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MEIHFAERD Y. PHBAR2E LD BARIBHFRIELIX — R,

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

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

FRERHEFEROMFHT

EFREN: RIEE—HEEEEN ¢ BT B

EFHSE:
1. BIFFRAM—HIEL, ENEFSE n
2. B8F r & n &8, FLHREFEBS

Step 1 Step 2
|
—HTBL —HBL

EFRSR: EFRSRE:

1. BAFAANRKBIN—FRBL, RAEFER t 1. BAFANKPINHTBL, RASEFEL p

2. BF r 7 t §08, EIHREFESS 2. B8F r £ p [FiL, FUCHRRETFEES
Step 3 Step 4

e
—¥ M
EFHRSE:

1. BFFANKBIN—HIEL, RAEFERE r
2. BRIEFEA r NF, TRES

Step 5

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

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

BB R R R AT Bk, e NIRRT AR

FRHEFE FHERF
5 (/s ~ * 2 (A5 ~
*d Y o . A )
SV NS e
Ll [ ] N 32 @
N BN
FHFF
- 5 Ve 5 2
N 5 Cn 5 2
SN {8«
v -
5 5 2
5 5
< - = 2

1-2 $hwHEp PR

JE B AR TR AHE RIS 5

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

ok wn e

NENUE L 31 st EE/NIETH, 17T, 57t 10 7T, 20 7t

MAETH R R 20 78, FAR 31 — 20 = 11 7%,
MFI R ANET R AR 10 7T, FR 11— 10 = 175,
MRIZRANETFFERRR 17T, #R1—-1=07C
FHRERE, 7TEN204+ 10+ 1 = 31 75

PLE 5t )

e Ao

P migin = 1T
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31

= 11 = 1 =)

-20 -10 -1

K 1-3 famikFidiE

FEU LSS, BAHF P ARG ATERRFAES OXATRERT R 62
Ko WNEIRGHSRIENAESR, ZKMTEAR LR 200" Jik

INBEE—TER, REIRFUT, JUPATA AR RORE S AT RIR, THREALR HIME SR TR E e
KBRS EEE NS, RIS EEEH CPU A GPU HUTHIE, IXME—K, Tl IBtAEHAE G Hh it Al
AN L, DIEEAETT SRR R 2% R,

RASE] T RATHIERE T

<? QUSRORBAREER, BE, BEAM 0 BEHREESOIRE /IR, 1HRSHE PiE, AR
w 51 SRNG5S RIRRI AR

1.2 FiERfta

1.2.1 BEENX

A% algorithm ) J2AEA PRI A RO E R —HAE S SR EV R, B RA TR,

- IEURRARARY, B TE TR R AR e o
- BARTY, REMEGRDE. WRMAEZER T EN,
- BLBESEMERE X, EARRMARIZTRET, fbaaZmE,

1.2.2 PHREGMENX

MBSt data structure) ZHENPHAMEEEIEN 77K, BT ER,

- ZREARED, UHETEING,
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- BAERBRERATREDUE, RSEEURTIR. A0, WBR, EHTEE.
- REERTE SRR RZEER, DERIESR0ST.

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

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

1.2.3 HEEMERZNXF

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

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

BE—RIURFES

MR ANE T
N ‘ ¥ L
—_—
input algorithm output
HiEsH

data structure

RIS IFREREIE
S MaSERIR S &

1-4 BURSHSHEIERIRER

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

PRI BRI B DR R AR 1-1 e

® 11 RBIRE SRR PR

RS SEE  PEEAR

LN G ESEENIAVN

BAtir BRARALIEK, BIHIR RN ERTTHE
CRES ERARP R EARESH — RIS 3

it K PR

ERSHRE, BURGHSRIERM TREIESH, R, A5 IR T 2 M RETE S r L

(r) IR R R R
w TESEPRITIEN, BATEE XK Bty 58K oy “BiE", HAARFERIN LeetCode
BREH, Khr RIS ERHRES AR mRIATR,

1.3 &

- BIAEHRAESHIEAE, HAREBAAIRAESRERAN, Shrtk, BOIELEAAEHER TIFS
IR, FDARORA TS A R/ N AR
- BATHEEES S EREEME R, ZoEREERAR T omia M EERIREAE,
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- BRI RE S AR ERARFERLL, AR RIRE S H T NSRS,

- BEMERERNP AR LR IUORE, B PHERICE ATE R4 iiERE,

- RIRRAEA BRI A AR DR E [ — A5 2 B P 3R, RSS2 T EAL R AR i EERY
757K

- BURGE SERRENE, BURSHRRIENEA, MERRBIREZEERSER,

 BATAT DR BARSS A 5 IR O PRRRUR, BRIARIGREEE, BRI IRAER: T N FRREIESE,
PHEERBIREI BRI W%,



F25 ERERN

“hello-algo.com

@ B AL AT AT R IR T R A 23 T
v EH A MEN 15 S EIXN D EIRARR, FHEMHERIRRTTZ,
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2.1 EEMETHE

FERIRRAT R, BACEIER AR AN ZE T H A

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

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

- WRIEeR: BRISTEERRE,

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

2.1.1 SERREMR

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

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

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

2.1.2 EighH
T SEPRMN AR KRERRYE, R FATAT DA B AGEE — S T BRI AL RIE R, XMl 377 EA AR
H THREE 24 94T asymptotic complexity analysis), R T2 24E 547 1,

IR ST RES R B RTR IS T AT TR AN RN 2= M B R S A BHE KO N2 IR BiR 7 BB R
AN, BB T I ERIN RAE MIRRE KRS, XN E RO, FRATTA] DU 73 o0 =4 ROR PR
- “ETRIFIASEREIR” S BIXE N TR 2 4% time complexity ] #1 [%3[A%& 24 space complexity Jo
- “BEE BRI NN RS B R R T E B TR S BRI Z W R,
- “INTAFIZ RGBS FORE RE ST OGENAR BTN RIS A AR R E, TR RS E
W) “HRIg”,

HEAE B il 7 SRR IS TR B, ABAE DU RPN 5 T
C BN TINAIAE, A EERIER TRTRIBTT A,
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- ERT DA B R S RERRR, TR REE R P RRIATERE.

«7 GUSRARAT B2 RS RN R, AL, FNREESET N4,

SR BN T — G RIRRCRE “BRR”,  (ETRATTAT DA B AT 3 SR P 75 OB i A 2 ] B
IR, X EEARRIE R Z RIBRER,

SRR MUEMS, N TFE A RELRMR, F IR RS, WX PNAEEE, EREHATREAK
EETENBIENMANINE, R, HENTHER N AR s RTRRIR RN, XE DL 2 A HIa T A
22 A E O

gr BRIA, HEUURERA S SRR S RIEZ R, JONERETHENIHIP I T R, DAERENS 72k i
TR B 7 hT

2.2 FEK5E)3

FERES, EEPTEMESRRE LN, B5EREMTEEMEX, B, MRS 2R 2R 2 2
JEZ A, WAVER T R AERE PN EE PITESS, RIMMEARREFERIg: JEAL #A,

2.2.1 &R

N&fiteration) B —MEESHITHREMEFSHIZHIZE, EERF, BFRIERHL —ERREF P EEHRITH
BefeY, EERXNFRAAEIL,

1. for &IF

for fEINERH WANERIPAZ —, EEERSCANEIRICRBINE

PUNBREGET for TRIALELTSRM L + 2 4 - +n, KMLREAZE res idx, FETERZ, Python
H range(a, b) XtMAJIXEIE “ZEHATT B, MNANELEEN a,a +1,...,0 —1:

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

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

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

2-1 RANFEAIRAEAE A

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

2. while f&IF

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

PENEL, WIAKSEST, 7RSS AR,

THEFRATH while TEIARSEIARKM L +2 + - +n:

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

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

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

res += i;

L /] BHEHTE
}

return res;

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

5%0
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BIAAE DA RARRDH, SRR @ BT PIIREERT, XAME DU KTTEH for MEFASEER:
/] === File: iteration.js ===

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

return res;

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

3. BRERR

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

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

00
>

}

return res;

K 2-2 B EIEIRFRENE R,
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2-2 RENEIRIFFEAE R

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

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

2.2.2 #3

%07 recursion ) Jg—AEIRRNG, BT LI B SRR, © 3 EAEMNE.

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

MM A EE, B EEAES =PER,

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

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

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

/] VA REIZER
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return n + res;

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

AT “&@” BmE 93
recur(n) return n + ((n=-1)+ . +2+1)
| 4 w
recur(n-1) return (n-1) + ((n-2) +..+2+1)
recur(4) return 4 + (3+2+1)
recur(3) return 3 + (2+15
} g
recur(2) Py return 2 + (1)
| a1 —
recur(1) return 1

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

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

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

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

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

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

recur(n)

}

recur(n-1)

!
|

BEARE recur(4)
! }
recur(3)

!

recur(2) Py

} i F
recur(1)

B 2-4 BT AIRE

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

2. Bi#)3

HEBAE, WERABAEIR AT EIG — A ATV, W% R EOR] DAt it as s deiiifl, e
[FIRCR ESIEHE XAMBOLEARy TR tail recursion o

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

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

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

[* BiE) */

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

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

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

© MBI SRFIR(ERAE A7 AR PITRY, SRR S EE AT — OOR TR,
- R SRARERAE BT RIRERHITH, 37 MERERFEERIRE,
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AT ‘% mE 93
recur(n, @) return n+ ..
recur(n-1, n) l rettrn n+..
l re;Lrn n+..
recur(3, n+.. +l5+4) retTurn n+..
recur(2, n+.. +l5+4+3) retTurn n+..
recur(1, n+ .. +l5+4+3+2) R retTurn n+..
! wibge |
recur(@, n+..+5+4+3+2+1) return n+..

K 2-5 RiEIHdRE

+5+4+3+2+1

+5+4+3+2+1

+5+4+3+2+1

+5+4+3+2+1

+5+4+3+2+1

+5+4+3+2+1

+5+4+3+2+1

6) THER, WERiRRsRa AR RIEIAE, Bla, Python BUAASIR RIS,
w RN R BUR BB, 9PA R REIB EN it th A

3. &3

LS iR SRR, BIEEHIAAR SRR E BN, RS EIN S5, DA LR

Hifl

«) B~ EPOREEH0,1,1,2,3,5,8,13, ..., RiZBIINE n M,

RLPIACEIIIIE n MEFHN f(n), BEWILEIL.

- BB F(1) = 0 f£(2) =1,
- BEIREE A RO, B f(n) = f(n— 1) + f(n—2),

TEIOEHEOCRMEATIZINA M, KAl DN E NS, fEaTE BB, A fib(n) RITRIS2IZER0

ZRGNHIE n D

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

[* SERABEREG: BT */
function fib(n) {

/] BERMHE f(1) =0, f(2) = 1
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if (n === 1 || n === 2) return n - 1;
/] ZVFFA f(n) = f(n-1) + f(n-2)
const res = fib(n - 1) + fib(n - 2);
/] RELER f(n)

return res;

WIS DA EARED, FRATIFERRECAEAE A TR, IXEBEE MNP TR 2, (R 2-6 B
IR, XEEARWNEIAE A TR, REEEE—REECY n ) TEJFM recursion treel,

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

2-6  EPRARLEANAIE TR

MARBLEE, BIARBLT R R ENF R FEAEERN, XM IaRIEE R EE,
- WEIEAEE, #R HE. B, ol sSMKISE V2 EER ARG B RE el AR A 1 xR
Ti o
- WEHESHAER, BIARKIESCEER, KBRS, FOAEMHERIES G BT D
#ro

2.2.3 mEMLL
BEELLENA, G15% 2-1 FoR, IEONBEIAESSEL, PERERNE M M LA AT AFL,

® 2-1 IEEBEHAR R

IER =9

B75 TEERSER EREOEM B &

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

q) GRERIRGE DA T AR AE, mIDAERSE BT BETEERE S,

W2, BB RE T 2WIERRRIE? DLEIRBIAREBOR, SKREBRAEEBEIAR 77 BT, XEK
& R AR F B PR SR bR R A e ARCH SRR ERY, IR CARLR SRR “Je NG s R 1,

L, AT M SR XFEBARTECERTR TE SR AN ETIR R,

L. 3 YEEA AN, RAXME WK EONZE B RORRIEM, HTFEE SRR, S8
IR [l 2 E
2. VA: HRBGERPUTHIREIR, XA VAR ERRR, TR AR BRI TR,

Rl BRATTAT DU — A X BR B AR T 0, ITRRE ) e oI

\

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

[* ERERERLEYT */
function forLoopRecur(n) {
/] ER—TEXNERIEDRSE AL
const stack = [];
let res = 0;
/] & EB)FER
for (let 1 =n; 1 >0; i--) {
/] BT NIRIRIET R B
stack.push(i);
}
// V3: REIZER
while (stack.length) {
/] BT HIRRET R 37
res += stack.pop();
}
// res = 14243+...+n

return res;
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ME LA A, B AFAACONIENG, EEREMER T, REERANEIERZEILN AT LA,
EA—EERIXAEM, A LA RR A

- BRAUSAOACRD FTRE SE AME DAREAE, RIS 2=,
© ONTHEEE IR, ARIIRGEE AT AT R AR R

Bz, BEEROERIBITROET R MR, EgESCEerh, DM E RIS FHRIEESE RS ER 7T
REXREE,

2.3 BHaE&E

BTN TR AT DBV EL TR S BR TR . an SR IRATTABHERA TG — B ARG HTIS T TIN R, R IZ ARl R ?

