE

1. BEMRMNERFY] res
2. BRIMRMFE ETRNIT
ABA que HPON visited

TR () B, FHATUTIRE

1. BEM=MNERFF] res
2. REIMREFE PEMRAIT
ABA que HINA visited

BHFS res

[

BAFI que
— —
HHBA U

IFRE visited
Step 1

BHFT res

ma () B, HAFLUTEME

J 1. RBEZMRMNERFT res
2. BEMREFREETRAAT
ABA que FHAIA visited

(00

BASY que

000

[—

HEA

MFES visited

(00000
Step 3 ]

TR () WM, FHATUTIRE

} 1. BZARMNEFRFS res
2. LM RBFE BRRAIT
NBA que FHAIIA visited

o—0—90

BHFFI res
(0000 )
PBASY que

000

HEA

IAFES visited

(0000000

BHFF res

TR () B, FHATUTIRIE

} 1. BEMRMNERFS res
2. HRRARMFE SETRALT
ABA que A visited

(000000

BAFI que

00

-—

HHBA

IREES visited

(00000000

-—

ABA

TR () B, FHATUTRIE

} 1. BZMSMNERFT res
2. RZMREFE PEMRAIT
ABA que HMA visited

BHEFY res
@
BAFI que
(1]
™ E

BERE visited

(000 |
[step 2

CIX] )

BASI que

000

HHBA PN

REEE visited

(000000 |
[stee ]

WBHFF res
(00000 )
BAZY que

000

EEE visited

(00000000 |
[step s

BHEFF res
(0000000 |
B3I que

00

REERS visited

(000000000
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WHFS res BHFT
L1 L1
—— —— BASY que —— —— BASY que
’ | ’ ‘
Py — — — —
—Q://— tHEA ABA 1\ —(: ),‘ HBA ABA
- _ REKS visited . _ WRERS visited
TR () HE, FATITRE i M () ik, FHATUTRE i
1. BEMSMNERREF) res (7] 1. BEMENNERFF res (=)
2. ETRHFTE SHETARAT 2. RBETREIATE SHETR ST ’
APBA que FHINA visited Step 9 ‘ ABA que FMA visited m

= PAF que A=,
« FEE[E, TR

) REDL e i B S 75 W —2
A=, RS CE D R R “HE NI RN T, T 2 A I R TS Pk D I s eV
EEATEL. DAE 9-10 M, T 1. 3 Ui RIIBUT Al DASSHR, T 2, 4. 6 B9 Rl t aT UMERRR

%,

2. ERESH

HFAFS res

BAFI que

A

MHEES visited

Step 11

B 9-10 A RT3

ISR : Fif TS AN HBA—x, S/ O(|V|) IWE]; (B P g2, mi2rmE,
IR A IR i 2 8, O(2|E|) WR; SRR OV | + |E|) Wi,

THERE: FIK res, BAES visited, FAF que THITRERRZ N |V, H O(|V]) 22H,

9.3.2 FEMTER

R ei i — ARSI, Je#mlE s Sk /i, WK 9-11 FioR, WA BATRHL, Vil
LIRS BT R, BRERRSKNIRE, BASZESIRIHRME, DUk, EEE 0E 5

,5‘20
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1. BiEZH

—0-

@—6@)

@

8

o

ERRERSTiER (DFS)

s (@) mies,
EEAER, BRSNS EE,
B - HESRRER
BRI

e, 1, 2,5, 4, 6, 3

Kl 9-11 HEMIREAM T

AP “GERIRCSKEIRE” MERERIEE A TR, S5 MM, ERERE T, i
B visited RICFEEHOARIATIA,  DAEE 50 888 17 R T

MTREME —PMERE

// === File: graph_dfs.js ===

/* RERSET */

/] ERPERRRTE, UERIEE

function dfs(graph, visited, res, vet) {
res.push(vet); // iBFRiAFRITNSE
visited. add(vet)‘ // RIS B IR

for (const adJVet of graph.adjList.get(vet)) {

if (visited.has(adjvet)) {
continue; // BEE#IARBITNS

}

/] BYIHR ST R
dfs(graph, visited, res, adjvVet);

J* RERICEE */

/] ERMERFERTE, UERIGEETNRAIFAE BRI

function graphDFS(graph, startVet) {

/] TRIBFHFS

const res = [];

/] BMAEES, ATERERAENIHIR

const visited = new Set();

dfs(graph, visited,

return res;

res, startVet);

Ti = BIPRA SRHETI R
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RIS 1 SRR 9-12 R,

- HBSARMA TIEHE, FRITE T — HTRE I 75 R A U

- HREARR M _ B, FORIMEIARC AR, BIHE] TOTE AR E,

NTIEREERE, EUCRE 9-12 SAMLAERK, MBI (EMZEE oK) 8B4 DFS diE, St
BITIEMINIT R, AR [E,

-
©
©

: step 7 |

BHFF res

HFHFS res

(000 ]

IRBES visited

(000 ]

SEHEBER:

sarTs ) poamEms
imEms @)

BHFFI res

00000

BHEEE visited

(00000 |

ERNR:
s () mams
s (@)

WHFT res

(000000 |

MFES visited

(000000 |

SEHEBNER:

sars (B poamEms
IR

Step 2

Step 4 |

Step 6

Step 8 |

BHEFF res

@EH-IIII
o0 |

EENR:
s () s
s @)

EFHFS res

(0000 ]

REEE visited

(o000 ]

Epme:
s € warEmR
amEms )

BHFF res

00000

BEES visited

(00000 |

[E1HABTER :
ms (@) wrESEmABESE
Rikeosan, RS E)

EFHFS res

(000000

REHEE visited

(000000 |

EE:
s @) wrmEsEmsHESD
migssEe, enEms @)
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WHFS res
11 10
S REES visited —
3 .
4 9 ‘ J 12
5 Py
. @
e EmE:
TR BRI SHETRR B E 1R

Ei%7555RE, EHMZEIRR
BUHSHE - RABMZETR

Step 9 Step 10

BHFT res

IREES visited

7 ‘ ¢ LA ER:
Bt HEE, EHEMS

B 9-12 ERIBEL e )T B

DRBEDIL e il 3 F) 51 75 W —2

¢ BIRMER:
AT BT
wiEpEms E)

BIFE TR EE iR

FEHIEE], BITRER

GBS A, IR e P P AR A2 M — R, SR BT, SRR T TR RAR AT

PA, BNRBHEETS AN A DAVERATEL, #R RIS eE .

DIEES A, MR — 7 =5 “E R85 E—f - R 2RINEERF. BE ERE

P, EMERT =Mimiiised, RmX =& s TR,

2. ERESH

IRERE: FrETRESEIN 1R, 5/ O(|V]) NE; FraleEssdbn 2k, @/ O(2|E|) iE;

KB O(|V] +

E|) K,

SRMAE: 5% res, WFHES visited TASRBEEN V|, WAKERAN V], WitER O(|V])

22 [H],

9.4 ING

1. ELER

- EHRTUSAAARN, AR — IS — 4RI R &

- METERIERR (BER) MniaXR (), MXR (B) BAE&NEHE, RimENER,
- BRERZEATTRNE, EEEPRERTR AR, GNERNROE SN EL R,
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- AREIEFEMERERRRE, 81T G) RE-DIUE, BEFTREE, A 180 RmTiEs
AR TE, AR M I O LR IR, B3 A) S R Z .

- AMERMEM Z MERRFORE, 5B DEERN NI ¢, HAPEE DZTURRIRTA BRI, BRERM
AT AREIEREE AT A2, (HlHTHREENBERREID, I RBCRER,

- HATERTPAVRERIS KN, A DU HON AL B e IG T R, ATHR T E R,

- WRIRRABRAE T, AEEFHAILT “DA AR A", SRR T DA R s |7,

- BT RS EIILRGE, W4, HIRERIE <5,

- RO —RRF, Rk L P e 7 ) — AR 81

- ERT s R R EE ML, REY KSR, GBS,

- ERRERSCE LR M ERIR, o EN FERIARHER TN, WET RN,

2. Q&A

Q: FREHE SRR FHIERIAFHI?

PR ER EARESRARNE A—8: g “BiER—MaFy”, mhsaig “BiRR— 1T
H1”, PARZ2%EXhIEX: In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.

FEARSCH, BRI — DAY, AR — P IRF. XREAMAN TR Z R REF A2 ARI0 5, It
(VRS S UL VA i IR

Q: REEEFRE XA IR A FIHIR?

FEAREEE S, MREADTRHR, B0 PMRICREE, whiREaERHEREZ MEN, PoEhzE
HIRTA &I 7 &

Q: TEAMER, “SIXWRAAERNTAETR" TR 25 ZK?

A DURAERF . (BAESEPR M, AIRER ZAE IRt SUNRHE?, HAMEIR TS AR Ay, BB IR T
RAER/ NI, XA BT HRIEER A ERARE” AT,
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Abstract
HEE—ARINER, BMSGFFEERBEMZ RSN, X DAPEBTE B ir.
TEXF IR ZIRY, F—RIREE RS2 — MR EEENEZE,
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H10E AR

10.1 —9&EH

—9EH (binary search) B Mk T IERIKH S RHRREE, EFAEBIRIA R, Sah—FRERTE
l, EEEERTREERX SN,

Question
LE—MKEN n BEE nums , TTERIZMWNEIRIRFHA BEAES , EEHIFIREITE target 1E

ZEATIRS, FEAHAEEZOTR, WRME -1, REENE 10-1 Fr,

35
31
23 26
15
12
6 B8
aE 1 3
#l e 1 2 3 4 5 6 7 8 9
fERERERT A

nums

RWANBFHA nuns , EHRERTE target = 6

10-1 = EHSURBIEE

G 10-2 flR, Bl ewltatetatt i« = 0f j = n— 1, pilfsmEEHE TEMEITR, REHBERXE
0,n — 1] . WEER, HESFRRHIXE, HOSHFEELS,

Bk, RTINS,
L HEHRRGIm = (i +7)/2], Hi | | RoRm MR,
2. HIWr nums[m] A target BIK/NRER, WA R =FE N,
1. % nums[m] < target i, ViRH target fEIX[E] [m + 1, ] #, HEHHITi =m+ 1,
2. Y nums[m] > target I, BiAH target 7EIX[A] [, m — 1] H, HHIITj=m — 1,
3. Y nums[m] = target B, VHPAARE| target, KEILIRMEIRSI m,

HRANMIEGETR, BRXARL29/ N, HERE 1,

| 8 | I
e SR i E 13
® 0 1 2 3 4 5 6 7 8 9 #l 0 1 2 3 4 5 6 7 8 9
j i m b]

RF=—SER:
WAk i, j HIEABREETR. BTR 1. #HBHRE m = (i +j) /2
mERTHXE [1, j]
Step 1 Step 2
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H
B
:
o
il

7R |

| o 1 2 4 5 6 7 8 9
A AA
i iom
RE—SER:

1. HEHRE m = (i +3j) /2

2. ~ nums[m] > target

Step 3 2 $IT § = m- 1 BIVERRE Step 4
7R 1 FED D
®l 0 1 2 3 4 5 6 7 8 9
m i
BR—DER:
1. 8RR m = (i +3) /2
2. = nums[m] < target
Step 5 A BT o= m o+ 1 BIVERRE Step 6
il
ey Nl
#w o0 1 2 3 4 5 6 7 8 9
.
B —HER:
1. HERR m= (i +3) /2
2. = nums[m] == target
step 7 ~ EEFE3| m

B 10-2 &k

P, s
E 1
75*3‘.?‘:"‘
#Bl o 1 2 4 5 6 7 8 9
Aoa
i m j
WR=HEH:

1. #HEhA m = (i +3) /2

#®l 0 1 2 3 4 5 6 7 8 9
Aoa
im j
EF=HER:
1. HEHa m= (i +3j) /2

EFEREACE, BT M j &2 tnt 222, Rk + 5 nTRESEI int JUAHUETER, O 7 ik s KRR,

A VERERAAR m = i+ (j — 1) /2] FHsrd,
STTIRNE

// === File: binary_search.js ===

[* ZHEHR WHARXKE) */
function binarySearch(nums, target) {
/] MRANAXIE [0, n-1] , B 1, j D3EAHABTR. BnE
let i =0,
j = nums.length - 1;
/] &R, HERXERNTHBE (H 1> j BTRD)
while (1 <= j) {
/] TEHHRERS] m, A parselnt() M TEEE
const m = parselnt(i + (j - 1) / 2);
if (nums[m] < target)



B10E HR www.hello-algo.com 208

// WIERWEE target EXE] [m+1, j] &
i=m+ 1;
else if (nums[m] > target)
// LEBERWER target EX(E) [1, m-1] A
j=m-1;
else return m; // IXEIBFTE, REHZES]
}
/] KxBIBWFTR, RE -1

return -1;

IRIEAEN O(logn) « 0B, XEERAGN—F, FIHRERKEN log, n o
TRERER O(1) : F55 0 F j (EREEBCR/ N,

10.1.1 XE&RRAE*

bR T BARUAX SN, WX ERRES “EHAAFT XA, @8 [0,n), BELRESHS, HiLR
NIEES, FEZERRT, XE [i,)) £ = j A=,

AT AT IR LI A BRI RER — 3 EH A
// === File: binary_search.js ===

[* ZHER (ERRFXIE)  */
function binarySearchLCRO(nums, target) {
/] MENERABFXE [0, n) , Bl 1, § DEIEAHAETER. BEk +1
let i =0,
j = nums.length;
/] TR, HERXERNSHBE (H 1= j BERD)
while (1 < j) {
/] WEHRRERS n, A parselnt() A TEE
const m = parseInt(i + (j - 1) / 2);
if (nums[m] < target)
// WIERER target EX(E) [m+1, j) B
i=m+ 1;
else if (nums[m] > target)
// WIERIER target ZEX(E [1, m)
j=m
/] #EIBirR, REHZRS]
else return m;
}
/] RIZKFBERTE, RE -1

return -1;



B10E MR www.hello-algo.com 209

niE 10-3 AR, EMMXEZROR T, —0&EREIRIWGEL. BIRREANX R & A B,

BT KX FoRAR AL RO SOAX R, BIE e 4 ffaEt § 25N X IR Rt X AR
Mo XFEEAR S, Kt —BEECRH “WHAXE” 5T,

TE |

® 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 10
i ERARSEsES j i khReEsas BARTEZESE  j
EERE: WHAKE [1, j] EEEE: ERaFKE [i, j)
Myadeisst: 1 =0, j =n - 1 Miatkigst: i =0, j = n
BIFRIESES: i > j BIFBIERMG: 1 =2 j
BXKEBRE: i =m+ 1, j=m- 1 BPEEHRE: i =m+ 1, j=m

10-3  MRPIXTRIE X

10.1.2 RS RRYE

oy EARAE I TRV R 75 T AT A Fe 4 RO PERE

BRI TR RCRE, FEREURRR, ME A R A4 B B, B, S8R AN n = 220
B, AR 220 = 1048576 %A8HF, 1M AN log, 220 = 20 #HEHA.

© SR ERTIEARINE I, AR TREGIIINERNEREE (BIHRREDR), o0&
[Al

R, ZoEPGHEEMTIrAEER, EEAEDITER,

- ZOBEBRUER TAEREYE. AWMABIETTE, N TERSaERMET T, SAEKL B
HP BN R EREERE N O(nlogn) , HE&MEBM —H&EREE S, N TMEMATRNT R,
WA, FERTRMAZREME, NEHEAREN O(n), WRIEE BRI,

- ZERCGER T, BT R ARESH) TR, mAeRERHHAITERERT MR
IR, RIHANIE S A 7 R s T HER ST R BUREE .

C NIRRT, SRUEERMEREE M, ELMET, FRAE 1 HWHRCE; ME_DEKF, FE IR
A, LIRBRIA, 1~ 3 UCHIWTRAE, 1 ik (83K, 34~ 6 MNEITiflE; Bk, SEEREE n BUNN,
LM BRI L = &R,

10.2 ZHEHEBAR

ZBERAMGTHTERERTER, A TRRIF 2R, IR B TR E,
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10.2.1 TEETEMNER

Question

LHE—NEEN n WEFEEH nuns FI—DNITE target , FEHAGFEEE TR, I target AL
Hnums 1, HRBEHERM, BBEPEFEEITE target, WIHAZEET, HIRBEIHEHANG target
TEHAHFPHIRS ], REEE 10-4 FiR,

nums

BAS fiN target

nums

WMABFHA nuns , BIFE target = 6
N target MEARRSIH 2

10-4 = EPAH A SR BIEEE

FRARE A BT S AN, TR DU PN A,
g —: SEAHAPEE target I, HARNRIZOZZTRIRSG]?

L H B R target i AZIMHE TR AL, XEWEFIEAL target Bt 7 JFK target N E, thrtz
Ui, HEEHMT target B, HARMIESIEZZ target &S],

B8 HEEHAPAIFLE target I, AARZBNITRIRS?

