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2 hello-algo DO Do
EXPLORER & my heap.py X D~ D © ® O -
~ HELLO-ALGO codes > python > chapter_heap > @ my_heap.py » ...
> B gt """Driver Code"""
> I¥ .github if __name__ = "__main__":
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> W cpp print("\ns#AFIRHEHEF")
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5 () [Eesils 118 print(f"\n#McHk* {peek}")
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> B chapter_computational_complexity  ~/Dow/hello-algo main » || Py base 18:18:47
> chapter_divide_and_conquer
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> chapter_graph
> chapter_greedy
> chapter_hashing
~ chapter_heap
>
< heap.py
2 my_heap.py
& top_k.py
> chapter_searching
(R > chapter_sorting
R > I chapter_stack_and_queue
> OUTLINE
> TIMELINE
¥ Pmaina Iy LOtests @OAO WO GitGraph Ln118,Col 29 Spaces:4 UTF-8 LF {j Python 3.10.13 (‘base:conda) & (@ Prettier [1
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o hello-algo

Code Issues 11

Pull requests 10

chapter_tree

WH, MNRTR 3 krahets
queue: deque[TreeNode] = deque()
queue.append(root)
# Mak—1 IR, BTHREEAFT
res = []
while queue:

node: TreeNode = queue.popleft() # PAFILEL

res.append(node.val) # R{FHAM array_binary_tree.py

if node.left is not None:
queue.append(node.left) # EFFHEAR
if node.right is not None:
queue.append(node.right) # HFTHN
return res
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B 0-5 B ERX B A IR AR S

BT Az TR, PISRIESH Python RIS RT#MLIZLT (BT pythontutor SEH) . 4 0-6 R,
IRAT DARR AR R 779 AT T SRIEITALE, MR HITER,; Walbled “2fWE”,

DAARAS BE 4 A ] B AR


https://pythontutor.com/

A R
HOE AIS www.hello-algo.com 8
T
+ © % hitosdwww holo-algo.comichagter_amay_and. i Jinkediiays array 47 a% 0O 0
Rl o % %o
Hello W3 [ @ TRLES v ]
E oW Mz >
B B3 mawE > Python 3.11 Print output (drag lower right comer to resize)
R Hom AR > res = [0] * (len(nums) B nums = (1. 3.2, 5. 4]
# BRBAPMFETREMNE
& B3 45
& B3N BRGH ? - for i in range(len(nums ﬁﬁgﬁ
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auE 0-8 FivR, ABNEEZ M “MB—", SERIRERPSHEITH B MM B =13,

MrE— ez — FrEg=

STRLERIND HRF BN ERNINER

RETE
BENTB RISERR RREES
HizEH

At EIR i

FREL At E) 2 R Bl [F] —iB R MEAR, LIMAR
FERIKHRICIZ H IR IERR EREENANAER

& 0-8 HIRFESIHL

0.3 /&t

1. EREH

- AR FEZNERIENFE, WRIRCE —E &M, RABRERNBIRRSEIEER, iRt

AR IR .

- BRNAZEERERE N, BORSHIRIE =887, W 7 IRIUsEIRE 2 .
- NTRENT, EFENEREBE-AANTHERER, JUETFZERK,

- TS mE ERE R T A HESAERAR, AR, MAATIXENEEZ KT,
© ORERTYES R RAERE, SRR IO TR R B R,

- ABMIURATE D ETTENIRAPHEX, WD 2 = RAEERS W,


https://github.com/krahets/LeetCode-Book
https://github.com/krahets/LeetCode-Book
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Abstract
—N/ DR SE, SEIERIAE—E, 12 LI ERETENREE,
GEaE IRILEE, IERIBMEIER, BATTIHEE SRR EE A,
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1.1 BETRAFRE

SEAWTE] “FIER XA, RERMSEEE RMEhR b, FEREEFAYNEREE, MEES
AR AR, IX BRI H R A0S AR Ab rT WL,

EERRITRIRZ A, A MEBNEIER D= RESEPIRE P AR TIPS RIE, IR En
MEIHFEAER D Y. PEBAR2E LD BRI RIELIX — R,

Bil—: A, R, SAONFEN N DS, MRS T RIFHAR, BIRERNTREE
T MPEE TN r 7, JEERIERE 1-1 FroRey 7 s,

L BT —Fryoisy, EFZNE TR, WEETFR N m.
2. I ESEFRERF r LT m 25, PDHERR T BATEE 7y, EBTEE S NEER T,
3. RWrEEHER 1. P 2., EERIPHEEFEN r TS 1k,

FRERHEFIROAFHT

BEFRER: RIEE—HEEEEN » HF TR

EFASE:
1. EFFRAE—¥0EL, RAEFEE n
2. BF r 1 m [E8, FHBEESES

Step 1
—H DBk
EFHRSE:
1. EIFFFSRIREOMN IR, KREFER t
2. BF r # t §8, EHREFESS
Step 3

Step 5

PO NAAERERGEE, S R E AN &K Bk, WEBIRSHEIME, BT LSS

Step 2
—¥ sk

EFASE:
1. BAFRERBON—H0BL, ERNEFEE p
2. B8F r # p G0, EHREFES

Step 4

;
—H TR

EFRSR:
1. BAFRERBON—F00EL, ZREFEE ¢
2. ERIIEFEH r BF, TRES

K11 BEFHPE

JA

N—DEHPH A", NEIERAE, BOTATLR LIRS I —RYRIFEE “ &R
Bl ReBb v, BAHESTIN, SRATEEHETHIIN M, EEMNNEHS, SRR NE 1-2 Fr

7TNo
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12

L Rhsahlorh “HE” M OTERT MG, FHEIREIRE MR 1 KM B2 7.
2. P — Ik, AEHFEORIEAAE, SERERE 2 KNSR,
3. AWITEAS IR 2., B4R KIS H B A Gy, BEETAINEEA .

FHF FHF FHF
A Ta [ o N & N A nn
2 A 5/ T . 2 A 5/ T / 2/A/5 5
) [ » 5 _
\| // ’o N / .Iv N
WL X L3 5 S s
g 3 4
FHIF FHF
= s ~ 5 2 5
it YiC 5 2 A \5 2/ A A
7 e \ D '\
Wt» A % v
5 5 2 5
< 5 5 2 5_ A A

1-2 vt PR

RPN R TTIEA B B AT B, e NBUREN IR SR, PR mRIE S I

JE B AR TR AHE I S 5

BI=: BEmik%F, BIRBNHEETIEL T 69 JThvrsh, 4 TR 100 o, WIWBREFRZHRHAT 31 T, il

KAREARHSE AN E 1-3 R &%,

ANENUEEE 31 s EE/NYETH, 5 17T, 57t 10 7T, 20 7T,

MATETR R ORI 20 78, FA 31 — 20 = 11 76
MFIRANET R R AR 10 7T, ®R 11— 10 = 175,
MEIZRANETIPEERR 17T, FR1—1 =07t
FHRERE, 7TEN204+10+1 = 3175

AR
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S 31 = 11 - 1 = ()

HEET -20 -10 -1

TWENTY

hY
TWENTY ||

1-3 BEmikFIE
UL BT, Bl — DRI RTE R AE R (RATRERIRI#RIEE M), WS 7 alfTHRE )T
R, NBUREHSRIENMES, XMTEAR R 500" Bik

NETRIE—IER, REVERHUT, JUPArERERRREEAITRE, HER ISR ET i
KRG REE NS, RINGRS A CPU Al GPU HUTEE, IXFE—K, Tl Ik REFEAE i At A)
R EAL L, DU 7y sURRE AR 2% ),

Tip
RN BAEEEM, BIE. BN ERER SRR — MM, BERSAT THEE, ARS8
PN 6 ARSI RESINSI AV a8

1.2 BiEREHta
1.2.1 HiZEENX

8% (algorithm) ZAEA RN AR E MR — 4IRS BRI B, B RA IR,

- IEURRARARY, B TSR R AR e o
- BARTY, REMAEAIRDER. WRMAEZER N ENK,
- BLBEETERS X, EARRMARIZTRET, fMbaaZdE,

1.2.2 HHRGEMEX

R4 (data structure) ZALNIF LRI X, WEBURNE. Bl FXAMGIRRIETE, €&
AL B R,



H1E FIRRETE www.hello-algo.com 14

- ZEEGEHRED, AR,
- BAEBRERATREDUE, MMSEEAREVIR. A0 PR, EHTE.
- RERTERBIRRORNZEER, DERRSR0sT.

BURSHBEH R — e e, SRR ERD TSR, EEWEAS T HEH 2, T2
MT

- EERMECT A, ERARISINFIMERERCE L ENERE, (HE T ER I AR,
- EIMETEER, RUTERENZEGER, ERESHERNAEERE,

1.2.3 HEEMERZENXF

nE 1-4 forR, BURGEHSEERREMR, BEAE, BAERIEL T =177,

- BARESHRERNE G, BARAH OV EIRRM 7B SR, DAUARIEERIRRT T I,
- RIEONBIREEANE @, BURGAR S OUAERREE, SRR GEM O E A,
- RIRER AT DET ARSI, EHRITRERTREAZERK, SIS BIEL 2 K,

BE—RIUREES

MmN
BN ‘ B il
. —— .
input algorithm output
¢t )

data structure

RS iEEE
SSPOIVI:NES ¢ s

B 1-4 BURSHSRIERRR

BARA SEIEMNE 1-5 ForiIPEfiIR, —ERAR, RTESTEFHEZIN, A TRAA RIS,
BATHEIRBI B — DD AE, BERELAIRE ARG SR MBI,
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B 1-5 PrERIK

PRI BRI B DR FR AR 1-1 Fm,

® 11 RBIREHE S RIZEE N PRERIR

RS EE  PRERIR

W ABE RPFEERIFIAR

Hmaitg BARHAGIEK, WIEPIR. R ERTT5F
27 FERIARPER EARE S — RERA D IR
R IR

EREARE, BURSHSRIERMTREESN, ERWL, A5 DAIRHET 2 MgEIE S 1L,

LIEAR R TR
FESLPRITIER, BATER K “BURGHSEIE" fMVoy “BIK" HUARFTERIE LeetCode ik
H, skbr kRN EHERAEHHIRE M T THAIRTR,

1.3 &g

1. EE[Ep

- RIREARESRIAEAE, HAZBAA] KEESEAN, Lhr b, BMNELENAREHERTIFS
B, DARORA TS A R/ N
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© BETHEEHS S EREEME R, oERERARI T amia M EERTREE,

- BRI RE SHEAHPRERAER KO mAHFEIRE S H IR,

- RMRENPEAR EZIVORE, B PERICY ATE R4 HIERE,

- RIREAEA BRI A AR R E (R — A5 L BRI D B, MRS T REAL A i EdER
Ti o

- BARSHSEIRREE, BURSHREIRNEA, MRRNEBIREAEAL @,

- BATAT DOR EARES A 5 FIER O BRERRUR, BIRIGEREDE, ORI IRANERE 77 S AREIRSE,
DRERRARI D BRI R BT

2. Q&A

Q: fEN—%BEFHR, RERT LEFMRHERMOGI RIS, HASRSEmEESERG 7, ERM6N
AIRLTY; RS RERE RN TR R RIS A 2R TR LR IAR R ?

GRS AR TAERRELLEREINN “HE50" B9IE, ARAEREREMIZEBZE "7,

BIUEEE (DAHAMERMEE) MWEYARETELERPNELIE, maEE TR, EfRn
R RERS 1R T L S L AT, MR TAERVEAIR &, 28— R, SMmEIEsSaNE THF
PRI

- RPN AL BIRGE SRR, s s, BT REATELIX M RAERM T, 18170
. PEREARES, B LERIFRAMT AR,

- ARG B, BATSAIE N EH T RN A E AR O(nlogn) 5 MRS E SR EE
REREE (BIA2E5), ABATAIRE R DURHRCRE SN S8y ki, KNS RERN O(nk)
Hp kil SEARAERAN, & HRIIBTN SREQNERANME (RARER, IR,

fE TR, KERBUEMEUSEIRMMER, V2 RERUEW “E02" Mg T, RISRXES R —T7
TE R T (R RUAS By BRI, 59— 75 T AR T RN R R A AR RDR . ABURTRRGSE %, &daiiz, oA
AL TR, TR REARE A R A BB (U
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Abstract
B3R L aniE s B A B P R S A S,
TR IBAER F S5 EIXHNEE_ EIRARR, FREMRENERTTZE,
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2.1 HiEHEE

FERIREA, BACEIER AR AN Z R HAr.

L IRBNINERTL: FIATEAERUE A5 A\ TE RN Al S8 fthoRAS AR I
2. FREAML: F—DRIERREF SR, R EER AT RE IR A,

R, fEREMARRIEIRIATIE T, BIEBCRENNEERRMS N TEFNE, BRI
1:38

- INRIEeR: BRI TN RIFKE,
- ZBRBeR: BIESANEEREEIRN,

sz, JOMERRBRT “BRXE” WBIREHH S HEIE. MARUIHEEIENEREREE, KAREA
IXEE, BAARERSMEIRIA T L, MEmiE S BRI S MR,
RERVFAETTIREZE D WA SEERNA, BRI R,

2.1.1 SEBRMS

IR TIEG S0 A RIS B, THSAERRIRA — IR, FUAEF TR X PN SERCR . EL0 772K
B AL, BTERAEE, IR SRS TR S NI, SRR S AET R
S, A LR R,

— 771, MESUHERRIIASSEN TR, RECERE P SRR, Lol — NSRRI (TR Rers, 0
LERBEEAELH CPU LEtT, —MERONERIERE, AT ERIERNE ENRIIRS B,
BRI, BEETERAHLES MG R AT AR — B, XA B TR S LI XTI, it
TPYE, THERIL,

577, IR VI, B AR R, SRR FRNNCE. B, EHA
SRR, SEME A E(TIIECSIN: B I, TOAES ASURREAN, MIRasRATAER AR, Wik,
TEEERIRANEE, TROTREN &ML AR, THXHE BRSO R S,

2.1.2 IBigEE

BTSRRI B AR I RRR I, FATRT DS e G — Lo BRI BIE IR . IR 5575 20
IEEZE S (asymptotic complexity analysis), HREZE D1,
BT RS AR B IR IS A T A e AN TR RN 23 (R B3 R 5 i A BRI 2 R SC R EHIR T DA Fi AN B A
B3, BIEPET TR A RIS, XN E AR O, BT DA HE D =N E ORI

- CIHRAISEEIR B N BE S ZREE (time complexity) FIZEEZE (space complexity).

- “BEERABIEMERIIG AN RS 5 AT R T BIRIBITRCR S A BER RIS Z RIS A,

- IR EIE KR FORE SRE T OSER RIS TIN B G S AR ERE, R N Rl E AR

MR “PUg”,

AP Bve i 7 SRR IS TR, AEAE LR LTS,
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- BEHFERISITAME, EngaTite,

C RS TINAINSE, rEERIEH TR T A,

- R DMAIEARIEGE & TRFIERCR, STHEEAREEE T IREIERE.

Tip

GRRORTIS R AR EIR K, AHELD, B STEREE TN 4,
EIRE I BN R T —HE P SIRRCRT “PRR”,  EFRATTAT DA 8 p0A T 5 SR A =R A I e 2 1] 8%
1B, MHAREIRZ FRRER,

SRERMCAMS, X TRFE RS, FIMEA RS, WX PNAEE, EREDHATEERK
EAETENESENMAINE. R, HENTNEIE N MR s RRRR RN, XE DL 2 A HIS T A
22 [AE B O

LR AT, EEUUREIRA S SIBARGE S RIEZ R, JOMEREHrENLPG I 78, PARERENSSE R i
TR 5

2.2 ER5E=E)T

FERZES, BEEPTEMESRRE LN, ©5EREIEEM, Blit, fEM4A RS AR RS 2%
JEZ AT, WAVER T RN AERE P EEIITES, RIMMEARRF RGN #H,

2.2.1 &

&R (iteration) B —MEEHRITRMEFSHIIZHIGH, A, BESEMLE —ErRA TEEHRITREE
8, BERIXDERFEAER L,

1. for fEIF

for MEMNERE WHNEIER 2 —, WEETEMICHNEIR RN,

DUREREET For TEMASEEL TSRAT 1 + 2 + -+, RAGERMEHLZE res Id5, FETFENZ, Python
Hirange(a, b) MMMXER “LHAGAF B, NMELEEN a,a+1,...,b—1:

// == File: iteration.js =

/* for &I x/

function forLoop(n) {
let res = 0;

/] &Kk 1, 2, ..., n-1, n

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

}

return res;

B 2-1 212K R AE A
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LI Wit
&

X

@

"=

2-1 SRFIR B AEAEE

SRR BRI S A B R/ n RIELE, sREBR “RIERRT, SLhrt, INRIERERMIR
A “BRIERRT. HRXNBERTE T I 4,

2. while f&1F

5 for 1EFREA, while TEIMEZE —FISCHUARITT %, 12 while 163A, BFERASSERERM, R
FMNE, WERSHIT, ANIRIEs RIEIA,

FHEFATH white JEIRREIRMM 1 + 2+ - 4+ n ¢

// == File: iteration.js =

/* while f&¥F =/
function whileLoop(n) {

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

res += 1i;

iv+; /) EREHZE
¥

return res;

while fi¥FEE for FREARI A HIE TR, 7E while FEIAH, FRATAT LA i 46 48 B RN GA LA B3

BIAAE AT AREDH, SR & @ AT PIRERT, XAME U KT E R for TEERSEIL:
// == File: iteration.js =

/* while &} (FREH) =/
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function whileLoopII(n) {
let res = 0;
let 1 = 1; // VB EHTE
// @EHRM 1, 4, 10, ...
while (i <= n) {

res += 1i;
/] BMEHTE
Teipp 2
i*x=2;
¥
return res;

JEERE, For PEPRIAREI AN, while DEPREMARIG, PIEHRA] DASKPENEEH, LR HME— 5
TR [ T SRR R

3. BRERIF

FATA] DHE—DMEEENIRE 7 — MBS, TE LA for 1GR9
// = File: iteration.js =

/* WE for &R =/
function nestedForLoop(n) {

let res = '';

// &% i=1, 2, ..., n-1, n

for (let 1 = 1; i <= n; i++) {
// #@&F j =1, 2, ..., n-1, n
for (let j = 1; j <= n; j++) {

res += " (${i}, ${iB),

}

b

return res;

K 2-2 B EMIRAER,

?
Sl

PRfEER

H i+
]
H

MR

- EE
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2-2 RENEIRIIREEAER]

EXFEILR, REBIIRIERR S n? BB, BCERBIRIS TR R ALIE RN n B PR,

BATAT ARSI EIER, B KIREEZE R “THE", RN EERERSE 7 RR" “TWRTT
KR”, DU,

2.2.2 #3

Y3 (recursion) Z—MEIRRNS, I RECHH B SRR, ©EEZEEWHE,

L &: B AMIRAMEHE S, @EFENENERIRSE, BRAT] “&EHRFE,
2. 1 g “RIEERMET 5, BRMREREAREBOHEZRRIRR, CRE R,

MM ER, B EEUS =1ER,

L. 2ab5fF: AITREM 2RRE %" % “177,
2. BETRM: XN R, REGRMES, EEEAEDNECERSE
3. IBMIEER: X U7, KHRNENRRAERIREE E—R,

MDA, FATAFTVEHEE recur(n) , BEATRASERR 1 4+ 2 + - + n B
// == File: recursion.js =

/* &3 */
function recur(n) {
/] AIEEMH
if (n = 1) return 1;
// & &YAER
const res = recur(n - 1);
/] V3: R[EZER
return n + res;

2-3 JEoR TR RIS IS AR

AT “&” Bt “93°
recur(n) return n + ((n-1) +..+2+1)
} -/ ‘
recur(n-1) return (n=1) + ((n=2)+..+2+1)
| ,/‘
recur(4) return & + (3+2+1)‘
} -
recur(3) return 3 + (2+1)
| A
recur(2) MR return 2 + (1)
l ZIEFF r—”/j

recur(1) return 1
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K’ 2-3 SRF1EREYIE ISR

ERMNHEAKE, ERGEAR DISEHRFEMNAR, HEMMRER ¢ mRhse 2 A R 25 g o ) S i
E2v8

- 3B “ETRWLE” HhRRIAE, WREMEIP BT, KR MRS SRIMNXESE, HRIES .
- THEWRT MR AR, R R AN BENE TR, X (AN R R R A AR R A T K
PR T MIREAR SR 7O SN R, B EIEAE U 1L (AR RIAEE CATED.

DL ESRSRAFRONH], WA f(n) = 1+ 2+ +n.

C IR EIERTRRIRANE AR, M LIEPIE n, SERHITREIERE, BIRSRE f(n) .
- I KRS RN TR f(n) = n+ f(n—1), Rl GBI 2 TR, EEEARER f(1) =1
AT

1. AR

BB A B S, REESRNHOITER RN, DIEER R, AR A E RS,
XK SN 75 RIS R

- PREE BT SCEAREREREAERR . R R BIPAE XErR, B EOR A A SRR, B, @
W LB ACE IFE SN A 22 Ml
- )R B S A RSN DRI B LRGP TR R AR

N 2-4 FIOR, FEMREZLRIEZRAERT, RRAEE n DARIREEDEITEE, BITREM n .

AT & Bt 93

recur(n)

}

recur(n-1)

!
l

BIARE recur(4)
! }
recur(3)

!

recur(2) R

} ™
recur(1)

B 2-4 JEIEFHIRE

FESEPRA, GRiEIE S RVFRRINREE R R A IR, IERAIE T AT RE S B H A IR
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2. Ei#)3

HiEHE, UREEALEIRDE RGP A I TEHEE, WZRET DA dm e as sl R as ik, AR
BIRCR ES5IEARAHY, B SFRNERYT (tail recursion),

© BB HEREOREIE - BRREUE, FERSHUTRE, RERFFERE L—-BRAN LT
o

- R 3BIHVE R R BOR EIRTA R G — R, IXEWE REOR MR E—En, TS T HAth
B, HIHARGTIART E—ZREEI LTS

PAHE 1+ 2 4 -+ n Al ALK & res BOVRESEL, M) :
// == File: recursion.js =

/* Bi&E */
function tailRecur(n, res) {
/] BIEEH
if (n = 0) return res;
// E&EVFEE
return tailRecur(n - 1, res + n);

}

FIEARIPITIS AN 2-5 AR, A EEE @@ AR, PRI R T U2 FR,

- HIEIB: SRRHRIERE 77 R RITH, SRIREEEE T UORNHRE,
- R SRFHRERAE “ET RIRETHITH, Y77 ERREREERE,

BT @ ML 93
recur(n, @) return n+.+5+4+3+2+1
recur(n-1, n) return Nn+.+5+4+3+2+1

} f

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

l 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
S ) i
| wing |

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

2-5 REsB)dE

Tip
TEER, WeSmidaslReds SR i 0uik, Bilan, Python BUAASSCHF @I L, KRN
ERBUR IR, IR AT RE 2B 2 A Hi ],
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3. &3

SRS “IE7 MXRBEEREN, BEEEHIEARR B EMEN., AEENS 5, P LS
Hyflo

Question

g — PR3 0,1,1,2,3,5,8,13, ..., KIZEFINE n MF

RLPIACREINE n MEFN f(n), BIEWILEIL.

- BB N (1) = 01 £(2) = 1,
- BB AR IR, B f(n) = f(n— 1) + f(n —2).

FEROBHEOC R TIINVA R, KRl MR NR IR, a5 RIS, M fib(n) RIRI1SEIER
HRSEHNHIE n DT

// == File: recursion.js =

/* ARG BT +/

function fib(n) {
/] BEEH £(1) =0, f(2) =1
if (n 11|l n= 2) return n - 1;
// #FEA F(n) = £f(n-1) + f(n-2)
const res = fib(n - 1) + fib(n - 2);
/] REIZER £(n)

return res;

WS LA EARD,  BATHEREPRITVE A 7D, IR ERE AT T AT 5. Wi 2-6 T
R, RXFERWNBITEATE, RELRTE—BRZECO n fEY3N (recursion tree),

f(n-5)

f(n-6)

B 2-6  LRRSESN I

MWARBEE, BIAERELT KR ENF R FER4EERN, XM IaRIEE R EE,
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- WNEIEMEE, @R fp, B 6. SSIRIRE VR 2 SR RR RIS B el AR N ] T XA R A
737K

- WBURGHIAEE, BARREGAIERER, WMAIERMHEXEE, FyEMHERIES Ao e 88T
o

2.2.3 FENL
MEED ENZE, Q13 2-1 FoR, ECHDSEIAESI. PREALEFM: EE TR,

*® 2-1 ERGEIAR R

JESAN uella|
KT TEIRGERY BRI E S
=
RISTEY QR & S £ S ek O DA R BRI O FAES 27 AR TP
R
PTEEE A [ RN T 23 ) SR EOPE F AT RE B AR R A A = A
H
G JEFATEREMES, REEN. AT @R T RS, W, B i, [IEE, RELSSHETE,
i 33 GL
Tip

QSRR DA A BRI A, FIDATERRSE KR ETEERE S,

Wz, BB EAG T 2WNIERRRIE? DLEREBIAREOR, SKREBRCEEEIAR 77 BT, XEK
A IR FH B PR ERSR PR 2 5 e SE AREORANIRAERY, IR TAEHLRI S %A “Te AJa ™ D) St 7] 1,

L, AT A SR XIBARTECERTR TE SR AN ETIR R,

L & HERBROARN, REXE AR EOVZEBOIECRRTARN, W TSR R R, S5
IR [l S E R
2. V3: HRBGERPUTHIREIRE, XA VAR ERRR, TR Al BRI TR,

(Klit, FRATIA] PAREF — A~ B X ESR B I RRIAT A, ITTREIS I3 8 (e omik AUE
// == File: recursion.js =

[* EREAREDLET */
function forLoopRecur(n) {
/]l EE— " EXNRFEIUNRF A EE
const stack = [1;
let res = 0;
// & &)3EA
for (et 1 = n; 1> 0; i--) {
/] BE NIRIRE R %7
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stack.push(i);

+

// V3 REIER

while (stack.length) {
/] BT “HIRIRE I 37
res += stack.pop();

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

MEE A BRI, B AONENE, RIGZEREMER T, REEAMEIERZHE T DA,
HA—EERIXA, A LA NP A

- AR RUARRS RTRE SEAIME DARRAR, RIEPEE
© ONTRER IR, BHURSTE RARRIT N A] REER R,

Bz, EEERGERIBITIROE TR MR, EgIESKE, DU E RIS HRIE R BNE R GG 7y
REREE,

2.3 HaE&E

BT Al A] DAELUL EL it S R TR RORCR . an SRBA VAR MR 1 — B IS RIa T R, ROZ AN I le?

1. s th, EEEEE, WEES. RIUNESE, XERZESEMBINSTICER,
2. PSSR B IR RIS T I W), BIAIERE + TR I ns, FIRIRIE « FFE 10 ns, FTEHR(E
print() 7% 5 ns %,

3. MRS IR, FERFTA BRERIPATINESRA, TS 2217
BIantE LA RS, F ARHER NN n

// EEETEST
function algorithm(n) {
var a = 2; // 1 ns
a=a+1; // 1ns
a=ax2; // 10 ns
// &% n &
for(let i = 0; i < n; i++) { // 1 ns
console.log(@®); // 5 ns
+
}

MR LT3, AT DUSRIEIERIZ TN Y (6n + 12) ns

141410+ (1+5) xn=6n+12

H52PR b, SHHRERIBTINBIBEA GBI ABSE, B, B PmERHENFTIZTFadE, HE
ERBEESIARKT6 EisfT,. Hik, BAMRMEREMERERNSI TR, XA w5 RH R 17RO
1:38
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2.3.1 #itadiaE e

IR A T SETT AR RIRIS TR, MR RIAIST T Il R 2 2 R K 5

“BF AR XS RS, BB — MR DA, B ABAE K N n, BE=ANETE
A, BFIC:

/] B A HNEREIEZRE: BHM
function algorithm_A(n) {
console.log(0);
}
// 8% B MREEZRE: Z&M4M
function algorithm_B(n) {
for (let 1 = 0; 1 < n; i++) {
console.log(0);
}
}
/] 8% C HENREIEZRE: SEHM
function algorithm_C(n) {
for (let 1 = 0; i < 1000000; i++) {
console.log(0);
+

2-7 JoR T DA B =N RIRR N R 2 2

- BIRARA 1TNMTENRE, BIRSITIEAREE n 8RS K, BAIREIRN RSN “H

- BIK B FFRYSTENMBRAER B8R n (R, BIRSITINERES n 8RB, BIRAII RIS 2R
N MR

- BIR C RAFTEIRIER ZIE58 1000000 (%, BRI ERK, HEeSMABERN n Tk, Bt
RIS 2% A A ARE], T “HEN™,

Bk C - HEm
1000000
Bk B — &Mk

BB TR E 10
5 /Mm
0

@ 1 2 3 4 5 6 7 8 9

FNEHEA

n

2-7 HE A, B C RN R KES

T BERGHRIRNSTTI ], I RS 2% TR IRLE R e ?



H2w EREDN www.hello-algo.com 29

- IR AERES A BTN RIERCE, Blan, FIL B ST BAMHE K, £ n > 1 INEHERE A 118,
£ n > 1000000 W EE5FTE € 18, FL b, HEMABIEA/D n BBKR, EREN “HEH” NEE
—EMT AR RE, KRN FEE KBS X

- INFE SRR IR ERE, B, BT e AR S Fa TN R KT, A
WA RS 2% AT, FRATT AT DA SR A T HRAR BRI TIN RO ARIRIG . “ BARLIRF1R] 7, ANTTRE
“HRBEBTNRESH” fiy “HERIERES, AR ARPERT

- IS A AR e — R RRBRYE, B0, RUERITE A C RN RS 2R EAEIR, ESERRET TN A 2= IR
Ko ke, REFRBRNEEAEL C &, EEMABIERD n BN, FiXBHEMTRIEC, X
THEIEOL, TIN5 XECAOUER 2 2 A B R R R . 428, REGFE LRRE, ShED
W SRR A EIR AR e 3 HL YT TG

2.3.2 RPEHEESR

TR n HIREEL:

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

RAERR R R — DR TRABIE RN n B, 128 T(n) , WAL REEERIEEE Y

T(n)=3+2n

T(n) 2—REE, BRAHIZITI ARG KB RSN, HI e R R,

BATREIEN I RIEZREILH O(n) , IPMEFEFRNKR OES (big-O notation), FREE T (n) 1Y
HE L5 (asymptotic upper bound),

RS 2% T AR R R “IREE T'(n)” NG L5, T EEHENECEE Lo

PSR |3
EAEESHL ¢ IS8 ng , BEHTFHEK > ng, 6 T(n) < c- f(n), WaAH f(n) %4
HT T(n) —MEBE LR, 28 T(n) = O(f(n)) .

i 2-8 i, HHEENE ERURE SR f(n) , 554 n B8R TEHERN, T(n) # f(n) & THE
ARG, HHE—DEERE c.
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c-f(n)
T(n)

ER{E ne

A.f——"‘-””ﬁ-'

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

é’ n > ng E‘j: yﬁ%ﬁ C'f(ﬂ) = T(I'I),
LEBIRIIAA f(n) B T(n) B—DELELSR,
8% T(n) = o(f(n))

& 2-8  PREYHL L5

2.3.3 #HEGE

Hk SRR LA N, WERIREIE IR A S 2B, D, BT DUEEBHER T, RN
SRR,  EAT DUR U HAE R

RIEES, WE f(n) 25, BAMETERINEERE O(f(n)) . BAWTHEERIT LS f(n) We? Bk
NP BRGUHREE, REHINTENL B

1. B—%:. HiHRFHE

MRS, BATM BRI IHERIAT, i, BT R - f(n) PEOEEBGERE ¢ FTMBUEER/D, BRI
2T (n) WIS FREL FEOH T PL2NE, ARYEIRIN, A] DUS\Es DU TR

L. 20 T (n) WREE. FOVBRNTERS n Tk, F DO I ] 5 2% BE A AR 52,

2. BWPAERE BN, 1835 2n k. Sn + 1R, #RA]DARIIC N n ik, B4 n AR R EOS I R 2
TR R,

3. TRFRIRERMERRIE, SRIEEESFTINEREANAZREIMNRERE W, &2 EIMRIAR] 25
B 1. (N5 2. RV,

B — R, BATTAT DU B3R B R Gt TR E R

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

PUFARURR T A IR BRGS0 ER, Mt N RS REE ) O(n?)

T(n)=2nn+1)+ (OBn+1)+2 ZEESI (-]
=2n%+Tn+3
T(n)=n?>+n firhiigiit (0.0)

2. B-W. JEEIHEESR

IR AR T (n) HEREHIBSRIGE, X 2ENTE n BTES AN, RESMITRLELSIEH, Hitr
AN HR AT DA

® 2-2 R T LGy, Hrp S akER N TR “REBOTEESIN T X458, 4 n BT RN,
L A E Y/ L =

R 2-2 AN[ERA RN B I R 52 % R

HRERCR T (n) iR 2 O(f(n))

100000 o(1)
3n+2 O(n)
2n* +3n+2 O(n?)
n® +10000n> O(n?)

27 4 1000001000 O(2")

2.3.4 FEhR¥EH

R ABIER N 0, BRI RIS 2 RANE 2-9 For GEIRMRE &SRR HESD o

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
TR < XE < LM < ERMENEBT < FIIR < 185 < Bk
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1. B O(1)

E#ET o(2")

E75B 0(n?)

HERERE Z45M o(n)
T(n)
BB 0(logn)

BB o(1)

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

BINEHRAN

B 2-9 B DRI ) 52 2% 2 7Y

TR R BRERE SRABIE R n Jek, RIREEE n (2L,
TEDUR e D, RUEBREECR size ATREIRK, HEITHSMALIEI N n JEx, FINRSZRETHN O(1)

// = File: t

[* BERR «/

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

+

2. %M O(n)

ime_complexity.js =

ant(n) {

:O;

100000;

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

nt;

MEEZE

MEER.

LM BB ERCE AN TR AR R n UAMESAINI R, SPER@E s HBLE B RIER

// = File: t

[* RMERY */

function linea
let count
for (let i
return cou

ime_complexity.js =

r(n) {

= 0;

= 0; i< n; i++) count++;
nt;

T P B s P B R E N 2R E9 0 O(n) , Horb n B BER I :
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// == File: time_complexity.js =

[* MM (BEEE) */
function arrayTraversal(nums) {
let count = 0;
/] ERRBEHAKERIEL
for (let i = 0; i < nums.length; i++) {
count++;

I

return count;

EFERAZE, WABIERD n TR A BRI RADR ATE, Lness — AR, 228 n i A
TR B ARG, BEHKE n AR,

3. F5H O(n?)

ST MR ERRAA TH SR AN 0 AE AR, 7 E S B E T, SMNEIERAINE
TEPRI IS 28R O(n) , B ARIIN 24N O(n?) -

// == File: time_complexity.js =

/* FEFM */
function quadratic(n) {
let count = 0;
/] TEIRRBETIERN n RERXR
for (let 1 = 0; 1 < n; i++) {
for (let j = 0; j < n; j++) {
count++;
¥
b

return count;

B 2-10 XM EE T HE. SMERFIE 77 B =i (A2 2%

&% n R

B n R B n &
1R

BRI BB S A BB S A
HEH o(1) 1M o(n) F5H 0(n?)

(] RE—itmmE
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B 2-10 HEE, SR 7R A R S 2K

DABHERE A, AMNEIRERIT n— 1, WEMHEn — 1. n—2. ... 2. Lk, TN n/2K,
WS AR O((n — 1)n/2) = O(n?) :

// == File: time_complexity.js =

/* FEM (BEHRE) */
function bubbleSort(nums) {
let count = 0; // s
[/ SMER: RkHFXER [0, il
for (let i = nums.length - 1; i > 0; i--) {
/] WNEW: BERHFEXE [0, 1] FHRATEREEZXEN&GIG
for (let j = 0; j < i; j++) {
if (nums[j] > nums[j + 11) {
// Xi& nums[j] 5 nums[j + 1]
let tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
count += 3; // mEXRMEE 3 PNEITRE

b
F

return count;

4. 1558 O(2")

VAR AR R IREI R R AR T IR 1NN, RAEE N 2D, RMRE
AR A, DASEHE, 2R n REH 2" DR,

2-11 DA AAS R T A IR, WEERES O(27) o TR, A n FRoR e, REE
count TR FIREL

// = File: time_complexity.js =

/* 3EERBY (EIFSEIN)  */
function exponential(n) {
let count = 0O,
base = 1;
[/l BRER—SA_, K5 1, 2, 4, 8, ..., 2*(n-1)
for (let 1 = 0; 1 < n; i++) {
for (let j = 0; j < base; j++) {
count++;
¥
base *= 2;
b
// count =1+ 2+ 4+ 8+ .. + 2"(n-1) = 2*n - 1
return count;
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beELS| EEMN
BE—9HZ TR¥E
zﬂ
21
22 - Hn B
2n-1
TR ERS gﬂﬁ'ﬁlmﬂ’ﬂ%,@a Bl
20 + 21 4+ 22 + | 4+ 201 = 2n-g $eB o(2n)

2-11 45E RIS 1) 2 2

TESCPRBE LS, a8 LT IR R EH, BIanTE DA RIS H, HEB At —a 8=, &t n RO EE
1k:

// == File: time_complexity.js =

/* 8¥PY (BYISCEL)  «/
function expRecur(n) {
if (n = 1) return 1;
return expRecur(n - 1) + expRecur(n - 1) + 1;

TR AR R IR, fE57280% (BAOMER. B PHEE L, N TEIEMEECRR R, fe8ih2 A
FIFEAZIY, JEH TR S SR S D SRR R R,

5. 3% O(logn)

S8R, SEE R “EBRARE " [EN. BEMABIER N n, BT EBRAERE
BAERREUE log, o, BT 2™ BRI

& 2-12 FODA MRS T “BHeaa s —F mdFE, WNRERER O(log2 n), ficH O(logn) :
// == File: time_complexity.js =

[* FHERENY (BRI «/
function logarithmic(n) {
let count = 0;
while (n > 1) {
n=n/2;
count++;
¥

return count;
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BNBAKEA n sEEE 1 1

s

TR ERE Bia] i
log,n +1 B 0(logn)

=

[N]

[y

B 2-12 GBI B) 52 2%

SRR, X BT IR R B, PUNRSEAL T — RN log, n WIS :
// == File: time_complexity.js =

[* FHERENY (GBYARI)  +/

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

F

X BT R TOARIBHE RS, KT “—oh2” 1 REOVE” MNEREM, EKEE, 2
PURT W A BEAR I ) 52 2%

O(logn) MIRBUZEZ/V?
R, “— 9 m” MMM AERER O(log, n) . THEENEHURAR, HiIATIGHAE
RFEREL MR A 2

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

R, JERE m AT DAEAE I E 2 M RGHE ki, RILFRATEE SEHISRE m , BN B
28 O(logn) o

6. &3 O(nlogn)

LM B LT EREEAR T, NEIERIIIN RIE 2% 35009 O(logn) #1 O(n) o FHESAEHINT:

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

F

return count;

& 2-13 JEoR TR BN A RTT e SIS — ZHHRIEREE N n, #E log, n + 18, HItH
FEZEH O(nlogn) .

BEERREEH

n R
@ nx1=n

[SE]
by
NS
>

H tog,n+1 B

n

zu 4 = n
qu HEIRERN
n x (log,n + 1)

o

& &

BBl A

0(n logn)
@ 1xn=n

2-13 MR B TR A

1R

&

1,

&

&

T EENN A E R EE R O(nlogn), GlapEHry, AR, HEHFE,

7. Bk O(n!)

B afeliont BB B AT R, 280 n DNEAEERITR, RETATTRENHIITTSR, 77588EN:

nl=nxn—1)x(n—2)x-x2x1
B e e H A HNB AL, A 2-14 FIDLRARSRTR, SB—BaRt n A, S2ERHM n — 14, Ptk
e, HEE n BWFEIESR:
// = File: time_complexity.js =
[* BiSER GBYARIL) =/

function factorialRecur(n) {
if (n = 0) return 1;
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let count = 0;

// M1 ARERE n D

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

}
return count;
}
EEH
DRKE
n
n-1
n-2

- 1);

2HFNARY (BIRKENTRKE)
n x (n-1) x (p-2) x .. x 2 x 1 = n!

n(n-1)

n(n-1)(n-2) - Ha B

n
!

BtiE
BBt o(n!)

B 2-14 i3 AR A2 2

HER, ENGn > 4RMEH n! > 27, FTANSRI BRI RIS E R, 1 n BRI AE 52/,

2.3.5 RE. Rff. FHYNNEERE

FORRIN RIBCR AR BEER, M SMABIRN A BIRmA—MREN n f98H nuns , Hrf
nums M 1 2 n TR, M HEI—X; ETRF2RELITELR), (£55 HFR2IRETR 11

R5lo FATATLAGH LIRSS IR,

- Hnums = [2, ?, ..., 1], B RETER 1 W,

o

R 2
T

BRI, SEBHR R A% O(n)

(1, 2, 2, ...1, BISEDTREN LN, LA RKEATERSIE, KSR

- Y nums =
WA Q(1)
“EZENRIE A" NN REGETIE R, AKX O 1L SF R, M, “EAER AE A" X R RE L R,
H Qid5RR:
// == File: worst_best_time_complexity.js =

[*x ER—NAE, TExR {1, 2, ...,
function randomNumbers(n) {
const nums = Array(n);

n }, IRFEHATEL «/
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/] HER#RH nums = {1, 2, 3, ..., n}
for (let i = 0; i < n; i++) {
nums[i] = 1 + 1;

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

h
[* BHEA nums FEF 1 FREEZRS] */

function findOne(nums) {
for (let 1 = 0; i < nums.length; i++) {
/] HitE 1 EHRALEN, RIRENEEZE 0(1)
// HmE 1 TR, AERENEEZE 0(n)

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

}

ESFUARE, BAOVEKRPRPIRDEA RN R A, FOvEHE A ERMER TA S, AlgEsmk
—ERRS, mRZNEEREE NI, BRI T AL, RN IS O R,

M LSRRG DA, 220N 5 R R TS 2 BT RSPk, X B R
AR/, AR ELSHUR MBI, AHEL2 T, SIS I 4 ] BAPSBREL I 2E R A B I
BT, O B RET,

TS, FTTT AR 26 e B L B LS S RO THIEIL, Ean SRR, ph T A S B TAL
9, PRIMETEEE 1 HBIFE LR RS ORISR, TR SDAN AR SO R AL K R n /2, F
IR A2 O (n/2) = O(n) .

EXTHRNEIRIRIE, THRPEII RIS 2 ST LA IR, RUOMARAME AT B AE R 0 R O BEA R,
FEIRXAMEOUT, TATDE R R ZN W 2 2V E N EIRRER I PPHIFRIE,

W LRDES O 1552
TR O 7St TR LT, DR 3 6 R Fm TR 05 20, (ELAF=RG R B, 3
RIS RRIG, TEA BRIV, FBERE0L “THINAERE O(n)” WFRB, Wi i
BN O (n) .

2.4 TEERE

TEEHRE (space complexity) FTHIERE TR S N2 RIREE LU B 2R AT K SS, IX S S5 E
HIREARR L, RFTR BT By S HREERE,
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2.4.1 HEHEXZIE

BRI TR R R R RS DU LR,

- AN TR AR A E.

- BN AT EERR ST ERETIER, MR, HEE T SERERE,

- FHEEE TR EIR A A
—REOLS, SRISRENGIHEER “GFEER” ik “RHasE,
BFEAA] PO — SR =00,

© EERYE: ATRERRSTEEPRSE R, TR, NR%

- AR TR A A R B SR, RGTESHRUA F BN AR S AEAR TR QI — MR, BREL

IRIENE, A Al SRR,
- RN AT RERFENRFES, EXRRAEE R,

T — BRI AR ER, BANEW S8R, B A 88 =y, WK 2-15 for,

BEERR TEEERENSTER

AL

e A
PN HEEE Wi =2iE
MR B R
il
ESEiE

2-15 FIEFERRIAHER R

UEES AV

/* £ %/
class Node {
val;
next;
constructor(val) {
this.val = val == undefined ? 0 : val; // T af@E
this.next = null; // IR T—T1mRE95H
b
}

/% HRE */

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

}

function algorithm(n) { /] BWNEE
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const a = 0; /] BEHE (B2)
let b = 0; /] BEHE (=)
const node = new Node(0); // BEFHIE (WR)
const ¢ = constFunc(); /] tkmi=sie) GERRER)
return a + b + c; /] LR

2.4.2 HHERGE

RIS RENHERTTESNAE A RBHE, JFRIHRRM “BIEE" o “BRZRRN,

M5 REXRENRERE, BANaERE N RERZESRENE, XRE NN RZ TR ER, FAT2M
A PRIEFT A fi A B N ACE R BRI N7 2 AT

ML, RESRERETN “RE ANZEE X

1. DRSO %4 n < 100, 2R O(1); HY n > 10 1, AL nuns 5
Fi O(n) %2, FILEEZREREN O(n) .

2. DASEEIBTT PRIV Ml : B, R ERITIIG —1T 200, S O(1) Z30; 2¥I4A (L4l nums
i, R O(n) 25, WILEEANEZREN O(n) ,

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

h

TEIBIARRELD, WS THRRmiE M, W5 DU ARG :

function constFunc() {
/] PUTHELAR(E
return 0;
}
/* BHHNZEEZRER 0(1) %/
function Lloop(n) {
for (let 1 = 0; 1 < n; i++) {
constFunc();
+
}
/* BPANTEEZREN 0(n) */
function recur(n) {
if (n = 1) return;
return recur(n - 1);

% Loop () il recur () IIRHIIE Z4EER 9 O(n) , {2215 25 R I

- HE Loop () TEIEFAHIEA T n X function() , HHHHY function () #R EIFFREH T M= A,
bz EE A O(1 )
© JBVAKEL recur O EIZTTHIRRFHRFENEE n DARIRER recur (), MIfidH O(n) FIARNIZS AL,
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2.4.3 FERER

B ABE R

1. B O(1)

R WL

HNn, B 2-16 R T H RRZEREZ R (MREEHSD.

O(1) < O(logn) < O(n) < O(n?) < O(2™)
HEE < W < Ll < SFIR < 358G

EHM o(2n)

5B 0(n?)
RIFEZEIAAN 4 o(n)

FHHEPFT 0(1log n)

MEZER. MEEE

BB 0(1)

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

BINBEA)

B 2-16 LAY R B2 2 R 2R

BEEMALIERN n TXRIOFE, TR, X5,

TEERAVE, (EMEFR ARG AL B eR A B S EIAAE, EEAT ISR, B ER

S HZsE, =
// = File: s

[* R %/
function const

A O(1) -

pace_complexity.js =

Func() {

/] BITHLERIE

return O;

b

/*x BE */
function const

ant(n) {

/] BE. TEB. WREA 0(1) =&

const a =
const b =
const nums
const node

0;

0;
= new Array(10000);
= new ListNode(0);

// EFPRNZESA 0(1) =6

for (let i
const

F

=0; 1 <n; i++) {
c =0;

/] ERFRRESEAE 001) =8

for (let i
constF

=0; i<n; i) {
unc();
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2. %M O(n)

LLERTE W T L REE S n BUEELIEE, BEER. R BB

// == File: space_complexity.js =

[* MM */

function linear(n) {
/l KEA n BERALA 0(n) =E
const nums = new Array(n);
[/l KER n BW5IFREE 0(n) =E
const nodes = [];
for (let i = 0; i < n; i++) {

nodes.push(new ListNode(i));

¥

// KEA n HBHERLE 0(n) =8

const map = new Map(Q);

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

}

N 2-17 R, BEEREEDEINRER n, RIFINTEE n DNARIREIR 1inear_recur () B2, i/ O(n) K
/N S ] -

// == File: space_complexity.js =

[* SRMERY (BYISCIL)  +/

function linearRecur(n) {
console.log("3#)3 n = ${n}’);
if (n = 1) return;
linearRecur(n - 1);

}

CErak Y [E'-]t

AT “& “
linear_recur(n) return @
linear_recur(n-1) return @

" | 1
linear_recur(2) return @

l i Y2 I

Ez 314 s T
linear_recur(1) return @
REEBEBRRER n FiElERE

HEEM o(n) AVERMIZS(E] 28 o(n)
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2-17 BIARREC A SN2 F 2 2

3. FH5H O(n?)

IR E DL AR, STREES n BOFTRR:

// == File: space_complexity.js =

/*x FEH */
function quadratic(n) {
/] FEFESHE 0(n”2) =[E)
const numMatrix = Array(n)
.Fill(null)
.map(() = Array(n).fill(nulD));
[/l Z#5REE 0(n*2) =&
const numList = [];
for (let 1 = 0; 1 < n; i++) {
const tmp = [];
for (let j = 0; j < n; j++) {
tmp.push(0);
¥

numList.push(tmp);

N 2-18 Fir, RESUEITRE N n, (G NI FRECTEIEL T — N, KESBIN ny n— 1.
Lo 1, TKEEN /2, EHEALEE O(n?) 23

// == File: space_complexity.js =

/* FFHM (BJFEIM)  */
function quadraticRecur(n) {
if (n <= 0) return 0;
const nums = new Array(n);
console.log( &Y n = ${n} #H nums KE = ${nums.length} );
return quadraticRecur(n - 1);

Iy
B4 nums 5 HF @ e
n ~——+ quadratic_recur(n) return 0
n-1 ~———+ quadratic_recur(n-1) return 0
BARE l’ 1
" | 1
2 ——— quadratic_recur(2) MR return @
l K& 1
1 ~———+ quadratic_recur(1) return 0
TEE MR PHIAL T —ME, BRER SlRIERE

1+2+ .+ (n-1) + n = n(n+1)/2 EAM o(n2)
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B 2-18 328U R & AR - 75 s TR A2 2%

4. 1588 O(2")

FEBONH LT =X, ISR 2-19, BECh n B “E X B R&h 27 — 1, & O(27) =)
// == File: space_complexity.js =

/* BEM GRILHEZXN) */

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

ERNT SRR
23
/ \
21
N N\
22 - Hn B
SN N TN N
2n—1
Rttt BEERE
20 4 21 4 22 4 ... 4 20n-1 - 2n_q *Eﬁm 0(2“)

B 2-19 il — R AR RFE S 23 R B A

5. B O(logn)

B T MR E Bl EHE, BIAKEN n A, SRIBITEEEMA b5 Y, K
=R log n IBIERE, i O(logn) Femizs A,

AOIR BT N TR, MA—DIERE n, BOACECY [log, n] + 1, BIMEFHFEHKEN
llog,,n| +1, BEHBHEREN O(log,,n+ 1) = O(logn) .
2.4.4 Wt 5 =EiE]

BARTROLT, BN BEIRAIN R 2 2% A 22 A 2 2 AR REIA B et SRMIESKPRTB O, (RIS ALIEm A&
PR RN [R) 52 2% R B AR RV
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R AR ] 52 3% L 3 3 T R DARR T R U 2RO, R ZAPER.  FRATTRATE P17 23 RDREETH BRI TIR L A
SRR “ PSRN R ez, WIFR DA Rl R

RN A SR A T RATEB BN 770, ERZEIEHT, NRSRESER, Fit “DesF R E”
HRER AR, SR, EEREERRIELT, s RS R EE,

2.5 Ihg

1. EREH

LRI

- I TRISSCR AN S (R AR R T B IR 25 I 32 ZEA EHR,

- BATTAT DOES KRR PG RIERCR,  (EXEDITHBRIAIAE RN, HSFERRR IR,

- BRI AT ATERRSLPRIMIA R B, e RIEH TR BT A, I HREB ISR EIRE A REEE
MU TR RIRCR,

of ) S S

- IR A T R SRR IS TIN IR EE R KA S, AT DAA RO BIAROR, (EAERLE N AT
REZSRYL, AAER AFIEUE R0 NN B 2 A A RN, TCRAS I LU R 5

- BREMNEEREMHK O SRR, NMEHHENL B, RMY n #ERETHN, $E8E T (n) 1
W,

- WEENEERE ALY, ERGIHREEE, AEHIWENE LR,

- LRI 2 M= HES IS O(1). O(logn). O(n). O(nlogn). O(n?). O(2™) f1 O(n!) %,

- FULE RN R EAREE, TR SMARIRNANE S, NAERES NRE, R&iE FHNEE
R, BAENRE AT, B A BHE — R0 S RS A REs BRI

- YN AR A S M RTATE R LR BN R RIS TRICR, AT LR A O BA R, TN
A2 7 RS N BUE 2 10 AR SR E 5 IV ECA IR,

M

- BEERERERRCIT N E AR, F TR S N R R R KR,

- EIRBITIRRE TR NE SRR VAR, BESRE MR EEELT, MAZERAHA
BRI, BRI B EEE. RS RIS 22, HAkmi 7 (a8 5 (A A R 8k
SN 7S B S A

- BATEEARERETAERE, NS RIEERZR AN BIEMRZIBTINZ T2 R 2%,

- H A RS 2 MERIEHESIE O(1). O(logn). O(n). O(n?) 1 0(2") %,

2. Q&A

Q: A= L AR O(1) 13?

Hig b, B@HEERSRERE DA E O(1) . AR RZERZIES (4 Java, Python, Ct++,
Go, C#%) AHrENMULEBH, FtEEINNZRERER O(n) .

Q: HEFTTIRIXM M ARIEHIXBIZA 242
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K% (function) AJDABZMNZIAT, FTASEEIARAILE, 5% (method) 55— PXGERER, #HEAILES
VARERIXSR,  REWE X SE A SLB 0 & RO BRI TR E,
N PA LR WA SR AR TE = BRI
- CIHEREEAMEES, RAEMS RIS, FTDH R, [E3ATR] DOEE ALK (struct)
RIS RS, 5L SRR bR it = T HAG AR A = 75Tk,
- Java fl C# BHEHAIN RAwEES, IR 05k @EENE DRI —ERD #RSTTTERITNEMUT
gL, BOAEHIb ek b, NREVIRRE LA R,
- C++ M1 Python BESZHRpE SR (HED, WMEFFmANRgEmE 7k,
Q: g “H WA R A" MR 72 o5 2 R A 4R R /N2
NE, ZERRRZZAERE, HRMEERES, AR &2 R4 R,

B n = 8, IRATRER KIS INERAIE S MBS N A b, IXZRESRIIEAE S — MBI, HTR
HUEVE 48 2] — DML IE AT

FESLBRrR, BB NEF NATER N TTER “HEHIT SRERZ /D, A BRICE(UTE R RIERE n = 8
Z RIS, BT n = 8° ML T, XNHMKBaRERLEST,

Q RETERUESRRE S, R ) (R0 SRI AN
TESTRRRLFA, CHR A Ve 2 SN I, IR RR SRS, B RS, B+ ekIa 7223,
AR ATEZSE, D O(log n) B2 O(1) IR,

(RS R R, WA B, IIERARIT &, N RE s, TRMTES
W, VR ERREIUFER, DENTE G, R,



FB3IFE WESH

hello-algo.com

48

Abstract
BRI an[R — RIS E 2 AR HEZR,
TR A AR TR, BIAE AR EA SRR,
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3.1 HIEEHnE

HOLRBRE IR, RS, R BB TRARER. ML HE [, BATRIDAAN BT 0 “pEghi”
PINERE AT 703,

3.1.1 ZELS: SitS5IFEN

RS T B TR 2 MINEEE R, EEAHMTERTD, BB —E iy iy, AT 8RRk
PERZR; TAEMT, BRI MEBEXRAY], R “HE” 5 “BR ZMIIRERSR; ENHT A
FAAER, Sk T A4S R R

QNI 3-1 FfoR, BEREEMR] 30 “ERMET A CHRERIE” MREE, SR B, TREHRERH R LR
PEHES; AREAESSHNIER, Z2ARZMEHES,

- ERPEEIRETH: B, BER. AR AL IR R, TTRZAE N RIE R R,
- ARERMERdRG . L HEL B IR R

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

- PESTH: B OHE IREER, JTTRZMEZ X ZHIRR.
- PRGH: &, TRZERZXMNZHKR,

SEEiESM ERMERIESN

e " & 2
array tree d \ / \

%‘gi 3 > — —
linked list

push |/I \
i = graph T /
stack -

pop

s e e & s
FASY -
queue -— -— heap ¥\

pop push

BER {key 4 *}

hash table value

3-1 LRMEIRAEN SRS R4t

3.1.2 YR ESES55E

SRR, IR BRI BIR AN R, & 3-2 RoR T — DRI S, HP N RETT
PR A& —RINAEZE ], FRATAT DU N R R R — D ELRHY Excel 248, H A& BTTARER AT DAFE I —E R
ANNEA G
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ARGUEN 7 IR AR BEE. W& 3-2 FoR,  THEHURSER S MU A% i A 8D B TAS 20 ie
G, WREDNESREA MR L, A 7St B R AT RN R EE.

90 901 02 03 04 05 06 07

0x0000

0x0010
0x0020 a

0x0030

0x0040

AERESE ARG 020012 , SEIMIE

. ERANGSE  HENELE 0x0024 , SEIMIE

B 3-2 fFsR. WAEESTEL PAFHRAE

Tip
EfSHAARR, NAELLIE Excel RAZE—DMELAIEEL, SRR TIENIHEILEE 2, Kbt
ZiH, NEEH, ZEUHL BRIAEYE NSRS,

WFRFTARFP L E TR, SRR MER &, WRE R TR AR P RN T IR R
PRETH S AR, WEBE A EERF BN R, tan, BRI RI P I SRS R SRR
ZIRNANAE; WEREVDESRII A, B2 R R ARSI RE S (F B (E 7 B2 A A

e 3-3 Aor, PrBRgsi R Y BARAE RN IAE R 3, Al oS EAE s () MR
fefig (B2, PIBLEM WIRIZOE TRARATTIN, g, HIMSEIRIETTIE, PR BEEE A 5 I (RIS A 2 )
R T 7T 2 I AR A

HEREEE)EE ST el
TEfE A BITF S (Bl R R Y FEERNNEZEZ I

e FRERE | spssns
B sesannesa minamst | OAEZE
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K 3-3 ELRZE RIS B R

ERRIRE, B BIRa RS TRE ., HERR EANASIB, G140, ARAIPASIRE AT DARE AR sk
B, WATDAREFRRERSCEL; ke AR kA SCIL AT RE RN (5 B ek,

- TR AR PASIL MRARER. AL HME. &L ZERE. GKE (JEE > 3 REED SF.
- ETRERIEL: AR, PASIL MAARAR. B HE I%

HERAENIRILS, AT DMER IS TR  HREAT IS, RI AR “shS8dRa”. BAEvnas
KEATE, R “SSE8dRaSE", ESEENE, SEmEd EH N FESIRKEE L, MmME&
—EM) B,

Tip

QUERIRIE SV PRAS A PR A TR, B BERIE N —%, RS RIIA T N A,

3.2 BAEhiEsedl

LRI RN EEIER, ROSEESOR, B, MR, B85, 3D REERMPR, RERXEEIREIHN
55, EENTER RS MEALRE I K,

RABIRIARE CPU W DA TIB RSN, ERIRPEEEEN, ERUEUTILA,

- BRI pyte, short, int. long,

- TFEBEEA float. double, TRV

© FREE char, ATRREMIBES TR, MARSEERBNESE,
- AR bool, HTFHRR “B7 5 “&7 AW,

SEABRION B, IR R A ME IR, — N IR 1 b, R RS HOIRIRER S, 1
45 (byte) Hi 8 HAE (bit) 4

FALERE AR A A S B R T H S R RN, R A Java a6l

- BEHOOM byte A 1Y = 8 HAE, WIDAFOR 28 MIF
. E@kgpkﬁu int gﬂq 4 ?17 32 Hﬁ% TU«%T 232 /\5&%

R 3-15128 7 Java FRASRPEALERERIN & 2, BUEVEEMBOAME, HREICHBEILHER, KEEEHH
A, REN AT D &K AL,

R 3-1 HARBEERAT 5 A 2 AR E G

E il e HH=E BME BRE HINME
B byte 159 —27 (—128) 27 —1(127) 0
short 2 FA —215 215 _ 1

int 4 A —231 231 1 0
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el S5 GHZEE BME RAME BRIMA
long 8 Fi —203 263 1 0

FRE float 4 FH5 1.175 x 10738 3.403 x 1038 0.0f
double 8 ¥ 2.225 x 107308 1.798 x 10308 0.0

FIF char 2 7 0 216 1 0

/R bool 157 false true false

TBIER, 3% 3-1#XTH0E Java REABHR AL, SRmEIE S A S BEEEIE X, eSS i
XA, BUETEEFIERINME R Re 2 A A,

-« {E Python ", BEHCEM int ALARERAR/D, RZBTRIHNGE; FR% float BIUEE 64 7; &
A char K81 AANFRFSCER B EKEN 1 PR str

-+ C I C++ R E R ABIERAI A/, MRG58, 3 3-1 875 LP64 i, HpFF
1S Linux A1 macOS AN Unix 64 (#E RS,

© A char FNAR/ME C I CH+ HON 1 27, fERZHURIEIE S P BURTREENFR RIS 7%, 0L “F
Rt B,

- BMERRA/REMNT 162 (08¢ 1), BENFHEENFEEN 170, K2R ENL CPU #EH
1 F 1 E R/ NS HENFE R IT,

Mz, BRI GHARGE Z RIA 2R VE? JATRE, BARait2E it B PR S R T
Ko RANEREER “457 mIE “BdE",

FARFOR “—HETT, BANTEASBBIEASA, X2R BRI LS n] AR AR R R A
JFRAR, HETHEHEINERES int, /ML float IEREFHF char, M5 “BdEghity” Tk,

HAIET, SRR TR “PIERRL”, mBRa Rt 7 EBRR “Ad8U R, Bl RS,
BATHHFE R RE B RFESFRRARINEALIERA, EH5 int, float. char. bool %%,

// JavaScript RYEARILABHEFESTERBIELREMNR

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

3.3 HFim*

Tip
TEAFH, WREHEA * FFSHRIERET, WRIRNFARSURSEREAE, aTRUERNE, FE7s
BRE e BRI,

3.3.1 [Ff3. RESF#MES

£ E— TR RSP ERAVLI, AT BB REW FORI AT L IE R — 1, BIA0 byte RIHETEEZ
[—128,127] o XK AR AN, ERINTEREW RRED, 5D, *MDERIHERATIR,


https://en.cppreference.com/w/cpp/language/types#Properties
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HETEAR, MR bL W B ETE T RPN, R AT R A B, B =F RE
o
- RS BRI —HRIRORR RS AN S AL, H 0 FoRIES, 1 Romidl, HARAR R
I

o B IR RS H R AR, SO S R FR RS BRAT S AL IN TR AU
o AN EEAANE S HEREAR R, SRR R e S A B0 1 .