1. Wi e, BEEAIE, REES. RENES, RXUERFHSTMARNIBITHR,

2. WSS RIRMEFT RIS TINE), BIANAEIRIE + T 1 ns, FEHRME « FE 10 ns, FTEIHRME
print() FE 5ns %,

3. G R RERE, R EIRERSATIN AR AT, IS ES1 T A,

BIantE LA B, F ARHERAN A n

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

MAEALTTE, FIDMSRISIARIZ TN DY (6n + 12) ns :

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

H5PR b, SHHRERSITINBIBEASPEIABS:, &, BAIARERHENEZTFaE, HE
ERBEESIARKTG EisfT, Bk, BRI SMERERNB TR, X4 GE TR 17RO
1:38

2.3.1 FitBFEEKESE

I B 2 2% E T SE AR RRISATIN ], MR BRI AT Tl 25 2 KI5

“IFRE KT X BRSNS, A TEE — MR AN CAREAR, B ABIR KN n, BEZAEE
A, BFIC:
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/] B A WESERE: BHM
function algorithm_A(n) {
console.log(0);
}
/] B% B MBTRIERE: &M
function algorithm_B(n) {
for (let 1 = 0; 1 < n; 1++) {
console.log(0);
}
}
/] B ¢ WNEERE: BEM
function algorithm_C(n) {
for (let 1 = 0; 1 < 1000000; i++) {
console.log(0);
}

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

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

V758

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

N MR

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

RO TRV 2R RN A AEIR], (T5h “HEER

1000000

BiE C - H¥G

Bk B - SR

BB THY A 10
5 /Mm
0

] 1 2 3 4 5 6

BNBIER N
n

7 8 9

& 2-7 RIKA. B CHINFEKES

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

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

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

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

2.3.2 HEARA LS
BE— AR n HIEEL:

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

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

T(n)=3+2n

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

BTATHLMEM N AEZZIL N O(n) , EMEEFSHOY TR O 125 big-O notation ), FREE T (n)
) T B3 asymptotic upper bound ],

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

¢) LR
\ PAAEEIE ¢ IS ny , WENTHEN n > ng, 96 T(n) < c- f(n), WATAN
F(n) BT T(n) B—MH0E LR, 88 T(n) = O(f(n)) .

i 2-8 R, HEENE EFRRESFHR—DEE f(n), (5 n@HTEHFAN, T(n)f f(n) LTHE
HIRE RGN, PURZE—DEEI ¢ BIEE



B2 SREDH hello-algo.com 31

c-f(n)
T(n)

HR (e ne

/

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

4 n>n, B, $BEH c-f(n) = T(n),
EtaiAA f(n) & T(n) N—PALELR,
i85 T(n) = 0(f(n))

K 2-8 PRECHIHTIL B

2.3.3 #EGE

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

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

1. -9 it EHE

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

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

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

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

B — R, BATTAT DU IR B Rt T R E R

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

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

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

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

2. B HEREE LR

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

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

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

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

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

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

2.3.4 FER¥EH

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

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

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

BINBHRAN

2-9 H DLAIIE TR 2 2

1. BHHO(1)

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

1E8ER o(2m)

F5H 0(n2) HHHH
=

SHE o(n) =

HEE 0(logn) MHE
®
=

BB o(1)

LM,

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

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

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

return count;

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

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

return count;

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

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

}

return count;

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

3. FHH O(n?)

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

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

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

return count;

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



H2E HREDH hello-algo.com 35

B n X

&% n & & n &
1R

0 @ @

BB S A At iE) 88 2R EE B {El R A EE
B¥M 0(1) LM o(n) EAB 0(n2)

(] RE—itmme

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

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

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

[* EAM (BaHE) */
function bubbleSort(nums) {
let count = 0; // ITEEs
/] SMER. RHEEFEXER [0, 1]
for (let 1 = nums.length - 1; 1 > 0; 1--) {
/] WEIF: BRHFXE [0, 1] PHRATERIEEZXENREGH
for (let j =0; j < i; j++) {
if (nums[j] > nums[j + 1]) {
/] X% nums[j] 5 nums[j + 1]
let tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
count += 3; // TTEXREE 3 MNETIRE

}

return count;

4. 188 O(2")

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

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

[* B (BIREI)  */
function exponential(n) {
let count = 0,
base = 1;
/] BREER—7R_, KT 1, 2, 4, 8, ..., 27(n-1)
for (let 1 = 0; 1 < n; i++) {
for (let j = 0; j < base; j++) {
count++;
}
base *= 2;
}
// count =1+ 2+ 4+ 8+ ..+ 2"n-1) =2*n - 1

return count;

234
BE—HHAZ

M
L
[:].” [:]." [:}.” E:]." [:}.u Ej .

HEHRERE (BIEJANET REHK)
20 + 21 4+ 22 4+ _ + 201 - 2n-q

B 2-11 R IR R 2 A%

1k

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

[* FEEEN (BAKI) */
function expRecur(n) {
if (n === 1) return 1;

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

BEH
TREE
20

21

22

2n-1

a2
5 o(2")

S
il

FELPREES, FERETHE HBLTE AR, B IS, HEAt 0 =, &5 n RO REE
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TERM S AR R IR, 5545 (BAER, BISE) PIHURE . N TEIRMREECRII M, TR A
AIREAZHY, TR S SR S O BRTR T RO,

5. 3k O(logn)

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

€ 2-12 FIDLFRASHHD T “RHMIREI %" MR, WHEREN O(log,n) , Witk O(logn) :
// === File: time_complexity.js ===

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

}

return count;

BANBEEKERA n sEEE 1 1

£ |~

s

HEIRERE BiE]E A E
log,n + 1 %&b 0(logn)

~

(]

[y

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

[* EREY (BYJAEIM)  *+/
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function logRecur(n) {
if (n <= 1) return 0;

return logRecur(n / 2) + 1;

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

(r') O(logn) MIRBUZZ/D?
e HERR Y, “—0 m” WM EERAER O(log, n) o MHEENEHRAR, BATAL
BRNEEARFEREL HERN RS

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

WERRBE, A m AT MEARIE R ERIRTHE N, RILBNNERE SERIRE m ,
MERACH O(logn) o

6. LB O(nlogn)
L PERTHN B BT, FEEFRMORT S A 5819 O(log n) M1 O(n) o HEARHHI R
/] === File: time_complexity.js ===

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

}

return count;

2-13 J&oR T ERIEM BN I AR T e = XWIE— R SR n, WEH log, n + 1 &, HIHH
FEZEH O(nlogn) .
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EEMNIZERE
n 1=n
Zx2=n
## log,n+1 B
% x L = n
HEIREREN
nx (log,n +1)
I BB ER®E
1R 1k 1R 0(n togn)

&

H
oF
H
x
=
"
=
A\

B 2-13  Zelhxt B A A2 2

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

7. BB O(n))

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

nl=nxn—1)x(n—2)x-x2x1

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

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

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

}

return count;
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E=3=1:0] EEN
DEHE HaE
n n
n-1 n(n-1)
n-2 e .ee n(n-1)(n-2) - #£n B
1 n!
2HTINARY (AIRKENT S8E) EERE
nx (n-1) x (n-2) x .. x 2 x 1 = n! FisEBH O(n!)

I 2-14 el I A2 2

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

2.3.5 RE. RfE. FYNESERE

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

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

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

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

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

}

return nums;

}

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

}
}

return -1;

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

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

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

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

(r) It 2RV ES O 7552

w AIREFRT O S TR EO, RIEATH FEHERBR FEIN RE R E, EAHEE X
B, XGRS ATE, EABREMBTRD, EEERE “PNFERE O(n)” IR
®, R HEEERN O(n) .

2.4 TEERE

3|2 7% & space complexity) HT#ERE L A2 RS £HE &2 RN A KiES, XS5
IS AR R, HFEE “BITNm” gy “HHANEZR,



B2 SREDH hello-algo.com 42

2.4.1 EZHEXZ(aE

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

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

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

BERR TEiEERENSITER

AL

s N
WD HFZiE Wi iE
BNEE PR ks 6
Hinzsia]
g

B 2-15 RAE AR

UEES AV

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

constructor(val) {

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

function constFunc() {

/] BATFLAR(E
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return 0;

}

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

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

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

const ¢ = constFunc();

return a + b + c;

2.4.2 #HEGE

ZRISZAENHERTTESNAERERBHRE, HFRIGHRRMN “RIERE" o “BRZERKN,

/] tkmz=ia) (AR
/] HEEE

M5 REREARKE, BANEE N RERZETRENE, XRE NN RZ TR R, FAT0

HERAEFTA B AR N R BRI N 23 R T

ML, RESRERETN “RE" ANZEE X
1. DARERABIR ME: 2 n < 100, =AEREN O(1) ; HYn > 10 K, FIEEEAEA nuns &

i O(n) %, FEILEEZEREREN O(n) .
2. DUSEMIATTPIIVEIEINAE Il : I, FRFFERTRIG —1T2 80, ST O(1) %50 SWMAMEE nuns

I, BFE&H O(n) =0, FitsZE=REREN On) .

function algorithm(n) {
const a = 0;

/] 0(1)

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

if (n > 10) {

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

}

TEIEHAEeD, TEIEES MR, WA RE:

function constFunc() {
/] BATHELERE
return 0;

}

/* &3 o(1) */

function loop(n) {

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

constFunc();

}

/* Y3 o(n) */
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function recur(n) {
if (n === 1) return;

return recur(n - 1);

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

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

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

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

EHE o(2")

EAE 0(n2) m

e EA S4B o(n) =
- HEH 0(logn) | i

_ B 0(1) 2

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

BNBIER N
n

2-16 DL ) A 2 A

1. BHMO(1)

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

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

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

return 0;

[* BEE */

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

const ¢ = 0;

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

constFunc();

2. %M O(n)

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

[* MR/

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

nodes.push(new ListNode(i));

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

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

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

[* B (BJFEIN)  */

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

linearRecur(n - 1);

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

BIEFRE l’ T

" | r
linear_recur(2) return 0

lr fih %z

LSl T
L linear_recur(1) return @
RHOE)FEBREEA n FiEERE
HER 0(n) KIEIZE LM 0(n)

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

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

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

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

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

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

i nums KE AT & mE ‘7"

n ~—— quadratic_recur(n) return 0@

n-1 —— quadratic_recur(n-1) return @
BIARE 1 1
' ! f

2 ~———+ quadratic_recur(2) W return @
1 ZIEFH 1

1 ~—+ quadratic_recur(1) return 0@

ESDBTRHPEALT — A, B RKERN FEERE

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

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

4. 1BEBHO(2")

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

[* EEE GEILH_XMW) +/

function buildTree(n) {

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

return root;

BENTREH
20
21
//' \\ //' \\
2 - Hnn B
T A T A
2“*1
FAESREE SiEERE
20 4+ 21 4+ 22 4 - 4 201 = 2n-] BB o(2n)

2-19 5 — SR AR A FE R S IR R 2

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

BT A TR, A D IER  n, By log  n+ 1, BIXRFRFERRE N log jn+1
, HzEERESR O(log,,n + 1) = O(logn)

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

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

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

1. EREH

FLIERCRIPG

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

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

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

I Pl B A

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

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

- BN AERESANL, ERGITHRERE, KGRI ER,

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

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

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

BRERE

- BREARERERRL TN EEAE, AT RS HNESRREEUE R KA,

- BT RIS NTES R R AR, B, i, BEET, SASRAAAN
ZRE R, GEERA B EEEE, Hiizs RS S22, Ak A8 5 (U8 5 R
A E R

C PATEE HRERESRERE, G EIAEREM ABIEMREZIZ TN FRZ RIS R E,

- HWIAEREZEMEREHSIE O(1). O(logn). O(n). O(n?) f10(2") %,

2. Q&A

Q: REIAMAE R O(1) 1?

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

Q: BRI TRIXM AN ARIBERIX AR 42

"EREL function ) A] DASRSZAT, FrASBELLEAIL#, (7775 method) 5—PAGHK, #EAEE
BEMERINR, X RATLHIP O SHBHE TR IR,

i PA LR WA R TE = BRI

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

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



F3E HEEM

hello-algo.com

@ Rt R an R — BIFS & T 2 FE AU HESE,
v CONBIRIE AT TR, RIS DR AR hER,
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3.1 HELEHMnE

WM BRI IR, BER. fR BB MRTRER. M. HE &, BATRIDAN “ZEELET 0 “pyEghi”
PN E AT 02

3.1.1 ZESN: &itS5IESM

WARETHR T BI TR 2 MR R, EHEHMEERD, Btz —E iy, AT 8dE 2 mrLk
PERZR; e, BURMTEE MEZRH, REH “He” 5 5R7 ZRBIRESRSR; BT R
FARER, SR T2 A4 R R

N 3-1 Fow, IBEREERRI 0N CERMET N CHRLME” RIS, ARIMESSMIELEEN, fREHEEEEXAR LR
NS ARZerEa NI, EAREKAIERRS

- ERTEBRATH: B, BER. AR BB IR K.
- AR BERAT L HEL B IR R

St RSN R RiES N
B w & 2
array tree I \ P \
R —{ > > —
linked list —
push |/| ™~
i - A— graph a /
stack -—
pop
PASY L & 2
queue - - heap ¥\
pop push

[T {"BV P & w}

hash table value

3-1 SMEEdEai SRR

FRLMERAR AT BT DU — 25 X170 MR A A AR EE A

- ERMEEH: B, BERR. B R WRARER, JTRZEE X IR R,
- BBE: B OHE IR, TTRZERNZHXRR,
- PIRG: &, TRZERZXNZHRR,

3.1.2 YR EFES59E

LRSI, EfE PR BE R A RN, B 32 JROR T —MEENINES, HibERETs
PR & —RINAE R ], FRATAT DU N RE R R — D ERHY Excel 248, HA &N EATTARER AT DAFE I —E R
INHTEUR,
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FRGUEN 7 RV M B U E R BEE. & 3-2 FoR,  HENURSEREE MU ks s A & B TAS 0BT
G'S, WREDPNESREA RN L, A TSk, 2R AR N7 R EE.

00 01 02 03 04 05 06 07

0x0000

0x0010
0x0020 n

0x0030

0x0040

AERESE AR 0x0012 , SEMIE

B crwmm=ia  sEnmes oxoo2s , s [EY)

K 3-2 NTFEL. WNERSEL ATFENE

@ EfFUHAARYR, A7 L E Excel FASRE—MALAIZREL, SSPRAERI TOENLHI LR 2, ¥
w NMhE=EE, NAEER, RAFALEL BRI A S

NFRFTHREF I E IR, SRR MER &K, WJCRsH R RN 7, R
SRR BRD, WEERTR —EEREERIR, i, BTSN IRE AN ST RIRRA
W17 ; ARG DIESREEI A A3 R], IR 2 Fnide F BB A A RO AT RE S A7 I 7E 0 BREI N AF A3 TR A

aniE 3-3 Fior, PUEREsH R ¢ BERAE H EILNARINA RT3, Ao miEse s mAE i () o aas i)
il (BER), VIERSSHIMRIZIRE TRARRIVIR], SE#T, SEMISEEROE IR, R ERES A AE I TR R A 22 (A
RT3 T B EANIR

EGTiETEhE YRS EEfE

TEAEAE B TF =S (Bl R SR A ERERNNETEZ SN

aaaan

R FHERE | spmans
B #enannsea mawaEs | OREZE



3w BUEL hello-algo.com 54

K 3-3 LSRG RS R
ERRIRE, B BORaaR e TR, HERR AN SIBI, G140, ARAIPASIRE AT DA AR sk
B, WATDAREFRRERSCEL; Mike AR kAL AT RE RN (5 B ek,

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

ETHAHIIRBIREBIR “FSEIRGEN", XEWE BRI EG IS KRR AT, AR B,
BT HER LI BRI WAR “SASEHREN", REBAREENGILE, 77 DHERRF IS TR HK
JEHEATIAEE

(r) QUERARER S PV BRES A B R R A TRIE, BB N —&, RS RIBAT A,

3.2 BEREESRE

SPSAT B REIERT, FMSEESOR, BA, MU, 8E, 3D BRAIERMPN, REXELIEIHA
e, EENTHR b A FMEA R R IIA K,

EABPIRIAE CPU ] DL EEGHTIBR R, EREPEREWEH, FEEREITLR,
- BEECKTY byte, short. int, long,
- FEBEEA float, double, FTFHRT/INEL
© PR char, TR REMIESHNTR. MANESEERERSE,
- AARER bool , AHTFRR “B7 5 “&7 A,

FEABARRR L R R E TR, — D EIGIE 1 HRS, e K S B IRMER S, 1
=3 (byte) B8 HAF (bit) 41k

FABERR A A BUE TG BT H 5 R AR/, R E A Java 6l

- HHCKA byte (5 1 7 = 8 HAE, ATDAZOR 28 MCT
- EMCRAT int 5 4 7 = 32 A, ATAEROR 232 NIeT

R 3-1HI28 T Java FRAMEABHRRRIAG 5 2 H, BUETEREFIBOME, HRSTTICICHEE, KEELRRD
A], TREN AT DB ERK AL,

* 3-1 EEABHRISAIN & P2 A AT EUETE

it HE SHzE BIME BAE BRINE
Y byte 157 —27 (—128) 27 —1(127) 0
short 2 FH —215 215 1 0
int 477 —231 231 1
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et (SRS? SRR BIME RAE BIAME
long 8 Fi —203 203 1 0