P EEEREE: 5 nuns[n] < target I 4 B30, XERETEE ¢ FEAIRTFT target FITTREE
i, FH, et j BELERVNTET target FIITRFET,

R85 RN —E A 4 JEAE AT target AR, jIEAE NN target KR, B HBEHA RS
target I, fIARIIN . I FHTR:

// === File: binary_search_insertion.js ===

[* ZREREAR (EEETR) */
function binarySearchInsertionSimple(nums, target) {
let 1 =0,
j = nums.length - 1; // #¥BENAKXIE [0, n-1]
while (1 <= j) {
const m = Math.floor(i + (j - 1) / 2); // HEHSZES| m, A Math.floor() A FEEE
if (nums[m] < target) {
i=m+ 1; // target EX[E [m+1, j] &
} else if (nums[m] > target) {
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j=m-1; // target EX[d) [i, m-1] A
} else {

return m; // % target , REFEAS m
}

}
/] RHFE target , REEANSR 1

return i;

10.2.2 FEEETENER

Question

fE_E—EHEAE b, MUEBEA RS EE TR, HRAE,

RIZEHPFEEZ N target , MEE -2 EHRAEREIEP— target ERSG], MEMEZCEN AN
ISR S E 2 target,

R AR T RIS, i ABRMNGEE B PR A target RG], #1255 Ei@ELE 10-5
PRI SRS B

1. PIT &R, BEHEE— target &S|, BN k.
2. \N&R3| kG, M TR, YEREIRALR target IIR[E],

target

— OB

X ,.‘k. 7

=~ >

1. B=RERIEE— 6
2. BEMERIBLON 6

10-5 ZMEREEITTRITEAR

7T BN, (HHASERMEER, RENEERERN O(n) . YBHAPFERLEEN target N, %77
TERRRAR,

WEERRE S ERAE, W 10-6 iR, BARERFEAL, SRETEFERS m, FHK target f
nums[m] BIR/NRZR, 20 PA R TR,

© Y nums[m] < target B¢ nums[m] > target B, HRHIRIZEIKE target , RIMRAEIE 7 &ERVYE
/NXERSE, MANmAEFRSEER < Fl j 1) target SEIA,

© Y nums[m] == target B, WiFH/NT target MTEEXIA [, m — 1] H, FMHRA j = m — 1 k48
/NXTEL, MNTEFREE 7 MUNVT target BT FREIE,
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TETERE, @ TR /CION) target , j IEAIET/IT target AR, KIBERT] i #RIHA N,

10

: 3
T | [

%3l

> o' Dr :

Watk i, j AREAREAETE. BTR
mERTAXE [i, j]

Step 1
15
12 []
10
6 6 6 6 6
i I:I } ‘
gl 1
= R0
®l 0 1 2 3 4 5 6 7 8 9
A Aoa
i jom
RS ER:
1. itHE m= (A +3j) /2
2. ~ nums[m] == target
“step 3 | LSBT G = m - 1 GIMERKE
15
12 []
10
is 6§ 6 6 6
5 1 1 1
#l 0 1 2 3 4 5 6 7 8 9
AoA
m i j
R ER:
1. itHE m = (i +3) /2
2. ~ nums[m] < target
“step 5 | LT A = m o+ 1 BNERER
15
12 []
10
6 6 6 6
I
wE 1 }
=l o 3 4 5 6 7 8 9
A oA
j im
RE=SER:
1. HBEHRE m= (1 +3j) /2
2. = nums[m] == target
step 7 | LT G o= m - 1 BIMERKE

15}

15]
12 ;
10
6 6 6 6 6
gl
ninr |
#l o 1 2 3 4 5 6 7 8 9
A A A
i m j
ER_—SER:
1. HEHa m = (i +3j) /2
Step 2
15
12 []
10
6 615 6 6
~alllf
s S |
SlCR BN |
#l o 1 2 3 4 5 6 7 8 9
A A A
iom bl
EF =5 ER:
1. H¥EHa m= (i +3j) /2
Step 4
15
12 []
10
36 6%6 6 6
3
e |
#l o 1 2 3 4 5 6 7 8 9
Aa
im j
EF=5ER:
1. #HEHa m = (i +3j) /2
Step 6
15
12 [
10
6 6 6 6 6
3
b ‘1‘*
#l o 1 2 3 4 5 6 7 8 9
»
i
- FEREREHE i < j
~ BRHTS1ER, BEIHS| i
Step 8

10-6 o ERERETTRAVHA RH D IR

WA RIS, HIWr5r3Z nums[m] > target fll nums[m] == target FYHRIEMEME], [RILHEA] AE T,

RIELGHIE, BAMHERAT LRI S A R T, RO HOZ B SENTR R, Al et s gy,
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// === File: binary_search_insertion.js ===

[* ZHREBREANR (FEEETER) */
function binarySearchInsertion(nums, target) {
let 1 =0,
j = nums.length - 1; // #BMUINFXIE [0, n-1]
while (1 <= j) {
const m = Math.floor(i + (j - 1) / 2); // iTEH=ZES| m, FA Math.floor() [ FEEE
if (nums[m] < target) {
i{=m+ 1; // target EXja] [m+1, j] &
} else if (nums[m] > target) {
j=m-1; // target X8 [i, m-1] &
} else {
j=m-1; /] BNMNTF target BWHEEXIE [1, m-1] F
}
}
/] REFEAR 1

return i;

Tip
ARG EE WHAXE” Fik, GX4EARETUBTER “EHET Gk,

BHKRE, Zo&ERCAEsURaTat M j 2alE R A, HiraTse2 —MEARRITR (Pl target ),
WrTRER —MIeREE (BN T target KITEER),

FEAMTHIIEIA — o0, 48%F < M1 j FBHANEL IS BOERI B iR, W, EMERRIKEIER, sEiidia
ik,

10.3 —H&ERHRE
10.3.1 TREDR

Question
HE—MEKEN n WAEFEH nuns , HPrfREEESEEILE, HREEAHFHEL—1ITE target [
Rolo HHAHAPAREZIZITER, WIRME] —1,

[ = BEHSARTTIE, MRFTERE « 8RR A—1 target , RIKESIA LA FREESRREA A
target M£sl,

RIS A HAE A SRR B AR R, EERE, BETATREAE target, XAMENLATRESELA TN
Mg,

C BARIIERS] @ B,
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- JLZE nums[i1] 5 target ANHEE,
BRI DA ERAE R, EfERE —1 BiE], (A2 RAR:

// === File: binary_search_edge.js ===

[* ZHREHR&E— target */
function binarySearchLeftEdge(nums, target) {
/] ENTEH target AYHEANR
const 1 = binarySearchInsertion(nums, target);

/] KE target , R[ME -1

if (1 === nums.length || nums[i] !== target) {
return -1;

}

// ¥% target , REIZE3| {1

return i;

10.3.2 ERHFIBLR

IR B — target WE? R EAZEN T RBBARY, BHAE nuns[m] == target 16T FRYFEEHIR4E

B, RABIEILAERS, AX4EREE A AEIT,
NHEBA R E AN T

1. EREHRELR

SKhR L, AT AR B R A TC R R EBCR ARG TR, BR77500: BERERG A target ${L

R E— target + 1,

Nk 10-7 iR, EEGERUE, fEE ¢ faMRA D target + 1 (WRTFLE), M j fafmA—" target,

BEIR W 5 B
target = 6
nums
j i j i

EREE—T
target +1
Fin
EHsE—T EHREE—

target target
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10-7 HEBRGUR BN AER LD T
BEE, REMHASZ ¢, FHFRERHER 1, WmkS j:
// === File: binary_search_edge.js ===

[* ZHRERREG— target */
function binarySearchRightEdge(nums, target) {
/] BUAEKRRE— target + 1
const 1 = binarySearchInsertion(nums, target + 1);
/] j EERE— target , 1 IBABNAT target HITH
const j =1 - 1;

/] KE target , &[E -1

if (j === -1 || nums[j] !== target) {
return -1;

}

/] % target , REZ3]| j

return j;

2. BUAEHRTR

BATHNE, YBEAEE target B, &K1 Ml j 2o5FERE DNART. /N target FITE,
Klitt, @& 10-8 Fir, AR DAGIE — MNP A EER TR, A TEREGLR,

- BEREE— target : DAV NEEK target - 0.5, FEIREHEE 7,
EHEA D target : AJDAERIL ALK target + 0.5, FHIR[EFEEN 5

target = 6
wes [LJEIQEEF@EIEE]
; 4 ;i
B &k
target-0.5 target +0.5
Fih Fih
EHREE—T EREE—1T
target target

[ 10-8 RESILFEMANEDBITR

RIS, DURMRESER,
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- AEREHAN SN, IXERE BT O AR A B R B
- BOMIZITIERSIN T /N, FTATRZLR BB H Y 2E & target BONTFREEER! (Python JEAE)) .

10.4 MFERILER

FERIFEA, BATTH B R RS BON G A S POR R RN A, BB — DN RIRER A
BRfigE

Question
Y58 — NEEEEUH nums FI— PN BERIEE target , IBEFLHAIEE “F1” N target RN ITER, HIR
EIEMIEERS], REEE—/MERTAT,

10.4.1 £4EH: WU EHRS E

FRERERZBETARRNAS, WE 109 FiR, BAFE—NMEIEIR, TESH MR N EEEIRTZ SN
target, fise, NWIREIENINERS,

target = 13
nums =
9 13 17
18 22
26

BRFIEES, HBHMA
target FAASEHRE

B110-9 ZRMEAEHCRMBEME
BN R R:
/] === File: two_sum.js ===
[* FE—: BRI )

function twoSumBruteForce(nums, target) {

const n = nums.length;

/] RERER, HESEREAN 0(n2)
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for (let 1 = 0; 1 < n; 1++) {
for (let j =1+ 1; j < n; j++) {
if (nums[i] + nums[j] === target) {
return [1, j];
}
}
}
return [];

TR RS 240 O(n?) , ZEREAEN O(1), fEREIRR NIEFFEN,

10.4.2 MEFEEHK: LISSEHRETE]

FREMB—MNaRmE, EX AN BEHITTRNTTRRG BINENEE, FHRHIITE 10-10 FinrIPE,

1. AW target -

2. RFEE(EDN nums[1] FIZRS] 1 BRHIERG AR,

target = 13

nums = ‘

BHA nums

+ 13 - 2 = 11 K7 map P
-~ BTE 2 Hh0#E map
Step 1

Step 3

Step 2

target = 13

nums =

TR

key 3
" - 08
value =3l

BHEA nums

v 13 - 11 = 2 7£ map
~ EETRAGHRS [0, 2]

nums[1] BEEMGARF, A, WERKRFEIXMNTRIIRS],

target = 13
nums =
key TR
map =
-1
BHBA nums

© 13 — 7 = 6 £ map
~ B7TE 7 FhE map

10-10 il BHMG Ty 7Kg M £ Al

SCEARE AT AR, AR REIEARIAT

/] === File: two_sum.js ===

[* FET HBRAER ¢/
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function twoSumHashTable(nums, target) {
/] HBhRRER, TEEREN 0(n)
let m = {};
/] BEREX, BESEREAN 0(n)
for (let 1 = 0; 1 < nums.length; i++) {
if (m[target - nums[i]] !== undefined) {
return [m[target - nums[i]], i];
} else {
mlnums[i]] = i;
}
}

return [];

T BRI IA TS I I A M O (n2) % O(n) , KIBHRTHETAE,

HI TR EYE T — DMOMIG AR, FISRIEREN O(n) o REWMIL, %75 TARPRIRIN 28038 6 R b1,
Pt e R A S R

10.5 FiNHEFEEX

EREL (searching algorithm) FTFIEEIELSM (Flangd., fER. MeE) PR Pe—HilERE %
T E,

R BIRAMRIE LR 2 DU R,

- IE B BARGHRE N bR TR, BIANEE, BERR. AR 5
- FNBIRHA G R BIR R SR CRER, SHRPOTRER, FI &R B EHR = SR
EIKF,
AHEREL, XA R EEAERTH A E T A, RIEREEN TR AR, AT, ]
RMEIRGIMAVIN, EHraH LR,

10.5.1 |HiEE

#RFE L BRE RN TR R E A BT R,
© MR ER T RAMBERSLMERIRS Y, EMNBIREHN TR, BRITER, EEIEKE
HARTCREENA S — il A I8 HAR TR M 1k,
CCTTEARSRERT 1 REMSER” RERIR B PRE R, TSR M T RT IR E
R, BTN R DTR. REILCRRMRAET RUTER, HE —RIEREk, AR
fthig (e, EEE e MRS,

FEROILARE B HEREL, JeA SRR B RS BN SRS .
A1, MRBIEINMIE AN O(n) , Hrbn cREcs, FIELSIREER SN TR .
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10.5.2 BHiEMNiEHE

EEMERA BRI R AR (BlnE R R RIERE, s motE i B Rt R,

- ST EERT MREERERE ISR, PUER TEE.
- AT ERRT MR R REIEN B R EEEE O ED S, TSI R,
- PR TERPERIREEH (BN SRR, FET AT RUESRPRIEHERR T L, AT AL HARTT R,

KRR SRR, IS AT O(log n) #% O(1) .

SR, FERANX AR TR EON BRI T AR, BN, o &R E T A THER, e AR
E AT LG BRIMNOBURLEAY, 4R IX B RRAGHE T 7R E A MO R0 2 TR T

Tip
HIENAERFEF PR EREE, REAT ARG rhIERR B,

10.5.3 $EFRIFHEN

LR n —HEHE, BATATAERLEMER, &R WEER BRESREZMITIENPERER
TER. HMNTTER TAEFEENE 10-11 Fir,

425 o(n) BEER 0(1) AN key &ifj value
ey 1 5 '3
ZMERHEE
—5#Ei 0(logn) WEH 0(logn)

E-REFRHH

u/a EHEFTR

RIESIERE R4 MERXE

K 10-11 ZAMEREKR

IR URTTIRR B ERCR SRR 10-1 R,

% 10-1 EEREERHBERMLT
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LRMHER TR AR MG AR A
EHITR O(n) O(logn) O(logn) O(1)
AATTR 0(1) O(n) O(logn) 0(1)
MHERITER O(n) O(n) O(logn) 0(1)
Livlesls| O(1) O(1) O(n) O(n)
Hm st / H7 O(nlogn) #Ht O(nlogn) TR O(n)
YRR S A TeF? fFp fFp ToF?

RREIRANEREIR T EIRA R, BREEZER, PdR&i S EHiRs,
&MHER

- JERMERYE, TAUETEEETSE IR R, RNBA T ER —IREE, IR 2HA =5 AR R E A
AR T FE S M FE AR AN TRE 2B K

- EHTHRER/NOEAE, HIEGE N RS A SRR,

C ERTEERERCREGS R, ROV AR E SR TR TR e,

R

S OERATREAERRIEI, BCRRMRRE, RENFEZREN O(logn) .
- BUERARRET R, BN EREH TR EE SR A A
- RNERT @SBRI R, ROV A B R TR,

WA AR

- EENEREREERIRESHT R, PENEESREN O(1) .

- NEGHREARFEIRSGEEERNT R, AR RICIRLET BIRA 7.

© XIS TR R ORI A PR AL PRI O (R M A s, BRI PERE S (LK

- NEEEIR R KRIIED, RIS R T LN R EARE A R, Mt R e i it
AE.

PR

- JERTEEREEE, OV RN R BUE BRI,

- EETREGEA PR E AR R,

 TERPSUEINT SR AR, ISR ATRE AR, NRIERESEE O(n) -

- H{EA AVL eel B, M THRERTTE O(logn) BER FRAEIETT, (A4 RT- SR E S 88 I
SN

10.6 /h&E

© S EREEEIRRE I, B EIRE S AR KRR TER, BERMABIEE R, HAX
1& T B e T B ST B R S A
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- R E R SR R R, RMHOSOE T TN, I (R AR AR
SERFERN, HREEAMEL, TABIR TR, (ERREZE O(n) K.

- IRTREER, MR ) AR TR, AER R SR R R R E AR, IR
=E5, WIAEZREAE O(logn) H% O(1), IEHFEEMBTIMURLS,

- i, RANEEAEGRAR, BRIEAEER, ORI E RS AT BRI, MRS
G T

C RPHSZIE T VISR, BB T AL HF ISR AT A HOER T 2
SRR EL A ISR s S T A B WP AT SR 2 M KB S R

L BT AR R — R R (TN RIS, A IS AR EE A O (n) %8 O(1)
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F11E #HF

Abstract
HEFP I an — 1R EL A ARk e B BETR AR, A TRE DABE Sty 7y AR 5 Ab AR
TR, RE 27 EHY, HiFpamBATER T EIRFNEER,
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11.1 HIEHEZ%

HF®% (sorting algorithm) HITX —HBHRIZ KT E I THS . HFEIREET 2N, FAERF
B B RE SR S RO R, ST ANAL B,

A 11-1 FoR, HEFRIARAEEREAI ] DU REL TR AT AT ERSE, HE RO RN Al AR R 5k
BE, WEFR/N T ASCIL RGBT 5% H & R,

HRBF X NHF B
20800800 908oooooa

BRFHFHFFRS

CIEDECICEIED = ENEDEDHCID

IR E XN HF 7R &

GO0O00G OoOococooo

B 11-1  Edfm SRR R R B

11.1.1 P EE

BT BRI ERNN RS RER, HERREdEis> (NREREPREEIEEN . X
TAREGERAEN, BITRREEUNEL,

i B, R H R R BRI, TeAUE BRI MBI, TN,
WHEAET, Rt rBdERiaR e, SITEE R E DR,

FOEPE: REHFAENHIFG, HSETTREBH AT A% AR,

REHF R 2P R AR R, BIRBITE — M EFER AR, 5 155 2 510512 A
iy, FEIXAEOLT, IEREHF AT S B AR APtk

# MANSIESIRBH B HFIFRY
# (name, age)
('A', 19)
('B', 18)
('c', 21)
'D', 19)
E', 23)

# RIREBIFREHFERRERHFIIR,
# £5Rh ('D', 19) # ('A', 19) BIMEWIBHRIE,
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# WANBIEREZHFENERER
('B', 18)
('D', 19)
('A', 19)
('c', 21)
('E', 23)

FENTE: BERHRFRER A M AR AR E SR AR, RSEMRARRRER, BIENAT
SLIR A AR I R 52 2 R I T PR IR R B 2R

ROET IR : BEFHRIOFRABHESRENT (<0 = >) RAWTRIMHENIE, MmHEEE A,
LR EEREN O(nlogn) . MAFLCRHE AL BB, NEEREE O(n) , [EHEHM
LERSE SN

11.1.2 IBBEHIFEEZE

iafrth, B, FsE. BIERL ERITEYE. TR, IS IEMAREHIGRE D ERTERHIERH T Rk, Fitt, £
PP IR, R IR BRI BRSO )RR SRR DUE

TR, BATRIERZESSAHEP R, HET LR 2 RIER LR s T 204

11.2 &EFHIF

EEHF (selection sort) W TAEFEHARF EH: JTE—ME, SFHMRHFXEIERR/NITTR, RKHK
FIEH P XRIFARE,

RBANKEN n, EREHFNREREWE 11-2 Fir,

L AR, FrATeRAHy, BIARHF (RsD XEXN [0,n — 1],
2. EHUXIH [0, n — 1] PEIB IR, KHSRS| 0 AReREzet. lE, B 1 HoReHr.
3. EEUXH [1,n — 1] PEIB/ IR, KHSRG| 1R TRR . ElE, B2 HoRetr.
4. DAHREAE, 283 n — 1 kRS 5s, Bl n — 1 MEREHT,
5. QG —PMITROERRATLR, THHT, RIS ER,
- @ wes (EED
ﬁl;%ﬁﬂ%&;ﬂ, WERBNGTR nums [k] EJT;EHFJ?E;E, SERER/GTER nums[k]

ZHR/eR nums[k] FRAFXERENTE nums[i]

Step 1 Step 2
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KHFXE

nums

2 wiEE:
BHARHFXE, %ERITR nums[k]

Step 3 ] step 4 |

KHFXE

nums

¥ 3wk
EHARHFXE, %ER)TR nums[k]

Step 5 ] Step 6 |

RHFXE

nums

o4 Wik
EHARHFXE, ERITE nums[k]

[ Step 7 ] Step 8

RHFXE

nums

B 5 R
BHARHFXE, $ERITR nums[k]

[ Step 9 ] Step 10

KHEFRE

TRHF RR—NTREAAF)

Step 11

11-2 EFHEF PR

ARG, ATk RICFARHF X RN R/NTER:

RHFXE

B 2wk
BHARAFXE, EERNTE nums[k]
TR nuns[k] FARAFXERENTR nums[i]

RHFXE

B 3wk
BHARAFXE, EERNTE nums[k]
ZETTR nuns[k] ARAFXERENTR nums[i]

FHEFEE

B 4 Rk
BHARAFXE, EERNTE nums[k]
ZERTR nuns[k] FRAFXERENTR nums[i]

KHFE

nums

8 5 Wik
BHARHFXE, #EERNTE nums[k]
TR nuns[k] FARAFXERENTR nums[i]
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// === File: selection_sort.js ===

[* EFEHE +/
function selectionSort(nums) {
let n = nums.length;
/] MBI REFFXEN [1, n-1]
for (let 1 =0; 1 <n - 1; i++) {
/] WEF: HERFFXERNRNTER
let k = 1;
for (let j =1+ 1; j <n; j++) {
if (nums[j] < nums[k]) {
k =3; /] BR&NTENRSI
}
}
/] BizmhaRSAFFXENE N TR

[nums[1], nums[k]] = [nums[k], nums[i]];

11.2.1 EiEis

IRISEZIEH O(n?), JEENERHERE: SMEFRIE n — 148, S—RIOARIFXRKE  n, FE—5
AR IS 2, BIESAMERR RIS ny n— 1, ... 3, 2HBIESF, SkAmy -Unt2)
- AR O(1). BT $55t 0 BT j SRR EO IR,
- ARRBEHDY: W 113 FOR, THE nuns[1] A ATREREME SIS RITT R, SEPIERIA
W R

kHFXia

oo
RITE—IER

FHFXKia

eoacaa

TRE—RIERE,
MATTE 4 PENUERET RS

11-3 & AR E R G
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11.3 BaHF

Bi8HF (bubble sort) JEITIESIM LI S A HAHBTTR LI, X DIEFERG IR AERE T2 T —FF,

ESY: KE ZA=Riuke 35 28

G 11-4 FoR, B AR ] DA HTC SRS ERAEL . W R ARG, AR EEE AR TR R
AN, TR ATER > AR M A W, RRRITTR SRS EI A R R i

ums °0°0°0

FHRARE—H R
TENNSEREFRIELL

~ DEE0EE

=
nums 09\0090

MEZGBHESTER:
v EORER > GARR
o BRI TTER

Step 3

nuns 060°°0

MEEGERHESTE:
v EBRER < GATR
o HRTE

l Step 5 J

Step 7

11.3.1 E&imiE

nums Q‘egeo

MNEEGEHESTE:
v ARk > BATR
o R ITER

Step 2
N
- 0000@0

MEZEGEEHESTR:
v EARER > BATR
o X TTE

Step 4

eQOQéb

MEEGBHESTE:
v EBRER > BATR
o RREBWITHR

Step 6

IKIE IKE
nums oeoooe

®H n-1 AEEREE

BHZERSE,
BARERTHAE

B 11-4 FIHTRHBRER S I

REAHNKE N n, BiRAFFRPERINE 11-5 frr.
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L B, XN n NICRIT BT, RBERERACRHEIEMAE.