3-4 JRoR T IR, SN TR 7T 1%

+0 +5 o -0 -28
0000 0000 0000 0101 [R58 1000 0000 1001 1100
RS,
HHEREABE LR
0000 0000 0000 0101 BB 1111 1111 1110 0011
fERMEEG En 1
0000 0000 0000 0101 5 0000 0000 1110 0100
EHRERE,. RB. EHEF HMKEE,. RB. TSR

B 3-4 R, A5 R R AR B

B (sign-magnitude) MARREIW, E7F7E—LERMbE, — 75, SUSIERAFEEBIN FIas, FlafesE
BRI L+ (—2), ERIEEE 3, XBRERHM,

1+ (—2)

— 0000 0001 + 1000 0010
= 1000 0011

— —3

NT R, HENGIANT RS (1 scomplement), WNSRFATSeR AL EAR D S, FHAERIS RHE
14 (—2), BREKERMNFSHGREEE, WaESSIERER -1,

1+ (—2)

— 0000 0001 (J5r4) 4+ 1000 0010 (Jh5)
= 0000 0001 (sf4) + 1111 1101 (JhH)
= 1111 1110 (JxH3)

= 1000 0001 (J5r3)

——1
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75, B FREMA +0 A —0 MMRoRTTR IXERE BT DN R 3 fl g, JXATRE
RHRESL HANESR AT, GERIEHE X IEFMNE, NWATRES SFEHIWE RS, manREuqTELL
BUERMATE X, WFHRZESIABIMIHIWTERCE, XTI RN RER,

-+0 — 0000 0000
—0 — 1000 0000

SEM—F, REUFEERAFTE X AE, RSP 5IAN T8 (20 scomplement), {17k
K MAERRY, i, (MR

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

TESVRIRASIER_E AT 1 27748000, 16 byte JURMATK AV 8 i, ULBSHEIE 0 (1) | Sz, t
BB, SUBIHED 0000 0000, SRR, XEKEENBRTANGFEE—AE, EREEYL
TR BIRR,

MBI — VR byte FAMEETE IR [—128,127], ZHURI— R —128 RUTESINE? &
MRS, I [—127, +127) PIRIFTE R X B EAS, SORRTAND, 3 ELIERIATIMD 2 ) o] LA T
e

SATT, A3 1000 0000 J2—HISh, ©IFTEE MBI, HURESTE, RO SN 5 0 R N
0000 0000 . JXBARFIER, FHNZERBETET 0, THBIIZREE S, HEHEX MEFKING
1000 0000 7 —128 . ik, (—1) + (—127) fEAMG FIGHEAERRE —128 .

(—127) + (—1)

— 1111 1111 (JEA9) + 1000 0001 (J5h5)
= 1000 0000 (5#3) + 1111 1110 (i)
= 1000 0001 (%MH) + 1111 1111 (%MH)
= 1000 0000 (*~H)

— —128

IRATRECALIN T, LRFrAHEEZIEIZE, XRRE N EEES: THRYIPERR R g 3 2 5
TIEBREHN, IXZROITREEMN T HAR (Fanskik, BRIEFIERIE) K, B8 STk E fa
B, HERGHATHTCE, BRIEEER,

HER, ZHAERE T RENUREMINE, RS — AR RIaRa S, HRYIRES LI & Fh L
RBEAa%. Blan, HRRTE a — b AT DA TSN o + (—b) 5 HHRSRIERIBRIE AT DI TR 2
IR

PRESRATR] PUSES T AL EE A ANME AR R SR TAMEEOR,  THEALAT DUR R Y B AR (R AL B IE R
TEEIINE, AT ER I RFPRATRE(F LR ERIGE, I BRI B S T B R, JXRR e
REPFIRELE, 1R TIBER,

MEEIRHER Y, RREXRBADMCNHENXE, BEIAGBRRE PR T il
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3.3.2 FRHRED

HOMIIRAIRES R EL: int Al float KEMFE, &2 4 71, EHAT4 float WEMETERIZ KT int ? X

W R EN, FENIEFN float BEER R/, BUETEENIZZ /N,

Kb b, IXRRBDNIEREL float R Y ARIKFORTTN, 10— 32 HURHR R 3RO :

b31b30bag - baby by

HR4E IEEE 754 pniff, 32-bit KERY Float HIPA R ="ERME L

: ﬁ%'fi S: 5 1 'fj, Xﬂk}ﬁ b31 o
CHRMERIE : 5 8 6L, AIRE bagbyg .. bys -
. ﬁi&ﬁi N . IJj 23 ﬁZ, Xﬂ‘m 622b21 e bO o

ZIHHIEL Float X NMAEMITHE RN

val = (—1)bs1 x 2(bsob20-b20)a =127 5 (1 boobyy . by),
AL BT R A N
val = (—1)5 x 287127 x (1 + N)
Hrp & R BETERE Dy :
Se€{0,1}, E€{1,2,..,254}
(1+N) = 1+Zb232 (1,2 — 2723
float KEHN 4 bytes = 32 bit
ﬁ’?h S ¥a§ﬂi E SN
..B.ﬂﬂ :
b31b3@ b23b22 by
WNFULTR, 7% 1RIE IEEE 754 fnfE, & BIXRIAIEF R
5=0 val = (-1)Sx 26127 x (1 +N)

E = 124 = 1x0.125x 1.375
N =22+23= 0.375 = 0.171875

3-5 IEEE 754 tnifE R float BB RH
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WK 35, BE—RBEIES =0, E=124, N=2"2+2"3=0.375, MA:

val = (—1)0 x 2124127 5 (1 4 0.375) = 0.171875
IAEFRATAT AR E BRI AIE : Float MR 7 sV ERE, SBOUBUATERIZ KT int . RYELL LA,
float ATFTRITEARIERCH 22547127 % (2 — 2723) & 3.4 x 1038, VI SAERTISSIE/ ML,

RABTF R float ¥ v HUEIGH, (HILEIPERDRITE 7RI, BB int #2832 R TRREE,
BRI T THEBIFAE, A% float AYBIERBCR, MBI M2 M ZER Sk
Ko

Gk 3-2 fR, 468 E = O M1 E = 255 BARHKE X, MTFR%E, J%5 K. NaN 3,

*3-2 fEHE X

8L E AN =0 TEALN # 0 HEAK

0 40 UIEREL (—1)% x 27126 x (0.N)
1,2,...,254  IE#I%K ERLE (—1)% x 2127 » (1.N)
255 +00 NaN

R IANE, RIE BT T IR AR B, B/ NEIEMEC 27120 | B/ NEWIERMECH 27126 x 223

o

BUEEE double HRAIZEELT float MUFRIRTITE, 1EMAEENR,

3.4 FFRES *

RN, FrA iR LRSI E R, 747 char WABISN, O THRRFR, BAITREET
—E "R, WESNFERM RS RN ——X MK R, AT FRARZE, RN Ui &R
JR IR 5 A e

3.4.1 ASCIl &

ASCII BB 2 i R B 7748, H42#H American Standard Code for Information Interchange (3£
PRE(S B A . BEH 7 AL 3RS (— WA 7 A0 FRR— 1T, RZEEBIR 128 MAFEM
T, WIE 3-6 FR, ASCII R ISCFRITAR/NG | B 0 ~ 9. —ERRRFS, DU —LEHIF/ (4
WATTFRIHIRET)
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itk it FH aX it st FH +iit it FH +it#l it FH
0000 0008  NUL k2 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001  SOH IREATTA 34 0010 0010 " 66 0100 0010 B 98 0110 0010 b
2 0000 0010  STX EXFA 35 0010 0011 # 67 0100 0011 c 99 0110 0011 c
3 2000 0011 ETX EXLER 36 0010 0100 $ 68 0100 0100 D 100  o11e 0100 d
[ 2000 0100 EOT [ 37 0010 0101 % 69 0100 0101 E 101 e1le 0101 e
5 0000 0101 ENQ R 38 0010 0110 & 70 0100 0110 F 102 o11e 0110 f
6 0000 0118  ACK |5 39 0010 0111 ' 71 0100 0111 G 103 o11e 0111 g
7 0000 0111  BEL e 40 0010 1000 ( 72 0100 1000 H 104  o11e 1000 h
8 0000 1000 BS Bt 41 0010 1001 ) 73 0100 1001 I 105 o110 1001 i
9 2000 1001 HT TKFBIRT 42 0010 1010 * 74 0100 1010 3 106 0110 1010 j
10 0000 1010 LF TR 43 0010 1011 + 75 0100 1011 K 107 o11@ 1011 k
11 0600 1011 VT ES T b 0010 1100 ) 76 0100 1100 L 108 0110 1100 1
12 2000 1100 FF Fvit3 45 0010 1101 - 77 0100 1101 " 109 o11e 1101 n
13 0000 1101 CR g 46 0010 1110 5 78 0100 1110 N 110 e1le 1110 n
14 0000 1110 50 BT ur 0010 1111 / 79 0100 1111 0 111 o11e 1111 o
15 0000 1111 SI BRI 48 0011 0000 ° 80 0101 0000 P 112 0111 0000 p
16 0001 0000  DLE  MiEEEiEN 49 0011 0001 1 81 0101 0001 Q 113 0111 0001 q
17 0001 0001  DC1 REEHIL 50 0011 0010 2 82 0101 0010 R 114 0111 0010 r
18 0001 0010  DC2 B2 51 0011 0011 3 83 0101 0011 s 115 9111 0011 s
19 0001 0011  DC3 BEEH3 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 0001 0100  DC4 R 53 0011 0101 5 85 0101 0101 u 117 0111 6101 u
21 000l 0101  NAK 4 54 0011 0110 6 86 0101 0110 v 118 0111 0110 v
22 0001 0118 SYN [BE 2200 55 0011 0111 7 87 0101 0111 W 119 0111 0111 w
23 2001 0111 ETB WRICHR 56 0011 1000 8 88 0101 1000 X 120 0111 1000 x
24 0001 1008  CAN B 57 0011 1001 9 89 0101 1001 ¥ 121 0111 1001 y
25 0001 1001 EM R 58 0011 1010 E 90 0101 1010 z 122 0111 1010 z
26 000l 1010  SUB 1 59 0011 1011 3 91 0101 1011 [ 123 111 1011 {
27 0001 1011 ESC () 60 0011 1100 < 92 0101 1100 \ 124 0111 1100 |
28 0001 1100 FS XHSIRE 61 0011 1101 = 93 0101 1101 1 125 0111 1101 H
29 o001 1101 GS SA% 62 0011 1110 > 94 0101 1110 - 126 0111 1110 -
30 oee1 1110 RS BRI 63 0011 1111 ? 95 0101 1111 - 127 0111 1111 DEL
31 eeel 1111 us BTHRR 64 0100 0000 a 96 0110 0000 N
32 2010 0000 sp o

3-6 ASCII 14

SR, ASCII W{NREMF R, BB AN BRI, AT —MEEBRRE ZIEF I EASCI F/E, &
1 ASCIL B 7 {7 £:mli B4 FRE 8 2, BEMSRIR 256 DAFAIFLF,

EMFTEEN, RS T —H#&EH T AFMIX A EASCIT FRF &, XEFREMNFT 128 MFRFR—N
ASCIT#4, J& 128 NFAPEXAE, UGN AFIEF IR,

3.4.2 GBK F{&

JERANTEEL, EASCI #5220k 21 S VAT BER 2R, X Gia a1, JeH ¥ [
AILTA. MEERREER T 1980 R T GB2312 F4¥45E, HILGT 6763 MY, HAME TIXFH
TR TR Z,

SRTM, GB2312 TLiRCHEH W F R BT, GBK FAFHEZIE GB2312 HYHA RSN, eHRT
21886 MY F, 1t GBK My4t477 %, ASCII FRHEH —PMFTRR, NFHEHM DM RR,

3.4.3 Unicode &

W& RABORIEZ N A ., FIHRE MBI LTI, NXHOR T2, — 77, XETRRE—#K
HENTREESNFR, TREZLIESIE NERTME, H—77H, F—MESFESMFrFERE, W
R EHENERRR AR ERME, WSS AN S L,

ARAIHARIRFFN LA QRHEE — A R e BRI 7T, R RE NI 76 S T SRR 3L
b, AERT CAROUES TR S A MIELAS M8 7 17 fEXAAERIERE R, — R Unicode Miz
ﬁﬁéEO

Unicode U SC #4750 “Gi—i47, B LEEARN 100 2 1T, BB TR ERTEENNFIFANG—
AP rFsR 2, SRAE—E B P AT SR B B R S MIE 5507, D IR D g AR AN [a] 7 2B AL 5 )

il
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H 1991 £ &4 LK, Unicode Ty ZEHINIE S 5711 F. #= 2022 49 H, Unicode A7 149186 1™
FH, UESMIESHNTER. FEEERIBHET, fEEKM Unicode FFEH, HHNFAFSH 2 71,
BLEAMNTFREH 3 FHHEE 4 577,

Unicode 2 FBMITRHE, AR LRAH TGS BN B, MEHReEmE e
T DR BT R, Bl TR RN M SRR Unicode R I HIBIE — N SOAHAI, RS0
RIS B — M 2 SR, RAMMRIAE R 2 FHFERRA 1 FHi05
7

X DAL, R BRI SR T DS KRS, W1 37 Fom, “Hello” g
PR L, CBE HREOEANET 2 555, Bl AT OB RGO 9 “Hello B0" T AR 4
YRR 2 KL, BORERGURTT DM 2 SR — AN, RN T,

5 Unicode
H 00000000 91001000
e 00000000 01100101

KEN 1 FHNERXFR
1 00000000 01101100 > e

(FH{ilE o)

1 00000000 01101100
o 00000000 01101111
-} 01111011 10010111

KEN 2 FHWRXFR
it 01101100 11010101

3-7 Unicode Zwg:4]

SR ASCIT fHELMBATIEY, SO 171, HRAERTR, ORISR S 2
ASCII wfd PHIME, AFFIRSBEAGFZER, R, FAFE—FEIMNERE Unicode Fif 751k,

3.4.4 UTF-8 ‘mt3

HAG, UTF-8 ERCNERR E#H & 1ZH Unicode gt /7%, Er—Rm B KEN GG, #1354 %
KFTR—NFR, RIEFRNE &M, ASCH R RE 17T, N FRMEETRFERE 2 71, &
ISR 3 7, HAthA) — A e s 4 7,

UTF-8 BY4mt NIRRT, 7020 BU R PRSI,

© RTFREN 1 FHRTR, KRESMIZREN 0, HR 7 MEN Unicode i, ERERIZE, ASCII
FRHE Unicode FAFEH 4R T 128 MYl tht2 Y, UTF-8 gafihnl LA FIRA ASCII %, X
BRE AT DARE A UTE-8 KT R UAIZRY ASCII B STA,

C NTRENn FHHTE (Hfhn > 1D, BRENMFETH&Sn CEHREN L, En+ 1ARENO;
MEZAFTIGE, BENFIIS 2 (IR EN 10 ; HRFTAMA THEFEFFFH Unicode i,

K 3-8 J&/R T “Hello HiE” XA UTF-8 %k, WIELEL, HT e n HREN 1, FILRSA U@
PR AL 1 RN ECRAENT RN n o

Bl
H



H3E BUES www.hello-algo.com 59

EON 2 B AR A 1R 2 (AR IR BN 10 We? SChn b, XA 10 REREIRRATHIER. HRIZRGM
MR T IHARTOR, 77 SkERE 10 RERSHE B R GrDd I w5

ZFRE 10 SPERSRTY, REONTE UTF-8 4T, ArREAFIFRRMMAIE 10 o XPE5ien] DA
FAEZERIER: R — DR ESMAE 10, IR FRRREN 1, MR ASCIL#, 1M ASCII ABAHTE
AR 0, ST E,

FH Unicode UTF-8

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

ik 01101100 11010101 11100110 10110011 10010101

BES 3 MREY 1 BEHATHNE 2 4
REFHKEN 3 79 BEN 10

3-8 UTF-8 4wtgrl

BRT UTF-8 Z4b, H WAISaG 75 SIS LS DU M,

- UTF-16 %if%: {5/ 2 5 4 F5RBR—ANET. FiE N ASCIL SR RIAESSc0s, H0 2 5
WEoR; DHEITEENS 4 7R, T 2 TR, UTF-16 435 Unicode B,

. UTF-32 %ili%: 15 DAFEBHE 4 5%, XAk UTE-32 t UTE-8 F1 UTE-16 W & fI5si, H5IR
T ASCIT 544 i HLA RS0 AR,

MIEREZERN S R AR, [/ UTF-8 R fFARR &, BB 1579; i UTF-16 mpbAeLs
ST (BRSO 2EIERL, FOVEMNEE 2 57, 1M UTF-8 AIRERRE 3 717,

NoREMERIfAEE, UTF-8 REMMERE, Y2 TARMEESF UTF-8,

3.4.5 RIBIESHFRIG

T UERRZEmEES, BFRBTHI TR UTF-16 8 UTF-32 IXKERG, R T,
BATR] DLRE AT H B AR A B, XA A RA DA LR

- KLYl : UTF-16 gt 8 n] DURA Z i TRENLYT W], UTF-8 2 — M Kagmhd, ZARIKEIS ¢
NFRE, BATREMNFIFRIFFGIE R « MR, XHFEE O(n) KINFL,

COFRRHE: SRENLTFIZEML, T UTF-16 g AR Edz O(1) #fE. H2, 15 UTF-8
G ) AT ER Y T 2 T B D AT R

- PRTERE: 1E UTF-16 gatgR 7458 L, R FIFHRERE WoHl &R A MRS EA 51T,
£ UTF-8 gt w178 b, BHTIXEAREE R EIOMITE, DRSS ATCH UTE-8 4ifd,
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Kk b, FEEE S FA w7 R MREBIE-, B RITFZHEER,

- Java [ String RBUMEH UTF-16 4wtd, B NFRFEH 2 77, XZEN Java B85 &Iz, AMTA
916 A jd ARRFT A ATRERY Z4F. 2RTM, X2 — D IEMIIHAINT, /52K Unicode HIVEY 2| Tk
16 fiz, FRPA Java HHIZRFERAERTREFH —XF 16 AZAE (PR “REEXT) FoRo

- JavaScript fil TypeScript FIFRF R UTF-16 ZRfBHIJR A S Java 250, 4 1995 4E Netscape A H]
B XA JavaScript IEE W, Unicode b TR BRI, ARHMEMH 16 A H4RA5HEE ARRATE Y
Unicode F#F T

- C# fEH UTF-16 4wfd, FEZREN.NET FHZEH Microsoft &I+, T Microsoft FIRZHAR (U
i Windows #1ER%0) &8 12 H UTF-16 4whd,

BT DA EGRARTE S W P AR RIS, NSRRI B 1975 5 0RFREE 16 ALK ER) Unicode
Fr. BRI IRENZMTERZE, —77H, UERBEMEFRES, —DNERAlREh i 2 7 4 7
T, MMHER 7RIS, 55 —J5H, ACEAEN TR ERINE A, 1X3E& 7R S A ERIEIR
HERE

HTPALEERR, #gwE SR T — SRR 7T %,

- Python H# str ffif] Unicode %itd, IFRA—MRIENFIFERR, FHENFHKERRTFEFH
KK Unicode f35, #HFAFEEPREE ASCIL Z4F, MENFERFEH 157, WREFFEE T
ASCII Yil, (HeMEEARZIESFE (BMP) W, M&NMFRFEH 2 F7; RA8H BMP U+
B, MHEEADFRF S 4 579,

- Go IBEF M string RALENFMEH UTF-8 4t Go IBEF LML T rune K8, THFRREAN
Unicode 55,

- Rust EBES MY str f String KAAENEHFH UTF-8 4ifd. Rust t42AL T char 28! HTHRREN
Unicode 55,

RETREE, PLETCHERRFATERAERMIRIE S TPRIFIET 3, XA P R M F P A2 i sRAE g
BRI, £ fEsM st fett, BATEE K FRFERGY UTF-8 83K, DUSEIRLAIFRE
PERZE AR,

3.5 I

1. EmEH

- BURGHA] AR B LS YIEEE AP A AT 0 28, IR REEIIR THUR TR Z RIRNZECR, 1M
VI PREERREIR T HARAE T BALNZ P B 77 2K

- WA EAELNE, RRRFIRERE, @E RN IRIEZ RS EIRE 7 kit (B, TR,
K. BAFI) FOAELer: (. B HE) Wkh, MEARISSIIATRER N (1 & Sl SRR IR MR LS,

- YREFIBITH, BURSHFEEITENINGES, BNNEZ RIEHE XN R A E L, R s X e 1
HiLtIE 375 A 2504

- YIRS R B NES S AR (B FaBesEfEE (BER) . ITEEUESSEN 2 B, RERE
PR L & LB,

© I EN AR A SRR EEE byte. short. int. long, #mi#( float. double, “F#F char
/R bool o BT IAYEETE Bl BURT & = AR/ MR R 77 7
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- JRRS, RASAIRMES R BRI = MTE, BNz AR DA B, BRI R R 2
e, HRMRETIE,

- BOHETTENLHE DAME R R IEER . EAMBERR T, W EALR] DO IEER A B InE — I E =, A
TN RIEIRAE MR R R RS, B AR IR U (Al

© FRBINRES 1RSI, 8 MLFEENIAN 23 MBI, F T EESRENL, TR s B BB T
Bl KRy, RN 2T TR

- ASCII F 2 i R BN AT, KERN 1510, HIREE 127 N8 GBK FRE2E At F
TR, HUWGRM T2 MNNF, Unicode B THRME— 52BN F AP AR E, IR B & FIES 1
¥, MR TR gt 75 128 —3K0m0 S B0 ELAS fA) @,

-+ UTF-8 ZRZXIMH Unicode a3 771k, BHAMAER L. ©R—/MEKNRmL L, BERGNYT R
M, BRERF TR EAE R, UTF-16 f1 UTF-32 25K MN9IE 75 %, (Egmigrhzit, UTF-16
b A3 A L UTF-8 570N, Java fil C# H4mfsis S BhNE A UTF-16 whd,

2. Q&A

Q: Mt 2T RFIN O S LM R e A M B s 12

BT R, MONTIRRIBT I, TATATRESMEA “Bexliit” 5% “IBmrhR” BN
AP MR — DR, HRERKDEE —EBIER, XATREBFMONR GEE VLZLBRRD,

MR ERE, BHRIVERZE8A, KPS MalAr e & —ME, s s — PR R
o i, MEfRATRERIN TS BRa (A, 550 TR Bdaasity ().

Q: char KRIKKEZ 1 FHNE?

char KR KEHRIZE S R ARG TTIERE, BildN, Java, JavaScript, TypeScript, C# #%H UTF-16
Sl (fR1F Unicode 1450), Ktk char RBUMIKEDy 2 577,

Q: ETHAHSIN AR MIR “FSBUREN" BEABX? HRthn] DT AR AARSIR0E, XEH
TEElR “Bhs” 1,

e s a] DSBS BRIR(E, ERIREAIIRE B (KREARE) 1, REETHANESRE A
ABhZSHRINEERCR, HENERZETH, WREIEREH 7HAIA/D, R EeE —
BERHVEA, F I A S HIZHEE S,

Q: 7EfgiEAR (BB HIMfR, RIEEERIRD, ME2ENR “HSBEaE” Te?

FERPGEES T, BAEMATIEEH B FRiaEe, XD TIERENEEEIE. Fla, Java £
ArraylList FUFHAAEIER N 10, 556, §AREt2 s, HUESH) “FIR" &,

Q: FIHANMIHITTER SRR 17, ARAKMEEE R MR e R el 1 EHR”, MM Rt
—FER] OB “JelUEin 17 158, XN 20E?

X2 KA RS ARG A B RS2 fr Rt W B9IdRR. BT A B EEN: &k a+b=c,
HBAFRATFR a /& b B ¢ IR, R WFR b 2 a 2 ¢ BN

BE—Nn = 4 RER Z#HHE 0010, MRFXNMFEEREE CREE/FSA), BAERMIFRE
o SelUEm 17 19E):

0010 — 1101 — 1110
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BANRKM, JEEFAMEEIFZ 0010 + 1110 = 10000, Ht2id, *M3 1110 254 0010 £/ 10000 1
U, IXERRAE R REUREM 17 bR R THRE] 10000 RIS R,

2, #ha% 1110 ) 10000 (Y “#hET R 2/ DIe? FAMRIAFT DA “SelUzain 1” [2e:

1110 — 0001 — 0010
BADIEL, JRIGAIAND BT E] 10000 B9 kT, A “BRRSEANG” A0 “IMGEREAD” AT DARTARTE
B GelJEm 1) KB,
S, BATHAT DU RRRAMD 1110 A9, B “Sem 1 EBU”:

1110 — 1101 — 0010

BESRE, SEBRJE 1 M “Je 1 EBURT XMAEREZIEHEE] 10000 RN, BENTRENH.

AR LR, “BU” BELRER LRSI 1111 g (ROVER RIS + RS = 1111); IMTERIGEEAL BN
LASZIRIAMD, #2E] 10000 FIANL,

ERLAn = 4 MBI, HATHEET SRR AR —HEHIEL
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Abstract
b6y AR [ R Y R e
BUARREHESTHES, BB, FERIREEL D ESAL, RS B AR ThEsE 2,
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4.1 #H4A

A (array) B MEMEEURSH, HRHREZRBATTRFBEESN AR T, BT RESHETH
EFRNIZITRENERS| (index)o & 4-1 R T HUEH R T 2SR 7 (77 2o

— EFREBENNETEEEEN
TR
element
s ¢ |
array
s§§| ] 1 2 3 4
index
mﬁt&iﬂ:‘ 00 04 08 12 16
memory location
FIAREZE
pilbakiapy LA El

K 4-1 e S EFETT

4.1.1 FAERIRE

1. e

FeArTA] DARRIE TR SR i FHECH Ao aae 773X TRIBME. SBEvIthE. ERIEEVIHERNTEIT, K2
TIEIE S 2B EVIGAE N 0 -

// == File: array.js =

[* ¥IELERER */

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

2. ifinlcE&E

BATTRBAAEEESERI AR, XEWE HERAUTRNEF I RE A 2. SeBdmEtt (F
TLRNAAHIAE) FEADTTRIRS], BRI DUMERE 4-2 R AR RERENZT RN FE L, B
ZIT R,
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|
TE®Sl o 1 2 3 &
RfEt 00 04 08 12 16

TRKE - &

REAEEE - WANENL + TEKE « TEwRE|
(BT (GHHEISE)

Tl REEARS] 3 ABITTRERIAE N
012 = 000 + 4 x 3

K 4-2 BEHTRIINF LT

MERE 4-2, BANTEZIBAEDNTRNIRIIN 0, RUPFAELERER, FAUM 1 THATHSRSEER, EN
HHEARNAEE, KolARERAFIEIMB R, 5 nRitFEERERZ 0, FIErRIIN 02
B,

EFEA TR T RIEE ERL, BATATRAE O(1) W RINBENLE M R ER — T,
// = File: array.js =

/* BENLIARITTER */
function randomAccess(nums) {
// 7EX[d [0, nums.length) HRBENIHER—Ek=F
const random_index = Math.floor(Math.random() * nums.length);
/] FREVFREIFENITTE
const random_num = nums[random_index];
return random_num;

3. ATTE

BAHTTRENFTR “BREN”, BN AEA 2R EFREESE, W& 4-3 For, 05RAETE R R
AR, WHRERZTRZGHATAE LRGS0, ZJFRHTRMESIZR
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8000 -
EEEEE
N

nums[4] = nums[3]

:

BERRAX

e G 1 [2]5]5] 4]
1 N

MRS 1 MENTEE 3 e

800800
N A
nums[2] = nums[1]

e a -

nums[1] = 3

:

4-3 BEHFENTTERHA

BEPERTREE = 4
BIRRTTE 0 RN

ERNERETR 0 &K

ERERRNE, BTEHNKEREEN, FEMA-MTROERSFERARTITR “BK7 BN

AR TT R ETE “FIR” BHIie,
// = File: array.js =

/* TEELAMIZES| index RIEATTE num %/
function insert(nums, num, index) {

// BZFE5| index UKZEHFIETERGZE—L

for (let i = nums.length - 1; i > index; i--) {
nums[i] = nums[i - 1];

+

// B num T4 index AITE
nums[index] = num;

4. MpRTTE

IR, N 4-4 FoR, HEMERRS] « ARCR, MTREERT] ¢ ZJFRITRE AT 81—
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fEmIpRTR

H
w
B

80000
nums[1] = nums[2]

o BRERR

= MR —1

EMATHIRES] 1 TR ﬂ 515
N

nums = nums[3]

80080 -
—
nums[3] = nums[&]

TRMERG, SR TRERR
1

FETE & BERN, TIREER

g

B 4-4 BAMERTTERRA

EEE, MrTREsE, FEARBRITERS “TEX T, UM ERBRE,
// = File: array.js =

/* MIFRZR5| index QMITE */
function remove(nums, index) {
// IBZE3| index ZEBIFAETREMEFIBI—IL
for (let i = index; i < nums.length - 1; i++) {
nums[i] = nums[i + 1];

F

BHRE, B SMERREA DR 6,

ISR B AFIBRA TN R A0 O(n) , Horb n AEEH K,

- BIOTR: HTEHNKEAZE, FtEmATTRE, BHEHRKECERTRRER,

- AR TATA] DA — DB AR, FRRTE —#87), IXFEEmABER, BRIRETTR
g TR W, (HIXFHEIE R N AR 2R

5. EHEA

TERZHGRBIES H, TAIBEAT OSSR miEEH, tn] DLE R RBEEH B TR
// = File: array.js =

/* WHEA */
function traverse(nums) {
let count = 0;
/] BER5EHEE
for (let i = 0; i < nums.length; i++) {
count += nums[i];
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+

/] BiEBHEATE

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

}

6. BHTE

R ESIEETRT Em I, SRANTTRER SN, &R M RG]
KB R M B EEE S, i DA EIREHARERRY L&,

// == File: array.js =

[* TEEAEPEHIEETER +/

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

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

FEERNRGIGE S, BREURIESEH 2 FRIAFZ R AT, AR Z ety B AR, HItE
REHGEES T, BHNRKERAZER,

GUARBATH Y AR, WTREFEL —DNEREEAH, A RRERBE TR ERREH R, X217
O(n) H%lE, ERARARRIER FIEEFER . AR NETR:

// == File: array.js =

/* T RBAKE x/
/] i&EEE, JavaScript B9 Array ZSEhAHE, TTUEIETE
/] RTHEFES], XREHE Array BEKEARTTREER
function extend(nums, enlarge) {
/] DEt— T EBKERNEA
const res = new Array(nums.length + enlarge).fill(0);
/] BEHAFNFRIE T=ERFIHFEA
for (let 1 = 0; i < nums.length; i++) {
res[i] nums[i];

¥
/1 REY EERHERA

return res;

4.1.2 #ANR=SRBEIREY

ARSI RN, HuRIEME, XMEEESFEERNCRER, R UAAREFER
ARSI B ERCR



Ba4wE BHSHER www.hello-algo.com 69

- ARRRCRR: BE VBRI TIESIHINEER, TCOESMOZERTT .

© SCRERERLIR . B R VEE O(1) RN FHEMTER,

- RAF AR HUIMEBETTRN, THFREAUMUSINEE, IER% A7 HE A AR, IS B ik
fERARTHE SRR TR

ELE R if R —1ENT)8, HAFERL N RRME,

- AAGMERBERIE: YD ITRR LN, A SMBRR RIS RERNTTER,
- REAAE: BAHENBERERET T, VT ARATRERITH B S HZEE, THHRR,
- MR BN RN KRR, IAZRAE RIMAIR S T .

4.1.3 BB

BEH R — R R WRBERSEN, BN e R ERh, Al TSl S & 2 R s

- BEMLYIT : QO SRERATAEREH LIHE — 2R EAR, AR AT AR TEE, HAER—RHUFY, RIERS IS
REATLIHEE,

- HEE AR B R A REERE GRS, PORHET. AR, O E RS R B
¢ LT,

©OBERER: YFEPIEER AN TR IE MR, TOUE A E N E R, RIS
ASCIT FSHIBLET, WA AR RF 9 ASCIT BB{EIENZERG], XA TC RIS P I N A E,

- BIERES) . MM KR TR, R, SKEZFNSEREUEE, XEEEEEES R DB
PRI, BULH B A 2 0 4% S P P A i 8 P P BRI 454

- BUURSI: FH AT DA TSI ER. BAI, MEAER. HE, BRISEURSM, flan, BRI RS
i b2 — A 4ERA,

4.2 R

W EEMERFIALEE, £ PMERNRGUSITINET, SREINFZ R REREENT L, K
TTRINE, (FREEEHRI N2 USSR, TS EEH AR KN, A7 AT RETC AR LNt RAES 2, it
I BE R RIG LA R T

R (linked list) B—MEMEEdEL, HPRSNTREZ M RNR, #0108 “5IH7 g,
FIRESR T =D KRR L, w3 e R PSRBT R A 2R — N R

HERAVRIH RS2 (A A BB E AL, BRI i AR SR,
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FHEERNATETEZSEN
R

linked list

0-90-90-0-0-

BET MR
H 5|A (&sh

T
node

A AREFZE

FRERE | mpmaes
T ast | AEEIE

4-5 HEFRE X SFEETT

WEZE 4-5, BERMABAAZET R (node) MR, BN RECSWIEWE: Wany “E” fMfsm~—1
A “51H7,

C OBERIVE DN R SKT AT, RE—NT AR BT

- R AIEMR ‘227, BAE Java, C++ fll Python H43BI#28 null, nullptr #1 None .

- {E£C., C++, Go Ml Rust HXFHEHIES T, LR “SIH” Ny 887,

GIBANARBSATR, BERTIA ListNode bR T EEHE, MEFHIMRE—15IH (58D, FILEMFRRIER T,
BER LR S E 2 N2,

[* BERTIRE x/
class ListNode {
constructor(val, next) {
this.val = (val == undefined ? 0 : val); /l TRE
this.next = (next == undefined ? null : next); // #EEATFT—T=K5HE

4.2.1 §#ERTRIRE
1. atkiER

HNHERD N, B PRSI RNR, HPREET R RGIHKR. IHEmiE, &
AL AT DANBERR ISk it A, 8IS 5 IR next AR IFTA 1 A

// == File: linked_list.js =

[* ¥AEER 1 -> 3 -> 2 -> 5 -> 4 %/
/] MEEEITR

const nB = new ListNode(1);
const n1 = new ListNode(3);
const n2 = new ListNode(2);
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const n3 = new ListNode(5);
const n4 = new ListNode(4);
[/ HETRZENG|B

n0.next = nl;

nl.next = n2;

n2.next = n3;

n3.next = n4;

BEHERIKZ— MR, L% nums €& 7CE nums[0] F1 nums[1] 5, MifEREHZ M SN
MR, BANEFAE LN SN ERERMCRR,  han DA AR RS R AT ERESR no o

2. EATIR

(ERER PR IR A 5o B 4-6 R, (IR ATTEERRABEOMIAN 155 n0 AT n 2 B A — N1 P
MR FCEFA AU (6D BIAT, W RN O(1) .

MEZN, fERAPHATRNNAERERN O(n) , EREHE R FRREREIR,

P.next = nl
< P 4@ n1

=
HESHETA 00 Fl nl ZEEAES P o o

nd.next = P
B no fE@ P

K 4-6 BEFRAHENT RURHI
// == File: linked_list.js =
/* EHERMNTSR n0 ZEBEATSR P %/
function insert(n®, P) {
const nl1 = nO.next;

P.next = nl;
n0.next = P;

3. MY =

Qs 4-7 For, ERERPIERT R ARE T E, RTSE A NRSIE (EED Bl
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WER, REEMPRROEERUS TR P JyFER n1, (H3E0R Bigpi iR O4 AR El P, JXEWE P

Ty

B HETIRER T,

n@.next = nl
B4 no 1E@E n1

A A

ne nl
A

il
ERERTHETS P

MbRTERE, R P HPATEME
nl,

BiEHERCELELRE P,
HEEEMTAAT R P SHRIEER

B 4-7 BERMIFRT A

// == File: linked_list.js =

/> BFRERMT SR n0 ZENENTR +/
function remove(n@8) {

if (!'n@.next) return;

// n@ -> P ->nl

const P = n@.next;

const nl = P.next;

n0.next = nl;

4, FRHR

TERER Y R E, 0 E—TRTA, FRATATLAE O(1) W RV i L BT R, BERIIR
A, EFRENKT AR, BRI, EEREERTA, RN, VRS | AR
Hi— 14, WAEZEN O(n) .

// = File: linked_list.js =

/* iFREERPZRS|IA index BITIR */
function access(head, index) {
for (let i1 = 0; i < index; i++) {
if ('head) {
return null;
}
head = head.next;
}

return head;
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5. TR

R, ERHAEN target AT, MHIZTRERRRTFRRS . WEREETLEER. KB

FliR:
// = File: linked_list.js =
/* EHERTPEREN target WEIMTR */

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 ¥ vs. §ER

R 41 B4 7R BERN S IR R L T HRERCR . T e IR A R S A7 B RE, (RS Rk R

FIARAERICER A 2 BN 32 AARE R

® 41 BEAHSHERPERXT T

el

fefigTr ik SRS
REYR REFAAZ

WFRER  JERAHNED,

yilgeE  O(1)
WIEE O(n)
MiER  O(n)

4.2.3 BERpERAEH

G 4-8 Fow, H LAY RERR AU S = #,

{E T RETR 223 ]

B
SR
ARG R
TR E
O(n)

o(1)

O(1)

- BBER: RIRTHE AR EEEER, BERERATT R B S ENEER T T RS NI, AR &
M RIMT R, BRE DT RRNET A, BT RTERZ None .
- IBEER: RIS EEBERE T REART R (FREMER), WRE—PIPHER, EPRER

R, AR R AT AR ST
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- AR SRMBERMLL, DERERICR TN ARG BABERAT RUE RN L& e a4k
TRl (P ) MR A (E—D ) 5 (et . AR THRAER, WAiERER RS
PE, ATDARAR 5 A0 D BE R, (AR i th 75 22 o FH B 22 B P A7 23

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

this.next = next == undefined ? null : next; // (EAEH4T=SM5IH
this.prev = prev == undefined ? null : prev; // fEAEBIET=AI5|H

I
I

HErER

singly linked list

—_— — — — —— None

TSR

circular linked list

[V '¥ V]

MR

doubly linked list

e —_— —_— B —3> None
None <= -— -— -— —

B 4-8 HBERMNE

4.2.4 FERHEENHA

FIARERIEH T SLBR, DASI, I A RANE SRR,

- B BNII: LR AR BRI AR AE BER I — it A TN, ERBIAVRFE N SERE G, MR, 4 AR (E
TERERI — Uit T, MIBRRIEIERERA S — it T, ERIRRRo et dett, W RIBAS,

- TSR RESMILR RIS PRI ER TR —, %IRRT, A MRIURASBIRE— MR
o

- B AMEREIOREN AR TR, EAP RN TUEER S — MERHSCEL, HERTPHE TR
TG IR AE R HABTH

AERF T HR ZPOEE AT — G — DT R =,

© R RBURGH LRI ELLRAS, B MR, BANFTEYIRT AT A, XA PUEE AT R R —ME
1A R 5 | SR SEEH, 8L XAl BER,

- PISERRDI S AEM TINS5 R AT S IR AR N, AR R EAIE A P RN ARG —
JE— WL, AT HER AR M fSIX MR B 215 faT B
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- LRU Rk AR (LRU) Bk, WATHEPOEREI R R R REE, PSR PRGN
FARMBRTY silo IXIH A A XA BE R AR A 51E,

INEAERH TR E AR5, R E RS BRI,

- R REMERIL: ERERST, WA A REEERRE M IR CPU HERE, BEFREXN—
ERRHATIEIN, BRSO — DN R, S E AR, CPU RIS~ — M, XRhE
AR AT DRI PR SR ST,

- BRRMNIX . EREERZ N X RSN, MATRERMEAINEER, INEEIR, MR AR, B
TLATRES B M Z N RIMPFFTRN—DIEBER,  DAESKPITCSERR K.

4.3 HIER

FIR (list) B—PMIRBIRSENS, ERRTRNAERES, KFTRVM, B, @, MERFEmn
SRR, TTOUEME SRR R IRBIRRE, 5FRAT DA T HER s S,

- R DVEME IR, HERrR &SR, I H AT ARIESEST R
- BAHWSRTTREM AR, HHTHREAE, FHtHREEE—DEAKERHEFIE,

(B SIS ERIN, KA RS S BRI AR, X 2R IBRA TS TE R e =
e/ DEdE, MmMEDLUERRGIERFIRKE, HKE/)N, WRATRETCEM ST R, HRELK, W
SIERRNTE RS R

RS AR, FRATTAT DA FHshASEREE (dynamic array) SRSZEIFIER, B4R TEAM STt A, FHEATPA
R I TR TEh Y &

SR b, VP2 gPRiE S PR R AL I 22 B Tl BB ISRy, 4 Python HHY List . Java FHH

ArraylList . C++ HI vector fl C# HHIY List &, 768 FREVITISH, AT “FIR” f1 “shSEEH”
PR [ R 2

4.3.1 FIRERIEE
1. aHFIER
BANEHEH “TCHHRE" M “GHIRE" XML

// = File: list.js =

/* AL FIR */

/]l THIBE

const numsl = [];

/]l BH%BE

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

2. hiElE

FIFRA R 2B, RIERTATE O(1) BRINTTRATESTITE, ERRE,
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// = File: list.js =

/* FETTE */
const num = nums[1]; // FAIZES| 1 AMTE

[* BHFTTE */
nums[1] = 0; // BER5l 1 LBTHEEHN 0

3. EASHRTER

T8, F13RAT LA BRI S ERT R, EYIREESRMTRNNAERERN O(1) , EFEARMER
TERIIRERN S BN, NRZRERN O(n) o

// = File: list.js =

/* BEHIR */
nums.length = 0;

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

/* FEREHENTE */
nums.splice(3, 0, 6); // EFR3| 3 QIBENEF 6

/* MIBRTTE */
nums.splice(3, 1); // MBRERS| 3 &M=

4, wBHYIE

¥R, PIRATDRIER S A, W] LRGSR,
// = File: list.js =

/* BIRSBHTIFR */

let count = 0;

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

+
/*x BEBHIIRITE */
count = 0;

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

F

5. HHEYI®R

HTE—DHHIER nums1, FATTAT DAK HDHEEI RS RATE RS,
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// = File: list.js =

/* BHERNIIR */
const numsl = [6, 8, 7, 10, 9];
nums.push(...nums1); // ¥%IF& numsl $HEE nums Zf5

6. HiFFIFR

ST G, BAVER UL AEEEH R RIEE DA E B AR “ &R M B Hik,
// = File: list.js =

/* HEEFIER +/
nums.sort((a, b) = a - b); // #HFE, JIRTEMNNEIKEES

4.3.2 5K

RIS NE THIR, Bl Java, C++, Python %%, EMIMLHIRE %, #NSHHREHIRE
R, BINPIGE AR, §AEEEE. BOGERBEE rl DA P IRISE T3,

N T IR FNER TR B R, BATZAL — MR ZRYIR, GRS =1 E AR,

COPRAR: R D EERBEG A R, EAORGI, FATTERE 10 AR A R,

- BRIdsk: FU R size, MTIERIIRGATREE, HEETRMANMMERELN EH, RiE
e s, BATTUENAIRERR, DANHINTRSTRES A,

© PTEPUR: EREACTERNYIRERCH, WFRZEHTY A ol A Eseld - NERIEd, B
LRTBAHN T TTRIROB S B, ARG, BAIME SRR A2 R0 2 14,

// = File: my_list.js =

/% HIFRIE */

class MyList {
#arr = new Array(); // ¥ (FETIRTR)
#capacity = 10; // JIRBE
#size = 0; // YIRKE (Hix&RHE)
#extendRatio = 2; // ®RIIRY BHEE

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

}

/* FREBBIRKE (Hgix=i=EZ) ~/
size() {

return this.#size;
}

/*x FEFIRBE +/
capacity() {
return this.#capacity;

}
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/* iFRlTTE +/

get(index) {
// FESIMNRER, WRESE, TE
if (index < 0 || index >= this.#size) throw new Error(' ZE3|#F');
return this.#arr[index];

}
/* EHTE */

set(index, num) {
if (index < 0 || index >= this.#size) throw new Error(' ZE5|#HE"');
this.#arr[index] = num;

b

/* ERERRMITER */

add(num) {
/| MEKEEFTAEE, WEETA
if (this.#size == this.#capacity) {

this.extendCapacity();

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

+

/* FEREEATE */
insert(index, num) {
if (index < 0 || index >= this.#size) throw new Error(' ZE3IHR');
/] TEHEBHBEN, AT AV
if (this.#size == this.#capacity) {
this.extendCapacity();
¥

// BR5| index UKz EMTHEEAEEEI—L

for (let j = this.#size - 1; j >= index; j--) {
this.#arr[j + 1] = this.#arr[j];

¥

/| BMTEHE

this.#arr[index] = num;

this.#size++;

I
/* WEFTE */

remove(index) {
if (index < 0 || index >= this.#size) throw new Error(' ZE3IHR');
let num = this.#arr[index];
// BZE5| index ZEMTREAFIFBIN—AL
for (let j = index; j < this.#size - 1; j++) {
this.#arr[j] = this.#arr[j + 11;
+
/] BEFTEHE
this.#size--;
/] REERIBREITR
return num;

}

/* BIRYBE */
extendCapacity() {
/] FE—KENEREEAE extendRatio EAVFTEAE, HEERIASHIZIFEH
this.#arr = this.#arr.concat(
new Array(this.capacity() * (this.#extendRatio - 1))
DF
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/] EHFYRBE
this.#capacity = this.#arr.length;
}

[* BHIREEIERA +/
toArray() {
let size = this.size();
/] (FEAREREKESCEANGIRTER
const arr = new Array(size);
for (let i = 0; i < size; i++) {
arr[i] this.get(i);

}

return arr;

4.4 AES5EE"

FEABERRTN T, BRI TEAM BRI R BB E R BRa, ek T “E8FE"
“OYBRAENE” R BEEER

KPR b, VPRGSO EUGE TR M AR RE IR, s i B AR 7 BB IR PR RE

4.4.1 HEHNEFELE

RN FE =M R i#1R % & (hard disk). M7E (random-access memory, RAM), #&7F (cache
memory), 3 4-2 J&/ T EATEH BN RS AR A EAPERER Ao

*4-2 HENRfEER R

(TS [FE A7

Hig KRR, WISHRIERS, IS ANSTRRFIIE  fEEE R TT MR EdEITES, B>
Br. XHF RV ISERE VT CPU Vi[RI A HIIREL

ZRNE LIEEVER S ER ISP S UIEENERS I EFSESS LIEEVER S PSS S

wE BK, TB Y5 BN, GBI JEH /N, MB 251

T %, JLEEJLT MB/s Bk, JLt GB/s FEH B, JLEIJLE GB/s

ks (N ", JLIEFLT/GB o, JLTEJLET / GB JEH 5, BE CPU FTRLIHNY

i)

BATAT UK HH BN ARG R YK 4-9 FRH B m EE G, AR T & 5 BE TV A 17 (1 A AR B, &
B, AR, IXRZ BRI ARER, T2 RSN T2 RSB SR,

- BEEDECAINAAIUS, Bt AIETRRIEBUREN RS AR, FIeNEEs KPR, Hik, W
AU SAS R RE LA T LA-15, XA e DAETH BB 3 Ao
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- BRAANRERMESEEAEDGRT, 5 L1, L2, L3 ZFNARZIEKR, HYHRSF2ZEKR, 5 CPU
oL Z RIFYELE B AR, M S BRI RN, TTRTAEIRE S, E4AHART, Z22EHK
HISRAFEER R AR, TR AR Z TR B - o

CPU

e L2 Cache

g -
Ea

K 4-9 HRYIFHERS

HREE B8
g Al

Tip
HENAFE R RGN T, FEMEA=E 2 R T, SR b, XA s 7T
Fir TAPAUsR, B BSRIATAEA R LA RR 1l A 3 e A8 o

R, BERA TR REBEE, WA T IR AR 21T AR PRI, 2247 IR T 126
SEVIMNBIEATES, DIEREFIBITRHeR, =& HAME, WRHHEIRASIE1T,

i 4-10 Fow, ERFIBITHE, SRS MR SORIEINEF, 4t CPU HHRMM, &fFrILAETE CPUK)
—Ekr, BENEEEHMNNEINBEEWE, 4 CPU Rt mid i8R, MIMEZRIRRFRHITRER, )

SRR Y7 i,
ly v
E e _—ma_[Q
of = § — IR — jN
RE 35

b 1353 &7

CPU

B 4-10 WA, PEFMIZAE 2 I EdEiE
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4.4.2 HIEGHHATFRE

TENFEA AT, BHMERS B BAAMEMERE,

—J5H, PFRARRK, HFE—RNERGERZ RIS, RILTRAN B2 EHRES e R AT R st A
2, BEHRTTRREEHS, AIREHIMIE RRAAERER T R AT (FaEh), RIS RReRE &, 2R,
BATE R BHESNFZE R, IXATRESFBINFAIRSE, By A th R ZHIM I AR 23 R A
MEEZ S, BERDL A" ONERAHH TR AN A BCAIEI, SR TR RTE M

H—TiHE, ERFIBTRN, BEEREHIESRINNT, SRNFRRR ORI SRR, S BN
MRRCER AR, BHBTHESKFET K, AR SBANFERR L. Mk, BERIIITTRR D ETFIER,
FERERIMA SRR e, ERSSBNERA L,

4.4.3 PIRGHINERTFHE

ZA7f BREZRREE B T AT, HELRRFREG S, ERFPITEE DEEECEZNERN. BTRF
AR EAR, HAEFHE—NR YT RAEdE, Fit CPU ViR EHE NERA PN, MR RAEEE
KapH (cache miss), I CPU AMGA MIEERLARHT AAF FHANE AT T L.

B, “BAFARGD” M, CPU BGBIRMBE AT, Brtatthntiiier, JATK CPU NEEFH IR
BRI LLBIFR B TFa = (cache hitrate), IXMEFRIEH KM R AR,

NTRAJREIREIE @AIRCR, eff 2 RICA N EUREIMEALH,

©OBRAHT: RAANRBRAD TR SINEEE, TR AR T AL, LT AN RO, BT
Rt = R

- FRIOHUR: ACERER 2RI BRI RS (BIARIGRial, [EE S KBTI RSE), FARMER E A
RBAEMEERF 2 H, MR arH=R,

- AW JaERE: RN EARRIIR], IR ERRIREEE ] REL I S, Hit, RIS
iy, WREHEMNEERE, DaemmahR,

IR : AR DN EAERT ], B EAENARR SRR AT REFHR BT, A M — B, @i
TRE BRIV M BRI man R,

Khr b, BERMBERMN RN BCR R AR, 2L IR L5,

- AZEE: BERTRWEATTR S NERE S, SBEFTENNAREERE D,

©OBRAHMT: REREAE D BENGFRAL, MR TR B, RIS e R E B 5 =,
- PEHHLH: BEH EERER A BRI CE R TR, BURSUE A 206 BRSO 2 2.
- MR BB B ER TR A, RN BRI A 2dE A AT RERIR 7 M),

BATE, BAHAAERNEAG R, FCeERERes a1k, IXESERREIARET, &
TREH SR BAR S A T 5 52 X0,

REERERE, MEABCRIFAERABAEAN O PR TR, SEPRM A Frik AR aiig, MR
PR BT RRDUE, BN, BEHMBERAATDASCHL “4%” BdEgit (F—EXW40gd), BellEm T
758

- FEMEREEIN, BATRBUN TR AT BRI, EOVERE T S AR ERCRMBENL I R AT RE
51, AR CUR TR E RN B — E RN A3 R
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©AREIEREARRE R, SIAMERE. ARRIBUR EDME T, AR T RERSIIAARE N AIE, RERAET
ReR BB w57 08 T PR AR ER ), I i 7By A = £ AR T

4.5 N

1. EREH

- BEHMBER R AR A RIBAREEH, ol AREBERAE T BN PR A7 g 75K IS A7 B
RS EAE A, PE AR R S AR

- BEHSRREALTIEL S HNERD, EREARMBRTRSERR, BGHE KERRZ,

- ERERIEE EAG I (B SIS AR A SR, HAIDAREEERKE,; HW SRR, &
MNFEZ, H LRSI s ER, IIPRER, AR,

- HIRE ISR ERKTTRARFRS, EEETISBAEII, ERE TEAHRS, FNFTLAR
AR,

- HIRAHBURIESE & T BRI SCYE, (HATRE B 2 AF 2 RTR PR

- BRFBiT, SR TEEAMEENG R, BEHRHREE SAE SRR, THERMEANF R L HEnR
o

© RIFIEERAFAT, PO DAK =2 [ e B AT ()R SR MRS BdE AL, O CPU SR BEPORERE VI,
BERTREF TR,

- HTEABAERNEFMPR, FILEEE R E & EREEEIRSN, NARYE BT R
A %R

2. Q&A

Q: BUEHMFMEEAR EMTEREAESE B, X RRCRI S BRCR & S A 500 ?
FEETER _ERIHE F R B RSN S AN, BRI ERCR A —3, AR, R EA & B
A, I SE LA ANA A

1. DECFIREIGICR : A — B NINTE, BCH SR IER a5 mENFHENER, 7] DAERREHE)

DB, BEARGEER, R, BRI BCRIRE AR E AR ErE,

2. R/DBRA: RN RN, MR R/ N—RESZBR T AT HNAE. RIS G & 7 iR

3. RIEME: & LB NREIERIENTE, MM LRSS N DAEB TN IS E.
Q: N LHEHERMFERBNITER, MLERERP AN S H F 2L AE?
TR ARAERN, YTRZEERSIHE (8E) ER, &0 A DR R RSB AEGE, #40 int, double,
string. object &,
TR, AT RN RSER, XA R T B RS B R IRBON R T R, filan, RN
% int # long WAPEEL AL E BG4 7080 8 =1, R REA A N AR T EREE T, K
AP E TRM “TREKE,

# TERAFMIE = BARTFHIE (BxERFMLE) + TRZEKE *» TRZRS
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Q: MIERTI A P JE, BETREIL P.next B4 None Ig?

AMEX P.next HATL, MIZEERHIMESR, NATRENEIRTREEARBEI P T, XERETHPC
ZEMNBERFPMBR 1, RS AL P AR AR AR AN SO BE R AL R

MBS S () WA, FWIRCEXR, NERERF SR ERRT. AR
B, WOTEM2ZE, SBEE N, WERNT, EORRmMRT SRR I, ToA T SRR
HIPIE .

Q: TERERFHEAFRIMRRENE 2R O(1) . BRMMAHEE O(n) WNNEIRTE, TNH
LIAEZREFRRE O(n) IE?

MERAEHITR, FINRTE, FEERERSUE O(n) . AT, HERE O(1) BMEESSRT DR
P LB, I, TFIBATE & MR, Bl — MEE RIS AL A, FIR
A SRR O(1)

Q: B “BERENSHEM" F, RECNEE T RIEHE G - AEHIED? 2R R E S S —F
me?
REERRENRR, RN EMRIEEARE T,

< AEIZEBUAT AUE S S EEAER, el int. long. double FISEHIXN %%,

- FEEP R PR SS RIMBIR AT VIR E R G IR IF AR T E, KN 8 F ek 4 15,
Q: TEFIFKEIRMITREZANNZIZIE S O(1) ?
WERRMTENBEHYREKE, WFELY BYRBHRMN, RESHIE-HHNANE, HREYIRMITE T
Mzt %, XEHERRERERSZ O(n) .
Q: “FIERMHBIN AHIR S TEAHMISL M, ErESEERNEFERAIRS”, X E S EIR 2 IERIMY
I ENAE, KE, ARS8 S INEE?
XEMBERBEEAWNAES X —/H, JIRESEE—-MIGEEKE, BRI —EFERARXLZ; 55—
JiHE, NTBHIEEY R, §FE—-BRESEU—DRK, kil x1.5, Xk, WSHMREE0, BI1E
HARESE 2T,

Q: £ Python H#l4afk n = [1, 2, 31J5, IX 3 DICRAHULEANER, E206kn = [2, 1, 31X
KIEATFN TR id HAZESR, T2 Rl n FRIMHEE, XETTRIERES:, T2 m 28
f15?

[RanEF R EBBER TR n = [n1, n2, n3, n4, n5], BEHEHEH FIX 5 N RNRMSEAEGEEN
70, SR, BE—NFIREKS], BAMHIRATLIE O(1) IR PERECT s AR, AT 175 10 3800068 1z A5
o XBRNBEAHPFIERZT RS, IR RA S,

SWZIESF AR, Python RRVEFMHEEINNR, FIRPEHRIARETAS, MEMNETHTIH. B
I, BN EAFRAERRE AR~ id, FF HIXEE RN TC0ES:,

Q: C++STL HHY std :: list O 7T WABER, BEF G —ERHEH ENE2ERERNE, BHERN
Atz RRENE?

—J3H, BAVEEEFREABASEIRGE, mAELENAEHER, EREWER,

- BEFFE: BTSN ICEFERINEINYREE (—MHTRT—DEE, —TMHTE—1TER), A
std:: list @ L std:: vector B 5 H 2,
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C BEAKRMY: HTHRIEREESERN, F std::list M EFERHREME — KB,
std::vector BIMERES T,

o377, A RER AR O 3 R SR, BeRIPASIE & A8 = 12 4510 stack Al queue
MAFFER,

Q: #fEres = [[0]] * nZE T —P4E5IFR, Hrb—1 [0] AEHIZAIIG?

ANBILH, WZ4EPIRA, FrE R [0] LR ERR MRS M, MRBMELH IR, KU
FITE BIXS ROT R = B2 P2

WRAE —EH|RFED [0] BERMAZH, FICUEM res = [[0] for _ in range(n)] RSZH, XFh
TR FEHERIIA T n MEZHY [0] FIEXMN R,

Q: #fEres = [0] » n AT MK, Hf— R0 402 MIZAVILS?

FEIZBNRA, FrA%E 0 #2F — MY RIIGIH, IXZR Python XI/NE# GEHZ -5 2 256) R T4
L, DUERARMSREM, MmiErree.

BRENFERR—DMRR, BEEAMLBARA] DSBS RFRF IR, XZRN Python FEEGE “A]
TXR” HENMBBIENTCRN, SR ERUMON S —DINRI5IH, TIARSERAENEA S,

R, HHIFRTTRE FIENRT W (BIENFIEER, FHEEZEHIE), BUEGEN TR I ERNE N A,
AT 5 RZS RETTR A S LM R 22,



F55 &SN

hello-alge.corn
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Abstract
Fean F 50, R SIS IE I HER o
ME AR NG R N B A,
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5.1 %

t (stack) J2—FmEfEL NG HIZE LM R,

BATAT AR AR EON Rl B — R8T, MERRHERSI— T, IIABBHHREE T, MRk
FHRE TR E, BATRE TS MERIRTTR W 75, AR5, sifRE FHIXA RS
e

aniE 5-1 FoR, BAHEHEBSTRIITEA Oy “FRT0, JREARN “ARIR”. RAETCRAMBAL AR EI 7 A
BT, MERERITOTR A BRI E “HAR”,

= A% A% Hi% Hi%
stack push(5) push(&) pop() pop()

mlmfﬂm \ / /

HRE

B 5-1 FAJe A JE AL

5.1.1 RS REE

el FIREIN 3R 5-1 FT/R, BARR 754 T ERAE T RIS = ke, i, FATCUE WY push ().
pop(). peek() #ga 1,

R 5-1 FREYFRIERCR

Ttk fiipuy I ) A2 2%

push()  JEEAR (RMERTD  O(1)

pop()  IRIULH I 0(1)
peek()  VINIHLTILE o(1)

EHEEOT, BAT]DEZERREES MBS, A, KEESAIRERE IR, XA
DRIZIE SR B s “RERT SRR, FHERPIZEE LRI SHIC R ERIE,
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// = File: stack.js =

[x A% %/
// JavaScript ZBEREN%RI, ATLUEE Array H{EHRREER
const stack = [];

/* JTTENE */

stack.push(1);
stack.push(3);
stack.push(2);
stack.push(5);
stack.push(4);

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

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

[* FRERIREOKE «/

const size = stack.length;

/% HMFRERZE */
const is_empty = stack.length = 0;

5.1.2 #%RBySm

NTHRNT ARSI, BAPRZAE LB

FRIEIESE NG AR, BT S REFEARTAAS ISR, JAT, BN BERET AT AR A B AN
MERTCER, DRER Al AR —Rh3Z BRI B s ., Huf0idi, FRATATLL “Brill” B sieaRait o Jok
BfE, BEHXINRBIAEEAT SHARE,

1. BFERNEN

(P BERSCIARIY,  FRATAT DLRF R A S A ARTH, B A AR,

G 5-2 Fow, W AERAE, BATRTROTRMABERSLE, XM S ATTEBRR Y Sk, maT
HRR R, TR N EER AR IBR BT AT

BH= 4
ARINERERLED
P e 7 )
push(4) xR ?
B’
AR
A [ s
1 ! @ |
EELMERR ! EELMEER g
HMETIE MR
! |
EHA [T
HE

Step 1 Step 2
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pop() ST

KB @
JI
(- )
EERRESSR ;I
HIMRIAIE 9

BHA GD

[-[-]-]-]

‘ Step 3 |

Bl 5-2 B THERITIMERAI AR HARERE

PAN R 2k T HER SEEA AR B KA

// == File: linkedlist_stack.js =

/* BETFFERLTIAE «/
class LinkedListStack {
#stackPeek; // kT R{EAZIN

#stkSize = 0;

/] HRBKE

constructor() {
this.#stackPeek = null;

F

[* FRERIREUKE */

get size() {

return this.#stkSize;

}

[* FIEIRE T X

iskmpty ) {

= %/

return this.size = 0;

}

/* Nt& =/
push(num) {

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

}

/* ik */
pop() {

const num

= this.peek();

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

}

[* nEEIRTTER */

peek() {

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

by

return res;

2. BTFHENEH

S PR SSRGS, FATTAT DA REH B BN ARTI,  AN1E] 5-3 iR, AR Akt o0 xR A 22
BITRSMERTR, NREREHN O(1) .

push(4)

=

L R _
4
A l I Hig ik

RRE TNERAEES

mex () a |

a

8
EEERE%NA EEERENA
lill 2§9$%EE¥;?;91§ ll" lil' E;?9}§§i;;;91§i lill
- | 8 ° | E
B 1 ] o
e o o
| Step 1 } Step 2
Hi%

pop()

HipsE AR TR

REXIENE
FIRA AR

[-I-]-]-]

Step 3

&l 5-3 FETHEHLIARMI AR HEARIRAE

FEF° DR 76 5 P E VRIS, DR T T DA FAZNAS SO, XRERRIEAT 1174 B 25 L,
D RARBI:

// == File: array_stack.js =

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

[* REVGERIKE */
get size() {

return this.#stack.length;
¥

[* FBIREE AT %/
isEmpty () {

return this.#stack.length
}

/* Ni& */
push(num) {
this.#stack.push(num);

o

}

/*x Hitk */

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

+

/* IFIERTNTTER +/

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

}

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

h

5.1.3 FFhSCIRFTEL

LHEHRAE
PRSI LA R SR DURAE, BOLSBNAAN S R, (EX ELREH T ARA7 XS, (R —
F2m,
SITPves
FESEF RSN, KR H R B A AT IO SRR POt 7, U RO TE A MO, R
SRR, AT, WA B AR,, SR AN, SE%RO IR AN O(n) .