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

TR char 2 FH 0 216 1 0

7R bool 157 false true false

THIER, R 3-1 52 Java FEABERRAAE L, BAgRIZIE SH A2 BREBUREEE X, BN SH
20H, BUETEEFEOMERT RES A FTAFEL,

- {E Python H, EEHERA int AIDARERE R/, HZRTRIHNAE; 25 float BIEE 64 i1; %
A char B8 BAADFRFLRR LR KER 1 PR stro

- C I C++ RIFHaIEREABIERAI R/, MREIAEES R, 3R 3-1 g LPe4 £uinisis, HHFTF
IS Linux f1 macOS fEAY Unix 64 (VIRI1ER S,

© FLF char BIARV/IME CHI CH+ H08 1527, ERZHGREIE S PR TR EN TR /7%, W “F
Frgmbs” E,

- BMERRA/REMNTE 1A (08K D, BENEHREEMEEN 177, XRENIARTENL CPU @
¥ 1 F= e R/ NS HENTFE BRI,

Mz, BRI GHARGE Z RIA 28R 0E? BATRNE, Bieait2Et By HRS R T
Ko RANEMZER “G507 Ak “BdE”,

AR “—HEET, BATERSBRIEASA, X 2R R LS A] AR BT AR A A
JFFRR, HETHFHEINAREEL int, /M float IEEFHF char , N5 “BdEg” Tox,

HANET, ARSI TR “PIERRLT, mBIRa Rt 7 EIRE “H8U5R7, Bl D,
BATHHFE R RS ) KPS RRARINEALIERR, EH int, float, char, bool ¥,

// JavaScript BY¥RZEAILLERFESMHEAHIELANR

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

3.3 HFRB*

O FEASH, PREUHTE * FFSHRIEBET, WERIRIN RA REURSBEARNAE, AT DUeBkid, 25
w F IR RE T 5 P B

3.3.1 [Ff3. R3S

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


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

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

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

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

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

+0 +5 e -0 -28
0000 0000 0000 0101 [R5 1000 0000 1001 1100
FREF SIS,
FE SR R
0000 0000 0000 0101 =B 1111 1111 1110 0011
{ERTBREREEM 1
0000 0000 0000 0101 3 0000 0000 1110 0100
EHMERE, RB, HEHES HEMRE, kB, HEEBRER

B 3-4 RS, RESHMD F A B A

MRS sign-magnitude) BAKEM, EFE—ERRIE, —75mH, ABREMEAEEZRNTI2H, BlE
B RHE 1+ (—2), [2INERE -3, XEREAHI,

1+ (—2)

— 0000 0001 + 1000 0010
= 1000 0011

— =3

KT R, HHEAEIANT (RIS 1 s complement . QSRS BRI R, FHERM Rt
B4 (—2), RIS R, TATfSEERE R —1 .

1+ (—2)

— 0000 0001 (J5r4) 4+ 1000 0010 (Jh5)
= 0000 0001 (fzh%) + 1111 1101 (fetH)
= 1111 1110 (JH3)

= 1000 0001 (J5r4)

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

-+0 — 0000 0000
—0 — 1000 0000

S —F, RIGMAIEERTE A, FLHENE—P5I T T 2" s complement, F{1Jek
MEE—TAFMERD, S, AMEREE L2

—0 — 1000 0000 (J5if5)
= 1111 1111 (/x#9)
=1 0000 0000 (¥~H)

TE VIR RS EA 1 27243000, {8 byte S LUE 8 fr, FILRHEIS o fofty 1 a7,
SEu, MERFMGS 0000 0000, SEFRAMGHEE, XEEREEAMEIRRFHRELE—NE, ERTEX
MR Z iR,

AR J5— M RERX: byte RBIMBUETEREE [—128,127], ZHRM—/ S —128 BUHAIFRINIE? K
IERS), XA [—127, +127) RIETE RS M SAETD, RESATND, I LRSS 2 [ AT AT
i,

SR, #bA% 1000 0000 —ABIAk, EIFEA XM, RIEEET7E, BAG N2 A H G
0000 0000 , XEARZFER, FKNZEBERET 0, RN IZE B S, HEVHUEIX MREAMY
1000 0000 183 —128 . hRL, (—1) 4 (—127) fEMME FIIHESHE —128,

(—127) + (—1)

— 1111 1111 (Jr%) + 1000 0001 (Jh5)
= 1000 0000 (s#3) + 1111 1110 (SiH)
= 1000 0001 (#MHE) + 1111 1111 (#HMH)
= 1000 0000 (*~H)

— —128

IRATRECAEAIN T, LRFTA HEEZIAIZE, XRORE N EEEL: HHRYIPIER R g 3 2 5
TIEBREEHN, XZROITREEMN T HAZE (Fanskik, BRIEFIETR) Kk, B fFSCE K E fa
B, HARGHATHTCE, BRIEZLER,

HER, ZHAERE T RENUREMINE, Rk — AR RIaRa G, HRYIRES L& Fh it
RBEAaS. Blan, HRRIE a — b AT DA RINTE o + (—b) 5 HHRSRIERIBRIE AT DU TR 2
IEBETE.

PRAESRATR] PUSES T AL EE A AME AR R SR TAMEEOR,  THEALAT DUR IR B AR (R AL B I E R
TEBEIINE, AT EIRREPRATRE ¢ FUEORAMIRRGE, I HICAREIA B IE OB B A IR T
REPFIRELE, 1R TIBERR,

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

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

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

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

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

TIHEHIEL Float X RAEMIHRTTIEN:

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

(1+N) = 1+Zb232 1,2 —2723]

float KEN 4 bytes = 32 bits

ﬁ‘%ﬁi S ?s?&h DAL N
ﬂﬂﬂ 2
bslbam b23b22 bg
HFULETH, 518 HRYE |EEE 754 1, ZTHIXRAYEFH
5=9 val = (-1)5x2E127x (1 +N)

E = 124
N =22+23=0.375

1x0.125x%x1.375
0.171875

3-5 IEEE 754 #r#fE Y float BB RHA
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MERE 3-5, BE—REIBIES =0, E=124, N=2"242"23=0.375, NH:

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

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

% 3-2 R, $REU E = 0 F1 B = 255 BARHRE X, MTRR%E, IR, NaN F,

*3-2 e

8L E SEAIN =0 SEALN # 0 HEAK

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

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

o

BUAEEE double HSR AT float HIFRTRITIA, TEMAMEENIR,

3.4 FHRI *

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

3.4.1 ASCIl £5&

FASCIL 13 2R HIMNZFE, HeFh American Standard Code for Information Interchange (3
EbR (S B2 RAS) . B 7 6 L (=T WHR 7 6D FR— DT, RZREBRR 128 A
R, W 3-6 fiR, ASCI HEAEE S FRA/NG, 5 0~ 9. —LEhRsfFS, DA —LEi 505
(UAT AR )
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itk 0 | FH aX it st FH it 3 FH it i | FH
@ 0000 0000  NUL s 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001  SOH 1T 34 0010 0010 C 66 0100 0010 B 98 0110 0010 b
2 0000 0010  STX EXCFE 35 0010 8011 ] 67 0100 0011 c 99 0110 0011 c
3 0000 0011  ETX EXER 36 0010 0100 $ 68 0100 0100 ) 100 0110 0100 d
4 0000 0100  EOT R 37 0010 6101 % 69 0100 0101 E 101 o110 olol e
5 0000 0101  ENQ HR 38 0010 0110 & 70 0100 0110 F 102 0110 0110 f
6 0000 0110  ACK rEEE 39 001@ 0111 ' 71 0100 0111 [ 103 o110 0111 g
7 0000 0111  BEL [y 40 0010 1000 ( 72 0100 1000 H 104 0110 1000 h
8 0000 1000  BS B 41 0010 1001 ) 73 0100 1001 4 105 0110 1001 i
9 0000 1001  HT KTEIRTE 42 0010 1010 * 76 0100 1010 3 106 0110 1010 j
10 0000 1010 LF wiFE 43 0010 1011 + 75 0100 1011 K 107 0110 1011 k
11 oooo 1011 VT SEEG 4 0010 1100 ) 76 0100 1100 L 108 0110 1100 1
12 o0oe 1100 FF mms 45 0010 1101 - 77 o100 1101 " 109 o110 1101 m
13 oooo 1101  CR B 46 0010 1110 5 78 0lo0 1110 N 110 olle 1110 n
14 0000 1110 SO BTy 47 0010 1111 / 79 0100 1111 0 111 o110 1111 °
15 ooge 1111  SI BER 48 0011 0000 ° 80 0101 0000 P 112 0111 0000 p
16 0001 0000  DLE  MiZREsity 49 0011 0001 1 81 0101 0001 Q 113 0111 ool q
17 0001 0001  DC1 a1 50 0011 0010 2 82 0101 0010 R 114 0111 0010 r
18 ool gele  DbC2 a2 51 0011 0011 3 83 0101 0011 s 115 @111 @011 s
19 000l 0011  DC3 eEinH3 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 0001 0100  DC& e 53 0011 0101 5 85 0101 0101 u 117 0111 0101 u
21 000l 0101  NAK BB 54 0011 0110 6 86 0101 0110 v 118 0111 0110 v
22 000l 0110  SYN EHER 55 0011 o1il 7 87 0101 0111 W 119 o111 eill w
23 0001 0111  ETB  &HEHK 56 0011 1000 8 88 0101 1000 x 120 0111 1000 x
24 000l 1000  CAN Y3 57 0011 1001 9 89 0101 1001 ¥ 121 0111 1e01 y
25 oool 1e01 EM R 58 0011 1010 3 90 0101 1010 z 122 o111 1010 z
26 0001 1010  SUB ®E 59 0011 1011 ; 91 0101 1011 [ 123 0111 1011 {
27 oool 1011  ESC () 60 0011 1100 < 92 0101 1100 A\ 124 0111 1100 |
28 000l 1100 Fs ST 61 0011 1101 = 93 o010l 1101 1 125 o111 1101 }
29 oo0l 1101  GS S 62 0011 1110 > 94 0101 1110 2 126 0111 1110 ~
30 000l 1110 RS BRI 63 0011 1111 2 95 0101 1111 _ 127 @111 1111  DEL
31 oool 1111 US PR 64 0100 0000 a 96 0110 0000 :
32 0010 0000  SP oK

3-6 ASCII #4

SR, ASCII FNRERSRRIEL, FEE H RN BRI, AT —MEERFRELIES N TEASCIL F7F
. BE ASCII 1y 7 ArEsfl B33 8 fi, BEPRIR 256 DARBIFFT,

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

3.4.2 GBK F{&

JERMTEIL, EASCII BRTCIEW R P2 i8S NP EOR TR, ki ain a4, EHEERNR
BILTA, HEEZRFRERET 1980 £ 51 7 GB2312) FRFE, HIKFET 6763 NXFE, FAE T
TR AN TR,

SR, GB2312 TLIEACHEER > FE W FAER T, TGBK) FAFEELE GB2312 MGl oy BAERIN, vkt
T 21886 ™MXNF., 1F GBK MI4mtg /5=, ASCII FHERA —NFENRR, WNEHEHARDNFETRTR,

3.4.3 Unicode &

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

ARAIHARRIRFFN AR QURHEE — A R e BRI 7T, R IR E B N A 76 S T SRR 3L
wh, AR AT DA DS TR S PR BRELAS M g2 (EIXAMEIERIIREN R, — DRIMEHF4F4E Unicode MBI
G

Unicode) HIHSCEFN “Gi—HE”7, BE LREAD 100 Z 5 MFF. BB TR RRTEE NN FRFIALR
—HFFFERZH, SRAE—MNE B R ERRA A BoRSAIE 5 50T, IR RO g R A AN [R] = A A ELAG

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

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

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

oo Unicode
H 00000000 01001000
e 00000000 01100101

. KEA 1 FUNEXFR
1 00000000 01101100 e

(B{iE o)

1 20000000 01101100
o 00000000 01101111
-} 01111011 10010111

- KEA 2 FENFXFER
& 01101100 11010101

3-7 Unicode Zmtd R4

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

3.4.4 UTF-8 4&t5

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

UTF-8 HIZmm NI AE 2, 7320 BURPIRIME Do

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

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

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

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

FH Unicode UTF-8

H 00000000 01001000 01001000

e 00000000 01100101 01100101

1 00000000 01101100 01101100

1 00000000 01101100 01101100

o 00000000 01101111 01101111

-} 01111011 10010111 11100111 10101110 10010111

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

3-8 UTF-8 wtg il

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

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

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

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

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

3.4.5 RIBIESHFRYRET

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

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

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

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

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

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

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

BT DA EGRAR TG S 0 P AR RIS, EMTAS AR D" 1975 ORE R 16 A2 KR Unicode
Tr. BB MARENZMTERZE, —77H, UERENA TSRS, —MFRaREh 2 s 4 7
T, MR 7RIS, 55—J5H, BB ER MUY, IX3E& 7 ER S A ERIEI
HERE

HTLLEERR, #ogwfeiE SR T — AR5 7T %,

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

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

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

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

3.5 Mg

1. EREHR

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

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

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

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

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

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

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

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

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

2. Q&A

Q: Mt 2 MaF KA 0 & e M BR S A A LR M RS54 ?

IR, TN TRRRIBR 2, BATATRERMEM “gEE” a2k “IB/mpR” EWNRUD: 8
g MTER —DBER, SRERRKEEE —EBIERN, SCRTRESEFMR OB VLR,

MBI R, MAmRIRZERHAE, EhS—PHREAIRENES —ME, Wt s — MRS
fo Ritt, MmRARERN G SSM SR (B, #850) MARRESRSE (B,

Q: char KHIKKER 1 #1597

char MK AR IE 5 R SRS 77 IRE, BN, Java, JavaScript. TypeScript. C# &8k UTF-16
Zwhs (fRFF Unicode #573), Btk char RAUAGKEN 2 795,

Q: ETHUHSINN BRI AR “FSEIREN" 2O AE? Hethn] DU T AR AR 1R E, IX 4R
TEfZ “aha&” 1.

Mty s n] LSS S EEE SRR, (HEIRSHTIAE “FE" (KEARZE) 1, REETEHHENEIRSEA]
DAASH S s BR TR, HEMNNEERZEER, MREFEREE TR/, ek Zold—
FERAUEE, FFRIHEEHR N A S HIZ R

Q: TEMEAE (BAF) AIIHE, RIGEEHIRN, NItLAENR “FRSERg” e?