2. TR, MERn — 1ATTRWT "B, K Ao IEmAIE,
3. UMK, i n — 1% “Hilg” 5, #in — 1 KECEARPEHE IEmAIE,

4. PORIIN— A LR e/ VLR, T, NS 2.

“‘BikE  KHFEE

i Sparr -3
- 00000 T

WiTHE 1 BER

LEZEES a -

MITE 2 ®ESR

- 0

HiTHE 3 BEBR

=
820 8 -

=l

=

[o,

MITE &« BEE

8800

AITE 5 ®EE

08000

TRHAF ®RR— T TRLTAHF)

[o,

[o,

K 11-5 BiEHFifs

RIS T :

// === File: bubble_sort.js ===

[* EEHE */
function bubbleSort(nums) {
/] 5MEIR . RHEEEXIER [0, ]
for (let 1 = nums.length - 1; 1 > 0; i--) {
/] WEF: BRHFEXE [0, 1] PHRATERIREZXENRAHR
for (let j =0; j < i; j++) {
if (nums[j] > nums[j + 1]) {
// 3 nums[i] 5 nums[j + 1]
let tmp = nums[j];
nums[j] = nums[j + 1];

nums[j + 1] = tmp;

5]

4]

3]

2]

1]

o]
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11.3.2 %EMRK

BATRI, MRHEAE “BiR” PERA PTG, WHBEHE SR, ATERRRESER, Fit, [l
DA AN —MRAGEAL flag SRESIIXAME S, — B HBIHEZENRE],

SR (bAL, BRI I RPN L 28 O(n?) 5 (B45 A S se 2 I, ATikE)
RENAEZE O(n) .

// === File: bubble_sort.js ===

[* BAHE (rEmh) */
function bubbleSortWithFlag(nums) {
/] 9MEFR: FHEEEXIERN [0, ]
for (let 1 = nums.length - 1; 1 > 0; 1--) {
let flag = false; // #IPAKAIRENL
/] WIEF: KRHFEXE [0, 1] PHRATERIEEZXENRAGH
for (let j = 0; j < 1; j++) {
if (nums[j] > nums[j + 1]) {
[/ ¥ nums[j] 5 nums[j + 1]
let tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
flag = true; // IERXMTE
}

}
if (!flag) break; // U3 “BE” RIREMITER, EREEBH

11.3.3 Hixiss

- EEZE N O(n2), FHBRHEF: &4 BN WHEEEERI I n — 1, n—2, ... 2. 1,
JRIH (n— 1)n/2 . 1ESIA flag (HALE, SREERTRIEZRE TS O(n) .

- SEREZE N O(1), JEHEHET: $56F 0 A GERIRSOR/ NN EE ),

- Rt BT CEIR BRI TR A,

11.4 {HENHEF

HNHEF (insertion sort) J2—Rhfa BAGHERF IR, B TIERHES T — IR AR IR R AL,

HARRW, BAERHP X AESE—NMEETR, RizooR5HAMEHF XRTRE — RN, IR
ZICRAZIEMAN B,

B 11-6 R 7R A TTRATRIERRE, BIEMETTERN base , BAIFHZER M EFRRTZ] base Z HAIFTHTT
RGN —NL, R base WEL HIRRS
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nums[5] = nums[4]

K& 3 AR nums o, N
N N R TERKRR
BRI E T BREBH—{1 | |5
;ll.l..-n

nums[4] = nums[3]

BRTER [
#BERES |

11-6  BARIR NIRIE

11.4.1 EERR

FENHEF RV RR RN E 11-7 FoR.

L ISR, BEHRE 1 DR eemdF.

2. IEBEHRIE 2 DITRMEN base , FHMAZEWMAES, BN 2 MRy,

3. IEHEE 3 NITRMEN base , KHMARIEWMIE/S, BEHMN 3 MR CHT.

4. DASEHE, TERJE—4eh, JEBURIG —1NICRIEN base , HHMARIEWMIES, FifixiICHy.

EHFEiE

[0, o]
[o, 1]
[0, 2]
[0, 3]
[o, 4]

[0, 51

11-7 f@AHEF AR

ARBIRESANT :
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// === File: insertion_sort.js ===

[* FANHEF */
function insertionSort(nums) {
/] SMEF . EHFFEXE [0, i-1]
for (let 1 = 1; 1 < nums.length; i++) {
let base = nums[i],
j=1i-1
/] WREF: 3§ base AFIEHEFXIE [0, i-1] PHEHUE
while (j >= 0 && nums[j] > base) {
nums[j + 1] = nums[j]; // & nums[j] EAFBN—L
3--3
}
nums[j + 1] = base; // ¥& base WEZEMIE

11.4.2 B

- WRERER O(n?), HIERHT: fEEEHN T, BUOEARESHRER/LE R — 1. n—2, ..
20 TR, KAMEE] (n — 1)n/2, WILRHEZREHR O(n?) . EIBEIHFEARN, HARIERIRAL
ke MEABAZERAEFN, HAHTBRIRENEERE O(n) .

- EMERER O(1), i 1854 /0 j (R EEOVNIERSNE L

- RUEHEE: ERAREERES, ROSKETRBAZMHETRNEAM, A8 ENRIT.

11.4.3 {EHENHIFBLE

AP FEZE R O(n?), TEAIERE: S PO F N RE 2N O(nlogn) » REMAHER
AORTRIE R s, HAEBR RO, dAHEE E ik,

XL S SNEE R — B AE A E IR e R, PIEHTIXE O(nlogn) LR TE T 01AK
WERHET SRS, S E 2 TR e, MAEBIRREYIE, n? Fl nlog n MAUAILAENE, SRER
SN, SRR STTER RS DUE R

Khr b, WEHEES (B Java) FNEHFFEECRA THEAHY, RECEEN: X TREHE, RAET
SHARMIIHF IR, BIanpuEHTy; N TERE, BREREAHE,

EORF I, AR A IR RS 2458 O(n?) , (BAESZBRIGHR, $AHERS M 550%
Fea T HIEHprmEssy, Z2ALTEE,

- B E T TR, TEMB— DR R, PR 3 NI, MmAHEE T TRMESL
B, 1 DEITRiE. Fit, BINHDFEHHRITRE R LA HE 5,

OEFHEF TSR RN REREEN O(n?) o WURGE LR A DS, FBAHDTIE ik
PP BR E .

- IR AEE, RN AT 2R,
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11.5 REHIF

BREHF (quick sort) B—MUEET ARSI RIE, BITRR, MHZ,
PIEHE R ORMER “THIERI ", HEMRE: SR PR TR R, /TR
RUTTRBRIHAEM, AR TEESETTRBEIHAM, BARKE, HIXIRRAENE 11-8 For.

1. EHESEA R AT R E R, WAL MEEE LR § o alda e mis,

2. WEMER, EFRAER L G) 2RSS PHERELCR () BITR, KRR ITR,
3. TR AT R 2., HEI LM §AERRIE, REREMEECIIE N TR L,

‘ Step 1 F 3 Step 2 BEN
left right left right
v v v v
- @00000
A A
i j i j
def partition(nums, left, right): def partition(nums, left, right):
R SRy
i, j = left, right # LU nums[left] REESR i, j = left, right # B nums[left] HEMEHR
while i < j: while i < j:
while i < j and nums[j] >= nums[left]: # MEEAREMNFEERNTE while i < j and nums[j] >= nums[left]: # MEMEREMNFEEMRNTE
3 == J==1
while i < j and nums[i] <= nums[left]: # MEBGREIATFREMNTE while i < j and nums[i] <= nums[left]: # MEBGHREIATEEMOTR
i4=1 i+=1
nums[i], nums[j] = nums[j], nums[i] # XF TR nums[i], nums[j] = nums[j], nums[i] # REFNTR
nums[i], nums[left] = nums[left], nums[i] # BEEBTRERFHANDIAL nums[i], nums[left] = nums[left], nums[i] # BEEBTREFRFHRANSIRE
return i # EEEEENRS| return i # EEEEEHRS|

Step 3 BN Step 4
left right
v v
~: OE08E
A A
i j

rtition(nums, left, right):

def partition(nums, left, right):

SRS SRy
i, j = left, right # LU nums[left] HEE j = left, right # Bl nums[left] JEbfEs
while i < j: while i < j:
while i < j and nums[j] >= nums[left]: # MEEARE NN FEERNTE while i < j and nums[j] >= nums[left]: # MEMEREMNFEERNTE
j-=1 j =1
while i < j and nums[i] <= nums[left]: # MEMAREIATRERNTE while i < j and nums[i] <= nums[left]: # MEMEREMATEEBHTE
i4=1 i4=1
nums[i], nums[j] = nums[j], nums[i] # MIFTHE nums[i], nums[j] = nums[j], nums[i] # RWXFITE
nums[i], nums[left] = nums[left], nums[i] # BEEBTREFFRANHAL nums[i], nums[left] = nums[left], nums[i] # REEBCRERFEANSRE
return i # EEEEHNRS| return i # EEEERHRS|
Step 5 -3 Step 6 B
left right left right
v v v v
-~ 00008 - (00008
Aa ' ‘ A
i b
i
def partition(nums, left, right): def partition(nums, left, right):
"UERIS R 1P A
i, j = left, right # 5 nums[left] HEmH i, j = left, right # 14 nums[left] HEEH
while i < j: while i < j:
while i < j and nums[j] >= nums[left]: # MERARE NN FRERNTE while i < j and nums[j] >= nums[left]: # MABEREMNFEEHNTR
j-=1 j-=1
while i < j and nums[i] <= nums[left]: # MEBGHRETATEERNTE while i < j and nums[i] <= nums[left]: # MEBGREIATEEMNTE
i4=1 i4=1
nums[i], nums[j] = nums[j], nums[i] # IR PTHR nums[i], nums[j] = nums[j], nums[i] # THRRWTH
nums[i], nums[left] = nums[left], nums[i] # BEEMZRERTFRANHFLE nums[i], nums[left] = nums[left], nums[i] # BEEMREMTHRANSFE

return i # EEEEHMRS| return i # EEEEMMRS|
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BHEH
left right

- (000808

J
i

Step 7

def partition(nums, left, right):
RS
i, j = left, right
while i < j:
while i < j and nums[3] >= nums[left]:

# Bl nums[left] JEAmM
# MNEAERENMNTFRESNTR

3-=1
while i < j and nums[i] <= nums[left]:
ias1

# NEAEREMATRERNTRE

nums[i], nuns[3] = nums[3], nums[il # AR
nums[i], nums[left] = nums[left], nums[i] # BEEWTRERFRANSRE
return i # EEEEMOES|
Step 9

BEH

Step 8
left EHEH right

[— v
Y e\
nums [nnan

J
i

def partition(nums, left, right):
R
i, j = left, right
while i < j:
while i < j and nums[j] >= nums[leftl: # MAEBAREMNFERRGTE

# B nums[left] HEEH

j-=1
while i < j and nums[i] <= nums[left]: # WEMEREIATEGBNTE
i+=1
nuns[i], nums[3] = nums[31, nums[i]
nums[i], nums[left] = nums[left], nuns[i]
return i

# TRXFDTE
# BRESTRERTHANS RE
# BEEESHRS|

- @00080

EFHE

HFHRE

‘MRS TG, RRMTEN
EFSAERTR < BEY < AFHRAERTR

11-8 X0

WX e E, RS R =8 T8, SR, A8, Bk “ETBEERTR <&

R < AT EAHERTR". B, BIHETRAR

XX F BB THET

PRIBHE I 50 6 RS

MR 0 B SR U K — DB A HE 7 TR B T R R DB B I HE e 1]

// === File: quick_sort.js ===

[* TTERM */

swap(nums, i1, j) {
let tmp = nums[i];
nums[1] = nums[j];

nums[j] = tmp;

[* HEXS */
partition(nums, left, right) {
/] LA nums[left] FEHEER
let 1 = left,
j = right;
while (1 < j) {
while (1 < j && nums[j] >= nums[left]) {
j -=1; [/ NERAEHRENNFEERNTER
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while (1 < j && nums[i] <= nums[left]) {
1 +=1; // NERABKRENATEERNTE

}

/] TTERRIME

this.swap(nums, i, j); // RIRXF TR
}
this.swap(nums, i, left); // BEEHRIREFFHRANS RLE
return i; // REIEEHNZES]

11.5.1 EHERR

PRIgHE R R ERAA TR ANE 11-9 FiR.

LB, MEBART IR THER”, [ERHF R A T BER G 75,
2. )5, MEFEHNG FEADAIEIIT "R,
3. FiaIH, ERETFEGHKEN 1 INEIL, MRiEBEN T

\
s EDEREE

FREA
B EEEE
RIS
B_ BAFHART “HENS”
BIREFEHA CBPAGTEE - EEFHREKERN 1 HAL

X BRR SER R E HE
M EEX 53 I EE 8153
:

=3

T It V| f1=:VE| (= lmr V)

Bl 11-9 PusHEriife
// === File: quick_sort.js ===

[* RERHE */
quickSort(nums, left, right) {
/] FEAKERN 1 HEIEH)]
if (left >= right) return;
/] HEXD
const pivot = this.partition(nums, left, right);

/] BAEFERA. HFHA
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this.quickSort(nums, left, pivot - 1);
this.quickSort(nums, pivot + 1, right);

11.5.2 HiEsE

- MRERER O(nlogn). AEAERNHEE: EVER T, WEDHNEHELCN logn , BEHH
BB n, BAEH O(nlogn) N, fEREWENT, SHRIEIRIBRIEERACE N n %K
SHREER O n — 1WA THA, HEEAEEAE n, SEPNERECYn, BAER O(n?)
Hﬂ‘l‘EﬂO

- BHERER O(n), RHHDT : EMABHZE2EFIERT, BRREZRTRE n, £H O(n)
Al Her B E R A R BT, RIGBIEIME.

- ARRREHE . EWEONRE P, BERRIRER P EHFTTRIA M,

11.5.3 REFHIFEAT AR

METR ERRER H, PRIEHEFERCRITHN ZEA —ERE, REREHFR IR FERES A
B R CHERRRT MR, (HIEEPOEHPRIReRE S, EEADITERER,

- B ZERE UL RIS BAVRAEFNRERFEZE N O(n?) , WHIDHITRE, B4k
ZEIEHUT, PuEHTRETE O(nlogn) HINHE 2% E TIiBfT,

© RAMERIRCR S AT SSRIBRER, RN T RANEE %A, IR RARERE
who MR “HEHER” XRBIRFREBBTIFITR, MMERZX —RE,

- ERENERARRUDN: £ ER=MRES, PR WRE, SR AR R D, XS
AT e BT EREE KL

11.5.4 EHEHRK

PdHE 2 DRI RBSCR AT REREIS, 28— PHSmB T, B ABE R 2RFR, BTHANERE
RIETCRIENEERL, I2ENEXID MG, SRS B Rktm, SEETEHRE N n — 1,
ATBAHKEN O, AL, FRIHEKDEHRE DT B KERN 0, ARG, i
B “BiEHF" faeir.