TEAETHERMISCII, BERMPBIH RIE, AEE LAY ANBCRE R A, B2, AMHREFRE
PG RO GO HE K AEEE, ILRCRAR AR, A, WRABOTRASHR T RNER, A2 LA X4
GECP IR, TR MR,

LR LR, YA HEARIERTRBEA BRI, HI0 int 5 double , FATATLAGHLATREEIE,

- BT RSB AN CR SR, El T AR RE, NI FI8eRE R,
- BT RERSCEIRIR AT DAAR AL S RS E RURCR R I

Kl 1Y &
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TEWIRISIRIN, RAXNFIRDI WA R", ZARATRBEHEIRT R, I H, ¥ ALHNEE 2R
EREE (BN 2 %) HATY AN, P AENARMATREBE L SERTE R, B, ST IR R R —
e BITR

SRIM, HTRERTT AT EAME e e, IBERERAT LS T2 M BER.
gi b, FATTARERT S thifE WER SCBLSE AN & NAE, T e B TR OOEAT 04T

5.1.4 RBYBEEINFA

- PINESP RSB S EE. PRI S R, SEBANFTITHRIM DT, M8 E— R
IR, XAEHA AT POEIE R IR R AR 2] E— DT EiRBRESEPr R AT ik, ARZE RN
RGBT, AR TR Z M MSREL &5,

- FREPEERL, ORI, RGUARREARTRAI— M, T ICRE S LR E8. i

PR, 1A NIEHERT BER AW T AR, T L B B AW T AR R,

5.2 BA%I

PAZ! (queue) J2—HEIEIC AJCE MM SN ERARES T, B8, BRAIRUL T HEAES,  BIGHRE A AT
IMAAFIRERR, AT BASISLHERH AIBR A BT

i 5-4 Fow, BATRIAFISKEFR Dy “PAE”, RERN “TARE”, RHETFIMANRBRHRIER Y “ABL”, il
PREAE TCRAVERIERR N “HIBL”

BAZ HiBA HBA
queue pop() pop()
BAE /. /
i |
ABA T /
BAR f
NBA ABA
push(5) push(4)

K 5-4 BASIRISE ATCH AN
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5.2.1 PASUERRIZ(E

PABIAH WEREANRR 5-2 FivR, REERNZE, FRGEESHTIRARAIEES A AR, JRIELRAS

HARRIRT /T %4
* 5-2 PAFIFRAERCR

TiiEg ik

RS2 2%

push() JTCEAR, BUETEETINENE
pop()  BAEITERLBA
peek() IHMIBAEITE

o(1)
o(1)
o(1)

FATAT DLE R 4215 & BRI AS2E :
// = File: queue.js =

/% DIELEATI %/
// JavaScript RERERBAY], AILIE Array H{ERAFIRMER
const queue = [];

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

/* nEAETER */

const peek = queuel[0];

/* JTEREBA */

/] EERHA, At shift() FHEMBEEZEN 0(n)
const pop = queue.shift();

/* RERBATIBRIKE */

const size = queue.length;

/*x FIMBAGIRERNT */
const empty = queue.length = 0;

5.2.2 PAFISEIR

1. BTFHRNEN

NT RIS, BT E—FEARLiA, A DIE—SARIoTR, HaES —mMERTR, MRS a=

i 5-5 Fow, FATATDARBERAT “Ske” A BT 28 “IAE” #1 “PAR”, AUERNEARTEIN

T, PAEDCRTIBRT
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BHR 4
RINERERE

ARk
- KA @ push(4) S~ 9}
5
i | g g ZOE
=
ERRRERR ° n EEXHEER Q
a HSRIHAT] a HSRISIATY f
ABA 1 RBHm € \,
, we RER 6
{ Step 1 | [ step 2
Y
pop() BIBRETIR
wwa (@)
o ,
ERTREER (- )
a FHIMRIMABATI
e
R
‘ Step 3 |

B 5-5 FETHERIIMBASIAI AR AR E

DA 2 FABER SR PA S A :

// == File: linkedlist_queue.js =

/% EFEERTINAIPAG +/

class LinkedListQueue {
#front; // kTS #front
#rear; // BTR #rear
#queSize = 0;

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

I

/* FREXBATIRIEKE */
get size() {

return this.#queSize;
Iy

/* FIHBATIRE AT */
iskmpty () {

return this.size = 0;
b

/* NBA %/
push(num) {
// ERTSEAM num
const node = new ListNode(num);
/] MRFIAZE, NSk BUREERZTR
if (!'this.#front) {
this.#front = node;
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this.#rear = node;

/] WMRIIFRE, WRKZTANEETRE
} else {

this.#rear.next = node;

this.#rear = node;

¥
this.#queSize++;
}
/* HBA */
pop() {
const num = this.peek();
/] BBRET =
this.#front = this.#front.next;
this.#queSize--;
return num;
¥
/* IARIAETTE */
peek() {
if (this.size == 0) throw new Error(' BAFIAZ');
return this.#front.val;
}

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

}

return res;

2. BETFHARNSER
TEHAHPMBRE RN A EAEN O(n) , XRSFEHBIREBCREAR. AT, BATAT DR R 275
FRRIE XA AL

BATTAE A — 12 & front FEAIAE TR RS, HEF — 1ML & size A TIERINFIKE, EX
rear = front + size, XPMARIHEHM rear f5ANETTREZ G F—MIE,

BT, BAhESKENARIXEN [front, rear - 11, BFHRERISSILTEME 5-6 FiR,

- NBAHRFE: B ATERIES rear R, K size 81,
HBAIRSE: HFE front 8801, ¥ size W/ 1

FIDAERI, ABAFHHBAERAEES LR T — X8, INRERERN O(1) .
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front IERMASIETR
rear fEEMFIBTR + 1

1. itWRIES rear
2. BTERME rear &

rear = front + size 3. % size B 1
i+ A
BB push(4)
n front > n n front >
R I BAFHCEE BAFIHREE
a n size = 4 a size = 5
u EEER2HRA n a EREIEHA
] FHIMRILIBAS a ] TSMRIAAZ
| rear » vear >
AR .
l Step 1 J Step 2
1.4 front B 1
2. 4§ size BA 1
HBA
pop()
front > PABIHREE
a size = 4
a EERER2HA
a MR APATI
Step 3

B 5-6 FET IS HI AR HI AR

IRATRER B — DA FEAWTHE T AR AR REH, front #1 rear HRFEAIGISE), HENSIAEA
FEERI R TICTRAR SRS AN 1o O T RO, BRATTAT DRR RN B AR PR

MNFIPEEA, BAITEIL front B rear ERUSBEH RN, ERAEEE SRS T, XM TN

FRATLOEN “BORERE R, A TAR:

// == File: array_queue.js

/* BEFIRFEEETIAIAG */

class ArrayQueue {
#nums; // ATFEEATITTERNEA
#front = 0; // PAEIEH, fERNETE
#queSize = 0; // BAFIKE

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

F

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

F

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

F

/* FIEFRAFIRE AT */
isEmpty () {
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return this.#queSize = 0;
+
/* NBA %/
push(num) {
if (this.size == this.capacity) {
console.log(' BABIE#H');
return;
¥
/] ITEBAEEE, IEEARRS| + 1
/] EIERIEEEI rear AR ZERIE)KE
const rear = (this.#front + this.size) % this.capacity;
// & num FINZERE
this.#nums[rear] = num;
this.#queSize++;
}
/* HBA */
pop() {
const num = this.peek();
// BAEfEstREHEsh—I, HEdEE, NHREIZIERAE LS
this.#front = (this.#front + 1) % this.capacity;
this.#queSize--;
return num;
}
/* IFIEBABRTTER */
peek() {
if (this.isEmpty()) throw new Error(' BABIAZ=');
return this.#nums[this.#front];
}

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

}

return arr;

DAL SRR BASI R A RIBRE . LA A2, JRT, XN HERR IR, BT TRl DORF B Hoh 3 4K
H, MmgIAT B, A rBriRE a] A BTS00,

PRPSEELRONS ELES e S — 8, fEIA AN,

5.2.3 PAFIHEBILA

C WEITR, WYE TR, TR, ARG S SR BRI B, R
[, JERFAIAN SRR, SO TR 75 2 RSOy

© BRMEDHEI, EMTRELI OREE” HRERI R, BIAHSTEINLRIESS AL, BT SSE,
PABIAEIX L4755 m] DA ROt 44 AL BRI
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5.3 WREPBAFI

TERNFIH, BRATUNBEMIER S T REAE BRIt R, WE 5-7 Fir, WEPBAG (double-ended queue) 12
BT EENRIENE, VLR AT TR ISR 1,

FFEBATI BAEABA PAETHIBA
deque push_first(1) pop_first()
=]

A& \ /
mm“BlMA 8 B 5 5

AEEEN
PUN ™ ]

BAR I Iél

PARABA PAREHBA

push_last(%4) pop_last()

5-7 WUAIBAFIH 1R

5.3.1 WrRBATIEARE

KLEIAS ) PR EAN SR 5-3 FoR, BRI T3 TR R ZEARTE Al 8 FH R R 1 5 R

%53 WABATHRIERCR

Tk filiigk P 1A A2 2

push_first() BCRFMENE O(1)
push_last()  BcRFMEE O(1)
pop_first()  MHFRBAETTER O(1)
)
)
)

pop_last() il F5INC=VIve S O(1
peek_first() WiRIPAEITE o1
peek_last()  VilFIBAEITHR o1

[FIREdD, BRI DAE MR gIEIE 5 OSBRI ARSI :
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// = File: deque.js =

/* FIRENEBAT */
// JavaScript RERENWIHEATI, REEI0 Array H{EXHPATIREER
const deque = [];

/* TTENBA */

deque.push(2);

deque.push(5);

deque.push(4);

/] EEE, BT EHA, unshift() FHZEMBEIEZRER 0(n)
deque.unshift(3);

deque.unshift(1);

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

/* TTEHBA */

/] EEER, HFEHA, shift() FHEMBREIEZRERN 0(n)
const popFront = deque.shift();

const popBack = deque.pop();

/* FREUNEBAFIRKE */
const size = deque.length;

/* FIMINEPAFIRERNT */
const isEmpty = size = 0;

5.3.2 WmEPAFISEHR *

KEASEI LB S PASIZEAL,  w] DO S RER SR (N IR B ERES .

1. BTFWAHERTHR

(BB L —5 P, BT P B PR BEROR SEBLRAS, - R & AT DAY (B Sk 17 s O B EHBAFRAE) e

R RUGHIET 1T 5 O A BAERIE)

XFXEASITT S, SkESFIE AR AT AT APAFIHI AR, #0mgimid, ARSI TR Z S SS — A FRTT 18]

AR, Dhit, FRATRA “WABER" (EME SR R ESHREEH,

aniE 5-8 AR, AR A BERAY LT R BT SN XEI A IR E FIRA RS, () SEELAE PR R AT AR

TR RE.
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i
W " se2 (@)
e

ERTIENAEE ©
o FSPRIITRURIAG]
e

| step 1 |

FHm 1
ARINE R

BAEBA
push_first(1) eSS @

|

ERTIENEER @
IR ATEATI

s ]

BAETHHAA
pop_first()

Step 5 |

FHIPRIATEAT]

INEININ BHR 4
push_last(4) FNEHERE
ETR
B  exummems )
FHIRBATEATI
o
BER
Step 2
HBRRT=
BAEZHBA
pop_last() kTR
o
@  eExmEnems o
a FHIPRIMATNEAT]
rsa ()
Step 4
BIBRETR
XTR
ERERENFER \0
rss (O

5-8 HLTHERSINABASIHI AR AR E

SEARREAN SR :
// == File: linkedlist_deque.js =

/* WAERTE */

class ListNode {
prev; // #IRTR5IHE (3EF)
next; // E#TH5IHE (5%
val; // TRE

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

F

/* BETFW AR AT */
class LinkedListDeque {
#front; // kTs front
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#rear; // BT/= rear
#queSize; // WEBAFINKE

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

/* BAENBAMRIE =/
pushLast(val) {
const node = new ListNode(val);
/] BRERNZT, ML front F rear #BIEME node
if (this.#queSize = 0) {
this.#front = node;
this.#rear = node;
} else {
// ¥ node HINEFEFREIS
this.#rear.next = node;
node.prev = this.#rear;
this.#rear = node; // BHETR
¥
this.#queSize++;

}

/* BABNBARIE =/
pushFirst(val) {
const node = new ListNode(val);
/] BRERNFZT, ML front F rear #BIEMA node
if (this.#queSize = 0) {
this.#front = node;
this.#rear = node;
} else {
// ¥ node HINEpEFRLE
this.#front.prev = node;
node.next = this.#front;
this.#front = node; // BHkTa
¥
this.#queSize++;

F

/* BAEBHBAIRIE =/
popLast() {
if (this.#queSize = 0) {
return null;
¥
const value = this.#rear.val; // FEETRE
// BBFET R
let temp = this.#rear.prev;
if (temp !'= null) {
temp.next = null;
this.#rear.prev = null;
¥
this.#rear = temp; // BHETS
this.#queSize--;
return value;

I

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

¥

const value = this.#front.val; // ZHETSE

/] BBRKRTT R

let temp = this.#front.next;

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

¥

this.#front = temp; // EIHLTH=

this.#queSize--;

return value;

I

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

I

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

}
[* REREPAFIBIKE «/

size() {
return this.#queSize;

F

/* HETREPATIRE AT */
isEmpty () {

return this.#queSize = 0;
b

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

h

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

2. BTFHHENEH

i 5-9 FIUR, SEFTEBEHSEIAFIZEML,  Ffi Tt a] DA MR R LB A
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front {ERMIIETE 1. HHRIESH rear
rear IEAMFIRTR + 1 2. BTERME rear &
rear = front + size 3.4 size Bl

BARNBA
N} push_last(4)

A ABA front > PAFIHEE a front > BT
size = 3 size = 4
EREREEFSRA n EREHRERSRA
a P RMATFATI a FHIMREAMEAT]
&ﬁ 1 l Bk rear > rear >
BAR
Step 1 Step 2
1. % front B 1
2. BRRFME front & .
3. % size B 1 1. % size BH 1
UN=PAUN BARZHBA
push_first(1) pop_last()
front >
a a8 -
a BAFIHEEE n BAFIHSEE
size = 5 size = 4
a ERERREASRA n ERER2EANRE
B FIMRIATUEPAT] a HIPRIATFEPAT]
@
[ step 3 ] Step &
1. 3§ front B 1
2. 4§ size B 1
BAESHRA
pop_first()
front > IR
size = 3
ERERSERRA
a FIMRBATEAT]

Step 5

B 5-9 T EEHSBUOR A EASI I ABA tH AR

TERNFIRTSCEREER b, (TR “BAE ABR” 0 “BARHIBN” BT ik:
// = File: array_deque.js =

/* BETFIRREASSIAINEBAT */

class ArrayDeque {
#nums; // BATFEEWENTITTERNEE
#front; // BAEIEH, fEAMNETE
#queSize; // WRAPFHKE

/*x ¥EFE */

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

+

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

F

/* FREOREPAFTIEKE +/
size() {

return this.#queSize;
7

/> FBTNEFIRERNE */
isEmpty ) {

return this.#queSize = 0;
+
/* IHEIRFEARS| */
index(i) {
/] ESERIEERICEERARE
/] H i EIERAESE, EEISKE
/] H i AT E, ERIES
return (i + this.capacity()) % this.capacity();
+

/* BABEABA %/
pushFirst(num) {

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

¥

// BAEEStAAEBTI—{L

[/ BIEURRESZI front M LA SLEBEEEE SR
this.#front = this.index(this.#front - 1);
/] ¥ num HIDEE
this.#nums[this.#front] = num;
this.#queSize++;

b

/* BRENBA %/
pushLast(num) {

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

+

/] tEBAEIEE, IEEAERS| + 1

const rear = this.index(this.#front + this.#queSize);
// ¥ num FINZEFE

this.#nums[rear] = num;

this.#queSize++;

F

/* BAEHBA %/
popFirst() {
const num = this.peekFirst();
// BAE1EsAEHEE—1L
this.#front = this.index(this.#front + 1);
this.#queSize--;
return num;

}

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

}

/* ARIPAETTE */

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

}

/* FRAETTE %/

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];

h

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

h

return res;

5.3.3 WmFIRZA

XEIAS AR BAR S BASRIZ AR, RIb e n] ASCBLX M BT B3R, R EESE wi E

BAVHINE, AR “Hes” DhReE R ARSI : R BRENERIE push IRk, RJEIEIT pop SLBL
o AN, HEEIRFIRIRAIRGI, RIS SIRHEEERPE (BN ARFRIE 50 27), SRR KT
50 I, BXAFFREEARIE (BNE) TAITHIBRIRCE, HEICTASEBLZIIRE, B s ZAERDN M AFIRAE A, 1%
ER, W AR DIEEI RGN G RN, FUZ XX ARSI RERS S0 R S LB — LRI NS .

5.4 N

1. EREH

- HGE MRS NS M A BRSS A, Al B el R S

- AENTRCERTTH, ARSI AR RSEFIReR, R ALEF, BIRAMIRENN W22 E R
HUEO(n) . MHHZT, HRIBERLIMAA ENFRENBREM,

(B2 ARCRTTH, FRAVEEH KB RE B E RIS AR B, (HFRZEEENR, $ERT RS A

frad A LB TR R,

- BAAIE — ARG e A JE R M B B EE e, R AT DOE IS B s BE R ST, FE I RIBCR R 23 [RICR
RIXTEE B, BAFIRYSESIE 5 AR RIS E M Bl

- ARSI — MR S E RIS, B AR VFE SR TIT R A TSINFI R R
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2. Q&A

Q: MIVEERHIRTIE R IR A2 XA HE RS

YR AR R IR IIREA T L2 “R” BORBL. AP Ui — g, %ol A ERRI; P
Rt EIRIGHIN, % 0T = MARTAGH o (5 XA BB AT DATS (A S — 23R 1, IXNE XA A"
E AR,

Q: fEHME, RBEHRERMHHT SKNE?

RSN TREME TR, WATRERRAG, G2a I REME], Java fl Python &S HIA B
AL, AR ZEFAREMAT; 1E C M C+ hTREFIREEIAT,

Q: WEBAFUR R M MEPHERE T —it2, ERHREMHA?

ME SR AT B & BN MRPHE T —itd, ERIMATZE + BIIRNEHE, R a] PISCIiik 5 S
WFTE R, FHERE,

Q: % (undo) FISHEH (redo) EARZAN{AISEIRM?
FERMAME, A FTEE, B MR,

L BEMAFAPRITDERME, RIXMREEALA, FHEZHKB,
2. HHAPPIT “RET W, R A R IR AERIE, FREHEARB
3. YHPHIT “IBEH” N, MR B HBEH BRI, HRHEARRA
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Abstract
TEHFENIH R A, BmRME—IEENE B ER,
ELEI A ERBS, M DAPEERE] AR E
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BER (hashtable), XFREFIR, TEIETH key 51H value ZAIAIRLET, SZEIEMACEER, B
ma, FMAEHERPHEA— DR key, WETLAE O(1) BHENIREY MAYE value .

E 6-1 R, @A n ML, BNPARA T N EET IEYE. BBIIm RS “mA—
F5, RERAEES" FERIIEE, WATDARAE 6-1 FrRiIigfi &R,

BRHE

hash table

BA—T¥5 key, TiHWHEH value
A RPERENREERER 0(1)

K 6-1 M RIHRER

PRI RSN, BAAMBERMAT IS IRIIRE, EMBIRER I 6-1 Fir.

© OWMCE: (FEETRRNELE (555R) MREERIRT, fH O(1) M,
- AR BT BER REUTH, FFEeAESRNFETE, A O(n) NiE,
- MBRCER: FEEEWIICR, HMEE GER) PR, £H O(n) N,

®6-1 TLREWIBCRILL

o HER AWK

#H5tE  O(n) O(n) O(1)
wIEE  O(1) O(1) O(1)
WiEZ  O(n) O(n) O(1)

Mg, TEMA R TR SN g R O(1) , FER &R

6.1.1 MBERTEHIRE

G RAE WIEREERS: Witath, BIERE BIEEXNNIPREEEXF, RO
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// == File: hash_map.js =

/* IBLIEFER */

const map = new Map();

[* FOMRIE %/

[/ TERFBERPFMEET (key, value)
map.set (12836, ' /\E');

map.set (15937, ' /\B');
map.set (16750, ' /INE');
map.set (13276, ' /INE');
map.set (10583, ' /\E8');

[* EEIRIE */
/] ERERTEBANE key , BEIE value
let name = map.get(15937);

/% MIBRIEIE =/
/] TERFBRPBBFREI (key, value)
map.delete(10583);

WA RA =ME AR WHREX. B E, REEIT:
// == File: hash_map.js =

/* BHRER */

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

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

I

console.info('\n&JHiBHE Key');

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

I3

console.info('\ngJWEHE Value');

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

}

6.1.2 MFEREASI
BAVEH EEF LSRN, U ARG T R, ERTED, BOTEBHATIEN SR
(bucket), B/MEFIEIE—MRER, FHt, ZEERIEGEERE key XA, HIEMHIRE value o

2., AAIEET key TEALX B HIAENE? JX2IEL PG FHERER (hash function) SKERRY, M7 BREHITERL 2R —1
BRI A2 U 2 — MUk S R, SR RY, MAZEEMNE key , = REEMEM B
K50 HAEH, WA key , BATTTUBIGA BRI EZ key RSN FE AL -H LA A B

A key, MEEATTHFREEED HULTWNE,

1. EE RIS EL hash () HHEERIAFE,
2. KIEHENEEE BEKE) capacity BUE, MIMIKEZ key M MAYAE (BEHZES]) index,

index = hash(key) % capacity
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BaJE, BATRLATDARIH index fEMG R AT AN R AUAR, AMTIZKEL value o

WHUHKE capacity = 100, MAFHE L hash(key) = key, SEMBTEECN key % 100, & 6-2 DA key
5 H value WG, IR T WA eRELAY TAEH I,

PURARRS SR 7 — ME g e, Heb, TRATE key f1 value FEER—1N Pair, DAFREEEXS,

BN key

€D
B -

[

// == File: array_hash_map.js

/* (&3 Number -> String %/
class Pair {
constructor(key, val) {

F

this.key
this.val

key;
val;

/* BEFHALINRAER «/
class ArrayHashMap {

#buckets;

constructor() {

/] ¥afERiE, 84 100 ME

#=al

— 36

37

IR REH | 5o
key % 100

83

i 16750

et 13276

el

key value
e

15937 | “/iB”

“hEr

CNE”

10583 | “/hHg"

e . v . e . e ' a ven

Wi value

— &3

—&3
— &3

(B MERRE—MEE
%)

6-2 e KA TR EE

this.#buckets = new Array(100).fill(null);

}

[* PEFREREL */

#hashFunc(key) {
return key % 100;

}

[* BEIERIE %/
get(key) {

let index = this.#hashFunc(key);
= this.#buckets[index];

let pair
if (pair

= null) return null;
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return pair.val;

F

[* FIMEE +/

set(key, val) {
let index = this.#hashFunc(key);
this.#buckets[index] = new Pair(key, val);

F

/* MIBRIEIE +/

delete(key) {
let index = this.#hashFunc(key);
// R null , KEMER
this.#buckets[index] = null;

+

/* IRENFREREN */
entries() {
let arr = [];
for (let i = 0; i < this.#buckets.length; i++) {
if (this.#buckets[i]) {
arr.push(this.#buckets[i]);

}
+
return arr;
b
/* SRENFREHE =/
keys() {
let arr = [];
for (let i = 0; i < this.#buckets.length; i++) {
if (this.#buckets[i]) {
arr.push(this.#buckets[i].key);
¥
+
return arr;
}
/* RENFREE =/
values() {
let arr = [];

for (let i = 0; i < this.#buckets.length; i++) {
if (this.#buckets[i]) {
arr.push(this.#buckets[i].val);
}
+
return arr;

}

/* FTENRGHR */
print() {
let pairSet = this.entries();
for (const pair of pairSet) {
console.info( ${pair.key} -> ${pair.vall’);
}
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6.1.3 BREAARSTAE
WA LE, WBTEEIER 2SS key MM ZS IR B ATE 25 MBI 23 0], ik A2
AT A TR A, i, BE @A “SAMANN AR 5.

T ERRGIFFRIG R, SRR key JEAAHRIRG, W7 REE LS R B, fldn, E#ESH
12836 120336 KIMPMEAER, BASE]:

12836 % 1060
20336 % 100

36
36

WA 6-3 fizr, WANEELER TH—MNMER, XERZ AN, BRI R AN R R — i H TS R
HMMaZ S (hash collision),

BN key #35| e W value

key value

Lt

N

— . 36 —]

m// 3=7 15937“11\@" \Hm

/ "aRER 50 16750 | “/hE” \
“’J‘ﬁ"

Ia oee

76 13276

83 10583 | “/\Fg”

wee ' ase . wee .

K 6-3 WA 5ol

AR, BRRER n K, 21 key HOTECEIFE — M AIMERMEIE, MR, Fit, AT
WY E ARV 0

Gl 6-4 Flw, ARTHMERT (136, A) #1 (236, D) RAEMZE, ¥ AFEMRIHEK,
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MEREE - 100 WERNE 2 8 BERSE - 200
IEFREB key % 100 » TR key %200
#3| key value 3| key value

36

36

136

50

150

83
183

Kl 6-4 MR A

KU TG R, TR BRI AT REBEIAHE, RN Lo FIah R R
capacity M2, RIS WA EEOR IR S A RA 077 B, 05800 T i 2Rt
ST i, GBS KRR RAR, B,

fAHEF (load factor) ZMAH R —DNEHEEME, HE OVGHRITREERDMSE, AT EHEBRAH
REEERE, WEENRAERY FRME R, BIE Java i, S7EE D 0.75 I, RGASKER
RITHEFILH 2 %

6.2 MR

B e I R U i 1 RV U BRES 4 G NE NG [T N s vl I PR v ol o R S e AT 7Y P w1
AR 2HRY, WS BEHE RN, WA 2 MBS E R — R
G IR SEE WL RIR, TEPIABHRIAT M. N Tz, 582 AR rmRn, A
HATIERRY R, EEMRHIOVIE. BIEEAHREAR, ERERKR, FARARTAREH TR
R EEREIRIZ SR ETT R, 0 THRIIRER, AT PR DA 5,

1. BRI R AR, AETFIRA Fn] DAL B s RN IEH LA

2. (HERLES, BISIGArRR LA™ B, AT AR

WG RAVEA R7TE T EARS “aEsCthht” "I SHIE™,

6.2.1 siEziithsit

fERGEIRTR R, B MAEEFME— N MERXN, 5EXHhE (separate chaining) N TREH RS, it
ERENBERTI R, RATE KA REVEE X AR B E R —BER . B 6-5 R 7 — PNk a7 R A5
To
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sl | R (RaRER)

mEsUteat v | (BY
SMETEE— R,

. -n
HAP B ARTE : :

50 750

RREEH key % 100 76

-3

o] ]

850

BERAAEFER key

ERERTFHRR
83

o

Kl 6-5 HEAMALIGT &

E T et SRR IS A RAGIRIE T TR R AL T DUR AL,

- HJTER: WA key, ELRAEEISEINRS(, BIRTTRGERLT R, ARG HRERIFXT L key PA
AR HREE{ERN

COWMTER: E/EE IR REBOMBERSLT R, RERTR GREXD) IInEIER .,

- BRI ARAENR T PR EAOZE R BERSLH, 1B I HER AR B R T R H R,

HEFCHIHE 7 42 DU R R,

- O HHERR: RERE SRS, A LA SRR TR A A
- EIBCRIK: ROV AR R R E SO BT R,

PATAHSZE T i CHbAE RS 7 RV R A SEEY, FTREERM .

- ERAIER GISEED) ROERER, MM, EXME T, Bmk %) ga2 M, 80
R — IR,
- TSI SRR A7k, YREN TR 2 i, ROVGIET R EEREN 2 15

// == File: hash_map_chaining.js =

/* PERHAIEFHR */

class HashMapChaining {
#size; // REXNHE
#capacity; // WMERDE
#loadThres; // &V BNAEETFEHE
#extendRatio; // ¥ &=
#buckets; // T@EA

/*x ¥EFE */

constructor() {
this.#size = 0;
this.#capacity = 4;
this.#loadThres = 2.0 / 3.0;
this.#extendRatio = 2;
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this.#buckets = new Array(this.#capacity).fill(null).map((x) = [1);
+

[* MEFSEEL %/
#hashFunc (key) {

return key % this.#capacity;
7

[* AHAF x/
#loadFactor() {
return this.#size / this.#capacity;

F

[*x ERIE %/
get(key) {
const index = this.#hashFunc(key);
const bucket = this.#buckets[index];
/] BHAE, &E key , NMLER[EIFFE val
for (const pair of bucket) {
if (pair.key == key) A{
return pair.val;
¥
¥
/] EFREF key , MERE null
return null;

F

[* FIMEE +/
put(key, val) {
/] HHHRFEBIHREN, BT S
if (this.#loadFactor() > this.#loadThres) {
this.#extend();
}
const index = this.#hashFunc(key);
const bucket = this.#buckets[index];
/] BHHE, FBEIEE key , WEHMLN val FHiR[E
for (const pair of bucket) {

if (pair.key = key) {
pair.val = val;
return;

¥

}

/] BXiZ key , NEEEXRRDIEEED
const pair = new Pair(key, val);
bucket.push(pair);

this.#size++;

F
[* MIBRIRIE «/

remove (key) {
const index = this.#hashFunc(key);
let bucket = this.#buckets[index];
/] &HE, MPRIBREE
for (let i = 0; i < bucket.length; i++) {

if (bucket[i].key == key) {
bucket.splice(i, 1);
this.#size--;
break;

¥
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[* I BRRER */
#extend() {
/| BEREWRER
const bucketsTmp = this.#buckets;
/] Ry BENMmIEHER
this.#capacity *= this.#extendRatio;
this.#buckets = new Array(this.#capacity).fill(null).map((x) = [1);
this.#size = 0;
/] BREMMNERERBEZEMEHR
for (const bucket of bucketsTmp) {
for (const pair of bucket) {
this.put(pair.key, pair.val);

}
¥
¥
/* FTENSHR =/
print() {
for (const bucket of this.#buckets) {
let res = [];
for (const pair of bucket) {
res.push(pair.key + ' -> ' + pair.val);
¥
console.log(res);
¥
}

EERIR, MEERREN, SR O(n) R, HINTTLUSHREEEN “AVL W 5% “CCHBR”, i
S IR RO I 25 (L3 O(log ) -

6.2.2 FrSFut

Rk (open addressing) AR5 ABIMNISHELEN, TiiREIE “LRIEN” RALBRIAT M2, FM77 X3
SAFELR MR, ST R RN 2 A 75,

TR DAZRPERRI R B, BT HE T R0 TR,

1. &R

ERMEIRINR ] 0 KRR R RMEATIRN,  HARE77 1R 5 IS /i R A A Al

- AR EEEAEEITRERRS], HRIMNEETTR, MAWRCERELMEN GORIEE N
1), EELRFIZM, RKooREAHA,

- EPOLER: ARIRAR, WERHES KT, BFEHREXMITR, &E value HI
Al WEIBEIEA, R ERTRAERA RS, JRE None o

6-6 JEoR TITIS 4k (ERIERIN) Wafi RAVEE(EDN 04, ARIEIEIGT L, SBIEMMHER key #R B
S SRR A, TS ZRMEIRI, BT A B TE M DA S 2 T B
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3l

Hg
ah'-'?

00 <
FFht 01
MR, FKA 1 02

W ul

S S

= S
oo

a a

76 <

MAFEE key % 100 77

[ERERE key
IRERTFPR

3 w =
~ ~ ~
o o o

78

~
~
L=

o«
~
L=
aee
a H

B 6-6 JFiSak (IR W RASE(E X 0 A
SR, ERPERINA 574 “RIBMR”, BAORU, B MESHLE FIAI BRI, IXEE S B L G A
REJATREMERIR, MMIHE— R IR B RHEA K, ERCEIEIEI, RASBUEMESIRIERER S,

ERERNE, RO SHR AR FPEEMER TR, X2EIMERTTR X EREHNE — DM
None, TMiH#&EHITRM, SMERMENZSHRIZIRME, FIEZTM 2 FRTTRETTIEERI RS, Bpa]
REDRHANXELTTRAMALE, WA 6-7 AR,

=3l Bl

00 <

w (3
S (=]
S S

01

02 30

S
a

76 <
wirzE (DN =25,

REEEWIEZ THTERT

77

=
~
o

78

K 6-7 FEIFRSHEAHHPRCR SR E W RS

NT BRI, AT DCR FEER (lazy deletion) #lil: EAAE#MNBRRPEHRTE, m2AH—1
# t TOMBSTONE SRARICIX AN, 7E%HUHI R, None F1 TOMBSTONE #FFRFRZ3H, #FFT DUKCE AR, (AR
M2, LRMEIRIE] TOMBSTONE I RIiZAkSE T, [KoNH 2 AT REE A7 FE HEERS o
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SR, BT ] R 2 MRS R TEREIB 1L, 12 RN BHR BRI E T =74 — DIBRFRIC, BE%E TOMBSTONE
AUsgin, TEERA R, RSN AT RER ZBkid 21~ TOMBSTONE A REFRE| HARITR,

A, FEELSIRMAIC FIERE S TOMBSTONE &S|, HRFHE RN HARTE S5 1% TOMBSTONE 23 #t
8 IXFEMIIGFAL R S FRERSIRINTTER, RS E 2 SR E (FRIRG ) FIERH, M
A AL E T RCR,

AR SEEL T — ML S W EREIT RS E (MR SR, 7 BEnse o th i ARG R pas ), 34l
R BB P, SRS BE RN, [F2 Sk RAksmE 7,

// == File: hash_map_open_addressing.js =

/* FRFURER */

class HashMapOpenAddressing {
#size; // REXNHE
#capacity; // WMERRE
#loadThres; // fRT ANAHAFHE
#extendRatio; // ¥ &AEEH
#buckets; // TEEAE
#TOMBSTONE; // fhERATIE

[* ¥HEFHE */

constructor() {
this.#size = 0; // RBEXHE
this.#capacity = 4; // BHERAE
this.#loadThres = 2.0 / 3.0; // fiRi ANHOEHEFEHE
this.#extendRatio = 2; // ¥ &AEE
this.#buckets = Array(this.#capacity).fill(null); // %A
this.#TOMBSTONE = new Pair(-1, '-1'); // MERtRIE

+

/* MEEEEL «/
#hashFunc (key) {
return key % this.#capacity;

F

/*x PAHEF %/
#loadFactor() {
return this.#size / this.#capacity;

}

/* #E key WMHIERS +/
#findBucket(key) {
let index = this.#hashFunc(key);
let firstTombstone = -1;
/] RN, HEFI=EEB
while (this.#buckets[index] !'= null) {
// &IBE key , REIFMZAIEZSI
if (this.#buckets[index].key == key) {
/] Ezaid® 7T HkRtnie, NWERENZshEZZRS A
if (firstTombstone !'= -1) {
this.#buckets[firstTombstone] = this.#buckets[index];
this.#buckets[index] = this.#TOMBSTONE;
return firstTombstone; // REIZoIEHIEZES]
}
return index; // REIFHZES]
}
// iEREINNEMBRFIC
if (
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firstTombstone = -1 &&
this.#buckets[index] == this.#TOMBSTONE
) {
firstTombstone = index;
¥
/] ITBERRS|, #HdEIBNREILE
index = (index + 1) % this.#capacity;
¥
/] & key AEFE, MRERMANZES]
return firstTombstone == -1 ? index : firstTombstone;
b

[* EIHIRIE %/
get(key) {

F

/] EER key WS
const index = this.#findBucket(key);
/] BHREFREX, WRERXE val
if (
this.#buckets[index] != null &&
this.#buckets[index] != this.#TOMBSTONE
) {

return this.#buckets[index].val;
¥

/] BEREMNAEFE, WRE null
return null;

[* FOMRIE %/
put(key, val) {

F

/] HHHRFEBIHREN, BT S
if (this.#loadFactor() > this.#loadThres) {
this.#extend();

}

/] R key FRAIEZESI

const index = this.#findBucket(key);
/] EIRFIREN, WEBZE val HiR[E

if (
this.#buckets[index] != null &&
this.#buckets[index] != this.#TOMBSTONE
) {
this.#buckets[index].val = val;
return;
¥

/] ERERNAEE, WARNZEEXS
this.#buckets[index] = new Pair(key, val);
this.#size++;

/% MIFFRIE */

remove (key) {

/] #ER key MMHIFEESI
const index = this.#findBucket(key);
/] EXRFIREX, WERFINCEEE
if (
this.#buckets[index] != null &&
this.#buckets[index] != this.#TOMBSTONE
) {
this.#buckets[index] = this.#TOMBSTONE;
this.#size--;
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[* I BRRER */
#extend() {
/| BEREWRER
const bucketsTmp = this.#buckets;
/] Ry BENMmIEHER
this.#capacity *= this.#extendRatio;
this.#buckets = Array(this.#capacity).fill(null);
this.#size = 0;
/] BREMMNERERBEZEMEHR
for (const pair of bucketsTmp) {
if (pair !'= null &% pair != this.#TOMBSTONE) {
this.put(pair.key, pair.val);

}
¥
¥
/* FTENRRHR */
print() {
for (const pair of this.#buckets) {
if (pair = null) {
console.log('null');
} else if (pair == this.#TOMBSTONE) {
console.log('TOMBSTONE");
} else {
console.log(pair.key + ' -> ' + pair.val);
¥
¥
¥

2. FHEHEN

IR S LRI, FRITIMTHERIH WRIE 2 — FBRAEMRN, F75 RN A s bpd —
SERPE, MRS “RIRER T P8, B1,4,9, ... %,

IR EEA MR,

- P RGEE B R BT 7T R, I R AR R B B B R
- PRI R BOL ORI EE BRI AL E, AB T EEE RS E NS,

IR, SETRMIFF AR TEER,
- ANARGAERENS, RIRLA B e H AN B E A 5805
HT RS, Famnl e RS RINEBNG/R R, XEWRE BMERRRPE M, FaRNtnTgE
TCIEVIREIE,
3. ZRBE

FAEY, ZRRFITEEH SN BRER S, (). fo(z). fo(@)e ... BRI,
CHBATEE: BIATEE L, () HEUNTE, MR £y (x), DU, ARSI R,
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- EPOTR: EMHRARR R NHTER, EEIKEETRNIRE; FHERISA s E XA
PR, AR R R AFAEIZILR, NERE None o

SEMRNMLL, Z2XBFRTENDTERE, B2 DR ERSW RIS E R,

Tip
THER, TPl GRIERI, F7 RN 2 RIGT) I6fm&AEE “TREEEMFRTR" AR,

6.2.3 RIFIESHHEREF

FAPGRETE 5 R T ARG A RECBURES, 2 LT,

- Python RAIJFK L, it dict (EHARENIEGETIRI,

- Java RAHEAMAIE, B JDK 1.8 PAK, 4 HashMap WEUZHKEIRF] 64 HRER KRS 8 IV, HERS
FRAONLL R DA T B R RE

- Go RAHEAMIE, Go MUE R MR 7 8 MNHEX, BHARNER —NMRH, Ak
N, ST IRRRIE R A 5AE, DIRCRIERE,

6.3 MHEE

R TI A28 T MG A R A LA R EAIIG A rhR RAC BT . SRMITCIR B TS b 2 etk M REAR Ik
WA 2 n] DATE A ZE RIS IEH AR, miJCiiisl P Iaa th R &L,

ERIGA MO T, BRROMEENS2R AL WE 6-8 iR, N THERMILETR, BRI 7
ERE S P RAER D, KBIRAEEWRER; REBI NG RENEEGERIE — M, NRE 2R
= O(n)

Ehra SR

oo

ggﬁ%&ﬁﬁ&%’hﬁqﬂ

EfElEAE 0(1)

000800
mER:

K 6-8 Wb RAVEREN IS RERD
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BRI AR TS OIS B, RIS B TP ER, e R E, AR KR

index = hash(key) % capacity

ML EAK, HRAERAR capacity FEER, MAHRIL hash O YU& 7 HihE, HMOE THREXNFER
BRI IE L

XERE, N T RIS A PRI ERER, BN S RERIEPERFEX hash ) /YK L,

6.3.1 BEFZMNEMR

NT I “BERXAS” IR R EEREER, WGRIEN B g DA R .

- WhEtE: X TMERA, IERERMGE AR, XA BE R R A 5T,
COReRE: HERAEEENZ RS, HEITRRD, 16 RAS AR,
- B IEREIANAE S HMER I S DR R, TS, IR AR B,

Kk b, MAEERR T A DU TSRBIRAR, 7 2 A T HAb g,

- ENERE: N TR P EENZ e, RGUEE AIERFER P RISCER, M7 E RS
fH. HHFMANEEN, RGN ANEWIIRERE, K55 EEIGHEEITHE, WMRMH L
Fi, AR RN E .

- BIRSERER A BE R TT ] DA BRI AR (B R L — RO $R IS AT AR R T SRR IR Y
BARRISTE, HSREEIRIGREI T, WRMHITAS, ARAEHRMEA e,

AN TEEFAMRNA, AT BN EES B R EEFYE TR, BREEREASESSRNLE
Ritto

- Bt JorRiEId M AR (A S O T R A BRI RS R
- PibEENE: SCSBEREIN D RFEIRTER, E SRR EM L,
=115 A VAR VNG G VA B '€ el D = R T 71 S

BIER, “W50A” 5 “DiREHETE” WAL, RS A e R iR, flan, FERERL
BN key T, IRmEE key % 100 A] DUZELS MR, AmiziamEEL TEE, FrEEmAHEY
i) key BOKEHARREIR], RIUEFRATTA] DARA 2 M IS A (B S RTFTRY key , AR AR T

6.3.2 MFHEBEINILIT

IERERAIRIT R MR ESEFZRRMERAE, A FREZRAERI R, BATHAER &/
BHIBAER,

o OMEEMEA AR AR TAFRY ASCIL A AR, S BIR SR E IR TR {E,

ORI FIFSRIERA RN, SRR DI, BB DT ASCIT EERBE R E,

- SRl R ABURER S T RE R a8 E R Me AR ET,

- B RN TATR) ASCIT AR —NMeRES, SRER AT WA [EET e 51,
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// = File: simple_hash.js =

/* NERE x/
function addHash(key) {
let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {
hash = (hash + c.charCodeAt(8)) % MODULUS;
}
return hash;

}

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

}

/* BEHEH */
function xorHash(key) {
let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {
hash ”= c.charCodeAt(0);
+
return hash % MODULUS;
}

/* TEEEMaA */

function rotHash(key) {
let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {

hash = ((hash << 4) ~ (hash >> 28) ” c.charCodeAt(0)) % MODULUS;

h

return hash;

WS RN, SRNE TR BIAR B e — A #U2 KBi% 1000000007 B, DARRERIG i (EAE AIERTEEIN, (ETS

BERE, W2 Zs AN FEURRR, BB Y S B R B2 4.2 X2 — N EBRI R,

Jetaigsie: ERIRBURMENBEL, vl DA KB RUEIR AR 2 504t RN TR 5 HAth B 7 AL

B, AT DAIRR/D R SRR I 22 A SR PR, AT SR 7 v 5%

BT, BIZBAITERE SO MRy, B DAt 3 586R, ARAFTA AT LR 3 BERRIY key RS HMRESE] O,

3. 6 X=AMETE,

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 TEUF I RIXFEEBEINEAR 10, IR2MGRmEMRS HBIREE, MMNERR PR, BE, &
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5 modulus B sk 13, HT key 1 modulus ZRIRTEEAZIEL, Rk A7 E )51 201

BT,

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,... }

EfSUAARYR, GHERAEMSIRIE key BRENUIISI DGR, ARAMERESEEE S EEMEEE T DL, el e
HEI S ARG TE, T4 key RID MM F RN, AR ERS HIRENS,

BMEZ, FANEFIEZBEIEARE, FFHIX NG e R, DRATREHPREIIMASR, $ErHamA
R,

6.3.3 BERMFEHZ

KRB, DAL RIS RIAE LR s, Imimi A IAEIG A BRI BN, f14n, B inism
SFECH R AT, R ANTRNG T A0 S BRG A7 JC TR X 0 A RME S A R =77 e, XA RES ARG A h 2R,
Fo e —Le e n,
TESERRrh, AT X H —ShRER AR, B4 MD5, SHA-1, SHA-2 fl SHA-3 5%, AT UHERK
JE Hm A\ S 2B K A E A (L
E—MULE LR, IAREIREEAWT R SRS RS, —MaaR N RS RTHe R EIRAEE, 5—
HRIAE SN RSB N BC) T S HERIG R RIAN 2 2ER, 3% 6-2 R T 7ESEPR R i WG R 5T,

- MD5 1 SHA-1 EZ R, R el k2 e MM,

- SHA-2 RHIFFE) SHA-256 B L2 HEL L —, IARHBBKIIHIBGR, KibEHESKLZE

IV EES RGN
- SHA-3 % SHA-2 RSSBUTH AR, HENERE S, (HH R HERE RN SHA-2 &5,

*®6-2 WUMIEREE

MD5 SHA-1 SHA-2 SHA-3
HEHIR 1992 1995 2002 2008
1]
il 128 bit 160 bit 256/512 bit 224/256/384/512
& bit
MmNz L EZ R/ R
%
ZeE AR, OB K, BEERIK & =
% i
7 F EWFEM, ATEEREEE CHFER IBEMRZ SR, BFE%4  WHTE SHA-2

= F
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6.3.4 HIELGHIBIAHE

PATRINE, W RAT key AT DURRERL, INEELF AT ARFEEEIA, 1A S0 SO BRR AR N E
efmED, ATIHERARPIMET. B Python R, FATAT LA hash () BRECKITESREHEE
IR A {E,

- BB /RERIG A EPURHA S

C IFRERT BRI E T EROVE R, AMNBREEETE BT,

- NG RERN HPE PR TR, RERXERmEHSER, S8R —HRAHE,
- NREETEE T HAA A R, BT ES N RIEARTTIE, KM T AL RIS E,

Tip
THIER, ARGWEE SN ER R ET R R BEIE 75 B,

// = File: built_in_hash.js =

// JavaScript FiZHEAWE hash code K%K

W ZREES T, HARIENRAMENERRE key o RINBNEIIER GIEBLD) 10 key, 45
RINBRAEZN, EREREHRE2 %3, FOMICRERRRHERRFER valve T,

HEREESOR (PR ) AR R A 2R, HER AT A, JX IR RIA X R I A (e 5 2 2
TR E R, BMES RN AR A TN, (HERRFIERLE, G ETRRTZR,

AORIIRATRER IREA R G PisfTRFN, WS HER RN, X2EN Python R SERFRE
g, WS FIT R FREMA — A BEILIER (salt) {d, XFEIER] LA R (- HashDoS Beii, f2 e
EHCRESIE i

6.4 &

1. ELEH

< I key, WBFREEBLE O(1) REANEE valve , RERIER 5.

© OIS FAR AR A, USINREN . IHERE BN R a7 R

- IRTERECK key WURNEEHRS],  MITIVI RN R AF I AREX value o

< PRI key FIRETESN IG W MU SR FIREEHRS], SEE MR, XMBIRHEIRA S
LA

- IBTmERAREK, WBAMRIERGRIC, Fir OB AHRREMIGTH IR, SEHY A%
L, WTERYT BT HEIRA,

- PEE T OB R T REGE R DNEGE, LTI PR ER R, B AR R A
I ER

- RIS K N T RO BER, KR MR R R — M ER D, R, BRI KSR KA
WRCR, AT DOE 3 — AR RER A 2T R AR SRR
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- PR SAEIEE 2 DRI BEIG A P 5%, MR EE P K, B N REMERICR, HAS ™ ER
%o ZRMAEHZNIGREEOTIRN, MHEREMERNER S AR %, B2 ERmEEEN T itE
Ho

- NAGHIZE SR TN R R, F140, Java B HashMap I #EHbE, T Python B Dict
RIS 4k,

- e RT, ROFERARRIEEARENE, SRR MR R, EENYP, BRERICNIZ
B it A = AR

- IS RTREE R AR BB EARE, DR ARACHARIEIS R S 016, OB,

- HLANE A EL RS MD5, SHA-1, SHA-2 fil SHA-3 %%, MD5 # M TRE e, SHA-2 %A
TRZEN ST

- IWRIE SR OVBERRRR N ER R RIL, AT IHRIERETIMERS. EEENT, A%
xR IERIIEFT A

2. Q&A

Q: TR E e 4 150 T2 O(n) ?

YT R EN, BARRONEEREDIRILE O(n) . YWBRFEREIZIHF LKL, FRREIR
B, MPREECFIN, NRSRER O(1) . BAIEAREESNENRRRN, WIS RER
O(l) o

Q: M ATMHIARE f(x) = 2 B2 KRR SEMIT,

£ f(r) = x MAERET, SNTRNNMME—RMRS], XSEHEEN. R, A EE T2
Al B KR, KIS R R e — P AR B KR, a8, W57 R B — MR
RS I B — UM, FFEREE O(1) WEIRR,

Q: MARIIZLIREEA., R, XM, HAF2RBERA UL ENTEmE?
B, WBmRINRRCRER, EERPRER T, WARAEHES o NERER,

Hk, HBEREE R PN ERCRAE S 1o Q1R — D IIRERENS 7EAH R A& 2% B T (58 A B i e AR sk
B, ARAGEE LR R E P, KR EO AR RBOHEREITH, INREAEREBITE A,

G, WA AR R TR R A S, I TERE S b, Bl TSRELE B A LT S rh R T BRI 1,
PRI O(n) BN R

Q: ZRGTATREEZMERITEAIEEND? bRic o E MR 2 H I RE P AE A 5?2

ZRIGABITRFHER —F, TP SHEEE A S RE M PR TR ATERE, FZmdbric bR, Fricoh EmikR
AU A AT AR EE . S REFeRmA G R R, JF HIEE ISR EEEREIbR Iy TR G BN, Z A E AT DL
PHTCRMEM IXFEMELREAR R T RAVRNF AL, XRERIEMG i RATE R =R,

Q: N AELMRNF, EHTTRINRS BB RIE?

AR I e 7 PREGEIN B ARFIBEERT, &P key RIERC, IXSUARAMAIPR, Kbk, LRIERM
REMIEREBOE P RARIRE &R, EERENEREN ST BBk oy ik,

Q: Mt AMT: Ry A REW R G hoe?
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W7 PR B JE — PR RN BEH K n B (BGR), b EE SRS FEEN; £ A5, Sk
JE n R, T key XM AIRGHBATREL LRI, FIEIER—PHIRIZ A key , 7EI AEIRER WAL
FZAHEH, I SEIE TR SR % R

Q: SN TR ER, BB AT 17

HEARN) key FESLHINEETEN, ERPEAHNA], #RASN E24 key BHMER (BIAIFFFH) I,
Wi ZAEBIIG T PR ACR key BUIVEEARS |, FHEMBEAIFHELR, XHENEEMZERRR,



127

Abstract
SRR )], REMX, 2EEkb,
TRHEITER T I 6N STES.
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7.1 =X

X4 (binary tree) 2 MM dRL, & "™ 5 A7 ZHIIRERR, BBLT “—nh ="
RIiaiZ . SHEREM, “XWMIERBITET N, SPTRESE. 271G G 79851 H.

/* ZXWTHRE x/
class TreeNode {
val; // TRE
left; // EFTHSIEE
right; // &FTH=fEs
constructor(val, left, right) {

this.val = val == undefined ? 0 : val;
this.left = left == undefined ? null : left;
this.right = right == undefined ? null : right;

BN EEAERNSIH (85, 25HEAEFT = (left-child node) FIBEFT s (right-child node), 1%
PRI TSR T = (parent node) o 4447 — A X ITT fib,  BRATIEIZY s 22 1719 s S
DU s IR % T B EFI (left subtree), FIFEAIS4EFH (right subtree),

FE X, BRI 0h, HA e VR S W AR e, Qs 7-1 FoR, AR TR 27 R
TR, MHAFWRMEFRDAE TR 4" M “9R 57, EFmE WA 4 LHDUN SRR,
AR T 5 R DUR T RE IR,

—Rw RN

binary tree

\
E?ZV ﬁ‘ﬁ,ﬁ

EFi aFH

ANV
Vivivi

7.1.1 —XWERARIE

XY HE FARTEGNE 7-2 FR,

- B¥E (rootnode): T XMTHZEAT A, HERT A,
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- M5 (leafnode): &A 71 AT A, HF/ MBI None .

-+ 38 (edge): JEREMDWRAIZER, BT AGIH (&ED,

- THEATEME (level): MIRZEJFEEE, R SMEEN 1,

- EMIE (degree): AT AMEGR, £XWH, ERBUETEEZO0. 1. 2,
© ZXWIIEE (height) : MR B BAZ M5 TS I B R

- TRBGRE (depth): MR sENZT A& BB EE.

- THEIBE (height): MEEESIZ s Bz M- s s AT B AR,

—Rin
=E =3

M

7-2 ZXOMEYERIRE

Tip

HIER, BATEFER “&ET N RET ESOy "EdIIEE", BHEEEHSEM A RES

SO G RIEERT, EXAMES, SR AT 1,

RE

E

7.1.2 ZXMEAIZE
1. Mk =xi

SHEREN, ERAE R, REMELTIH G8H).
// == File: binary_tree.js =

[* IRE_XHY «/
/] MR

let nl = new TreeNode(1),
n2 = new TreeNode(2),
n3 = new TreeNode(3),
n4 = new TreeNode(4),

n5 = new TreeNode(5);
//ﬂL%ﬁzﬂmﬁ%($%)
nl.left = n2;
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nl.right = n3;
n2.left = n4;
n2.right = n5;

2. ENSHIFHR

SRR, £l N S IERT R DOEIESEdEE R LM, B 7-3 S 17— Rpil,

HATR BT =
nl.left = P nl.left = n2
P.left = n2

7-3 E XA A S IER T

// == File: binary_tree.js =

/*x BANEREFRTS +/

let P = new TreeNode(0);

// £ nl -> n2 FEHEATIS P
nl.left = P;

P.left = n2;

/] BBRTS P

nl.left = n2;

Tip
REERIRE, AT RATRERNE X AR B A, T ERT ol 5 R PRI T R
ARt B, f£E=XR, BASHERERZH —EREL SR, PSIA SRR X AIHRE,

7.1.3 ER_RiH
1. BE-XH
g 7-4 iR, ST (perfect binary tree) Fif BRI f#lH o2 R, 1E5825 Xrh, 5 S

H0, HARAET SRR 2 HRIEEN b, WA SRECh 2" — 1 SIRREIESERR, R
BT B RS WA 2 2AL
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Tip
TEER, EFSGEXH, 5838 X HE RN H Z X,

SR
perfect binary tree

(AR R )

FRB BEYTS RER A7

Kl 7-4 583 XK

2. BTN

El 7-5 FR, T2 XMW (complete binary tree) X ARVFRISZEH T EATEEW, HRRZERT R0
MEBLRIGESIATE, HE, 76385 XHHE e e =X,

T2

complete binary tree

ERETRELER, EttETRSIER

B 7-5 sEe X

3. ER_XH

anE 7-6 AR, SEH=XA (full binary tree) BR 7T RZAh, HARFTH T RHEA DT 5
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SRR

full binary tree

FrETRRERA 0 = 2

Bl 7-6 S — S

4. FH -

WK 7-7 FirR, FHEZXH (balanced binary tree) AR sl B/ FHIFIAS 106 1 v 1 2 ZE 48 0 {E A e
o1,

i

balanced binary tree

BERN ETRBE - SFHBE - d
WFE =N TSHRE d] <1

B 7-7 - X

7.1.4 ZXMeNEk
B 7-8 JER T X R BRARSE M 5B AL S5 K, Y YRR SR, A R W 4R
G EEmA—, YRRl “HER,

- ERXREEERNN, ATDASE AR X aia” L.
- BERNIR S — R, A THREEE R E, RIS RERLE O(n) .
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4
N P
S\ ,
4
Biag J/ iBitE
FEE XA R

B 7-8 XA ERELI S5 R ZELH
R 7-1 R, TERELSWMRZEST, XM PR, TR, SEFRSINCRESWME,

R 7-1 “XRBRESH S =45

SR R
51 BT R 2071 1
FER h R R 28 1
FER h R R 2k — 1 h+1

TRULEON n ORIORE log,(n+ 1) —1 n—1

7.2 ZXbhEH

MPIEEERI R, PR — R T RERMBURS Y, R EE 75 2RISR MR R R0,
PR — AR ERSS A, X E S e P iR N 7, I RRRSI,

XM Wi 7T S NEAR R T, BT, AR AR i R

7.2.1 BFiERH
WE 7-9 Fir, BFEEH (level-order traversal) MIRESEIKENZR E XK, HAEG—ELBMNERGT
i 37 TR0 75 R

BERBHAR FE T EMR%ER (breadth-first traversal), AR Eiki€Z (breadth-first search, BFS),
TR T —f/ “—E—ERINT R B EED 7T
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IEREER

8 \
/_ BFRE (a7 @ Mg

il

/ "'\'"j_‘;‘"j_‘_jj:i:t-‘/‘-‘\ R

7-9 “XWHIZEFPiET

1. KEE5EI

AL @ A “BAFIT SRS, PASIEENE “JeHESCHY” BRI, i RS s i R
AORLI, P e R AR — B, SRS

/| = File: binary_tree_bfs.js =

/* BF&EH */
function levelOrder(root) {
/] #EBASY, MIANRTIR
const queue = [root];
/]l ME—1r5%R, BFREFERFS
const list = [];
while (queue.length) {
let node = queue.shift(); // BABILEPRA
list.push(node.val); // FETSE
if (node.left) queue.push(node.left); // EFTEARA
if (node.right) queue.push(node.right); // AFTHEABA
}

return list;

2. ERESR

- INMEZER O(n) : AT RBR—R, 5/ O(n) KR, HAn A7,
- BRERERN On) - ERZEENT, B R, w0 ERIKE ], S H 52 F N ELE
(n+1)/2%5, S O(n) 22,

7.2.2 ®ifF. PF. BFER
MR, w7, PG EGEE T REMRKLER (depth-first traversal), WAGREM LR (depth-first
search, DFS), BRI T —&r “JoERIRkL, FBRIAgkEr” 177

B 7-10 J&7R T — SORHEATIR EE AL e P i) LAR B, SRR e DG R Se A TR — S 787 —
e, £ RMIBE=MIE, DHNNATREES. TR
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def dfs(root):

REGIEE 0 Ok,

B 7-10 —XARRMAIRETR.

1. KE35%EI

RER A RIEH T A50:
// = File: binary_tree_dfs.js =

/* HiFFBH */

function preOrder(root) {
if (root == null) return;
/] ERMRGER: BTR -> EFH -> GFH
list.push(root.val);
preOrder(root.left);
preOrder(root.right);

+

/* HFEFBH */

function inOrder(root) {
if (root == null) return;
/] pEREg: EFH -> BTER -> AFW
inOrder(root.left);
list.push(root.val);
inOrder(root.right);

b

/* BEFBH */

function postOrder(root) {
if (root = null) return;
/] BRMLGER: EFW -> BFR -> BTER
postOrder(root.left);
postOrder(root.right);
list.push(root.val);

" SRR G SR

if root is None: return

@ EFHEETFH
dfs(root.left)

@ BisinEFH, MEHiREFR
dfs(root.right)

© EEFRECHIE, FBEE]

RiFER (F @ BiAETR)
1, 2, 4, 5, 3, 6, 7
fFiER (7 @ &iFnTR)
4, 2,5, 1,6, 3,7
BFER (£ @ LiARTa)
4, 5,2,6,7,3,1

. SR
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Tip

REER SIS R AT DAL TR SR, A >GR3 AT AR TR

B 7-11 JeoR 7 R — WA AR, Halaoh “3%” F1 037 PADSEEaEs L.

1. %" ForITa#iiE, BRI T — N R

2. 17" FOREAEORME], REHHTTRCETIF5EE,

[ Step 1

(s

En

v 7]

B TR
3 B LEH

HIFFEH (F @ LiFETR)
1

& mTEg
3: B LEEH

RIFBFE (1F @ WiFETR)
1,2, 4

#: mTEE
13: @ EEH

HIFER (7 @ LiHRTR)
1,2, 4, 5

i#: T
13: B EELH

HiFFBH (E @ hiplET )
1,2, 4,5, 3

‘ Step 2 |

[ Step 4

Step 6

Step 8

#: AT

V3: LR

HIFFBA (7 @ LIAETR)
1, 2

& ETEh
A: A EEH

WIFFEE (7F @ LIEETR)
1,2, 4

#: Mgk
A mLEEH

HIFFERE (7 ® LiRTR)
1,2, 4,5

#: AT
Y3: L EE

HIFBA (£ @ &i5lETm)
1,2, 4,5 3,6
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i#: TR
13: B EEH

#: AT
3: B LE

HiFBA (£ @ Li5lETis)
1,2, 4,5, 3,6

HIFBR (£ @ 2i5iETEa)
1,2, 4,5 3,6,7

Step 9 Step 10

& ETE
13: @ LEH

HIFFEFA (£ @ LipiETR)
1,2, 4,5,3,6,7

Step 11

7-11 AP R R

2. EREDR

- WS AYE R O(n) © FIET S —R, @ O(n) K,
- SEEZIE R O(n) « FEREMIUT, BIRGEA RERR, WITREAS] n, RE0E O(n) Bz,

7.3 ZXMHART

EHERFOR T, “XWIFERITN T A TreeNode , R Z FNESFEEHAHIERE, E—T08 THERFOR T
A — AR A T AR

2., BAIRES AR IR X IE? B2 HER.