FERmPGEES T, BMEMANLIEEHR ) FeiaER, XD TIEHENEBEIER. B, Java K
Arraylist FIRIMAREIEHR N 10, 556, §EERENRB3IEBIR, RSN “FIR" &,
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F45 FASHER

==hello-algo.com

BRSBTS R — 3 R SE AR s
BEHARE ST HES, BDEN. BERIIREHRIIBEAL, ERNIEE B B R T %% 2 1A,
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4.1 4

M4 array) JB2—FgMBdRa, HAHRRBATTRAMEEESMINE SR, AT TRERATH
MEMNIZITTRN (R3] indexy, & 4-1 R THEHR T ZMSm 76877 K,

— FREBARRTEE B RERN
TR
element
- ¢
array
sﬁgl e 1 2 3 4
index
[ caiih]s

. 00 04 08 12 16
memory location

ATAREFEZE

DL BHENRNTFEE

4-1 BEAHE L HFETT

4.1.1 ¥EAERIRE
1. 3aEea

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

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

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

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

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

TE®Sl o 1 2 3 &4

Rttt 00 04 08 12 16

TTRKE - 4

TRAENE - RARELE + TREE « TERS

(BT (RS E)

Bl REAERS 3 ARTRENEFMLE
012 = 000 + 4 x 3

K 4-2 BT RBIA bk TR

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

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

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

return random_num;

3. fATE

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

:

EEEEE

nums[4] =ms[3]

BERRAX

= et (8000
‘ nums[3 nums[2]

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

:

(3 W1 ]s]2]5]4 ;}ﬁjgzig;—uﬁ 0 =%

nums[1] = 3

K 4-3 A ATTERRG

ERERNE, BTEHNKEREEN, FHEMA-PMTROEXSFERARTITR “BXK7 BN

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

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

4. HBRTE

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

88000

nums[1] = nums[2]

BRMER

il BB E—Ii
TERATRRZS| 1 BHTE
N
nums = nums[3]
4
'

nums[3] = nums[&]

sRERE, SAERTRUEH 1,
KETTE 4 BERN, TAHEENR

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

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

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

}

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

- BIOTR: HTEAHNKEARNZE, RERAITRE, BHEHREOERTTREER,

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

g R B, (HIXFEMESIE R A7 AR PR

5. EBR¥HA

TERZEmREIES T, WA PO R5 e, tha] DIEREE RS PRI TR

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

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

/] BER5|EHEA

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

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

count += num;

6. BHixE

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

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

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

return -1;

7. E%A

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

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

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

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

for (let 1 = 0; 1 < nums.length; i1++) {



B4E BHSHER hello-algo.com 71

res[i] = nums[i];

}
/] REY REHFEEE
return res;

4.1.2 HANRRERMRE

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

- ERRCRR: U VBRI TIESIHINEER, TCAUERSMUSER T,

© SCRERELVI: B R VEE O(1) RN FHE TR,

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

ELE AT i R —IEW)8, HAFE LN RIRME,

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

4.1.3 ¥HABHMEINA

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

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

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

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

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

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

4.2 §ER

N EEMERFIALER, £ PERNRGSITINET, TREIANEZR AR ENTSL, &
TIRITE, (FOEEEHRI N2 USSR, TS EEH AR KN, PE AT RETC IR LNt R AE S, it
I REAR A RIETEIL AR BL R T
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M linked list) J2— At dasity, HpENMTRER— M RAR, S0 WRET 518" HER,
SIFIER T R — DT AL, @I B R AN A s A 2R — D o

HER ARG 21 A A BUF B E N AL, BRI P Hitk AU S,

FHEERNAFEZEZIEN
R

linked list

— — —{ — > None

N R e F:
H 518 (ds8sh)

s

AITARNEZE
node

ERTAE | speswna
Fhyaes | TSR

4-5 BERE NG

M 4-5, BERMHMPAAZ TR node) MR, BN RAEESMIEDE: TR “E” Fifsm R~ —
R 57

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

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

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

4.2.1 §ERTERIZE
1. hadkssR

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

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

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

nl.next = n2;

n2.next = n3;

n3.next = n4;

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

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

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

°

P.next = nl
B P #6M n1

o o
EHRTA 00 A nl ZIEEABE P i -
P

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

2O
no@ A nl

"

A

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

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

const nl = nO.next;

P.next = ni;

nO.next = P;

3. MBS

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

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

no.next = ni
B4 no #EM@E nl

A A

no nl
A

il
ERERTPHRTLS P

MpRTerl/E, &% P H7AfER nl ,
BEHEREELEAREE P,
HLFEIBARTR P ERBER

4-7 BERMIERT

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

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

if (!n@.next) return;

// n® -> P ->nil

const P = n0O.next;

const nl = P.next;

nO.next = ni;
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4, FHETHR

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

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

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

return null;

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

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

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

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

return -1;

4.2.2 4B vs. §ER

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

® 41 BAHSHERNRER T
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el

7T BN
REYR REAAZ

HER

TIPS ]
ARG e

WERER  TREHANRED, EreERESR TREHNES

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

4.2.3 BRHERED

G 4-8 Fivw, H ULAOBERR RIS —F,

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

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

o, AR AR AT DAL A

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

[* WEWRTRE */
class ListNode {

constructor(val, next, prev) {

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

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

singly linked list

— — —a —_— —> NOone

AR

circular linked list

(@Y & & W]

WrER

doubly linked list

— — — — —> None
None <=— - - <~ -

Bl 4-8 H ULEERARSE

4.2.4 §EREBINFE

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

- BRI SR A PRERFERAE BE R A — I TN, BRBIH SIS R AOReIE, RRAL; i AHRE
FERER A — AT, MIBRERIEAERER A5 —umidtAT, ERBHICHIEHARE, KRB,

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

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

MABER F T F ZPEE AT — PG — DR R,

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

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

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

INEBRERE I THRESAMIRERNI R, URERFRI BRI,

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

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

HI% list) B—MHRIVEIRSMS, ERRTRNEFES, XRTTRVRL B, i, MERFAE 7
TR, TOUERE S R REIRGIN R, 517 AT DA T HER s LI,

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

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

R, BATTRT DA T304 %02H dynamic array) SRIEBIFIR, EAHR TEANSTR, AT
DHERR st T i T8 S A

Shn b, VFZHFETE S PR A 2 2L T RISy, #1140 Python HHY 1ist . Java H1HY
ArrayList . C++ H1HY vector Fl C# HHY List %, TE8E FORAVIHGH, FATRAD “FIR” F1 “BhS5eH” M
FERIINEE,

4.3.1 FIRERIRE

1. iak5IER

BAT@EFELH “TTHIaE” 1 “BEGE XWAMRIGEI Tk

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

/* ¥IRWHIR */

/] FTHEE

const numsl = [];

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

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

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

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

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

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

[* BEFIE +/

nums.length = 0;

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

nums.push(4);

[* FERERENTTER */

nums.splice(3, 0, 6);

/* BERTE */

nums.splice(3, 1);

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

[* BERSIBHTIR */

let count = 0;

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

}

[* BEBHYIRTE */

count = 0;

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

}

5. HHEFI®R

LT — IR nums1 , FRATTA] DORF HBHE SR AR A R FE.
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// === File: list.js ===

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

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

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

4.3.2 5IREY

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

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

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

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

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

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

[* FIRE */

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

[* ¥&ERE */
constructor() {

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

}

[* REBFIRKE (Hixi¥E) */
size() {



H4E BHSHER hello-algo.com

81

return this.#size;

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

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

return this.#arr[index];

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

this.#arr[index] = num;

[* FERERRITTER */

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

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

this.#size++;

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

this.#size++;



H4E BHSHER hello-algo.com 82

/* BBRTTER */
remove(index) {
if (index < 0 || index >= this.#size) throw new Error('ZE5|#R");
let num = this.#arr[index];
/] BRZER5| index ZENTHEEMAIBEI—II
for (let j = index; j < this.#size - 1; j++) {
this.#arr[j] = this.#arr[j + 1];
}
/] EfTEREE
this.#size--;
/] RERFREY TR
return num;

}

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

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

return arr;

4.4 REEREF"

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

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

RO =M MRS T8 hard disk). 7 random-access memory, RAM ], [%&77
cache memoryJ, #% 4-2 J&/R T ENEHEN ARG AT A CHERERE A

* 42 HEAHNFER S

(TSN [NEE &7

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

Sk WREBEEARRER LIGEVE GRS S LIGEVER S ETPREE S

13

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

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

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

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

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

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

CPU

L1 Cache

g

4-9 HRHFERS

HREE s
g HAk
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<7 RN ZIRG AT TIEE, AEMSRA =3 Z AR T, SChr b, XA E i
w FAETHTE DAL, EZRIBAEA R BRI FIRG] 2 R e A

SRR, BEREA T R EIE, W T IR AR I8 TR BRI RN, 247 W 17 6if
SHVIMBIEAIES, DUREREFIBTHER, =FHLFEME, MRITREYIRSS0B1T,

nE 4-10 FioR, ERFIBITH, SdEs WEETRIRREINGF S, #t CPU HE/MM, &7 B CPU Y
—#kr, NG MNEINEEWE, 4 CPU Rt miE RN, WM EZRTEFRIHITREER, B
IR HTAF HEA

p —>
r — — —

l
l
2

4bP3% Z1F Wiz i

CPU

K 4-10 WS, WM ZRIEEE RS

4.4.2 HIEGHRNRTFRE

TENFE AT, BEHMERSEBEGMEMERTE,

— 77T, PFRARRE, HIR—RNAEARER S MR, DRI I B ARSI RERS R AT RE mSc Al A
2, BEHRTTREHEHS, AFREHM SRR MR T RS A (Fakh), Rtz RReRE &, R0,
BAHFTRE RV B HNES SR, XATRESBNFIRSE, B Y A th il EAIM I A28 A SAR
MEZ T, S8R R NRALEATAES N ECA L, SRt T ORI R TG,

H—77H, 1ERFIBITH, BEEREPIESRINNE, DRNFREA RS SBOREE, MNMSEANER
HMARCER AR, BHBTHESKFEET K, AR SBAFERR L. Hk, BERIITTRR DB,
RS A S BRI, ER S FEPFRER L,

4.4.3 PIRGHINETFRE

ZAf BRREZRREE BT AT, HELRFRG S, ERFPITERE HEEZCEZOEM. BTRF
HREAR, HEEFMHE—/ NS RREdE, Hitk= CPU ZXA R EIR AERF PR, sa%E TR
feRanH cache miss), I CPU AMSA IR LR R B 7 N 7 25

BAR, “GArARmD” @D, CPU BFEBIBIIRRMAS, P Rt thtiltr, FOTK CPU W& I3k
BRI LLGIRR R T8 7P cache hit rate), X/MEFRIEH FRETEEFICR,

N T RATREIREIE SRR, fr 2 RIA N EURIEA LS,
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© BT RAFANZRA TG S INEREE, TEARGFT NN, TR TR, %17
R = R

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

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

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

bR L, BERMBERNRAAFI AR R AR, EEARBAEUT L5,

- AN BERITRIBETTR SR E S, SBRAHENNEREIRRE D,

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

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

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

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

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

4.5 g

1. BB

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

- BEHSRRRENLTIRL, S HRFRD, EEARBBRITRSERR, BGHEKEARZ,

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

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

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

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

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

- HTEABAERNERFMTR, RIWEEE LR E & EREREIRSn, NARYE BATR R
oy anl EEpriEE N



B4E BHSHER hello-algo.com 86

2. Q&A

Q: BEHFFETER EAITZAELEME b, X IR R B8 23 A1 R 2 A5 R ?

TERETERR LA - AR AR A IR RSN AF S RN, SRR ERCRELAR — B, AT, ARAIHERA % B AR
W, TSR LA .

1. ECAREECR . R — B/ NINTE, SECHESRIFEes Bah5e; MENEENE L, 7] UAEREH3)
SO, BERGEER . Hit, #E RSB E bR ERE,
2. KU/NBRHI: HeNAEAHAT R, HERI R/ IN—RESZ R TRl FHNTR . AL 58 0id & 77 il RBUEE.
3. RIEM: R ENBHPN KR NFEERIERNTE, MmN N] DRI TN BhASHE
Q: N2 BEHBERMFZRAPITTE, METERPHE A REHERAE?
FERMT AR, VAZEENSIH (85 ER, SN AR DEEARREAEGE, 140 int, double,
string, object %,

MR, BEHTTRNAAURAERIZRR, JXREA GBI T R WA BORIRBOS NOT R A B, BaH, RN
2 int Fl long PIAIERL, BANTERDANEH 4 277 1 8 7, AR LN AT RmE R T, BN
HBAHTEE T M TRRKE,

# TRAFMIE = FARFIE (BxERELE) + THZKE » THER5

Q: MIERT )G, BETFE P.next 54 None E?

AME P.next AT DA, MIZBERIAER, WLTRIEHFIETREEARBTR P T, XERETR P EL
MEERHMIER 1, T P A5 AR A 2R BER = AR,

MELR I AL, YT Java, Python, Go SEHIA BBk RIBAHLHIFIE S KB, 9 P 2 E#[EIER
RFBEFERRAERS M, TAZ P.next BIH, £ CHI C++ FEFH, BITHETIIRERT RN,

Q: EBERAPIE AR R R O(1) . [BRRM 2 FISHFE O(n) MM HEHITE, B
LI 2R O(n) g2

MRS EHITR, BMRTER, NREXEMLR O(n) . AT, BRI O(1) $MEIEHE ] DIEH AR
M EASEIATL, Blan, XARAFNE & (A BERSIE, AN —MEHZRIGZIEALT R, BT A, 8K
mASMERERERZ O(1) o

Q: B “RERE ST, IREGIEET IR S A IS ? IR AT RER S
We?

ZoRBEUZENIOR, EREFRHRERIERMREIOET 2T,

- NFEZEPURT RUE S B RS2 ANFIRY,  EEAN int. long. double FISKHIXTRAE,
- TR R S IS R MRIE T E AR E RGN AR TIE, KZHh 8 FHTEk 4 775,

Q: EFIERKRIFMIEREGHNNZIZN O(1) ?
HRARIITE R SR K, WAl SRR, RS YN, FHRIESIROFTE T
SHEEE, XINEN S RERSE O(n) .

Q: “FIEMIH IR AHAR R TR I, (HATAE S5 P72 IR, X 2 AR SRS
IR R, K, A SO S PRI ?
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XEAYAS IR EEAMTTE S S — T, FIRERRE MG RKE, BIMIA—-EREMARXLZ; 5H—
Ji, ATHIERET R, A -RSEUA-NRE, A x1.5 . AR, atBURZ =L, FflliE
HARESE IR E

Q: f£ Python ##J4atk n = [1, 2, 3]1/5, X 3 PNICRAHALZMER), (H2WM6n = [2, 1, 3] RKM
ENMEFNITERN id FHFARIESN, T2 AR n PR, IXETTRIGHAEANES:, 2 m ISR EEH?

BAnIEFIRT R IAEER T A n = [n1, n2, n3, n4, n5], JBEEI TIX 5 MR RS EAEGEENZF
b, R, AE—MHIREKS], BAURRTAE O(1) I PARECT RPN T7 b, AT 7 TR EIR L5
KRR NP ER R T AR5, MIE SRS,

S5WZEE AR, Python HREBITFHMEENNR, JIRPEMIAZEHTAL, M2 THI5IH. K
e, BN EZIPH T BAHRAHFRR AR id, I HIXER R AL T ESE,

Q: C++STL HHAY std: : list ELXH T NARER, (HiFE—ERRH EAE2HZEERE, 2AN2EN
At 2 RRMEDE?

—JiH, BAVEEEFRERBEHEBRE, mAELENA AR, EEAWDER,

- BEJFE: HTENTRERFENDESMUEE (—MHTRI—ME, —MHTE—MER),
std::list EH L std: :vector & &5 2 (A,

© BEAKRI: BT EUE AN BIESLEN, R std: : 1ist M EFR ARG, —MIEM T, std: :vector
HIPERE S AL,

75, EMEHRERIE O R S XAMAIE, BRI AR 2 (A AR 1E S T2 AERY stack F1 queve
AR,
Q: WHAHIIK res = [0] * self.size() #fE, ZFE res WENILRTIHMFRIAHIELE?