N T RERGIXAEOULE, BT AN 53 rh SR ME RN GR I BiIan,  FfiTn] PAREHLIZR — 1
TERIENEMER, R, WREAE, BIRANESIABEEEER, BRMANRWAE,
TEERNE, WEESEEERIE “OhREHLEC . WERIAMTE X Do BENLE U SIAL E— R IR
AR 2 PRIEHE P B RRAT PR PT RE S 1o

N PG, AR DR IER = MR CEF M ANE, B, FRotR), IFRFIX=A ik
TCRAPPABA AR, IXRE ok, B "B/ MBARKR” BIREREE RIS, R, BABER A
VEHUE 2 e, DI — SR mEIAERME N, RAIXFTIEE, MRERESLE O(n?) MHERAK
R

ARBIRESANT :
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// === File: quick_sort.js ===

[* EEN=MERTEIPAIER */
medianThree(nums, left, mid, right) {
let 1 = nums[left],
m = nums[mid],
r = nums[right];
[/ m7E LH r Zi8
if ((L<=m& m<=r) || (r <=m& m<=1)) return mid;
// LTE m# r 2
if ((m<=18 L <=7r) || (r<=128&% 1 <=m)) return left;
return right;

}

/* HEXS (ZHENFHE) */
partition(nums, left, right) {

/] B = MEETT R IR

let med = this.medianThree(
nums,
left,
Math.floor((left + right) / 2),
right

);

/] BRI ERR 2 HA = A i

this.swap(nums, left, med);

// LA nums[left] ANEHELR

let 1 = left,
j = right;

while (1 < j) {
while (1 < j && nums[j] >= nums[left]) j--; // MABREHRENMNTFEESRNTTS
while (1 < j && nums[i] <= nums[left]) i++; // MEAGHREDMNATFEEHNTE
this.swap(nums, i, j); // RIRXFW TR

}

this.swap(nums, i, left); // REEHRIREMTIHAN T RL

return i; // REIEEHNZES]

11.5.5 RE&Jakk

TESIEA T, HOdeHE R nlRE i I %, DAs2 2 RS A BN, T TR BER m
EOIY SRR A KN O BOZE TRCERTKEE N m — 1 M0 TR, X — TV D
HORIERURER S (CURD— A TER0), SRR EELAE] n— 1, IR S O(n) Jo/ MRz,
N T DR R RR, TR0 GRS iUn, PR TR, DONE T3El
I, TR TR K RS n/2 , ISR AR BT RE AIT logn , MTiKHEESS
R 2R O(logn) o ARSI FHT:
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// === File: quick_sort.js ===

[+ REAEE (BRJAMRE)  */
quickSort(nums, left, right) {
/] FEAEKERN 1 H&LE
while (left < right) {
/] THERIDIRME
let pivot = this.partition(nums, left, right);
/] FEADNFEAPBIGI NPT RIEH
if (pivot - left < right - pivot) {
this.quickSort(nums, left, pivot - 1); // EIAHFEAEFEA
left = pivot + 1; // FIKREKHFEXEA [pivot + 1, right]
} else {
this.quickSort(nums, pivot + 1, right); // E)IHFAEFEHA
right = pivot - 1; // FKFHFXEA [left, pivot - 1]

11.6 AHHF

JAFHHRE (merge sort) B—FET ARIBIANTEE, WEE 11-10 Fospy X7 M “GI" B,

L. XIoBrEe: JESIEBITARWTHER R N AL T, R KB A HE R M8 40 R 28 2 B HE e L
2. BB HTEEHKEN 1 INIEXy, THAEEI, RS AAM NEUERE P EEHEH I — DK
KIEFHEL, B4R,

PEEEEEEE

bl 711

) s
IR

- BHEME

B 11-10 IR 5 & FF B
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11.6.1 BEEHE

N 11-11 Fow, XU BB TR IR A b B2 AR s ) o A2

1. HEEHP R mid, BEAXDAETEH (XH [left, nid] ) FHEFHH (XFA [mid + 1, right] ),
2. BARTHE 1., EETFEAHXRKEN 1 &L,

“BIHHER WERETUR LT BANEG FEHEHF N — D ERFPEE, FEEER, WREN 1 TR ETT
wmaH, SHMERFEDN TEHBRAE T,

l Step 1

{ Step 3

[ Step 5

=1

#EAS <

EHEH

#ERS <

Efi&EsH

#IEARS <

E&EH -

#ENS <

Ei&H -

(7 [a]2]s]

Deana

Ly el

D bR

R

EJ12 40

B2
EJ1 40

R
EJ12 40

Step 2

Step 4 |

Step 6

[ step 8

#EANS <

EHEH

#EAYS <

EHEH -

#EANS <

E¥EH

BRS¢

EMEH -

oaoa

a8

g2

B i

7 ]s]2]¢]

a8

AR
EJ1= 40

g2
LR

AR
LR
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28080
BAEARS < aa BAYS <
. . ) R {
( %} ey (
EMEH 1 ( ] EaH -
Step 9 Step 10

11-11 VAFFHEF 3R

WER AR, VAFFHEY 5 = SR P D 2 U U 2 — 2,

- JRREElY: SR TR, FEBIIE T, SRR A
VFEHE: Jod A8, @G TR, BELEEH,

VAFEHEF B SE B0 A R AR AR, IETER, nums BIRFSIEXEICH [left, right], T tmp BYXT N [X EIH
[0, right - left],

// === File: merge_sort.js ===

[* BFEFHANGTIAE */
function merge(nums, left, mid, right) {
/] EFEAEXKER [left, nid], AFHAXEN [mid+1, right]
/] BIB—NIGEEA tmp , BTFEREHEHNER
const tmp = new Array(right - left + 1);
/] ¥IE A FEEAAN A F A RIS RS

let 1 = left,
j=mid+ 1,
k = 0;

/] BEAFHAEETEREN, #HITHRHERNNTRESRFIRITEAH
while (1 <= mid && j <= right) {
if (nums[i] <= nums[j]) {
tmp[k++] = nums[i++];
} else {
tmp[k++] = nums[j++];
}
}
/] BEFHANEGFEHANTRTEES TG EEHR
while (1 <= mid) {
tmp[k++] = nums[i++];
}
while (j <= right) {
tmp[k++] = nums[j++];
}
/] BIEEE4E tmp FRITTREFIEIREE nuns AIXRZXE]
for (k = 0; k < tmp.length; k++) {
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nums[left + k] = tmp[k];

}

[* VAFHE */
function mergeSort(nums, left, right) {
/] BIEEH
if (left >= right) return; // HFHEKERN 1 BRI
/] RIDHEE
let mid = Math.floor(left + (right - left) / 2); // HEHS
mergeSort(nums, left, mid); // RVIEFEUEH
mergeSort(nums, mid + 1, right); // RIIGFEA
/] EFME

merge(nums, left, mid, right);

11.6.2 HiEsE

- WS ZE S O(nlogn). TEENERHET: KIZFEmEN logn HBITR, 52 ATH MR ESER
N, HLSERTFEZ2E S O(nlogn) .

- SEEAIER O(n). IEHHEY: BTN logn , B O(logn) A/NKEMZSTL, AHRIEH
TEBRHIIRASI, B O(n) A/NESNaSH,

- RUEHDY: AR, SR R R,

11.6.3 §ERHIFE

NTHERR, VAR T R B B A B0, WBLRBERHIP RSB MEREMILE O(1) .

- RBBE: ATDUER] OB B BT SRSSEIRERI > TAE, AT A K6 A AR A,
© AIERREY: fERERT, TRIEMERCERRSCES I (EE) BIRTSCH, REFHME RN EE
RAHN-DRAEFHER) TTHOTEIIMER,

HAASCIANTT LR 2%, AR IRE 7] DA R S BRI T2 5

11.7 HIE

Tip
BEATTHT, IEMRRE 5 “ “ET,

e (heap sort) 2 — MR THERHRESH SR @ RIE, FOTATDAHEAAER “HHERIE”
TURHHERIE" KIHEHE

L. BONBCERFENNTiHE, T iR/ VTR AT HET,
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2. AWAAT HIHERRSE, RUGCREHETTER, BIRREIWNERHF IS,

PAETTIREIRAIAT, EFRZEEY— NN R HATER, AR,

— R AR LB T 3

11.7.1 EERE

BRI n, HEHEFRRAENE 11-12 R,

1. MBI ENRTNME, e, RATTRATHEDL
2. FHETIOTR (BB—PnR) SHRTR (RE—TaR) K, eiss, HrKER 1, EfFT

ZHEM1,
3. MNHETTUTZEITAA,

4. PEMAITHS 2. BHIE 3. Do TEHA n — 1 %2J5, RIRISEREETEY.

FESCRRAR, Bl TEH EH

MIRENFRAITHEACIRAE (sift down), FERMHELIS, HERIMERISEIEE,

Tip

Khr b, JTREMEREPREES 2. PRE 3. 5, L

Q% 17— TR P,

Al

A\ \
mw RHBRT

SERBERT

s (DODOBE

SETRTTHR SEETE

}
() ©
e

HIRUEE AR
.ﬂalﬂﬂ

| Step 3 ‘

Step 1 \

O
6 o
doo

HIEHER EHIFEE
BBB

Step 5 \

SEHIF

1. MINSAHEE

SEHIF

1. WSS

2. EFMEPRIRATER
(1) ZEMTESHEETE
(2) MTRERHTHEN

SEHIF

1. WINSAHEE

2. BEFRMEPRIBATER
(1) HETRTRSHERTR
(2) MNTREER#THN

o

ﬁWEﬁEﬂ Eﬁﬁ@ﬁ
- 00008

Step 2
@
o

@5@@

EHEREE Emszm
- (00000
Step 4
o
/J\
y -
@ @

ﬁME%Eﬂ EWEEH
- 00908

Step 6

.4

SEHF

1. BINBERFRERIE
2. EFMEPRERATER
(1) RBETTRSHERTR

S

1. WABURHEE
2. EFMEPRERATER
(1) ZWEMTRSHERTE

SEHF

1. BINBERFERIE
2. EFMEPRERATER
(1) RBETTRSHERTR



H11E HF

www.hello-algo.com

242

@
© o
0060

QWE&EH Emﬁzﬁ

ﬂ.ﬂﬂ

| Step 7 \

6 o
ooo

$W§QEH Emﬁzﬂ

- O00000

SEHEF

1. WNSAHEE

2. BERMEPREBATR
(1) HETMTRSHERTR
(2) MNTREERH#THMW

SHIF

1. WABURFHERME

2. EFRMEPRIBATE
(1) ZHETMTESHERETE
(2) MTRERHTHEN

o
o

0060

‘QWE”ZH Eﬁ?ﬁﬁ_’n
nuns (8 2 a

Step 8

()

e o
000

ENFENEE EHFRE

w0000

SEHF

1. MINBEAF R
2. EFMEPRERATR
(1) RBBETRTRSHERTR

SEHE

1. WABUAH R
2. BFMERRERATE
(1) ZWETMTRSHERTE

Step 9 ‘ Step 10
o o w e o w
1. B 1. AmEHRE
@ @ @ 2. EEAERREATE @ @ @ 2. EAAERRREATE
(1) TR RSRETR (1) SERETRRSERTR
RITENER  BAFER ) WREE#TE EHFER Q) WIER#TEL
: : 3. MR REEALE, s
nuns ﬂa s (EEIE0E

[ step 11| Step 12

K 11-12 HeHER 538

RIS, FAER TS5 “HE” Z=5AERR AT R sift_down() L, EFEERE, HTHER
KEXMERBRATTRTR/D, EHRNTES sift_down() BERM—MKESE n, ATHREHERY
HIERORE ., AU R AR:

// === File: heap_sort.js ===

[* EREKER n , MNTE 1 A,
function siftDown(nums, n, 1) {
while (true) {
/] TS 4, 1, r PESRANTS, 127 na
let 1 =2 * 1+ 1;
letr=2*1+ 2;
let ma = i;
if (L < n & nums[1] > nums[ma]) {

ma = 1;

MIRZERIEL */
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}

}
if (r < n & nums[r] > nums[ma]) {
ma = r;
}
/] BEER 1 &AHES| 1, r @7, WEhngssgEd, Bkl
if (ma === 1) {
break;
}
/] AR
[nums[1], nums[ma]] = [nums[ma], nums[i]];
/] TEFETHL

i = ma;

[* HEHF */

function heapSort(nums) {

/] BEMHRIE: EUWRHT RSN EMPAE T R
for (let 1 = Math.floor(nums.length / 2) - 1; 1 >= 0; i--) {

siftDown(nums, nums.length, i);

/] MIEFIRENRATTE, BIF n-1
for (let 1 = nums.length - 1; 1 > 0; 1--) {

/] REBETRSREEHTR (RIRETESETR)
[nums[0], nums[1]] = [nums[i], nums[0]];
/] UART SRR, NRERHTHEL

siftDown(nums, i, 0);

11.7.2 B

11.8 HHIF

IRERER O(nlogn). JEEERHEE: BHERIEGH O(n) NiE, MHEFHIRBURAKTTRIN RS
2R O(logn), HIEHRn — 148,
- BRERERN O(L). FHHDY: JLMEHERMH O(1) 22, TTRAHAHEIRIEAZ e -
BEATHY,
- AFREHET : TERIRHETTOTRAIHE IR, HETRIVHEA AL E TR A2,

AT URHEFP IR R T AT LU IR, e TR MR/ N RS . R RIER
NS RETLHEER O(nlogn) . #EFK, BATRERNUM “GELLBRHIFEIE", ENIRIN B AT DUS
FNEMERT
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f@HE (bucket sort) 2/ ARSI — DRI, EIEdIRE L EBAR/NIFIINE, MR —
TEVOH], BRI BRI I, A5, EBIRNERDBIAITHY . RELIRmIIN R ATH SR &
¥t

11.8.1 HEHIE

FE—NKEN n FEEH, HTRZEE [0, 1) WRFE R FHEFRmRaE 11-13 AR,

1. WHA kM, K n DITRECE] kA,
2. MM APTHY OXERAGEE S INEHFEED .
3. TZHRAE A NEIRRII R &4 R

4]
sl -5 55 0.2 [0.05 .57 0.3 .52 .75 0.1 o 57 QR WPRes
_— ) S EREIR AT
o
s sl MBS
buckets S HE
HFEE [mdg) MJ;&M MAimm Mﬁi&@ [0/8,1.0)
“ " / FRIRIBHOITS
3 X 4 SHER

X

4 ¥ 2 :

11-13 M EZRRE
(ANNELIRNE
// === File: bucket_sort.js ===

[* 1EHEE */
function bucketSort(nums) {
/] K k = n/2 M@, MBARESMEDE 2 &
const k = nums.length / 2;
const buckets = [];
for (let 1 = 0; 1 < k; 1++) {
buckets.push([]);
}
/] 1. BEATESRIEZMES
for (const num of nums) {
/] BMANEEEEEA [0, 1), EA num * k BETFIZRGISEE [0, k-1]
const 1 = Math.floor(num * k);
[/ B num FIDERE 1
buckets[1].push(num);
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/] 2. MEMERITHRE

for (const bucket of buckets) {
/] ERRERFRE, R UBRREMEFESEE
bucket.sort((a, b) => a - b);

}
/] 3. BHBEHS
let 1 = 0;

for (const bucket of buckets) {
for (const num of bucket) {
nums[i++] = num;

}

11.8.2 Hix4s4

FHERPIEH T AL PR BAR RO EEE, Bilan, MABURES 100 A1ITR, HTZERRE, RENFLE R
PEIEFTAEAE, M, FTRCREHE S 1000 M, RE2RIN S METHY, BEREREIH.

- IMERER O(n + k)« RITRES DRI, BAGIRARITREERN T o RRHF
AR O(% log 72) N, WIHEFERFTEREM O(nlog 7) WH, SR & LB, W
JEMERT O(n) » SIHFSERNFEZERLFTAMMTE, €2 O(n + k) WH, EREGLT, Fra
AR MRS — M, BHEFIZRGER O(n?) I,

C BEERER O(n + k). AR TEED B AMEAUES n AN TTRIGFIMERL

- MR SR BUR THEFP A TR RIS

11.8.3 YNAISCINFEIY 5L

FHEF RN ) 2 2 ERTBOAE] O(n) , REHETRICRI S ECENZ AN, KOVLbREAREEAR
5o BN, BATEENR A= L RIFTH B SO e - 0 ECE] 10 M, ER RIS AL,
T 100 JTERYAER 2, w&T 1000 STAYAER Do FHRTSXEEEI 20 10 4, S MIP RS SEZEER
FEH K.

NRIPFEI L, AT PUEIRE — SRR LR, KBRS 2] 3 MirR, /rlcseen, FHRF s
BZNIMARSR N 3, HEFAMPRTRBER KRB,
N 11-14 FoR, RXAOTIEAR BRI —HGEIR, HARZIEM T RRERATRE Y, SR, A —EE S
FREURER 2 3 M, BRI 75 TR Bda e R T
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BmiE
BURRINER
S — g5y 20% 15%
MigXiE #HIESEE
HIEE — 45 100-500 >500 <10 8%
- ~ 10-20 13%
5 . 20-35 12%
18% 35% 12% 35-50 10%
50-100 12%
<10 10450 __50-100 100-500  20%
o >500 15%
13%
10-20 20-35 35-50

& 11-14 BRI

QUERBATHRATRIE AR AR 340, W] DURIE BRI B B R R 0 k. (B ERRR,
BARDATHA—E T LR, AT DURIEEERESR ROR AR AR A A T B,

N 11-15 AR, BATBRISE R AR M IEZAS 04, SXAERL a] DA BRMIREE (Rg IXTR], AT R P25 23 e
FBMAH

HEEE

0.4

. ¥
0.0
+oo  EMTRE

‘ ﬁ@ﬁﬁ@@

frigseE <3 3~10 10~25 25~80 80~200 >200

K 11-15 MRIERER A0 K94

11.9 it¥HIF

HHHEF (counting sort) B S TR E R LIHET, 18 N T BEEH,
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11.9.1 {EAEM

FekE — AT, BE—DNEEN n BEEH nuns , EHPR CEER “AEGFEEEC, HEHEFEIRR
FRUNE 11-16 Fimmo

1. W, HEHEPREARET, IChm, REAUE—DMKEN m + 1 5B counter o

2. 1#iB) counter Giil nums I EELFIIHBLIREL, HA counter[num] XN EUF num BTHELIREL, Giit 75k
R, HFEEF nums GRYFETECTN num), 4K counter[num] #4411 BIA],

3. HITF counter MANRIIRZARER, FHHYTHERFZCEH)TI T, # Tk, FA1ET counter
MRS HBLR BN BRI EEN nums BITAT,

FHIFSA nums

o T B nuns AGHEBFHHIR

v N v counter[num] & num MIHILRE
=5l (BF) o 1 2 3 &4

SHBUE counter

. #EFf counter , FI¥F
| _ RBEHIURBEAAN nums BRE]

SRHA nums

11-16 HEHEF R

B0 NR:

// === File: counting_sort.js ===

[* THEEE +/
/] BRI, TERTHENR
function countingSortNaive(nums) {
/] 1. FITEARAITE m
let m = 0;
for (const num of nums) {
m = Math.max(m, num);
}
/] 2. FEHEEFHOHIRE
// counter[num] XF& num AYHILRER
const counter = new Array(m + 1).fil1(0);
for (const num of nums) {
counter[num]++;
}
// 3. & counter , BFRITHRENELEH nums
let 1 = 0;
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for (let num = 0; num < m + 1; num++) {
for (let j = 0; j < counter[num]; j++, i++) {
nums[i] = num;

}

TR S HE R R R
MHHEF B R, BT DOR IR PRI counter RIRADRG MO —H, Kot
HIE BRI R LRI AR, TR, TR 2 A R AR R A — MR

11.9.2 TEILWM
HORIERRERIL T, WM AEEERN SR, EiRP3E 3. s 7, RIS ALSIR RN SR, B8
FEE RS CRRRRZE) NI, M EREERBEA RN IHER SR,

LI A REAS B BRI HE P 45 SR E? BATTE Je 157 counter (Y “RIZRAN", BIAZE X, K51 1 ALRIATEA
prefix[1] FTHAAT L NITRZM:

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

AR AWIE X, prefix[nun] - 1 fAHRICE nun 1RSI REA res iR fG —IRINR S, XNMER
JEHRHE, ROVBES RN N ITR M IZHBIAES RBAHRIR M E, 5K, BAE 7T EEA nuns 1)
BATLR num, FERRIEHHITLA IR

1. ¥ num SBEAZLA res S| prefix[num] - 14b,
2. ZDHIZEH prefix[num] B/ 1, MR NRE num BIES(,

whseRUE, B res MU HHF ISR, B res B R EEH nums BIFT, & 11-17 JBIR 152 BERT T
B imA.