7.3.1 RERFTEZXH

FeohT— M BRREB, B —MRSEIE M, BATR A T IR R e I R A7 7 — DN e, W&
NI SRR B IE— IR S L
MRIEZ i@ PR, FATA DS AR RRG 5 FWRRIIZ AR ‘B A" HRENRNRTIN .,

WZWRIAEFTRRIDN 20+ 1, AFHRRTIN 20+ 2, B 7-12 Jon T &N T RRT | Z HRIBU 5
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Hana®&sl: i

1 maxs

EFTASES 2i+1
BEFHRRS|: 2i+2

fERREFT XN

¥EFEE 0 1 2 3 & 56 7 8 910111213 14

=razes (00080000080E00

Bl 7-12 583 “XMWIBHRR

WSt AU A Y TRER TP RSN (RED . BEBEAETRER — DT, ATER AT DOEE B 2 70Kk
WRERE (F) FHR.

7.3.2 REEEZ-XH

FERXIE—NRFG, £ X R EE R FAEVFZ None . HITBEFEFHIFF AL EIXLE None , Al
WEFATTCIR LT FIRAEN] None FE RN A ALE, IXEWRE AL M — SIS ERTT 3 2P w7
5l

K 7-13 FiR, e —RAEER X, BRBEHFRR TR LI,

EFT) (BER) TEME—HRRLE AN

BAFEl 0 1 2 3 4 5 6 7 8 9

k5 iz M 12 ]3] 4 6]7]8 o 12]15]

B 7-13 R A B 2 A SR RTREE
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MY FRRIETE,  BRATTn] DA B AL IR 5 b i s A None o 4NIE] 7-14 AR, IXAEERE)S, B
F 3 e 8 ] DAME — SR XK 1o B ARESAn :
[* —XMPHART «/

// 1ER null RERRZAI
let tree = [1, 2, 3, 4, null, 6, 7, 8, 9, null, null, 12, null, null, 15];

10 11 " 14
BIFF () AR

BRI © 12 3 456 7 8 91011121314

rrarrs (BOEO0 0008 5

=i

Kl 7-14 ERESRA IR IOR

EREARE, 522 XWIEREGHEMBEDRIOR. FsEe —XMEE L, None RHBIERIKZHEEH
AU E, PBLRTA None — tRBRTE IR iSRRI AR e

XEME BB RS2 X, AT AEIREERTA None , AR, 18 7-15 /T — Pl

EFERFT (8H48)

EAREZRH
NRERc:-Edi)

BFEmFY (#8)

8880808000

K 7-15 #=42 - YHIEEER

DA SCEL 7 —RRE TR FORH XA, GG DU LR,
C AR, RRERE, £ () TR R,
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PRI, HPEl, B, BRI,

// == File: array_binary_tree.js =

[* BEAARTTHZXHE +/
class ArrayBinaryTree {
#tree;

/* ¥ERHE */
constructor(arr) {
this.#tree = arr;

b
/*x SIREBE %/
size() {
return this.#tree.length;
+
/* FRERZRS|HN 1 TRME */
val(i) {
// BR5ER, MRE null , KR=AL
if (1 <0 || i >= this.size()) return null;
return this.#treel[i];
b
/* FREBFRS|A 1 TRNEFTHRIERS] */
left(i) {
return 2 x i + 1;
b
/* FREZFRS|A 1 TRNAEFTHRINERS] */
right(i) {
return 2 * i + 2;
+

/* IREYZRS|H 1 TEHURTRMES] «/
parent(i) {

return Math.floor((i - 1) / 2); // METER
}

/* BEEBH +/

levelOrder() {
let res = [];
/] BizRHEA

for (let i = 0; i < this.size(); i++) {

if (this.val(i) != null) res.push(this.val(i));

}

return res;

F

[*x REMRFEH */
#dfs(i, order, res) {
/] BERZEL, MiR[E

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

/] BIFIEH

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

/] FIER

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

this.#dfs(this.right(i), order, res);
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// EFEH
if (order == ‘'post') res.push(this.val(i));

}

/* HiFEH */

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

}

/* HEEH */

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

h

/* EFER */

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

}

7.3.3 iRE5RMRE

XM EEA UM

- BEAHFBEES NG ZRN, SR, iS5 EE Rk,
- AREFEET, HETEZRL
- SRVFREALIS AN R

M, BEHFOR A 2R R

- BAAFIEREESNF SR, RIANIE &7 R R R,
- AT SR ERE I B A S ERIRCESLE,  RREMR,
- L XHREAERRE None I, BH A RS B9 RBOE EEERRRAIE, 2 TRIRIFH ARE K

7.4 —X¥EFER

anE 7-16 flizR, Z—X4EZEW (binary search tree) /€ DA R &4

LTI, AR ATA T R iE < R AIE < AR aTE T R fE,
2. EETRNE, ArthE —SIERN, BIFERRSF 1. .
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—RigFh

binary search tree

Bl 7-16 —XRRM

7.4.1 “XIEFRRIRIE

AT R 5N — 12 BinarySearchTree , FHAEA— R GAZER root , FEFIRTAHRT £,

Z8E HARTTAE num , AT DUREE — SHRRRMEPOR A, WK 7-17 FoR, BAIITEH— PR cur, W2
BRI A root H%, FEFAELELT RUE cur. val Fl num Z[RIFAVN KR

- #cur.val < num, BEBAHEARTTRLE cur UG FRH, FHEIT cur

cur.right,

- #cur.val > num, WEBHEARTISAE cur B TR, RIEHAAT cur = cur.left,
- Fcur.val = num, BWHHREIEART A, BEHETEAIFRENZT R
aEoxEEnrERTR @) E-xgEmrERtR @)

7”3 o O @ © 0 9 o

Step 1 Step 2
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E-xigEmEREE ) E-xigaRrERTE )

Step 3 Step 4

7-17  ZXAERWET RURGI

TRERWEBIRES O ERERN TR, #2ERHR—EE, BIRREERZ N XY
B, M XREEER, EH O(logn) KA, REMESR:

// == File: binary_search_tree.js =

/* BERTE */
search(num) {
let cur = this.root;
[/ ERER, 8T REHkE
while (cur !'= null) {
// BIrTEE cur BAFIE
if (cur.val < num) cur = cur.right;
// BIrTSRE cur BAFIEH
else if (cur.val > num) cur = cur.left;
[/ HREIBRT R, BHEF
else break;
}
// REIBIRTS
return cur;

2. EANTIR

B MHEATTER num, N TORIF SRR M TEF <R R < AFRT RO, A RERENE
7-18 fiRo

L BERAANIE: SEPRERE, MRT R, MR85 RS EN nun FARVNEREIAE TR, B
AT A (EPIEE None ) INBRHHIEIR,
2. EEAIERA YR WA R num, ROZTRET None (UALHE,
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E=xEFERREATR @

2. EZUBBATIR

R H1T7 pre.right =

B 7-18 A = XAERM AT A

R, TEERLIMAL
CXRAEEMARVFAEEE T A, SNREREE S Wi, SREEATRENPERE, MARTH
A, BIZIR[ME,
NTERIFEANT R, BAFTEMBIT A pre (R7 L —HIEAHIT R XL ZE None I, FRATTATEA

ARBENHACT A, AT SE T U AR

// == File: binary_search_tree.js =

[* BANTIR */

5%

insert(num) {

/] EWAT, WIBREETR

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

+

let cur = this.root,
pre = null;

/] TERER, HEHTREBE

while (cur !'= null) {
/] REEET S, BR[O
if (cur.val num) return;
pre = cur;
/] EAMUETE cur BAEFHAH
if (cur.val < num) cur = cur.right;
// EANETE cur BOEFHA
else cur = cur.left;

+

/] AT R

const node = new TreeNode(num);
if (pre.val < num) pre.right = node;
else pre.left = node;

T IR, AT REER O(logn) N,
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3. MRS

FEAE XM EREI AT A, FREMER, SHATREE, ROTFERIEEMRREERE, —XER
P “FE TR <RI < T BOPEBUARTR S, BRI, BATIRIE BARTT R 71 R, 20, 1f12 =
FBEOL, AT R AIAHBR TS A

NIl 7-19 FR, HAREMERTY AR O I, FRORIZTRUEMT R, AT DAESEMER,

E=xEEATREs @

v TR cur M 2. EHiEMER cur BIET

. TR TR - g
1. ERHHETR cur FHafE =0 $IT pre.left = None

B 7-19 fE - XIERMARBRT A (BN 0)

GniE 7-20 Fiow, SEIHBRTT ARy 1IN, CRERHIMIERTY R oy H T ORI

E-xEEATRTs ©

v WE cur B 2. ¥ cur BRAHTHR
FhHaME = 1 $1T pre.left = cur.right

1. =RAHERTR cur

B 7-20 £ AR A (BN 1)
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SFMERT R 2 i, BAVCIRERMERE, W — DRI . BT R R AR

TET <RI < AT B, BRIIX AN 0T BUR A TR N1 R R R R Y R
BORBANERA T B RN A (R N — D50, NWIMPRRIERZANE 7-21 For,

L EREIRHMBR T e i hps)” s — TR, 12 tmp o
2. i tmp FMEE S MBRTT RROME, FFAERHIEITMIERT A tmp o

E-xEEmTnER (O aE-xEEmrnER (O

\@ 1. EREBIRTA cur \ 1. BHREREA cr
(12)
f\ /‘ / + B cur BFHAKE - 2
cur
o @\ o ‘
- ) o

2. BRRHE cur RH=H:

( )
4 ZL [\ [\ (1) B cur FEHFBHRELTS nex
000000 H@@@
Step 1 ‘ Step 2
e T a-xaEmrHEE 0

0
\ . ST \ . TR
@ 1. EHRFBRTR cur @ 1. ERFSBBRHSR cur
i / \ ¥ BR cur WFRRME - 2 * / © B cur WFHAKE - 2
£ A @ @ e =35 a 2. BRTHR cur FH=H:

0 ‘o‘ @ ‘ 2. WBRTER cur DH=H: & /o P \
o (1) BH cur ERFEHNEATR nex - (1) BH cur ERFBHNELSE nex
\ \ (2) E=SERITBIHTA nex
. (3) BTN nex EHEATR cur

0

(2) EZXWAZIIMBRTIR nex

OO ® 00
° 4 9 4 \Q/ \@/ \@/ o 4

Step 3 \ Step 4

B 7-21 fE = XAERMAHPRT R (R 2)

MRS R ERAERE R O(logn) WAL, HrP&ERAHMERT RFHZE O(logn) WA, FREF 87 54k 75

SN

FE O(logn) ME, AEIFABITT:
// == File: binary_search_tree.js =
/* MIBRT= */

remove(num) {

/] EWAE, BEENRE

if (this.root == null) return;
let cur = this.root,
pre = null;
/] TERER, HdHTREBE
while (cur !'= null) {
/] HREFRBRT R, BRHTER
if (cur.val == num) break;
pre = cur;

/] FHBETRE cur BIEFRIE
if (cur.val < num) cur = cur.right;
/] FHRFRTRIE cur BYAEFINEH
else cur = cur.left;
+
/] EERFMEFT R, MEZRED]
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if (cur = null) return;
/] FHRHE =0 or 1
if (cur.left = null || cur.right = null) {
// BFTHSEE =0/ 1B, child = null / ZFHR
const child = cur.left != null ? cur.left : cur.right;
// MBFTSR cur
if (cur != this.root) {
if (pre.left = cur) pre.left = child;
else pre.right = child;
} else {

/] EBERETRART R, WEHEERTR
this.root = child;
}
b
/] FHRHE = 2
else {
/] REXHEFEAT cur BF—1PTHR
let tmp = cur.right;
while (tmp.left !'= null) {
tmp = tmp.left;
}
/] EVIAMBRT R tmp
this.remove(tmp.val);
// B tmp B= cur
cur.val = tmp.val;

4. PEFERAERF
i 7-22 iR, XM R ENE O — R — A7 BEHIE, Mo SAERMEE AR <R
TR <ATIRT BRPER.

XEREE X ERMPHEThrRE, SR N — MR, A H—NEZEER: X
BRI TR

A b e BT, FRATIE = AR R 3 BdE T O(n) IR, TEAUEATRIMNIHE TR IE,
FEH =L

ZREEMPFERFT

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

TEAF

IR,
TRE @ RHhiE
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K 7-22 —XIEEWT R TS

7.4.2 “XIERMHIRE

B —HEE, BB BRI RM A, TR 7-2, ISR IR ERI 7] 2 2
AR, BAREHEREIERE. HAERMAN, RESMPREIRRRN, 8 b IR AIRL

HHR,

R 7-2 BAHSERMAIRCR

TR SR
H#HTE O(n) O(logn)
AR O(1) O(logn)
EREE O(n) O(logn)

FEHAEEIT, “XHERME P 89, XA PE log n SRR EBIER Ao

AT, A0RRR M7 — A Z IR NTHBAE ARIINRR 19,5, FTAE S8 URBE (LN 7-23 FURAOBER, X4
PR RE )5 2 2B ME 0 O(n)

4
N P
/\ )\ /
4
T D8 / BRI

Kl 7-23 “XIRRMIBL

7.43 —“X¥EFMERMA

- MERGHZRRG], SHEREIER WA MEREE,
- AN R R RIRR R R BARSH,
- AT EEEER, DMRREA RS,
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7.5 AVL g *

15 “THURM SRR HEE], ESUEARIMIRRIES, — URETTHER L R, TR,
AR I 20 O (log n) 1L O(n)

QNI 7-24 FioR, i IRIHBRTT it XA = ISR E IR ONBER,

[\ / /

Bib&T= 5 Hps= 3

[\ [\ /

b1:314 12314
Figi— i TZiE i R

K& 7-24 AVL SEEMERTT 5 & 4B L

AN, fERE 7-25 FRE5Ese O lm AT DT RS, SRR BUR, EHEROERIR R AR ke
1o

[\ [\ [\

BATR 2 BATR 1

/ /

B Bt
FTEXH FH_—i EiE—Xh

K 7-25 AVL STERAT mE & 4B L

1962 4 G. M. Adelson-Velsky 1 E. M. Landis f£ it X “An algorithm for the organization of
information” HHEH T AVL I, I SXHIEARIR T — RYHRE, FRIERSAIFIMER T U5, AVL SR
2IBAE, TS S FHRERN B2 242 (R51E O(logn) Fll, HeA)IEUE, 16 T S8 A T3 2 i i e
s, AVL REREGAZLRFS S B REVERE, BAARERIN HHME,
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7.5.1 AVL WERARIE

AVL BB = SAERA, U2 =X, RN IX M SRR PR, IR — R — RN

(balanced binary search tree),

1. ¥55

g

T AVL B EOAHSCHR R R 2RI s, R BRATTFRE 0T R84 height 288

/* AVL WTRIE */
class TreeNode {
val; // TRE
height; //TREE
left; // EFTH RIS
right; // GFT=iEs
constructor(val, left, right, height) {

this.val = val == undefined ? 0 : val;
this.height = height == undefined ? 0 : height;
this.left = left == undefined ? null : left;
this.right = right == undefined ? null : right;

MR BEEMNZT REIERNRIZH T SRR, BT 107 fEE, FERIEENR, MR
RN 0, T RREEN —1 . FATHEEND TAEE, 725 H T RBRE R i m

// = File: avl_tree.js =

/> KRBT REE */
height(node) {
/| ENEEEN -1, HETAEEAR 0
return node = null ? -1 : node.height;

s

/[* BHTREE */
#updateHeight(node) {
/l TESEETRSIHEE + 1
node.height =
Math.max(this.height(node.left), this.height(node.right)) + 1;

2. TRAFHEEATF

TR FEEF (balance factor) &N A FHI S EIREG FRAVEE, FRINMEZT R8P E
0o BAIRRERRICT s P A 5B REBFAR R R, 77 e SEM :

// = File: avl_tree.js =

/* REVFEHET */
balanceFactor(node) {

/| ENREHERERFH 0

if (node == null) return 0;
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/| TRFEEEF = EFNEE - EFNEE
return this.height(node.left) - this.height(node.right);
I3

Tip
BEPEEAFN f, W—#R AVL REBUERT RSB Pi B e —1 < f <1,

7.5.2 AVL bihess
AVL WV STE T “HERE” 480F, TREMIERMIN — RIS IRHE R, M S E e T
i, HAIED, TEEEERMEEEREGRRY “ —SUURM WP, AR EGE N P X,

BATRPHTR FAaHME > 1 AT RO KRBT AR RIS DL, B R At AHE
e, Jehlea e, SelElea e, N HIXEE e B,

1. AlE
WK 7-26 Fivs, RN R T, WERTE, ZXWAE N AZ TR 37, B PIZ A

TRORTT BT, R RIC0 node , HZE T AIE0 child, AT “HhE” #E. EltheE, ¥
PR, IF BRI = SRR AP

=N N\
BRAERGHNTFHLE

ode FIRTRIAN node
WEFHRIZA child

=
= &)
s W 5,

Step 1 Step 2
\ e p / \ T RERE:
enzrs —(El)
1. B child ARE, ¥ node @AENEEE hTI 1. B child ARR, & node MANEH

A\ 2. A child BRI node WIE
Q“ By

ﬁh}\ . BRI, T HERETE

node

Step 3 Step 4

K 7-26 HhER(ED IR

QN 7-27 Fir, M1 A child B4 7155 (88 grand_child ) i, B EATEFH TR —2: ¥ grand_child
£ node FY/EF75 o
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A
/ grand_child

7-27 # grand_child A HER(E

‘bR R MIBRARIE, iR ETREEIE T SRR, AU R ATUR:

// = File: avl_tree.js =

[* GHEEIE +/

#rightRotate(node) {
const child = node.left;
const grandChild = child.right;
// L child AES, ¥ node MHGHEHE
child.right = node;
node.left = grandChild;
// EFTHERESE
this.#updateHeight(node);
this.#updateHeight(child);
// RENEEEFHIVET S

return child;

2. EBE

FERZHh, AR IR SR B8R, WITREAITIE 7-28 FIURIY “/chie” #R1E.

Rk @
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K 7-28 FEhetR(E

FFE, W& 7-29 R, Y478 child A&7 T4 (80 grand_child ) I, FBELELRPHRN—F: ¥
grand_child £ node B4 117 o

@ RO @ BRI

N
aleriia \

7-29 # grand_child A HERAE

R DOEE, e e e e 2 LR BHENFRI, e MR RN R B RS DR X FRI, BT X AR
T, BMIARFRATREIAEHIFTEN left By right , KATEN right Bl left, RIA1F2]
FE TR SEERACRG -

// == File: avl_tree.js =

/* EBERIE */

#leftRotate(node) {
const child = node.right;
const grandChild = child.left;
// BA child AES, ¥ node MAhes
child.left = node;
node.right = grandChild;
/| BFTRARE
this.#updateHeight(node);
this.#updateHeight(child);
// R[ENEREFMEVIRT =
return child;

3. ShhEEERE

XF B 7-30 A ST 5 3, AN A2 HEE A B R Te A K B S, MR RRELSERT child $UT “AERE,
X node $UT “HlE”,
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Ft child 4T @ #t node H1T
e i

o

7-30 Sefehgatilie

4. FchHhEfakhE

GniE 7-31 Fow, M RIRH AR BHEIE DL, FEIX child AT “HHE”, Xt node $U4T “ZEHE"

5. BedsRYEsR

ERETH

K 7-31 Jetilela/ohie

K 7-32 oRBIPURI R B 1E S EIRRBNE MR, il TRERMGEE. e tle. Jonhea /ol o

HNEE
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FoAhE FAahE
s e =7 B

& 7-32  AVL SRPUR L 16 o

QITRARAIR,  BATEE I S 79 s AP R 5 DR i — M 7 sl B PR A 7 B TE SRS, R R 9
J& T & 7-32 Fr R FE L,

R 7-3 PURPHEEL S AR A

KT RN T TR T NSRRI

> 1 (CEfmith) >0 filie
> 1 (Zfmt) <0 Jefehiefa e
< —1 () <0 FElie
< —1 () >0 Jetiliefe Fele

NTETER, BAOTRIERARIEE RN A TIXAEE, BAVRREX SR KB O T ek, R
WV R R P, AR TR

// = File: avl_tree.js =

/* PITHERRARIE, IZFNEMMETE +/
#rotate(node) {
// FFKEXT = node WYFHEF
const balanceFactor = this.balanceFactor(node);
/] 1w
if (balanceFactor > 1) {
if (this.balanceFactor(node.left) >= 0) {
/] %he
return this.#rightRotate(node);
} else {
/] FEhefahhe
node.left = this.#leftRotate(node.left);
return this.#rightRotate(node);
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¥
! GfREx
if (balanceFactor < -1) {
if (this.balanceFactor(node.right) <= 0) {
/] *hE
return this.#leftRotate(node);
} else {

Y/ =) =)
node.right = this.#rightRotate(node.right);
return this.#leftRotate(node);

}
b
/] TR, Ther:, HiiRO

return node;

7.5.3 AVL B RIR(E
1. AT

AVL B U AR S = SARRRAE R 2RO WE—RIXHIET, £ AVL WA AT RS, T RE]
AR RAEE R L ATRES B — RIIKMET e AL, FRATTBEMNXANTROTR, AIRR LT hese e,
A RV SR P, RS A R

// = File: avl_tree.js =

[* AR +/
insert(val) {
this.root = this.#insertHelper(this.root, val);

F

[ BIBENT R GEBIAEE)  */
#insertHelper(node, val) {
if (node == null) return new TreeNode(val);
[* 1. BHREANUEFBEATR */
if (val < node.val) node.left = this.#insertHelper(node.left, val);
else if (val > node.val)
node.right = this.#insertHelper(node.right, val);
else return node; // BEETRARHEAN, BR[O
this.#updateHeight(node); // BHTREE
/* 2. PITHERRIR(E, EZFMEFRMEFE +/
node = this.#rotate(node);
/] REIFHET =R

return node;

2. HIBFTH=R

Ko, £ = AERMAIMERT RUTIER R b, TEMWRETITHER AR, fRTA LM R T,
AN AR
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// = File: avl_tree.js =
/* BIBRTIS %/
remove(val) {
this.root = this.#removeHelper(this.root, val);
b
/* BAMBRT = (GEBIAEE)  +/
#removeHelper(node, val) {
if (node == null) return null;
/* 1. EHRTSHMBIBR +/
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;
/] FHREE = 0 , BENFR node FiR[E]
if (child == null) return null;
/] FrhafsE = 1, HiEMER node
else node = child;
} else {
/] FHRHE = 2 , WEPREHHN TN RBER, HAZTHRBERYFITR
let temp = node.right;
while (temp.left !'= null) {
temp = temp.left;
¥
node.right = this.#removeHelper(node.right, temp.val);
node.val = temp.val;
¥
b
this.#updateHeight(node); // EHTAEE
[* 2. BUTHERRIRIE, BRTFNEMMETE +/
node = this.#rotate(node);
// REIFHIRT R
return node;
+
3. ERTR
AVL W SESERES RN —8, TEHRNEER,
7.5.4 AVL {i8aRYR7
HAFEE R B R, EHT &SMER. AUE M7=,
PRI EEB R 35 | R
¢T HARH R — PR DL — ISR, 5T AVL Y, 21 BRI SR 9, A SR 5

TR IR R TR /D, 70 s b R B P57 B B
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7.6 NG

1. EREEH

LR ARG, (KB O (AIRIBER, A  U A &—ME DU AN
BE, MBI T SR T A

- ORF IR R, A () TR D R RIRR N % AR () T,

R ARIBEEIR R, AL B B . RIS,

- UL, RIS SRR R 5 BRI L,

- BULE TR S T, e T SO, Sl ORI SO, 523 SRR IR
5, TiHRBEMUGRERE,

L AT DR R, TR AU RS R R R B, AR S T 2 IR
23 g 3 R STRE T,

BRI R RS, ST RSN R ERE ST, B
AL,

LRI TR ERR SR TR, ST LRIk, MEMAS iR, 8
H RS,

- T RRE R T R A R, HAR, AR E 2 O(logn)
8 IR BHE LRI, SIS R ESHLE O(n) .

CAVL B, MR SR, SO e R R R DRI SR A G T

- AVL BB IR A TE, JoiE. JOANERIAETE. S ERANE, 7EMASINAT AUS, AVL RS
I T HERE e, (o S T

2. Q&A

Q: MT AT A X, B @ EEART R AR AR 2 O 19?

B, By ERIREE R E SOy “EE R R R,

Q: X AHEEAN SR — i —EIRIEAC A e, XHEA “—EBRE" fat2ale? AT DB B IRE
TR B IR ?

EXERREREH, MHERTT S ERE R =R RO E, R R R DU T EHA T 2 D D R R
Q: Mft2 DFS i —XMAEHT. . JG=RE, 2alE 2 mE?

SR e AR, Bir. TR, ErETe =M XRE 7T, BT DA e G — R

SE N B 255, BN —RIMER S, HTFWERNE EFTRE < BTAE < AF0HRE, Fit
BATRELIR “F — R — 7 Begaelift, el IRISE FR s 75,

Q: HhetlEREFSAM T 55 node. child, grand_child Z[EIFEE, B node BRI siF1 node JE MY
ERATREYE L ? et e e S 2w 77

BATTEMIB T A KRB XA, 15 hE#R(E right_rotate(root) & A2 FIAYIRT i, R
return child JR[AIGER 2 JG TR RURRTI mlo 7B BARTY sONTEL AT A B3 R 2 16 1% PR BOR A1 5 52 Y,
AR T BB ERI4ET LR,

Q: 1€ C++ 1, WX 2] private Ml public FF, XAHEAMTAZEL? AL EH height () BEEN
updateHeight () & HIAE public #1 private AFIE?
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FEEFEHFIENMEHGE, MRFERERNIEH, IBLAFIKEI N private . Flan, A s pdiE H
updateHeight() BXAR XM, BHEMA. MERREIEFN—D, M height ) ZBIATREE, RKLOT
vector.size() , KL ERK public AEFEHA,

Q: AHfAr N —2H g A BRI — PR SRR ? AR R IR R A R IR E

SR, MR 7T R EAE A RRH RS Y build_tree () 77iEH &, ETRTAMNIER, BITEES
R A NEdEH T, AR ROTRE MR A, B T IXAREORT DA R FE CRUEAR YAl
a8

Q: fEJava H, FHFHEXNILES—EZEH equals() /7i%?
£ Java 1, XFRABIERE, = AFNEANEENEZGHESE, NT5IHEE, WS IIERE
EAE,

- = HREEFNEZEEGRERR—DMNS, BEMERNEFERRAE RS,

- equals(): FZRATEER N ZAEZ G,

Rk, @SRZERXSEE, ATV IZFEH equals() » A, @I String a = ?hi?; String b = ?hi?; #J
B R BESEAEE AT R &b, BHERE—MN%, Rkt DA a = b SREERFH DNERT T
F

Q: JEMLBTGRIRIEES R, AFIHHT AR 20 14?

i, BINEE h = 2 MR, B AR =7, WKEY R4 =2" = (n+1)/2,
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Abstract
Rt R ILEED, EERK, BEESR,
JREJRE L U i EREE V5, T e L R S R S AR 7S
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8.1 i

# (heap) 2R RIEFKIFAITER XM, TEAJNMREAL, 4 8-1 s,

- UNTRHE (min heap): TR AME < H7 1 S0E,
- KT (max heap): LR AIME > H 717 SHME,

N N
/NN N N

Wy Wy

= ‘B2XW B 2 “T2=X# B
HETRNE <« HFHRNE HETRNE : AFHANE
Nk KImsg
min heap max heap

& 8-1 /INTHiHE S R Tvibk

HEFEON e KM — R0, B DA R,

© RIRETRSEEETE, HMEAT AR,
o BRSO EARTT SO CHETR, CRERZE RS BT RN HERR,
- XTFRTUE ChTE), HETUTER (R WEZRKR &I K,

8.1.1 MRYE FRIR(F
FERHIR, TF2HEIE SRR 25T (priority queue), X2 —FMRIVEIRLEH, & S RA R
S HE IR

SKBR b, HEBH N T SCBOLERAS, RTHERT S TooE MREV MRS BRI IETERAS, A M R,
BATATLARE “HRIEASN” T “HE” BAEFTHIRIRETHE, Kk, ABXWENMIEEX 0, G—FiE “HE

HERYH I BRE LR 8-1, T5TEA T ERIERmAETE 5 R,

7 8-1 HERJHRIERR
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VaRe 2 g M 0 5 2
push() = IN - O(logn)
pop() HETITTER tHHE O(logn)
peek() VIHERTEE TR [ /NTHES B R [ /IME) 0(1)
size() PRI T £ R O(1)
isEmpty () H b A O(1)

FESEFRML AR, BATTRT AERE(E R m i = TR RHIHESS (BRALTERASIZE) o

RUTHEREIETH “WNEIRHESN” F1“IWKEVINES”, BATA] OSSR B —> flag BfZL Comparator
SCEL VNI 5 OCRTME” Z [RIRER R, AR TR AR

// = File: heap.js =

// JavaScript FRIZHERNE Heap 3£

8.1.2 Ry

OCKRIRARRTIME, 5 R HAEA N/ NTE, R ATE R/ NN TR (1N, & > Fioh <),
BB HTIE A] DA TSR,

1. BPEHERT
XM BT, e XWARRIES HBURER, BT HEER e e N, BRIEERATIR R R

SRV ROR U, TERRE A, BRI R, AR IR WA

I 8-2 iR, SBERG 1, HEFTRMRIIN 2+ 1, BFIRNRIIN 2+ 2, KNRNRIIN
(0 —1)/2 (MTEBR), HRFIBEN, FRZH a8l AR EE,
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RSN _ : SRR (RETEHE)
B B mRIRW wr 8 ‘B RE TR

%3l 9 10 11

= ﬂBﬂﬂ.ﬂl...ﬂﬂ

(i-1)/2 i 2i+1 2i+2
" N R

R N -7 57
= B

ﬁ%ﬂ TR

ﬂtnr‘

BT RS B SEELTT st

K 8-2 HEMIFRIR G171k

FATAT CURF 2R 5 [ ipf A BT RE AR B, T7 e S A -
// = File: my_heap.js =

/* FREAFTHRNERS] +/
#left(i) {

return 2 x i + 1;
}

/* FRBAFTHRNERS] +/
#right(i) {

return 2 *x i + 2;
}

/* REIRTHRES| */
#parent(i) {

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

2. IFEBETITE

HETOT R BN — A HIRRTT A, 2SR E DT
// == File: my_heap.js =
[* IHIAETRTER +/

peek() {
return this.#maxHeap[0];
+
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3. TEANMf

TR val, BATEICKHBMBMER, WiN2)E, BT val ATRERTHERHMITE, HERTRLARIFRTRE
CLHRESR, DRIBETRES S AT A EIR Y R 2 LS, XD RIERIONEN (heapify)

FEMAHET R, WKETITHER, W0 8-3 R, FATELEHEA T RS HA mAIME, aEANY
REER, WAHRENZZt, REREPITIHIRE, WERETEEHPIE DT R, BRI K082 T

I RN 2SI

B @ Nt

o . CHET
T =
v BuaRT

(olals]s]7[=lals[s[a[o[a] step 1 |

A @ M

1. WS 7 IR
2. WEETBAT#A (Sift Up)
CHA 5 < BA T

[ step 3 ]

L7 PN

1. WS 7 IR
2. WEETG#T# (Sift Up)

PR 6 TR

Step 5 |

L7 PN

1. BHR 7 FNEHER
2. WEZETH#TH#A (Sift Up)

v HR 9> PR

O EEEE =

DEarLRREEEEEE

HA @ Mg

1. ¥R 7 RNERE

| Step 2 J

WA @ Nt

1. B¥R 7 FNEHE
2. MNEETU#T#AE (Sift Up)

v HR 5 < WRT
- RETHR
Step &
A @ At

1. 7 IR
2. WEETGEFPHE (Sift Up)
v HA 6 < WA T

- TR

Step 6

w4 @ At

1. ¥HR 7 RNERE
2. MEETL#{TH#A (Sift Up)
TTHR 9> R T

~ RHITRIR

Step 8 |
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1. WEE 7 FNEER
2. WEETG#FHA (Sift Up)
/ \ / \ / \ SR, ATHENERENIEE

Step 9

8-3 JERAHENIR

R REE n, WMETEESN O(logn) o HILATA], HEABREREIREEERZ N O(logn) , JTERAHE
BAERINRIERER O(logn) . AEBUITRATR:

// == File: my_heap.js =

/* TTENE %/
push(val) {
[l AT R
this.#maxHeap.push(val);
[/ MERZETEW
this.#siftUp(this.size() - 1);
I

/* WTR 1 FFh, MRETUEL +/
#siftUp(i) {
while (true) {

/] FETE 1 IRT A
const p = this.#parent(i);
/B “MERTR 3 “TREAEE” B, SREL
if (p < 0 || this.#maxHeap[i] <= this.#maxHeap[p]) break;
/] IRFT R
this.#swap(i, p);
/] TEMHE

i=p;

4. g RLMHE

HETIOT R X EIIRTI AL, BIFIRE TR, MRBATERMIIRARMERETTR, A XRHRTE T AR
R KAEZM, XRESEEME R TR E LR WNE, N T RERDITTRRTIHZD, FATRM L
TRV,

1. ST R SHEROTR AR S RAH T R,
2. ZHSEE, FHERMIIRAPR GER, mTeasc, Rtshn EMPREZERIHETOTR) .
3. MRTIRUTSE, MIBIEIRITTHEL.

aniEl 8-4 FvR, “MIAIRHEIL” BIFRAED IS “IRETIHER” HE, BATRARTT RAES D1 R
EHEATEERR, ReORHY 79 s SR st PR TEIA AT IR, BRI M OB 2 e B 9
&5 R
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SEMTRLE

[ Step 1

SEMTRLE

1. BEMTRSERTRZR
2. B UBIREERTTER

TR

-

. TR SHRTRZR
. B MATRBERTR
3. MIRERE#H T (Sift Down)

~

TR 5, 8, 7 %, BH 8 BK
- TR 5 5FR 8

SETTRLE

-

. BEMTRSHRTRR
. BN HRRETER
. MIREE#THW (Sift Down)

~

w

v TR 5, 6, 7 W, TR 7 ®RA
o TR 5 5T 7

‘ Step 7

ST

1. BHTTRSHETREZR

2. BHUFBBERTR

3. MIRER#TH#A (Sift Down)

c EPR S, 3, 6 F, TH 6 &A
- PR 5 5HR 6

SETRTR LS

1. BETTRSHETRZR

Step 2

SETTRLE

1. BHTMTRSERTRRZR

2. BHMFINMETE

3. MIRER#THA (Sift Down)

< fERR 5, 8, 74, ¥R 8 BA

Step 4 |

SETRTR LS

1. BETRSHETEZR
2. GEHMBIAHETR
3. MIRER# T (Sift Down)

v EHR S, 6, 7, TR 7 BK

SETTRLE

1. BHTMTRSERTRZR

2. B HRESEETTR

3. MIRER#THA (Sift Down)

= WA 5, 3, 6 B, HR 6 MA

Step 8 J

SETRTR LS

1. BETRSHETEZR
2. B UFIABEERTTR
3. MIRERE TN (Sift Down)

BTG, ATUENMRIGEIES

Step 10
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8-4 HETHITER HHHED PR

SRR, HETUTR MR ERN R E 240y O(logn) o ARESINRATR:

// == File: my_heap.js =

[* JTERUHHE %/
pop () {
/] HI=hiE
if (this.isEmpty()) throw new Error(' 3ftAZ');
/] REBTRSHEAHTR (RIRETERSETR)
this.#swap(0, this.size() - 1);
[ BBRT =
const val = this.#maxHeap.pop();
/] MIRZE[ERHENL
this.#siftDown(0);
/] REBETNITER
return val;

}

/* MFm 1 FriR, MINEREWL +/
#siftDown(i) {
while (true) {
[/l FITER 1, 1, r PERKHTR, 184 na
const 1 = this.#left(i),
r = this.#right(i);

let ma = i;
if (L < this.size() && this.#maxHeap[l] > this.#maxHeap[mal]) ma
if (r < this.size() 8& this.#maxHeap[r] > this.#maxHeap[mal) ma
// BNm 1 BAEES 1, r #857F, WEmdaEsty, Bk
if (ma = i) break;
/] RIRFET R
this.#swap(i, ma);
/] TEIRE T

i=ma;

1 n
—~

8.1.3 HMERKA

- PUSRBAS: M (R SEELESE AR B e i BREsH,  H A AR (ERIIN TR 24290 O(logn)

, TEHERRERN O(n) , IXEEHREEIEE &R

- etk A —dBdE, AT DURENTE— M, RE BT TR HHER(E, WS EIE 72

i SAIM, FADEE S —ME AR NS BT, T “HEHTT E

- RBURKRIN kAER: R NIRRT, RN E RN, GIAnNERERE T 10 FHTE

TENTAIEAE, G RAT 10 AR 5.

8.2 EMHRF

FERLEMROUT, TR — DRI TTE R D, XN AR
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8.2.1 {HEHINIEIZ(EIY

BATEOTE D, RRRHVIR, KT DTTRIT “AHHRE", BeRTRSINESE R, M
MIZTCRIT “WRET” HEfL,

Y —NITRAME, HERRERMN— BT AR NTRE AR AT =X, Fites “H km R
PR,

WOEERR N 0, BASTERMAMERIERE A O(logn) I, FILZHEE /7 I EIE 248 O(n log n)

o

8.2.2 & B3I

KPR b, FRATAT DASEEL — R N e T TR, o i,

L. RPIRITH TR B AR E A, I HER R RIS 2
2. @it (BREimER), OSSN R RHRIT AT RHEL”,

T — AT UG, DU RORY R AU — A GTAN . Tl T2 EpE, FitEE A
L M,

Z T CAERR B i, RRONIZAERENS CRIUE 2 AT R T ELR SRR THE, XML ST A2
AR,

ESFWARE, HTHNRRA TR, RIS SN, Tk, W MUEIrR, &5
—MNMEM T R RE DRI, FATWETT A7 AT HE(

// == File: my_heap.js =

[* ¥EF %, BIUTSHNIRIERNYIRE®E «/
constructor(nums) {
/] BHIRTERERETAhANNEHE
this.#maxHeap = nums == undefined ? [] : [...nums];
/] EBRH T R UMNIEMARIE TR
for (let i = this.#parent(this.size() - 1); i >= 0; i--) {
this.#siftDown(i);
+
}

8.2.3 EXESH

T, Bl DR A — R N 5 A

R R AR 0, I R (n + 1)/2, B / b R, R

RN (n— 1)/2,

- AENTERHAADSER, A RS MBI, IR AR RN = XU log n o
A5 LAPIEAE, TSR RN 2 O(nlogn) o AL RIERMD, BHTRITIEA
)~ SURHIE R % T TR S PR
B TORTRN PR TR RN 52, o T RAGHE DRI, R — R n o B b 1 “5e3a—
B, R S SR E R
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FR=E PEPANE

(BMEHRAIERE)

h — 20

/ \ 1

- h-1 S 2

NN |
B | ) S —— 2

SV IVE

e =3 S 23
1 S— 2h-1

(5EE, HREER ) e 2h

0)

K 8-5 FEE_XMIHET REE

G 8-5 Fiow, T “ATHERJRHEL” BYRAIERREEE T (BT R B R, Tz EIER "R
JE”, [, BATATDON S RA " 8@ x WREET K, 19RO B S AL,

T(h) =2h + 2 (h—1) + 22(h — 2) + -+ 21 x 1
L LTSGR, o T(h) T2, 95):

T(h) =2°h+2Y(h — 1)+ 2%2(h —2) + -+ 21 x 1
AT(R) = 2'h -+ 22(h = 1) + 2 —2) + o+ 2 x 1

fEFREAEIRTE, FIRR 2T (h) W& LR T(h),
2T (h) — T(h) = T(h) = —2°h + 21 4 22 4 ... 4 2h—1 4 2h

Mg X, LI T(h) B—DEHES), ATERERRMARK, SN E 2R

1—2h
T = —
(h) ok
_ 2h+1 —h )

W, RN h SR T BRI n = 20T — 1, BEEREN O(2") = O(n) . DAEiEE
R, FANFIRFFEHERIN TS O(n) , ERERL
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8.3 Top-k a)i

Question
BE—INEKEN n BEFEH nuns , HIREIEEF RN E DNICE,

XTFIZEE, BB ER LR ERERIME, BAHIERE SRR,

8.3.1 Bi&E—: EHikHEF

TATRT DOHATIE 8-6 Pk k #3m)3, 3 BIERHCREGE 1, 2, ... kK RICE, WEEREN O(nk) .
WHIEFGERT k< n BN, WRY k5 n EEan, HRREZRE-EET O(n?), JERFER,

k =3

nums n 7 naa BAEERATE

\\
.

.
\

DODD B #=na% 1 xnx

AN
\\

n BoRREE 2 ARE

\
.

an BSWHEE 3 ATER

8-6 T AR k NMTR

Tip
4k =ni, BOTERIZBOERFFH, WNENT ST 8k

8.3.2 FiEZ: HF

auiE 8-7 Fiw, FRATATLASEX S nums BETHER, FHREIRALK kTR, NAEREHN O(nlogn) .
B, wITiE I ST, FNERMAFHERE kDR, AR BT,
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k=3

s |[2JE )

FHEERHITHEF

FEEEA
EEEG k MTE

000

8-7 HEF SRR k TR

8.3.3 FiE=: i

FATA] DAL T HETE N = gk Top-k A1, iRAR4NIEl 8-8 iR,

L. Wiafe— /N TiE, HHETTOTR R

2. SERBEHIAT k D ITRRIRANME,

3. N k + 1 AesEoTa, HERTTRRTHENUTR, NWPRHENUTR i,
4. wHsEE, HEPREFREUE R kPR,

— B0000) — @000
: :

i i

1. 880 k MTENE 1. H0 k DTENE

o ZRERT
; * WART
heap
[ Step 1 ‘ ( Step 2
1)
k=3 K o k=3
Sl [ [o]:]2] © O e (ECEE
: N

i i

1. Ra1 k DTENE 1. 0 k DTENE
i 2. M k1 DITRFEHIT

~ YEITER > BINTHR

[ step 3 ] Step 4

FHR A RTTTR AL

tﬁg@

ZRWET
WART

heap n

mmc

ZRWET
WART

v 000
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k=3

w @000
:

i

1. %80 k MTRENE

2. ME k+1 NTEFEHIET
YRR > IR

-~ FETTRE

Step 5 ]

k=3
w @000
:
i

1. 880 k MTENE
2. ME kel DITEFRAIET
v YEITE < BITR

Step 7

ARBIARESANR

// == File: top_k.js =

[* TTENME */

ZRWET
t & BART

o o0

ZRWET
‘ K BART

i

k=3

w (@000

JBA5ER, EEl heap EIAT

Step 9

k=3

— @000
:

i

1. BH k MTENE

2. ME k+1 NTEFEHET

v HEITE > MR

o FRTTRESE
RBYEITRNE

[ Step 6

k=3

— @0000
:

i

-

. RE k DTENE

. ME k1 NTERFEHE
v HEITE < MITTR

- B

~

Step 8

sm (@
o o0

‘ ZRIERT
BART

K 8-8 ETHEFHEAM k NTR

function pushMinHeap(maxHeap, val) {

/] TERER

maxHeap.push(-val) ;

¥
/* TTERUME */

function popMinHeap(maxHeap) {

/] TTERER

return -maxHeap.pop();

F

[* BEBEIRTTER */

function peekMinHeap(maxHeap) {

/I TTEERR

tem
o o

ZRWET
WaRT

iem
o o

‘ ZRWET
WART



FE M www.hello-algo.com 173

return -maxHeap.peek();

S

/* EREERITTE +/
function getMinHeap(maxHeap) {
// TERR

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

}

[* BEFHEERIAPRARN kK NTHE +/
function topKHeap(nums, k) {
/] WE T
/] EER BITEEPRAETRER, MMAARTHE RIS
const maxHeap = new MaxHeap([]);
/] BEAE] kK DNTENE
for (let i = 0; i < k; i++) {
pushMinHeap (maxHeap, nums[il]);
}
[/l M%E k+1 NEFR, FFENKER k
for (let i = k; i < nums.length; i++) {

/] BEEETEATHEITE, WRETUTRLE. HFimREANE
if (nums[i] > peekMinHeap(maxHeap)) {
popMinHeap(maxHeap) ;

pushMinHeap(maxHeap, nums[i]);

I
}
/] REBERTTER

return getMinHeap(maxHeap);

EHEHUT T n SNHERI M, HERERRKEN k., RIENTRIEZREDN O(nlogk) » ZITTANRERIRE, X
kNN, INEEREER O(n) ; 2 kRN, NRASRERZEDT O(nlogn) .

SN, GITRER T AR RIE R R, EARTIMABIERE, AT AR S4E HENRITTER, ATSEEL
BRAKH) k NTCRIIEIESE T

8.4 IhgE

1. EREE

- OMERR RS TR, MRS ETT A K TR, ke (1) TUERETEERRA () 1.

- ARSEBAFITE SR B R SERIINE, A R AT S,

R RO R L BT I 2 A TEEAME O(logn). HEWTTEHIHE O(log n) RV FIHE
7% 0(1) %,

- el T WRHERNES SRR, BB R AT B A .

CECARIE T AP HEOPERR, 7E MR R (R a2 ),

- HA 0 NTEEIFRMEIR I AT ML O(n) , JEHERL

- Top-k B MNEBEDAIE, USRS R, RS2 O(nlogk) «
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2. Q&A

Q: HdE&SHN “HE” SNEFERR “HE” 2R HEEE?

EARRR— S, FUZRTGHE “HE”, HHRYRGENFHRHER SIS A SRR — 87y, P EsiTh
A DABE A ERAF BRI, R AT DOESR — 2 BAUHENAE, M TN AN F R 2R, HiXEEdEA
HREN, BFRERIOXENTF, DB RN, HETRNE, SR EEAE A TR I,
MR RES T BIN IR B fa 55 A1,
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IR

F9HE

helle-algo.com

Abstract
EAEmRIES, BTG E— DR, HIEEENWILHEIE,
HF—RIMHIRSHEE, #EX5KE KRR 2SR 8RR EDID,
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9.1

(graph) 2 —FhAELM BB, M= (vertex) FIi (edge) Ak, FATATDLKE G gtz n—
ARV MI—Hil E EE. ANRAIER T —MLE 5 N 7 ZaavEl,

V ={1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5),(4,5)}
G={V,E}

WERRTURENET R, RIDBEEERS DT RSN (a8, AR DLRF B 7E— M BE R R A EX
45, N 9-1 AR, MIETEMRR (BER) FIMGRR (W), PIgERR (B) MAmEES, HimE

!

| /\ S
!

i # &

(BHEXR) (SHE%R) (REXR)

ENZEEmERS, AMtRASER

B 9-1 #ER. M, BEZRIRIRR

9.1.1 EIMERAEBSKIE

iR G EA TR, a5 hEEE (undirected graph) f1BEM@EE (directed graph), 4N 9-2 FfizRe

- FEEET, BFORMTURZEIR AT ERRR, BINIEE QQ HHY “4FARART,
- tEAMEY, PRGN, A — B A« BWRANAREE TN, Flanm s -
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ZHE A
(aFxAm) (aBrm)

K 9-2 HHESILHE

WRIBATE TSR G EE, ] NiEEE (connected graph) FI13EE@E (disconnected graph), & 9-3 Fi
Ro

- NTEEE, WNENTRA, AR HARERTR.
© OTHREEE, WEADTURHR, 20D TRICIRENE,

N

8 B
(AT EEE) (FEMRAEE)

9-3 EEESAREEE

PATERT IOILEsm “FEE" &, MMSEINE 9-4 FiRiEIE (weighted graph). BIAITE (EHRE)
FEFWerh, RGN RN R RIS 2 MR “SRERE”, XM E M4t n] U A ERRR,

T HRE
(Fr&B%EAM) (LRAEWNER)
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9-4 HIESTEANE

BRI & DU B AR,

- ¢F% (adjacency): MM Z AIFIEILAHZER, FOXMITUR “QFHE"7, TEE 9-4 ) TR 1 ARRHE TR
TR 2. 3. 5o

-+ BB (path): MR A FITWR B S R REIFFIRFR UM A 2 B 1Y “B&127, 7EE 9-4 Hh, 4%
Hl| 1-5-2-4 2 TR 1 BT 4 19— SR8 12,

- E (degree): — M IURIMARILE, X THME, NE (in-degree) Fonf Z/ D FULFRMNIZTIN, HE
(out-degree) KA Z/DFIBMNLIURTEH,

9.1.2 BEIMERT

EH R T N “RRERERE” 1 “ABERT, DUNERI T A T2501,

1. 4BiERERE

RN AEE N n, $MEERE (adjacency matrix) HH—1 n x n K/NHEIERFRE, 8—17 ) 1R
T, ERETENRRD, H 180 ZRmAD S B RS EEN,

HIE 9-5 R, WAMHERRER M., TUSHIRN V|, ILmHIEE M, j] = 1 FoR V]i] #1105 V]
WD, ]2 M, j] = 0 ZRMIAZ TG,

mR%IE

#l o 1 2 3 &4
o e, 1 10

‘ ‘ \ 101 e 1 0 @

SRIREERE
graph adjacency matrix

9-5 EMMRIEFEFRIR

WIEHEFEEA AR,

- TERIRE, WURARES B SHE, HEIRRRRERE X A LOTRIAE
- TR, BRSO T X SR,
- RFARREFERITTRM 1A 0 BN E, WA Ron A A,
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i FH AT AR RN IR, FRATAT DAE R RIAE R R DAREGS, (R N E SR E IR IR &, IR A4
B O(1) . AT, MEFERZEEZERN O(n?), PfES RS,
2. SPiER

$BiER (adjacency list) fEH n MEFRRFTRE, HERTRFRTUL 8 1 DMER NI ¢, HAEME 7%
TBUSHIFT A BEETUR, (SGIZTUSHERITUR) o 1B 9-6 JBIR 7 — M ARRER R K BI7R B,

R SERAREENFER

™~
[ e« eole

Wiz
graph adjaceney list

B 9-6 ERIBERIR

AR MUF MR F R, THAMREOEH N T n? , WItEEN T, A, ENERPTEE
i P EERORE I, R RISCR AN A R R

WIZEE 9-6 , AREREEH SRR “BERIBAE” TR, RUARA 0T AR AU 7 R ARALRR,
HOA S A KR, T DU RE AL AVL RSRTSBA, MM O(n) L% O(logn) ; AT
DHEgEREEHONIA TR, TN E 28 O(1) .

9.1.3 ENERA
R 9-1 R, VFZEISERGUR] DU EDRGERE,  AH R A AN AT AL & TR R

#9-1 BAETEFE WE

i b el
RS R GFRRAR TBHELT I HERE
HEkERES  whe SRR R EHER

ENIEER 2k BARREDTESINER  TRPUEHE
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9.2 EREhLIRF

EIRSELAHRCERT 0o xt “I07 BORBRCERIN “Ti” AU3RME, £ “QBRAERE” R “QBEER™ MAFRTIAT, %
B AR AN

9.2.1 EF4BIEEEAYSCIR

NIRRT n BTEAE, NSRRI ER LB AnE 9-7 R,

ORISR : ErBEE AT R SRS R AR, A O(1) WAL, mid TREME, HtFEER
BB T 7 O,

WU (AN IR 1T %1, A 0 BIRT, A O(n) KA

MBI FEAREEERE bR 1T 5, UMM AT ESINA SRS, BB (n — 1)2 A EE
“Ffe LREE”, MR O(n2) I,

WM A n NI, WIAMCKEE N n TSI vertices , T O(n) B, 1B n x n K
INIARBESERE adiMat , 5 O(n2) B,

TRFl& bttt
® o 1 2 3 4 ®w e 1 2 3 4
o o 1 o 1 o . 0 o 1 1 1 o
—— MeaE —— winn )

\\\\ 110 1 o o \\\\ 11 0 1 o o

//// 2 0 1 0 1 1 //// 2 1 1 0 1 1

— 3 01 0 1 0 1 — 3 01 0 1 0 1

4 o 0 1 1 o 4 o @ 1 1 o

SBIEERE B PHEIERE
Step 1 Step 2
T TR (<)
® 0o 1 2 3 4 ®l 0 1 2 3 4 5
o o o 1 1 o 0 o o0 1 1 0 o0
— rz € —— Fm O
\\\\ 1 e o 1 0 o \\\\ 1 e 0 1 0 0o o0
//// 2 1.1 o0 1 1 //// 2 1.1 0 1 1 @
— 3 01 90 1 0 1 — 3 01 0 1 0 1 0
4 e @ 1 1 o :iy 4 o @ 1 1 0o o
N Y
. 5 o ] '] o ] [}
SPIERERE SPIEAERE
Step 3 Step 4

TSR (5
#w o 1 2 3 &4
o pr—s e o 1 1 o o
\\\\ 11 0 1 1 o
\\\\‘ 2 1 1 0 1 o
//// 3 0 1 1 0o o
CD 4 o @ o 0 o

3] BIEAERE

Step 5
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B 9-7 AREEIEFERIRIAGIL, B, SEMTTN

PAR 5 T AR A P R [ A S B
// == File: graph_adjacency_matrix.js =

[* BETFMEEMESITHES +/

class GraphAdjMat {
vertices; // TNR%I&K, wHERER TRE", R3lMFR TMRER5”
adjMat; // <PIEIEFE, 1THIREIME “TRRZRSE]”

[* TEREL +/
constructor(vertices, edges) {
this.vertices = [];
this.adjMat = [];
/] OIS
for (const val of vertices) {
this.addVertex(val);
}

/] A
/] EEE, edges TERRINAZERS|, BN vertices jTTHRZRS|
for (const e of edges) {
this.addEdge(e[0], el1]);
}
+

size() {
return this.vertices.length;

}

[* AT +/
addVertex(val) {
const n = this.size();
/] BETERSIRPRINFHIRAE
this.vertices.push(val);
/] TESMEREPERARII—1T
const newRow = [];
for (let j = 0; j < n; j++) {
newRow.push(0);
¥
this.adjMat.push(newRow) ;
/] TESBZFEPEFRRII—5
for (const row of this.adjMat) {
row.push(0);
}
b

/* MIBRTER %/
removeVertex(index) {
if (index >= this.size()) {
throw new RangeError('Index Out Of Bounds Exception');
}
/] EMRFIRAZFRZRS| index BITAS

this.vertices.splice(index, 1);

/] TESBIZFEFEFMIBRZRS] index EY1T
this.adjMat.splice(index, 1);

/] TESBIZFEPERMIBRZRE] index EY%I
for (const row of this.adjMat) {
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row.splice(index, 1);
¥

[* AN %/
// B% i, j WN vertices TEHZESI
addEdge(i, j) {
// R5IHRS5HEELIE
if (1 <0 [l 3 <0 |l i>= this.size() || j >= this.size() || i = j) {
throw new RangeError('Index Out Of Bounds Exception');

+

[/ ELEES, PEEFEXTFERNALENR, BFEE (1, j) = (G, 1)
this.adjMat[i][j] = 1;

this.adjMat[j][i] = 1;

h

/* MERA %/
// &% i, j XM vertices FTTEZRS|
removeEdge(i, j) {
/] BE5|EREHEEVIE
if (A <0 |l j <0 || i>= this.size() || j >= this.size() || i = j) {
throw new RangeError('Index Out Of Bounds Exception');

}
this.adjMat[i][j] = ©;
this.adjMat[j]1[i] = O;
+
[* FTENSRIZFERE */
print() {
console.log(' TA=%IR = ', this.vertices);
console.log(' %B#EXEPE =', this.adjMat);
+

9.2.2 EFMPIERMTEMN

RIRE TSSO n. JEEO m, NWIRTHYEE 9-8 FRiI 77 RSl MR E,

C ORI (ETUS R R AR RIRILARIAT, R O(1) W, FOEICHE, AR R R
AR,

COMRRL: TETUEON BB A MRS Y, B O(m) W, FETERER, AR
IR,

C BRI (EAER IR, RIS E N R LT, (A O(1) I,

- OMRRTA: TR, MRA AT ETURIATEL, A O(n + m) B,

- WA LEARBER QIR n NTIAGT 2m 498, W O(n + m) W,
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TR SERAEENRE TR TR SEREENRTETIR

0-0 0—0.  meo
0-0-0 J J o
0-0-0 0 0 o

BER -] PRER

Step 1 Step 2

TR SEREENRTE TR

) 0-0
@\—@\ wm @ o
\[ o 0-0-0-0
o o 0-0-0
CD @ 4
mEm B max
Step 3 | Step &

TR SERAEENFRETRR

@—@ mirsTsR € \ gg{@
NP >3
BiER

B 9-8 ABREARAIFIGGIL, WML, HEMH TS

AN ERREERAIRAG LI, XA 9-8, LR A LR AR,

© N T B IE BRI, DARSRIEARD, BAIEMSIFR G RCERR,
- ARG FRAAEER, key NTURSLM], value MIZTRAIAHETRSIR (BEKR).