ARe, HoBRHSEIXNR-, Flanwiat 455K res = [[0] * self.size()], MIZXSIHTHE—
EICIR

Q: TEMMBRYY sirp, FREWTFZ T S HG 4k s 2 [E5 | e Mg ?

MEARSEH S EE: (8 WAEE, RTREXRR, RERIEERFZEEIERIMIT. MRIEZER A
EE, WiHEmZze, BHEEMEW. WRAWIF, FIZEMERT S AREEE R, AL TS S
FIPAE B



Q

F58 5N

FRANF B, RSB HERA
M 3 AMRRIE NG R A SE B R
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5.1 %

M stack) 2—HNEfEE NG HIZE LB,

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

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

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

ll o S/

B

B 5-1 ARG AL

5.1.1 R RIRE

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

R 51 FRAIBRIERCR

PR o fif ) 2 2

push() TEEAM GFIEEID  O(1)

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

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

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

const stack = [];

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

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

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

[* FRERRBIKE */

const size = stack.length;

[+ HIRRERT */

const is_empty = stack.length === 0;

5.1.2 RBYEMm

N TN T AR T, BAPRZA A LB

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

BerE, BHXINRBIREEAT SHARHE,

1. BTFH#RNIH

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

i 5-2 Fow, T AR, BATRFRROTREATER KSR, XA mEm AT AP AT, T

HARRRME, HFRSLT RONBER AR HBRET AT
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BER 4
ARINEFERLED

A as
push(4) KR @

o

. \
EELHZER §[> a RELAZER g
PRI o FIRMAEE

o

a

FoDen
(-]~

BHA RS @
l Step 1 ‘ Step 2 J
ﬁi) BRRSA TSR
wus (@)
g EESMESE @
FHrRMAER @
- |

ros (@

Step 3

5-2 BT HEFR I AR AR E
PUR 2 TR AR R I H «
// === File: linkedlist_stack.js ===

[* BETHRITIME */

class LinkedListStack {
#stackPeek; // Rk REALIN
#stkSize = 0; // HRHIKE

constructor() {
this.#stackPeek = null;

}

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

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

}

[* Ntk %/
push(num) {
const node = new ListNode(num);



55 FRSS

hello-algo.com

92

node.next = this.#stackPeek;

this.#stackPeek = node;

this.#stkSize++;

[* %/
pop() {

[* IRRAIRTTER */

const num = this.peek();

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

return num;

peek() {
if (!this.#stackPeek) throw new Error('#AE");
return this.#stackPeek.val;

/* BEERENA Array FHiR[E] */
toArray() {
let node = this.#stackPeek;

const res = new Array(this.size);
for (let 1

res[i]

node.val;

node = node.next;

}

return res;

2. BTFEHAENIH

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

(P RCEH SEBARIY, FRATTA] DORECEH R R EREUATT, AN 5-3 AR, A be'S kR E oo 7l i 75 5 2H R
AeRSMERTR, NREREREHRN O(1) .

Step 1 |

|

=ard

FoDen

[ s

EEEIENA
IR AR

NE
push(4)

- AR

RELIE%RE
IR

(-[-]-]-]
[-[-[-[-[]

Step 2

Bk 4
RINERARL

W

o

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

m
di
b
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Hi%
pop()
ISR R TTE
g EEERENA R g
a FHIhRMAEE a
!!J HRE !!

‘ Step 3

5-3 AT HEHLBURA AR MR E

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

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

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

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

}

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

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

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

}

[* Wik */

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

}

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

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

return this.#stack;

}

5.1.3 FEFSCIRATLEE

SRR

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

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

5.1.4 RBBEINA

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

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

BRI queue ) & —MugEIE C AJe MU S BdRaiie, B8 S, BRI T HEAIER,,  BIHTRAY A AT
ARSI REHEE, AT BASISLERHI B BT

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

BA%Y N A
queue pop() pop()
IN=] 1?' 'El

i | /
8 8 8
8~-8~>8~»08

8 86 8 B8

ABA T / n

BAR [

NBA NBA
push(5) push(4)

5-4 PAFIRFC AR

5.2.1 PASIERR#EE

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

% 5-2 BAIIRIERCR

TR R ff ) 2 2 P
push() TCRABN, BERTCRFMERE  O(1)
pop()  BAEJCERIHEA O(1)
peek()  VIMIBANETTER O(1)

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

/* FIR1EBATY */
// JavaScript EZBERNERIPAG, AILUE Array H{ERATIRER

const queue = [];

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

[* BEPAETTER */

const peek = queue[0];
/* TTELBA */
/] REREHEH, Ft shift() HEMBEIEZREN 0(n)

const pop = queue.shift();

[* FREATIRIKEE */

const size = queue.length;

[+ HIMRRAFIRE R */

const empty = queue.length === 0;

5.2.2 PAFISEIR

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

1. BETFH#RNEH

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

BER 4

FNEERES

- Awa [@ ;:lp:n(n w5 (@

!

PN N

i | g (\l’ g \?
n ERLRERR '\ /‘ a ERLNERR @

o FHIMETITBAT o HSMEIIIAT /L\

AL ] B (9/ n \?
e R @

Step 1 Step 2
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pop() BIBRET R
o5 (@
a EREERESR @
FHIETAAT ]
e ]
REA dg

{ Step 3

B 5-5 BT HEFSTIBASIA ARA S AFRAE
DA 2 F SRR S BA A AR AR -
// === File: linkedlist_queue.js ===

[* BFERTIMBITG */

class LinkedListQueue {
#front; // kT = #front
#rear; // BTim #rear

#queSize = 0;

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

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

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

/* NBA */
push(num) {
/] EETSERM num
const node = new ListNode(num);
/] MRATIAZE, WSk, BRREBHERZTR
if (!'this.#front) {
this.#front = node;
this.#rear = node;
/] MRAFIFRRZE, WEZTHRRNEET =G
} else {
this.#rear.next = node;
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this.#rear = node;

}

this.#queSize++;

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

/* HREIBAETTE */

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

}

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

}

return res;

2. BFHAmTH
TEHAAP PR E RN M EREN O(n) , X2 FEHBIRIEBCERER. AT, BATAT LR FS275
2R FIX AN A

AT DA — 12 & front feMIAE TR RG], HEF — DL E stze HTIERNINKE, & X
rear = front + size, XMNAREHM rear FEAINEBITE G F— M E,

HEFigit, Beh S cEZ2R0EX 0N [front, rear - 1], SFHEIERSZILA W 5-6 AR

ANNIRE: B AT RIRIELS rear Z5I4L, K size N1,
HBAIRIE: R front 8901, 34 size B 1,

A DAERI,  ABAFIHBARAEES LR T — X8R, WREZRESN O(1) .
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front IEANAIIETE 1. iHBRIES rear
rear EEANFIBTR + 1 2. BTRAME rear &
rear = front + size 3. size D
AR i
AR push(4)
front > front »
-‘HFAI n SR n FABHEEE
a size = 4 a size = 5
u EEER2NA a EEERENA
a FHIMRIAPATI a TSP RIMAPAT]
A I rear > rear >
MR
Step 1 Step 2
1.3 front B 1
2.4 size A 1
HBA
pop()
front > PABIREE
a size = 4
a EEREREHA
a FHIMRIMAPATI
‘ Step 3

K 5-6 HETEEHSIBABIHI ABN AR AE

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

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

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

[* BETHREATIBING */

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

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

}

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

}

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

/* FIBRRAFIR B AT */
isEmpty() {

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

/] IHEEIES, HERABERS + 1

/] BIEGRIZELI rear HLTEEHAREEEREIFILY

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

this.#nums[rear] = num;

this.#queSize++;

}

[* HBA */

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

}

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

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

}

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

PIRRSCELRIN bLEf e Stk —2, TEAEEIR,

5.2.3 PAFIEBIL A

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

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

5.3 mAPAFI

TERAFIFR, FAT ML REMIER LR T R B ER AT R, WA 5-7 Fow, TXAIRASY double-ended queue ) 42
T ERAREN, VRS T TR AN PR

WEAERTY PAENBA IN=:UN
deque push_first(1) pop_first()
BAE \ /
HBA T l ABA
Al |
FAR / \
PARBA FARHPA

push_last(4) pop_last()

5-7 MIAIBAFI A

5.3.1 WRPATIEREE

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

%53 WANTHRIERCR
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Jiik4 Elip I TR 2 2%

(1
(1

push_first() HICHERIMENE O(1)
push_last()  FCRHMENE O(1)
pop_first()  MHFRPAETTER 0(1)
pop_last() THBREA R T3 0(1)
peek_first() IHHIPAEILE O(1)
peek_last() VilmI\EITE O(1)

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

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

const deque = [];

[* TTENRA */

deque.push(2);

deque.push(5);

deque.push(4);

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

deque.unshift(1);

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

/* TCERHPA */

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

const popBack = deque.pop();

/* SRER AT E */

const size = deque.length;

[+ HIEREMFIRTRE */

const isEmpty = size === 0;

5.3.2 WRPAFII *

XREIBABI A SERL S BABIZRAEL, AT DA RE R B 1 N R R B R A
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1. BETNREERNER

(BB _L 5 P, BT P 3 D B A BERORSEBIRAS, - [RD & AT DAY (B Sk 17 s O B EHBAFRAE) FE
T UG TIRIET T L O BLABAERAE) o

XSS, Sk ERAR AT AT ABAFIHI AR, Hemuibiid, INEIBAAFe 2 S 5S — A FRTT 7]
RURE. Duitl, FRATRA “WABER" (E A S R EBHEEEH,

i 5-8 Fow,  BATTREEIHELR AL AT s A I EI BB BN EMIBA R, - (] A S ERLLE P i S AR AR

T REIERE.

AR

AR l BAE

HPA ABA
REERENEER

a FSPRIA AT

BAR

Ml ER

MR
Step 1

BAENBA
push_first(1)

REEHARWEER
FIMRIATUEPAT]

Step 3

BER 1
ARIERERKER

xox (@
|

jr
@
'3
pis
(5 )
|

BER

(-=

BAEHBA
pop_first()

Step 5

NS
push_last(4)
- |
2 ]
8
<]
Step 2
LT
pop_last()
[ ]
2 |
2 ]
5]
Step 4
IR TR
xea (@
&
EEERENAEER \@r‘
FSMEIFINEAT] jf
RS ‘ﬁ
A 4

REEHAZNEER
*HSPRIF AT

EREARVAER
FIRIAINEATI

B 5-8 ETHERLINAINSIAI A A H AR E

KA R :

// === File: linkedlist_deque.js ===

[* WEERTR */

class ListNode {
prev; // BIRTIREIE (38H)
next; // BT =5IA (35%)

BHR 4
RINEERELR

BSESA
r/ >
*wE %?
o
©
1
y

0=
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val; // TAaE

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

this.prev = null;

/* BETFNAEERSIMAIN AT */
class LinkedListDeque {
#front; // KT front
#rear; // BT S rear

#queSize; // WEPAFIFKE

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

this.#queSize = 0;

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

this.#queSize++;

/* BABINBAIR(E */
pushFirst(val) {
const node = new ListNode(val);
/] BEFERAZE, ML front 1 rear #BIEM node
if (this.#queSize === 0) {
this.#front = node;
this.#rear = node;
} else {
/] ¥ node FRIMMEFERKE
this.#front.prev = node;
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node.next = this.#front;
this.#front = node; // BT =
}

this.#queSize++;

/* FAEBHFAIRIE */
popLast() {
if (this.#queSize === 0) {
return null;
}
const value = this.#rear.val; // ZEERTAE
/] BIRET =
let temp = this.#rear.prev;
if (temp !== null) {
temp.next = null;
this.#rear.prev = null;
}
this.#rear = temp; // EMETR
this.#queSize--;

return value;

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

return value;

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

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

/* FREXVWEPATIBIKE */
size() {

return this.#queSize;

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

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

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

2. BTFHENEH

i 5-9 FoR, SETEASCIASISEEL,  BATH AT DAE MR RSB ET RS

front iEEPATIETR
rear fEANTIBTE + 1

rear = front + size

PAE
&a I a l &E front » a i}fzufig3
BERTRRERSE 2]
. a Fmi‘i%ﬁi‘ﬂﬁi!rﬂl‘kiﬂ a
ABA I l HBA rear >
UV

Step 1 | ) Step 2

UN=ININ
push_last(4)

EEEHRRERSA
FIMRIMA AT

1. iHHREH rear

2. BRERME rear &

3. % size B 1

front »

rear >

BT

size = 4
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1.3 front EM 1
2. BTEFME front &
3. % size B 1

BAETABA
push_first(1)

front >

BARHBA
pop_last()

a8
]
u REEIMRREFSA
a8

FIMRIMA AT

1.3 front B 1
2.4 size B 1

n PAFIHEE
a size = 5
a EREREEFSRA
a P RMAMFATI
©
[ Step 3 ( Step 4
BAETHHAA
pop_first()
front >
a
ERER2EARA
a T RMATFATI
‘ Step 5

S

BAFIHEE

size = 3

B 5-9 FTEEHSLHON ARSI EI A BA tH PA R

FERNIIRSCERELR b, (XTI “BAEABL” F1 “BAEEHBL™ B3 :

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

[* BETFIRREASSIIRI ARG */

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

[* SR E */

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

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

[* FRENNEPATINKE */
size() {

return this.#queSize;

1.4 size BH 1

front >

BAIIHKE

size = 4
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/% HUTUERABIRE HE */
isEmpty() {
return this.#queSize === 0;

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

/* BAEABA */
pushFirst(num) {

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

}

/] PAEESHRES R —(L

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

/] ¥ num HRINENNE

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

this.#queSize++;

/* BAEBXNBA */
pushLast(num) {

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

}

/] TTEIAEIEE, IEEPAEBERS] + 1

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

this.#nums[rear] = num;

this.#queSize++;

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

}

/* BAEBHEA */

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

}

/* AEIAE TR */

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

}

/* IBEAETTER */

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

}

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

}

return res;

5.3.3 WFEPFIEZFA

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

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

1. BB

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

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

ERARCRTTH, FABALIARESH—EREN RS, HREERNR, BT SFRA

A ITTRE R,

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

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

2. Q&A

Q: MIVEERATRTIE S IR A2 A BERII?

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

Q: G, BERERBHHET RIATE?

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

Q: XABNIHG R MEBHEE T —kE, BERARZT2?