F#A nums F¥4A nums

LR res ..........

BFnum 0 1 2 3 4 HFEoum 0 1 2 3 &

#uma couner ([E)E)ENODE)

JEBF nums HEETHE N HFRIHIRK
counter[num] £z num BYHIVREK

Step 1

it® counter WAIZM, 12X prefix
prefix[num] - 1 €% num 7£ res FRE—RHIHNESI

Step 2
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num num
: :
= - (000000000 =« (000000080

LR res

BF num HBF num 0 1

3 4
B prefix unn HISA prefix anun

(counter) (counter)

FIFFER nums FRISADTTR num , SHHRT: BIFEFH nuns FESNTR num , SHEHAT:
1. % num A res W%3| prefix[num] - 1 & 1. % num BN res WF5| prefix[num] - 1 &
2. QHIGH prefix[num] BF 1 , MASETRKE num H95R35] 2. SHIEA prefix[num] B 1 , MTIEHTREE nun MHR3]
[ step 3 | [Stepl. ]
num num
v v
= (000000000
ues < (@EONESOON0
7 ,/, =
/- g
BF nun BEm 0 1 2 3 4
BISM prefix WS prefix aanna
(counter) (counter)
EIFFER nums FRISADTTR num , SERIT EIFBFH nuns FRSNTR num , SHRAT:
1. 3§ num $®A res WF3| prefix[num] - 1 & 1. % num HA res WF5| prefix[num] - 1 &
— 2. PHIZH prefix[nun] BE 1, MAEEITREE nun MIFR3| — 2. 2HIBM prefix[num] BF 1, MAEETREE nun HFR3|
| Step 5 ‘ Step 6 ‘
= (000000000
LRHA res LRBA res
BEmm 0 12 3 4 WFoum 0 1 2 3 4
wan e (OO0 was e ((IEB00
(counter) (counter)
HRAREBHIE, HERITRER RER res EHFRHA nums BIAT
IS res FRRBEHFHLR
lstep71 ‘Stepsl

11-17 iHEHE PR

THEHE R A SEEARER AN R R :

// === File: counting_sort.js ===

[* THEE +/
/] STEXI, AHENR, HEEREHR
function countingSort(nums) {

/] 1. FIHEEERAITTE n

let m = 0;

for (const num of nums) {

m = Math.max(m, num);

}

/] 2. FIHEEFHHIRE

// counter[num] X3 num AYHILREK

const counter = new Array(m + 1).fil1(0);
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for (const num of nums) {

counter[num]++;

}
/] 3. R counter RYRIZA, 1§ “HIUREC ¥ifH “BRs17
// Bl counter[num]-1 & num £ res H&G—RHEIMHZES]
for (let 1 = 0; 1 < m; i++) {
counter[i + 1] += counter[i];
}
/] 4. BIFIER nuns , FEITHREBENGRIHA res
/] IR NEE res ATIERER
const n = nums.length;
const res = new Array(n);
for (let 1 =n - 1; 1 >=0; 1--) {
const num = nums[i];
res[counter[num] - 1] = num; // ¥ num BMEEIMNNZERS| 4
counter[num]--; // LBILKMER 1 , BEITRKE nun HES|
}
/] FRERHA res BEFEEEA nums
for (let i = 0; 1 < n; i++) {
nums[i1] = res[i];

}

11.9.3 HixisE

- WNEERER O(n +m). FEEIERNHT: W87 nums BT counter , #REFLRIER I, —MIH
MR n>m, NAEXREBT O(n) .

- BEEZERN O(n +m). IEFEHHT: H81 TKED 51 n Flm K% res F1 counter .

- REHHT: BT res FEHFOTRANMNF 2 “MARAE” /Y, KIGEFET nuns 7] DUBCEAE S T
KZEAENNE, MMEMEEHT. bk, IEFEDT nuns UA] DUSRIEFMIHETS R, HER
EARRE M,

11.9.4 BMRE

BRXE, FUFSEGHEHFIEESY, (oad gt EEminl DS HEp. 2Am, AT
HIRT B SR AR O 4%

B LS TR, AR T H A SRR, 7 i CRX i v] DA o AR 8, IR HE
FERHOI R FFRRER S D IT R Z RIRTA KNSR R BN, X T & BB B, T DU T BT
ME—NEE, Bl AOnER, Hrsepln BidkmE X,

HEHFIE N T8 BB BIRE R BT, tean, 75 BRRBIF m REERK, &&=,
M n < m b, HEHFERA O(m) WNE, AT8EE O(nlogn) MIHEF XL,
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11.10 E#F

EAE T, EIER TR R n BOKEBEREE m BB, BORRRAIFEEN n = 106 2%
BHATHY, Mi¥S R4 8 T, XEWESIEREE m = 10% K, MAHEHFRES RN
fEasial, TR PT DA I AR DL

HHHF (radixsort) AILEES M —2, @RS MOk, R, EEHFA
BT B AL BENEHRR, RO —AHETHR, AMSEIRLRIHF SR,

11.10.1 HLRiE

DA SEARA G, BT IRIOORS 16, mehrEss 8 i, EEHFRImEWE 11-18 Frr.

1. WAk =1,
2. XS kAT WEEHNT. seala, BARSRIES kA WNEIRHER .
3. K kI L, RIEIREPEER 2. RBER, ERIFTEEHEFE SSRGS R,

HNBA nums . SUEH, WS 8
M K = 1 HIFE 1 M RS 2 fI % 3~7 fi -
10546151 35663510 35663519 10546151
35663510 88906420 88906429 30524779
42865989 10546151 82060337 34862445

34862445
81883077
88906420
72429244
30524779
82060337
63832996

63832996

81883077
82060337
42865989

30524779

34862445

81883@77
305247179
42865989
6383299%

K 11-18 HEEdFE LR

35663510
42865989
63832996

72429244
81883077

82060337
88906420

TNHEHFHAESER, T d RIS o, BRI kAL xy, , TR DR IHRE AR
x
T, = LFJ mod d

Hep |a| FRWE R o 1A FEAE, T mod d Fmxt d B (BUR). X TFS58dE, d = 10 Hk € [1, 8]

(e

AN, FBAITRE /MG D, 2 ] DR 8 1958 K AL THER



H11E HF www.hello-algo.com

252

// === File: radix_sort.js ===

/* FREX5TE num B95E k i, EA exp = 107(k-1) */
function digit(num, exp) {
/] &N exp MHE k AILLBSRELHESMITRENAAITE
return Math.floor(num / exp) % 10;
}

[* HEHEE (R3B nums 5B k fIHEE)  */
function countingSortDigit(nums, exp) {
/] TEGNLCERER 0~9 , EEEKERN 10 HNiEHA
const counter = new Array(10).fil1(0);
const n = nums.length;
/] Fit 0~9 FEFRIHINRER

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

const d = digit(nums[i], exp); // ¥KEY nums[i] %8 k fi, i12H d

counter[d]++; // SitEEFE d BIHIIRER
}
/] KBS, ¥ “BIADE Bl “BElR57
for (let 1 = 1; 1 < 10; i1++) {
counter[i] += counter[i - 1];
}
/] BIFER, REHENFAITER, FETHREN res
const res = new Array(n).fill(0);
for (let { =n - 1; 1 >=0; i--) {
const d = digit(nums[i], exp);
const j = counter[d] - 1; // ¥KEY d 7TEEEFPMZES| j
res[j] = nums[i]; // REHRITRENERS j
counter[d]--; // ¥ d NEER 1
}
/] FEREREBEEFEHA nuns
for (let i = 0; 1 < n; 1++) {

nums[i] = res[i];

}

[* BE¥HE +/
function radixSort(nums) {
/] REVEANRATTER, BTHBTRAMUIE
let m = Number.MIN_VALUE;
for (const num of nums) {
if (num > m) {
m = num;
}
}
/] TEBMEARSANIREER
for (let exp = 1; exp <= m; exp *= 10) {
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/] FAEATENE k HRITIHEGE
// k=1->exp =1

/] k=2 ->exp = 10

// Bl exp = 107(k-1)

countingSortDigit(nums, exp);

It 2 NEARNEIT4RHER?

FEESHHE PR, e —Hr S ERT R HERIZE R 2R, MRE—HFE R a < D,
M —HHFPER a > b, LB REREBIE I8 R, B TRFI&ALLHRE TR
iz, R SIZ S HEFPARAL PR A

11.10.2 Hixi5

BT IR, B PIE T EUEVCERORRIIE O, HATHE R IR n] DARGR M E R ks, HAE
BORREIS K, BN, 12 ORE & (A EEET, ROV HAE kK, ATRESERTE 2 O(nk) > O(n?)

o

- NEERER O(nk). AEEERHEF: REIEED n. BN d Bl BRAE09 kWD HE— At

FHBHEFE O(n + d) W, HEFATE k G O((n + d)k) Wi, @R, dfk #HEx
B, BAE 22T O(n) .«

- BEERERN O(n + d). EREBHDY: STHHEHFHER, B8 HRZEEB KA n fl d FEAH res

F1 counter .

- R Lt EGEERER, BEHPT AR, S EEHET ARER, SRR ICA RIS SRR

HraiRe

11.11 &

1. EREHR

- BiEHEE S HAR R R R KB, WA — RS ARSI AR A, FATTA] DO B e

Wi R E AL E] O(n) -

- FAAHEFE SR AR X E AR TTREAZ CHF X EAERACE, Amesir. BARMAHFR

IR 2E R O(n?) , (HET AT D, RIAE NR R AHE T 55 Hh IR 220,

- POEHEE R T ISR BT . R, A RTRERRIRERE I E S 2 YRR, S BINTAIE

EHIE O(n?) o BIAFPABEEMESERREN ST AR OX R S (LIR854 AT A AL
/DI IATREE, RS REME] O(logn) o

- VFHEE R RSP AL, SRIATE T orTaTERES, R, HE R R Al A

$H, ZREREN O(n) ; RmHFRERN=RERETUEE O(1) .

- MHER R E =R BdEO. MNHEEMS IR ERFMAIL T IaRES, S T EIRARRAK

AITE L. AHER A SCBEAE TR Bt T2 70 i
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- HEEHE R R R MR, BE g SR IR RBOR S B, T IE ) TR B ORE
BAETEEARAEN, I HESREARRENS F O IR,

- BRI R AR LB, EOREARRENS RO B E I

©OREREE, BATRERE-MHEE R, BAERICR, E, BN BEM SR, AT, B
BHRAAFNEIE R, 1A — M IRV RN R AT A X 255 F, TESCRRR A, FRATIFR ZAR R
BAERIR R SERHE P B IR,

- B 11-19 X T ERHEF RIERRCR, RN, st R SN P,

R P
e I

mEMF  om) oM  om)  o() | EE B wEEm b

BERT  mmmm o oM  om o | WE e mEm R
EARE | O om)  omd  of) | BE R BEm b

H#H®  Onlogn) Ofniogn)  O()  Ofogn) | @ R #e&@m  bw

SN UMW Onbgn) Ofker) Ogn)  O() | BE  HEE FEEW R
#HF  Onlogn) Ofnlegn) Omlogn)  O(1) | A W4 HEEm  W#

BHF  On+k) On+k O O+l | RE e FOEE

HEAT My On+m) On+m) On+m) Omem) | BE  #EE  FEER  FEE
EHHE Ok Onk  Onk  Op+b) | BE  HEE  ESEE  FH®

B, k RN
£ =+ f#* ‘ ST, n HEIEEE
BHiEFS, kK DBAGH, SI8% b

K 11-19 fHp&EELE

2. Q&A

Q: HIFRIFREMEAEM G N2 ATHR?

EISE, BATETRERT R RIENEERITHE R, BN, 22EFERMSG &SRB, BIMmELH—
N R HE T fetefRuELHTHER, 5% (A, 180) (B, 185) (C, 170) (D, 170) ; FXN & &EHTHEF, H
FHEFEEARRE, FIATEES ] (D, 170) (C, 170) (A, 180) (B, 185) .

AIDUKER, 25 DRI C i BRAE Toci, WRRA RS T, MXEBMIAREEIN.,
Q: MKy “MEEEER" 5 “WEEAER BT T A ?

AT, HBACARZEITTERAFIEEIN, S0 “MWEREAEER” B “WEEAEK, RIMEEFEREY,
BATBRET— R E,

MEEE X 53 partition() BB —H ZAHE nums[left] Fl nums[i] » SEARACHLG, FEIEEUAEIOMICESRS <=
MR, IXARESR B n— 2 2 i nums[left] >= nums[i] DFRRNE, (BORTRAIE “MNAEFAEIR, LR
AR L ERCE RPTE, WSTE 1 == j INBkHAEIA, BEIIHE nums[j] == nums[i] > nums[left], i
S, NG — P R ES i — N R R B R B A e e, B N2 R

BAEIT, A [o, 0, 0, 0, 1], WIFIE “MERGEK", HIEXID/EH4N [1, o, 0, 0, 0], X
NEEFRBA R,
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BIRANEE T, WMRFNESE nuns[right] AEMEE, TBAIELGFROIR, A “MNEFEER,
Q: XTREBIAMM, Mt EEAIBAHRERIBRENREAEL logn ?

IR LR 2 ASR [FAIB VA 7T IR EGR . SIS Bl PR R BRI 0 A T8, TER @I
J&, FREENFEHRKERRNEBARKERN—F, RZREH, —EN—FKE, IBARZNIEERE
JERLE logn o

mIE AR PIEHE R, BATAATRER SR T REARIAH, RERI T An, n—1, ... 2. 1, #
RN n o B AT DORE I AR L tH B

Q: MBLAHATH CRAMEN, POdHEF I RE 2452 O(n?) 15?2 Zaa b EXFB L5 5 ?

e XTIXAENL, Al DA EEIS IR R BRI =Ry ANTL T RTEEMEEL XA TS
JVNTFRIRTHIME 2 EZTTIET, BATTREMMHEEA, 4l BT sE .

Q: WHbFIRERFE 2N TLZ O(n?)?

BEBUT, FiETRES BRI, MRBASRA— O(n?) BiERHFIXeITER, WK HE 4%
HO(n?) .



256

F12E 94

Abstract
MR ZIR R, B —IREPRRERE & S o A,
DMHAZ R T —NEENESL: WERMGE, —UEIAHEE S
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12.1 988
4334 (divide and conquer), SFRTIIAY, B—FhdEm BT % WIEEER, SMaEE TR, [
5B R AR,

Loy GUBBY : IR R P e DA, BB ER RN TR 22 Ok,
2. i (BRIFRED . MERMRRIR/ N T REOTA, ARETUR 7 BRI AR T &I, AT i )

HIfiE,
e 12-1 AoR, “VAFFHEET 2 oERISH AN 2 —.

L. gr: AR E A (R I A8 (FRED, ST AT —MTR G FiRE),
2. 6 WEETHS AR TEAE (FRIERWR) T, WMEEIERFRESE (R .

PEEEEEEE

roa (RSEER)

BFiAE

- (B

B 12-1 JAFFHER R Ta R

12.1.1 N{EIHIBR S 4R

—ANARBUEEIE G A TARR, JEHE AT LASE DU LA R,

L. [l LA TN R] DA R SR /N, SRABIRG IR, DARCRERS DAAHTR] 75 208 T AT R 79
2. FRIBRMNIN: FRIBZ MAES, DA, TR R,
3. FRERT DIETE: R RS R R S 7 AR SR,

BAR, VAHHEF R DAL =AW,

1. FSITDAO: st RRIED X M8 (FRED.,
2. FRISURMNIE): DB A DRSO THE R (AR A] DUSSZ TSR .
3. FRERRAT AT MDNER A (FREBRE) ATLEH N —MEREH (R
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12.1.2 @I EIRFAE

SHEAOUT DU R RS, e DIRTHRIARCR, RS, PudHir, A3FHER. i
PR TiEeRs, B, MAHFER, SUREVENINA T E R,

Mo, BAIAREERR: Mt 2smianl ERTPRRRCR, HIRZBERMTA? #im, KRmE A2
TR, ORI, R AR S O SR R, X)L RISCR A 20 L B R R ) R o 1 2
XA R A] ARG AT T S 75 TR I 18,

1. #REHREMRL

DL “EEHEE o, EAE KN n ARAEE O(n?) M. BIRRIHZIEE 122 BRI R,
BAM A NP TAEL, RIS TEE O(n) M, HFSNTRAEE O((n/2)?) M, &IERN
FREATE O(n) W, BAERFEREN:

2

OM&{%PX2+W):O¢%+QM

DEEoEEEE

BiaHF
0(n?)

DEEEEERE

Bk o(n2) Ei& 0(n2/2 +2n)

K 12-2 RIp¥eHmTEN B iRy
TR, BANHRUTIAERX, BGRB8 72 jiA o R e S8

2

n2>%+2n
2
nZ—%—2n>0
nin—4) >0

XERE S n > 41, RoErREBERE Y, HIRBeRMIEE . HEE, XInJErIN RS2 ETRR T
Jikh O(n?) , HREREHINEBINENT,
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P, WERBATHE A AW PSSR A A, B T B AR DT RS IR e ?
IXFURRSERR Bt IR, INEEZEHN O(nlogn) .

A, QERBMNZEBEILNRD A, RIESEFK0 0 kADTEEAE? ZXAMERS “MHr” IR0,
EFFEAHFEREYE, it ENEERET ISR O(n + k) .

2. FHTHEMRK
BATALE, I RE T BV EARNZR, L@ E T IOFTROL. R, s7a A AT AR IR
EEARE, EHRTIREREIIFFITRL.

FHATIAE A% B AR BN U 2K, ROV AR GER] DARI AR 2 A7 (Al d, SN SE o HMI A T R
TR, AT D S AR RTIB TR AL

FRANTERE 12-3 Rl “HHER" o, BAOTRAIER IR VI ECEIS MRS, WIRER AT A AR B HE PR SS 70HL
FHMIREIT, EREEAHER

TTE

K 12-3 MHEFRIFFTIR

12.1.3 98ERKA

— 77, iG] ARRIRRVE 2 22 LR AR,

© FEREGE RN ZEIRE SR R RIS, SRIE R PRI B RN, BRSO
TR XS o

- KBEEERIL: a0 Karatsuba Ji%, BRAEEEGRE 2N LB NI SRIEFIINTE,

- JEREIRTL: BN Strassen B, BIRIERERIE DN 22D/ INERE ROSRIERI AN,

- DOESEEL: POESE TR AT DUBIE AR, X2 U IR SR R .