FAIN, BAHERER B Vertex ZORFURTIA, IXFHMAEVIRAE : ARG MRHEFE—FE, MSIRRTIRK
XAARRTR, AR EMERRG Dy « TR, WFEHRENBERE, KA RT « IRI[EME 1, %X
HIRML MR TUARZHE R Vertex LB, MIBRAE — TRz FEs s HAh TR T

// == File: graph_adjacency_list.js =

/* BEFMERLINTEEZE +/

class GraphAdjList {
/] SBER, key: T, value: &INSMIFRA SBIETRS
adjlList;

/*x ¥EFE */
constructor(edges) {
this.adjList = new Map();
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/] FIFRETASFA
for (const edge of edges) {
this.addVertex(edge[0]);
this.addVertex(edge[1]);
this.addEdge(edge[0], edge[1]);
¥
b
/* RENNREE */
size() {
return this.adjlList.size;
b

[* A «/
addEdge(vetl, vet2) {
if (
Ithis.adjList.has(vetl) ||
Ithis.adjList.has(vet2) ||
vetl = vet2

) {

¥

// FNiA vetl - vet2
this.adjList.get(vetl).push(vet2);
this.adjList.get(vet2).push(vetl);

throw new Error('Illegal Argument Exception');

F

/* BRIz */
removeEdge(vetl, vet2) {
if (
Ithis.adjList.has(vetl) ||
Ithis.adjList.has(vet2) ||
vetl = vet2 ||
this.adjList.get(vetl).index0f(vet2) = -1

)

}
// MBRA vetl - vet2

throw new Error('Illegal Argument Exception');

this.adjList.get(vetl).splice(this.adjList.get(vetl).index0f(vet2), 1);
this.adjList.get(vet2).splice(this.adjList.get(vet2).index0f(vetl), 1);

I

[* ZINTR= +/

addVertex(vet) {
if (this.adjList.has(vet)) return;
/] TESBIEERPARIM— e
this.adjList.set(vet, [1);

+

/* MIBRTO=R +/
removeVertex(vet) {
if (!this.adjList.has(vet)) {

throw new Error('Illegal Argument Exception');

¥
/] TESHERPMPRINS vet IJRZAYEETR
this.adjList.delete(vet);
// BREMINSRER, BRFAEEE vet B9
for (const set of this.adjList.values()) {
const index = set.index0f(vet);
if (index > -1) {
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set.splice(index, 1);

}
¥
}
[* FTENIPIER */
print() {
console.log(' %PEXR =');
for (const [key, valuel of this.adjList) {
const tmp = [];
for (const vertex of value) {
tmp.push(vertex.val);
}
console.log(key.val + ': ' + tmp.join());
}
}

9.2.3 RERLL

REFHA n ATRM m 58, R 9-2 W T BRI REFI AR AN RAIBCR S R, IBER, WHER
(BER) XMASCSEH, MAER (GHKR) THRITEIEREHOVIETRRIGHISIL,

R 9-2 AN SRR B

WREFE  ARHER (HER)  AWRER (RHR)

HWRESE  O1)  O(n) 0(1)
R o1) 01 o(1)
ZS0) 01)  O(n) o(1)
VRIITIL o)  0(1) 0(1)

BRI O(mn?)  Om+m)  On)
WEEREGE  On2)  Om+m)  Om-+m)

MERFR 9-2, PIPAREER (IGMAR) RIRNRRCR S B RBER R, H%0R L, EREEM P RIELNERE
e, AR BT BIREBRAERIRT, ZRERE, AEIERHAIL T “DAsEe fE)” AgJs, T ekiER iR
BT “DARF IR TR,

9.3 E/viEMH

PHRRATZE “—X 2" BRR, mENEAESREHE, FJUFRRMERR “2X 2" KR, Bk, BT
BRI — MBI, AR, B3 Do PR i P ks s — FeRE Bl

FEIROIRHR 5 2 N R R AR LB 1. i 77 77 SR o s I ERBHIRER B,
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9.3.1 "EftFiEHh

VAR Dy — R R i i iR, WAV R, WREURTiMBER RN TIUN, 2R
P5Ke WNE 9-9 FivR, MW BTG R, B/uenziu- I a BRI, ek~ — MR ATE 2R
I, DAUHEHE, BERTA TS,

BEr-ERiEn
(BFS)

BATAR ek,
HiERGT. BEY KBRS

BAFESHA
@, 1,3,2,4,6,5,7,8

K 9-9 ErELICE

1. BETHM
BES J@HBBIATIRSEH, AN RATR, AFIEAR “Je NSE” MITER, X5 BFS Y “HLMiz” i8R
SFefifFE T,

L. K JifiaTisas startVet ARSI, FHIHFBIER,
2. PRI, A TUROFCSIAT, SRERIZ DU BT B T A ZIBAS R #R
3. TEMPIR 2., EEIFTA TSR TSGR,

NTPIEER TS, BAIFEED — PSR ES visited RICFRMPLT L OHTHL,

Tip
MGG A ABE— N AE M key M value BT R, BRIDME O(1) INAIEZE RHT key
WS A ki e ARYE key IUIE—1E, IemBEEEREM TERERESFT R,

// == File: graph_bfs.js =
/* T"ERIER */

function graphBFS(graph, startVet) {
// Ti=BHhFES
const res = [];
/] BHEEES, BFIEREHIANEINR
const visited = new Set();
visited.add(startVet);
// BABIEFSEIL BFS
const que = [startVet];
/] UTNm vet AER, BHREEIHRTHAEINR
while (que.length) {
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const vet = que.shift(); // BAETAS=HBA
res.push(vet); // BRIHATNS
/] BHZINRBIPRE $P IR
for (const adjVet of graph.adjList.get(vet) 2?2 []1) {
if (visited.has(adjVet)) {
continue; // BEZEWIHIEIATNS
}
que.push(adjvet); // RABAKRIFIATNS
visited.add(adjVet); // #RidizInmEHIAE
¥
b
/] RETNSIERRFS
return res;
b
AN RIS, BEUOTRRE 9-10 SRANTGRFEfAE,
WHEFF res BEFY res
[ @
BAFY que BAFI que
o (1]
T o T Yy
BEES visited = o T — BEES visited
[@ J 1. BEGRMNBEFS) res {@@@
2. BZIM=mFRE SR RIT
[ Step 1 ] ABA que FHHIA visited [ &
BHFT res EHFY res
(00 ) (000
BAFI que PAFI que
000 000
S S S e

TR () R, FTU TR

1. BEMRMNBHFY res
2. RETARAFIAE BETRALT
NBA que A visited

TR () s, ST

1. BEMRMNERHFT res
2. BETRMFIAE BERRAIT
ABA que FHMA visited

IFEE visited

(o0000

BAHFFI res

(0000

BAFY que

000

-—

HHBA

IRRES visited

(0000000

TR () B, FATIUTiRE

1. BERRMNERHRFS res
2. BEARBFEPETLRAT
ABA que HIIA visited

T () K, FRATUTiRE

1. BEMRMNEFHFT res
2. BEARMFESETLRAIT
NBA que HMIA visited

WREEE visited

(000000

BHEFT res

(00000

BASY que

000

-—

-—
HiBA

WRERE visited

(00000000 |

Step 6

ZAUN
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B

ma () B, AT

1. BENRMNEDFS res
2. REMREFE PERRAIT
ABA que FHIA visited

e () B, FHATUTHRIE

1. BERMNEDFS res
2. BEIRREFTE SBEIRSAAT
ABA que A visited

EHFF res
(000000 J

BAFI que

o0

HHBA U

EHES visited

(00000000 |

[step 7|
BHFT res
(00000000
BAFI que

(]

BEES visited
(000000000

s

= BAF que A,
« HEEE], SEREH

T () B, AT

1. BEZMRMNERFF] res
2. REZMREFE SPEMRAIT
ABA que FHAIA visited

11

- ——6
M () s, FATUTHRE

1. BZIARMNEFFT res
2. BEMREFREBETRAAT
ABA que HBIA visited

BHFF res
(000000000
BAF que

MBES visited
(000000000 |

\ Step 11 ‘

B 9-10 BRI e i 3R

D) res
(0000000 |
M5 que

BEKS visited

(000000000

‘ Step 8 J
BHFT res
(000000000
BAFI que
. e

BEES visited
(000000000

‘ Step 10

) BT D R e 512 15 W —2

ANME—, RS EE D R R “HE NI RN, 1 2 A IR G T ok D I s e V8
FEEATHEL. DAE 9-10 MM, Tkt 1. 3 BT AN AT BAZZ ke, T 2, 4. 6 RT3 RN th Al DAE R 56t

2. BEFRESH

IR A PR TS AR —1, 65 O(|V|) I, fEmpiass s, TR,
LA AR 2 2 0, 6 O(2|E|) Il Sk O(|V| + | E|) B,

THERE: FIK res, IBTHHES visited, BAF que MINTUREERZ N V], fH O(|V|) =M,
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9.3.2 FEMRFEIER
TR it 2 — R e RIS, JoRs ) Sk 5 R, QR 9-11 iR, MZE LTSk, Vily

RIS AR B TUR, ERVERR KNG E], BSHERRSLHRE, DU, HEAA TR
o

1

11 10
. 0 @ @ ERGRERSCRE
2 3 (DFS)
S wile s (@) wiess,
5
>N EHSHEE], BENKAEE,
o @) s (9/ BUEHE - EE TR
0 BRI

GZSD ©,1,2,5, 4,6, 3

9-11 EIRREL CiE

1. BETHM

XA ERRSLERRET FERERIE R TIERKE, 5 EeE R, ERE e, A
MTREME —PMRTRES visited RICKEHIIRIMITUR, DOBRER TN,

// == File: graph_dfs.js =

/* REMIFER */

/] ERBERRETE, WERBIEENRBIPIE PEN R

function dfs(graph, visited, res, vet) {
res.push(vet); // IBFIAHAITNR
visited.add(vet); // #ricizIimBE#AIR

for (const adjVet of graph.adjList.get(vet)) {
if (visited.has(adjvet)) {
continue; // BKIE#IARIAYINS
}
/] BVIiHE) SRR R
dfs(graph, visited, res, adjVet);

¥
[* REMFTEH */

function graphDFS(graph, startVet) {
[/ TRIBHFE
const res = [];
/] BHEEES, AFIEREHIAEETNR
const visited = new Set();
dfs(graph, visited, res, startVet);
return res;
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HoOE K

RS 1 SRR A 9-12 R,

- HBSARA B, IR T — DRI T R I R H TR
- MR M B, FoRIMEIATRC AR, BIHE] TOTE AR E,

NTIEREERE, EUCRE 9-12 5RMEERK, EMPRLL (ERZE ~R) B4 DFS 3, Sfgh
BITTIEINIT S, AR (A,

BAHFF re EHFF res
@ J CI) J
BERE ted BFBES visited

R

BN
wiam= @) s () somEms
sz @)
Step 2
BHFF res

BRERE visited

©00 ) o 0000 |
o 2) 3

IRRES visited

000 ) CLT LI
M e
sarT () soomETs s () msmEmR
s @) amsams )
Step 4 |
B res

BAHFF res
(00000 | (00000 |

TS visited

(00000 |

BEEE visited

(00000 |

e EANE:
sermm () somzms s () WA SETEEE b
savams @) RitssEmE, mnEms ©)

[ step s Step 6 |
BEFY res

(000000 o 000000 |
o ‘

IRRES visited WBERE visited

(000000 | (000000 |
EHME: ELHRNEL:
T (O momems s () smamEmBET
BIHETRR FtZHRE, EHERR

Step 8 |

[’ Step 7 ]
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WHAEFG res BHEFS res
MEEE visited A A BEES visited
3 . 2 3 . N

4 ‘ 9 ‘ J 12 4 ’ 9 \ (’j‘

|8 J /“\\Y‘ 5 J
@ ,

7 ‘ ¢ R ! ’ ¢ BRI
TR BIFf A SRR B E 518 AT BOSBIETRR
Atz EEE, EMERR SEITH RS (\w

BAHSHE - RABZETR

Step 9 Step 10

BHFF res

A A BHEE visited
3 .
e

‘ ¢ LA e
TR ) wFEsEmRBEsn
Bt g HEE, EHEmS
ma () 55xtEE, MRmER

Step 11

9-12 EMIERE ALl 5 3

DREE DL et 3 FA 51 75 W —2

SRR, WIS SR A R MR, AR, JeEIR T R RAR AT
PA, BNRBHEETISAINY o] DMERATEL, &R &,

D@ A, ‘R —7E =57 E R85 T —a - R 2pINNERE. BE JERE
P, eoR T =fumPiisedk, Amix =58 TREMLE,

2. ERESR

IR ALE: S TUSE SR 1k, 60 O(|V]) BHE; Fraasasiyin 2 %, 8 O(2|E]) ki
KB O(|V] + | E]) W,

SIS 5% res , IRTEA visited TSRS N V], BIAFRESEAS V], HiEm O(|V])

22 [H],

9.4 NG

1. EREIEH

- EHRTUSAAARN, AR — TS — 4RI R &
- METERIERR (BER) MniakR (), MXR (B) BAE&NEHE, RimENER,
- ARERZEATTAYE, EEEPIERTUEANE, ANERNERIU S ET R,
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- ARRIEFEMERERRRE, 81T B RPN, ERTRREE, 180 Rm P TiEs
AR IAETE, AR M e I & 2 L RCR IR, B3 A) S R Z .

- AMERMEM Z MERRFORE, 5 DEERN MR ¢, HAPEE DZTURRIATA WU, WRERM
X T RRFEFERE AT A 3R], (H TR R R A, PRI A RCR R,

- HATERPAVRERIS KN, A DU HONL B eIG R, MR E IR,

- WRIERVERIAE T, AHEERHATLT DA AR A", SRR T DA (R s A7,

- EIATH TSR RGE, W4, HIRERIE 5,

- BB —RRRE, BRE ¢ ikt P e O ) — AR 1

- ERT s R R EE ML, REY KSR, GBS,

- ERRERSCE LR M ERIR, ToR EN ERIARHER TN, HETIEIRLIL,

2. Q&A

Q: HREHE SRR FHIERIAFHI?

HFHER EARESRARNE XA —8: g “BiER—MaFy”, mhsaig “BiRR— PR
HI”o PATNBHESCRRIE S : In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.

FEARSCH, BEPAN— DA, AR DI XREAMANTRZ B R REF A2 5RI0 5, It
{NESZ S UL ) A i IR

Q: AREEE RS XA iR 22

FEAREEE S, MWRADTURHR, 20— PMRICEREE, whiREaEmREREZ NN, PoEhzE
HIRTAEIE 7 &

Q: TEAMER, “SIXNRAERNFTATR" TR 25 ZK?

A DURAERF . (BAESEPR A, AIRER ZAL IR SUNRHE?, HAMEIR TS AR Ay, BB IR T
RAERDNRIGFSE, XA T RIS “H A EARE” AT,
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FI10E EF

Abstract
HWRZ—ARANER, BAIS8FFZEEEMMZ RPN AT, XaFa] DLPOEEIE B R,
ERXAI IR, F—IREE A RER R — MR ERHENE R,
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10.1 =—H&EX

—5&EH (binary search) BT IGRISH SRR REER, EFHEBIRINA R, SeH)h—FRRT
l, EEHEIERTRSEERXE NN,

Question
HE—NMKEN n WEEH nuns , TTERIEMNNEIRIIFHEY BEAESE, 1EEHIFREITER target
EZBAHAPHIRG |, HEHEANEZTE, MHRE —1 ., REEnE 10-1 Fir,

ERERERTHA
nums

BMANBEFHA nuns , ERBEIFTE target = 6

B 10-1 o EHORGIESE

I 10-2 fiw, BAVEWIGERIES i = 0Ff1 j = n— 1, SilfsREEHE TEMETE, REHERXHE
[0,n — 1] . EER, HESFRRHXE, HOEZL5HEERS,

BRE, TERHUTUL RIS,
L WREHERG I m = (i +7)/2], HP | | KRA FBEERIE,
2. H|Wr nums[m] 1 target BIR/NRR, 2N PR =FEN,

1. Y nums[m] < target i, UiPH target XAl [m + 1, 7] #, REHITi=m + 1,
2. % nums[m] > target i, BifA target EXIAE [i,m — 1] 1, FHHFTj=m —1,
3. Y nums[m] = target I, TiBHHE| target, HHIREIRSI m .

HHANEEETR, HREARERG/NNE, WRHEE -1,
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351 351
| 31 i ; 31 mi
23 2 | 23 %8
i 15 15
: 12 12
sannll sanill
= anl =1 anl
#® o 1 2 3 4 5 6 7 8 9 #l 0o 1 2 3 4 5 6 7 8 9
A A N A A
i b] i m b
RIF=—SER:
WAt i, j HIEABEETR. BTR 1. 8RR m= (i +3j) /2
mERRAXE [1, j]
Step 1 Step 2

| o

o
B
| == 12l
A
b

8"1
1 3 . 3
fom D - |
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 4 5 6 7 8 9
A AoA A A
i jom iom
BR—SER: RF 5T
1. HERA N = (4 +3) /2 1. 8RR m = (i +35) /2
2. ~ nums[m] > target
Step 3 ~ BT § o= om - 1 GNERKE Step 4
23
#l o 1 2 3 4 5 6 7 8 9 #l o0 1 2 3 4 5 6 7 8 9
Aoa A Aoa
m i j im j
BEF=SER: EF=SER:
1. H&hE m = (i +3) /2 1. itBFE m = (i +3j) /2
2. = nums[m] < target
Step 5 S HIT A o= oo+ 1 GNERKE Step 6
o Zm i H
#l o 1 2 3 4 5 6 7 8 9
A
m

EF TR
1. HHbmm = (i +3j) /2

2. v nums[m] = target

(step 7 | - EERS|

K10-2 —orEinkE
ERERRE, BT i f j &R int 288, Wt + j nIRESEIE int ZMIHUETER, O T R EGESR,
BATEHERALR m = [+ (j —1)/2] KHEFS,
AN R

// == File: binary_search.js =

[* ZHEH (WHAKE)  */
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function binarySearch(nums, target) {
/] EeNAXE [0, n-11 , BF i, j #iERHEETR. Exx
let i = 0,
j = nums.length - 1;
// &, HEEXENERBE (& 1 > j ASE)
while (i <= j) {
[/ HBEHRES| m, FH parselnt() M TENE
const m = parseInt(i + (3 - i) / 2);
if (nums[m] < target)
// WIERIAEA target EX(E [m+l, j] &
i=m+1;
else if (nums[m] > target)
// WERHEA target EXiE [i, m-1] H
j=m-1;
else return m; // #xEFBirmE, REIHZES|

¥
/] RHxEIBfrR, &E -1

return -1;

WRISEZ4E 0 O(log n) = TE—SMBFRT, XRG4, [FILIEFRRECH log, n .
SERIEN O(1) : J86F i 71 j HEAIREOINEL,

10.1.1 XiEgRRAE*

BT BATUAKIS, #RORKARREH ST K, 2300 [0,n), H/EOREEHES, IR
FEGHS, EURRT, K [i,7) i = j BN,

FATAT AR TR L B A M R DIRER) — o B AT
// == File: binary_search.js =

/* ZHEKX (ERGEFXKE) */
function binarySearchLCRO(nums, target) {
/] e EREFXE [0, n) , Bl i, j H3EEHEETE. BE +1
let i = 0,
j = nums.length;
// &, HERXEATHEE (8 i = j AT
while (i < j) {
/] WEFRSZES| m o, A parselnt() MTFEE
const m = parseInt(i + (j - 1) / 2);
if (nums[m] < target)
/] LIERIHEA target EXiE [m+1, j)
i=m+1;
else if (nums[m] > target)
// WIERHEE target EX(E [i, m) =
j=m;
// #ZEIBtrmER, REHZERS|
else return m;
+
[/ RK¥FIBFTER, RE -1

return -1;

nE 10-3 FioR, EMRXEFOR T, S 0&EREERIGML. TERSRERSEN X RERCE & A AN FEL,
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BT WX FoRAP AR BOE SO AXTR],  RIEE faEr « MHEEE § 48/ X RIATERAE R X AR
Mo IXFEEAA G HHE, HIE—BEBCRH “WHAXE” 57,

ﬁ%l‘"@ 1 2 3 4 5 6 7 8 9"‘ ...@ 1 2 3 4 5 6 7 8 9"'10
i ERLRNaEsEs j i EhRezas EARTEAZIEE  j
ERERE: WEHAKE [i, j] ERRiE: fAEFKE [1, j)
MadkisEt: i =0, j =n - 1 atkiEst: i =0, j = n
BIFELESEMF: i > ) BRSNS i 2 j
BVREEE: i =m+ 1, j=m-1 BOREMRE: i =m+ 1, j=m

& 10-3  MRPIXTRIE L

10.1.2 hRS5RKMRME

O B ERAE I TR0 2 [R) 75 T T A B A PERE

BRI TR, FEREURR R, ME A RS 24 B B, fIan, M8dR AN n = 220
B, SRR 220 = 1048576 %485F, 1M AN log, 220 = 20 4B,

© S ERTIEARINE ], R TREGIINMEREREE (BIRREDR), —o&EHeEnTE s
[Al

R, —oEPGHEEMTIrAER, TEALITER,

C ZoBEROUER TARRE. HRMARIETE, N THEH &KL THTHY, AL BN
HEFP RIAN R E @R N O(nlogn) , HEMEBRM & HEE S, N TR TRNT R,
NORFBEHA M, FEETRBATRENE, NREXREN O(n), WRIFE SRR,

© S BESLOER T, S EIRHEERGN GRESH) TIRITR, MERERTHITBERTRIATRL
AR, [RIHANE S I A fE HER B T RER ST BURSE .,

- NIRRT, SMEEIRREELE, FAMERT, FHRHAW 1AM, ME_ &K, TE 1R
A VIRBRIA, 1~ 3 UCHIBARIE, 1 ORIE (BTR), 3k 4~ 6 DETTifE; B, HBdEE n BUM,
RN AR L — 0 B PR

10.2 —HEHEAS

ZnBERAMTATERENTR, A TRRIF BRI, SR BT R E,
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10.2.1 EEETENER

Question

HE—TEEN n ERFEAH nuns f1—JTE target, HAARFAEEILE, I target i
A nums /1, FHERFFHA R, HEEAFPCFEETE target, NEEAZIHEALT, HREFHAG
target TEEAHHIIERSG], REENE 10-4 Fr7R,

nums

BAR A target

nums

WAEFHA nuns , BARTER target = 6
N target RYEARERSIH 2

10-4 =0 ESFEARURIEE

U AR b0 Y EERARAS,  MUARTEIEE A R AN
W YRS target I, HURIIRS RS RZTRIIRT|?

A H KK target AR ICEN AL, XEWEHH AN target Bt 75K target B E, ik
U, YEAME target I, FHARPEG IR X target &S,

M MEEHPAEE target Y, AR TRIRG]?

WP EE - HERIETE: Y nums[m] < target i ¢ 23, XEWRETEE i R AKTET target HICE
i, [FHE, {88 BERAERVNTET target BITEEIR,

HIE i — A i RIS NAT target 0, jHRAE AT target UTEE, SIS
% target B, WARGI N, RESURAR:

// == File: binary_search_insertion.js =

/* ZHEHIENR (TEETR) */
function binarySearchInsertionSimple(nums, target) {
let i = 0,
j = nums.length - 1; // #ENEKIE [0, n-1]
while (i <= j) {
const m = Math.floor(i + (3 - i) / 2); // WEHSZERS| m, EH Math.floor() M FEEE
if (nums[m] < target) {
i=m+1; // target &EKX{E [m+1, j] =
} else if (nums[m] > target) {
j=m-1; // target EKXjg [i, m-1] &
} else {
return m; // 3% target , REHEAES m
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¥
+
// F#F target , REHEAS i
return 1i;

}

10.2.2 ZFHEEETENBR

Question

£ E—BR R b, e B RE S EE TR, HRAZ,

BRISBEHAPFEZ A target , NEE &R HGEREBIEA— target RS, MEMEZCENA
BftGibiea £/) target,

H ERE B e 2 AR R AL, FiERNEEE RGP A —A target RS, W1 FEELTE
10-5 ARy BRS2EL,

L #UT &R, [FEERE— target FIRS], KN ko
2. NR3 kTG, EfTdtieli, SRR target FHR[EL,

target

e

x ,.*\ PP

1. EZHEHRIER— 6
2. BEMEHRIIREIN 6

10-5 SMEREEITTRIEAR

WAL BRATTH, HEOESEER, FNHNBEEREN O(n) . YBATFERLEEM target i, %
FERCERR K,
W ERRE S ERAE, WE 10-6 iR, BARERE IS, BRETETEARTI m, FHN target
M nums[m] BR/NRR, 73BN LAE L,
- Y nums[m] < target #{ nums[m] > target B, WHRHILEAHRE] target , [FIRAEIE 7&K
HI4E/ NX EIHRE, MmEfEEr < 1 j M) target SEiA,
- Y nums[m] = target I, BAA/NTF target MTCEIEXE [i,m — 1] W, HICRA j=m — 1%
/X e, MmEREEE 5 M NT target BTERSEIA,

TERTERG, © fEMER /AN target , JHRAENNT target 7T, FEILERT ¢ SR
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15}

10

6 6 6 6 6
i3
=%l
#l o 1 2 3 4 5 6 7 8 9

o Br

Mt i, j HIEABAETE. BaE
RERTAXE [i, j]

Step 1 J
15
12 [
10
6 6 6 6 6
mE 1l 1
il
#l o 1 2 3 4 5 6 7 8 9
A Aooa
i m
EFR=RER:
1. {H8HREAm = (4 +3) /2
2. v nums[m] = target
[ Step 3 < AT G o= om - 1 GNERKE
15
12 [
10
6 6 6 6 6
3 |
= B i
#®l o 1 2 3 4 5 6 7 8 9
AoA A
m i j
BER=SER:
1. #H8HREAm = (4 +3) /2
2. ~ nums[m] < target
l Step 5 2T A o= m o+ 1 GNERKE
15
12 [
10
6 6 6 6
3
b |:|
# o 1 2 3 4 5 6 7 8 9
A oA
j im
B _—HER:
1. H8HRE m = (4 +3) /2
2. ~ nums[m] = target
l Step 7 2 BT G o= om - 1 BNERKE

Step 2

Step 4

Step 6

Step 8

<l

1
L.
#l o 1 2 3 4 5 6 7
A A
i m
BF &R
1. 8RR m= (i +3j) /2
10
6 635 6 6
o | 1
SlCR RN}
#l o 1 2 3 4 5 6 7
A A N
iom bl
BR_SER:
1. 8RR m = (i +3j) /2
10
is 636 6 6
3 | 1
& 1[0} |
= L5 =
# o 1 2 3 4 5 6 7
A oA
im j
BR_SER:

1. 8RR m = (i +3j) /2

#l o 1

- RATEREHE i < j
- BHTMER, EEF3 i

10-6 B IREEITTRAHA R BE

12

12

12

12

WEZLLA ARG, HIWr793Z nums[m] > target 1 nums[m] = target RUERVEAERE], EIHFE AT LGS,
B, FATMIIRRT AR RIS ORI, (RN LB hniE T, nl ik e 4f,

// == File: binary_search_insertion.js =

[* ZHEREAR (FEEERR) «/

function binarySearchInsertion(nums, target) {
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let i 0,
j = nums.length - 1; // #EENEAKE [0, n-1]
while (i <= j) {
const m = Math.floor(i + (3 - 1) / 2); // iHEHR=SRS m, EH Math.floor() M FEEE
if (nums[m] < target) {
i=m+1; // target &EKX{E [m+1, j] =
} else if (nums[m] > target) {
j=m-1; // target &®EXiE [i, m-1] &
} else {
j=m-1; // BNMNF target WTEEXE [1, m-1] &

}
b
/] BREFEANR 1

return 1i;

Tip

AR X" Fik, AXGER5EE T DLETEI “ERET ik
BERE, —oESICARESTEH « M j phliE#RER, BiralaEE— P EMARITR (Bl target ),
] gER — NITREE (BT target HI7TR),

FEAWTHIIEA — 0, 48« M1 j FBENEL UL ROERI B iR, W2, EMERRIKEIER, sEiidia
FEfE L,

10.3 “H&EHDBR
10.3.1 BREHR

Question
HE-NKEN n WAFEH nuns , HPR[RERSEE LR, HREBA R —ILR target
MR5l, HHEHAPAUEZIZITE, MRE -1,

A2 =B RIEA S, MRERE (BRRAE— target , RIEIGA SA R ERIEERE A —
A target RIZ5],

FRIEEESE A SR AR AR, HEE, BHPERES target , XAENATRES AR
PRFPEE SR,

- ARG B,
- Jt&E nums[i] 5 target T,

B DA ERRE ST, BEBHRE —1 BIR], AR FAR:
// == File: binary_search_edge.js =
[* ZHREHRRE— target x/

function binarySearchlLeftEdge(nums, target) {
/] FNMTEH target BEAR
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const i = binarySearchInsertion(nums, target);
// &#%EF target , &[E -1

if (i == nums.length || nums[i] != target) {
return -1;

}

// % target , REZE3| i

return i;

10.3.2 &EHRAILR

A LUMAE R — target 8?7 BEEN R BBRCH, BHE nuns[n] = target 10 R4
Wi, IRRDTEILAME, A LAIRE ] DAE 4TS,

TR IR G R 7

1. ERERELR
Sefr b, BATAI DA ERE AT ENRBCRER R G TR, BEGER: BEREA A target ¥
B —A target + 1,

i 10-7 iR, EEGERUE, f8E ¢ fRARA—A target + 1 (WIRAFETE), 1 j $EMERA—1 target,
KgE3g Il 5 BIRl,

target = 6
- 800000
ioi joi
ERRE—T
target +1
EMh
ERRE—T EHRELG—T
target target

B 10-7 RESHAGIDSEAANER DT

EER, REPFEARR ¢, FHEFRERHER 1, MmkE j:
// == File: binary_search_edge.js =

/* ZHERRE— target x/
function binarySearchRightEdge(nums, target) {
/] BURAERRE— target + 1

const i = binarySearchInsertion(nums, target + 1);
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// j EEREAE— target , i IEABENAT target BTE
const j =i - 1;
// ki#%F target , R[E -1

if (3 = -1 || nums[j] != target) {
return -1;

}

// #%ZF| target , EEIZE3| j

return j;

2. HUAHERTER
BAFNE, SBEAHESE target B, &K1 f j 205FEHE NKTF. /M target FITE,
[Rltk, G0E 10-8 AR, AR DMGE — MNP ARFERITER, HTERAGIHA,

- BRERE—A target : AU NEK target - 0.5, FFRMEFEE Q.
- BREA A target ¢ AJDUERMLONEER target + 0.5, FFIRENEH 5.

target = 6
nums
j i joi
=i &R
target - 0.5 target +0.5
Fh i
BEREE—T EREE—T
target target

10-8 REHIDFFEACNESITR

AR, DANMAERER.

- AEREHAE/ N, IXTERE BT O AR B R I B
- BOMIZITIESIN TN, FRDARZR MBS E target BONTEREEA (Python TEAEN)

10.4 MFEMRILER

FERIREA, BATTH BN R RIS BON G T PR R RN A, BA B — D RIRER A
BRfigE,
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Question
BT —NEBEEA nums FT— DN HARITE target , BEEKRAHPER “M” KN target KRN ITE, IF
REIETEEH RS, REERE—MERIA,

10.4.1 &MEKR: LBERSE

FERERETEATRENA S, WE 10-9 FoR, BAUFE—NMZMER, SRR DN EEEHIRZ SN
target, HE, MREIEMIERS],

target = 13

ws - OO0

a 9 13 17
18 22
@ =

BRFFEES, HEIMA
target F94H SBR[

B 10-9 ZeMEBORMEMECZ I

RN SR
// = File: two_sum.js =

[* FiE—: BIKE +/
function twoSumBruteForce(nums, target) {
const n = nums.length;
// WEEF, RHEERER 0(n'2)
for (let 1 = 0; 1 < n; i++) {
for (let j =1+ 1; j <n; j++) {
if (nums[i] + nums[j] == target) {
return [i, j];
¥

F
F

return [];

WHBERNEEZER O(n?), EREMER O(1), fEABIRE FIRHFEN,
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10.4.2 MRFEK: UFiEHRAYE

FEMEB—MNamE, BENDHINEHITRNITRRKS . MBS, SRIITIE 10-10 Fsrpik,

1. HIWrEF target - nums[i] BEERARF, HE, WERREIXHNITENRS)
2. FHEEXS nums[1] FIRS| 1 IR A R,

target = 13 target = 13

nums = ‘ | 5 nums = || | ‘7”

TR

[ key ] TR
map =
value b #3l

BHEAE nums

.[(288 |

BHEAE nums

13 - 2 = 11 F7E map R
I ~ TR 2 FhE map
Step 1 Step 2

© 13 - 7 = 6 A map
=~ f§7TE 7 Hh0iE map

target = 13

nums = || ‘

TR

- 88 |z

BHEE nums

13 - 11 = 2 7£ map
~ BETRAAES| [0, 2]
Step 3

10-10 A BAMG A FOR AR L A

SEIARRSAN R FR, AR ZIEFARIA] -
// == File: two_sum.js =

[* FEZ: HBIGER +/
function twoSumHashTable(nums, target) {
/] HBhRER, TEEXREN 0(n)
let m = {};
/] BEEF, NEIEREA 0(n)
for (let 1 = 0; i < nums.length; i++) {

if (m[target - nums[i]] != undefined) {
return [m[target - nums[il], il;
} else {
mlnums[i]] = i;
¥
}
return [];

T BRI AT S I M O (n2) 1% O(n) , KIEHRFHETAE,

HI T REG —MMIIE R R, BHBEERERN O(n) . REWIL, %77 RPN 2335058 0 h 51,
Pt e R A SR RS
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10.5 SFHiREFEFEX

WERBZE (searching algorithm) FIT{ERUES (BIANELEH, HER, WEE) FFER—-Del—HileRiE s
(RRiNpIvE 8

FEREIRARIE LIRS 2 N DU,

- BIRSRRE R HbRe R, I, R RRTERETSE,
- FIHBIRAP G BIR SR REE, KRMBOTRER, =&k B A ISR
AHHF,

AHERI, XEERNHRHACAE TRV T A4, RIHIRREIN TRAPRUIF AL, AT, ]
FMEIRGIMATIN, EHraH IR,

10.5.1 |hHiEE

2R FE BRI N TR RE M BT R,

© CAMEERT EH T RAMBER SRR, EMNBUREHN TR, BATRITER, EEIEKE
HARTEREENA S —unlie A HE HAR TR M ik,

CTTEARSEERT 1 REMSER” R EFIR BRI RE, [TESE RN T AT IR 2
R, BT R DT R R RMNAET RUTEE, 18 —RIEEREL, R =AH
flbit, EEw D 7e B EHRLE

ZIERAVE R R R EEA ML, O BaBmisE B By MBS .

RN, MERBIEIN WIS N O(n) , Hrhn cREg, FIESEREERIIEI FIERER .

10.5.2 BiERMEE

HIENAE RN ABIRRR AR (GINERE) RICE R, A s ot e i B iR,

- T EWT NSRRI ERERR, COEHTEE,
- CIRTRERT MARRRRHEREIE EAREEEE O B E X R, AT SE IR R,
- R ERPERIRESH (BN SARERR) T AT RUESR PRIEHERR T L, ATE AL HARTTER,

SRR R, IR A TIAE] O (logn) #5 O(1) .
ST, (P LETERECERE B SR TR B, B, — 5 SR A AL (THEFE, TAT5 EHRIH
BT BB NIRRT, e R At B AN T 2 P44,

Tip
HIENAERERF PR ESREE, RERAT AR EBIRG P IERR Bk,



BI10E MR www.hello-algo.com 207

10.5.3 EFAHEIEN

BERNN n W—HEHE, BATATDAERLMEER, &R WER BHRERFZAMTTIENHERER
TLR. B NITTER TR ERANE 10-11 Fis,

ZM4E% o(n) RHBER 0(1) W\ key & value
- e REE R 7!'9 2 8
oeCoooan e
spaoggaon |7 LI3E4IRL L]
53k 3 pak s €45

ZHEHR 0(logn) WEH 0(logn)
- XR¥EFEHG
EHEFT R

o]1]2]3]«]s]e]7]a]o] e

S~ N

RIESIER F g ERX )

B10-11 AR

ERTURTT IR B ERBCR SRR 10-1 B,

R 10-1 EREFBERX T

LRMHER THER AR AR
EHITR O(n) O(logn) O(logn) O(1)
BATR 0(1) O(n) O(logn) 0(1)
THERTCER O(n) O(n) O(logn) 0(1)
Livlesls)| O(1) O(1) O(n) O(n)
HE b / H7 O(nlogn) ## O(nlogn) R O(n)
YRR SHT T g A TeF?

RREIRANEREIOIRE, RIEREZOR, BUREW 5 iR,
&RIHER
- BTG, FTEAUEMTEIR TS EIRCE, RN MXTEE S —REBUE, T2 HAh =077 R EE A B
AR T FE e M HE AR AN TRDE 2B K
- TG TARREUINEEE, BRI A E A ROR RN,
- ERTEIRERORE &R, EOZTT AN TR B E AT TR ME
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IR

- OIEATAREIERNIEN, BRRMEE, BRENREREN O(logn) .
- BdERATRES R, BEONTE RS RS AR 2
- NEMT IR R, RON4ET R AT R,

IS A AR

- EENEREREE SRR SR, FENRERER O(1) .

- NEAHEAFBIRSGEEERI R, RO RICTR4ET B H P,

- NI RS A R A BRI AR A s, BAARORIIPERES L

- PEAEEEREERIEN, KOG RF LTINS FREA D o, Mt R iy&E 1l

[\
HEo

- ERTEREYE, RO RAERNE R B ER.

- EETREYEA PRI E AR R

- TERPSHENT SRR, AR AT RE AR, NRIEAESEE O(n) .

- B AVL TR, WA THRIERILE O(logn) HeR FREIETT, (A4 -8R /E 8 &
ST

10.6 /&

1. EREH

O ERREEE A, B IERES R R TR, TERRABIEE Y, AL
38 PR T RO S T R ST B 44,

- R RIEI B RSO (R, RPHEZOE T TRARIRER, | BRI e R
SEF AN, HREMEMAEL, A SRR, BRI ZE O(n) B,

CIRFAR, WA S RE TEIEZOE, AR R bR A H AR, R
%, INAEZRERIE Ologn) B% O(1), (EIEH BB HINGRLA,

- SRR, TR RORUEL, MR, RURE A R R ST R, MRS
SERHEZTIE,

- RMHYRER T VS EHORIE; A E RS TR, R R HOE TR A
SRR LI AT R IR RR ;2 HOE T S WU I S A MR A B A R

T A R A R R BT IR, LSS 25 O(n) 1% O(1) .
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F115E HF

Abstract
He it an —HORHRELZ AR P RO BETA AR, (HFRATTRE DATE SR 77 U R 5 A AR
o BN, RE 2T RHA, HramIRiIEr TEIRNFIEER,
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11.1 HIF®EE

HFE% (sorting algorithm) HITX —HEHRIZRKHE N EITHS . HFEREET 2N, KGR
HdfEid H RE B E SRt E R, AR,

e 11-1 Ao, HEr REETHROBERER R A DU RS, TR PR E TS, HE AT RN AT AR R 5k
B, WEEFR/AN, FAF ASCIL RBJIfT 8 E & A,

BRBRBFANEFER
20800800 (o]s]2]s]«]s]e]/]
RRTFHEHFTRES
CICDEIEDED = CHEDECIED
HRERAEXHANHFEFH S

G00A00G OoGcocDd

B 11-1 BESEERAI AL =51

11.1.1 N EE

BT BT EHER RN R EAERER, HEEAERERERD (NRIEMEFREEITE /N, X
FTREGEEMIEN, BITNREETNNEE,

P AR, Rt S T R A AR R RSB, IS BhERAN B, T NAE.
BEBNT, FRHHEREIERs @R D, BITHEE M E R,

ettt BREHFAESHTE, S CEEREHE IR A & 4K ZE,

REHF 22 H R 2B, RIRBNTE — MEEEAEERIRK, 6B 15 2 519524/
FS, EIXRMEN T, ERREHRTRES B0 ABIE A ks

# BMASIERRRY R HIFITS

# (name, age)

('A*, 19)
('B', 18)
('cr, 21)
('n*, 19)
('E', 23)

# BRISERIEREHFEZRERHFIIR,
# £58ch ('D', 19) 1 ('A', 19) HUHEMMIENRT,
# WNSIEREZHIFEREL

('B', 18)

('n', 19)
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(A", 19)
('e', 21)
("E', 23)

FUENTE: BERHERERA M A SR T AR E SR AR, RBERARRRER, BIENHF
SRR B I TR 52 2% 3 (L TP XI N TR B R

REET IR EFHRHHEIFRBTEIEER (<0 =, >) RAWTTRIMSRE, MR,
MIGRANHEAEN O(nlogn) . MIFLLIRHFE A LEIZHERT, NEERENE O(n), EHEHME
LERS R e

11.1.2 IPEHIFEEE

B, b, e, BIEN. @M. B, 25 NEMARLZ ISR E D FITERIERNHE R B, B, fE
R HIAN, FERE B AR R AR R sk R i,

Bk, BATEILEE S SRR, HET FR IR X 5N HE R BRI LR O T 50T

11.2 #&FHF

EEHF (selection sort) AYTAEFEHEHER S THE—MER, SRMARHF XEIERR/DITTR, KHK
FEH P XRARE,

EEHRI RN n, ERHPRRTERENE 11-2 or.

CWEIRESTR, FrETCERAHDE, RIARHE (R5D XEHN (0,7 — 1],

CEEXE] [0, n — 1] FERANER, HHEERE! 0 RTRRH, sEmfE, Bl 1 MRy,
CERUXE [1,n — 1] s R, FHSR5| 1 ARTTRH, selfE, S 2 MRy,
- DA, 23 n — 1 AR S YR, BT n — 1 DTREHR.

AR - NTRBERRATTR, T, BRI M,

g W N -

KHIFRE FHIFXE

. @ e (@0
. i
i k
818 818
iﬁ‘ﬁ*ﬁ”‘?ﬁlﬂx BEFER/TTR nums[k] iﬁl’ﬁﬂ%ﬂﬂ?lzlﬂ, BEER/NTTR nums[k]
ZHBTR nums[k] FRHFXENENTE nuns[i]

Step 1 Step 2
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KHIFXiE KHFXE
i N
!_2 ik ﬁ_z ®ik
SEFRHFKE, SERIEE nuns(k] oS ——

ZHB/TTR nums[k] FFRHFXENENTR nuns[i]

[ Stenks ] Step 4
KHFXE RHFXE
-~ GO0000 - @00008
i k
g_a 0% g 3 ®iE
SR, FERITE nuns k] SEFRARE, HERITTE nuns[k]
ZTTR nuns[k] FRHFRENENTR nums[i]
[ Step 5 ] Step 6
RHFXE FHFEE
- (00000 - (00080
i k
g 4 % g 4 W%
JEHRHFXE, $ER/ITE nuns[k] ﬁl%%ﬁ;ﬁg[ﬂ, $EiER/NTE nums[k]
ZTTR nuns[k] FIRHFRENENTR nums[i]
[ Step 7 ] Step 8
RHFXE KHFXE
nums nums u 4 5:]
A A -
i k
g 5 % g 5 %
BHFRAFXE, EERTR nums[k] iﬁl%%ﬂFﬁEiﬂ, HEERTER nums[k]
ZTTR nuns[k] FIRHFRENENTR nums[i]
[ SxD O ] Step 10
SKHEFEE
nums
TR (RR—TREH
F)
Step 11

B 11-2 &R P R

RS, FATH k RICFARHF XRINAR/NTR:
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// = File: selection_sort.js =

[* EFHE */
function selectionSort(nums) {
let n = nums.length;
[/ SMERF: RKHFEXER [1, n-1]
for (let i = 0; i <n - 1; i++) {
/] AEF: REIRHFXEINNEGRINTTE
let k = i;
for (let j =1 + 1; j < n; j++) {
if (nums[j] < nums[k]) {
k = j; // iERR/NTENERS|

}
s
/I Bz aRESRAIFKENE N TRRR

[nums[i], nums[k]] = [nums[k]l, nums[il];

11.2.1 Hii$E

- IMBISAIER O(n?). JEENERHERE: SMEFRIE n — 140, F—RIAHFXAKEN n, FE—
FIARHEFF I IR 2, BIESAMEFR RIS n, no— 1. ... 3. 2 BONGERF, oRfny Unt2)

- RWAARIER O(1). JRHLHERE: $55F i A j BEAREOC MRS,

- ARRUEHE: Q18 11-3 FoR, 0% nuns[1] A ATREREAS IS 5 HARSEINTE R, SEE AR
W R

FHFRE

oo
PITE—RIER

FHIFRE
808008
TR E—REREE,
AITTTE 4 BERUERET HE

B 11-3 ey AERRE R bl

11.3 BigHiF

B8HF (bubble sort) JEILIESIM AL S SHAHARTCR LI F . XML EG IR T2 AR — 4%,
54 B
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i 11-4 foR, B RE AT DRI TR A BRI B B e T G AT, MRIR EEE AT R R
AN, WER ETER > AR A BERE, RRRITTR SRS EI AR B .

nuns °g°9°o nuns oaageo

RHEmRm—H e

TEANSEREFRIELL
MEEGBRHESTR:

v HRE > Gk

nums - DX TEE

| Step 1 Step 2

MEZGBHESTE: MEEGEHESTE:

© AR > AATR v EATR > BlTR

o XN TR o R NTR
Step 3 Step 4

nuns 060000 nums g°g°é°

NEZEEFHESTE: MNEELBHENTR:
v EATER < AlnER v EARR > BlnE
. BRAT - TERATTR

| Step 5 Step 6

KIE %

{1

8 n-1 AREAHE |

BHTERSE,
RARERTHKE

Step 7

11-4  FHTCER R ERAU E

11.3.1 E&EniE

REAHNKE N n, EiEPE2EINE 11-5 frr.

LB, Mo AmRMT B, REENERITRE IR IETAE,

2. TR, MR n — 1 ATRIT "B, #8 ROrRMEIETAIE,

3. DU, Z2idn — 148 “Bil0” J5, #in — 1 KROCRMPEHEIERAE.
4. PG —PReERRITR, AR, EIEHH K.
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“BikE  KHIFEE
B9rTE

-~ 000000 o,
HiTE 1 ®ER
000000

HiTE 2 ®ER
R - | -

HITE 3 ®EER

GLE0 ) I

[o, 4]

[0, 3]

WITE « ®EA

0800

HiT# 5 ®EE

088000

FTRHFE (RR—MaRTAHF)

[o, 1]

[0, o]

K 11-5 Bifriite

AEIRET
// == File: bubble_sort.js =

/* BHE */
function bubbleSort(nums) {
/] 9MEIR: REEFEXEN [0, il
for (let i = nums.length - 1; i > 0; i--) {
/] REF: BREFXE [0, i] PHRATERREZXENRGIH
for (let j = 0; j < i; j++) {
if (nums[j] > nums[j + 11) {
// Xig nums[j] 5 nums[j + 1]
let tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 11 = tmp;

11.3.2 MEMK

PTAVEI, RFER “Bi” PREHITE iR e, WSO E SRy, ATERIRESER, Fitk, "]
DA II—PRAEAL Flag SRIETIXFAE S, — BBz B [E],

Zid ik, BiEHEER SR FE AR S T O(n?) ; B4 ARH R E RN, AHAE
BAERAIS 24 O(n)

// == File: bubble_sort.js =

/* BiEHE (rEMmL) =/
function bubbleSortWithFlag(nums) {
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[/ SMER: kHFXER [0, i
for (let i = nums.length - 1; i > 0; i--) {
let flag = false; // #RMITEL
[/ RER: BRHFEXE [0, 1] FRATEREE ZXENRAIR
for (let j = 0; j < i; j++) {
if (nums[j] > nums[j + 11) {
// % nums[j] 5 nums[j + 1]
let tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
flag = true; // IERMWTE

F
¥
if (!flag) break; // It “B” RMEMTR, HIRBH

11.3.3 B

- MEEAE N O(n?). EENHDY: &5 “EI BHSAKERII n — 1, n—2, ... 2 1,
SR (n — 1)n/2. 5N flag RALE, SERAEZRETLSS O(n) .

sl AE N O(1), FRHHERE: $55 A j EERIRROR MOAISNES L,

- REHY: BTE CHI BB A,

11.4 {HENHEF

ANHF (insertion sort) Z— R RAVHEFRIL, R LIRS Fo) M —aIr I R IEFE AL,
BRI, BAMERHFXEEZE P EETR, FizooR 5 HAMEHFR XRFTTRE —ERD, FHR
ZICRAAZEFAIN B,

B 11-6 Jeom 78I A TTRIVIRIETRE, IREMEITTR N base , FAFZRMEIRRGIZ] base ZRIFIFTH
TLRAGRE 0, RER base WES HIRRS,

) =%
280088 -

nums[5] = nums[4]

& 3 #EAE nums SN N
. N FAGTTERAR
EHF R G sesn—n | B EEEE

nums[&4] = nums[3]

£
EEEERE

nums[3] = base

zenss L 2000008

B 11-6 BAUEAIRIE
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11.4.1 EERIE

ENHERF RV RR RN E 11-7 FR,

L WIS, B 1 MR HT.

2. JEBCBERIES 2 N ICRIEN base , KHMAZIEMAES, AR 2 ATReH.

3. JEHUE 3 NTRIEN base , KrHIBHAZIEMMES, AR 3 MR cH.

4. DUHEHE, fEf/e—ferh, JEEEE — IR base , KHEHMAZEMALES, FifixicHy.

BHIFEE

[e, o]
[0, 1]
[o, 2]
[e, 3]
[0, 4]

[e, 51

K 11-7 fEAHEP TR
NIRRT

// == File: insertion_sort.js =

/* HNHE +/
function insertionSort(nums) {
// MERF: BHFEXER [0, 1-1]
for (let i = 1; i < nums.length; i++) {
let base = nums[i],
j=1i-1;
/] REF: B base HEAFIEBHFXIE [0, i-1] FWIERALE
while (j >= 0 &% nums[j] > base) {
nums[j + 1] = nums[jl; // ¥ nums[j] mBGHzI—L
J--i
}
nums[j + 1] = base; // & base WMEZFIEHNUE

11.4.2 HiESHE

- WRERER O(n?), HIERHT: fEREHNT, BUREAREIBIFER/E L — 1. n— 2, ...
2. 1R, RAEE (n— 1)n/2, WILNHEEZRES O(n?) . EBSIEFEAREN, BARERARML
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ke HEABHTEEAFN, BAHTRIIRENAERE O(n) .
- EMERERN O(1), T 1554 0 j SR FEEOV MRS L,
- R ERAREIRES, BRONSRTRBAZIEFLRAAM, SIBEENRIT,

11.4.3 {HENHIFBLE

FBAHEF IR R 2R O(n?) , TEATEREY: S PO F N R E 2% N O(nlogn) . REMAHER
AURTRIE 26 s, (HAEBURRBVMITEOL T, dAHDEEE E ik,

XAEEC S RMEE A 0 EERAE A EIERM, PudFiX O(nlogn) MWAERE TET 2AK
WEHEF L%, R & E 2 TR, MIAESAREEVINE, n? F nlog n MAUEIERNE, SAER
i ESHIN, SRR SATTREEERESIRE RN

Khr b, WEHEES (Bl Java) RINEHFFEECRA THEAHF, REERN: XTREH, RAET
IHERISHIHE R, PInDuEHT, TR, ERERRAHR.

EOREHT, EEHE T RS A HE T I R 2 O(n?) , {BAESZRRIGIH,  HNHEFF MR 5
Fe T HiH R mERy, FEAUTERE,

- BIEHEE R T TR, WEME—DNIRNE R, N 3 N EITRME; MAHFEETTRMES
B, R 1AEITERE, B, BIEHE R RO R R L .

OEFHEF LS R RN REREES O(n?) . WRGE A A NS, BAHDTIE ik
B RCRE R,

- MEREHEE AT, TTEMAT 2R,

11.5 HiEHIF

PERHEF (quick sort) JE—RiE T iaRISIHEFBIL, 1BITERK, NMA 2.

PRIEHE R ORMER “THIERI D", HEMRE: GRS PEDNTTREN BT, Bra /TR
AITCRBBHAEM, AR TEBEBETTRBEHAM, ARG, HXIRREmE 11-8 Frr.
L R R mTC R O, RGNS 1 71§ 2 HEA S AR,

2. WEMES, EERPER 1 (G) 2RISEE - DHEESR (N KR, REHEXm IR,
3. TEMAITH R 2., HE 1M jMHIBNELL, &EREEEERER AT L

Step 1 B Step 2 BER
left ght left ght
v v
ums n ums n
A A A
i j i b

rrrrrrr

# MERARE NI FRERRTER

# WERGRE AT REMNTE

nums[left] AEEH

i+=1

# TR nums[i], nums[j] = nums[j], nums[i]
# BREHRERTRANSRLE nums[i], nums[left] = nums[left], nums[i]
# EEEESHFRS|

return i

# B nums[left] HEEHR

# WNERERE NN FRERNTR

# WERERE AT REMATR

# KW TR

# BREBRERTFHRANSRE
# EERESERS|
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FNE

Step 3 F-3574 | step 4 =35
) left right : left right
v v
ol [ [ [ ][]
A A
i b
def partition(nums, left, right): def partition(nums, left, right):
[ HERIS"
i, j = left, right # B nums[left] REEH i, j = left, right # LU nums[left] REEH
while i < j: while i < j:
while i < j and nums[3] > nums[leftl:  # MAEEAREMIFRRBHTR while i < j and nums[3] > nums[leftl:  # MEEEREMNFRERNTER
3= 1
while i < j and nums[i] < nums[leftl:  # WEBAREMATERMENTE while i < j and nums[i] < nums[leftl:  # WEBEREIATRRMITE
i+=1 i+=1
nums[i], nums[j] = nums[j], nums[i] # REXTENTR nums[i], nums[j] = nums[j], nums[i] # THXBANTTER
nums[i], nums[left] = nums[left], nums[i] # BRERTRERFRANSFE nums[i], nums[left] = nums[left], nums[i] # BREBTRERFHRANSRE
return i # EEAERNFRS| return i # EERRERS|
Step 5 E%:5d Step 6 %54
: left right : left right

v v
nums annnaa
X4

i3]

def partition(nums, left, right):
BRI
i, j = left, right
while i < j:

while i < j and nums[j] > nums[left]:

# B nums[left] JEMEH

# WEREREMINTFRERNTE

nums

B
j
i

def partition(nums, left, right):
IR
i, j = left, right
while i < j:
while i < j and nums[j] > nums[left]:

# B nums[left] JEMEM

# WEBEREMINTFEERTR

j-=1 j =1
while i < j and nums[i] < nums[left]: # NEREREMATRESHTE while i < j and nums[i] < nums[left]: # WERGREMATRREENTR
i+=1 i+=1
nums[i], nums[j] = nums[j], nums[i] # P DTH nums[i], nums[j] = nums[j], nums[i] # SHBXFDTTR
nums[i], nums[left] = nums[left], nums[i] # BRERTRERFRANS FLE nums[i], nums[left] = nums[left], nums[i] # BEENMSRERFRANSIRE
return i # EEEEBAFRS| return i # EEEREERERS|
[ Step 7 ] E %504 Step 8
left right left EEH right

def partition(nums, left, right):

nums

def partition(nums, left, right):
MRS

emERA
i, j = left, right # B nuns[left] SR i, j = left, right # B nums[left] HEMMK
while i < j: while i < j:

# NEREREMINTFRERMTR

while i < j and nums[3] > nums[left]:

51

while i < j and nums[i] < nums[left]:

i+=1

# WERERE M\ FRERNTR

# NEBGHREMATRERNTE

while i < j and nums[j] > nums[left]:
j-=1
while i < j and nums[i] < nums[left]:

i+=1
nums[i], nums[3] = nums[j], nums[il

# WERERE AT REHETR

# ZWXFTTR

nums[il, nums[j] = nums[3j1, nums[i] # T DTE
nums[i], nums[left] = nums[left], nums[i] # BRENSRERFRANSRE nums[i], nums[left] = nums[left], nums[i] # BEEYSERERFHRANSIRE
return i # EEEEBRARS| return i # EEEESRRS|
Step 9

nums

HFHE

‘WIS TRE, WRMTRG
EFSAARTER < BEN < EFREERTE

B 11-8 MHR) o558

LRI G, RS =5 8, Bl A8, B “Er8AEETRE <&
R < HTFEAERITR". B, BN TRATBIZND A THR .

PR HER 1 7 6 R
M1 0 B SR U R — DB AR A HE 7 TR T R D B B I HE e 1]
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// = File: quick_sort.js =

/* TR */

swap(nums, i, j) {

let tmp = nums[i];
nums[i] = nums[j];
nums[j] = tmp;

F

/* HEXID */
partition(nums, left, right) {
// L nums[left] JEHEER
let i = left,
j = right;
while (i < j) {
while (i < j && nums[j] >= nums[left]) {
j -=1; // NEREKRENMNTFEERNTE
¥

while (i < j && nums[i] <= nums[left]) {
i+=1; // MNEAEHRENATEERNTE
¥

/] TR

this.swap(nums, i, j); // XEEXEPTE
I;
this.swap(nums, i, left); // RWEEHRIBREBFHEANS AL
return i; // REIEEHHZES]

11.5.1 H&ERiE

PRIEHE R R AR TR AN E 11-9 AR,

LB, MEEEHIT R WX, [EIRHEFE AT BN T 8.,
2. G, MEFEAMGTFEAEDHNRITHT “THERID7,
3. R, EEFEAEKEN 1NEIE, MIsERE N EEHNHET

- 00080 \
FEEA
L3 [o[5]:)

THEERIS
2

0 4

BRATFHART MRS
BT CBPRAFHAE - EETFHREKERN 1 HAL

, (B aa BIRTSERR AR HE T

RS

08 Be

gbgE | kg & bEIA

8ig
o -]
8.0
-]
-]

11234

/
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119 PesHERr e

// == File: quick_sort.js =

/% R +/
quickSort(nums, left, right) {
/] FEAKER 1 &R
if (left >= right) return;
// HEXID
const pivot = this.partition(nums, left, right);
/] BVAEFEE. BFEE
this.quickSort(nums, left, pivot - 1);
this.quickSort(nums, pivot + 1, right);

11.5.2 BHiESE

- WNRERER O(nlogn), EAEMHDY: 7EFIHET, IHEDHIETZECN logn , SEPK
BRI n, BUAER O(nlogn) WEl, TERZEEGT, SFHEIEIERIMRERR D n A5
SREER ORI n — 1 M T, EEHEEORE n, SEPNERECYn, BEEA O(n?)
I 1],

- BHERERN O(n), FHHYY : EMABHZE 2B FIEN T, BRRZBITRE n, FH O(n)
i A, HERP B E R AR B BT, REBEIMNIE,

- AEREHEE . FEERIDRRE D, FEERRTRER BB TRIA M,

11.5.3 fREHF T AR

MR ERERER th, POEHEFERCRITH N IZBA RS, REPEHFR PN RIS ES “HFHE
B R CHEHRRT IR, (HIEHE ORISR E S, EEALITERR,

- B ERE BRI BAVGRAEFNRERFERE N O(n?) , WHIDHITRE, BaE4R
ZEIENT, PudHEFRETE O(nlogn) KN HIE & NIET T,

© RAMERIRCR S AEPITIHRRIRER, RGN FRAINEE %A, IR RAIRRE
Ho MG “HEHER” XEFRFEBRRVIFITR, MMERZX R,

- ERENEBRRBUN: A=A, PuRHFR LR, A, SR ERER D, X5
AT e CEiHET E AR,

11.5.4 EEHMRK

POEHEFIER L PIII BSCR A RERIC, 25— PHamBlr, Rk ABAZZ2E7H, \THRIMmEes
BRIEUTCRIENEERL, IAENEXID G, BB Rktum, SEAETEHARE N n — 1,
AFEBAKEN O, MEEIARE, SRWERIEE D FEHNKEN 0, 2IARIERN, Pudir
BN “BiEHE” FERIER,

N RERGIXAEOUEE, BT AN SR 53 P I SEHE RN ORI . 04, FefiTn] PAREALIZE — 1
TLRIENEEMER, AT, WHRE A, BREERAFAEREBEE, SRR RN,
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TEERNE, WEESEFEERIE “OhREHLEC . GRS Do BEHLE S — R I LR,
AR 2 PRIEHE P B RCRAT R T RES 1L

NT G, AR DIERAFIER = MeikeR CEW MEANE. B, PRoTR), HRX=1 ik
TR PR BN IEHERL, IXFE—K, FRER “BEA A MEAAR” FERRERIERT . 4R, ATIEA] A
VEHUE 2 RIETCE, DU — IR EEIRIRR Y, RADXFOTIRE, WEERESEE O(n?) MR AK
R,

RHIEATT :
// = File: quick_sort.js =

/% EEN=MEETEIPUEL +/
medianThree(nums, left, mid, right) {
let 1 = nums[left],
m = nums[mid],
r nums[right];
// m1E1HMr 2
if ((L<=m&&m<=r) || (r<=mé&& m <= 1)) return mid;
// LTE m # r Zja
if (m<=18& 1L<=1r) || (r<=18&1 <=m)) return left;
return right;

}

/* HEEXS (ZEEE) */
partition(nums, left, right) {

/] EB = MEETER R A

let med = this.medianThree(
nums,
left,
Math.floor((left + right) / 2),
right

g

/] BRI EIRE AR R

this.swap(nums, left, med);

// LL nums[left] JEEHK

let i = left,
j = right;

while (i < j) {
while (i < j && nums[j] >= nums[left]l) j--; // MEREZRENMNTFEESNTE
while (i < j && nums[i] <= nums[left]) i++; // MEBEAHRENATEEHRN TS
this.swap(nums, i, j); // REXWENTE

+

this.swap(nums, i, left); // REEISHRERTIANS AL

return i; // REIEEHZES]

11.5.5 BI)TFERL

TESEEA T, PO rIRE MR Z . Deaf Pl A B, BB EAKEN m,
M IR R A R 0 WA FBAHAMKEN m — 1 A T8, XEREES—EETEA D
AR RN CURD—A T R), BN EERBE n — 1, WINFEZESH O(n) K/ HE .,

N7 AR RE R, BT DRI e s, B D FREAERNKE, PO BRI v it
TH, BTHRE RN KERSEE n/2, RILIXAIARERANEITRE BT logn , MIMFRZES
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FIEZERILE O(logn) o AU FATR:

// = File: quick_sort.js =

/* REHE (BVFIREML) *+/
quickSort(nums, left, right) {
/] FEHAKERN 1 AL
while (left < right) {
/] TEEXSDRE
let pivot = this.partition(nums, left, right);
/] AN FERPREIB NI TIEEF
if (pivot - left < right - pivot) {
this.quickSort(nums, left, pivot - 1); // BAHFEAEFHA
left = pivot + 1; // BFFRFKXHFEXEA [pivot + 1, right]
} else {
this.quickSort(nums, pivot + 1, right); // #BVIHIEHFEA
right = pivot - 1; // FRFHFEXEA [left, pivot - 1]

11.6 3AHHRF

JAFHHE (merge sort) B—FET IERIBAFERE, ©WEE 11-10 Ry “RIn” 1 “GH7 k.

L RIGrRBe: 8RN WA M U3 IT, R A A HE e ] AU A J 2 A e 1)
2. BB HTFBEAKEN 1 INEIERY, THAGH, R A M N BRI E PR S H N —
KIAFPHH, EEER,

FEEECEED

U HER

) mmwn
IR

BHME

B 11-10 VAFFHPRIXI> S5 EFH T ER
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11.6.1 EHERIE

U 1111 Fow, “XI BB TR R R B2 A s ) o A

L HEHHP R mid, BAAD A TFEEHE (XA [left, mid] ) A FHH (XA [mid + 1, right]
)o
2. BAPRITHER 1., EEFEAXREREN 1 &L,

“BIHHET WIRETR £ F ARG FEHASH N - ME PR, FEEENE, NKEN 1 F8HT
REH, BHMBHHEDN TEAER AR,

(7[a]2]¢] 7[s]2]¢]

#IEARS < #EANS - a
vl { &SRR
LubFeF ( (1S 4
EaH < E#EH <
Step 1 | Step 2
@ooo
EEYS < #AYS <
S ) gﬁgg { - gﬁgﬁ
E#iaH EMEH -
EZXN [sten 4 |

IR BEANS
R %R
EJ1+ 40 LR
E#EH E#EH
Step 5 Step 6
BEARNS < #AYS <
L E] MREA
bR LR
EMEH < E#EH

| Step 7 Step 8
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. @eeo 2000
BEARNS < a‘ an #EAS < a ainw
gg}

L L*{ r ST
EaH - %J

ey
Step 9 Step 10

B 11-11 HFFHRF R

WER KB, VAFFHEF 5 = SR Fe i D i I 2 — 2,

- D JEBAE T, FBIAGA TN, &RIEEERT .
VFHbT . BT e, mENG TR, e EIF,

VAFFHEP R SEERAN DA RIS PR, 1ETER, nums MIRFEIEIXEN [left, right], T tmp AYXTRLIX[E] N
[0, right - left].

// == File: merge_sort.js

/* BHETHANMGTHA «/
function merge(nums, left, mid, right) {
[/ EFEAKER [left, mid], EFHARXEN [mid+1l, right]
/] BIE—DIGREEAE tnp , BTFERESHENER
const tmp = new Array(right - left + 1);
/] R EFEANA FEANEIRERS]

let i = left,
j = mid + 1,
k = 0;

[/ BEAGFHAEBEER TR, #THRHFRNTREESE IR A+
while (i <= mid && j <= right) {
if (nums[i] <= nums[31) {
tmp[k++] = nums[i++];
} else {
tmp[k++] = nums[j++];

hy

+
/] BEFHANAFHAENTRRITREH DRI EEF
while (i <= mid) {
tmp[k++] = nums[i++];
b
while (j <= right) {
tmp[k++] = nums[j++];

I
/] RIRETEE tmp HRITTEREFIEIELA nums BIXTRZXE]
for (k = 0; k < tmp.length; k++) {
nums[left + k] = tmp[K];
+
b

/* VAHHERE */
function mergeSort(nums, left, right) {
/]l &1L H
if (left >= right) return; // HFHAKER 1 BLIEE)T
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!l RIDBER

let mid = Math.floor(left + (right - left) / 2); // itEH=
mergeSort(nums, left, mid); // B#IAEFEA

mergeSort(nums, mid + 1, right); // B)3HEFEHA

!l EFMEE

merge(nums, left, mid, right);

11.6.2 EiEisE

- HEEZYEN O(nlogn). TEEERHEFE: WAFEREN logn WEITH, SREHIEIREEGR
Hn, FHESAREZZEN O(nlogn) .

- SRR O(n). REHHE: BITRRES logn , B O(logn) A/NRMEZST, SRR
SR BAII, (B O(n) A/NGHISNEH,

- RSEHDY: EAIRLENR, MSTRNR R,

11.6.3 §ERHIE

MR, VIR T R R R A B0, W BLRBERHPFES B MEREMILE O(1) .