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

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

L LA PIT R, BRI DRIEEAKA, FHEZHKB,
2. YHPHIT “HEET N, R A PR HEBOERERGE, HRHEAB
3. HHFHIT ST I, MR B e BGERIRIE, FRHEARKA
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O FEFENUER A, IGRRFA— ARSI E R ER R,
w fADE AT AR S, MR APOEERE 5 AR E 45,
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M7 hash tabley, X#r MK, CiBIEH key 51E value Z ARG, SKIIERHITRER, B
Kiis, BAIABRRDEA— I key , WATPATE O(1) I PZRECN RZAE value o

iE 6-1 FR, A5 n NEA, BNYAERE “WaT M ST NIEYE. REBMNHRESH WA
F5, RENAES” FERIIEE, WATCARAE 6-1 Ui ARk L,

BHR

hash table

BA—TES key, TN HE value
IRERPEORENREIEZRER 0(1)

B 6-1 MafmRINHRIR

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

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

+6-1 JTLEEREXN

o HER AR

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

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

6.1.1 MBERTHIRE

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

[* ¥iatRadmR */

const map = new Map();

[* AINRLE */

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

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

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

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

e A =R R RE P 7T D BERN . e AR e RBIEET

// === File: hash_map.js ===

[* BRAKER */

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

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

}

console.info( ' \nEJHiEHHE Key');

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

}

console.info('\nEJH&EHE Value');

for (const v of map.values()) {

console.info(v);

6.1.2 MERERIEM

BB ERAERNE, PO —PTBAREBMRA R, FEIEHES, BIPEBAFNEFDNZEANN T

buckety, FMAAIFME—MRERN, B, ERERZERE] key N AINE, FFAEMHIRE value o

2, AT key AN M AIMENE? X /2L A7 %L hash function ) SEELRY, MaAr BRAHIPE R 2K —
MR ZE RIS 2 — DU NIRRT SR, FEIGRRT, MAZRZTH key , HitHSRZATAM (B
KRG, WANEH, TN key , AT LUBIGA BREUH SN key RSN 7E 2 A H IO AA A B
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BAN— key , WFEREEIHTELRED N ELRPP,
1. @S HEAE AL hash() HEFRIBARE,

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

index = hash(key) % capacity

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

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

BN key

B3
12020 el

o7 el

AN SCEL 7 — Mg R, H,

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

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

this.val = val;

}

[* BETFHASTIMNIRER */
class ArrayHashMap {
#buckets;

constructor() {

=3l

37

L-E

key %100

83

o L

key value

12836 ; “/hma"

15937 | “/\i5"

16750 | “/hE"
13276 § “INE"

10583 | “/hEg"”

. . oo . vee . . . . vee

i value

— &3

— &3
—&3

(BTMERRE—TRE)

B 6-2 M BRECT 1 B

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

[* PETERIEL */
#hashFunc(key) {
return key % 100;

[* BEIEIRIE */

get(key) {
let index = this.#hashFunc(key);
let pair = this.#buckets[index];
if (pair === null) return null;

return pair.val;

[* AIRIE */
set(key, val) {
let index = this.#hashFunc(key);

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

[* MHBRIRIE */

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

[* REVFREREN */
entries() {
let arr = [];
for (let 1 = 0; 1 < this.#buckets.length; i++) {
if (this.#buckets[1]) {
arr.push(this.#buckets[1]);

}

return arr;

[* RENFRER */
keys() {
let arr = [];
for (let 1 = 0; 1 < this.#buckets.length; i++) {
if (this.#buckets[i]) {
arr.push(this.#buckets[i].key);
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return arr;

}

[* RENFREE */
values() {
let arr = [];
for (let 1 = 0; 1 < this.#buckets.length; 1++) {
if (this.#buckets[1]) {
arr.push(this.#buckets[1].val);

}
}

return arr;

}

[* FTENIRFHR */
print() {
let pairSet = this.entries();
for (const pair of pairSet) {
console.info( ${pair.key} -> S{pair.val}’);
}

6.1.3 BEHNRETH
MAJ LR, WBARESEIERRRATA key HRH A2 RIS BIEEH AT E R 5 AR 22 A, T AL
IR Tt smE. Fit, Pe E—@ A e “SA AR 5L

T ERRBIFR RIS REL, S AR key JEFAAHRINS, BEAE B A RAARL, BilaH, BRSO
12836 120336 I PNFAAERS, WAMGE:

12836 % 100 = 36
20336 % 100 = 36

MAE 6-3 iR, MANESIEMA TR NS, XEARBANM, BATEIXFZ AN AT R [F — i H S R
N TS W28 hash collision o
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BN key #=35| - b | il value

key value

Lt

‘
I. ".
J

36 —||EPERE RN

m_, o 3 7 15937 . “ipsn \w

DA _ : :
/ B 50 16750 | “hE" \
76 13276 | “IhiE"

"' I. ." ..

83 10583 | “/hF"

s
. .

6-3 M (R

AR, BHREEn BK, 21 key BOTELEIR—MAEPRBERRIE, o, Hitk, AT
WY E ARV R

WK 6-4 FiR, ¥ A riBEX (136, A) F1 (236, D) KM, ¥ BIEMRIEK,

RERETE - 100 ERETE 2 & MEREE - 200
MEEH key % 100 » ISFHEB key %200
&3l key value | key value

36 236

- | CIER

Juy
. w e ™
)]
-
="
w
(=]
[ e e
J

- | COER

“cn

183 783

wen . vee
[N

Kl 6-4 WBEmETHE

RUTHAHY R, I6/mRY BERETERENMNERR R EFRIGHE, EHEN,; JFHETRARER
capacity K28, HATEELIGA R BCREN T RATAREN GO E, XE—PHN T A EHHE
THH. ik, gREIESIEE ST W RIIGHRER, PiEMEy &,

MK ¥ load factor) RMARK—NEEMS, HE X NGHEFATTREERDMEE, T HERA
MR EAEE, WG RRY FIMR S, FINTE Java i, SHRERFEE 0.75 I, REXEE
Ry AR 2 15,
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6.2 MF

b RE], GEEN O TS R BEIEA IR T A, KIS BRI SROR AR AR A, b,
RO AL, EH OB A RN, WA 2 DB 2 R — MRS
G RS SEE WA REIR, FEEIGRA RPN b TROUZAE, FH8EIEA R, AT
TR RY R, EENMRHIONIE, WoTEm AR EER, ERERKE, BARAERT AHEH TR
A2 SRR ETI R, 0 THRIIRER, AT PR DA 5,

1. BRI REARLE, S A 2 nT DUE HBUG 7 R IE 3 LA

2. (AELE, BISRFAR R HET= BN, ATy AR,

WG RAIE R A EARS "R Cthht™ 0 "I SHIE™,

6.2.1 HEXihut

TERGEIRT R, BMRIGEFIE— MRMEXT, T8Nl separate chaining) K NMTREHNTER, K
BEMENBERTT A, KT AR ER A AR R — 8k, 18 6-5 Jom 1 — UL IS 7 R 1Y
515

=5l o e R (TTEnBE)
00 > —

Uit 37 Ll - L,

SMREEE—ITER,

HbhGSmEARTE .

IAZFEE key % 100 76

ERAMEREN key

SREBFE R -

Kl 6-5 BEAMNEIGT R

F AL SR G A RAGIRIE T IR A T DA 2R 1K,

- HlLR: B key, ZUBFHREISEIRRS, RIRTREERLTY A, REEHERIF L key DA
FREAREEXS

© OWMCE: BB SR REOMRERCSLT R, RER TR (BYEX) BRInEEER T,

- BRI ARAENGTY BRAAIZE RYTBERSLHS, R I HER B E AR RO R IR,

HEAHBIETFAE DA T R RS
- EHZMRR: PR ST SRR, B B EANRE R A
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ERCRIE: ROV TRZE R Rk B BT R,
DA S T UG A R AT A B Sl REERM A

EASIR @A) ROFRER, MM, EXMEE T, Bik BE) S22 M, 80
R,
DUF B ST &Y A%, STEN TR 2 0, BROTERTRRT EEFEN 2 £

// === File: hash_map_chaining.js ===

[* SETUHIALIG AR */

class HashMapChaining {
#size; // BEXHE
#capacity; // WMHERAE
#loadThres; // fbk¥ BNHHEFEHE
#extendRatio; // ¥ &AfZEK
#buckets; // 1@

[* MEHE */
constructor() {
this.#size = 0;
this.#capacity = 4;
this.#loadThres = 2.0 / 3.0;
this.#extendRatio = 2;
this.#buckets = new Array(this.#capacity).fill(null).map((x) => []);

[* PETREKIEL */
#hashFunc(key) {
return key % this.#capacity;

}

[* AEETF */
#loadFactor() {
return this.#size / this.#capacity;

}

[* EIEHRIE */
get(key) {
const index = this.#hashFunc(key);
const bucket = this.#buckets[index];
/] BHE, EKRE key , MIREIFH val
for (const pair of bucket) {
if (pair.key === key) {
return pair.val;
}
}
/] EXRHKE key , MERME null
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return null;

[* FINIRLE */
put(key, val) {
/| YRBETRIREN, RTE
if (this.#loadFactor() > this.#loadThres) {
this.#extend();
}
const index = this.#hashFunc(key);
const bucket = this.#buckets[index];
/] B, EBEIEE key , WEHMHMMN val FHiRE]
for (const pair of bucket) {
if (pair.key === key) {
pair.val = val;

return;

}

/] BEXZ key , MRFBREXRNERS
const pair = new Pair(key, val);
bucket.push(pair);

this.#size++;

[* MHERIRIE */
remove(key) {
const index = this.#hashFunc(key);
let bucket = this.#buckets[index];
/] BHR, MAREREE
for (let 1 = 0; 1 < bucket.length; i++) {
if (bucket[i].key === key) {
bucket.splice(i, 1);
this.#size--;

break;

[* TBRRER */

#extend() {
/] BEREHER
const bucketsTmp = this.#buckets;
/] BT BEREFRER

this.#capacity *= this.#extendRatio;

this.#buckets = new Array(this.#capacity).fill(null).map((x) => [1]);

this.#size = 0;

/] BRENMREFERBEEREHR
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for (const bucket of bucketsTmp) {
for (const pair of bucket) {
this.put(pair.key, pair.val);

}
}

[* FTENIGFHR */
print() {
for (const bucket of this.#buckets) {
let res = [];
for (const pair of bucket) {
res.push(pair.key + ' -> ' + pair.val);

}

console.log(res);

ESERRE, HEERIRKN, TORER O(n) RE. N BLRHERHION “AVL B 8 “2LBR”, M
R IR E RN R AR O(logn) o

6.2.2 FrSFut

(iS4 open addressing | RBIAFIMUEHRS, THiRET “SUdRM” RAFERF S, FFRE
SAFRLR AR, 7T R 2 AT 45,

T ARG, BTG SR TAEN U,

1. ZiEN

ZRMETRINR 17 20 KR ML EORMEATIRM,  HARE A5 Il i RA P AR,

- AR EERAEEITRERRS, HRIMNEETTR, MM RCERELEN CFREHE N
1), EEHEETM, HTRmAHS,

- EPOUE: HRUEHIPR, WERHRESKEEE TR, BERHRERMITE, &E value B
Al AnAGEEISA, WA EMTRAER A RS, IRIE None .

B 6-6 R TOTISHE (SMEIRID) WeF RAVEEEX 01T, ARIBIIGREE, &EMAMHFN key #R ML
SRR R, TEE ZMERM, SN TARIRAF B I2A PAS . N R
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#3l - b |
AL o || o
BRI, HER 1 2 |
7 { | (COEKD
BERK key % 100 77
EREERY key T
SRR e [ £ )
676
776

K 6-6 JTSHE (ZRIARID et RATBEAER 734

SR, RPERINE 574 “RIBR”, BARY, BEMESHLE FIAI B, XS B L G A
RETATREMEACR, M — P ez BRRHEA K, BACRMIER, &AL SEOEMESIRIERRA L,

ERERNE, RO FHRAR RPEEMER TR, X2EMERTTR X EREHNE— DM
None , TMIHEIMTLRM, LMRMBZTMAZIRE, FIAEZTZ FRTCREICEEHIRE], FFa]
REDRANXLLTTRAFLE, W 6-7 AR,

=3l s |
.
o2 | | |EXD

76 <
riseE | | 25,

REEZEWHEZ THTRT

~
~
S
~
(=)
a oo

78

6-7 1S HEAMIFRTR S BRI E S

N T RRUVZIANE, BT AR THER lazy deletion) Hl#I: B AREEMEFHEHEIRTE, WRAAM—
A5 B TOMBSTONE SKEARICIX M, 7EIZALHI T, None 1 TOMBSTONE ERfUZRZ3AH, #Al UK B HHENT, (HAR[FE
B4R, ZRMEARIIE] TOMBSTONE N B 1Z4ksiim 7, RN > T Al REMAE AR BB X



How IAMHR hello-algo.com 123

SR, BBHIER Al RE 2 hdime 7 RAPEREIRIL, 12 RN RHR BRI EE =74 — DBRFRIC, Fii%E TOMBSTONE
HBghn, TERIER N, RODEMERN T RER ZBkid 21> ToMBSTONE A REERE HARTTR,

M, FERELMEENAIC BRI E D TOMBSTONE RG], FHIFEREI HARITE S5 1% TOMBSTONE 3 #f;
B XM Y R E RS T RN, TE2SEEsh2ESHEANE RGN HIEAM, M
ML EERCR,

DAL T — DS WERE TS AL EMERN) I6fmR, 87 Ense ot kA Ra 2, {7
KIEmBEE—A A", LRI BAHEEN, B2k ARk,

// === File: hash_map_open_addressing.js ===

[* FRIUAEHER */
class HashMapOpenAddressing {
#size; // BEXEHE
#capacity; // WMHERAE
#loadThres; // k¥ BNHAHEFEHE
#extendRatio; // ¥ &AfZEK
#buckets; // TEEAE
#TOMBSTONE; // MIBRATiC

[* &R E */

constructor() {
this.#size = 0; // BEXHE
this.#capacity = 4; // BHERBE
this.#loadThres = 2.0 / 3.0; // AT ANLHRAFEHE
this.#extendRatio = 2; // ¥ &BIZ%
this.#buckets = Array(this.#capacity).fill(null); // %A
this.#TOMBSTONE = new Pair(-1, '-1'); // MHERARIE

[* PRTERIEL */
#thashFunc(key) {
return key % this.#capacity;

}

[* BEHEF */
#loadFactor() {

return this.#size / this.#capacity;

[* R key WHAIERS| */
#findBucket(key) {
let index = this.#hashFunc(key);
let firstTombstone = -1;
/] MR, ZBE=HEABEH
while (this.#buckets[index] !== null) {
/] EiBE key , REIXNAIEES]
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if (this.#buckets[index].key === key) {
/] BEZmdE T RRTIE, WSRENBEZRSIL
if (firstTombstone !== -1) {
this.#buckets[firstTombstone] = this.#buckets[index];
this.#buckets[index] = this.#TOMBSTONE;
return firstTombstone; // REIEENEHIFEESI

}
return index; // REIEZES|
}
/] ERBEEMIBRTIE
if (
firstTombstone === -1 &&
this.#buckets[index] === this.#TOMBSTONE
) {
firstTombstone = index;
}

/] HERERE, il EER R E LA

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

3
/] & key FFTE, MRERMANES]
return firstTombstone === -1 ? index : firstTombstone;

[* EIERIE */
get(key) {
/] BER key WMUAIFERSI
const index = this.#findBucket(key);
/] EREFREX, WREIN val
if (
this.#buckets[index] !== null &&
this.#buckets[index] !== this.#TOMBSTONE
) o
return this.#buckets[index].val;
}
/] EREXRAEFE, WRE null

return null;

[* FRINRIE */
put(key, val) {
/] BHBEFBIRERN, TS
if (this.#loadFactor() > this.#loadThres) {
this.#extend();
}
/] BER key WHHHRSI
const index = this.#findBucket(key);
/] EXFREX, WEE val HirE
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if (
this.#buckets[index] !== null &&
this.#buckets[index] !== this.#TOMBSTONE
) {

this.#buckets[index].val = val;
return;
}
/] ERERNAEFE, WHRMZRE
this.#buckets[index] = new Pair(key, val);

this.#size++;