- ORMESREXE: - DFAI, AERATEH AT R TR, IB2ZN DR R — DR KA
Wi Al AT AR v B AR, (R BhIAHHER BT SR,
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i, SHAERIEMEERAERE M SRRz,

© s SoERRRAEFEAMNFRRGIE S IEE Sy, AERE HAMES R TTRE LR,
ODUEHERRIR—FIX 1A, FFAERIR X A AT R B = 70 B4

- VDR ATTRKEN S, A,

- POEHER . PRIEHET RIEE —NMERE, REEBH NN FRE, — DB TTR AR E D,
o —FRAHRITCR LA R, AR ER AT AR 0180, EETHANFE T IR,

- MR WP A BB R D BE 2O, RER S IRNETTRI T, &ERS MR
TERMIXE, MMRE— MRS,

- B BN SRR, AVL B, Z0RM, B, B+ WEE, BEAIRIEER. EARINERSE SRR DAY
THE RIS I

- e HERRPRIRESE A TR, HARMRCE, A MHERAIHE(L, SCRR_EESRE S T rTRR) AR,

- A BRBHRIFAERNMAING, (BRERARIIRERTT REHEN A T riasks, flm, st
AR EER PR OV LB, DR ERER,

FLAVEH, iRl “EPgios” RTERA, SRR S BER .

12.2 9812 FEER

TAEZE, FREEDNHAK,
C RANER: CEOBFRIESHIIL, HEERER O(n) .,
- EIERHEER: TR B SUYRSERIS B, R A A O(logn) #%E O(1)
Sai b, W2 O (log n) ISZREE TR RIETSARIGIBUN, (B0 — S E AR,

© S ERNE PR EBAHPERERTER) AN (RS — R BT
), XM —-ERSEEEH sl R E B Rt R 1k,
- BRI B, TEIERRL AVL B, SRR T, SRHRERN RS 2R E S O(logn)

o

o BRI HAREEN TR,

- ISR PR "o EPOBTHOR R R (TR T AR T (TR — T &
£, X R TR AT R KL,

- FRSURMNIN): £ ERT, SRR DR, EANSZ H AT R,

© PRSI EIE: o EREEER - MEETR, RINARER FRIEEHT S, HF R
SRR, BRI 2 R NS RO

IMAREMS TR THERIR, ABERENRIELRGL AR —MED, MG R 0T BUHERR— %
i,

1. BEFSaERN=—28H

FEZRINETH, &g TR 020 KB, BIERMET G GBI KRELHE,
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Question

HE—NEEN n WEREAH nuns , HAPTE TR MM, EERICE target

WSS, BATKHERIXI [i, 5] M B FIREIEH £(4, 7) -
DB £(0,n — 1) Witass, Sl L FBET s 2k,

1. WEERXE (4, j] s m, RIEEHRR—FERXE,
2. BBVARMBALRN—FHF R, "T8EN f(i,m — 1) 8 f(m +1,7) .
3. TN 1. BRI 2. &, EHEKF target sIXH = MHRMEL,

B 12-4 JRoR 7B o EBOTR 6 RriaidE,

s (BE00000000
¥ oa
f(o, 3) ann 12 15 23 26 31 35]
I 2
f(2, 3) [1 3 on 12 15 23 26 31 35]
A

\ 4

REREFTR 6 WHFESIH 2

K 12-4 BRI RE
(ESRBRTG Y, Bl TP — MBI R dfs () RoRARIEL (i, j) -
// === File: binary_search_recur.js ===

[* ZHEH: B (L, §) */
function dfs(nums, target, i, j) {
/] EXiEAE, AREBRTE, WikE -1
if (1> 3) {
return -1;

}
/] HEHRERRS] n
const m =1 + ((j - 1) >> 1);
if (nums[m] < target) {
/] BAFEE f(m+1, j)
return dfs(nums, target, m + 1, j);
} else if (nums[m] > target) {
/] BVAFER f(i, m-1)
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return dfs(nums, target, i, m - 1);

} else {
/] #EBtrnE, REHRS|
return m;

}

}

[* ZaEHK */

function binarySearch(nums, target) {
const n = nums.length;
/] KRR (0, n-1)

return dfs(nums, target, 0, n - 1);

12.3 19 Riin)eR

Question

B XWMWETF DT preorder M FiE)T inorder , TEMAAEEE XM, JR[E] — R IR

o BRSO ERAEESNT A (WE 12-5 Fir).

BiFFIER
/ \ B preorder
HhFiER
inorder

12-5 5% — X RGIESE

1. AR BRI RRE

JR A E M preorder K inorder #%: XA, 2 — NI SGRE,

- PSR PAS R MIRRIA VI, FRATTRTDORE R RIREKI 7 N[ R M 7e 14, MR T4,
IbE—S 8 OIAHARTT S TN TR T (D, AR AR A BA LRI 751%, HHK

DNENFR (FRED, BEERFENFR- (2R Lk,

© FRISDRMNIR: TG RO E NN, e ARA R, ERAETHIN, RIHTXE

PR 3 D AT 3t P PR 5 2 TR B R e A5 TR TR B

- FREREAILAE T — BRI TR TG TR (PRI, BATHEAT DR e IBERERYT 5 L,

S E i P R AR
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2. RIS FR

MRAE LA B3, IXIER AT CAGE A o3Ik R, (B I@EIE i35 preorder FIH)F3 M inorder SRR 72 ¥
P T RE?

HRAEE X, preorder 1 inorder #RA] PAKI S A ="1NE657

- HiFED: [ RTR | AFW | BFW 1, BB 125N 319217 ],
- R [ EFW | RTR | AFW ], GIANE 125N 9131127 1,

PAEEESE A, BATA] DOEEE 12-6 ARy EG 21K 7345 3R,

1. ARG EITE 3 BT mE,

2. BEBAIRT E 3 7F inorder FIYRS], FFZZESIAE tnorder XIS AL 91 3 | 127 1,

3. tRYE inorder RIS R, SISAE TRAIE TWAH SEE 2RI 8 1 F 3, MIA ¥ preorder XI53H
(31912171,

BHRRAMRTR

AifFiERH  preorder

(:> ERIRT ARG
@ @ HFER  inorder n FE—

: 3MER
EFHE
197R

HiF#FE preorder nna

12-6 £ R ik A AR i P & o

3. EFTEiRFiXial
RIECAEXI 2 751k, BIMELEEMR Y, K7W, A 7WAE preorder il inorder IR GIX T, ik 11
RIXLERG[XE], FATFEMEB L NMEH T &,

- R HIR AR SAE preorder YRS E N i o
- KRR AIRTY KAE inorder EYRGIIEHN m o
- B AREIRAE inorder FINRBIXAIEH [1, 7] o

N 12-1 fr, 1@ DA B2 RIA3RRIR T 5 AE preorder S|, PAN THTE inorder AR G( X [H],

R 12-1 AR SR T RT3 P A PR e il 7 R A 2R 5 |
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FR FAE preorder HHRJZS| FHAE inorder FRYZES|[X[H
17 ) 1 [1,7]
Tt i+1 [[,m —1]
ESER ) i+1+(m—1) [m+1,7]

EER, AFMRTT ARSI (m — ) W& SO “ZEFMITRsid”, #EEr 12-7 Bk,

o
S ;[ ]: [ ]
A A A

@ @ i i+1 i+1+(m-1)
PFEER

in;idéj lla'llilllilliil'il

o o v

B 12-7 MR RMZEA FRIRT X ARR

4. KEBEEM
T HTHEE m HOCK, BB M7 2% hmap ML tnorder 1T EEIKE | KB
// === File: build_tree.js ===

[* HEZXK: 929G */
function dfs(preorder, inorderMap, i, 1, r) {
/] FRXEANZELLE
if (r - 1 < 0) return null;
/] RHARTI =
const root = new TreeNode(preorder[i]);
/] B n , NTIXIHEEFK
const m = inorderMap.get(preorder[i]);
/] FiRE: Mg 7w
root.left = dfs(preorder, inorderMap, i + 1, 1, m - 1);
/] FiRE: HEAFH
root.right = dfs(preorder, inorderMap, 1 + 1 +m - 1, m + 1, r);
/] ERERT R
return root;

}

[* MBI */

function buildTree(preorder, inorder) {
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/] WEKIEFER, Z0#E inorder FTTREIZES|AVBRSS

let inorderMap = new Map();

for (let 1 = 0; 1 < inorder.length; i++) {
inorderMap.set(inorder[i], 1);

}

const root = dfs(preorder, inorderMap, 0, 0, inorder.length - 1);

return root;

& 12-8 feor T - XKMAE IR, SN RRER T T AR, mEsa (GIRD 2ER
B o2 Wi NP UK S eFe VAE S

—
e @OOOD O

preorcer (3 @2 (1117
inorcer ({31127

=) .
Step 1 Step 2

sreorcer (E)E)EDEDED
wnorcer (E)ENEDEDED @ /
3 9 n preorder

@ @ inorder

] sps
Step 3 Step 4

/ 3 9 PRWAl preorder
- )

9 3 B inorder

preorder [ 3 9 2 n 7 @

Cavs | 7o ]

‘ Step 6 |

| Step 5 |
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/ / 000 -
/ @ inorder
@ 3 9 2 1 u preorder @ @

9312“ rrrrrr

Cava § 7 | 701 ] 3 & EB

[ step 7 | [Steps\

- )
. gopoa

3 = €3

Step 9

B 12-8 HHE AR

FNEIHEREN AR R]T preorder MIH &) inorder BRI 4 RATE 12-9 AR,

preorder aa
inorder aa

preorder 392 1 7
inorderal% 12 [7

preorder ([ 3 | 9 297
inorder | 9 | 3 nz 7

B 12-9 &R RBHRIRI 4R

R BN n, WHALE— DR (BUT— MBI dfs()) A O(1) I, It S AR 5 A%
R O(n) .

G R AE# inorder TERFIRGIMIMLN, BAEREN O(n) . EREBNT, B XRHBMAOVEERN, #
HREIES 0, EH O(n) KFIEbERE, FSAZRERERN O(n) o
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12.4 BB

FEVAFEHE R AR SRR AR, AT i 1] 0 T AR A S [ — 7 (AL, RTINS T 5 1]
A, AR AR 7 AR

Question

HEZMRET, IER A BRI Co IR, T A LEE n MRS, BN LRI NZIEMNNEIRE
G HE, FATNESS R ERIX n DMEZBEIET ¢ b, HREFEMNNEEF A2 (@nE 12-10 Fr
TR)o TERBBNRAIZRRISARA, FFEESF DA RR,

1. BEEHREM—ARAEF TR, S —HRAE T TR
2. BIRARER)— R,

3. /NEELL N ZIN T R Z b

ALl

Y #EEESEM A BHE C
A B C

12-10 NG RIRRE]

BAERED @ RDUERE RS f(d) . Bl f(3) RN 3 DR A BBIE ¢ FITUEE TR,

1. EEELFER

e 12-11 fow, WTRE f(1), BRYEE—NESN, ROTEEZM A 3= c iR,
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-~ 1l L1l4

R £(1) WER:
BEEBESM A BHE C BIF

A f(1)

Step 1 Step 2

B 12-11 AURON 1 AR
i 12-12 fow, TR f(2), BRSAPAEERN, b FEnme /b ESER B b, R
B RS2,

1. ¥ EmfNREMN AR EB,
2. BEREBMNABE C,
3. ER/ N NEEMNBEEC,

al l Lil

AR £(2) WSRE:
A £(2) 1. B)NESM A BRHE B
Step 1 ‘ Step 2
A B [4 A B c
@R f(2) WER: RR £(2) WSE:
1. %/EEM A BIHE B 1. 0EEM A BEHE B
2. BAESEM A BHE C 2. BAEEM A BHE C
R 3. % )EEM B BHE C
l Step 3 Step 4

K 12-12 BB 2 BTa) R

fRFREL f(2) B RERTREE R WA REED s MABR c. Hi, cHNERE. B FRNEMHL,

2. Fial@ES R

MR f(3), BIRYAE=ABEERN, HREmMmME kT —L5®,

ROVEHE f(1) F0 f(2) B, FRAFRATRI M SE AR REREE, 1 A DERRIPA B S A 1 — V08, TR 12-13
FREI R, XA =Rt A B2 ¢ T
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1. 2B NENME. ¢ WEMWHE, KM TNEEMABESB,
2. Ff A HBRIRE—DEEMM A BRBHIE
3. @ CONHEIRE. ANRMNAE, FRDMEEMBBEC,

A B
R £(3) WSR:
@ f(3) 1. BEAPERM A BEHE B
Step 1 | Step 2
A B [ A B c
fER £(3) W] R £(3) WSW:
1. WP ERMN A BEHE B 1. B EZM A BEHE B
2. BER—NEZM A BHE C 2. BRR—ESZM A BRHE C
3. BEIERZM B BHE C
Step 3 Step 4

B 12-13 BN 3 [ RI-BAE

WA EE, BAMERRE f(3) Q5 APAFRE f(2) F—AFRE f(1) o 207 RINX =47z 5,
JRIAEIRE 2 S 2RO, XA AU ARSLAY, T E MR LS,

2k, BATALREE R 12-14 FrR B ROGEE IR 16 SR KRR f (n) 35 AR f(n—1)
FI—FRE f(1), FH42RE PRI R ouX =1 A,
1. ¥n—11MEBEB cCMNABESB,

2. ¥FEs 1 ANEEMNABEEBEBE C,
3. Bn— 1P EEMEANMNBBEC,

HTFXFA TR f(n — 1), o SO PRI, HEAFR N T8 f(1). 1 (1) 1
WRTHIN, HF— BT,
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FiadE f(n-1): & n-1 MESEM A BEIE B

) 4
FIEE £(1): #$HR 1 MERM A BEHE C

[RiEE f(n): & n TEEM A BEE C

FiaE f(n-1): % n-1 MESM B BEHE C

12-14 fROIOEE TR REAY 73 16 SRS

3. AExEm

ERIEH, BATEH— N EITEEL dfs(1, src, buf, tar), ERIMERREHA: src TEEHY ¢ DNEELEBhE
1 buf 812 B st tar :

// === File: hanota.js ===

[* Boh—E&E */

function move(src, tar) {
/] M src TIEPEE—NEZE
const pan = src.pop();
/] BEEBRN tar TR
tar.push(pan);

[* REBSGEIEIR f(1) */
function dfs(i, src, buf, tar) {
/1 & src RET—NEE, WEEKEBE tar
if (1 === 1) {
move(src, tar);
return;
}
/] FiEER f(i-1) : ¥ src TN i-1 NEEMEE) tar %3 buf
dfs(i - 1, src, tar, buf);
/] FiEE f(1) : & src FR—NERZE tar
move(src, tar);
/] FiER f(i-1) : ¥ buf TAZ i1-1 NEEMEE) src B3 tar
dfs(i - 1, buf, src, tar);
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}

[* REEEERB */

function solveHanota(A, B, C) {
const n = A.length;
/] B A TRER n NERER) B $BE C
dfs(n, A, B, QO);

QN 12-15 AR, DOASERISTE R RGN n BBV, &1 AR DR, MR —NTER dfs()
B, BENRERER O(27), BREREN O(n) .

B 12-15 UASE R 3 U 4

Quote

DORIE IR B — N BN, EHEEN—DSFEE, BEMNE=ReRNEatEs, Pk 64
MR —HE B, BEMANEIEE, MIMEEERE — MEBSERTENIR—ZI, X
JLE S S

SRTT, BREERSBIEREEEN—R, BHEEAL 20 ~ 1.84 x 101 B, &4 5850 124, imini@
TN FH ARG, TR, MEIXMETRER, FAINVIZATFEHR O TR HER,

12.5 /&t

- IHAR R WM EIRRIT RS, W (D) fis (B WARTEL, EEETIRIARI,

- HAWTR S RIGRIERBARIE A FIRES , FRER G, FRRES &),

- VAFHHEE RIS A SN F, OB TR R R 0 N E R T, BEIHRF N ITRNIT
WEREEH, MMTERHEF.
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- SIAD RIS ERE AT DARTHEIRRR, — 77, ARG TEEE; 5—77m, MEEAMTR
AT,

- oIAREA] DR 2 BIRANE, ) A TR SRR, AR

- MHERTRENER, AENERIRER, NEERER O(logn) MIEREIREH ZHT /ARG
e

- ZOBEBRSIGRIGH S NN, EANEER T REN T EIFRP B, AR U@ S
HAKH =&,

© FEMEE OB A, AR (D AT DA A e TR A (R, X AT DAsEId R
5 3 A PR e 3 P O 2R 5 | X TR R SE B

- AEDUESERIEA, — DD n @RIERT DA 2 AR n— 1 B9 7 RIS — SN 1 5 [A)
o AL AR =7 R, BRI 1S 2R,
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Abstract
BATANERRE R RUIR RS, TERTEAYIERS b nT sE 1B 2 R R,
B R IEBATREW ERFLE, Akrzl, RZRFEFEHINE A,
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13.1 [EHE%

[C&% (backtracking algorithm) J&—Hulid 55 2R MR R RY /715, BRI OEAZ N — MRS H
K, BNEEERENRITE, MBEEMMANEHICS, BEIREIMEEE 2 7 ArE vl GERIEEEED
TFARBNFRN 1R,

MR ZUEE R “REMAEER” KRBTSR, £ ““XR =9, BOHRERFE. PFRERED
HE T IR R, 8k, BATHAFFBIAE— N e, B8 7 R R TR R,

ol —
RN, ERIFICRATEEN 7R A, TEIRET RS,

XTI, BATET @R, FEAIBS AT S RER SN T, B, WRIZT RAEIALE RS res
Z o AR ARSEEANE 13-1 A1 A M AR:

// === File: preorder_traversal_i_compact.js ===
[* BB BIE— */

function preOrder(root, res) {
if (root === null) {

return;

}

if (root.val === 7) {
/] iERHE
res.push(root);

}

preOrder(root.left, res);

preOrder(root.right, res);

REMFER

BIFFIE =X,
HiZRER 7 HUR

Al I8
£ @inRTR

13-1 {ERi R T A
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13.1.1 ZiX5[ER

ZFR PR ML, BV ZRIA R RN 2R 27 5 “RHRY KRN, HRIAERRY
FEFIB RSN IS TR RS T BT IR G 2 R S AR AR, B A0H E— PRk, IREEZ AR,

I H AR AT REAIE R

XTI —, ViR AR —R “ZRK7, MM REOR AR R return MIFR “[EHR7,
EREIHIE, PIEFFAUNRISEEBOREN, NiFRX—d, BTG,

Pl —

TE AR IERATAEE D 7 B9, TR B R BHX Y R

TEBIRR— SR ERA |, FRATTFRZAEB)—DHIER path IR VIR YT B8R, HVTRIZEMEDY 7 8979 s, )
Sl path FESIHLERIIEK res o WHTERE, res FIRFHIBLRATARIME. A TRAR:

// === File: preorder_traversal_ii_compact.js ===

/* BiFFEH: Bl */
function preOrder(root, path, res) {
if (root === null) {
return;
}
/] Ei1
path.push(root);
if (root.val === 7) {
/] iERHE
res.push([...path]);
}
preOrder(root.left, path, res);
preOrder(root.right, path, res);
/[ [EE
path.pop();

fERER “SIR7 w, BATED R Y 7T SN path SRICHREE(R; WAE “[ENR” A, FAIFHEERIZT M

path HgiH, PAMREARZIAZ AR,

MEREE 13-2 Fniyid Az, BATTa) DA 2 R B B h

;ijlj
///)>d\\\\ it RITRE, ERRS
EBE: HERE, EER
path = [1]

res = []

Step 1

“RIE” 5 WA, PSRRI,

;;%?;giz\\\
8 B

Step 2

8 BIEH, EHRS

EB: WERES, RECEE

path = [1, 7]

BETHR 7, WERERNESR
res = [[1, 7]]
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£id: BIWH, BHRE
EB: ERS, RBEE
path = [1, 7, 4]

res = [[1, 7]]

£id: BIEH, BRRS
EB: ERE, RBRE
path = [1, 7, 5]

res = [[1, 7]]

£id: BIEFH, BHRE
EB: HERS, RBEE
path = [1, 3]

res = [[1, 7]]

8if: BIRFH, ERMRSE
ER: RERES, KHEE
path = [1, 3]

res = [[1, 7]]

[ Step 11

Step 10 ‘

ik BINEH, BRRE
BEiR: MERTS, RHEE
path = []

K 13-2 =5 [ER

res = [[1, 7], [1, 3, 7]]

i BIEH, EMRRS
EB: HERES, RHEE
path = [1, 7]

res = [[1, 7]]

Sk BITEFH, BHRS
EhB: RERES, RHGEE
path = [1]

res = [[1, 7]]

Sid: BIEH, BHRRS
EB: RERTS, RBORE
path = [1, 3, 6]

res = [[1, 7]]

ik BITBFH, BARE

ER: RERS, RHEE

path = [1, 3, 7]

BETR 7, WREEANELR
res = [[1, 7], [1, 3, 7]]
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13.1.2 B
Z) [T (R OB i 0 S — AN R AN, LIRARE R T “39kL”,

il =
TE AR ERATEE N 7 B9, IR BT RENR T R AR, FFERBRTP AR EEN 31
_'1-'3‘):'_;_.:0

N TR LA LR, BANRERMBIBaER . ARRERES, F82EN 3 WA, WHEANRE, A
MeHER, B TATR:

// === File: preorder_traversal_iii_compact.js ===

[* BiFEG: = */
function preOrder(root, path, res) {
/] B
if (root === null || root.val === 3) {
return;

}

/] ik

path.push(root);

if (root.val === 7) {
/] BREE
res.push([...path]);

}

preOrder(root.left, path, res);
preOrder(root.right, path, res);
// EIR

path.pop();

“BIR R MNERTERIAIE, E 13-3 R, (EERERET, il DI TR SRR R
X, WRTFZITRNMZER, MG THERERER,

B BFEER 3 T SNRANRE

BB RIEL LR XHIEREE
MIHRFHERIME

[ 13-3 MR R IIRL



13 E (Al www.hello-algo.com 278

13.1.3 EZEXEE

TR, BNZLHEMR “20, FHR, 3987 AR MAHEZRIEARHSK, TR R P,
FEDAUTHEZRARD 1, state TR ATIRA, chotces TR RTIRAS T a] DA HATIZERE:

[* ERESENESR */
function backtrack(state, choices, res) {
/] FIETEE N
if (isSolution(state)) {
/] BRAE
recordSolution(state, res);
/] AEHEER
return;

}
/] BAFAERE
for (let choice of choices) {
/] Btk FEMAER R EE
if (isValid(state, choice)) {
/] =it MHRE, BERRE
makeChoice(state, choice);
backtrack(state, choices, res);
/] ELE: HEERE, MERZAFRKE
undoChoice(state, choice);

FERK, FATIETAEZRARRD ARG =, IRA state N AUBH IR, 1 choices N YRR ETT
HRAE T E, 45E res Y

// === File: preorder_traversal_iii_template.js ===

[* FIETEHBIRESEE MR */
function isSolution(state) {
return state && state[state.length - 1]?.val === 7;

[* iBRfE */
function recordSolution(state, res) {

res.push([...state]);

[* FIEHFIRET, ZERREEE */
function isValid(state, choice) {

return choice !== null && choice.val !== 3;
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[* BRE */
function makeChoice(state, choice) {

state.push(choice);

[* MERE */
function undoChoice(state) {

state.pop();

[* EIEE: flR= */
function backtrack(state, choices, res) {
/] WERTNRE
if (isSolution(state)) {
/] iBRHE
recordSolution(state, res);
}
/] BIOFREEE
for (const choilce of choices) {
/] B RERERRSEE
if (isValid(state, choice)) {
/] =i HEEE, ERRES
makeChoice(state, choice);
/] HITI R
backtrack(state, [choice.left, choice.right], res);
/] ELIR: %R, METZHERKE
undoChoice(state);

IR, BATERENEN 7 W RUG R IZRESHER, PILHRRRILR MR Z G return IAUMIER, 12 13-4

X EE TR B EER return IEAJVE 2SR,
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1% return
IERMEERE, FTBH4RIER

#p% return
IBRMBEFERE, 48388

& 13-4 {RESMER return AR b

M EEEE TR e 7 ARG S, A6 T I AR SC B AR RSN, EEA ML, Sihrlk, W%
]l H] AR ISR R RO, TR T FRARE BARIERE X state I choices , FFSRMUMEZRHIIEANTT %

LTS

13.1.4 EAARIE

NT BB T RIRRR, BATEEE— FREIRETERARERE X, FHARBI =2 X RoRE], sk

13-1 Ffirro

®13-1 H LR IEATE

1]

X

=

fi2 (solution)
LR

(constraint)

IR (state)

iR

(attempt)

[EBE
(backtracking)
BTk

(pruning)

RRIR IS E &SR, ThE— RS
LSRR R BRI AT LRI A, 3 P
T
PARTBER— 0N, EFSLM
et

SRR AT RS R R,
RS, THRE, RERGHR

DG R R LA PRSI, CRSAIE Y
R, I MRS

SRR AR R0 5 A% P 61 TR O
BRI, TTRRER

AR SBT3 T B R L AR SRR A AR
P AE TR 3

HHRTEVIFEY RE812, B path 19 515K

BV (F) T, R REINE path
AW R EER SN T

HROEMT AL SERTT AT BEIEN 3 /Y
TRNZIEER, FEORE

HBENEN 3 RN, NIAFRSHER
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Tip
R, R, IRSEMESREAN, 216, B, SIS, OFEREPEAEY K.

13.1.5 iE5RE4

[l AR | B — RS R, B 2R AT AT RERI IR 7T R B BB 2 SRR, X7 R
B e FRERS R BT AT REMIMR TR T, T B7E SRR RHRIE R, BAEREIHNE,

SRIT, TEALFE AR 3 55 2% ) BN, I B TR ] REAE DL 2,

- I (IR R e P RS R A RTRE, IR IR 2% B AT DUK SR B =l 3l
- 2] R TR R LRI (BN e, AT 3R &), SIRERAN, =6
FRATRER IS RA,

RIVEEant, IR TEAT SR S e P AR ) AN 24 S 2 PSR B AR MR RS e X TR LB AR, bl T T i Fotu g
LR RETT AR A R, TRIIRATT 600N BT Al RERIE B TIE . 7EIXMIBOLT, REER MR,
LRI RRAETT IR PRk,

- BB RRIERINE E A ST, AT T R I AL

- Ak ER: EEREET I LRI SE M THE, WML RE A 7T RE A BRI,

13.1.6 [G];¥fH#BY{5IER

[ TR AT TR ORVE 2 A RPN, £ 5 2 AN 240 & (LA Al
R XA AR REH R R E SR AR ORTT %o

- et ARG, KREHFTERTRERHIIA S,

© FEMEE: BE-DMRASM—DERN, KERSHATEN BN &,

- DOBESERIE: 458 =TI — RN FERIEE, ZRG AT RIS —HRAE T80 2 5 — IR T,
RS —REIE, HARERREEBAENEE -,

LI ML XA H AR R ERE T R A QR SR PRI

- n2iE f£n x nOEEEREn NRE, #REMNEARH,

- O FE9 x 9 MRASHIEARY 1~ 9, #ERET. BHIRNED 3 X 3 FRIBHRETAES,

- EFEARE: HE-DEAE, AROHBOAENGIIRER, BSHESTIEE AR,
AR XL R HARRTE— D G2 A PP ERE 7 i 52 45 1 1 B L e

- O-1EHHME: AE YR INEE, 8N E NN ENER, ERETEARRGIN, &
BV SN ER K,
© RATREIAE: E-NEE, N DRtR, RETE AR OURIR A A, SRR,
- ERKHIFE: A EAE, KBRS TE, W EHRREREMN D TR Z RIEEHE,
HER, SdTrE2HE MRS, SRR IEIRTTE,
- 0-1 E Rl B 6 s SRR, DO @RI AR,
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-+ WROTRIZR—NE AN NP-Hard [0, HARRAAIB L IERBREEES,
- BORPRUR L —MASLU, AT SO0 SRS R SRR,
13.2 2HRE

EHER FEUR PR RR — DRI, ERE SRS TE MRS I — DT ER) BRI T, X
HHARTTRIIFTA ATRERIHES .

R 132 528 T JLA RIS, LS AN AT HES

* 13-2 HHIRA

LTINS e P HEZ

1] [1]

[1,2] [1,2],[2,1]

[1,2,3] [1,2,3],[1,3,2],]2,1,3],[2,3,1],[3,1,2],[3,2,1]

13.2.1 THETEMER

Question
BAN— B, RPN SEETE, REIFE R RENHEY,

ML R, AT DA RSN PR R — RYNEFRINEE R, FRIRBAEE Ny [1,2,3],
RNV 1, FIEE3, BEERE2, WG [1,3,2] . ERFREEH — MR, ZEdksstili
fl3E £,

MIERSHIAEE, REES choices BMABEHFRIFIAILR, IR state ZEHE HATCPIEFEAITTR,
HER, BMITRARIRIESE IR, K state PIIFTHITCRAM %2 ME—,

GniE 13-5 Fw, AT DARHE RIS AR IT R —#RIB RS, BRI DT AR S ATIRAS state o MR RUT
i, O =REFEENAMT A, BT RO R — M
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choices = state =

BRIk

HEIREE

BIERE

13-5 2RISR

1. EERIFEHE
T EMEN TR APOEE R, BB ESIA—MA/REEH selected , HH selected[1] 7R choices[i]
R EMNER, IFET TPl FEEHERIE,

- TEMHIERE choice[i] 5, FATTHLKE selected[1] W{E N True, R EEHIESE,
- BITIEREYER cholces B, BRIEFTA EH0EREAIT A, BNBTAL,

G 13-6 A, RIZFERAE —FLIERE 1, B4R 3, B=40ukik 2, WIREAES ok 1 197
X, HEH=HIHRITR 1 TR 3D,

&0

,L AkTERN 1, 2, 3

it 1 @ )
5 o
AR’

B HREHEENTE 1

HEoRERE 3 FlxakmiR 2, 3
BE o
e

HERERE 2

HREREENTTE 1, 3
HFEETEN 2

K 13-6 2HAIBIRRHA

WEEE 13-6 BB, EORRIEEHBRZSFAR M O(n™) WhE O(n!) o
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2. 1Xfgscm

B EERZ)E, BATRIAT ARSI R B s” T N TR, ARSI

IRACHS AR AR, TR E AT TRITAE backtrack() BREH:
// === File: permutations_i.js ===

[* EREE: 2 1 %/
function backtrack(state, choices, selected, res) {
/] SREKESFTTEHREN, ERE
if (state.length === choices.length) {
res.push([...state]);
return;
}
/] BAFAERER
choices.forEach((choice, 1) => {
/] ER: RARATEEEETER
if (!selected[i]) {
/] B HHEE, ERRES
selected[i] = true;
state.push(choice);
/] BT —iEEE
backtrack(state, choices, selected, res);
/] EIE: HEERE, MERZARKE
selected[i] = false;

state.pop();

)8
}

[* 285 T */
function permutationsI(nums) {
const res = [];
backtrack([], nums, Array(nums.length).fill(false), res);

return res;

13.2.2 EZERETENBR

Question

A DREERA, BdlrbRER S EE R, REFTAREZRH,

BEMAREN [1,1,2] . HTHERSHIEELE L, REE-A1iEn1.
40P 13-7 R, LR A RAHE I — R E 1,
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F—IIERE

_—

B E RN EE S

K 13-7 EEHA

M2 RBREERIHPIE? RERH, FEME—MERES, ERAHISERITRE, AMIXAEHAR
U puHE, PUONERREEHSIER D A LR, MSGERTHRADFIAEE, Xkl DO — IR RIARCR

1. BETHEEH

WLKIE 13-8 , fE55—FerR, B 1 SR LRSI, 1EM Nk RN AT EESE 1. Fit
R % 1 Sk,

FIE, {5 —HVE% 2 25, B LA 1 thar R EE S, Rt RoE s s 1 39k,
MWAF LB, BIGER IR %, B2 A0 7T 2 DR X,

choices = state = ;]

SE—IERE

BRI

BRGERE

13-8 EEHFIEIR
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2. 1Xfgscm

£ L — R AR AR b, A5 BAES —IEREHITE — MR8 S duplicated, HITICRIZIHELEZ

AR, HRHEEITTRITE:
// === File: permutations_ii.js ===

[* EREE: £H5I 11 */
function backtrack(state, choices, selected, res) {
/] SREKESFTTEHREN, ERE
if (state.length === choices.length) {
res.push([...state]);
return;
}
/] BAFAERER
const duplicated = new Set();
choices.forEach((choice, 1) => {
/] B FAATEEERETRE B TATEEREFEEE TR
if (!selected[1] && !duplicated.has(choice)) {
/] Bl HEE, ERRES
duplicated.add(choice); // IBFRIERIHTEE
selected[i] = true;
state.push(choice);
/] #HITF R
backtrack(state, choices, selected, res);
/] ELR: HEEERE, MERZANRKE
selected[i] = false;
state.pop();
}
b;
}

[* 245 11 %/
function permutationsII(nums) {
const res = [];
backtrack([], nums, Array(nums.length).fill(false), res);

return res;

RTTRMM Z B EAME, W n NTRIA n! #HES (BisR) ; FICREERN, FEREHIKEN n 195

%, M O(n) Wi, FtKBEERERN O(n!n) .

BABITRIE N 0, M O(n) Bz, selected ] O(n) 25, F—HARZIEH n P duplicated,

i O(n?) ZH, FERERER O(n?) .
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3. WFEIRHLL

WHEE, B selected Fl duplicated #FF T BIA:, EHFE R HARAIE,

- EAEEIE: BNMEREEFHEA— selected , BiICFEMEMYAPRESFREMLE TTE, HIEHZ
BER N TCERTE state HEE I,

- MHFCEE: BREEFE (E AR backtrack B #ELE— duplicated . BiCRIEEALR
W (for fEIR) FRfLenR Ok, HIERARMRIFAES TR APEFE—IR,

B 13-9 JeoR 7N BIRR PFR ARG, TR, MR RURER R, MR BT SRS
AN A R — N HES

o S
g_q\\ 2
BEEA— <
StHHITR [1, 1, 21 [1, 2, 1] [2, 1, 1] HEEF= §

13-9 MBI R RTER

13.3 FEMin)E

13.3.1 TEETEZNER

Question

G — DN IEEREEA nums F1— D EARIEEEE target , IEHRHFTARTREMA S, HEHEHRITTEMN
ET target . BHEHHTEE TR, BNITRTUBIENZ R, EDAIREREIXLEHS, FIRS
ANEEESHE,

fan, #ASEE {3,4,5}) MIEAREEE9, N {3,3,3},{4,5} . WEEEUTMAL

BN B AT A AT AR S L,
C FERARKTERNE, Al {4,5) A1 {5, 4} BT,
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1. ST LHTIRE

KELT2HFIRR, BT A F SR A4 RO R R — R R, HEEPI AP SN TR
7, HITEMET target N, SR TFRICRELERYIK,

M5 EHAIMEAREE, ASSEE PR e n] DIERRUGER, KIHTAER selected fi/REIFKILRIT
RN OPOER, FATR DO EHFIIERH T/ NMEEK, W12 A2

// === File: subset_sum_i_naive.js ===

/* EIEE: F&EM 1 */
function backtrack(state, target, total, choices, res) {
/] FEMET target B, iCRfE
if (total === target) {
res.push([...state]);
return;

}
/] BRFREEE
for (let 1 = 0; 1 < choices.length; i++) {
/] R BEFEMEE target , MIBkTZIERF
if (total + choices[i] > target) {
continue;

}

/] =ik R, EHTEM total

state.push(choices[i]);

/] BT —IEE

backtrack(state, target, total + choices[i], choilces, res);
// ELR: #HEE, MEZE8IRE

state.pop();

}

[* RBFEM 1 (BEEEFE) */
function subsetSumINaive(nums, target) {
const state = []; // KE (F&H)
const total = 0; // FE&EM
const res = []; // &RIIRK (FEFIR)
backtrack(state, target, total, nums, res);

return res;

AR A B (3,4, 5] MIEFRTR 9, MlgsR N [3,3,3],[4,5], [5,4] « HRREIHEH T HARAY
9 ¥, HHEPFIEREIN 7 4,5 M1 [5,4] .

KRR NR IR X IS T Y, SR AR sy, W& 13-10 AR, Joik 4 J5ik 5 55tk 5
JEiigE 4 AR, AHXRIR 5o
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choices = FoEM
target =
L8015
JTEM >9
B o

B

K 13-10 FHEERSEAIE

NTERREETE, —MERABEENEIRIIFET R, HIXDITIRBCRRAK, AW R A,

- HBAHTERRZ, THREY target BN, #REBRZERRNESE 75£,
- TR D) RFEAFFEREN, TETHIFRE, BIERSAEP R ITRIRR,

2. EETFEY

BATH B RS R E BB T R, MRIE 13-11, BEE FREEUARIF ST RN AR,
BN LA~ E oL

1. Y —RRME RO RNER 3 AN, KERCEXMNTRNETE, 0 (3,4, ... ],
2. ZJa, HHERIER AN, WEETRMIEN 3, RONZIEREN TS 4,3, . ] F15 1. SPER
Mr&ExEeEs,

FEHEREET, F—RANEEERMNERIE RN, KIS § 7 S8 AR,

1. BOPNEIERE 35, AURTE (3,5, ... ]

2. WIPHCIERE AT 5, ARTHE [4,5,...]

3. EHREE S, WE SNEPNE 3R A, ENTES,3, .M [5,4,...] 5% 1. HHE 2. Hof
R THRe 2T,
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choices =

Bk Bl 3
MEBEEFE

B Bod 3,4
BREETE

F&=  [3,3,.] [3,4,.] [3,5,.] 3 [4,4,.] [4,5,.] 3 4 [5,5,.]