- RrBBE: ATDUER] OB B BT SRSSEIRERI > TR, AT KA A AR A,
© AIEREY: fERERT, TREMERCERRSCES I (EED) BIRTSCEL, RMEFHFME RN EE P E
RAEHN-DRAFHER) TCHMOTEIIMER,

HAASCIRANTT LR 2%, AR 1R 7] DA RS BRI T2 5

11.7 HEF

Tip

BEATTHT, IEMRRE 5 " &=,
MR (heap sort) &l THERURGT SRR 7 Rk, BATAI R EEEIE R “EHERIE"
“TLRHHERIE" KB,

L. BRI/ N, R NT R AT HETH,
2. AWAAT HIHERRSE, RUGCRHHETTER, BIRREIWNERHF RIS,

PAETTEEEIRRIAT, (AREM— MIMER R RTTER, RS, £k, BABEH EH
— RS AL AR SC I T Ko

11.7.1 EZXEE

BRI n, HEHEFRIRRE 11-12 For.
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L W ABEHFFRNLR T, 5ERUE, RATTRATHETL,

2. BHEWOTR (B—1ER) SHETR (BE—1MER)

2EEML,

3. MHETITCERITAR, MIREIRIITHELERME (sift down),

4. TEIMAITE 2. BN 3. . 1B n — 1 40)5, BIRTSERBEi .

SERMHE G, HERTERGEIEE.,

A, SRR, HERTKER 1, ST

Tip

Kb b, SRR RAUES 2. PNE 3. », HEZ T PRSP E,

SEHEF
1. MAMUBHRE
000
o ENZRERE
Y stmmnn
- Q08008
TR BETR
[ Step 1 J
SEHF

1. WABHEE

2. EFMEPRIBATR
(1) ZHEMTRSHETER
(2) MTERE#THN

ERERKE SHFXE

w (0080

| step 3 |

O
@ @ s
1. BANBAHRE
000

2. fEFMERRIVBATE
HNEREE BHFXE

(1) STHETITR S RETE
w: (20000

(2) MTMERFTHEN
[ Step 5 J

%

0060

EEMEE BHFXE

nums —/_aﬁ\
Step 2
[ 4]
© (GD
000

ERWENKE SHFXE

w DD000

Step 4

§ o
ooo0

ERERE Emszm
nums _ -éh 3 -

( Step 6

SEHF

1. WNEEEFERE
2. fEFMERRRBATE
(1) RWEMTRSHERTR

SEHF

1. MR
2. BEFRMERRRBATR
(1) HBETRTRSHERTR

SEHF

1. WABEHEE
2. fEFMERRIBATE
(1) ZWEMTRSHERTR



FNE

www.hello-algo.com

228

[ )
é %

000

HHENRE EHFXE

w: (BE0000

l Step 7 ‘
K
@ @

000

BHENRE SHFXE
w (00808

| Step 9 ‘

o
o o
000

ﬁﬂ‘]ﬁ‘kﬂziﬂ Eﬁnf Xia
- 00000

|5tep 1|

SEHIF

1. MNBRHEE

2. EFMEPRIVBATR
(1) REEMTRSHETR
(2) MTREREH#THN

SEHIF

1. BABEH R

2. EFMERRIBATE
(1) ZHSEMTRSHETE
(2) MTERBTHEN

SEHEF

1. MNBAFHEE

2. EFMERRIVBRATR
(1) ZHEMTRSHETR
(2) MIREREH#THN

-

y
A

(-
-]

©
-]
-]

HNERXE EHFXE

s (ESEDE

Step 8

000

SENENKE SHIFXE

-~ H00000

Step 10

o
e o
0060

EHFXE

- 00000

Step 12

SEHF

1. MNBERF R
2. BIFMEFRRBATR
(1) HBETRTTRSHERTR

EHF

1. BWABAHEE
2. fEFMEPIRIBATE
(1) ZWEMTRSHERTR

SEHF

1. MINBURF R

2. BIFRMEFRRBATR

(1) HBETRTRSHERTR

(2) MNTREFRF T

3. FR—ANTEEARE, HFTR

B 11-12 HEHE PR

TERBSSEEA, BAMEM 75 “HE” E=AHERIRMIRE R sift_down () BRfK, (EIFERERZE, HTHER
KESPEERBEATTRMEVD, FHBIFFES sift_down () RERMN— N KESHE n, HTHETHN
HRTERKE, I RATR:

// == File: heap_sort.js =

[* HHKER n , MNTR 1 FFE, MNINEERHEL +/
function siftDown(nums, n, i) {
while (true) {
/] TS 1, 1, r PESRANTSR, 124 na
let 1 =2 %1+ 1;
letr =2 %31+ 2;

let ma = 1i;

if (L < n && nums[1] > nums[mal) {
ma = 1;

}

if (r < n & nums[r] > nums[mal) {
ma = r;
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¥
// ETSE i BAHES| 1, r @R, WALk, B
if (ma = 1) {
break;
}

/] AT R
[nums[i], nums[mall = [nums[mal, nums[il];
/] EFETHEL

i = ma;
I3
/* EHEE %/

function heapSort(nums) {

/] EEER(E: HARRH T RN EMEIE TR

for (let i = Math.floor(nums.length / 2) - 1; i >= 0; i--) {
siftDown(nums, nums.length, i);

+

[/l MHEFREERRATR, BF n-1

for (let i = nums.length - 1; i > 0; i--) {
/| RBBHRERAEHTR (RIEETESETR)
[nums[0], nums[il] = [nums[i], nums[0]];
/] VURTRAER, MIERHFTHEK
siftDown(nums, i, 0);

11.7.2 Hiki$E

- WREZER O(nlogn). FEENEMHT: HEHERIEMER O(n) B, MWHEFIREURATE RO &
ZepEN Ologn) , HEAEFR 0 — 146,

- SSREZREN O(1), BT : JLAMSS SR O(1) 20, 78BS AR 1E O |
T,

IR AR RN RTINS E R AR BB AT R R A

11.8 HHiF

AT LR P SR E R T "I T R SR, EANEN TR AR AN R, P RIRR
NEERETHEER O(nlogn) . # K, FATRERNUM “GELCRHIFEIE", BRI B E AT DUS
LR

#@HE (bucket sort) ZIMARMSGH — DI, Eild R E 2L BAAR/NMIF IR, xR — P8
TEVCH], IR IS 5, EEBIRNERDBIAITHY  REHLIMEINT R FTH SR &
7o

11.8.1 EZiEE

FE—NKER n WEEH, HoR2EE [0, 1) NAIRFEAE. WHEFmEME 11-13 Fir,
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L. ¥atk kM, 3 n DICRSELE] kMR,
2. WEMMATHERE OXERAHEES NN B EE0.
3. AU NEIR BN & FF45 R,

4
ﬁ?ﬁfj BHEHE, BEEHF
S ECEIRS R A9
1 HEMEST
buckets S HE
HFEE lo, ‘6.\:2) [0.2; 0.4) [w.z//; 0.6) [0.6, 0.8)
/ RIS
y ot / i AHER
SRMAE r
nums
11-13 M BN
SN RRR:
// == File: bucket_sort.js =

/* WEHE */
function bucketSort(nums) {
// % k = n/2 M@, RS MENE 2 MER
const k = nums.length / 2;
const buckets = [];
for (let i = 0; i < k; i++) {
buckets.push([]);

+

/1. BEHATESBRIZNMEFR

for (const num of nums) {
/] WNEUESEEA [0, 1), FH num * k BRETEIZESSEE [0, k-1]
const i1 = Math.floor(num * k);
// B num FIMHR i
buckets[i].push(num);

+

/l 2. WEDERITHRFE

for (const bucket of buckets) {
/] ERREHF R, WrIBRmEMEFEEE
bucket.sort((a, b) = a - b);

Iy
/3. BHBEHER
let i = 0;

for (const bucket of buckets) {
for (const num of bucket) {
nums[i++] = num;
}
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11.8.2 HixisiE

MHERPIEH T B A BIR ARV, BN, SRR 100 AR, HTERERG, RENFILE R
YEInEP AR, I, AT DCRFEAE 725k 1000 M, RJe 25l S METHY, REREREIH.

- NREREN O(n + k) © RTRESMRN T2, BLAFEMRNRTCREEN 7o Bir
SAMEEH O(F log 7) WE, MHFEFTERGER O(nlog 7) IHl. 2k & LREORR, IhE A
JEMEn T O(n) . AIFSERNFERTFTIAMMTE, £25% O(n+ k) NE, EREHLT, A
FEB MRS — M, BHEFIZAIER O(n?) KT,

- BMERERN O(n + k). BT FEMED kMR n DNTTRNEUNE L,

- MR R AR BUR THEF A TR IR ST,

11.8.3 HNEISCINFIY 53 e

FHEP RN 2 2 BT USR] O(n) , REAETRCRI S ECESE AN, FOyRbREdREE 2
5o AR, BN, BATEER = BRI R R Z TS TEEFE IR 10 M, ER RIS A,
T 100 JERAER 2, & 1000 JTHYAER Do ERATHSIXRIFEIRI2 0 10 4, S MR R R E R S
FEH K.

MK, BATA DA — S RBMI 0 Rk, KRRty 2 3 DA, srlse in, FRREmish
BRSNS R 3, HEFAHETSRBER KB,
QuiE 11-14 FoR, XA EAR R ER AR AR, HARZIEH T REER TR, S, AR R e
FRBARER 2N 3 M,  BARKI 75 AT AR SR s R TSR

AmiiE
(R BiRHIDER
BES — 65y 20% 15%
MigXiE #ESEE
MEEIE — 199 100-500 >500 <10 18%
10-20 13%
20-35 12%
18% 35% 12% 35-50 10%
50-100 12%
<10 10+50™ 50-100 o
1 100-500  20%
- : @i >500 15%
13% 12% 10%
10-20 20-35 35-50

K 11-14 #B)A%I 4
QR MR AT B S A A AR A, Wl DARRIRBARRER A BE R R B R o i ek, ERTERRE,
BRI HA —ETERRESE, ] DURIEBURERE SR SRR SR TIE B

i 11-15 Ao, BATBOZ R AR IE S 045, IXAEREA] DAE B A DXTR], MRS 145 20 i
E2IES S e
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HEHE

0.4

0.3

0.2

0.1 \

" 3 10 25 80 200 o ESRNE
- 0 0000 O

Mi&EE <3 3~10 10~25 25~80 80~200 >200

B 11-15 FRAEMER 16 K A

11.9 it¥HIF

HHHEF (counting sort) JEI ST TREER I, 185 N TR,

11.9.1 EASE

KRB —MRIIGI T, 27E — MEN n 95 nums , HAPRYITREZ “E0UREC, TR IR IAR
FRUNE 11-16 Fm,

1. B, HRHEPRAET, IEhm, RECIE—NKER m + 1 WHBIEE counter

2. 6B counter SEit nums B FIIBBLREL, HA counter[num] XM ECF num BYHHELIREL, it
FrFARME A, HFEES nums GRHRTEF N num), 4K counter [num] 41 1 BIF],

3. HF counter BRI ERGR, HHYTFIaETEsHz4r v, 8 7K, BB counter
FRAE A B B BN N BRI nums BITA,

FHIFH4E nums

T BA nums HATSEFHOHIURE
A% v N counter[num] XF& num MIHIRE

=3l (& 12 3 &
F)
A counter a 2 a 2
| & counter , H{EHF

‘ \ FRRHIUABEEN nums BIA]

HRMA nums
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K 11-16 HEHEFRA

RIS PR
// == File: counting_sort.js =

[* HEHE */
// ERXEI, TEBTHREXR
function countingSortNaive(nums) {
/] 1. FiHEERATER n
let m = Math.max(...nums);
/] 2. FIFEHFHILIRER
// counter[num] X5k num BIEHINXER
const counter = new Array(m + 1).fill(0);
for (const num of nums) {

counter[num]++;
+
// 3. & counter , BRTHIENEELA nums
let i = 0;

for (let num = 0; num < m + 1; num++) {
for (let j = 0; j < counter[num]; j++, i++) {
nums[i] = num;

h

TR S HE R R R
MHHEFP I R, TR DLRE HH 8 R B HH B counter BIBEDR T I — P, Ktit#
BRIEEERS N ITR R AN, AR E, R RS E T8 — DR,

11.9.2 TES]

AOATRE ATRERIL T, WERMABIRRNSR, ERPE 3. SRT . M ABIRE RN SR, 8%
SR s TS CERIR A R) MNramad THiE, m RSB RS T4 R,

ARG A GEAS 2 BRI HE P 45 SR ? BATTE e counter B9 “HIZEAN", A E X, &I i AAIRTS
M prefix[i] FFEEHRT 1 NITEZM:

prefix[i] = Z counter(j]
3=0

R AR X, prefix[num] - 148FKILE num 785BI res hifa —RIBIIMZES], XM
BAERE G, RAEERBMS N TEN 2 HIESREANINMIE, BTk, BA1E 7D EEEH nuns
FIEDNTCE num, EERIERFHITUURHS,

1. & num KU res IIRS| prefix[num] - 14,
2. ZHIZA prefix[num] B/ 1, ISR RRCE num RS,

wsEE, B res FRUEHIF ISR, &IGHEH res BEFEEAH nums BIA], & 11-17 @R 75280
P R,
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A nums

HF num
HEHA counter

[ step 1 |

¥4 nums

LERMA res

HF num

WM prefix
(counter)

BFER nums RERENTR num ,

EF nums HEEMIFHIHIRE
counter[num] A& num BIHILRE

:
CoEREEaEEE
([ [T L[]

HIRIT:

1. ¥ num N res WF3| prefix[num] - 1 &

step 3 |

R4 nums

LERBA res

HF num

HIZRH prefix
(counter)

FIFFER nums FRSNTRE num ,

num

:
CoEEEROEEE

o

S
]

1 2 3 &

EEEEE

SIHIT:

1. ¥ num AN res M&K3| prefix[num] - 1 &

R¥EE nums

LRBA res

HF num

HIZEH prefix
(counter)

goREEReEEdE
EEEEE

2 1 2 3 &
LEEEE

HREHAEHYRE, HENEDIRER
B res PRREHFNER

HHEHER B SSRGS AN TR :

/I =
[* HEHF «/

File: counting_sort.js

[/ TEXLI, ATHFEMNER, HERREHF
function countingSort(nums) {

2. SHIZEM prefix[num] BR 1 , MBI TRKE num W3]

2. 2FIEM prefix[num] B 1 , MTBEITRKE num M35

11-17

B nums

LRV res

BFom 0 1 2 3 4

itH counter MFIZM, i2J prefix
prefix[num] - 1 €% num 7 res FRE—RHANES|

HIZEH prefix
(counter)

[ Step 2 ]

¥4 nums

LR res

BFEom o0 1
B prefix nan
(counter)

BFERH nums RHSNTR num , SRHIT:
1. ¥ num A res WF5| prefix[num] - 1 &
2. SHEM prefix[num] BE 1 , MEEITRKE num B%S|

Step 4

RE4 nums

LERMEA res

BF num

B prefix
(counter)

BIFERH nums HESDTE num , SRHUT:
1. ¥ num A res WFRS| prefix[num] - 1 &
2. LHEM prefix[num] BE 1 , MEEITRKE nun HER5|

e

RE4A nums

HERWA res

Haanaaaaan

BFoum 0 1 2 3 4

B prefix
(counter)

LR res WEEREHA nuns BIFT

Step 8 ‘

P P 3R
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/] 1. SFHEBAEARATE n
let m = Math.max(...nums);
/] 2. FITBHFHLIRE
// counter[num] & num BYHIREL
const counter = new Array(m + 1).fill(0);
for (const num of nums) {
counter[num]++;
+
// 3. X counter HYRIZAM, & “LIAE HigHn “BERsI”
// ED counter[num]l-1 2 num 7 res FRE—XEMNZESI
for (let 1 = 0; 1 < m; i++) {
counter[i + 1] += counter[i];
+
// 4. EFER nuns , BETRENGERIA res
/] ¥IEHER res BTFICRER
const n = nums.length;
const res = new Array(n);
for (let i =n-1; i>=0; i--) {
const num = nums[il;
res[counter[num] - 1] = num; // ¥ num HREIIXNZES|L
counter[numl--; // SEIZHMER 1 , FEITXAXKE num HZ5]
+
/] ERERA res BERHAE nums
for (let i = 0; i < n; i++) {
nums[i] = res[i];

}

11.9.3 EEisE

- WEERER O(n +m). IEEENHT © W8T nums F&E D] counter , #E LRI, —R%
BREn > m, NEHEXREET On) .

- BREZER O(n +m). EFEHHNY: E8 T KES 510 n f1m K% res Fl counter

- FEHPY: BT res HEEFTEMITE WAL (19, FIEIFED nuns AT DA B AH ST
R RN E, WS EHT, b b, IEF&EDT nums AT AR ERIIHEF AR, HE5HE
EAFRE R,

11.9.4 BMRE

BRXE, FUFSWEGHEHFIRESY, (oad gt EaEminl DS HEp . Am, AT
AIRT B SR AR O 4%

by G TR, AR T H AR, i A 8 v] I O AR S, FFH
FERHOS R AP RERCE S D IT R Z IR KNSR R BN, X T & BB B, T DURA TR BT
ME—NEE, BT AONER, Hrsepamm X,

HEHF ISR T8 BB EIRIE B BT, tean, 76 BRRBIT m REERK, S& &S 222,
i n < m b, HEHFEH O(m) WNE, "TEEL O(nlogn) MIHEF HIEZE,
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EEAET U, SIS TR R n BOCBEIRTEE m BN, BIRRIIFREN n = 100 M
BHTHY, Mi¥SR—A 8 MHT, XEWETIREE m = 10% %K, MAHEHFRESEARA
fradinl, TR n] DOBE X AP R O

BEHHF (radixsort) FIROEAS HEHNF 2, MBS M ECREIHEE ., fEiEa b, BBHEEH)
BTS2 FENEHERR, RO —AHETHY, WM EIRZAIHF SR,

11.10.1 E&RiE

DAZES ARG, BB IRACRE 167, Rsfo2ss 8 A, HEEHFRIRARIE 11-18 ik,

L. Watehidk =1,
2. WHESHE kAT HHEEHNT. EUR, BIRSRIES kNIRRT
3. K kN1, AEIREPER 2. REER, BRI AEHET SSRGS R,

HNBUE nuns . . SULSHE, HEE 8 {1
1 2

4 HFE 1 i HFS 2 % 37 {1 BHFER

10546151 35663510 35663517 10546151

35663510 88906420 88906427 30524779

42865989 10546151 82060337 34862445

34862445

81883077
88906420
72429244
30524779
82060337
63832996

Y
&
[ay
=

34862445
63832996

81883077
82060337
42865989

30524779

81883077
30524773

42865989

63832995

K 11-18

B2 EE TR O RPN

35663510
42865989
63832996

72429244
81883077
82060337

88906420

NEFEHTAESEI, T d RIS o, EREOE kAL, , ATRUMERR R AR

x
Ty = LFJ mod d

Hrit | o] FORAIEAR a 1 FEE, T mod d Fort d BUE (A, M F#E80E, d = 10 Hk € [1, 8]

[e]

HAh, BT Z MBS EHE A, (2 n] DARIEECTRIEE kA8 THE
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// = File: radix_sort.js =

/* 3REX7tE num B95E k fiI, EA exp = 107 (k-1) */
function digit(num, exp) {
/] BN exp MHE k ALUBREILREERITRRIVRAITE
return Math.floor(num / exp) % 10;
}

/> iR (RIE nums 5 k (UHE)  +/
function countingSortDigit(nums, exp) {
[/ HHEBNASEER 0~9 , RILEERKER 10 LA
const counter = new Array(10).fill(0);
const n = nums.length;
/] it 0~9 FBHFHIHILREL

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

const d = digit(nums[i], exp); // 3KRBX nums[i] % k fi, i2# d

counter[d]++; // Sit#F d HIHIDREL
+
/] KEIZH, B “HIANE BN “HEERS!
for (let 1 = 1; i < 10; i++) {
counter[i] += counter[i - 1];
+
/] BFER, RIEERAITER, BETREN res
const res = new Array(n).fill(0);
for (let i =n-1; 1>=0; i--) {
const d = digit(nums[i], exp);
const j = counter[d] - 1; // 3REX d E¥AEFHZRS] j
res[j] = nums[i]; // BHBITHREANES| j
counter[d]--; // ¥ d B¥&ER 1

+
/| FERERBERLE nuns
for (let i = 0; i < n; i++) {
nums[i] = res[i];
+
+

/*x B#HE */
function radixSort(nums) {
/] REEANRATE, ATHERAMEKR
let m = Math.max(... nums);
/] FEERMEAEEABIREET
for (let exp = 1; exp <= m; exp *= 10) {
/] JWEAETENE k (UHRITIHEEE
// k=1 ->exp =1
// k =2 ->exp = 10
// B exp = 167(k-1)
countingSortDigit(nums, exp);

It 2 NEBARBIT 4G HER?

FEESHIHF R, E— R S E ST P RIEER, 250k, RSB —HF4 R a < b,
ME_RHFPER a > b, MLEANEEREIIE IR, B TRFIEALLEHE TR

i, PRIERIZISEHRF AR L,
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11.10.2 Ex45t%

BT IR, B PE R T RUETEERORRIIE O, HATHE R BRI ] DARGR M E MR, HAE
BAREIS K, BN, 12O NE & (A EEET, ROVHAE kK, ATRESEEE 2 O(nk) > O(n?)

o

- NEERER O(nk). AEAERHET: BEBIEEN n, BdEN d BEHl BRAEO8 k, W R—Ari

TTHEHER O(n + d) W, HFATE kAER O((n + d)k) W, JEHEELT, df k&
BN, WRERE‘R O(n) .

- BRERER O(n +d). IEHHDY: SIHEEFHER, S8 TR n fl d FEE res

K1 counter .

- R M BEEERER, BEEHET AT ST ARER, B ICA RIS SRR

HEFP 4R,

11.11 &

1. EREH

- BiEHEE S HAR R R R LB, WA — RS ARSI AR A, AT TA] DR B e

R R E A E] O(n) -

- FAHFE SRR X E AR TTREAZ CH T XA ERCE, WMy, BAMAHFR

IR ZEH O(n?) , (HETRATTERMEHEN D, R NS R HE T 55 T I 2 i,

- POEHEE R T ISR BT . RIS, A TRERRIRERE I E R 2 R, S BINTAIE

HESIE O(n?) o BIANFABEEESEREN ST AR OX RIS ) e 7
XIH], FIARGRNEIHRE, HEEEAERAE O(logn) o

- AFHHEE RIS F AR, SRR ATL T ARG, EITFFHEE T, PR T A B AL

¢, ZREREN O(n) ; RmHFRERNZRERETUEE O(1) .

- MHER RS =R BdEO. MNHEEMS ISR ERFMATL T TakES, S TEIRARRAK

AITEOL. AHER AU SCBEAE TR BdE Rt T2 70 i

- HEEHE R RAHT R MR, BE g SR IR RBOR SC B, B E ) TR R ORE

BAEEEA RIS, I HEZSREIRRENS F N IR R,

- BB R A R S, ERERERE W RN Y B E A T
©ORHBR, WA ERE - AHEE R, BARRCR. RBE, R DI BIERM SR, S, 1R

BRI EIR A, 1A — M RIS R e AT X 2 A . SRR A, B 175 AR
BHERIR R R ISR B I,

- B 1119 X T iR EIRARCR, R, At R B &N R,



B1E HF www.hello-algo.com 239

BfiEE A SRERE i
B 5 -~ - BEl M EEEl ETHR
EEHF O O(n?) o(n?) 0o(1) EEET B EEEN bR
;Engzk)r% . BiEHE O(n) 0o(n?) 0(n?) o(1) BE B BERL (1437
BANHE O(n) 0o(n?) 0(n2) o(1) BE =] &L H i
BuEHF | O(nlogn) O(nlogn)  O(n?)  O(ogn) | HEERE B EEER b
é”}f.fj’f) 1 J3FHFE  O(nlogn) O(nlogn) Ofnlogn)  O(n) BE R FEBEN bR
BHF | O(nlogn) O(nlogn) O(nlogn)  O(1) HEE B EEEE R
#HF | on+k) On+k)  OM)  Omn+k | BE R EEBN IR
iﬁcﬁiri HEHFE  On+m) On+m) On+m) Omn+m) | BE RN EEER R
EXHEF  Onk) Okl  O(hk  On+b) | BE R EEEN kR
n AHEEAN
£ th #* ‘ HHEEP, k hiENE

HHHFES, m URIEEE
EMHED, k ARAMIE, HiER b #E

K 11-19 HEpRENL

2. Q&A

Q: HiFEEREHEMT BN N EAFER?

EHSF, BATERRERTNRNENB I THE, flan, AL SR NEE, B ELH]—
MNPy FeteiREAiHTHE Y, 1550 (A, 180) (B, 185) (C, 170) (D, 170) ; X H&E#HITHF.
HTHFEEARRE, RIikrlaEfS8 (D, 170) (C, 170) (A, 180) (B, 185).

AIDARER, 224 DM C I ELLE T, WaANEREEEIRT, miXERIMNAHEERN,

Q: WHEXIDH “MNEEEEIR” 5 “MNEFEEIR” B R] AR HIE?

BT, HIMARLCUTCE NIRRT, 25E “INEEEER” B “NEFEER, NS ELREN,
BAIRET— TR,

MHSERI 5y partition () MRJa— 22 nums [left] Al nums [1] o SERAHRE, FMER I 7C 2R AR <= 5
R, IR R e fa — 2038 Htiif nums [Left] >= nums[i] BFRKAL, BIZFRAE “NEFEEER”, LR
AR LRERE K ICER, WMSAE 1 = j kSRR, BTEE nums[j] = nums[i] > nums[left],
LR, RGP SRS — D R ERCE R T 2R B A R o, S X5,
B, hEREE [0, 0, 0, 0, 11, WHE “NEMAEEIR”, WHEXls A [1, 0, 0, 0, 0],
XA EERISEARIERR,

FRANEEZ T, WRBANER nums [right] MFEEMEEL, ARAIELF OISR, &0 “DEEAEIR,

Q: XTPIEHFINRIIREMAL, RN LIREEEHRERIEE TR E AT logn ?

JBIRE L Y AT AR B IE T T RS R, BRI X BA TR R BN 5 AR 5, EBTREAN
WG, M REANTFRAEKERANEFEHEERN Y, REREEN, —BEN—FKE, TorK1EH
REFZ logn o

B R GA R B, BRATE T RESIESHNB N K ERRIEE, REBW R AN, n—1, ... 2. 1, &
INRE N n o JBIAIRE M AT DUEE GRS il B
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Q: YA P TCRAMEN, POsHE IR R 2% 2 O(n?) 182 A b EX R L1512

M. NFIXAEN, v DA IS ISR A o =8k /L B RTEMERL (A Rz
JVNFFIRTHIMEL D EIRSTTET, BMATTR AT, NI BRI sE .

Q: HHERF ISR HE 24% 202 O(n?) ?

BEWMT, FrETERAER— M, GERRARA A O(n?) SHkHIFXLETTE, Wi fE
W O(n?) .
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F£128F #74

Abstract
MEHOR 2R, B — IR &S E o E R,
DMEZRT = PERNFEL: NERME, —UEAHEE 2
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12.1 #aEE
9378 (divide and conquer), 2FR3MIG2, & —MAEF EE HH WHYE LRI, /Ma@EwEETEAH, &
8“7 M98 MNP,

L g3 (RUITEED : BVTHCRE R RIS o D2 1o, B R ENE RN T FEN 2R L,
2. 16 (BIHHED : NEAIRER/DTREITR, MRETHCR 1 AT S, I B 5 A

HfiE.
niE 12-1 Fow, “VAFEHERET B TESRIS AN 2 —,

L g3 @A R (RMED K R F8d (7)), E8FHARR TR (Bh TR,
2. 16 WEETHR AP (FRERR) #ETEH, NmEEERREEE (R .

rooa (RIS
B)

BMFiERE

- A (EHEH
B)

B 12-1 JAFHP R R SRS

12.1.1 fATHIERSEIRER

—ANRBREIE S ERA DA, 8 R A% LN L HITREE,

L. FVEIRTCA R [ RI R AT DA RS /)N, RO TR0, DARZRERS DA A1 77 s A st T8 o
2. FIJSURMNIN: FREZ WA ES, DAMKE, A DRSO,
3. FRERMMTAETF: R R & 7 RS K,

BAR, VAHHE R DAL =AW,

L. MUSITCA R B R (RAED I A 78 (D,
2. FRISURMNIE): DR DU THE R (7RI A] DU HE TSR .
3. FREMMTUEH: WNEF R (FREE aJEHF N —DMERSAE (RREERR
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12.1.2 @I EIRAME
SYEAMU] DU RO RO, AT DA EIEReR, TR AT, PudiHi. VAR, e
FHB TR, B, BAHFEE, LR IR T 99450,

M2, BAIREELN: Mt2smian] DRIP RS, HORZZHR2? SaiE, KRRE A2
T, BTN R T RIS IO SR AR, X L RIRCR N 2 LU B R ORI RS R S 2
XA R A] AR EECE A AT TSP 75 TR I 18,

1. BFHEMRK

DL “EHEE i, FALE KRN n BT O(n?) MTAL BISBATHIRE 122 iR,
BEM A NP TAEL, RIS TEE O(n) M, HFESNTRATE O((n/2)?) HH, &R
FREATE O(n) W, MARFIEREN:

2

O(n + (g)2 X24n)= O(% + 2n)

FEEEEEEE FEEEEREE
by

o(n)

BiasF BigHF BiadF
o(n?) 0((n/2)2) 0((n/2)?)

DEEEEEEE

Bfx o(n2) Bk o(n2/2 +2n)

B 12-2 KBt Em B iEHT
FRR, BATHELATAERX, BB 739375 BRI 5 e 5

2
n2>n—+2n
2
2

5 N
- _9 0
n 9 n >

nin—4) >0

XEWES n > AN, QRREREEERED, HipReRRIgER. HER, W0 ERIR R A E TR T
7k O(n?) , RREREHIEBINENT,
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A, WERBATHE AW ARSI A R, B B AE DT RN E R e ?
IXFURESLRR Bt “UFIFHERT, WREZREHR O(nlogn) .

BEE, GRERMNZSBEERINRD R, FEEHIRIDN kAT EATR? ZAEIS “fHr” JEH2E0L,
EAFREAEHFEREYE, it ENEERE ISR O(n + k) .

2. HTHERKK
BATABE, A RE) T B A2, KEt@EHE T DOHTRR. b2, 6 AT ARRE TR
IEEARE, EAHRTIRERFIIFFITRA.

HATMMAE AL AL BB IR U HA R, ROV R GER] DARIIN AL P 22 7[RI, 58 A8 70 HOR A T8
TR, AT D SRR IB TR AL,

FRANTERE 12-3 Fomfy “MiHER” w, BATR iR BRI BCE S M, WIRERE AT A AR B HE PR S5 70
B MR HEIT, EREEAHER

TTE

12-3 PRI THE

12.1.3 8ERMA

—J7H, iG] PARRIRRVE 2 2 LR A,

© FEREGE RN ZEIRE SR R RN, SRIE R PRI B RN, BRI R SR
TR XS o

- ORBEEERIL: U0 Karatsuba Ji%, BRAEEEERE 2N LB N E ISR,

- JERPSRIL: BN Strassen HIE, ERATEREIRIE M0 2D/ INERERISRIENINE,

- DOESERE: POESE TR AT DOBI S AR, X2 BV 6 SRS R .

- ORMEREX: DA, ARATH AR TR, BN DTS — MR KR
W Al AT DA v B AR, (R BhIAHHE R BT SR
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T3, SHAERIENEERAER R M SRRz,

C D ER CoEBRERERFEANTRRIIL T WERSY, REHYE HARMES RTTRE LR,
OUEHERRIR—FIX 1A, FFAERIR X AT R B =70 41

- VPR ATRKENEH, S,

- POEHER . PREHE T R NMEWE, REEBH IR FRE, — DB TTR AR E D,
55— FREAARITCR LA R, B PER AT AR 0180, EEFHANF T IR,

- WHEE . MHEE A AR R EUR D BE 2O, e IRNETTRI T, &ERS R
TERMKIXE, MMRE—ME .

- R Bl T SRR, AVL R, LR B A, B+ BESE, EMIRERL. FEARIMBREE SRR AT DA
THESRME IR o

- HE: HERRPRIRETE A R, HAAMRCE, WAL MHERAIHE(L, SRR EETRR S T 0TRR) B4R,

- A E BRBTH A AERNMAING, (BB RRRTT R BN T 3 iasks, fln, st
HEFP K BER S LR, DU A& IR,

FDAVEH, iRl “EPgies” WRIERA, REESMEERSBURSZ T,

12.2 9812 FEER

B, MREEDNHAK,
C RANER: CEOBFRIESHIIL, HEERER O(n) .,
- EIERHEER: TR BRI SRS B, R A A O(logn) % O(1)
Sebi b, WA O (log n) ISR IRTH RIETSARIGIBIN, HIin — 5 BT,

© S ERNE SR EBAHTERERTR) AN (SRR BT
), XM —ERSEEE s R B BT R ik,
- RN EAIER, TEIERRL AVL R, HESEIRG T, SRR RS2 EE N O(logn)

o

o BRI IHAREEN N TR,

- ISR PR " EPOBFHR R R (TR T EH) DT (B — T &
0, X R T RN H AT R KL,

- FRSURBNIN): £ ERH, SR DR, e SZ H AT AR,

© PRSI EI: o EREEER —MEETR, RARER FRIEEHT S, 47
SRR, BRI 2 R NS E R R

IMAREMSTRTHE R, AR ERENRILREL AR —MED, MG R0 BUHERR—Fi%
Wi,

1. BEFRakn=—a8H

FEZRIETH, Zo&EPEE TR 050 SBIK, BERMET G GBI KREHE,
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Question

BE—DREN n ERFEEAH nuns , HAFFTATRERE K, 1EEHITE target .

MIMEFIRE, TATAERXE [i, 5] M REIFREICA f(7,7) o
PAERIER f(0,n — 1) Jylddh, (@id DA NS EEAT — 2 &k,

1. WX [i, j] (R m, RHEEHR SR,
2. FEITRARMUBLR N — K9 T, ATREN f(i,m — 1) 8 f(m +1,5) .
3. fEIRE 1. R 2. %, EEHE target SUX AN AHHEL,

B 12-4 JoR THEREA A 0 EHOTR 6 B iaiE i,

(o, 3) ann 12 15 23 26 31 35]
A
n W
(2, 3) [1 3 nn 12 15 23 26 31 35]
A

m

\ 4

BEREBTE 6 MW&KS|A 2

B 12-4 —ERIIEERE

ESHREH, AT EITFEL dfs O FKRMIE £(i, ) -

// == File: binary_search_recur.js =

[* ZHEHK: B F(L, j) */
function dfs(nums, target, i, j) {
// BXEAZE, KFLBirxx, MWRE -1
if (1> 3) {
return -1;
+
/] HEFRRERS] m
const m =1+ ((§ - 1) >> 1);
if (nums[m] < target) {
/] BFFEE F(m+1, )
return dfs(nums, target, m + 1, j);
} else if (nums[m] > target) {
/] BFFEE f(i, m-1)
return dfs(nums, target, i, m - 1);
} else {
/] #EIBtrm®R, REIHZERS|

return m;
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I
[* ZDEH «/

function binarySearch(nums, target) {
const n = nums.length;
// Kfgrl@ £(0, n-1)
return dfs(nums, target, 0, n - 1);

}

12.3 {93 a)@

Question

i — MR XWAIRTFES preorder AIH S inorder , 15 MHATEE R, IR[E] AR

o B HEAEEENT A GNE 12-5 Fim),

BIFFIER
/ \ B preorder
hFiER
inorder

K 12-5 Fsd = SRR BIEE

1. HERRE RS AR

[ A EiE XM preorder #1 inorder #5 —WA, 2— NS 1E A B,

- WS DA MHRRIA I, BRATTRTDURE R BT REI 0 (R M e T4, ARG T,
=58 OGRS TN TR T (R, AR I A BA LRI 751%, HHR

DNENHFR (FRED, BERRBENFRE (R Lk,

- FRSURMNIN): e RGN, ENZRRA 2%, TR, BAITRFRE

PR e P AT Pt P PR 5 2 TR B AR e A5 TR TR B

- FREEAIAETF: —BEE T ARG TR (PRI, BATHEAT DR e IBERERYT & L,

2 A B

2. ARG FiRt

ARG LA L7047, IXIE R A] DAE I 0 6 R SR AR, AHQMf3@ i i3 P preorder MIFPFiED inorder KR

TR T RE?
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HHEE X, preorder #l inorder #BA] AR A ="NEE5

- RIFEA: [ RS | EFW | BFR ], BINE 1258 [ 3 1 91217 1,
-l [ EFR | RER | AFR ], BINE 125 L 9 1 31127 1,

DA EEEAE B, BT DS E 12-6 AR BRGRIRID 4558,

1. HiFEINEICE 3 MR EE,

2. BIRIRT AL 3 7 inorder HES|, FHIZRSIFE inorder XA T 9 1 3 | 127 1,

3. MR¥E inorder MRIDEER, BEETRAG TR SEES I 13, MmAE preorder XI5
RAL31912171,

BHRURIRTER

AiFER  preorder

HEHRIRT ARG
@ @ hFEEE  inorder n 3 n aFHE

: - ‘ 3 1MEE
EFHE
o o

RiFFiER  preorder anan

12-6 1 il e ik DA P i s A I 7 g

3. ETFEEHAFHEXE
RIELA BRI 771, BNEEMEURY AL 7R, A 7HHE preorder Ml inorder HRSIIX M, T8 T
RIXEER | X A, FAIFZEB LM ZE,

- OBRY R AAR T SSAE preorder FFIIEFIE N 7,
- BRY R IRR T STE inorder YRS IIE N m o
- Y FIRAE inorder RS IX AT (1, 7] .

Wk 12-1 R, @ DL A & EIA] RRAR 1T 55 1E preorder HIYZER S|, PAK FHLE inorder YR G|IX
[E18

R 12-1 AR SR LE AT R PR e I R R 2R 5 |

R FAE preorder HHJZET| FHAE inorder FHYRFIX

L R i [, r]
T 0 i+1 [l,m —1]
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M9 557E preorder RS FHAE inorder FHYZZS X ]

AW it 14 (m =) [m+1,7]

WER, AR RRIITE (m — 1) &R PRI A", B aRE 12-7 Fig

(:) HiFFER ST.1/
preorder nn...
A A A

@ @ i i+l i+1+(m-1)
B

inorde;: naa

o O v

B 12-7 MR AR FRIEIRG X R RN

4, REB%EM

NTRAER m RER, BAEB—METR hnap RZGEEEH inorder TR EIRG AL :

// == File: build_tree.js =

/* PRI 298 */
function dfs(preorder, inorderMap, i, 1, r) {

F

/] FRXERNTEELE

if (r - 1 < 0) return null;

/] EERT R

const root = new TreeNode(preorder[i]);

/l EE n, N9 EEFN

const m = inorderMap.get(preorder[i]);

/] FiRlRR: AT

root.left = dfs(preorder, inorderMap, i + 1, 1, m - 1);
[/ Fil: WERFW

root.right = dfs(preorder, inorderMap, i + 1 +m - 1, m + 1, r);
// RERTR

return root;

/* TEZXH */
function buildTree(preorder, inorder) {

/] MBLRER, 7% inorder TEIIZRGIAIMSY

let inorderMap = new Map(Q);

for (let 1 = 0; i < inorder.length; i++) {
inorderMap.set(inorder[i], 1i);

+

const root = dfs(preorder, inorderMap, 0, 0, inorder.length - 1);

return root;
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B 12-8 JoR TAEE —WAIE IR, ST RURIER N T AR, miESIE (GIRD 2R
B 2 Wi NP U R S EF e VA S

v DOOOA
- 0000 9

preorcer (3 @2 (17 @
snorcer (3 (1 (27

[ step 1 J

Step 2

T
e 3OO0 S/
39 n preorder
@ N : [2]7 B

Step 3 | Step &

preorder |3 9 2 7 @
inorder (95 @92 (7

=]
Step 5

=]
Step 6

/ 3 9 2 1 n preorder
@ 5[5 (12 g irorcer
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sreorcer (E)ENEDEDED
nerder (E)E)EEDED @

o o
© o

Cava J 7 | 501 ]

Step 9

B 12-8 My XRAEIIE R

BBV RE N RETF 8] preorder MH T inorder FYRITEERANE 12-9 Fir,

—
-

preorder 392 1 7
inordern3 1 2 7

preorder | 3 |9 |2 n7
inorder | 9 | 3 u2 7

39 2 lnpreorder
BEEE u inorder

I =0

B 12-9 DB BrHRII AR

BT R ECR Y 0, FIGHE— DR (BUT— MBI dfs Q) A O(1) WAl BIEAR 5 A%
R O(n) .

WGARTFE inorder TEREIZRE MBS, EREREN O(n) . EREMILT, 8RB RN,
REEAE] n, B O(n) MRz, IR 2N O(n) .

12.4 SNiEtEiR)ER

FEVAFFHE R A O AR, AT B 1] 08 T I RIS A J ) — 7 (AL, SRR TS E ]
A, AR AR 7 R
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Question

HREMMETF, WHA BFIC, EIBRET, HF A EEEn MEE, BN LRI FZBMWNEIR
HINRFHES . FRATIESS R EHIX n DMEEBERT ¢ |, HRFENNEEITFAZE (WE 12-10
Fim). TERSNEEAEREY, FEEsy LRI,

L RS SBEMN AL T AR H, 53 —HRAE T TR
2. BIRARERE— DR,
3. /NEBRINZIN T KRB Z o

ALl

Y #HEEEM A BHE C
A B C

12-10 PUOEFE RERBI

RAVERBOR @ RDGREE RN f(i) o Blan f(3) 13K 3 DRI A BENE C IDGEE R,

1. ZEEFRER

i 12-11 Ffo, A TR f(1) , B R — RSN, BRI EERM A 3= ¢ Jin),

8 O B

A B [ A B c

BR (1) WER:
EEFRESEM A BEHE C BIF

| (1)

Step 1 Step 2

B 12-11 FEA 1 () @ fig
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Qi 12-12 fiows, N TR f(2) , RREAEMAESEN, BT ENRWEDERERREEZ |, FHREE)

B R5eMFEEN,

1. e EEA/NREMN ABEB,
2. BEKEFZMNABZEC,
3. Rl NRBEMNBREC,

=1

i £(2)

~=1

BR (2) WER:
1. BIEEM A BERHE B

Step 1 ‘ Step 2
A B c A B [
R £(2) WSR: R £(2) WSR:
1. BEEM A BEHE B 1. BNERM A BEHE B
2. BRESM A BHE C 2. BRESRM A BEHE C
—— 3. WIERM B BERHIE C
Step 3 Step &

B 12-12 RN 2 ] R g
fRnE f(2) RERRREEE ) PR B MABE C, Hrh, CFOVERRML B AT,

2. FinEshE

SR f(3), BMA=AREEE, BHRRRME R T L%,
RAEED f(1) F1 f(2) B, FRDAFRMTRT MG MRS, 1% A TR BB A0k, PUTE 12-13
FURIIS IR, IXFE=ANRE RN A FEZE C T,

1. £ B NEIHE, ¢ A%ME, HHRMESMNABEB,

2. ¥ A PEIERF— DR A BEEESIZE C,

3. 2 C HEFE. A NZMHE, BRDMEZMBEEC,

a | | L&l

A B c A B [
BR £(3) WER:
A £(3) 1. BAEDESEM A BEHE B

Step 1 Step 2
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lal Lla

A B C A B C
R £(3) MER: R £(3) SR
1. BEAIEEM A BEHE B 1. BEDEEM A BEHE B
2. BER—ESMN A BEHE C 2. BRR—MESM A BEHE C
— 3. BETESRM B BHE C
Step 3 Step 4

12-13  FUN 3 BN AR
WA EE, BAEERE f(3) R APAFRE f(2) —AFRE f(1) . HIF RN =AF Rz G,
JR AR 2 f 2R, X LR T RSB ARNZHY, T ELA# AT LS It

I, FATAT LG B R 12-14 BRI RRSGEES A 43 6 50 - SRR f (n) RIS AN TR f(n—1)
FI—ANFRE f(1), FHHEIBUL R X = A,

1. BEn— 17 EEMECMNABEB,
2. BFEIs 1R ABEEBEZEC,
3. Fn— 11 REMEBANBEREC,

MNFRBDFRE f(n— 1), WROEHFERT XTIy, BERXERNFR- (1) M f(1) K
R BRI, RFE— R ERERTA],

FirlE f(n-1): & n-1 MERM A BHNE B

L D
FFE £(n): #§ n PEEM A BHE C - 4

Fiel £(1): BER 1 MEEM A BEE C

.—J—.‘—

f(n 1): % n- 1AlﬁMH§niJ§c

B 12-14  fRORDUESE R 73 16 R0

3. HE%Em

R, BATFEH—MB)IEE dfs (i, src, buf, tar), BRWERHREFRE src TRERR ¢« NEEEB%
WHE buf B3 E HARH: tar :
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// == File: hanota.js =

/*x Boh— 1M ER +/

function move(src, tar) {
// M src THESEH—IEE
const pan = src.pop(Q);
// BEEBRN tar TP
tar.push(pan);

b

[* KEEEER f(1) =/
function dfs(i, src, buf, tar) {
// & src RFT—PEE, WEEEEZE tar

if (i = 1) {
move(src, tar);
return;

}

// FiERE £(i-1) : ¥ src INEP i-1 NEFEMEEY tar #BE buf

dfs(i - 1, src, tar, buf);
// FiEE £(1) : ¥ src ME—1PEEHEE tar
move(src, tar);

// FiE@ £(i-1) : ¥ buf & i-1 NEEMEB) src #BE tar

dfs(i - 1, buf, src, tar);
+

[* REEGEER */

function solveHanota(A, B, C) {
const n = A.length;
/l B A TAEE n NEREE) B BE C
dfs(n, A, B, C);

QN 12-15 AR, DOESETRETE R — R @R n BRI, BT RRE— DT RE, M —MITER dfs O

B, BENRERER O(27), BREREN O(n) .

1.

i

B 12-15 JUESERNERYIE TR
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Quote

POESE AR 3 — N ERE T, EHEEN—ISEE, BEME=ReRNiatr, Pk 64
MR —HEEE, BEMAEEIEE, MIMEEERE - MREBSERMBENIR—ZI, X1
SR,

SR, BIERIEN1ERMREE—k, BETEEAL 264 ~ 1.84 x 1019 ), &%) 5850 124, Iminid
o TEEN FEHERNG T, TR, WX MEVZER, AT IZAFREROH TR HEEK,

12.5 Ih&E

1. EREH

- iR M IR RS, iR () Fie (BFF) MANE, EEE TS

- HIWTR SR OIEREIANERRIERS . FRRES M. FRER SN, FRERES S,

- VAFHHEE R GRS AT SRR H OB TR R 0 N F KA A, BRI N ITRNTT
wREETF, MMEREHE.

- BIAARBSEER] DARTTEIRRCR, — 77, 2GRS TIRERE; 5—JiH, 2iREaEMTR
GIHIFHATILL,

- oMIAREA] DURORVF 2 RIARIE, B N T EBdREi S BRI, AR H SR,

- ERTRNER, BEMERICRER. NAEREN O(logn) MIERERE R Z2HET ARG I
o

© SO BEBEMGRIGH S — NN, NS T RS T SRS B, TR POEIE
THAKM =73 E K,

- RSO, AR (BRARED AT DARI O A e RIS T (R, IX AT DA R
73 3 A PR P O 2R 5 | X TR R 5K B,

- AEDOESERIEF, — DB n BRIETRT DA AU n— 1 B RIS — DN 1 H9F(R]
Al AZIF ARPRIX = mldle, SR S 2R,
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BE13E [

Abstract
BATANERE R RUIRE S, FERTEAYIERS b rT e 1B 2 KX,
EIWARY D ELEFRATREF B4R, Wik, REIRENEAEHE M,
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13.1 [EIHE*

E#E % (backtracking algorithm) 2 —Rfulid 75 28 KRR BRI V575, ERIR00LEAEZ N — DRI H
%, BNERIEATRERIMRRTTR, HBEEMRIMNNR ISR, ERIREIMSE 20T AT a] RERE AT
TEIFEARENE N 1k,

I ERE R R “REICER” KiEham, £ "R B9, BOURRNF. e RET
B TR R, TR, BTN & IS — D EARE, ZB25 7 iR SRR R TR,

il —
HE RN, EERIFFERAEERN TR, BIRE REIR,

XFT R, FATTHG P X R, R L w Y R AER SN T, B, WRAZT R EIAZERYIZR res
ZH, ST RSN 13-1 #1 LA MRS R
// == File: preorder_traversal_i_compact.js =

/* BiFFEH: fl@— %/
function preOrder(root, res) {

if (root = null) {
return;

+

if (root.val = 7) {
/] iBFfE

res.push(root);
+
preOrder(root.left, res);
preOrder(root.right, res);

BB =X,
FIEREHN 7 HTHS

AIFFEH
 @SFTR

13-1 1Rl R A

13.1.1 =iH5ELR

ZFR PR Z ML, REOVZRIR R RN 2R 27 5 “RHR” KRN, HRIAERRY
BRI N IRS TR RS T BT IR G 2 R S5 AR AR, B AOH E— PRk, R E Z AR,
ZIAH AR AT REAIE R
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AT —, iR REAR K “ZRX7, B S E0R AR A return MIFR “MNRY,
EREARE, PIRFFAUNRISHEBORM, NRX—, B — M.

e —
X PIERATEEDN 7 BT, IR IR R RN 12

TEfE— IR A |, FRATIFREAEB— DI path ICF YIRS BT REE 2. M VIRIZENEN T B9 RN,
NEH path FAIELRIIE res . WHEMIE, res HRFRIHUZITE M, A FAR:

// == File: preorder_traversal_ii_compact.js =

/* giFEEH: Bl +/
function preOrder(root, path, res) {
if (root = null) {
return;
}
[/l =i
path.push(root);
if (root.val = 7) A{
/] ERf#
res.push([...path]l);

+

preOrder(root.left, path, res);
preOrder(root.right, path, res);
// [EhE

path.pop();

TR “ZRA” rh, FADE R YT SR path RICHREEAZ; WfE “FHR” A, FATFHZERIZT M
path afit, PAREARZIX ZATHARE,

WERIE 13-2 Fonfid e, AT AR M ILRBE ) “HilE” 5 “WH”, WMNRET ¥,

r(/a )
R RIBEF, EHRAS = 2l RITEF, BARS
sB: 0, N B o N
S PN ELE: BERTS, REEE Y P ELB: RERE, FEGEE
0\ o path = [1] '0> ’o,i‘ path = [1, 7]

\ BETR 7, UEBRERNELR
) res = [] ‘ ) /
Y °‘

Y - ) ) res = [[1, 7]]
- ,
/ 9 "/

Step 1 \ Step 2

Sil: BIEF, BIRE
EE: HERE, RBEE
path = [1, 7, 4]

Sk BI\EH, BRRE
EhB: RERES, RHEE
path = [1, 7]

res = [[1, 7]] res = [[1, 7]]

Step 3 Step 4
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13.1.2 B9

2R [ I D OE 1 — DB N, AR AT “BIE

£id: BIWH, BRRE
EB: ERE, RBRE
path = [1, 7, 5]

res = [[1, 7]]

£id: BIEH, BRRS
ElE: RERT, REEE
path = [1, 3]

res = [[1, 7]]

20 BIEH, BRRE
ELE: RERE, RHEE]
path = [1, 3]

res = [[1, 7]]

‘ Step 11 |

Step 10

Sid: BINBH, BRRE
ELR: RERES, REEE
path = []

res = [[1, 7], [1, 3, 7]]

K 13-2 ZiL5[ER

i BIEH, EFRRS
EB: RERS, RKHEE
path = [1]

res = [[1, 7]]

S BITEFH, BHRE
EHE: RERES, RECEE
path = [1, 3, 6]

res = [[1, 7]]

ik BITEFH, BRE

EB: RERE, RHEE

path = [1, 3, 7]

BETR 7, WEBEFRNELER
res = [[1, 7], [1, 3, 7]]

il =

FE R ERATEE D 7 BT, IR BT REIX ST SRR, FFERBRTP AR ESEN 31
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NT RN AR, BANHERMBIEARE: EERERES, FH82EN 3 WA, WHRAHEE, T
MEHLR, B NATR:

// == File: preorder_traversal_iii_compact.js =

/* giFEEH: flE= +/
function preOrder(root, path, res) {
// B
if (root = null || root.val = 3) {
return;
b
[/l =i
path.push(root);
if (root.val = 7) {
/] ERAR
res.push([...path]l);

}

preOrder(root.left, path, res);
preOrder(root.right, path, res);
// [Eh&

path.pop(Q);

“BIR” R MNERERIAIE, WE 13-3 R, EEZRERET, Bl 9T 7R LSRR R
X, WRIFZIERE NN, MIMHRE THEEIE,

B @RER 3 MHRNREHRE

BRI SRR A TR AR R )
MinferHERME

13-3 HRARLIRAAFBIEL

13.1.3 EZKES

TR, BNZLHEN “20, FOR, 3987 ATMAHEZRIERHSK, TR Ry P,
FEDAUTHEZRARS T, state FORMEIAILATIRA, choices IR AIIAZAS T Al DA HI AI%ERE :

/* [BIEEESR «/
function backtrack(state, choices, res) {
/] ¥R T AR
if (isSolution(state)) {
/] iBFRfE
recordSolution(state, res);
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/] TEBHEER
return;
+
/] BHAFEERE
for (let choice of choices) {
/] B FIENEERRT G
if (isValid(state, choice)) {
/] =i MEEE, EIRS
makeChoice(state, choice);
backtrack(state, choices, res);
/] [EhR: HEEERE, MERZEIRES
undoChoice(state, choice);

BETRoK, BANTETEZRNAERMBRFIE =, IRE state N AUEFHIKIR, 8 choices MY M AEF
TRAG TR, 5E res BIEEEYIFR:

// == File: preorder_traversal_iii_template.js =

/* FIETHFIRESEE R «/
function isSolution(state) {

return state 8& state[state.length - 1]?.val = 7;
+

/* IBREE */

function recordSolution(state, res) {
res.push([...statel);

+

/* HIREHFIRET, ZERREEZE +/
function isValid(state, choice) {
return choice !'= null && choice.val != 3;

F

/* BIRE +/

function makeChoice(state, choice) {
state.push(choice);

+

/* MERE =/

function undoChoice(state) {
state.pop();

+

/> EIEE: GlE= «/
function backtrack(state, choices, res) {
/] WEERTNMR
if (isSolution(state)) {
/] BRfE
recordSolution(state, res);
+
/] BRFEIEE
for (const choice of choices) {
/] Bt MEEEFERST AL
if (isValid(state, choice)) {
/] Ei: MHEE, FIRES

makeChoice(state, choice);
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/] BT —RERE

backtrack(state, [choice.left, choice.right], res);
/] [EhR: HEEERE, MERZAIRES

undoChoice(state);

IRPEEUE, BAOWERENED 7 B RUEROIZRSHER, KSR R ICR M Z G0 return iAHER, 5 13-4
XHEE T IR EEEUMER return IBAIRYIRRISHE,

*Y return #IE& return
iERMBRIRE, FTES4SIER IEDRMBEFEE, HEHER

& 13-4 {RESMIFR return AR b

M LSRR T RS S, T [ I 2R (A Se P SR AR AR IE IR, (@A LT, SR b, %
I3 990 i) 5 ] BAAE SSHEZR FAROR, BT EARYE BARMIERE X state Fl choices , FFSCIMMEZRHRIEAN /T
BRI,

13.1.4 EAARIE

N E BT EIA NS, BAVEES— NRERERE HAERS X, FExRBIE =4 1 RORE, Gk
13-1 FfiRe

& 13-1 H AR IEAE

15 X Bl =

fi# (solution)  MZIKEFERFESRIMFIER, AIREA—PEED MY RET A 7 KR LR TR

AR AR R BRI T TR, EEA BEPARESTA 3
(constraint) FEIH;
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i Y =

K& (state) REFRABERE - NZIREY, OFECLMMN YaTC R SR, B path 175513
prin e

E=25 ZIR MR T IR R B AR, A BIATRAE (G) 71, B9 path

(attempt) kR, BERURE, KREZA VR AW SHMEZ SN T

EIpES [EIRHEIBEIA M R LR A MERVIRSE, BEHATHEM  SEEM AL SRR, BEIEN 3 1

(backtracking) HiFUEERE, [EIF] E—IRES RN IR, HEORE

153 SRR ARYE IR PRI A R SR A e R YRR HIBRMEY 3 B9 RN, MR Pakauig R

(pruning) BRIZITTIR, PITRRERACR

Tip
AR, SSRGS RIEARY, E2i6, B, shS, sOEFERIETEHEY K.

13.1.5 i 5RRYE

EIIAEARR E R — R EMRICERETE, EERE fl et T REEIRAI B 00, XM IER
R ETREARBIFT A Rl REAYMRR 7 &, M HASHEEIRIRET, BEERENRE,

SR, FEACER RIS Bl & 2% )iy, [l ks s ReR n e AR SZ .

- W (IR R e P RS R A RITRE, IR IR 2% B AT DUR SR B =l 3l
- 2] ERAR R THRERA L AT (BIanEs e, A T3R8, SRR, =56
FORARERZIFRAK,

RIMEELRIE, Dl AT Y SR S e 5 R ) SR 24 G o DU B AR R TT 8. XTI R (R, Hh T Ie i ponul i
SRR A A R AR, DRI RO i AT RE ISR TIR T, TERXAMEIE T, SREUR MR ReR,
H OLHTCR I T I E WA,

- OBPRL RIS E ST A MRAIREAR, AT A I AR A

© EEAER: ERRYEP I LRIEEE G THE, AR EA AT RE A R IR,

13.1.6 [G]¥AHEY (5

[l SRR T TR ORVE 2 AR IR, £ 3R 2 RN 4 & (LA Al
R IXERER) AR RE R R E SRR RTT %o

- EfIRE: AE-NRG, REHFTERTRERHIA S

© TERMAE: BE-NRAM DN, KERSHAEN BT 15,

- DOEEERL: 450 = HUAE TR — RSN RIRY RIS, ZORE A B S R 3h 2 55 — IR T,
BRHRER S — N EE, BARERRRERAE DR B,

LT R ML X2 H AR R S A LR
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- n2iE fEn x n IRE ERE n NEE, EREMEARD,
C Bl E9 x 9 MIRHIEAR T 1~ 9, fERET. YIRS 3 x 3 TR AEE,
- EEGRE: AE—-NEmE, AROHBESERNENEES, EEHBTEEE AR,

HEMALmE: XK EPREAE— S 2 A R R R R SR A AR AT

- O-1HERE: S —Aai—NEE, MR ENNENER, ERETEEFERGIN, %
B IR S AME R R,

- RATREIAE: £DNEF, N DR, IRATE EA SR IR R N, SRR,

- ERRHIAE: BE—DEAE, KBRS TR, BFERREEN DR Z REEIHE,

HER, STirE2HG RS, FBASRRIEIRTTER,

+ 0-1 Gl i 6 BN SRR, DOSE S m BRI,
- IRATRIE D EAAR NP-Hard A, 8 A B BB RIA S,
- KUV EE R — DA, aTH SUORTESE B A NRTR R,

13.2 £Hin)E

EHES SR AR R — DRI, BRI SRS TE —MRE A — PSR BERT, X
HHATCRIIFTH ATRERTHES

R 13-2 528 T LRGSR, G AR S A HES
®13-2 EHFIRHA

PN e FR A HEA

[1] [1]

[1,2] [1,2],[2,1]

[1,2,3] 11,2,3],[1,3,2],[2,1,3],[2,3,1],[3,1,2], 3,2, 1]

13.2.1 THETENER

Question

A DREEEEH, HP A EEESETR, REFTHTRERIHE,

MIEELIN R, BATTA] DA RSN PR GUR — RINEFRINEE R RIS [1,2,3], W
RILAVeER 1, M3, BJEiEst2, MPSHS (1,3,2] . ENRFRREE — M, Z/eakekstilH
i+,

MBI R, RIEERE choices BEIABATHATATTE, KA state BEE HATCHILEERITT
Ro WHER, BTMCRRARPIER IR, KL state PINFTECRABM Z2ME I,

G 13-5 For,  FATTA] DORHE O R T R — BRI VAR, MBI RS RTIRAS state o MRTTA
T, S —RIEREEIAMT R, T R R — MRS



H13F [H]H www.hello-algo.com 266

BRIk

B13-5 HR3IRE IR

1. ES%EEIEK
AT RGN TCERBEFE IR, BIAFESIA—NA/REEA selected , H selected[i] For
choices[i] B&EEHIERE, HETELI L NEIRIRIE,

- EfHI%ERE choicel[i] J5, FA1miHs selected[i] MRME N True, RFEEHHERE,
- IBPIIEFRYIER choices B, BRdATE EBOEREI i, BIBTAL,

G 13-6 R, RIS —HeERE 1, 4005 3, =ikl 2, WIREAS “HIHRITR 103,
TEH=48CR 1 HIICR 3 03

:

&EnEN 1, 2, 3

Wt 2
o HEEHEENTER 1
BIRERE 3 FFEETERN 2, 3
.01 ;1 09__
HERERE 2

B EHEENTE 1, 3
FFREETER 2

13-6  EHHBTETRA

W 13-6 KB, ZIRRIERAERERA M O(n™) BAE O(nl) o
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2. KEBsEm

BB MEEZE, AR DAIEREZRARIE i “TRES” T, N TR, BATA ARSI
ZERIEH DR, TRKENEITLE backtrack () BRI :

// == File: permutations_i.js =

/* EIMEE: 2H5 I %/

function backtrack(state, choices, selected, res) {

[l EREKEFFTTHRHEN, ERME

if (state.length == choices.length) {
res.push([...statel);
return;

}

/] BERFREIEE
choices.forEach((choice, i) = {
/] B AAFESRETE
if (!selected[i]) {
/] Ei MEEE, RS
selected[i] = true;
state.push(choice);
/] T RIEE
backtrack(state, choices, selected, res);
// [ELR: HEEEE, MEEZRE
selected[i] = false;
state.pop();
}
B
}

/* &H5 I +/
function permutationsI(nums) {
const res = [1;

backtrack([], nums, Array(nums.length).fill(false), res);
return res;

13.2.2 FEHEFTROBER

Question

BN DEREEE, BRI SRS LR, RIS EERH,

B NEE N [1,1,2] 0 AT HEXSRAEE TR, RIOBE A 1IEH 1,
i 13-7 R, BT IRAEREIHSIE — R EE R,
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BRIk

BIERE

"

BAEIR A EE S

K 13-7 EEHA

M2 RBREERIHAIE? RERH, FEME—MERES, ERXNHISERITRE, ARMIXAEHC
U huHE, PUONEREEHIIRHER T A BE, MSGERTRADFIAEE, Xk ] DO — IR RIARCR

1. BEFTREK

WUESIE 13-8 , (ESR 40P, JEF 1 sl TSN, (EXPIANERE S R R HE R RN, Hit
I IZIE 1 87KL,

FIBE, (EE—HRUERE 2 25, B 1R 1 AR EE S, IR e 1 87k,
MARBLEE, B HAR AR —REED, RIS M HSFRT R BHERE—IX,

E—iRE
o B
o=
BRIRE
.ﬁ%§§W1
QR#EE—R

BRERE

K 13-8 EHEHFITIR
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2. KEBsEm

e F— BRSNS |, BA 1B —RIEFEP B — B/ ES duplicated, AT iERiIxEHCLE
ZH TR, HFREE TR

// == File: permutations_ii.js =

/* EIMEE: 285 1T */

function backtrack(state, choices, selected, res) {

[l EREKEFFTTHRHEN, ERME

if (state.length == choices.length) {
res.push([...statel);
return;

}

/] BERFREIEE
const duplicated = new Set();
choices.forEach((choice, i) = A{
[/ B RARESEETE B FATESEEEE TR
if (!'selected[i] 8& !duplicated.has(choice)) {
/] Ei: MEERE, FFIRE
duplicated.add(choice); // IEFREBRINTEE
selected[i] = true;
state.push(choice);
/] T —RIEE
backtrack(state, choices, selected, res);
// [BIR: #HEEE, MERZ VRS
selected[i] = false;
state.pop();
}
B
}

/* £H5 I1 %/

function permutationsII(nums) {
const res = [];
backtrack([], nums, Array(nums.length).fill(false), res);
return res;

BIRTTEMNZ RN EAMHE, W n NTRERIEE n! #HES] (5); fEICRERN, TEEHHEN n FFIE,
H O(n) WH, FENEEZRER O(nin) .