[* MHBRIRIE */
remove(key) {
/] #E key WHAEZES]
const index = this.#findBucket(key);
/] EXREREX, WBERRTCESE
if (
this.#buckets[index] !== null &&
this.#buckets[index] !== this.#TOMBSTONE
) A
this.#buckets[index] = this.#TOMBSTONE;

this.#size--;

[* TBRRER */
#extend() {
/] BEREHR
const bucketsTmp = this.#buckets;
/] R BERIRIRER
this.#capacity *= this.#extendRatio;
this.#buckets = Array(this.#capacity).fill(null);
this.#size = 0;
/] BREXNREARRRSERRER
for (const pair of bucketsTmp) {
if (pair !== null && pair !== this.#TOMBSTONE) {
this.put(pair.key, pair.val);

[* FTENIRFHR */
print() {
for (const pair of this.#buckets) {
if (pair === null) {
console.log('null');
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} else if (pair === this.#TOMBSTONE) {
console.log( 'TOMBSTONE');
} else {
console.log(pair.key + ' -> ' + pair.val);
}

2. FEFEHEN

SEF RIS L MEIRMIZEAL, BB TFRSHERE WRIE 2 —, MR EMEE, RN & b plod — 4N E
FERE, mEskd “BMER s B, B 1,4,9, ... %,

SER R B AR,

- P RIGEE BOS R BT TR, IR R AR I I SRR R
- PRI RO EORHEE BRI E, AB T EEE RS E AN A,

SR, PO IRIFE AR SE SRR,

- RFEREINSR, RN LM B EA S5 .
C HTEIAER, CFARNATREA SR NG R, XERE IR R AN, 7 RNthaTsE
TEIEVIREIE,

3. ZREH

B, ZREFRTTEERZNGTREE f (). fo(x). f3(z). .. TR,

- AR HRTEE f) () PSR, MR fo(x), DA, EFEREIBAERmATTER.
- BPOLR: EHFERIGREEINF FHETER, BEERHEIEATRNRE, FERE A e AR
PR, WG R RAAFAEIZITR, MERIE None o

SEMRMMELL, Z2RE/HITEAZTERE, B2 NG/ EESTRIGMITTEE,

@ THIER, PRSI (GRIERI, FIRNMZRIGT) WG REAE “AREEREMFRTR" 1Y
w [}

6.2.3 {RIZIESHERE

HAPGAETE S R T ARG A RELBURME, N2 LT,

- Python RHFK T4k, 8 dict (8 DBEALECEA TR,
- Java RHBEAMNE, B JDK 1.8 UK, 2 HashMap NEZH KIEIAE 64 HEERKEIRE 8 I, BERZH
LT AR AR T &R RE,
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- Go RAHENMIE, Go ME B MRS 8 NHHEN, B ARNERE — MR, S 2
i, ST IRERIIFEY A 5AE, DICRIERE,

6.3 BEHRZE

RPN T WA 2R A AR BRI R BTG 76, ARmTEIe B S abie 2 e ibat, M RECRUE
WA ] DAER A I IE T AR, miJeiiisl IR b R R A

RGNS TME, BAROMERENS2R S, WE 6-8 FiR, WXL R, AN TR
ERE P RAER D, RBREEWRER; REBI NG RENEEGERIE — M, NRE AR
t= O(n) .

HETUIIEIE TR

miERR:
REMTHDHES MEF
BHialEZRE 0(1)

.ee .o eee
w

mERER:
BENEHSHERMEFR
EfaEZ2E 0(n)

6-8 MaT M RIRER IS RERN
AN I A T OL R R B BORE . [BHZIG R R RSB, SEIH RIS TE, P S

index = hash(key) % capacity

ML EAK, HIEMHERR capacity BEER, WMWK hash() YO8 T HithE, HEMOUE THRENERT
RPHI A Do

XEWE, N TR RIZEMR, ROV ERNEPERRRIE hash() RUIRIT B,

6.3.1 MEFEZNER

NTIE “BERXAR” BRI R EERAER, IGRIEN g DL .
- OWEPE: STMHEIREA, MR EIANGL T MR XA RERORIG A R AT SRR,
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©OReRE: HREIRARENERENZ RS, HEITRRN, 16RO R,
- S I RRIEN S REN IS AR R, RIS, IR R AR,

KPR_E, WEREIERR T DU TSEIIGMmER, &7 T2 R H T Ay,

C WA N TR P EENLE, REUEE A EEAER P RIASCER, TR EED I
Ho HHAFRANENEN, REENMARNEEITRGRE, R5S5EMENRREEITIER. WRMFHT
e, AR E TR IE.

- BIRSERER R BE R0R 7T A] DA R BRI AR E R TR 10O AT DA T T SRR IR Y
BAERIGTE, H5REWEINIGRERI TR, WERMFILAS, BRABHEREA e,

TR ARERN A, TR MG RERES SR E A LR, BhREARERSESSRNLZ L
Fiko

R TEHE (R T AR T L
 GUREE: SRS OEREI A RRIRA, TR R
TR RN S BRI  T ERAT BN

HER, “W50h” 5 “PiRiEtE” RMAMNIEE, RS A e RN, 1A, FERERL
BN key &, MTREE key % 100 A] DU 5 A, AMZaRREL TR, FraE AR
key RS HHAERHHIE, [RIEFRATTAT AR 2 IS 7 (B R HEHE FT A key ,  MTTIRBAR RS

6.3.2 MBERZENIZIT

G RIARIHE MR EFBIFZRRNERAE, AN TREZRASIR, ROMLRERT L
BHIBAER,

- MERRA ORI TR ASCIL FSREATARIN, KSR E A a7 E,

ORI FIRBRIERIRRESRME, SR IR, R DT ASCIT M REMEIG A E,

© REIGT: CRRMABIERN &S T REN BRI E RS MR ET,

- R R TATR ASCIL A REME—NGRES, FIRER ZATE SN WA (R ThEs R,

// === File: simple_hash.js ===

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

}

[* FERE */
function mulHash(key) {
let hash = 0;



How IAMHR hello-algo.com

129

}

const MODULUS = 1000000007;
for (const c of key) {

hash = (31 * hash + c.charCodeAt(0)) % MODULUS;
}

return hash;

[* BEaE */
function xorHash(key) {

}

let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {

hash 2= c.charCodeAt(0);

}
return hash & MODULUS;

[* hEFEad */
function rotHash(key) {

let hash = 0;
const MODULUS = 1000000007;
for (const c of key) {

hash = ((hash << 4) ~ (hash >> 28) ~ c.charCodeAt(0)) % MODULUS;

}

return hash;

WS RN, FRIE T RIER B e — S HUE X KB 1000000007 Bk, PARRERIG i EAE SIERTERIN, EIF

BN, N2 EER N PO, B Ui S BURE R B2 27 X2 — D AR,

et gt ERRBEBA B, ol DU R R UE IS AR I3 2 04, RO B S KAt B A2 R

B, AT DAIRD R USSR R T 2R A R IPERR K, AT SR E 7 v 2%

BT, IRIEFEANDEFRAEO MEBEL, BT DA 3 B8BR, TRAPTE ] DA 3 PRI key T SHIBRESE] O,
3. 6 X=IATE,

modulus = 9

key = {0,3,6,9,12,15,18, 21, 24,27, 30,33, ... }
hash = {0,3,6,0,3,6,0,3,6,0,3,6,...

QISR key TRUFH R IZANE ZREINEAE 0, BRLMTAAEM S LR, WmnERRhR, JE, &
R modulus HHNTEL 13, HIT key Ml modulus ZIAIAFIEALIEL, it A RENSSEZAE
$eTto
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modulus = 13
key = {0, 3,6,9,12,15,18,21,24,27,30,33, ... }
hash = {0, 3,6,9,12,2,5,8,11,1,4,7,... }

ERHRARE, WERAESCRIE key BRENIISI AR, RIS EEE S BIENBREE AT DA, e T#RERm
HES S AT HINGTR{EL 1124 key BIZIMAAE LSRN HIPERS, XS HIEE E A 7 IR EIAR,

BMEz, FATEFIEBEIEARE, XN PR R R, DR ATREHPRAMIMER, ErHamE
TRHIRS

6.3.3 ERNMERZE

AHERI, DAEN R T EIRE LR “Hess”, ARG R AR BAR. f1a0, BT
FEH R A, R ANTANG A A S BRAG A JCTA X 0 WA RMEIF AR R 47 6, IX A RES ARG A 2E,
FH 5l — L2z (A,
FESERRAR, BATEE SH— SRR RYE, F40 MD5, SHA-1, SHA-2 fl SHA-3 %, BT UHERK
JEE P A B e St B R R A (L
IE—MELDOK, W ERCAEARR AR SRS, —Ho R AN RS RS REIRIERE, 55—
I N BB ECN TS ERIGREEN L 2R, 3£ 6-2 R 1 EKFRN A A WG/ RIA,

- MDS5 1 SHA-1 EZ R IKE, BRI eI 2 e M7,

- SHA-2 R H) SHA-256 R Z 2HIGHRIRZ —, IRHIRIIMBEERR, HiHHESEL 2

VA ESNANE N
- SHA-3 HH#¢ SHA-2 FISEHIFH SRR, TSRS s, (HH At #E SR SHA-2 25,

*6-2 WWHIGHEIE

MD5 SHA-1 SHA-2 SHA-3
HEHIN 1992 1995 2002 2008
I
Wil 128 bit 160 bit 256/512 bit 224/256/384/512
i bit
MmNz L EZ R/ R/
%
ZeE AR, CHhsEh ik, BEERIIK & =
% i
v FH EWFEM, ATEEREEE CHFER IBEMRZ I, BFE%4 TR SHA2

= %



How IAMHR hello-algo.com 131

6.3.4 HIBELGHBIEHE

BATRNE, WA R key ATDUREERL, /INEEUTATERSFEEREAL, JMfEIE S8 H S X BRI N E
AR, AT HAEBRARPIMAERS, L Python ufl, FATATLAVAF hash() BRECR TR AFEHE R
G A E,

- BB /RERIG A EPURHA S

C IFRERT TR RR A E T EROVE S, AXMNBREEETE ETY .

- TTANIBRERN KPS PR TR, RERXERmREHSER, S8R —BRAHEH,
- REETEE T HAF A R, B ES SRR T, KM T AL E,

@ THER, NRAREE SN BB E R REEE 75 EAR,

// === File: built_in_hash.js ===

// JavaScript FKIBHWE hash code K%K

EWZHEEST, RANTEMRATENRR R key o RINFATRESIR G 1F4 key , 451
RN RAEZAN, ERRHEDRREKE, BIOIICERERTRPEIFEILN value T,

BREE NG (LaniERY R BRI RR AN, (HEZAIIERA, IXRE AN GG (6 5 2 5
TR E KR, B RN B R A T2, (HERNFIEARTE, IGRETRRNEZER,

AORIIRATRE R RE AR G HIsfTIRP N, B RER RN, X2EN Python R IERRE
ahity, A PP R BIMA —AREILEE (salt) fH. XAMEER] DAARLPG 1 HashDoS %Ki, 271
LSRG

6.4 /&t

1. EREH

- M key , WEAREEBALE O(1) NAANEIRE value , REEIEH &,

© HE ISR EEAE R, USINBEXS. MHIBREEAE A& D7 e 7 2% 5,

- METE R key MRS NEVH RS, MR MAFEFHIREL value o

< NAER key AIRETELIS G A RS S 2RI EEH R S|, SEERSERE B, XM RBFR G
EGRLIEN

- IBWMBREREKR, BRI, Rl DUy A m Rk Z e s, SHAay a8
L, P RY BIERERFFHEE R,

- MBI FE CNEFRRPICEMERDMSE, R TIBRAMPRTERE, WAEMEB TR &
2R,

- REHDHEIE R RN TR R ONEERR, AT A N SRT R R MR, A, BRI KSR RE
WRCR, 0] DS — 0 B R A o 21 BB SRR SRR,
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- PR RIS 2 DRI B G A PR, SR EE P K, BB AREMERICR, HAS ™ ER
%o ZRBAEHZMIGREEOTIRN, MHEREMRNERS AR %, B2 N BRmEEEN T itE
Ho

© ARYRFEE S RIT ARG AR EI, HlaN, Java i Hashmap £ FHEE UL, 1 Python f Dict R
PRI,

- AEMART, ROFERARRIEEARENE, SRR MR R, EENTP, BRERICNIZ
B FiR EEAN S R,

- IR RIREHE R KBRS, DA R RIERS T [ 5 A, D Ia TR o,

- HEIAEABREAEE MD5, SHA-1, SHA-2 #i1 SHA-3 %, MDS5 &M TR 52, SHA-2 HH
T 22N ST

- IARIE SR OVBERRRR N B R RIE, AT IHRIERETIMERS. @EELT, AR
xR IERIIEFT A

2. Q&A

Q: AT E e 4150 T2 O(n) ?

YT L EIN, BRRONEERESIRILE O(n) . YWBRFEEBIRIHF LKL, ARREIR
EHL, MRHECFN, NRSRER O(1) . FAIEAREESNENRREERN, WIS ER
O(l) o

Q: NtLAMERABAEE f(x) = x We? M ASHMET,

£ f(r) = x MWK, SNTRNNME—RMRS], XSEHEN. Rm, A EE T2
Al B K, KIS R R e — P AR B KRS, a8, W7 R B — MR
RS I 2 — NN, R O(1) WERR,

Q: MARIKZLIREA., R, XN, EAF2RER] U eTE mlE?
B, WBmRINRRERER, EERBRER T, WARAEMHEGS o AERER,

Hik, HBERE R PN RRCRE S 1o Q1R — D IIRERENS 7EAH R R &2 2% B T (o8 A B i e AR sk
B, HBGEH LR R E P, KR E AR RBOHEREITH, N EZE R E BITE A,

G, WA S R AT RE R A S, DI TERE S b, B TSRELE B 2 LT S R T RS 1,
PREBAZE O(n) I EIE R

Q: ZRGTAAREEZMERTTRIIEFEND? bRic MR 2 B RE P F IS ?

ZRIGABITRFHER —Ff, THRSHEEE A A RE M PR TR ATERE, TZmdbric bR, Fridoh SmikR
AZE IRl AT DARHRGE . S e R R, JF B AR W EERERIC ) CMPRAIAER,, %A B ] PA
BHTCRMEM, IXFEMEEREAR R T RAVRNFFIAL, XRERIEIG i RATE R =R,

Q: M AELMRNF, EHTTRIINES MBI RNE?