EEFE EEFH EETE

B 13-11 ARDEREF S B EE 74

BERE, BEMANSAL 1, 2g, ... x,], BIRRERPODERTIN (v, 2, ... 2; ], WIEEERS
REIE 1 < 1g < -0 < iy, , NRREFINERFIHRZENER, M243E,

3. %M

WEBNZITRE, BN AL AR start , FITHSRBHEAS. SHIHER 2, )5, e T MR i I
i, SRR DAL IIIE i) < iy < - < d,,, MTHEETHRE—,

BRIt Ah, BABEXRREST T LA I,

ETF R HE 2R, S nums HEF, TEIRIFTE LR, Y EHE target BTEESRIGIA, RH
e EE LA, HTEM—aBid target .
BEILEMAR total , JHILLE target EHITIRIERGLHITEAM, Y target FT 0 BHES#E,

/] === File: subset_sum_1i.js ===

/* EIEE: FEM 1 */
function backtrack(state, target, choices, start, res) {
/] FEMETF target BY, iERfR
if (target === 0) {
res.push([...state]);
return;
}
/] BRFRE%EE
/] BtRZ: M start FEEH, BEREEREEFE
for (let 1 = start; 1 < choices.length; i++) {
/] B—: EFEMBY target , MEIZELEREIF
/] FRERANBACHRF, EOTEEKR, FEM—EBT target
if (target - choices[i] < 0) {
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break;
}
/] =ik HEE, B target, start
state.push(choices[1]);
/] #HITF R
backtrack(state, target - choices[i], choices, 1, res);
/] EIR: HEERE, MERZARKRE
state.pop();

}

[* REBFERM 1 */

function subsetSumI(nums, target) {
const state = []; // KRE (FK)
nums.sort((a, b) => a - b); // ¥ nums FH1THFF
const start = 0; // BHRIAS
const res = []; // &RFIFR (FEIIK)
backtrack(state, target, nums, start, res);

return res;

F 13-12 ROV R [3, 4, 5] FIEBRTER O HA DA A P R L A2,

M target
choices = a FroaMEE
target =
BIRRE
BREE

#8id target EETE

13-12 550 1 B2
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13.3.2 ZEESETZNBR

Question

L5 — N IEEEECEUEH nums FI— ) HARIEEEEN target , IHHKHATAATREIAH S, HISHEHIITTEM
T target . HEMAINRERTHEEILER, BN ENPIER R, 1ELIIREREXLEH S,
FIRAPAN U ZEEHE,

FILET A, ARSI AR S AL EE, XS TR, i, el (4, 4, 5] fIEhi &
0, MBI RS [4,5], [4,5], HITEEFE,

ERIX M E S R RS TR P B KRR, £ 13-13 F, HeHA =R, HAmNEy
, RFAEMPNEERNERS X, NmfhES 5%, FHE, SR 4 B EEE 74,

13-13 MHFTRSHER 7H

1. HFERTERY
MG, BATIHR RS TR — b UREORRE — IR, KT S TR EHF

9, RIAHFICREGRAAMAT, XEWE ERAESF, YRR SHANTRMS, W e Eafik
B, FittEEPNE Y ATTR,

SRR, AERE AN TR N REBIERE K, FiafzE, BAIha] DIAAZ R start RIHEIZLH: 4
[t v, J5, B PRSI+ LT GA)EET, XHBRERRRER 74, At iES TR,

2. REEEm

// === File: subset_sum_1ii.js ===

/* BIEE: FEM 11 */
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function backtrack(state, target, choices, start, res) {
/] FEMET target BY, IBFfE
if (target === 0) {
res.push([...state]);
return;
}
/] EAFAER
/] B M start FiaiEHh, B#REREEFE
/] BIR=: M start Fa&H, BRESREFER—TTER
for (let 1 = start; i1 < choices.length; i++) {
/] BtE—: EFENBE target , NEZELERRFEIF
/] FERAAECHRE, EOTEREXR, FEMN—EBT target
if (target - choices[i] < 0) {

break;
}
/] BN NRZTERSEOTERS, HHEZERIZES, BEkT
if (1 > start && choices[i] === choices[i1 - 1]) {
continue;
}

/] Ei6l: MHEE, FH target, start
state.push(choices[1]);

/] #HITF R

backtrack(state, target - choices[i], choices, 1 + 1, res);
/] EIR: #EEEE, MERZHKRE

state.pop();

[* KREEFEM 11 */

function subsetSumII(nums, target) {
const state = [1; // K& (F&H)
nums.sort((a, b) => a - b); // X nums #HITHIE
const start = 0; // IBAHCIAES
const res = [1; // &RIK (FEFIR)
backtrack(state, target, nums, start, res);

return res;

B 13-14 &R T8 (4,4, 5] FIEFICR 9 WIEINEAR, LS ruRisiBiie, IR R S SRS,
G, B MERERE, DURARBIEERER A TR,
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choices =
target = i

BERIEE Bk
EE— s S
- ERREEE R & ¥ H
-1
& BB
%ﬁb [4,5] EETE
HE=
TAWES
E— : -
FEMTEE ARAATR
B target

K 13-14 FEF0 11 [ fE

13.4 n 203

Question
B EFR RN, 2ER UK EHES AL —1T. —Fls— &R LT, 47%E n MERI—1
n x n ARNEE FEERTE 25 2 BJCZEHE R TR T 3.

i 13-15 R, Y n = 4 W, HA UM MR, WEIETERAESR, n x n A/NOBEE n? M
T, B TITERIESE cholces » TERNMREEERIIREH, HERSEARWHZ, SPOZIREETZ
IRAS state

| ) |

L3
€

€
L

| |

& 13-15 4 25in@nfE

B 13-16 fon 7 AR =ANHRGEM: 2 RIRARAER 1T, F—5, F—Ffk b ERERNE, Xt
FAEI R TR LR\ RO A1 £k | FiRh
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AR —RHRBLE
7

BREREREARET

x H X

FEAERI—4T — X |-

-
VA

X
X

x| x| x

X X

FRER—F  FREF—TASEL

& 13-16 n 2JERIBAILIHRFEF

1. FTHRERER

SEHEEMEERNTEE Y n, RRBRMNESES—MES: BRI AR RwilE 455,
WYL, BATRTDERBOZITIE RS : WNB 1T, ARTRE - T2E, BEERE T4,

B 13-17 FiR ol 4 25 SRR TIES R, ZEERT], B 13-17 URIT 78 TR P —MER DL,
H HRF AT LIRS F IR 77 SERHEAT T 39

¥ [ [H] ] W
BEE 117
(&%) (&8R) (&8R)
W W W 1w ]
BMESE 2 17 IE E
| W ] {1 ¥
} ] FW W
HES® 3 1 — = = |
N v v (I
L ¥ [T ] [ ¥
P ] 1} ]
W] B

13-17 BITIHE RN

MARREE, BITBCERBGES] ¢3RN, ciih 7R —THIZ N RIENATE R
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2. JISHALHEK

NTRINAIH, AT AR — D REN n (/R cols ILRB—HIREH 25, ERRIERE
A, BANEE cols KER 2EHIFTEITIIR, FHAERPIPISER cols KR,

Tip
TR, MEFERRERATE B, HATRIIN BRI, S1R5MNESHE N,

A2, WHRIALER F 2R SRE? B IEME FHITHIRE N (row, col) , R FEMFHRIRES EX ALK,
PATEIIZ AL BT AR T BATRSIBSIR S [EHE, BRI B row — col MEREMHE,
WHLREYL, R MEFHE row; — coly = rowy — coly , WEAT—EIER—FKFXNAL L, FIHIZ
R, FRATATDAEBIE 13-18 FvRIVERE diagst IR B AT ALk LR EH 25,

A, SO LA T row + col RIEREH, FRATFEFERAT DAEBIEA diags2 SRALBIN £k
*

cols
BRIIBEZRER

13-18 ACFRANLTHHMIXS FALRETHR

3. 3R]

HER, n 4R row — col MTERERE [—n + 1,n — 1], row + col WFEEZ [0,2n — 2], FILAFEXT
RTINS FERIEEE N 2n — 1, BIEUH diags1 1 diags2 FIKEH N 2n — 1,

// === File: n_queens.js ===

/* EIMEE: n Bl */
function backtrack(row, n, state, res, cols, diagsl, diags2) {
/] ERESFIETTE, B3

if (row === n) {
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res.push(state.map((row) => row.slice()));
return;
}
/] BHFES
for (let col = 0; col < n; col++) {
/] TR T3 N A E 3 AR a4k
const diagl = row - col + n - 1;
const diag2 = row + col;
/] BIRR: RARFZEFRRES. ERAZ. RNAELEEER
if (!cols[col] && !diagsi[diagl] && !diags2[diag2]) {
/] B BEERETZEF
state[row][col] = 'Q';
cols[col] = diagsi[diagl] = diags2[diag2] = true;
/] BET—1T
backtrack(row + 1, n, state, res, cols, diagsi, diags2);
/] ELR: BZt&FIME R
state[row][col] = '#';
cols[col] = diagsi[diagl] = diags2[diag2] = false;

}

/* KR n Bl */

function nQueens(n) {
/] #EE nen K/NEVREER, HAp '@ RREG, '#' AKRE(
const state = Array.from({ length: n }, () => Array(n).fill('#'));
const cols = Array(n).fill(false); // iCRIIEZTEER
const diagsl = Array(2 * n - 1).fill(false); // iBRENALLER
const diags2 = Array(2 * n - 1).fill(false); // IEFANALLES

const res = [];

backtrack(0, n, state, res, cols, diagsl, diags2);

return res;

BATINE n iR, FBIEFNAER, WNEATEREG—T2E n. n— 1, ... 2, 1 D&, f#H O(n!) i
o YICSRARNT, TR HIERE state HIRME res , EHHRIEMR O(n?) WEl, Kk, SORERE SR
O(n!-n?). 5L, HAENALLAROBIE NS KIEG MRS H, TSR T LA BN RS
Ko

e state ] O(n?) 250, $(4H cols. diags1 fll diags2 Esfdifl O(n) 28, BMABITFE A n, FH
O(n) teiizsil, Wik, “HERERN O(n?),
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13.5 /&

1. BB

- BIEEAR U 5 2R, B RS R T IR L el 7 ok ST & SRR, fEIERIERE A, B
JRZAFRIENICSE, B RS R eOE P 5E R4 H,

- PR RS RIS FNRM AN, Bl R R Rk Z A e, BRI
LJREEIFRITE O, IR E— P r0ikss, IBEEZATHIRE, ksl hgss, 25 mREm
TR RS

- [ REGE A S 2 NIRRT TSR R, BYRAT DARATAT SR AL BRI, K
IETRTHERR,

- [l TR T AT A TR AR R (RN 2 TR 2 (A, 2 A JUfe Rl s SR mT DU R R R ok, (B1EAE
TSR T = RO AP IR TR

- 2RI S ERRAEESITTRIATA P RERHS, TS — M RIER N TR R S POEE,
SIPE E R —TCRAER D X, WRE N ITRAPOEE X,

- AEEHIRRET, INRESHEEEE TR, NRASRSHANEEAS, RINFELFMEETRES
ferp HREBOERE—IR, XIEWEBI— DM Iafm &R 5 KL,

- TEMPEIER HSRESE R G PRIV EAMER TS T8, REAXDTTRNT, MEREES
WP EER, AR TR, BAHERWRTRETEETHR, HiRE N EERIERE K
WA, MITRE R S TSR AR R 0 SO TEIRL

C R TFFEMEE, BHPAHSTRSTEREERES, BNFHEAHCTHPRRTESE, B ARTELR
TLRE AAHFSIIBIARL, MM CRAHSE TR HBEBOE —IK,

- n BERESEIER n NEERERI n x n RSBE ERTE, ZRE 25 MM \ICiEBE
Tio HBILTREMFAITLAR, SIZIHR, EXAEIIOT ALLIHR, Nl RITLIR, BATRRAATK
BHREE, RIEG—ATHE T 25,

- HILIFHIS FALRETRAIAL BT SR, X FAHILTR, BAIHA— M RIE RS ARG ARG, M
TERIER RIS TR E AT, NTRMELR, ROEIHNDELRDHNICFIZE, KSAL LR G
2F; MRETHAERIR—E B A% BTl THIRT I,

2. Q&A

Q: /B FRARITIRIEII R
SRR, EIWE R “ERRIET, THEAEGR A TR

- [PETREEE TS, A, FEIREHNN AR —, RIEHERRAE RN AL,
- BAMEERAIL T TSR FRRETER, FATROROME. B s GefZeE)d) SFm

i,
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Abstract
IINEIC TR, TLHE A K,
AR/ N B R IC SR BRI SR, — 5405 | R AT M g o A @R R 4R =2 o
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14.1 ##HRzHEHL

&M% (dynamic programming) 2 —MEZEMNEEEX, BR—IMES N —RYE/NNF -, I
I 7 T R R R B R, TR ME SR IR R,

EARTH, BIIN—ASHFIBATF, AR EMRNEWRE, WREhaSHESFRE, FEPS
TS BASHLRIfE

JerEEH
BE—DIE n BEORERE, FREEPRTDLE 1 el 2 B, 1ERA 2/ 075 58] DATEE RT3 ?

i 14-1 FoR, XF—A 3 Birkksd, HHF 3 #ioy Sa] DUEEIRET,

BEM® n= o 1 2 3 4 5 6

MTetsE 3 Miigssts 3 MAE:
0>1>223 , 05233 , 0>1->3

B 14-1 JEZIZE 3 Ay )y e

AT B AR K AT RACE, AT DA R E I IR o5 2 al R, BACRT, RIEMEB RS — 1%
IR ERERR: Wb, IR L 1 BEk 2 [, S ENAREER IR R 7y AR 1, A
THTERI R HBIAL, A FAR:

// === File: climbing_stairs_backtrack.js ===

[* B */
function backtrack(choices, state, n, res) {
/] SEEIE n MBS, HEHEM 1
if (state === n) res.set(0, res.get(0) + 1);
/] BROFREEE
for (const cholce of choices) {
/] BERR: RARFEEE 0 B
if (state + choice > n) continue;
/] B HEE, ERRES

backtrack(choices, state + choice, n, res);
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// Eh&
}

[* Tetkts: B */

function climbingStairsBacktrack(n) {
const choices = [1, 2]; // FIEHEMELEME 1 sk 2 B
const state = 0; // M o MFFIATE
const res = new Map();
res.set(0, 0); // A res[0] iIERARHE
backtrack(choices, state, n, res);

return res.get(0);

14.1.1 Fi*—: BhHiEE
[ 0 3 R S MO R TR AR, TR SRR B — R P, @R IR eey, &R
A AT R

FATTAT A2 M R 53 R ) FE 0 AT X SE R, IR SR 4 B3l dpli] ®OT R, A4 dpli] sU2 R, H
TRl A -

dpli —1],dpli — 2], ..., dp|2], dp[1]

A HAE R 1 Fek 2 B, RIS IRATUGAESS @« Brpsis B, b—%e I nIREuitEs8 ¢ — 1 ekss « — 2B
ko BANES, BATVHBEME ¢ — 1 BrelsE ¢ — 2 BriamsE ¢ b

FHIL RS H— N EEES: TR ¢ — 1 By ZEUm_LIREIE ¢ — 2 By RECGRS TIESIE « Bty
8., ~ARWT:

dpli] = dp[i — 1] + dp[i — 2]

XERE AL, DT B RFERIERR, PSRN P ¥ ISR R ToR, 18 14-2
JoR T ZBER R
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dp[5] =dp[3] +dp[4] =8

dpl4l=5 /-

dp[3]=3 .

B n = 1 2 3 4 5 6
AR dpln] = 1 2 3 5 8 13
NI N

K 14-2 J7REBEBH KR

Tl T DR A A B EI RGBT, D dp[n] JEIAS, SV — AR SRR A N
A, EEEARN TR dp(1] A1 dp[2] WHEE, b, BN TREIRE S, B dp[l]) = 1.
dpl2] = 2, FRMEEIE 1. 2W5 5 1. 2 FoTE,

MZELARARES, ERIRIEEA RS EE TR R, (HEMEE:
// === File: climbing_stairs_dfs.js ===

[* R */
function dfs(i) {
// BX0 dp[1] #0 dp[2] , iR[ElZ
if ({1 === 1 || 1 === 2) return {;
// dp[i] = dp[i-1] + dp[i-2]
const count = dfs(i - 1) + dfs(i - 2);
return count;

}

[* TeHEtH: #ER +/
function climbingStairsDFS(n) {
return dfs(n);

}

Bl 14-3 JRrR 7 BRIV, N TR dp[n], HIBEAMEEREN n, NRERSREN O2"). 1§
e TR R, RBNMA—DHERE n, WXEABRIEFRZH,
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dp[9]

dp[é] dp[7]

dp[7] dpl6] dp[6] dp[5]

dp[6] dp[5] dp[5] dp[4] dp[5] dp[4] dpl4] dp[3]

RREMMBINFEABESFiAA
SHEEERERESN 02")

[ 14-3 TEAKBERTRIEITR
W 14-3, $EEORIOIN IS 2R “HA TG 800, G140 dp[9] BHM#N dp[8] #1 dp[7], dp[8]
oM dp[7] A dpl6], PIEHEE B dp|7] .

DACZRAE, FRIEFA S/ NIES TR, FFIMMEs R B, B0 HH RS IR EIX B 1
Al L

14.1.2 AE=: idiZigs
N TIRFFEERCR, BMNA A RS R EBGEE —R, it, AT — D mem RICFEEA
TR, FAE I ER R B I R,

1. S ERHE dpli] W, BAVFEIERE nen[1], A2 S,
0. MEREEIE dpli] I, TRTEATEHMN nem[1] SIREE R, TR A LB 1% T I,

RN SR
// === File: climbing_stairs_dfs_mem.js ===
[* BIZHEER */

function dfs(i, mem) {

// B dp[1] # dp[2] , EREIZ

if (1 ===1 || 1 === 2) return i;
/] EFEIER dp[i] , MEEREZ
if (mem[i] != -1) return mem[i];

// dp[i] = dp[i-1] + dp[i-2]
const count = dfs(i - 1, mem) + dfs(i - 2, mem);
// IER dp[i]

mem[1] = count;



145 FNSHN www.hello-algo.com 304

return count;

}

[* TetEts: 1IBIZHIER */

function climbingStairsDFSMem(n) {
/] men[i] 1IBRMEEIE 1 MPAREE, -1 AKRERER
const mem = new Array(n + 1).fill(-1);

return dfs(n, mem);

WIERIE 14-4 , didicebilG, A RS MERRE TR X, NREREREE O(n), XZE—1E
KHT KEK,

nH
) HEER,
B EiEE

,///\\\\ BizgRAENEEEREN 0(n)

ERFEE