BARIBITREA n, M O(n) fRiizH, selected i O(n) =2H, F—NZIHZHEE n /> duplicated
, R O(n?) 22, FLaRERER O(n?) .

3. WMEIRIRILL

HIER, B2 selected fl duplicated #BFH T-84%, (HFE M HIRAIE,

BEEERIE: BMEREEFHE D selected , BICRMZ LIRS EMLETTE, HEHE
WG IEN TR state FHEE I,

- MIE L ENE: S8%EE (B MEMM backtrack YD) #RLE—1 duplicated , BICRAEEAR
®iwpi (for fE38) WP TREPNERY, HIEMRRIHEEF TR A ERE X,
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13-9 R T AN BIRR ARV AE RGO, TER, Wi RRER—NERE, MRTT SR RS2
IR A R — NS

o 5
nEHE— J<
StHISIR [1, 1, 2] [1, 2, 1] (2, 1, 1] HE&HFZ §

13-9  MRPIBIEZR ARV FITE R

13.3 FEM|n)E

13.3.1 TEERFENFR

Question

LHTE — D IEEBEEEEH nums F1— /N EHARIEREEL target , IBHRHFTEATREMIA S, FEHETRITE
T target . AEBHILEE LR, BNILRADPOERZ R, 15UYRIEXIREIXLEH S
RPNV EESEEHSE,

flan, MARE {3,4,5} FEREE9, @0 {3,3,3},{4,5} . FEIEELUFMIA.

SR TR TE R IR R,
O TERRATEENY, A {4,5) F1 {5, 4) BR—A T,

1. 8E2HYIEZ
KT 2H5RB, BT TR RIS BER N —RYNERNG R, HEERSEPRNEN TR
M7, YILEMET target I, B FRICEREGERIIER,

iS5 AR FE R, ARSIl DIBCRER, KT selected fH/RIIFRIDF
TLRE N CPOER, AT PO 2HI I T/ MEE K, 91215 2 iR 0D -
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// == File: subset_sum_i_naive.js =

/* EIIEE: FEM I «/
function backtrack(state, target, total, choices, res) {
/] FEMZETFT target B, IZFRMR

if (total == target) {
res.push([...statel);
return;

+

/] BREFREIEEF
for (let 1 = 0; i < choices.length; i++) {
/] BER: BEFEMBE target , MBI ZER
if (total + choices[i] > target) {
continue;

¥

/] =it ERE, EFHTEM total

state.push(choices[i]);

/] T —RIEE

backtrack(state, target, total + choices[i], choices, res);
[/ [EIR: #EEE, MEIZAIRE

state.pop(Q);

F
/[* RBFEN I (BEEEFE) «/

function subsetSumINaive(nums, target) {
const state = []; // K& (F&)
const total = 0; // F&M
const res = [1; // &ER5IFR (FEIIR)
backtrack(state, target, total, nums, res);
return res;

mLL AR AR (3,4, 5] MEFRTR 9, WHLEE0N (3,3, 3], [4,5], [5,4] o BRI ¥ AR
9 ¥, HHPfAERENFE (4,5 M1 [5,4] .

IXRRHEEE R OMERIFRY, 8T FRAXESNE, & 13-10 for, Joik 4 J5i% 5 576k 5
JEidE 4 AT, AHXRIF 5,

choices =

target =

B
JTRM >9

BRI
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K 13-10 FHRIERGEFETE,

NTERREETE, —MERAEBRNEIRIIFGET RE, XD TTIRBCRIRAK, AW R A,

- ABATTERRE, THRES target AN, BREBESEREBNEE FH.
- BT E (BED) MRFEHERAEN, TEEHERAE, BB ATENITTRIRE,

2. EEFEIRK

BRI AE BT R I S RET JR, AUZEIE 13-11, AT T4 A DR IO Y B T2 7 ),
0 B R
1SRRI R RINERE 3 F1 A I, SAERESXMAERIOITE T, IEh (3,4, ..].
2. 2, MEEERE AR, WE ARRIMPOL 3, MR T (4,3, . R 1.
BT e,
TEIRITRT, 5RO R WA IIE IR, LRSI R L,
1. WIPRHEIERE 315, AT [3,5,...] .

2. WIPHCHERE AT 5, AR [4,5,...]
3. EHHEE D W AL 3R A, BN T (5,3, ] F1[5,4,..] 5H 1. BRI 2. b

RN THEEREE,

choices = a

BB Bhid 3,4
BRBEETFE

F#& [3,3,.] [3,4,.] [3,5,.] [4,4,.] [4,5,.]

EEFHR EEF&H EETE

B 13-11 AEERF SHWELS 7F&

MEERT, BN (1), s, ., 3, , IBRRPIER AN [z, 2, , .2, ], WEERES]

TEIE 1) < ig < oov < iy, PREFRIFRNERFHIRRZEREE, PTIEL,

3. EgsEH

WP, NI R start , I THRBHRAA, SRS o, )5, B8 F—4ME3 i IF
SN, IXRERORTT ORI 4y < iy < - <., ATHRIE 75—,
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PRIEEZ A, BADEXREHEAT T BA R L.,

EFF R, JeBEE nums HEFF, fEIRDIFTEIREN, Y ENE target I E S RIGIE,
HEHTEELR, EFEN—E#Id target
BEILEMAR total , WIALE target EHITIREZCRGEH CEM, Y target T 0 BHIER R,

// == File: subset_sum_i.js =
[* EAEGE: FEM I %/

function backtrack(state, target, choices, start, res) {
/] FEMZETF target B, IIFRMR

if (target = 0) {
res.push([...statel);
return;

}

/] BEFREIEE
// B M start FURIER, BREREEFE
for (let i = start; i < choices.length; i++) {
/] Bif—:. BEFEMBET target , NIEZELEREIF
/] XRAABAEHR, FEHTREKR, FEM—EBT target
if (target - choices[i] < 0) {
break;
¥
/] Eik: %R, 3 target, start
state.push(choices[i]);
[/ BT RIEE
backtrack(state, target - choices[i], choices, i, res);
// ELR: HEHIEE, MEIZEHNRKES
state.pop(Q);

F

[* REBFEM I %/

function subsetSumI(nums, target) {
const state = []; // RE (FH)
nums.sort((a, b) = a - b); // X nums #H{THEE
const start = 0; // EFHiCHES
const res = [1; // &ER5IFR (FEIIR)
backtrack(state, target, nums, start, res);
return res;

[ 13-12 Frs AR 3, 4, 5] FIEFRTEER 9 M\ A AR5 AR (A E g A,
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M target

choices = FreatoRE
target =

[ i

E=REE

TTEMAREE
iBit target BERFE

B 13-12 F5A0 T [Ed R

13.3.2 ZEREETENER

Question

HE — N IEEECEUH nums F1— DB FRIEREE target , IHHHFTATREMA S, HRHAEHITE
5T target . SEBEITRERSHE CE, SR TPHER IR, HFIRP IR EIZLEH
a, RPN ESEEHE,

FEE T L, ARSI RE L S TR ALER, 35| TR, i, sl [4, 4, 5] I E s
0, MBERMKHLLEEY [4,5),[4,5), HHTEETE,

EROX M EE R RS CR AR B RIERE . £ 13-13 b, BRI = DERE, HAhm A Ey
, EMANEENERDE, MmtES7E; [, FRIOMDS 4 S EEE TR,

choices =
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K 13-13 HETRSBWELETH

1. BFTRY

NI, BATHR LRGBS R HREOERE IR, LISy TR EHT
[, RIHMSETTREVEAHRE, XERE RS, HAARGHAEDITRMASE, MR e CauiE
FId, FItEERE SR,

SRR, ABRE A B TR N RESOERE—IK, SEisfE, BATEA] DA R start Kil 2 IZ40H:
SffHNERE ¢, 5, BE T HNRI G+ 1IHRmERED . XHEMRRERPRER 75, bt EgiEsoT
=o

2. UM

// == File: subset_sum_ii.js =

/* EIMEE: FEM IT */
function backtrack(state, target, choices, start, res) {
/| FENETF target B, iTRE

if (target = 0) {
res.push([...statel);
return;

}

/] BHEEERE

// BT M start FURIER, BREREETFE

// BEif=: M start FiRiER, BREEXEFER—TTE

for (let i = start; i < choices.length; i++) {
/] BE—: HEFEMEE target , WEZEERREF
/] XRENBACHRF, EUTEREAR, FEM—EEE target
if (target - choices[i] < 0) {

break;
}
// BRI MRZTRSEHTERREE, RAZERSIES, BiEd
if (i > start 8& choices[i] == choices[i - 1]) {
continue;
¥

/] Eik: %R, 3 target, start

state.push(choices[i]);

[/ BT RIEE

backtrack(state, target - choices[i], choices, i + 1, res);
// ELR: HEHIEE, MEIZEHNRKES

state.pop(Q);

¥
[* REBFEM 11 =/

function subsetSumII(nums, target) {
const state = [1; // K& (F&)
nums.sort((a, b) = a - b); // X nums #H{THE
const start = 0; // EFHiCiHES
const res = [1; // &ERFIFR (FEIIR)
backtrack(state, target, nums, start, res);
return res;
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% 13-14 &R T8¢ [4, 4, 5] FIEFATCR 9 WEIERE, S STOMETEERE, IR RS GRS
&, HFRNMYRERE, DIRARBISERER A TR,

choices = na
target - s

HEn
ER— S
F R LA S

k=
| pliazlednd

&'%A?o [4,5] EETH

HE=
FRAWEER

He— SRR

TLERMARE
it target

B 13-14 5 11 [hd R

13.4 n E/5ir

Question
MRAEE RSN, 2ER ARG S RL—1T. —FIs—&R% EREF, 87%E n MERH—1
n x n KN, SFHERITE 25 Z AT RS R RT 5.

& 13-15 FfR, M n = 45, HEaTDERBIM MR, MEHEERSAES, n x n AKDEEEE n? M
T, B TATEIIERE choices , ERNMRE 2GRS, HEDRSEAR L, NN ZIMHETZ
IRAS state,

) | ) |

3
[ 3

L3
L3

| |

13-15 4 2JFRIEHI#
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B 13-16 R T AR = DAHEM: BARIGARRER 1T, [, F—FMML L, EEERNE, Xt
ML N TR AL\ MR 2k / R,

FAEER—AHAE b RRERRANRAR
-
Faezem—17 x| W foxefox N

<
N
A
<
3 N ‘
Sl s
- ™ L
X K X. -t 3
~ | A v
s & | |
| Noi 7
N
: i 2
X X. SO
AN | —
I N T

FRER—F FEEA—THREE

K 13-16 n 2JERERILIHRFEAF

1. FITHERE

SEHBEMEERNTEEY n, BRBEMNESEE—MES: BT ar AR ariE -4 55,
WYL, AT DERBORITIE RN : WNB—1TITE, ATHE -T2, EERE T4,

B 13-17 Fionoh 4 BIERERZITREL R, ZEgERE], & 13-17 U THATHEF - MER D X,
F EHAGEA R ATRADN LR R A 77 FER AT T BIAL

L]
L3

W [ TN X

WE¥ 117

(&ER) (& 88) (HER)

W W N R
WES 2 & % F . ]

WE® 3 17 i T ﬂ

L3
e
L3
L3

3

WEE 4 17

[
3
=
[l
[
e
€

13-17 ZATHCE R

MAR LR, BITBCERIGES] ¢ IR, et 7R —THIZ N RIRNATE R
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2. FISHALERE

NTRANLIH, BATAT A —NREN n (H/REEE cols idkB SR EA Bh, EFRIVENRE
i1, BANEE cols KEHA L/RIFTEIE:, FHAERMBIHINEEH cols FIIRE,

Tip
THER, MERERATE LM, HATRIIMN LRI, SR MNESHEN,

A2, WAL LRI RE? BRI MR T IITHIR TN (row, col) , IEEFEREH IS TR AL,
BATVEIZN LR LA RATRIIRAIR S AT, BN M& EFA R row — col MaRE(E,
WEREW, WRAMETIRE row, — coly = rowy — coly , MEMT—EMTER—ZFX AL E, FIAX
PR, FRATATCAREBYIE 13-18 FnAUEH diagsl IDREHFR TN ALk LEGHER,

[FIEE, YO LRI row + col RMEEMH, BATFEREH AT CAEBIEE diags2 SRAEFEION fALE)
*o

ERAMAL
BEHEER

Goan

cols

BRIIBERER

13-18 AEERHNLHAMI FALRLTHR

3. %M

HER, n 4E5BEF row — col MEREE [—n+ 1,n — 1], row + col WuREIZ [0,2n — 2], ArPAFEX
FERAON A ZRI R 2n — 1, BIEGH diagsl #l diags2 MIKEHTHN 2n — 1,

// == File: n_queens.js =

/* EIREE: n 2iF %/
function backtrack(row, n, state, res, cols, diagsl, diags2) {
// BHREZFREITE, 1ERA#
if (row = n) {
res.push(state.map((row) = row.slice()));
return;
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¥
// BHFAES
for (let col = 0; col < n; col++) {
/] ITBEIZAEF RN E X A LEAR T Lk
const diagl = row - col + n - 1;
const diag2 = row + col;
/] BEif:: RAVFZIEFEES. EXAL%. ANAKLEEEER
if (!cols[col] && !diagsl[diagl] && !diags2[diag2]) {
/] Ei: BEEREEZIEF
state[row][col] = 'Q';
cols[col] = diagsl[diagl] = diags2[diag2] = true;
/] BETF—1T
backtrack(row + 1, n, state, res, cols, diagsl, diags2);
/] ELR: FiziEFiRE Rz il
state[row][col] = '#';
cols[col] = diagsl[diagl] = diags2[diag2] = false;

I
[* K n 2l «/

function nQueens(n) {
/] #iafE nxn K/NERERR, Hep 'Q ARER, '#' ARTM
const state = Array.from({ length: n }, (O = Array(n).fill('#"'));
const cols = Array(n).fill(false); // ERIIETEEGE
const diagsl = Array(2 * n - 1).fill(false); // EBREINBEZLIETEERE
const diags2 = Array(2 * n - 1).fill(false); // ERANALLETEESE
const res = [];

backtrack(0, n, state, res, cols, diagsl, diags2);
return res;

BATIE n IR, FBESNAR, WNEATERE—T2E n. n— 1. ... 20 1DESE, A O(n!) N
Al MICSRARN, HEEHIR state FIRIE res , EHIRIEFER O(n?) IR, Kk, PR Z)E
JO(n!-n?), hRE, HIENALLRNSEAEE RIBS/NMERSH, FHERMCREER T LN

EHE,

e state il O(n?) 25, $4H cols. diagsl fil diags2 B O(n) 23, MABITREN n, F
A O(n) ¥ebizsial, Wik, 2REZER O(n?).

13.5 &

1. EREH

- BIREEARBUR S 28, B RS R T IR Ui ok ST & A PR, RIS Z AR, IBEH
PRI, BEIEITE e e a4 R,
FIEAR RS RO 2 S ENRM AN EIEd R R A S AE R, LaFI A
LAFERAFRIIGOUN, RS b — PRk, IREEIZAIRRE, @SR, 25 mREM
NI TR B

- [l Rl EhE A S 2 NIRRT, TR TSR R, SR AT DR AT R EATHE RS, K
EFRTHERE,
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- (IR 3 S A] AR R R (R LR 2 (R, S AR IR R SR AT DA [l SR ok, (B
FAAERR T i R A IR TR

- IR S EERAEE S ITTRIATE FTRERHES, TS — M RICR DT R R S PR,
ST R — T RAE R 0 3, RSN ITRAPOERE X,

- AEEHRBIRET, REAPFEREES TR, NRASEREHIESHY, RINTELARHETRES
erp BB —IR, XIEFEB— D Iam SR &R LI,

- TEMPIER HRRESE RSP ERENN EMERN TS T8, £ AXOTRNE, MEREES
WA LR, FAEE R, BOVERBRCREIRETHT, HRE - M ERER e 1N
PTG, MIMTRERE R TR AR R D SO TIIR

C NTTRMAE, SHPRHESTTRIAERERG, TNAHEHCHFRIRTESRA, W AErELT
TLRE AT, MRS TR i HBEBOE+ —IX,

- n REFAEEEIHE n DNEERES n x n RSEE ERTTR, ZRATE 25 MM RITCEBE
Jio WIMFBIILTR A AITAR, SILIR. EXNAEMUS LR, NREITLHR, FAIERAEATR
BHREE, RIES—TRE 25,

- HILIFRIS A LRLTRAIAL BT SR, X FHILR, BRI~ MERIER S SR G ARG, M
TREHRIRE TR E G R X TRAERLR, BOMEBM MR ANIERIZ T, KLk EREGFE
S5, MERETHRELER - FED NAL BRI F I EIToIRS I,

2. Q&A

Q: B BREIHIAIEITHIRARA?
BHRE, [ “RIEREET, miEAEGRE - LAY

- [PEEREEE TS, A, FMIREHNN AR —, RIEEEEREE RN AL,
C BANSEAIT T RE R RS R, BTG, B shAR Gefgki)d) SR
i,
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Abstract
NS NCI N ARG V(5
SRR /N B AR SRR BN A 2R, — 2020 5 | SBAT T8 (Al o [l R A8
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14.1 ¥iREhEIEY

shSME (dynamic programming) 2 —PMEZEREIAERX, ER— N RN —RIVE N T FE, 7
AT PSR R R B TR, TTRIEER T RRCR

AT, BN DRMFIBAT, eantierg s, WEHPUSNESTRE, 525 T
B BN S S

JerEEh
BE—DIE n RO, (REEPRTDLE 1 e 2 B, iERA 2/ 0875 58] ARSI RETH?

i 14-1 FoR, X1 3 Birkksd, HHF 3wy 5a] DUEEIRET,

.

TetsE 3 pisdts 3 MpE:
0515253 , 0523 , 05133

14-1 TeZIZ 3 Firid 7y s

AT B AR K77 RECR, BATInT DA R Ik 75 2 A al REME. BRI, KIEMEE SO — 12
FIERRHI R MM A, R b 1 e 2 [, S BNARERR RN R T R AR 1, i e
THURR I R H BT AL, AN R AR :

// == File: climbing_stairs_backtrack.js =

/* [EI8 =/
function backtrack(choices, state, n, res) {
/] HIEEIZE n MBY, HEHK=EM 1
if (state = n) res.set(0, res.get(0) + 1);
/] BAFREIERE
for (const choice of choices) {
/] Bt ARVEHEEE n M
if (state + choice > n) continue;
/] Ei: HEEE, FRE
backtrack(choices, state + choice, n, res);
// [Eh&
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/% JetEts: B </

function climbingStairsBacktrack(n) {
const choices = [1, 2]; // =I&EFEMLENE 1 Mgk 2
const state = 0; // MZE 0 MFFLEIE
const res = new Map();
res.set(0, 0); // f#MA res[0] ERAEHK=E
backtrack(choices, state, n, res);
return res.get(0);

14.1.1 FiE—: BHiEE
[ RS A B AHOS RIBUHA TR R, K KRR BB E— RV, @i IR fsss:, R
A ] R,

FATTAT DAS2 M RT3 ) Ff FE S AT I SE R, IRTERNSE 4 B 3L dpli] ®OT R, A4 dpli] sU2 RS, H
R EER

dpli — 1],dpli — 2], ..., dp|2], dp[1]

BT RAEE 1 e 2 B, BRICSIRATGESS « reeis B, b—4CHmIREutEss ¢ — 1 ek ¢ — 2
b BRANED, FATHAEMGE ¢ — 1 B ¢ — 2 Briamss ¢ B

F A 5 — N EEEHES: TSI ¢ — 1 B ZEUM LIRS  — 2 By REGRS TR ¢ Wil 7s
2 /N W

dpli] = dpli — 1] + dpli — 2]
IXERETENCRERE R, & TR A TEIBHEOC R, R MR R n] PA 7 PSR i e ok, &1 14-2
R T IR HER R,

dp[5] =dp[3] +dp[4] =8

dpl4] =5

dp[3]=3

|

EEM# n = 1 2 3 4 5 6
HEE dpln] = 1 2 3 5 8 13
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B 14-2 75 REEBHECR

TATAT DR A ARSI R ISR, B dp[n] MRS, FEITM— A K RN A B i
WA, EEEAEN TR dp[1) A1 dp[2) BHEE, b, BN TREIORZEEHN, B dp[l]) = 1.
dp[2] = 2, RAMEHE 1. 280 1. 2 M7TE,

MU, BRI E TR RS R, (HEMES:
// == File: climbing_stairs_dfs.js =

/* R %/
function dfs(i) {
// B%0 dpl[1] # dpl[2] , R[EZ
if (i =1 || i = 2) return i;
// dp[il = dp[i-1] + dp[i-2]
const count = dfs(i - 1) + dfs(i - 2);
return count;

F

/* eHRs: R x/
function climbingStairsDFS(n) {
return dfs(n);

F

B 14-3 /R T R RGREIAR, X TR dpln], HIBEMIRE R n, NEEREN O2"), &
e TR R, RENMA—DHERE n, WXFEABRIEFRFZH,

dpl9]

dp[8] dp[7]

dp[7] dp[6] dpleé] dp[5]

dp[6] dp[5] dp[5] dpl&] dp[5] dp[a] dpl4] dp[3]

EREMEINEEARER TR
SHEYEERERELRR o(2")

14-3  TEREAH XS B3 B

WA 14-3 | SESORIIRA At i “HA TR SEA0, Bl dp[9] ¥ dp[8) F1 dp[7], dpls]
WM dp[7) 71 dp[6], WEEEE TG dp[7] .

DU, TGOS NIRRT S, T PN R, SR B R S e X e A T
A L
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14.1.2 &= idlziigs

NTHTRIERCR, BHEAENES SRR R, Ovitt, FOTEH— A mem KidRE D
TSR, FFAERRIERE R EE T RS,

1 MR dpli] I, FAHEEITRE nem[1], A2 JE (.
0. MEREEIE dpli] I, BT EEEM men[i] FHRHGET, MR S 1% T,

AR AR

// == File: climbing_stairs_dfs_mem.js =

/* BIZIIER «/
function dfs(i, mem) {
// BH dpl1] # dp[2] , REZ

if (i =1 || i = 2) return i;
/] BEELER dpli] , WEEEREZ
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);
// 8% dpl[il

mem[i] = count;

return count;

F

/* ets: iBIZHiER «/

function climbingStairsDFSMem(n) {
// mem[i] BRMEHIE i MPARZE, -1 KRLIER
const mem = new Array(n + 1).fill(-1);
return dfs(n, mem);

WERE 14-4 , edidi G, A RS RERREHHRE X, NREREREE On), 21 E
KHT KER,

N
maEiEg, g
HED

ISR T AR EIERER 0(n)
ERFFEESFRERRHEITE—R

B 14-4 L2 RN R A
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14.1.3 &= &R

IR Rl RN 197515 FATERE R R) JHh, IS ITHRHBR T R B+
M, BEEREMRNFRE (MR, )5, B EHRERE 7 R, FE R R

2R, shBMRE R/ “IVRET” 19755 s FIrERIETE, SRR E T FENg, B
152 i m] R

BTSN S B, R RFEABIMENSEI, TAEHEA, £ REH, JAT9Ee—
N dp RAEIEF RIRRAE, EREE] TS ICICAARR PR mem MHRIATICSRAEH :

// == File: climbing_stairs_dp.js =

/% JCtEts: shSH%l +/
function climbingStairsDP(n) {
if (n = 1 || n = 2) return n;
// el dp R, BFEEFRBAIAE
const dp = new Array(n + 1).fill(-1);
/] VAR Fugs/NFirlRAYfiE
dp[1] = 1;
dpl[2] = 2;
/] RKEEE: MNBR/NFIRRZR D KRR A TR
for (let i = 3; 1 <= n; i++) {
dp[i] = dp[i - 1] + dpl[i - 21;
¥

return dp[n];
B 14-5 BT DA ARSI Tid #R

e N, s N, i N N\
7 o~

MsRA:
dpl1] = 1, dpl2] = 2

RERBERE:
dp[n] = dp[n-1] + dp[n-2]

MAREEFF S, #ITIREEE, ILEEIRRESREL

K 14-5 EHERRRISISMNINS R
HEMEZE R, ShAURIMAER “IRE” SESRERAER BRI E B, 8 IRESHON B —> A A
K RLE) Ry e e LA, 14N, TERAAE R R A TR SR SO L R A ERERRRIT 2 7 o
IRPELA N, TR DRSS SIS MRI B B R,

- EER dp #h dp %, dp[i] TR i M BT R,
- RN TRBIR RIRA (5 1 BORIS 2 BRshE) FROmaTiamas,
- AR dpli] = dpli — 1] + dpli — 2] BRNRBEB AR,
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14.1.4 Fiafktk
OB RTRERIL T, WMTF dpli]| RS dpli — 1] i dpli — 2] 5%, KLERAIICHEEH— 484 dp kA7
A 7SR, RN &R EHRIAT, R R

// == File: climbing_stairs_dp.js =

/> [E#%Rs: =R CERNESHE */
function climbingStairsDPComp(n) {

if (n =1 || n = 2) return n;
let a = 1,
b = 2;

for (let i = 3; 1 <= n; i++) {
const tmp = b;

b =a + b;
a = tmp;

}

return b;

}.

WEE AR, HFEE T dp S, FIRAEZREM O(n) BE O(1) .

SIS, SRTPRSEEC G RTE AR MG XK, XNBATA IR DZERPRE, wd “FEge”
KATENEEE, XA RRLBIIBRRh R " ol R,

14.2 mhEFIR )51

FE b=, BAFS 7SS R AMARE L 5 A) S R SR AR SR AR, SKRw b, [l o e — e
AUSRRERS, 1E0IG. ShASH [l A e A ],

- OMERFIB AR R R o> O 2 M IR R, EER/N TR, AR R A R
fiR, ERASENR MBI

- SIS AREEATIE A 0 g, E5 AR EZXAE, ShASHRIARE 7 AEUR A B AR, £
IR IR & IV 2 EE TR,

- [ERIAAE 2R R g5 28 A A AT REAVMAR, FFIEIT BTRGR e NI R 05, SR IAIEAY R EH — 2R
FIRFERII K, FATAT DR NRFP B RTHI T P 1 — D T [l

Kk b, SR ARRERIRE, e MUESESE TR, EEE RN RILTEHH, T
JERIES

14.2.1 RAFEN
AT TERERS I RS VA, (2 B INIE & SRR A PS5 HHE &,
ERERE M
BE—DERS, IREHTIE 1 INERE 2 1, S—Wss LR E — DN IERREE, RRIRIEIZEM

PR TR BT AT, B — D IRTREEEE cost , H cost[i]| RRIES « MEMTER HIIRAN,
cost[0] JHuE GEIGRD. HH RO FEN 2 DN A RERIATHER?
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i 14-6 FoR, #HH 1L 20 3B E08 10 100 1, WIMHLETEZIES 3 Brags MU N 2,

BRI n = 0 1 2 3
HH costln] = 0 1 10 1

TeLss 3 Miigisdts 3 AR
0515233 , 05253 , 05133
Hep 0513 HRNHRD, BIMENHA 2

14-6 TEEIE 3 Frim/ M

1% dpli] JTEEIE § RIS HEORGT, HTE i AR i — L Bk i — 2Bk, Wit dpli] HATAE:
F dpli — 1] + cost[i] % dpli — 2] + cost[i] . }1 T RATAERA (AT, FRITTRZIERERE e NHE— A

dpli] = min(dp[i — 1], dp[i — 2]) + cost][i]

IXFEAT LAS | R AT A5 i S0 Dot ) A B DA DA ) e DL AR S 1S SR )

AR BAREAG BT FAINNADF RIS dp[i — 1) F1 dp[i — 2] kBRI —1, A
EATR RS dpli] BRI,

M2, E—THICHERE A IRA R FE5H0E? BRI BRI REE, BEU2 DR, (EaR
MR RBERARTTEEE, TATEIMLEL, BREBBSEIGRENT, HRNTaEmRTsk
T B MERARTEBEFTE n — LIS n — 2 MEARTTREEZM, Fllk, RIUFaanmResT X
FURRRTE, EARRFEH AR RE X,

RIBIRSHE TR, DARPIIEIRTS dp[l] = cost[1] f1 dp[2] = cost[2], FATHEAT AR EIZhASHLRIRAS
// == File: min_cost_climbing_stairs_dp.js =

/* emps/RM: shSHRI +/
function minCostClimbingStairsDP(cost) {
const n = cost.length - 1;
if (nh=11l n= 2) {
return cost[n];
}
[/ Wk dp xR, BFEETRIBAVEE
const dp = new Array(n + 1);
/] AR g/ FirlREAYfAE
dp[1] = cost[1];
dp[2] = cost[2];
[l REEE: NBR/NFIRBER D KR A T8

for (let 1 = 3; i <= n; i++) {
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dpl[i] = Math.min(dp[i - 1], dp[i - 2]) + cost[il;

return dpl[n];

B 14-7 JoR 1 DA E RS AISIES RIS R,

cost[1] cost[3] cost[5] cost[7] cost[9]
min + min + min + min +
dpl8]
min + min + min +

cost[2] cost[4] cost[6] cost[8]
RS
dp[1] = cost[1] , dp[2] = cost[2]
B AR

dp[i] = min(dp[i-1], dp[i-2]) + cost[i]

14-7 ersis i/ MU HIEh SR

AEBAT DO TR AL, A5 —RER T BAE, B3R 2N O(n) BE O(1) -
// == File: min_cost_climbing_stairs_dp.js =

/* BRI TEMLCERIIESME */
function minCostClimbingStairsDPComp(cost) {
const n = cost.length - 1;
if(h=11||l n= 2) {
return cost[n];
+

let a = cost[1],
b = cost[2];

for (let 1 = 3; i <= n; i++) {
const tmp = b;

b = Math.min(a, tmp) + cost[i];
a = tmp;

+

return b;

14.2.2 TREME

TR RSN SHKIRERS A DR R AR R E R e e —, HoE SO B — e IR, ERARRAERA
HAMIREAER, mSERENiAIRESIEk.
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DATERERE RN B, LIRS 1, BRABHIRES ¢ + T AR 1 + 2, 2% ik 1 Mgk 2 20, fEMH
IXPARMZERERS, TATTCHH IR « ZATHPIRE, BTG ¢ FIARRIAH R,

SR, WERBATIA MEREAS AN — TR, TBOUA—HE T
LR TE RS
BE DA n NHERS, REPATDALE 1 Firelid 2 B, [HAREESMERRE 1 B, A 2/ DRy %
A DATEZIRETH?

NI 14-8 A, eSS 3 B {GH 2 Mml {7755, HAES: =k 1 77 B RLHREN, RILBEEF.

HBFReeEsmesk 1 M,
EEAHE 0315253 WAEF I

BEM® n= o 1 2 3 4 5 6

L 3 mgﬁ%ﬁ 2 73

05253, 05153

14-8 WLPRICEIE 3 Mrayys =REE

I, R R 1 B SR, B TR 2 M X, RS R TR
& CHNTPTTEREHENED BCuuE, RN —AMRE (h—SeRiTERsmE) A%,
Rk B, I E R R TR, RSER TR dpli] = dpli — 1] + dpli — 2] BT, BEH
dpli — 1] (RFEABH 1 W, BHPES THS “ E—R8 1 W R A%, Tl TikRA%, RITAR
HE¥ dpli — 1) ECBEH A dp[i]
M, BOTEERRAE L KA [i, 7] FoRb S § WOFEL LBk T B, Hebj e {1,2). hthas
ESERHIX S T 5Bk T 1 BER 2 B, TRl TaT AR 24 kA e M T K,

M BT LR, b S RREEEEBE 2 WY, B dpli, 1] REEM dpli — 1, 2] BRIER,

C R RRBR T 2 N, b bR TRk | reRBk 2 B, B dpli, 2] iTRAM dpli — 2, 1] 8 dpli — 2, 2]

Ak,

W 14-9 iR, (ERE X, dpli, j] Fomihas [i, ] MBHITRE HNRAHR TN :

dpli, 1] = dp[i — 1, 2]
dpli, 2] = dp[i — 2,1] + dp[i — 2, 2]
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THEEESLMACRE 1 MY
ElZTwHEE

dp[i-1,1]

dp[i,1] dpli,2]

dp[i-1,2]
dp[i-2,1]

dp[i-2,2]

K 14-9 HELH MHNEHERR

R, IEE dp[n, 1] + dpln, 2] BIFT, B 2 RIREIESIES n K7 ERA
// == File: climbing_stairs_constraint_dp.js =

[* HERCHERS: shSME */
function climbingStairsConstraintDP(n) {
if(h=1 1|l n= 2) {
return 1;

}

/] #ia dp R, AFFEFIRBRAE

const dp = Array.from(new Array(n + 1), (O = new Array(3));
/] MEIRES: g s\ FiRlEAYAR

dp[1][1] = 1;
dp[1][2] = ©;
dp[2][1] = ©;
dpl2][2] = 1;

/] REEE: MNBR/NFRRZ D KRR A F a3
for (let i = 3; 1 <= n; i++) {
dp[il[1] dpli - 11[2];
dp[i][2] dpl[i - 21[1] + dp[i - 2]1[2];

¥
return dp[n][1] + dp[nl[2];

£ RHARGT, BT NHEZHEAE NI, BB DOsE i RIRSE X, (15 B i 2
TRt R, FERBAAIREERN AR,

TERERA-5 BRERT/E R

B DIAE n TROREES, (REPATDAE 1 BE#E 2 [, A SR « Bk, REEEHNSIIER 21
Fir L LRERY, )G PiA SRR SR VrRkEISE 24 B b BN, ATPERAIBREN T 20 3k, W
JEARERREIES 4. 6 [ Lo EFE 2/ DRh75 50T DUTRZIRETH?

FERXA A, T IRBRERRIUS RATE RIRE, BN E—RBRERE = A S s IRTES R E RS, FFRNAR
AIBkER, X TIXZERIE, SASHRIAEEAE DA,

Kk b, F2ERNHSMARE (BIEIRITREFED e Et. M xR, HANEE EEE
FIEAMTTIE, BlanE AR, BEER, st I, AER BRI R 1S 2 a] AR R iR (LR
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14.3 mhEMRIAES B

EWTIAE TSNS FERY EEARFE, 5 TR RTINS A AR,

L. Gl — Al EUR A 2 8 SRR Al ?
2. RIESEMKNPEIZMATEAT, BSR4

14.3.1 [aIREFIET

BEPRS, RN MEEESES T WE, RIETEH, HRETERNE, B eidiIEs HaismRIRE,
SRIM,  FRATARE A TR REA F B SR X e, (R FRAT T SIBE 60, SR )i 7508 5 T )
W (%) Mok,

TGS PR DL D BUE F . “OGRHBRY” | SX M) ETA] DA AT S5 ARk HiA, o — 1 R
— PR, B RERAE DRI,

HAgTEL, ARSI RS, I B REE — RINRET AR, AR BRI e R, 8
AT DAGE A (1R AR R

FEMECEA B, SR RENE A — 22 NI,

- MEEERK (M) 8 () FRitbmbit,
- IERIRSEER R — IR, YRR SRR, I H— DRSS HABRINSFEISHER R,

MR, AFfE—L “RRoTI,

- IR EARZ AT E Al RERIARR TR, T E R R LR,
- ERA A EIHPH S RIRHE, &EREIEARIZ DT,

QIR — IR R SRR, FEEAARONIER “maut”, FAIHA] DURIR B R — P EhSIKIRE, FF1E
R EHRIEE,

14.3.2 [RIERBSE
SNSRI B R AR 2 DR (R R A R A FE TS PR, (EIE R EIE DA TR iR RsR, & SURE, &7
dp &, HEFIREEBTE, WEBRENE,
NT BB B RS, BAMEH— MR “ e NgER™ k2,
Question
HE—Dn x m N _4EME grid , MASTRIEDNRITTEEE— DN EREEE, FORIZEATEIRT,

Plas NDAZE Ef BoTheonidin e, BIRIARER ReRE ARSI —8, BEEENEG Mg, 1HRE
MEE EAEIE N AR N AR,

B 14-10 fon 17—, 28 MRS R IR/ NS AR RIN 13 6
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1 5

- K
o -
-
435“

220

B/NBEEAIA 13
WHREFEAN 1925253325152

B 14-10 e/ NEERURBIESE

B BHERRIYSR, @SOS, Wmifdal dp %

AR — R AR AR A Y RITAR 1 R E — 8, YR FRIITHIRS N [4, 5], WA FekmfG E
—HhE, RIIEN [P+ 1,518 [, 5+ 1] Fik, REMEEATRIIFMIIRGINDNER, 120 [7,7] .

A 1, J] MROTFIER: W [0, 0] #35 [4, 5] KNSR, W8 dpli, 7] -
e, BATHEETHE 14-11 FoRi0 4 dp 560, HR SRR grid R,

j j+1
1 3 1 5 dple,0] dp[e,1] dp[0,2] dplo,3]
i 2 2 5 2 dpl1,0] dpl[1,1] dpl[1,2] dpl1,3]
i+1 5 3I_: 1 dpl2,0] dpl[2,1] dpl[2,2] dpl2,3]
4 3 5 2 dp[3,0] dpl[3,1]1 dpl[3,2] dpl3,3]
grid dp &
SRRE. AAAATEHE Fing: MEEREI[L, j] NsEE
REEX: 175IF5] [4, ] dp ®&: RF5 grid HHREIERE

K 14-11 KESENS dp &
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Note

BNASHURIFN B AR AT DAREIR R —DNRSR A, MRS H A JURZE B, BN Y & IR MR
ERfALRE, HESTEBNGEE, BEARESH F—MRE,

BRSNS L —DF R, FATSE = dp ZREMIE TR, RSN AR
& dp B —DEE, NATTEER, dp RBRSH T RIBR R 8,

B R AT, S IR R

FTIRES [i, 5], BRI [ — 1, 5] BT [i,j — 1] Mk, EHREIE e h: 5k
[i, ] BB NES R 1, § — 1) BB NIRRT [i — 1, j] BB AN RIS MR — N,

WRHE LA E oA, RIHEHIE 14-12 FroRppRESE R 7T 1

dpli, j] = min(dpli — 1, ], dp[i, 5 — 1]) + grid]i, j]

1 3 1 5 dple,0] dpl[o,1] dp[o,2] dple,3]
2 2 4 I 2 dp[1,0] dpl[1,1] dp[1,2] dp[1,3]
5 3 2 1 dp[2,0] dp[2,1] dp[2,2] dp[2,3]
— —>
4 3 5 2 dp[3,0] dp[3,1] dp[3,2] dpl3,3]
grid dp &
RARBEE:

dp[i, j] =min(dp[i-1, j1, dp[i, j-11) + grid[i, j]

K 14-12 ®IETERSIREHZ TR

Note

FRYETE A dp 22, BE RS 78S R,  HHIE I [ B U RA 38 i (0] @ ) B (LA
7%, BRI FE4,

—HRAHRE TR TE54, sal DA e RIS R T,

B WA RIS

ARG, AAEETRARES RREMNHAIRIESER, AEEVIFIERGEMNE_ BIBRIRSRR, BILETT
i = 0 MEF j = 0 BIAFEM,

i 14-13 FoR, BTSRRI TR LTS AR, R B I R EEA R e R, SMIE
NI4T, PEINET 551
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dp[e,e] dple,1] dp[0,2] dplo,3]
—> —>
dp[1,0] dp[1,1] dp[1,2] dpl1,3]

dp[2,0] dpl2,1] dpl2,2] dp[2,3]

dpl[3,0] dp[3,1] dp[3,2]1 dpl3,3]

LREMEF: TBkETET

dpfe,0] dp[0,1] dple,2] dp[0,3]

ot o—t o—2»
dp[l,{ﬂ] dp[l.lll dp[li] dp[l,}]
ot et et
dp[Z,{;] dp[Z,ll] dp[Zi] dp[z,}]
AT T
dpl[3,0] dp[3,1] dp[3,2] dpl3,3]
ot o=t o=t

REHBIRRF: EFERHER

14-13 JH5RE SIS

Note

DS AAESSMXIT AT 016 dp 3%, EERHAT IR
REERL N IR O R ZE CREAE T3 S 5T AR, TR BRI B8 /N7 R R T U E R

R,

RIE LB, BATCLA DIERES Hah SRS, 28T 5 (A1 0 2 — R T SR Y

“BIER — IR — ST BN SRR AT & B ARSI

1. Fit—: BhER

WIRZS [1, 7] TR, RSN ENGRA [ — 1, 7] A1 [3, 5 — 1], BIRAUEL R,

CRABEC RE D]

- OB M [0, 0] B [i, §] BN ERT dpli, 5] o

- BIE&ME: M0 =0 H j = 0/, RERA grid]0,0] .
©OBIE: M < OWER j < O RGBSR, HIHREAT +oo, KREARTIIT,

SEELAHS G
// == File: min_path_sum.js =

/* RNEBEMN: BHER x/
function minPathSumDFS(grid, i, j) {
[/l BRELARTE, NWELEER
if (i =068&3j = 0) {
return grid[0]1[0];
+
[/ BITHESIER, MRE] +o i
if <0 [l §<0){
return Infinity;

F

/I HEMEERE (i-1, ) M (1, -1) sNBEAHN

const up = minPathSumDFS(grid, i - 1, j);
const left = minPathSumDFS(grid, i, j - 1);
/] REIMNEEAE (1, j) BHm/NEBEAHN

return Math.min(left, up) + grid[il[j];

A A% A
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B 14-14 Z5H 7 PA dp[2, 1) ARTT RN, Hbh @S @S mi, HER IS MK grid FRST
R EREE 2 o

MR LR, ERESTREREED: SRR PN LA BRI — Mo,

Bk R5IEA

dplo,1] dpl1,0]

0/ 9 9
o %7 Y

dp[0,1] dplo,2

: : : EEFIEIA:
do = dp[1,0] dp[1,1] dp[1,2] dpl1,3] dpl[i+1, j1 A dpli, j+11 & dpli, j]
P dp[2,0] dp[2,1] dpl[2,2] dpl2,3]
dp[3,0] dp[3,1] dp[3,2] dp[3,3]

14-14 RIEREBIR

FAMIRSEA A FRIEGWNAER, WEEAERGE MAERTEm +n — 28, FIURENREREN
O2m*™), Hrfrn M m A0S EIATERIFIE, EER, XM SORE RIRE AL SRR, 4
FIAPIASID SN RN —Rdse, RIESKRRAs R E R DL,

2. FiEZ: iIiER

BATSIA—FIRIAE grid MHERSTHIIEIZEER mem , A FIERE N TIRBMNE, FHEESTFREETE
i

// == File: min_path_sum.js =

/* BRNEBEM: IBIZHIEER «/
function minPathSumDFSMem(grid, mem, i, j) {
[/l BRELARTE, NWELEER
if (i =068&3j = 0) {
return grid[0][0];
}
[/ BITHESIER, MRE] +o i
if <0 [l §<0){
return Infinity;
+
// BEEBIER, NEHERG
if (mem[i][j] !'= -1) {
return mem[il[j];
}
/] A AR TR SRR FRALMN
const up = minPathSumDFSMem(grid, mem, i - 1, j);
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const left = minPathSumDFSMem(grid, mem, i, j - 1);
// BRHFREELEAR (1, j) HRDNEEALN

mem[i][j] = Math.min(left, up) + grid[il[j];

return mem[i][j];

aniE 14-15 fvw, FESIANICIZALIG, FrE FIRISRR R T HE—R, EILN RS &R TIRS RS, BT
RS O(nm) o

i BEFER Bk BWSIER

dp[1,1]

dp[2,0]
g \\\ Q

o2 ol 2.

Q

[l 14-15 iCZALIE 2B TR

3. FHiEZ: ohEAR
EPEREMSSAE, R HoR:

// == File: min_path_sum.js =

[* B/NBRFEFN: THESHIR */
function minPathSumDP(grid) {
const n = grid.length,
m = grid[0].length;
// Wk dp R
const dp = Array.from({ length: n }, OO =
Array.from({ length: m }, O = 0)
) .

dp[0][6] = grid[0][0];

/] REE%:. 817

for (let j = 1; j < m; j++) {

dp[01[j]1 = dp[B1[]j - 1] + grid[6][]];

+
[l REE%: &Y
for (let i = 1; 1 < n; i++) {
, dp[il[0] = dp[i - 2]1[0] + grid[i]l[6];
/] REE%. ER1TH5
for (let i = 1; i < n; i++) {
for (let j = 1; j < m; j++) {
, dp[il[3j] = Math.min(dp[il[j - 11, dp[i - 11[31) + grid[il[3];
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}
return dpln - 1]1[m - 1];

B 14-16 J&/R T B/ NS R FIRSHEAEL R, HomD) TR, RIINBIERER O(nm) .
Bl dp Kb n x m, HEBREREN O(nm) .

i 3 1 5 o o 0 o i 3 i 5 1 & 5 10

2 2 4 2 o o 0 o 2 2 4 2 3 o o 0

5 3 2 1 o o 0 o 51 ) 2 1 8 o o 0

&4 &) 5 2 [) o 0 [ 4 8 5 2 12 ) o 0
grid dp & grid dp ®

iakETT dple, j1=dple, j-11 + grid[i, j]

st dp & VHEAET] dpli, 0] = dpli-1, 0] + gridli, j1
Step 1 Step 2
1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3&>5 0 0 2 2 4 2 3 5¢>9 0
5 3 2 1 8 o 0 [ 5 8 2 1 8 [ o 0
4 3 5 2 12 0 0 0 4 3 5 2 12 0 0 )
grid dp & grid dp &
RERA K&
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j1
Step 3 Step 4
1 3 1 5 1 4 5 10 1 ) 1 5] 1 4 5 10
2 2 4 2 3 5 9 e>11 2 2 4 2 3 5 9 11
5 3 2 1 8 0 ) 0 5 3 2 1 ge>8 0 )
4 3 5 2 12 o0 0 0 4 3 5 2 12 0 0 0
grid dp & grid dp &
RERA REFAS
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]
Step 5 Step 6
1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 11 2 2 4 2 3 5 9 11
5 3 2 1 8 8e>10 0 5 3 2 1 8 8  10e>11
&4 3] 5 2 12 o 0 0 4 8 5 2 12 0 o 0
grid dp & grid dp ®
RERE bt
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dp[i-1, j1, dp[i, j-11) + grid[i, j1

Step 7 Step 8
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1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 1 2 2 4 2 3 5 9 11
5 3 2 1 8 8 10 11 5 3 2 1 8 8 10 11
4 3 5 2 12e>11 0 0 4 3 5 2 12 11e>15 0
grid dp & grid dp &
K& ot iid
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]
Step 9 Step 10
1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 11 2 2 4 2 3 5 9 1
5 3 2 1 8 8 10 11 5 3 2 1 8 8 10 11
4 3 5 2 12 11 15¢>13 4 3 5 2 12 11 15 13
grid dp & grid dp &
REEB
dpLi, 51 = min(dp[i-1, 51, dpli, j-11) + gridli, j1 EEIR/NEERR 13
Step 11 Step 12

& 14-16 /NS ERIRIEIESMRNIIRE

4, Fjalit

BT MET R EHEDN BRI AR, BIRERATAT AR — DB TEERIIN dp &
IR, BIOVEEA dp REERR—1TRUIRAS, A ABAITCIERATAAa L B FIIRAS, TR fEiE ST Ere:

// == File: min_path_sum.js =

/* =RNBEEMN: TEMLCERIESME */
function minPathSumDPComp(grid) {
const n = grid.length,
m = grid[0].length;
/] %tk dp *=
const dp = new Array(m);
[ RER%: 817
dp[6] = grid[0][0];
for (let j = 1; j < m; j++) {
dp[jl = dp[j - 1] + grid[01[3];

+

/] REEH%: HRTT

for (let 1 = 1; i < n; i++) {
[l RKEE%: 85
dp[0] = dp[0] + grid[i][0];
/] RKEE%: HRY
for (let j =1; j < m; j++) {

dp[j] = Math.min(dp[j - 11, dp[j]) + grid[il[j];

b

}

return dp[m - 11;
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14.4 0-1 58inE

HHEAEE - MERFRIESMIATTEE, 2l WmEr . HAARZZR, Bl o-1
HEAE, 2eREnE, 2EEEREE,

FEATH, BATPeR R WA 0-1 & [,
Question
BE n AN, B0 MEERR wet[i — 1] MER vali — 1], FI—DEERN cap WEH. &
N RRIERE— IR, MTERRE I A R NSRBI RN E,
MELE 14-17 , TGRS « N 1 RIS, ARSI 0 FFEETHER, IR @« W E & wgt[i — 1] F1
B valli — 1] o

ms EHE tifE

i wgt[i-1] val[i-1] TazE
1 10 50 L cap = 30
2 20 120 ) |~
3 30 150 - “
4 40 210 ¥
5 50 240 >

=AME: 270

BEAR: B @& BAEE
#HER 50 HAEE

K 14-17 0-1 B HAIRGIESE

BATAT LK 0-1 R BEE— D n RIRRARIISRE, N TEMREE RBAFRRAPRRSE, Hit
T2 [P L ik R SRR BT,

AR EAR R “TERET BAR FRERAYMERRME”, BIHRAERZ — D sh SRR,
H—0 BEBGRNYIUR, & RE, WmfHs) dp %

MNTEMEKRE, TRAEE, BEERNE; BASH, SEARRD. HIEAERAE N : L
s M ERE e, 12 [i, ],

RZS (4, ¢] MRRFREN : A ¢ ANMIER RN ¢ RSP RsRIE, 120 dpli, ¢ .

RERMERZ dp(n, cap], RRFE—NRSH (n+1) X (cap + 1) K4 dp %,

B IR, HmiiESs RS E TR

MEAMHHYIE @ WPSEE, FIRIERT— 1 MR R, B9 AR PARRME L.

C BB BEARNE, REZMN [ -1,
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COAE G HEERED wet[i — 1], WMEEN valli — 1], KEEBUR [i — 1, c —wgt[i —1]] .

ERATEBRATER T AR TR m KB dpli, c] FTF AN « FURAPIE ¢ Pk E b
{ESE R —A,  He ] RS EAS TR

dpli, c] = max(dpli — 1, ¢|,dp[i — 1, ¢ — wgt[i — 1]] + val[i — 1])

TERRNR, EUNYRER wgt]i — 1] BHRIRSEAR ¢, WA R .
W WAL AP RR A R
A R AR O BHEAHMES 0, BIESI dpli, 0] FIEFT dpl0, ¢] #5F 0.,

SURART [i, €] M EFTROIRES [ — 1, ] FIZE EATHIRES [i — 1, ¢ — wat[i — 1]] ¥Rk, FHHETFES
FRIE 38 B dp FETT,

IRIECA L0 #r, BT RGPSl g DR, DR, SIS,

1. FiE—: 8HiER

ERAHUZUTER,

- BHESEC KA .

- JRIEUE: FRBINE dpli, c]

- LM YRGS i = 0 SUEERIRAEN O K, ZKIE@EAHIRENE O,
© OBE EMEYREREN T ERRAE, WHABERE AT

// = File: knapsack.js =

/* 0-1 B8 BHER «/
function knapsackDFS(wgt, val, i, c) {
/| BEETEYRAEELRHREE, WRENE 0
if i=0 ||l c = 0) {
return 0;

+
/] ERIEERE, WREEEFHALE
if (wgt[i - 1] > ¢) {
return knapsackDFS(wgt, val, i - 1, ¢);
+
/] HEFRBNFMBANYGE 1 BRANE
const no = knapsackDFS(wgt, val, i - 1, ¢);
const yes = knapsackDFS(wgt, val, i - 1, ¢ - wgt[i - 1]1) + val[i - 11;
/] REIFEFHGERNEERIB—
return Math.max(no, yes);

niE 14-18 iR, HITE M S AERIEFNEP SRR S, RN RSN O(27) .

WEBIARS, AP RIMHAIFE RS TR, Bl dp(l,10] %, fXyaise, TEARRK, JTHZMHEF
HENYRRZN, EETRENREFTIREEZ,
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MRS YaEE
dp[3,30]

REBRNIG 3

dp[2,10] ik YaERE > Se5E
?o,\%‘ REHANE 2

dpl[1,-10]

REBANDGR 1

YImRS i 1 2 3 HEEE cap = 30
YmER wgt[i] 10 20 20
YEfE  vallil 60 110 120

& 14-18 0-1 H RS HERIEIIR

2. Bz iz E

N T PRIEES T AR GO — R, BAMEIICIZH15R mem KIC 5+ B A AR, Ho mem[i]1[c] X
dpli,c]

SINIEIZZ G, MREAERRT F g, itz O(n x cap) . SEEIBITR:

// == File: knapsack.js =

/* 0-1 B8 BIZHIER «/

function knapsackDFSMem(wgt, val, mem, i, c¢) {
/| EEREMEYRASELHREE, NRENE 0

if@A=0|| c=0) {
return 0;

+

/| BEEBIER, NEERE

if (mem[i]l[c] '= -1) {

return mem[i][c];
+
/] ERIEERE, WREREFHANE
if (wgt[i - 11 > ¢) {
return knapsackDFSMem(wgt, val, mem, i - 1, c);
+
[/ TBERBANBANY@E 1 BRANE
const no = knapsackDFSMem(wgt, val, mem, i - 1, c);
const yes =
knapsackDFSMem(wgt, val, mem, i - 1, ¢ - wgt[i - 1]) + val[i - 1];
/] BRFREIFFHSGRFPNEEARNI—D
mem[i][c] = Math.max(no, yes);
return mem[i][c];

B 14-19 JoR T EICICAR R P HEIRATER R 0 3
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MRES YaEE
dp[3,30]

EEBRNIG 3

Bk #REIER dp[2,10] Bk WRER > HE%EE

% of

?ﬁ REHAME 2

dpl[1,10]

& BERANYSR 1
o = %
YIRS i 1 2 3 HEESE cap = 30

MRERE wgt[i]l 10 20 20
YEfE  vallil 60 110 120

K 14-19 0-1 B RMEAICIZAE R I
3. HE=: oMK

BNASHURISE B BRI RIS dp RAERE, A~ R:

// == File: knapsack.js =

/* 0-1 B8 ohSME «/
function knapsackDP(wgt, val, cap) {
const n = wgt.length;
[l Mk dp *
const dp = Array(n + 1)
Fil11(e)
.map(() = Array(cap + 1).fill(0));
/] REE
for (let 1 = 1; i <= n; i++) {
for (let ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 1] > ¢) {
// BEBIEERE, WNEYH 1
dplillc] = dpli - 11[c];
} else {
/] REMEm 1 X ERNERAE
dp[illc] = Math.max(
dpl[i - 11[c],
dpl[i - 11[c - wgt[i - 111 + valli - 1]
)5

i

}
return dp[n]lcapl;

U] 14-20 R, IRV 2R EEE A2 2B 0 e dp /b, BT O x cap)
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AN

AR

ALK
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- [ ] U “ - a B “
EE wgt i val 0 1 2 3 4 EE wgt ffE val el oo 1 2 3 4
wgt[i-11 val[i-1] [} [} ] 0 [} wgt[i-1] val[i-1] [} 0 [} [} [} ]
e 55T
1 5 (] ) 1 5 ("] 1
2 11 * [} 2 11 * 2 ]
3 15 - 0 3 15 o 3 )
RS
VEBE n = EEEE cap = 4

Step 1

MEWRTH (n+1) x (cap+1) B dp %EFE

d‘p[i, c] = max( dp[i - 1, ¢] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

Step 2
a & B @& a & & &
EE wgt HfE val 0 1 2 3 4 EE wgt i val e e 1 2 3 4
wgt[i-1] val[i-1] 0 [ L] ) 0 wgt[i-1] val[i-1] 0 ) 0 [] [] ]
+5°0 | _ +55
1 5 () 0 5 05 1 5 o 0 5 5
2 11 ¥ 0 2 11 ¥ 2 ]
3 15 (% 0 3 15 (3 3 )
®: #:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]1] + val[i-1] )
| Step 3 Step &
o - [} [ ] ﬂ - [} ] ﬂ
EE wgt i{E val 0 1 2 3 4 BE wgt i val el oo i 2 3 4
wgt[i-11 vall[i-1] 0 0 [) L] 0 wgt[i-1] val[i-1] 0 0 0 0 [) 0
5N —
1 5 ('] 0 5 5 5 1 5 ] 1 [} ? 5 5 5
2 11 * ) 2 11 * 2 0 5
3 15 (% [] 3 15 (3 3 )
K& RER
#: #:
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
[ Step 5 J Step 6
- ] Il U - [} ] ﬂ
EE wgt i val 0 1 2 3 4 EE wgt ffE val el oo 1 2 3 4
wgt[i-1] val[i-1] ) ) [} 0 0 wgt[i-1] valli-1] 0 [} ) ) 0 [}
1 5 (] 0 5 5 5 5 1 5 ] 1 [} 5 5 5 5
N R M T
2 11 ) 5 11 2 11 2 [} 5 1 16
3 15 - 0 3 15 o 3 )
gﬁﬁ RER
A{p[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) d‘p[i, c] = max( dp[i - 1, ¢] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
[ Step 7 ‘ Step 8
- a @& n - a = "]
BEBE wgt fifE val 0 1 2 3 4 EE wgt fifH val el oo 1 2 3 4
wgt[i-1] valli-1] ) 0 0 0 0 wgt[i-1] valli-1] 0 0 0 ) 0 o
1 5 () 0 5 5.5 5 1 5 o 0 5 5 5 5
x T .
2 1 0 5 1 16 16 2 1 2 0 g 1 16 16
3 15 - 0 3 15 (% 3 0 5
. -

dpli, c] = max( dpli - 1, c] , dpli - 1, c - wgt[i-1]] + val[i-1] )

[ step 9 :

dpli, c] = max( dpli - 1, 1 , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

Step 10
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a - - ] ﬂ
EE wgt ME val el oo 1 2 3 A
wgt[i-1] val[i-1] 0 ) ) [} [} )
1 5 (] 1 ) 5 5 5 5
2 1 * 2 ) 5 ill 16 16
3 15 - 3 0 5 11
REF
B
dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
Step 11
«a & & @
EE wgt fifH val e e 1 2 3 “
wgt[i-1] val[i-1] 0 0 0 0 [ 0
1 5 1 0 5 5 5 5
2 1 * 2 [) 5 -\\Q 16
+15 !
3 15 @ 3 ) 5 1 16 20
Xk*ﬁ
dp[1 cl = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 13

K 14-20 0-1%

4, =SiEfkitk

BT MNRSE R S H E—1TRORAE 3, [RULFRATT AT DUE AN SRR, =R REM O(n?

= O(n) .

BB, BATRES (UH — M LIS RILLlE? IS RIHI,
M, STHREE o T, IZEE AR ¢ — 1 TR,

HURSREGE AR, I spiE dpli, 5] B, %177 dpli — 1,1]

IR, R

o, MRS S EMAIRSHR SR,
QSRR P, WARE RS

) - - (] ﬂ
EE wgt iE val e oo 1 2 3 4
wgt[i-1] valli-1] 0 0 [} [ 0 0
D e
2 11 * 2 [}
3 15 - 3 0

sen—rsrna o - ((DEDEDEDED

WA 1= 2 #f, 5K dp RERENR 1 = 1 WFTEMRE

Step 1

- = ] U
EE wgt i val N 0 1 2 3 4
wgt[i-1] valli-1] ] [} [) [} [} ]
1 5 (] 1 [} 5 5 5 5
2 11 * 2 05 11 16 16
s
3 15 o 3 ) 5 11 16
i
#:
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 12
a a & &
EE wgt fifH val el o ; 2 3 4
wgt[i-1] val[i-1] ) [) 0 0 [} [
1 5 o ] 5 5 5 5
2 11 * 2 ] 5 1 16 16
3 15 @ 3 [ 5 1 16 20

EENFIEMRBAE SRRANE 20

Step 14

SREARIER IS R Ub R S

~dpli — 1, — 1] ETREE.

[, IR AT DUEREE T,
K 14-21 AR TERADEEH TN ¢ = LATHIRER ¢ = 217, 1

- = ] n
EE wgt fifH val e 0 1 2 3 4
wgt[i-1] valli-1] ] ] ] [} [} ]
1 5 ("] 1 5
2 1 * 2 ] A
3 15 - 3 [)

sen—ruina o - ((DEDEDEDED

BFERE 1 = 2 17, MTRERB

Step 2

)

FARSERZHIE LT7ak BT IR 5%

s

R 1E e it P AE] e g P A DXl
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EE wgt A val ~.C

wgt[i-1] val[i-1]

« BN
+
/- KL

o
o
o
]
o

sen—rsrma o - ((DEDEDEDED

BFBHE i = 2 17, HTRERE

[ step 3
c a a A &
EE wgt i val e e 1 2 3 4
wgt[i-1] val[i-1] 0 0 0 0 0 0
1 5 ¢ [ 5 5 5 5
2 1 ¥ | . IEEEED
3 15 (% 3 0
sen—ratna o - (DEDEDEIED
) EFEGRE i = 2 17, #TRERSE
| Step 5

Step 4

Step 6

EE wgt ffE val .C

i

wgt[i-1] valli-1]

N s |~ | B
v
o o|n|B

o
)
o
o

0
1
2
3

@ +ts

sen—raina o - ((DEDEIEDED

BAFERE 1 = 2 17, MTRERB

a a & &
EE wgt fifH val el oo 1 B 3 4
wgt[i-1] val[i-1] o 0 0 0 0 0
s [} 1 0 5 5 5 5
2 11 ¥ 2 [) 5 1 16 16
3 15 - 3 )

sen—rarna o - ((DEDEDEDED

STRERE, #A dp RENHE 1 = 2 WAER

K 14-21 0-1 HRAZFELERSIESMRNE R

TEAREESEIIA, BAULFREE dp BB —4E « EREMBR, JF BICPIEIASE B 17 i B ] -

// == File: knapsack.js =

/* 0-1 B8 TELMEHNEEMR +/
function knapsackDPComp(wgt, val, cap) {
const n = wgt.length;
[l etk dp *=
const dp = Array(cap + 1).fill(0);
/] REE®
for (let 1 = 1; i <= n; i++) {
!/l BFEH
for (let ¢ = cap; ¢ >= 1; c--) {
if (wgt[i - 1] <= ¢) {

/] FEMEY® 1 XS RN AE

dplc] = Math.max(dpl[c], dplc - wgt[i - 1]] + vall[i - 11);

¥
}
return dplcapl;

14.5 2B 8n)

TEATH, BAVeRBAS —NE NSRRI 228, B T7ReEr—RG: TRk,
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14.5.1 258

Question
BE n M, B AENERR wet[i — 1] WMER valli — 1], M—DEEN cap WEH, &
APrihn] URAGERIR, [F{ERRE S BE R TRERAY MR RIME, ~EANE 14-22 FiR,

we EE -
i wgtli-1] valli-1] cap = 50
1 10 50 o 1 —

2 20 120 : x2 /“
3 30 150 B

4 40 210 *

5 50 240 (>

=AMNE: 290

BRAR: B—1 O AFET . KSR
HEA 50 HEEE

14-22 seeB W REE R EEHE

1. Zh&MRBER

Se T WA 0-1 F R MIEAEFARRL, DXL T A~ BRAIP S EER AL

- AEO-1 HEMES, SRR A, RIS AEEE, HEEMAETQ — 1 MsHEes
- fEEEHERET, SMYRREERE TR, BRI AT EIE, Tnl PG @ A PdhrbiEe.

d

TESERH WIRERE T, K3 (i, ¢] B IHFEDL,

RO G 5 0-1 SR, B [ — 1,
BN 5 01 WRAERR, #EE [i,c — wgtli — 1]

MR RS TR :
dpli, c] = max(dp[i — 1, c|,dp[i, ¢ — wgt[i — 1]] + val]i — 1])

2. RS

X EEIERE H AR, RAESERTHE N G — 130 1, HREE 80
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// == File: unbounded_knapsack.js

/* TEEE: hESMK +/
function unboundedKnapsackDP(wgt, val, cap) {
const n = wgt.length;
[l ek dp *=
const dp = Array.from({ length: n +1 }, ) =
Array.from({ length: cap + 1 }, () = 0)
)5
/]l KEEH
for (let 1 = 1; i <= n; i++) {
for (let ¢ = 1; c <= cap; c++) {
if (wgt[i - 1] > ¢) {
// BBIEERE, WNEYH 1
dp[illc] = dp[i - 11[c];
} else {
[/l REMEYM 1 XA RNRAE
dp[illc] = Math.max(

dpli - 11[cl,
dp[illc - wot[i - 1]]1 + valli - 1]
Dk
}
¥
+
return dp[n][cap];
+
3. Fafik

T S AT N AEOA BB R IRAS ATk, Bt RIS REZN dp Frh 1T T IR DI,
XA E@FNES 0-1 B IEFAHER. THEBIE 14-23 RIREME FIX 5,

€ - a B n
ER wgt fifE val el oo 1 B 3 A
wgt[i-1] val[i-1] 0 0 0 0 [ 0
T e
2 11 ¥ 2 )
3 15 - 3 ]

sen—raina o - ((DEDEDEDED

) BA 1= 2§, FIR dp PEMEMR 1 = 1 MFTERORR
| Step 1 Step 2
a - - [ ] ﬂ
EE wgt fifE val e oo 1 2 3 4
wgt[i-1] valli-1] ) [) [} 0 ] )
1 5 ("] 1 ) 5 10 [EEEHEPY)
2 1 ¥ 2 ° 5 11
3 15 @ 3 o *11
sen—racma o - (D EDEDEDED
EFBAE 1 = 2 17, #TREES
[ Step 3 J Step 4

EE wgt fE val

oln|B

-
SFE

wgt[i-1] val[i-1]

3 15

e s e |E

©
"
s
"
o
N
)

Y = R

wgt[i-1] val[i-1]

sen—raina o - ((DEDEDEDED

EFBHSE i =

2 17, BTRERS

EE wgt HME val

san—rurma o - (D EDEDEDED

EFBHE i =

2 17, BTREER



F14E S

www.hello-algo.com

- n [ ] “
ER wgt i val \N 0 1 2 3 4
wgt[i-11 valli-1] ] o 0 0 3 0
1 5 (] 1 5 10 15 20
2 1 * 2 0
3 15 - 3 ) 11

sun-ruina o - ((DEDEIEDED

EE wgt fifH val ~C| o

i

wgt[i-1] val[i-1] 0

[ERS
~

1 5 [ 10 15 20

0
1
2 11 2
3

@ ~s

3 15

sen—ratma o - (DD EDEDED

o

EFBHSE i = 2 17, BITREHES
Step 5 Step 6

SRR, ¥4 dp RENRE 1 - 2 WRENE

Kl 14-23 seedREE S RIULE ISR

RIS AR T B, ANTRRAEEH dp BUSE—ZEMIRR
// == File: unbounded_knapsack.js =

/* T2HE: TEMMEHEME «/
function unboundedKnapsackDPComp(wgt, val, cap) {
const n = wgt.length;
// Wk dp R
const dp = Array.from({ length: cap + 1 }, () = 0);
/]l REEH
for (let 1 = 1; i <= n; i++) {
for (let ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 1] > ¢c) {
// BBIEeRE, WRNEYHE 1
dplc] = dplcl;
} else {
/] FEMEYSR 1 XFMHAENRAE
dplc] = Math.max(dp[c]l, dplc - wgt[i - 11] + vall[i - 11);

¥
+
return dplcapl;

14.5.2 TR0

HHREUR — RREASMEIER, HIRERE2R, BNk,

Question
Y558 n FREET, 58 MEEMNEER coins[i — 1], BARSEN amt , hagh e AEEER, [
RES B HAR SRR/ VMR, RTTIREL Ened, MHRE —1 , REGNE 14-24 FiR,
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RS EfE
i coins[i-1] BirsE
1 1 1 amt = 11
~. =
2 2 $
3 5 @ x2 /

BUOETRE: 3
stiEmas: @+ @+ ©

14-24  FESLH AR GIEHE

1. EHASHRIBER

TR AR RS 21 WS — ARG 00, B DU NRR S A o

. PR DAL, P RIR CRER. CPr R R CREMEE, AR WR “HERE
~ﬁéﬁﬁﬁ&,%%ﬁ@ﬁ@%ﬁ%kk%%mﬁ,Eﬁ%@ﬁ@%£%¢k@mﬁ%o
C RABEREER FEL SEAR FIOR, TEREIER B R0 BRI,

- BERRIUGE, EURE, WEE dp %

ARAS [i, o] MBHO TS : 1 i R AERS M 20 o MR DRETER, 120 dpli, a] .

—4 dp RIS (n+ 1) x (amt + 1) .

Fo: PR T, MRS R AR R

R 5 AT IR AR TR e DL R A2 5,

- AR ME, EIEEHEHT max() EéCH min() .
- R R RE SR TR A, e R T RT 41 BT,

dpli,al = min(dp[i — 1, al, dp[i,a — coins[i — 1]] + 1)

B WA REIIR SRR
Y ERESHON 0 I, B ErROEmEEN 0, BEFIFTE dpli, 0] #%T 0.

YICHEMN, FIRBER > 0 FERER, RETRR. NERESEE IR min() HEEEWBIRHIH
WIRTCRR, TATEEMER oo KETREN], BILETANE dpl0, a] #EHFT 400,
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2. KE5sEH

REEGIRIE S IFARIR ML +oo i, HABEAER int MRAKERME, MXXSSFBOREES: REH
MITRERR) +1 RIERTRER A R H

M, BATRAET amt + 1 RFRTCRR, FREL amt WEHBEEZ N amt . &EIREIE, HkT
dp[n,amt] BEFTF amt + 1, FHRURE —1, RRIEZEH EARESH, RIS FHR:

// == File: coin_change.js =

[* TERGR: ShESHR +/
function coinChangeDP(coins, amt) {
const n = coins.length;
const MAX = amt + 1;
[/ Wk dp R
const dp = Array.from({ length: n + 1 }, () =
Array.from({ length: amt + 1 }, (O = 0)
DE

/] REZ%:. gi78a75
for (let a = 1; a <= amt; a++) {
dple][a]l = MAX;

+
/] REE%:. HR1TH5
for (let 1 = 1; i <= n; i++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 11 > a) {
/] BBIBEIEE, WAEER 1
dpl[illal = dp[i - 1][al;
} else {
/] FEFERETR 1 XFFHAENRIME
dpl[il[a] = Math.min(dp[i - 1][a], dp[il[a - coins[i - 1]] + 1);

}

+
return dp[n][amt] !'= MAX ? dp[n][amt] : -1;

] 14-25 R T RSN SHNERE, see fRaEFE AL,

M X s & & 8
wS EfE \N ) 1 2 3 ®ws EfE \;\;i [ 1 2 3 4
coins[i-1] 0 coins[i-1] (] 0 MAX  MAX  MAX  MAX
1 1 @ 1 1 @ 1o
2 2 @ - 2 2 @ - ]
3 5 @ - 3 5 @ | o
WH#HE n=3 BifE®  amt = 4 EhH#HE n=3 Eif&E amt = 4
MERTH (n+1) x (amt+1) B dp %R MEWETH max = amt + 1 . EFIH 0

Step 1 Step 2
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s 5 & 8
wS EfE el e 1 2 3 4
o MAX MAX MAX MAX

i coins[i-1] 0
1 1 @
2 2 @ -
3

RER

#:
dp[i, al] = min( dp[i - 1, a] ,

dpl[i, a - coins[i-1]] + 1 )

[ Step 3
&8 & & 8
E il el oe 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® 1|0 1 2 3
2 2 @ [) 1
3 5 @D 3 0
RS
db[i, a] = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1 )
| step 5 ]
i & & 8
wS EfE el 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! ° BN - 3 4
2 2 @ 2|0 1
3 5 @ | o
RER
#:
dp[i, a] = min( dp[i - 1, al] , dp[i, a - coins[i-1]] + 1 )
[ step 7
s & & ¢
HS EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 1 2 ? 4
2 2 @ - 0 1 1 2
3 5 GD 3 0 "
RS
#:
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]1] + 1)
| step 9
s & & 6 €
wS EfE e e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ 0 12 3 4
2 2 @ 2| o | e
3 5 @ 3|0 1
RER
#:
dp[i, al] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
| step 11

Step 4

( Step 6

Step 8

Step 10

Step 12

s & & &
wS EfE el 1 2 3 4
i coins[i-1] 0 0 MAX MAX  MAX  MAX
1 1 @ ! 0 1___)5
2 2 e - 0 *1
3 5 @ | o
dpli, al = min( dp[i - 1, al , dpli, a - coins[i-11]1 + 1 )
s & & &
WS HiE N e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ : 0 1 2 344?;
2 2 @ > ] 1
3 5 Gi 3 [
4ﬁf§¥§
db[i, al = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1 )
s & & &
ws EfE Nal e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® ! 3 1 2 3 4
2 2 ® 2|0 1|1
3 5 ® | o™
RER
#:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
s & & 6
®s EfE Nale 1 2 3 4
i coins[i-1] o 0 MAX  MAX  MAX  MAX
1 1 GD 1 [} 1 2 3 4
2 2 Q@ ] 1 1 2 2
3 5 G’ 3 [ 1
RS
#:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
: & & & 6
WS EE SNl 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 © ! 3 12 3 4
2 2 ® 2|e¢ 1 1 2 2
3 5 @ : ] 1 i
RER
#:
dpli, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1 )
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EfE

coins[i-1]

1
2
5

5 & & ¢

N ) 1 2 3 4
[) 1] MAX MAX MAX MAX

1 ) 1 2 3 4

2 1) 1 1 2 2

i

3 ) 1 1 2 2

5 & 6 6
wS mfE el e 1 2 3 4 wS

i coins[i-1] 0 0 MAX  MAX  MAX  MAX i

1 1 @ ! 0 1 2 3 4 1

2 2 @ 2|0 1 1 o 2

3 5 @ - 0 1 1 2 3
REF R
: b

dpli, al = min( dpli - 1, al , dp[i, a - coins[i-11] + 1 )

Step 13

3. TaElfkt

Step 14

i & &

EfE \i\a ) 1 2 3
coins[i-1] 0 0 MAX MAX MAX

1 @ : 0 1 2 3

2 @ 0 1 1 2

5 @ 3 0 1 1 2

Step 15

14-25 FER LR ARSI AR

EEIRHERSTNROEDSE 2

TR SR A B AL T S 52 21 B A — 2K

// == File: coin_change.js =

/*x SR FECENIESIK */

function coinChangeDPComp(coins, amt) {
const n = coins.length;
const MAX = amt + 1;

// a1 dp &

const dp = Array.from({ length: amt + 1 }, () = MAX);

dple] = 0;
/] WREHE%

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

if (coins[i - 11 > a) {
EBIBInE, WAEER 1
dplal = dplal;

/!

} else

{

[/ REMEET 1 XS ERRIME

dpla]l = Math.min(dp[a], dpl[a - coins[i - 1]] + 1);

¥
+
return dp[amt]

= MAX ? dp[amt]

: -1;

dpli, al = min( dpli - 1, al ,

dpl[i, a - coins[i-1]] + 1 )
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14.5.3 FERIRE)EE 1

Question
Y57 n FPEETR, 58 ¢ RREEMIEEN coins[i — 1], BEARESEN amt , SMEET A AESIER, W
ZERSHREm A S5, REIAE 14-26 Fir.

RS HfE
i coins[i-1] BirEE
amt = 5
1 1
2 2 $
3 5 (5)

EHHAGHE: 4
EhAEHER: + + + +

14-26  FER i m 1T FplEdE

1. EAMPIEH
IR b, AR E AR AR, P T i A AERS T th & o LA ROR. T dp
FORRBRN (n 4+ 1) x (amt + 1) 4%,

SRS & BT TR 4 AT s 5 0624 R PR X PR SR S R 2 ., RS RS IR

dpli,a] = dpli — 1, a] + dpli, a — coins[i — 1]]

L EAREACY 0 I, TCAUEREATRE T Rl 2 HAREA, HUR E5IFA dpli, O] #¥laafen 1. 47
REMRR, JokgRMER > 0 MERESH, HEETHE dpl0,a] #5%T 0,

2. fUEEsEHM

// == File: coin_change_ii.js =

[* TBERIMR I1: hSHRI =/
function coinChangeIIDP(coins, amt) {
const n = coins.length;
/] ¥iaf dp R
const dp = Array.from({ length: n + 1}, () =
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Array.from({ length: amt + 1 }, (O = 0)
)E
/]l EtEs
for (let i = 0; 1 <= n; i++) {
dp[il[0] = 1;
+
/] REEH%
for (let 1 = 1; i <= n; i++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EBIBiRER, WAEEm i
dpl[illal = dp[i - 1][al;
} else {
/] FEFERETR 1 XFFHAEZM

dp[il[a] = dp[i - 11[a] + dp[il[a - coins[i - 1]];

}
}
+
return dp[n][amt];
Iy
3. FiElfhik

ZE R AETE 7T SR, IR o BT a] -

// == File: coin_change_ii.js =

/* SEEE 11 TEAEREHESIE +/
function coinChangeIIDPComp(coins, amt) {
const n = coins.length;
/] #iE dp &
const dp = Array.from({ length: amt + 1 }, O = 0);
dp[o] = 1;
/] REE®
for (let 1 = 1; 1 <= n; i++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EBIBirER, WAEEm 1
dplal = dpl[al;
} else {
/] FEFERETR 1 XFMHARZM
dp[al] = dpl[a] + dp[a - coins[i - 111;

F
F

return dp[amt];

14.6 ‘miBREE n)RH

JmHEERS, MR Levenshtein BEE, fEMN DT ERZ R AR/ MER L, BH M THEGERKERME

SRVE = AT AR B P A AU
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Question

WA DNTIFER s M ¢, RIEPK s ##08 t Fifs iR/ DImE 5

VRA] DATE— DR R AT =R R E . A — DR MBR— 15/, B AIMEE— 1T
?qo

i 14-27 FoR, R kitten $#HON sitting FREGE 3 0, GG 2 WEHURIES 1 IRUSINIR(E; # hello
MM algo FHE 340, B4R 2 DO HURIEAT 1 IRIMBRIR(E,

- 80800 - (38000
lgm lgm lmm mm] lsm lgm
(s[ifefefifn]e] 80000

- 3800800 - (3E00

14-27 Gk EE B AR B EHE

S S} 180 1) S M AT A SR P DR SR BRI AR, A A BB T, —BRIRIR (—IRGmETRAE) XTI 1Y
—4i4,

aniE 14-28 FoR, EABRFHRIEAIEICTS, 80T (8 DURAE HIF 2500, BRI —RRIE, Xk
% M hello ##5] algo HIFLAATRERIIETR,

MRS A IER, ABHEARERBET R hello M A algo Z AIMYRIEEETE,

14-28 B DRI IR g o 12 )
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1. zh&MEBER

B BERRNIUE, &30RE, Mmifesl dp %
B RHRFREXN TR s AT IR R,

T A EAE SRR AR, IRUBOER G/, SXREA BRI T, 508 s A £ IOKEES N
n A m, RIVEEERTRREBOFT s[n — 1] f t{m — 1],

% s[n — 1) Fltlm — 1] IR, RATATCEEEEN], EE%E sn— 2] 7 t{m — 2],
- % s[n — 1) Ftfm — 1] R, AT s TR GEA. R, B0, SRR RRS
BOSEREREIR, ATAT AR AT, % MR NI,

WAtR, BAVEFITE s PHITHE RER (EHRE), MIES s ¢ PRERIFFITAC 7R 428
fto R, RENYFITE s Fl ¢ HBERIE  FI5E § DR, 120 [4, 7]

IRA [4, g] XREF IR ¥ s BT @ AFREBON ¢ IR § ARSI b s 8
i, {BE-PMRIHB(+1) x (j+1) -4 dp &,
B R AT, WS IR R

FRT R dpli, j], HNRMAIWADNFRFRRRBETN sl — 1] M t[j — 1], AIRERFgRERES NE
14-29 B =R 5 o

1. 18 s[i — 1) 2Bt — 1], WEATFAE dpli, j — 1]
2. MK s[i — 1], WS THE dpli — 1, 7] .
3. ¥ s[i — 1) Bm 5 — 1), WA TR dpli — 1,5 — 1],

HERSFM e
00000
(c[o]d]e] (c[o]d
dpli, j-1]
BE% k
s - BB08C 080
‘- (o]
dpl[i, j] dp[i-1, j]
# k BiRH e
(b]oJo]e]
(cJold]e] (c]o]d
dpli-1, j-1]

K 14-29 ZmiHEE RS IR EAS

FRR DA L5347, AT T454: dpli, ] 0 DB 8T dpli, j— 1), dpli— 1, 5], dp[i— 1,5 —1]
SHTIROGRESR, F ARSI R 1 . KBRS T
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dp[lhj] = mll’l(dp[l,j - 1]7dp[2 - 17]]7dp[2 - 17] - 1]) +1

WEIER, M sli— 1) Mt)j — 1] HIEIN, Joags Suiery, XAE N RSS2 N

B AR ARIFRIRE RN

YRR ERER NS, GEGECH 0, Bl dp[0,0] = 0, 4 s hZH t Rz, ROEESHET ¢ K
&, BE1T dpl0,j] = jo M s PHEE BN, RORESEET s WKE, BEdpli,0] =i,

MELIRSHERE TR, 1R dpli, j] ATy, b77. 72 BF7HafE, TRIMOEIS P E 6 R E 7 is A dp KA,

2. fUEEEH

// == File: edit_distance.js =

/> YREEREES: mHASHIRI */
function editDistanceDP(s, t) {
const n = s.length,
m = t.length;
const dp = Array.from({ length: n + 1 }, () = new Array(m + 1).fill(0));
/] REE%:. 817875
for (let 1 = 1; i <= n; i++) {

dplille] = i;

}

for (let j = 1; j <=m; j++) {
dp[0]1[3] =

}

/] REEE: ERTH5
for (let i = 1; i <= n; i++) {
for (let j =1; j <=m; j++) {
if (s.charAt(i - 1) = t.charAt(j - 1)) {
/] ERFFEE, WEZKIILHRFR
dp[il[3]1 = dp[i - 11[] - 11;
} else {
/] =VHRESE = A BBk, BIRX=MIRENRDRESEH + 1
dp[il[]] =
Math.min(dp[i]l[j - 11, dp[i - 11[31, dp[i - 1I[j - 11D + 1;

¥
}
return dp[n]l[m];

Qi 14-30 Fiow,  gwff i B R AIRSE T e 5 1 W AN HE B 26, #R AT AR (RIS — P 4E R A A3
o
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s |

Step 7

[ Step 9 l

h J
0
0 :
8 :
[
s = “bag"”
n=3

t = “pack”
m=4

MEWRTA (n+1) x (m+1) B dp R

(p Q0]

RER

4pli, 31 = min( dpl3,

wase
4pli, 31 = min( dpli,

dpli, 31 = min( dpli,

4pli, 31 = min( dpl3,

o 1 2 3 4

e 1 2 3 &4

j-11 , dpli-1, 31 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dp[i-1, j-1]1 ) + 1

ooan

MeateETT dple, j1=3 « &F dpli, 01=1

Step 2 |
~J
0
0 -
B :
[ < S
wase
pli, 31 = min( dpli,
[ Step & ]

Rt
dpli, 31 = min( dpli,

e oslic1]=tli-1] = ‘a’

[ step s |
jj
o
0 -
B :
[ < NS
it
dpli, 31 = min( dpli,
[Step 10]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

« dpli, 31 = dpli-1, j-11

j-11 , dpli-1, jl , dpli-1, j-1] ) + 1
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; -

SNle 12 3 4 SNle 12 3 4
o |0 1 2 3 4 e o 1 2 3 4
u 1|1 1 2 3 4 n 11 01 2 3 4
a 2 2 2 1 2 3 a 2 2 2 1 2 3

+1 +1

B 3 |3 3 B 3 |3 3 2

#: #:
dp[i, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-1] ) + 1 dp[i, j] = min( dpli, j-11 , dp[i-1, j] , dp[i-1, j-1] ) + 1
|Step 11 Step 12
ooan ooan
i:\j e 1 2 3 4 i:\{ e 1 2 3 4
[) ) 1 2 3 4 o o 1 2 3 4
n 1 1 1 2 3 4 u 1 1 1 2 3 4
a 2 |2 2 1 2 3 u 2 |2 2 1 2 3
+1 +
B 3 |3 3 2 2 B 3|3 3 2 2 3
REH g&ﬁ
dpli, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-11 ) + 1 dp[i, j] = min( dp[i, j-1] , dpli-1, j1 , dpli-1, j-1] ) + 1
Step 13 Step 14

ooan

i{“ 12 3 4

o e 1 2 3 4

[ 5 I IE U G T
a 2 2 2 1 2 3
B s 3 2 2 3

BEIRDREIES K 3

Step 15

K 14-30 ZmHEEES SIS RE

3. FaEfiik

BT dpli, 7] B A7 dpli — 1, 7). 77 dpli,j — 1], % E77 dpli — 1,5 — 1] SRR, TERRH
SESTE b dpli — 1,5 — 1], BIRFBFHTEENTIEE dpli, j — 1], PRSI T,

ik, FATTAT DA — ANV & Leftup SREFA LTI dpli — 1,5 — 1], MR FTE R LT H#
R RTR LS e e E WEAEE, AIER RS, A NTR:

// == File: edit_distance.js =

/* YRIEBIEE. TEIMMEHEIEME «/
function editDistanceDPComp(s, t) {
const n = s.length,
m = t.length;
const dp = new Array(m + 1).fill(0);
/] REE%:. 817
for (let j =1; j <=m; j++) {
dpljl = 3;
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}

b
/] REHE%: HRT

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

!l RKEE%: B
let leftup = dpl0l; // &7 dpli-1, j-1]
dp[0] = i;
/] WREE%:. HRY
for (let j =1; j <=m; j++) {
const temp = dp[jl;
if (s.charAt(i - 1) = t.charAt(j - 1)) {
/] ERFFHEE, NEZKIILRFR
dpl3]l = leftup;
} else {
/] RVRETSE = A RibR. BIRX=MEENRVREETER + 1
dp[j] = Math.min(dp[j - 11, dp[jl, leftup) + 1;
¥
leftup = temp; // BHAT—HH dpli-1, j-1]
}

}

return dp[m];

14.7 &

1. EREH

- BIASHKIS FEE T R, JREE A iE T SR R EE TR, SRS RECR,
- ABENRIATE S, FrAshSHRIREER AT AR (B2 EATRAE, (EEIM KRR

HE TR, PR @5 ISR, AT RERTA TR R 7 SRR, AT ERIEE S T
AT H—IR,

© IR MR RAE A AEE, TS 2 M AEh SRR — R AR E TR S, H

gnlA “HEHERET —F. BT SRS IURBREL REORE, FIHIRATAT DAHPR dp RET—D4EE, N
TR AR 23 1R B 2%

© TRE R AE R R RTE R, EE, SIS [h BA AR,

- ISR =R R, RILTEE. ToERUE.

- USRI R AR A B A AT DA T R B LA AT oK, e B R L7454,

© EEBIEEN T NIRE, HRRARASZIKEAX, MEEREHNHEIRESTEX, F2HA ML

A BRI, TCiRE SR PRI R

GRENDE:D

- BERERRMNESMARE —, A6 01 HH, we2ii, BEEUHFLM,
© O-1 BHEEPIREE SCNHT  MIREREN c NFEFRRAME. RESRAT UM T ERAR

R, AMREIRL TN, RIS, EEed, BTN IRESREUE L7y e ETe
A, HIETFRZEE PRI, w5 b7 IR 5.

- SR PR AR S R BECER IO RS, HIERRA T MBS S 0-1 BEMEAR, BT

IRESHUE - T FIEZE DT BARAS, e =S [RIL A P R 2 3 i o

- TERGURAEUR SE 2 WA — MR, BMR TRORT MEZNR RN MR, EIIRASE

BorifEri max() ROy min() o MIBSR “RiEid” HHARINER “WBF” B ERSE, KIS
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Fl amt + 1 KFoR “TRBEH EFREHT (R0,
- RS AR “RBETEOR” Ok BEMAIARIR”, AR TR min() 0
SRR

Zh R 2 124 )

- ZifHEEE (Levenshtein BEE) M THEMNDFATERZHAHEE, HE SO MN—DFrFE 25—
FIYRR R DD E, mEIRIERARTI, MR, i,

- G B B A IR S MK s BIRT 0 DR EBON ¢ BIRET § D FRTR R D HRES . 5
sli] # tlg] Ny, BA=RERE: A0, MR, B, e0IAHERATRER R, I En] DRt st
TFEE GRS R, Wi s[i] = t[j] I, T/ Y w1,

- AEGREIEE D, WESMEUEIE E75. IEATT. A ETTRVIRE, RIS A5 5 s i Tk
P TIRS R, itk, FRAMAA —DEEEFL LIRS, WS 5582w RS HTH
O, A AR AU R A T IR T
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F158F AN

el

Abstract
) H 2%6A%E KPHEE 8, BZIESR B 8 KR KT EE,
FUL RIS — R R BERE D, BP FRREER.
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15.1 JOEZX

ROEZE (greedy algorithm) 22— WLAIARRACIL MR RTR, HEA AR AL WA N RRITEL,  #
R ATE R R LAIESE, HSUOt it BB ILATRR, DIIERG 2R, OO IRREE HEiK,
FEVF KRB E & 2RI
FOLRIEISASMKIER A TR e, ez B E— SR A, HanEs iR a5 e, =
TAEREEA AL,
- BN SRYE Z BT ERIR A IRAOR B & S RIR, I IS 27 1A RS 2 24 A1 [ LA e
- ROLREARFBELRRE, T —BAnithiET ou0Ess, AW NRETEE, B2 R,
BAVREL G TR THERORIEN TIERM, XEMOSE “BeEme” =Y hagd, H
B EFH AR,

Question
57 n MR, 58 0 RPEEMITEIEN coins[i — 1], BN amt , ST AESIER, [
REMS I H BRI MEE, MRITEEH EFRER, NWIRE —1,

AR ZOL RSN 15-1 FioR. 28 HFREA, BSUOMNESE AT HERRE eriEm, THigaaix
S, BEREL BRSOV,

B 15-1 TRk 00 R

SEPRARRS AN N PR :
// == File: coin_change_greedy.js =

[* BRI D */

function coinChangeGreedy(coins, amt) {
// 1Bi& coins ¥HER
let i = coins.length - 1;
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let count = 0;

/] EFRHTROEE, BEITHREE
while (amt > 0) {
/] BEINFBRIEARRESEAVET
while (i > 0 && coins[i] > amt) {
i--;
b
/] %#F coins[i]
amt -= coins[i];
count++;
+
/] BEXRFEIATAESR, WRE -1
return amt = 0 ? count : -1;

IRATRER A& &I : So clean | SULBIEMUHA TR RURR T 2 ER 5L e AL,

15.1.1 BALEZENMASERYE

TODFIEA DR B, SRR, i @R PR ARG, £ AR, ICRE M R/NE{E min(coins)
W ZLOERE R Z IR amt/ min(coins) R, NEEZEN O(amt/ min(coins)) . XHLANESMKIEZER
IR ZE O(n x amt) /N7 —DMER,

SR, MFREMMEEMN S, SWORIIFTREIRSIRMM. & 15-2 4H TIRAL,

- 1B coins = [1,5,10,20,50,100]: EZEHHAE TR, HEMLE amt , POOEIEERA DEREIR AR
it

- &Pl coins = [1,20,50]: % amt = 60, ZUOEIEHEAERE50 + 1 x 10 WSS, it 11
BT, (HBhASHURIPT DAREIRAAR 20 + 20 + 20, X7 3 HEm,

- Bl coins = [1,49,50]: & amt = 98, TWLEBEHEEE 50 + 1 x 48 st s, it 49
MET, (SR DARBIR AR 49 + 49, N5 2 M,

Whas Bin&H TOHERMRS R REHRIBIR 5
(REpmIARE) (2RRIARE)

(1) 60 +@x1@ x3
@ 98 +©x48 xz

B 15-2 SULBERICIEIRH RAOLARATR B

WALE, NTEECAE, SORETERIERE 2 R&IUE, HEATREEHEFE 20, EEEs
EEES/ Rl 27

—REEOL S, SULBIRAE AL PR PR,
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L. Al PAGRUERRBNR UM : SO0 RIAERXA A MEE R RIUERE, FOVEEELLEH, ahSMRIE &R,
2. AIDMRENERUR M : SOORIETEIRAEN TR AT, M TREERMERY, IR REE
HRME, BE AR ERCRER

R AR AR Y,

15.1.2 sTOEHRISH
MARERT, AR REHE S 2O EIERMEIE? k30, OB EET SN T ol DURIE R ER R
fig?
MESTHNAMK, SOLEIERE R & E SR, H R m A ™R

C UDIEBER: LA YRS R G R ISR R RN, 2U0E A GRS I R

- BIRTEN: RN SRS T R B R
B TFEMTEE “GIAMN SEWhagd, XEREER, EETENE, —SBlRmraEmitr
AR, (EASRRTE 20O B R AR,

BN FEZRFTSVOE R BRI HINTT TR, BARAERIRE ER R, HIh BN T2 i, WS
EREEBIFES H

BIanF e S F A, BATRARREG A B B, W OGO TIEDy, (HUESSATMERERR, WERA:
WA 22 PR RE T 2 & il A SOORTEAR MY A1 R REFEAE AL B B8 1ok 45 H — MR N AT Y 2
X, TAEDASS =R EAUE,

Quote

H—RIEXAH T —D O(n®) WEE 2 EEE, FAT R0 —NE A A e S 6 S0 IR IR HME
BRI R

Pearson, D. A polynomial-time algorithm for the change-making problem[]J]. Operations
Research Letters, 2005, 33(3): 231-234.

15.1.3 RLEZEBOTE

SOL BRI R AR R] 73 AR =2,

L. MSsHT: WER S PR AR, RARIRASTE X I BARA R AESE X — P AERIIAIEh AR
SRS

2. e FULRIG: FEANAIE S — D th SU0IERE, XD IRISRES £ — DU NI, &R
RIS A

3. IEFPEIER: S8R R EIEREEA ORI BN R LT 458, XN ERA] REFR I ZIECAIERT, I
ARYAANIR B SUETR S

A 2O DSR2 SRR R O IR, (BSCE R REFF A S, TEAUREE,

- RN FTORMSIE R, A TS RER, FORMILRRE, RIDEN K0S
SARERE . TN TSP, FOORHTREERERIG, SRR B0 PRS0
SR T
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SE SO RIS A BRI R, SBATHIME 0RIHE 200 RE, TR 081T, RATEE

PEER o MAREGITEIRE . KR E NSO R UZ "B 1Y, ESO AR R R
— MR B,

NTRIEERTE, FRAIROZN SUL RIS T EREEAUER, 0 T B SOEE s AL,

s, IEMMIERARATREN R — B, aa iR ke, BANER esmaiiAHenE T A iEs, —
PBEKR S RUE LRI,

- K
&

15.1.4 TROEEHRBEGIE

SOLBIRE N R E SUDIE IR AR UL imdEib,  DURAI2E T — L2 ARG 5O B TR A

- MEMIRFRE: EREETAS T, WORIREEA] ISR TR,

- XML IR — 2555, S MESSTE—BINRINEELT, REERRERRATREZRIESS.
REREOE RN R R AESS, A2 T00E IR AT SRR,

© BRI A YR DN EER, RIERRIERE AT, EREERNEYHER,
SMERR, WREBRANEFEEN tbim (ME / ER) 19Pa, IADRIRE LI~ DUSE|
AL,

- RSN faE A RERIT R, VKA DAOET 2 IRESE, HIRIRE SR AR, IBAAESEH
ZHIARERSE, HANEAREUR AR,

- BRI EREmGE A TR RSN LA, EEREREN, BIRIEREHIRR
RIKKHRADTRETF, REFINERSMITHPERERE GREKE) &/,

- Dijkstra 5i%: B2 RO E IR TS 2 H AR A R Y SRR A R R S0 O 3R

15.2 H#E|inE

Question

BE n DI, B AYISNERSN wgti — 1], HER valli — 1], M—DEEHN cap HE L,
MR REIERE IR, (HR] DUEREMA I —8R sy, BrEmsiesmE R e, REREE aE
TEOHYRRRNE, REIWE 15-3 Fir.
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#S EE tifE

i wgt[i-1] val[i-1]

1 10 50 ¥ BANER HazEE
2 20 120 20 cap = 50
3 30 150 7Y ~ m
4 40 210 bd 8 —

5 50 240 ()

BAME: 120 + (30/40)x210 = 277.5

BRAZE: BB A 30 B ¥ pAES
HEE S0 HESE

B 15-3 3 80H B B R

SHECE AR 0-1 B EAEEAR EAEFMAC, IRSEZ LY« AR o, BME2RRETEER MY
BRARNME,

RNAFIET, AT IR —E7, WA 15-4 s, BT EET Y5, FHigER
EEBR T A B

1 KT, CERAER FIOMEN valli — 1)/wgt]i — 1], BFRARHME
2. B3R5 i, RN w , WEERMIOER w x valli — 1)/wgt[i — 1] ,

Hs EE il  AfifiE

val[i-1]
i wgt[i-1] val[i-1]
wgt[i-1]
1 10 50 5 ] E gy L E kv HERn
EINER BT E Whne &
2 20 120 6 _ T
va -
3o 130 > & YT gl (|
4 40 210 5.5 ¥
5 50 240 4.8 -

15-4 PyinfE s & NHYIME

1. SFDRERIAE
BAAEUAYENE, AR R ER AN E R TP, Bt AR A 15-5 FRaY 00K
[

L. Ryt B BN E M S BRI THE R
2. WA, SR TLOHER AN E RS P
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3. HHIREHARAL, WIEEH LAY A — 8 B B,

me EE i SR{lfiE
vall[i-1] IRIBEUfE

i wgt[i-1] val[i-1] wetli-1] MEBHEHERE

2 20 120 6 2

4 40 210 5.25 ¥ 0B

1 10 50 5 ™) RAEERUNMEESIYR
3 30 150 5 B

5 50 240 4.8 -

B 15-5 380 B s O R

2. fREEEH

AR T — D Ttem, DUEEY) IR BANNERTHEE, WEIREITO00%EE, YT iR piL
HIR Ol i

// == File: fractional_knapsack.js =

/* ¥gn %/
class Item {
constructor(w, v) {
this.w = w; // ¥YImEE
this.v = v; // ¥I@&NE

¥
[* DEER BEh «/

function fractionalKnapsack(wgt, val, cap) {
/] BIEMmYIR, BEWITENE: EE. NE
const items = wgt.map((w, i) = new Item(w, val[il));
/] FEREBEMNE item.v / item.w MESENRFITHF
items.sort((a, b) = b.v / b.w - a.v / a.w);
/] ERZERF
let res = 0;
for (const item of items) {
if (item.w <= cap) {
/] BERRAERE, WEHIYRENEHEE
res += item.v;
cap -= item.w;
} else {
/] ERRABERE, WEHFIYRN—BLEHEE
res += (item.v / item.w) * cap;
/| EERRABE, FILBHER
break;
+
+

return res;
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NEHF AN B E R EEE A O(logn) , ZREREER N O(logn) 8t O(n) , BURTHRHEIESH
B,

BRHbr28h, TERERT, FEEHEMMIR, BRRBERER O(n), Hibhn Yd.
HITRIGEM T —1 Ttem MRFIZE, KEHEREN O(n) .

3. IEFRMEIERA

RHRIEZ, B « 2 R ER SR, EREREDORIGRARNEN res , EIZBH IS @
WEMNE B H A EEREEY M, SOV ERNYIN v . BTY5 v MR IMESS, KIS
BEEME—TEKRT res, X9 res RERMEFIE, BHREREPLHEEN © .

XTI A, BB DA EIAF G, SIS, AR EE R SR IR, X
APPSR G S

G 15-6 Fiow, A SeReP e BRI i B AN (B0 I 1 — 9K R R AR AN Il )70 2508 (e im) st ]
e “SRAEA FRAERRIX TR T BB A I RTHI AR o JX 2 En] DAES B ERATI AN LA fig EE B A 570 o SRS (4 R

YmBGE
5.25 5 5
* ¢ & -
YoES
40 10 30
50
| “uzE

B 15-6 3 EH BRI LERR

Question

BMA—T A ht , RPN TERR N BERERNEE, SEPNEERNER, DREllz
B =3 (8] A A R — D A28

DA RS TEEMEENFRA (), HivEEiEERERouE, %6 EZMNEREEHRS |
Z%O

BERAHPIEEM DN ER, ERHRNARNEERAR, RERAER, ~HAE 15-7 Fimr,
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atx

e B N W B U O N

L

0 1

N
w
&~
(5]
[}
~

BABEAN (5-1)x7=28

15-7 KRB ERERR R

AHEEEM N FERE R, FABRRE WA BRI, iKh (4, 7] .
MR, AR TRERMGEE, HrhaEEiove, 5ERMBIRINEEHERS 2%, RARN capli, j]

, MIATE R
cap(i, j] = min(ht[i], ht[j]) x (j — i)

WHELKREN n, PIATIRIALS R0, (RARE0 1 C2 = 2L A s, Slllal DAsremifidk

&, MTTRIEFRAZR, NEEZEN O(n?).

1. RO

X B RS S RCRIIRE, & 15-8 FvR, BUEE—MRE [4, 5], HERE @ < j & ht[i] < ht[j]
, BVE ONEERR. 5 N RARG

e Bk N W B N ®
[ < |+
—— <\

i MR, § AR
YUEIAE cap = min(3, 4) x (7-0) = 21
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K 15-8 WIS

aniE 15-9 AIoR, FHBERRE MR j kiR @ S8, WA= —E .

IRRNERSENRR j )5, SR j — @ HERN; MEmERERIE, FitmERRENE (O NRER) 5L
N (BENEH 5 BONRERD .

—— < e

e B N W s 00N ®

BRBER, BE—ER
LUHIAE cap = min(3, 3) x (6-0) = 18
K 15-9 RNBIIEAREEIRE

i, BAIRAMANBERR  , AAREEFRER, FNEREE —EZ/, HEETRIER BB
BNIERIREN ¢ FTRESAE K. BIANTEE 15-10 1, BalEia Hf R,

8
7
6
5 | J
4
3
2
1 y
0
(] 1 2 3 4 5 6 7

B ENER, BRAEEA
LBEIAE cap = min(8, 4) x (7-1) = 24

15-10 N sl IRAS
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333

P L AT AU SO SRS . RIGA LIRS, BEH IR A M, ARAI P RO I AT

TEEHAHIA,
B 15-11 R 1 s D SRIS IR TId AR

L WGEIRAST, f&EH 0 F0 j 0 5IEEH M.

2. WHMAPRESNER capli, j], HEHBRAER,

3. HEEH @ FOMR j IR, FERIEMRA NS %,

4. TEFRPATE 2. P 3. B, HE ¢ M j HIBINETR,

8 8
7 7
6 6
5 2 5
4 1 4
3 iR 3
2 2
1 } 1
o 0
[} 1 2 3 4 5 6 7
MAMIEE 1, § , EHITIKARE, FERAE res = 0
Step 1 Step 2
i
8 8
7 7
6 6
5 2 5
2 Y | 4
3 R 3
2 2
1 1
o 0
] 1 2 3 4 5 6 7
WHIAE cap = min(ht[il, ht[j]1) x (j-i) = 24
m BABE res = max(cap, res) = 24 Step &
i
v .
8 J 8
|k 7 aR 7
6 6
5 5
4 4
3 3
2 2
1 1
o o
o 1 2 3 4 5 6 7
WHIAE cap = min(ht[i], ht[j]1) x (j-i) = 28
m BABE res = max(cap, res) = 28 Step 6

YUFiAR cap = min(ht[il, ht[j1) x (j-i) = 21

B|ABE res = max(cap, res) = 21

< He

j
v

o 1 2 3 4 5 6 7

YpiAE cap = min(ht[il, ht[j1) x (j-i) = 15
BAZBE res = max(cap, res) = 24

< He
=y

0 1 2 3 4 5 6 7

LFiAE cap = min(ht[il, ht[j]1) x (j-i) = 21
BABE res = max(cap, res) = 28

]
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i i
v
8 8
7 7 .
5 } 5 g
5 MR s
4 . | 4
3 J 3
a2 2
1 | 1
o 0
] 1 2 3 4 5 6 7 [} 1 2 3 4 5 6 7
YEIAE cap = min(ht[i], ht[j1) x (j-i) = 4 YFIBE cap = min(ht[il, ht[j1) x (j-i) = 5
l Step 7 BABE res = max(cap, res) = 28 Step 8 BABE res = max(cap, res) = 28
ij
v
8
7
6
5
4
3
2
1
[
o 1 2 3 4 5 6 7
v s i 5§ AEA,

[step 9 - BRHBLER, EERASE 28

15-11 HAAERFER ST

2. K85

RIBIETERZ n e, FENPERER O(n) .

L i, j. res ERATEENOEIMEN, FtEREREN O(1) .
// = File: max_capacity.js ==

[* RRBE: A %/

function maxCapacity(ht) {
[/ ¥iatk i, j, EESIIEARL

let i = 0,

j = ht.length - 1;
!/ VERABEN 0
let res = 0;

[/ ERZERE, BEEMIREE
while (i < §) {
/| BIRARE
const cap = Math.min(ht[i], ht[j1) * (3 - 1i);
res = Math.max(res, cap);
/] ARBhEEIR
if (ht[i] < ht[j]) {

i+=1;
} else {
i-=L

F
b

return res;
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3. IEWRMIER

ZF LT R, REDVERRTODIEER S “Bd” — 2R,

FEAAEIRTS capli, j] R, @ BN, § KR, A B0DHIGRNR ¢ B —i8, £S8E 15-12 FroriRes
e “BE”, XA S ETERIEX R A R,

cap[i,i—l— 1],cap[i,i+ 2]7 ,cap[i,j - 2],cap[i,j - 1]

|
| A | | |
il it | | [ | |
EERERE L ANERNREN
caple, 7] capl1, 7]
Bhid a4k
| | |
| | |
] || '
| i | ‘ | | | | | |
| | | | 0 | | | | | | 1 | |
| | | | | | | | | | | | | | | | | |
cap[o, 6] cap[o, 5] caple, 4]
| | | | | |
| | | | | | |
e | ] ] e
oy ||| HEE | | ] ]
caple, 3] caplo, 2] caplo, 1]

15-12 skt SERBEL RTINS

MR, IR IR b B R K § mPBSNFE IS, AiERMNESIERNERIR—E S
SEAEEL/N, W, SERERIRSEITRERRIUE, B ENr2SBGRIR,

AL A BB, BaiEmpiRiee “2ae” 1y, SOREZEAR,

15.4 &A)59 FEinER

Question
H[E—NIEEE n, KEUINEDWA IR, KUI7EMREERTRN R 22D, E
15-13 ffi7Ro
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WAEE n , R max(ngxny xngx..xny %N, qxn,)

15-13 e RYI2 AR AU L

EREBAE n 1o m DR T, Hps AMRFidhn, , B

m

=1

AR HARESRIG A BN TR ATEH,

BNFEEBENZ: VIDBE m MiZZKR, 80 n,; NMiZEZ/h?

1. BLDKRBRIAE

RIEZE, R E LB E R, BI-M n o —NEF 2, METRE 2(n —2)
o BMTRZRING n (ELLE:

2(n—2)>n
2n—nm—42>0
n>4

nE 15-14 R, Hn > 40, P —1 2 ERMEEZR, KRR THFT 4 BFPEBERRIZE17 .

SOLERME—: WIRVIDTTRPES > 4 WE T, BAENIZEREY) 0, &RV TR AN 1, 2,
3 X=RAF
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N
=
=
1
N

Y nz24 B, 188 2(n-2) 2 n
HtRENDARRANEFE 1, 2, 3 BF

K 15-14 Yo SEERAZ K
B OREFMAHFREMEN. £ 1. 2. 3X=ARTH, BAR1LEEZEN, WAL X (n—1) < nfEK
37, B 1 ks SEBERAEN,
WE15-15 R, Yn=6N, B3 x3>2x2x2, XEWEYIN 3 Y 2 Hik,

DRI —: FEVITT RS, REENAAERD 2, BOA=A 2 BRIV OV 3, MRS BRI
o

HEFEESA 2 B, ROZBOMECRRED 3

15-15 &AL+

£R PR, RIHEBL DU SO0,

L AN n , WHAKYI > HE T 3, BEEREN 0, 1. 2,

2. AREON O, AR n 2 3 IREE, BRI,

3. HREON 2 |, ARSIy, RE

4, MRECH IR, HT2x2>1x3, FVERE—3EHN2,
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2. KE5sEH

i 15-16 AR, BACAEIER Y] 88, ] AR A RMEPRIa T2 3 M o, HEEIZES
FIRECD, ENA:

n=3a+b

HERE, T n < 3WBFRIENR, BAHFSE—-N1, ’#HN 1 X (n—1),
// == File: max_product_cutting.js =

[* mAYIDTER: Al +/
function maxProductCutting(n) {
// & n <=3 B, B0 5H— 1
if (n <= 3) {
return 1 * (n - 1);
+
[/l BAOHTISH 3, a A 3 BN, b AREK
let a = Math.floor(n / 3);
let b n%3;
if (b 1) {
/] ERER 1B, F—3x 1 x 3 #HH 2 x 2
return Math.pow(3, a - 1) * 2 % 2;

+
if (b = 2) {
/] EFREHN 2 B, Mg
return Math.pow(3, a) * 2;
}

/] EEREHA 0 B, TR
return Math.pow(3, a);

. . ] G
R Db aft3
n=3xa+bh

15-16 AV RN HETT &

o] TR A2 A BE R T S IR RSB TL. DA Python Jufll, & AR R EECE =#,

- S xR pow() IR Z4ETH O(log a) .
Hi% math. pow () PIEETAAT C TGN pow() BRAL, EBTITAUINE, WHAEZEY O(1).

A& a F b ERFEBONIESNEE, FERERERER O(1) .
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3. IEWRMIER

EARIEE, Rt n > 4 RSN

L AR < 3 RIERMRVIFTTRPEE > A WETF «, Ba—En DUEHSASRIS 0 2(x — 2) ,
MRS R (BRHRF) HISRIA. X SR E.

2. VInTiFAuE 1 BREMUIDTTRFEE-INETF 1, WAE—ERILLEFHABI—PEFH, D
PIFERIFRM, XS5BT E,

3. VI RBBWEWNA 2 . RERIEVIDTTRPEE=A 2, Ba—Erl AN 3, RRIE KR,
XEREF JEo

15.5 &

1. EREH

- PO SIME R TR L, BUEE R AE N RN BRI R B R RO, DA 2R
Bt

C PULEESERH N — N X — AN DR, A I T (R — U N T,
BRI,

- LSRRI, E VR IORERCR, T EAHIR, 2ol SR I 2R E A (.

RS, TS, 2O DMRER SR X T 5 A A A A R
R, BOLEEATRER SR,

AL R B PR SOOI TR F24540, 200 P R A2 50
TR,

R R A, SRR R, R, E AR, FI B,

C ORBALFE LTS NS SN, FE LR, EREER, i B DRI RS IR,
ERMEER R A,

- YRS LREAE 0-1 T AT L, AP, R AT DSR2 E
i T DA B RS .

AR VAT S AR, RN O(n2) . JEIEH S0 NS, RN,
HIEERERLE O(n) .

ERKINTRAE T, BAVEE R R ORI > 4 RSEERIRE)S, BIRIE T
N3, RBTFEATEE, NAERERATREESIE B35 0(1) % O(logn) .
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16.1 (RIZIFIRRE

16.1.1 ®E IDE

HeF IR, B8 VS Code 1ENAHIERIT R (IDE), Vil VS Code F M, HIEERIERGHEAH
MIRAHR VS Code 3T REFIZSE,

a % O 0% i

Visual Studio Code  Docs  Updates + Download

Code editing.
Redefined.

Download Mac Universal | .,
Stable Build

mac0s Universal
Windows x64 User Installer

Linux x64

. & C *
master G014 » ) B CA2 Sonces? UTFE UF
Other downloads or cpen on web
0
T#i VS Code 85
IntelliSense Run and Deblg BONCN Git Extensions

16-1 MWER T~# VS Code

VS Code IR REASRS, KR ZEHREESHIZTHIEIK, LA Python M, 2% “Python
Extension Pack” #" B2 J5, BIA[H#EAT Python fXESVEIR, 230 3UIE 16-2 FliR.


https://code.visualstudio.com/
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Python Extension Pack vi.7.0
Don Jayamanne 7,005,466 % % % % ¥ (16)
Popular Visual Studio Code extensions for Python
Disable v Uninstall |~

This extension is enabled globa

DETAILS

Extension Pack (7)

REHRNT

A B P O AT autoDocstring - Python Docstring Ger

doc

! Install

|
j—ﬁf*?ﬁ% ython Docstring Gen...
@ Python
P

3

Jinja

Python Extension Pack

Install

= ] Python Extended 12M k4

16-2 %% VS Code ¥ B f

16.1.2 REESIFIR
1. Python ifi§
1. F#EFF%% Miniconda3, % Python 3.10 BEEHHRA,

2. £ VS Code idifERi 7182 python, %24 Python Extension Pack
3. (A1) fE@S T8I pip install black, ZEMmHEERTH,

2. C/C++IfiB

1. Windows R&FEELE MinGW (HLEZGE); MacOS B Clang, Toii#dk,

2. £ VS Code @RI R c+ , %% C/C++ Extension Pack

3. ([ &) FTJF Settings T i, 1% % Clang_format_fallback Style fRFSA% Lk, RE N
{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach }.

3. Java ifig

1. R#EF%% Open] DK (FRATEHE > JDK 9),
2. 1£ VS Code WHHFTI IR java, &2 Extension Pack for Java .


https://docs.conda.io/en/latest/miniconda.html
https://sourceforge.net/projects/mingw-w64/files/
https://blog.csdn.net/qq_33698226/article/details/129031241
https://jdk.java.net/18/
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4, C#iIfiE
1. FEFFZEE Net 8.0,

2. £ VS Code iR 71822 C# Dev Kit, %% C# DevKit (FlEZY,
3. WAl A Visual Studio (ZZAE#FE),

5. GoIfig

1. F#EHHLEE g0,
2. £ VS Code idfFfi 718K go, %2 Go,

3. ZFERE ctrl + Shift + PPRHHASEE, A go, 1%#E Go: Install/Update Tools, &HBAIE

FH22 2 R/IAT,

6. Swift Ifi%

1. FHEHFZEE Swift,
2. £ VS Code @RI R swift , 223 Swift for Visual Studio Code .

7. JavaScript g

1. F#EIFFZE Node js o
2. (A[i%) 1 VS Code WA 4R Prettier , MRS IULTH,

8. TypeScript IFix
1. [A] JavaScript SRR 2251,

2. &% TypeScript Execute (tsx) o
3. £ VS Code WyidifFHiA R typescript , &3 Pretty TypeScript Errors o

9. Dartifis

].. —Fﬁﬁﬁg Dart o
2. 1£ VS Code Wt HiipH ¥R dart , %2 Dart,

10. Rust Ifi8

L. FEFFLEE Rust,
2. 1£ VS Code R EE rust , 4 rust-analyzer o


https://dotnet.microsoft.com/en-us/download
https://code.visualstudio.com/docs/csharp/get-started
https://learn.microsoft.com/zh-cn/visualstudio/install/install-visual-studio?view=vs-2022
https://go.dev/dl/
https://www.swift.org/download/
https://marketplace.visualstudio.com/items?itemName=sswg.swift-lang
https://nodejs.org/en/
https://github.com/privatenumber/tsx?tab=readme-ov-file#global-installation
https://marketplace.visualstudio.com/items?itemName=yoavbls.pretty-ts-errors
https://dart.dev/get-dart
https://marketplace.visualstudio.com/items?itemName=Dart-Code.dart-code
https://www.rust-lang.org/tools/install
https://marketplace.visualstudio.com/items?itemName=rust-lang.rust-analyzer
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16.2 —iES 58k

HTEERIAR, HHXERFAE—BERMER, W, RELITER, BERRM. WEHK, X
FEL, A TEWEA TS AN GBS R, BB TBIE, DA IR E LB > B,

Fi 5260 A1 GitHub ID $$EAR B, MU PDF M 30T 3 TRR,  DUBSHIBA T IR X A TE
FAZE TR

JFIREE Sy
205 T AP R ENRI A TR BRI TR AR, PR ST IR 3 A 7T
MEATHRA A, WREIERIR RIS =8 H EE LN,

1. AEMA

e 16-3 iR, SATUERA EAEH “gmERERT. R DEZIE DU N P BRIESCOR B,

1. i “wBERR, WSBE “FE Fork e WIPR, ERRIZEE,

2. 1B Markdown JEXXFNZ, HENARMNIERYE, HRERRHRIE N5 —,

3. TETHIFEE BBORH, RERT “Propose file change” %%, TUHIBkE: /G, it “Create pull
request” %R RIA] &R HIEUE K,

o, o oe
Fudfi wello Bz % o Qoam L Ristiiiotts
Hollo W3k 31 HURLEM ‘ ‘ s
®Hom wE > ' o OEES ) a1 mmem: sesm
EERE R e > 312 MR S5O
8 Wom mRESE > ERMESIOERA. EE K. Wl SRR, B . B, TIIELUAZRGH R
e T
31 HUBESI S
2 WANERE 311 iBIEAN KSR
33 WEHE - Si
a - 7 B . RIET, BT IR TIEmiEHEE
. BHIERR; THERHD, SRS FRRANT), RNEAESERZPNTRERR; ENGTR
36 TR, RIRT BROAGRR.
B H4n mEsER >
& msw ML N 0B 31 B, SEMEEMATR AR A AN TR, SMAMILIEN, EEEENAR L2
= o E il; AEEIEEHNER, 244 i,
@ men nam ) GIET); AEAEEIIIAR, BRI
Aw7E B > - WIS B, R 5 DIL BEE.
A omem > - MG 1 . B, R
G Hom & >
= H08 B% > Erre T AR
] ENW >
- W2E 3% > L] ]
1 HIBE @H > . - JUN N
B E1am pEm s - P
@ His®W AL s .
@ ®ieE MR > = /|
B a H—

& 16-3 DU gm AL T

R TEEERE BN, FEEIHE [ssue BUFICH SREARIE, BAI2REREHIFEIRE R


https://github.com/krahets/hello-algo/graphs/contributors
https://github.com/krahets/hello-algo/issues
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2. RELIE

MREE GBS S5 HITRETE, fEAEBIEREMREE S, T RCENESE, IAFELAT Pull
Request TIEfifE,

. SR GitHub , KRB G F Fork 2D AKS T,

. AR Fork FEMTT, M git clone AR vafE £ A M,

- AEARHGEITNACIE, FHE TR, RuE RS E R,

. B AR CE R Commit, A5 Push FifE G,

. RIFTCEMTL, i “Create pull request” FZH1EIAT & EHBUE XK,

g W N -

3. Docker ZE
1£ hello-algo MRH®F, $UTLAT Docker A, BIRI{E http://localhost:8000 jRIATIH :

docker-compose up -d

{5 FH AR i < R RT R AR -

docker-compose down

16.3 ARiFFE
22 16-1 HIH T Brh I R EAIE, (HEE R L,
- EBOTAZIAR I, DAE SOk,

- B ATAAE AR SOEEAR AR SR BIIMTE AN

% 16-1 BURSHS5RIANEZE AR

English faT RS L {ENSED
algorithm =RFS CCRES
data structure HEaig BRLEig
code (E RS
file XA RES
function PR PR
method VERES T3tk
variable Iy SR

asymptotic complexity analysis ~ #NEE AT BOLEREE T
time complexity N 1) 52 2% P IRF M P


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

space complexity
loop

iteration

recursion

tail recursion
recursion tree

big-O notation
asymptotic upper bound
sign-magnitude

1’ s complement

2’ s complement
array

index

linked list

linked list node, list node
head node

tail node

list

dynamic array

hard disk
random-access memory (RAM)
cache memory
cache miss

cache hit rate

stack

top of the stack
bottom of the stack
queue
double-ended queue
front of the queue
rear of the queue
hash table

hash set

bucket

hash function

fa R rsg

23[R AR
TEER

AR

19

J2 i)

e RUSE
KOs
i SR
JiihG

ST

EART

el

EGl|

R
R
SR

JE T AN
HllZ
ASEA
%

el

17
ZAFARA
RAranhR
(53

AL

3]

BAZ|
WEIRAF

E U

R
ol

ES M

U]

JEIEE

KO iR
Pl st
J5HES

—HiE
L

feiz7]

K5l
SRS
ST RS ET R
SR
JEER

2l
BREES
T

LR

PREX

PRECAR A
PREX AR R
HE
HEAR TH
HEB
741
Eafrs
THE
151
MR
MRRS
i
E5i3C BN

I
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English

hash collision

load factor

separate chaining
open addressing
linear probing

lazy deletion

binary tree

tree node

left-child node
right-child node
parent node

left subtree

right subtree

root node

leaf node

edge

level

degree

height

depth

perfect binary tree
complete binary tree
full binary tree
balanced binary tree
binary search tree
AVL tree

red-black tree
level-order traversal
breadth-first traversal
depth-first traversal
binary search tree
balanced binary search tree
balance factor

heap

max heap

fa R rsg

IS
AT
Bl CHiE
FSHE
LRI
LGS
XM
TR R
FEF R
LA
AR
e
LSRR
R R
9 AR

i

=

i

i

IR

SEFE X
RN
SEI X
-1 — X
X AR
AVL f#f
A2y i)
=30
IR S T
IR ARS8 3
XIS R
A A ER
A T
He

PNt

E U

MR E R
A#EA T
A AL
FHCE L
BRIERE
HEIER

— ek

HRETR
TR
s

JE

B

R

SE3E Tk
SE4 Tk
SEi ek
S s
IS
AVL #f
AL

& e s

JEE i B S AE ¥
IREE B SeE
it
S e
FE T
HERH

K TEHERA
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English

min heap

priority queue
heapify

top-k problem
graph

vertex

undirected graph
directed graph
connected graph
disconnected graph
weighted graph
adjacency

path

in-degree
out-degree
adjacency matrix
adjacency list
breadth-first search
depth-first search
binary search
searching algorithm
sorting algorithm
selection sort
bubble sort
insertion sort
quick sort

merge sort

heap sort

bucket sort
counting sort

radix sort

divide and conquer

hanota problem

fa R rsg

/INTHE
HRSERAF
HEfE
Top-k [Al&
]

Telal
Alal
s
R
AIE
Bz

12

NE

HiFE
RRHRIERE
RWHER
AR
R EER
TR
BREX
sk
R
SRk (352
AT
PRiEHE R
3 HER
HEHR?

LiTiEé 35
T
E e
PaRl=
DU P P

backtracking algorithm IR RES

constraint

AN

E U

/INTEHERE
sl
HEREIL
Top-k [i&
THRS

3 1 ]

A 1 ]
JeEL A [

A i [
AHERE
skE

B

NE

HiE
AR
HhER
gl T
“ns

L SRS
HEP AL
BEHE
HERZRE FB
AT
StSEEag
At
HEREHE?
WY
g /€ 352
23 GE g
PaR(E]
RIS R
[ e 5 1%
R
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English

solution

state

pruning

permutations problem
subset-sum problem
n-queens problem
dynamic programming
initial state
state-transition equation
knapsack problem

edit distance problem

greedy algorithm

fa R rsg

fiRt

TN

L1157

2 HE 7]
FHEAN A

n BJEFM
BHZSHK
IR
RSB
A
YL S )
TLE

E U

figt
N
L1153
EHIRE
THRAEME

n 2JEHE
BRERH
HIhARAE

AR REHER 7R
TS

H9rt 8 I A T R
B

55y
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