AR N 8 IS A7 PR SR E R AU BB, B key ANDLHAC, XLIGRAEMA IR, HL, ZRIERM
BRI BOE R KARIRE &R, EERENER R EN SO EIBk oy ik,

Q: N2 MG RY AREWS RAFIE T T E?
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HoE Mgk

W7 PR R B JE — AR RN B K n B (BGR), b EVE SRS EEN; £ 85, 2K
JE n RAE, T key MRS [BATRER AL, FICHER —MARIZ D key , T AEIRERH AL
FZAAE, I SEIE TR ISR %
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O SRAMFEA T, IR, SRR,
v EREARI T BRI AT,
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7.1 =X

T XM binary tree | 2 —FIE& bR, AR “HE” 5 5" ZHIREXRR, KT “—oh ="
MIriaIZHE, SREFREE, “XWIEARITTRET A, #MRESE. A0 AGIHE 71851,

[* ZXWTRE */
class TreeNode {
val; // TRIE
left; // EF TR
right; // BFTRigH
constructor(val, left, right) {

this.val = val === undefined ? 0 : val;
this.left = left === undefined ? null : left;
this.right = right === undefined ? null : right;

A REEWRANSIH B8, aaliEm TEF17 5 left-child nodey #1 4577 & right-child nodey,
B R IX AN 19 s TAQTT S parent node o ME57E — D XA A, BATTRIZT R EF
TR H DA s BB FR LT s T/ 70 left subtree), [RIFEAITE T4 78 right subtree |,

FE X, BRMAT b, AR W R e S 1 AR e, anE 7-1 R, WERREE R 27 R
TR, MEAEFWRMGF TR N 4” M “9R 57, EFg W 4 HEDUR mUBRRn,
AR "R 5 RHLDUR T R RAIA

2 XHR

binary tree

|
E?V \Eiﬁﬁ

T aFH

/N N
Vivivi

7_]- /\jﬁ,‘/ﬁ\ ?‘jﬁ,‘/ﬁ\ ?‘*X‘j‘

7.1.1 “XWERKIE

XY E FARTEANE 7-2 FR.
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- T root nodeJ: M T XMTRZEAIT A, HAERT H,

- THi 5 leaf node]: B TR A, HFMNMEEIIHER None .

- Tih edge): EBMANT RN, BV SEIH (&,

- RFTER TR level : MWIZJFESY, R AEERN 1,

< TR TE degree): TR TFITAIEE, £ X, EREETEEZ 0. 1. 2,
© X TEE heighty: MR s IR s &t rB I EE.

- RN NRE depthl: MR AENZT TS AR,

- TR TEE heighty: MEEBNZT RIS mENZCT P& I E R,

- T~
// \\ // \\ 53?3
[\

St
)]

¥ o3
7
n
=

o
I g

i
N

7-2 “XWHEARKIE

«7 THIER, TOTEFR “SE” M WET B0y "G RRSE", (B E s AT RE
w SR HE SO "G R REEERT, ERXMIEOLS, SEMREATREN L,

7.1.2 ZXMEAIRE

1. R

SHRAL, Ehevah R, REWESIH (58,
// === File: binary_tree.js ===

[* FIR XA */

/] VBT =

let n1 = new TreeNode(1),

n2 = new TreeNode(2),

n3 = new TreeNode(3),
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nd = new TreeNode(4),
n5 = new TreeNode(5);
/] METRZEN5IE (8%
nl.left = n2;
nl.right = n3;
n2.left = n4;
n2.right = n5;

2. EANSHIBFHSR

SHERRML, 7S IBRT AT DOE I B e RS, B 7-3 S T — Rl

HATR MR T =
nl.left = P nl.left = n2
P.left = n2

B 7-3 £l A SR A

// === File: binary_tree.js ===

[* NSRS */

let P = new TreeNode(0);

// T nl -> n2 FEHEANTIS P
nl.left = P;

P.left = n2;

/] MBI P

nl.left = n2;

@ TETFER, AT RARERSE XA ZEEEH, MR 08 % B wE MR %
w TRNHFA TR Bk, XK, BASHERERZH —ERELE 2NN, DSSIE
KRR AR,
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7.1.3 ER_-RiFER
1. BE_XWH
N 7-4 FoR, (522 XW perfect binary tree) A R I S#s o2 &, E5226 U, M5 510

BER O, HARFATAIERR 2 HMIEEN b, TSRS 2" — 1, RIRRERIRREER,
ST E RS R AN T R

(r) THER, EHRSCEX A, SERTME AR Tl =S .

w
SER_XH
perfect binary tree
(t2 AR A i)
FRE RRTS mER R
7-4 SEE XK
2. BEXH

W 7-5 FR, 582 XM complete binary tree] RERKEMNTTRAEEK, HRKETRRERL
H7E,

LR

complete binary tree

REETRELRRE, EttETNREWIER
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7-5 FEETXH

3. TR

i 7-6 Fiw, 52— XX full binary tree) PR 179288, HRFTAE T SEA DT M.

b

full binary tree

FIETRNESRA 0 = 2

7-6  SEl— XM

4, FH R

GnkE 7-7 FoR, TP — XA balanced binary tree ) FHYEREN RREFRHAIG FRIEY S E 2 Z I 4HEAR

g1,

EH—R

balanced binary tree

VTR EFNRE - GEFHEE = d
M PH_XNPFAETREHE |d] <1

7-7 VA X

7.1.4 —XH0Ek

K 7-8 R T — X BRARSEA 5B EEA . Y — BT SO, JRF] “SER XM, AT

AT R A — U, ZRHRICN “BERT,
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- ERXREEEENN, ATDASE AR X ia” L.
- RERNIR S — MR, STURIEEE NRIERIE, NRERERMELE O(n).

7N )

4
[\ /
4
ittt / Bibei
TETXRI R

K 7-8 XRHIERESTH S RS
R 7-1 R, (ERESHNRESHT, R P8GR, TR SEFRSINCARESWRME,

R 71 ZXMRIRELTH S R ES

SEFE XM BEER
R NEORT = s 9i—1 1
EEE h RO SR 20 1
SN B IR RSB 2n+1 _q h+1

TREER n RKEE log,(n+1)—1 n—1

7.2 Z—X#iEH

MBS R, PR — R TRERMBURS Y, R EE 75 2RISR MR Al R0,
PR — AR RARSS Y, IX(E S i P iR AN 7, TR B IR R RIS,

XM W 7T AR R R, BT, R A i R

7.2.1 BFiER

WE 7-9 Fow, TEFIET level-order traversal ) MITEEREZE BT XA, HES—BEERMNERG
BRI 377 1717 R
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BErwliAR LET [T B/ E breadth-first traversaly, t#k T REEL/EI% R breadth-first search,
BFS|, BT —H “—E—REmsNT R WZEEiRT 7R

T EfR @R

BREER (TR7E @ WiFisR)

Acerereerareesanensanes 5 1, 2, 3, 4, 5, 6, 7

K 7-9 “XWHERFESD

1. fUEEsEH

TR @ ) RS SR, PASIENE “JeHESCHY” BRI, RO s i R
ORI, P TS e AR — B, SEBARRGAN T :

// === File: binary_tree_bfs.js ===

/* BRFIER */
function levelOrder(root) {
/] ¥IEWBATI, MANIRT =
const queue = [root];
/] ME—15%R, BFREERFY!
const list = [];
while (queue.length) {
let node = queue.shift(); // BAZIHBA
list.push(node.val); // RETHRE
if (node.left) queue.push(node.left); // EFTHEAP
if (node.right) queue.push(node.right); // BFTEAA
}

return list;

2. ERESH

INTEAEDR O(n) © AT i —k, @R O(n) WE, Hrbn 1 pfc,
- BRERERN O(n) « FEREHOT, BN~ WK, &5 2&KEZH, It RZ RN EE
(n+1)/247% R, & O(n) 220H,
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7.2.2 FifF. PF. EFIERH

MR, 57 HR ARG e T R L SEE DT depth-first traversal J, AR R LEE R depth-first

search, DFS |, ARl T —&h “JoERIRL, FHBIfHgke:”

F3 73 75 7o

B 7-10 J&oR 7R R TR AR SE i O T AR B, DRI TC Dk i5 e S B R — ST IS “” —
B, RN REKIBR =MIE, oA AT, R AR R

REGSRE 0 O,

B 7-10 —XAERMATHTF.

1. fKE53Em
REN S RIE R BT IBA50
/] === File: binary_tree_dfs.js ===

/* BB */

function preOrder(root) {
if (root === null) return;
/] BRRER: RS -> £FH -> AFH
list.push(root.val);
preOrder(root.left);
preOrder(root.right);

}

/% REBE */

function inOrder(root) {
if (root === null) return;
/] ARIRER: AFH -> RS -> AFH
inOrder(root.left);

def dfs(root: TreeNode):
" RIERE SRR
if root is None: return
@ EMEisin AT R
dfs(root.left)
@ EBisinkEFiH, MFHREFR
dfs(root.right)
@ EETFHREEHie, RBER

miFER (£ @ LirRTHR)
1, 2, 4, 5, 3, 6, 7
FEFER (£ @ AiFnTR)
4, 2,5 1, 6, 3, 7
BFER (f @ MARTR)
4,5,2,6,7,3,1

. SR
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list.push(root.val);
inOrder(root.right);

[* EFER */

function postOrder(root) {
if (root === null) return;
/] R EFH -> BFH -> BH=
postOrder(root.left);
postOrder(root.right);
list.push(root.val);

6) RENLSE R M AT DL TIRASEI, A4 3:E v] DLE TR

B 7-11 /R 7 i — R AEIE AR, Hoaldh " f T NSRS LY.

1. %" FoRITEHTTE, BRI RBTIFRT—,
2“E”%T BORME], REHRATT R BT SEE,

B TR
V3: @ e

#: ETEH
13: A EE

HEEE (7 @ QiR MFRE (72 ® AbiHiETE)
1 1, 2
\ N
W W / . /
‘ Step 1
AR B TR
S 13 e 13: fLE

HIFFER (F @ Ai5ETR)
1, 2, 4

BIFFER (£ @ SAAIATIR)
1, 2, &

/)
e

l Step 3 Step 4
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s

i#: ETE
13: @ EELH

HIFFEH (7 @ SiAIATIR)
1, 2, 4, 5

#: TR
3: B LEEH

HIFER (F @ LiHiETR)

Step 6

#: aTEE
V3: L EE

HIFFBR (F @ 4i5ETR)
1, 2, 4, 5

#: MR
A: B EEH

HIFER (7 @ 45T

1, 2, 4,5, 3 1, 2, 4, 5,3, 6
l Step 7 ] Step 8

B TR #: mTRE

3: @LEE A @ LEEH

[ Step 9 ]

HIFEH (7 @ AT
1,2, 4,5,3,6

Step 10

HIFFER (@ LinET)
1,2,4,5, 3,6, 7

#: mFRE
3: EEEH

HFER (£ @ AihETis)
1,2, 4,5 3,6,7

Step 11

K 7-11 #iFE s

2. ERESH

INFERER O(n) @ FTA Y R —R, A O(n) N,
BREREN O(n) : FEREHBIT, BIRDRACVEERN, BITREIXE n, RELH O(n) Bz,
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7.3 ZXRHART

TERERFOR T, “XWIFAERTTN T A TreeNode , TR MBI FREHAHER, - THERRTH
XM AR

2., FATIRETS FIEEHR TR X IE? A 52 HEr,

7.3.1 RERFTEZXM
ot — ME RN, A —MREE XMW, BATEMRE T SIZREF iR NIF 7 E— DA, e
AT RERAS B ME— AR &S |,

IRE R i R, BRI DS R ARG IS FHRRIIZHE B AR": HENERRI DN,
WZVWRIAEFNTRRTIN 20 + 1, AFNRRTIN 20+ 2, B 7-12 R T &N RRT | Z FFIBL <
Ao

7
%mﬁl//f\\\
//1\\ //2\\ WEEARS: i

BRI K F

PV PL L s

BFTRATESl: 2i+2

7 8 9 10 11 12 13 14
fERBART XY

TEFS 0 1 2 3 456 7 8 91011121314
BRFERF

A 7-12 SEE-NHMIBHFIR

M%&TMﬁ@ﬁé?%ﬁ¢MEﬁo%iﬁ%$mﬁgéﬁ%5 BATTHAR AT DA gt A ORI R e R A2
() IR

7.3.2 RLEEZXH

FER XR— DRI, A SR EE A EVFZ None o I T BRI FHIH A ZIXLE None , [l
IEBRATTCIEAUE P FISRAED None VBB AL E, XERE FAEZ R METHIERTT & %27 %
B,

Nl 7-13 FioR, A —PRARSESE XM, EIRRMEBEHFRR T IREARA.
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ZFT (B4E) TEME—RRLE =R

BeAFESl 0 1 2 3 4 5 6 7 8 9

a1 [2]3 4 [6]7[8]o12]15)

B 7-13  Z R 2 B 2 i — SO T REE

NT R, FRATTRT LA IBAE R D 5 b e sV S A None o A1 7-14 iR, IZARALFE)S, 2
i 1 Fe Ak a] DAME— SR XK 7o BB anT :

[* ZXHERART */
/] EB null RKRRZEMIL
let tree = [1, 2, 3, 4, null, 6, 7, 8, 9, null, null, 12, null, null, 15];

ZFTI ($EH) MR T AN

BRI 012 3 456 7 8 91011121314
BFERF3

=i

K 7-14 (FERA W EEHER R

EREARNE, e - XHERIES I BADRIGR. RIIsEe — XMATE X, None RNBIfERIIKZ HEEH
RINCE, BIBLFTA None —i2 HBRAEIZ RIS AR S,

XERE EABEHIOR 22 X, RTDLEISIEERTE None , BRI, 18 7-15 S H T — Bl
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BRERFT (88)

EAREREH
RERCE e

BRFERFY ($4E)

8880800000

7-15 584 " XWHEEH TR

DA SCEL 7 —RRE TR AORH XA, B4 DU LR,

HERTR, REME, £ (B) Fia KRG
RN, e, Bl BRrEEmhEsl.

// === File: array_binary_tree.js ===

[* FEART TN +/
class ArrayBinaryTree {

#tree;

[* WEFE */
constructor(arr) {

this.#tree = arr;

}

[* FIRBE */
size() {
return this.#tree.length;

}

/* FREVERE|A 1 TRlE */

val(i) {
/] BR5IER, MWRE null , KR=(
if (1 <0 || 1 >= this.size()) return null;
return this.#tree[i];

}

/* REYES|A 1 TRENAEFHRNERS| */
left(i) {
return 2 * 1 + 1;

}

[* FBERS|A 1 TRNEFDBRIERG +/
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right(i) {

return 2 * 1 + 2;

/* REXES|A 1 TR THTRRS] */
parent(i) {
return Math.floor((i - 1) / 2); // AT

[* BFER */
levelOrder() {
let res = [];
/] BEXEmhEA
for (let 1 = 0; 1 < this.size(); i++) {
if (this.val(i) !== null) res.push(this.val(i));
}

return res;

[* REMRFTERD */
#dfs(i, order, res) {
/] BRZEAL, MWiRE]

if (this.val(i) === null) return;
/] BiF&H
if (order === 'pre') res.push(this.val(i));

this.#dfs(this.left(i), order, res);

/] HFER

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

/] BEF&H

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

/* BB */

preOrder() {
const res = [];
this.#dfs(0, 'pre', res);

return res;

[+ REEE */

inOrder() {
const res = [];
this.#dfs(0, 'in', res);

return res;
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/* ERBE */

postOrder() {
const res = [];
this.#dfs(0, 'post', res);

return res;

7.3.3 iRE5RMRHE

CXMHEEH SRR E A UM,

- BB EESN NG RN, SR, ViS5 EE R,
- ANHEFMEEE, AT AR,
- SEVFREALIS AT R

2R, BEHFOR A 2R R,

- BT EESNF SR, RIARIE &7 B 2 R,
- T R R I B N SRR ARSI, BRI,
- X ARFEIER SR None I, B SR REBURHLERMR, ZRIFHREIK,

7.4 —XR¥EER

N’ 7-16 FivR, T X482 binary search tree 2 DA R&AF,

LS TIRWA, ZEFRFirE T SREE < R REME < AR irE T RRE.
2. AR AL, A TR AR, BIFEREHE S 1. .

ZRiEFER

binary search tree

K 7-16 — AERM
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7.4.1 “XHEFMBVIRE

AT R EEE N — 13 BinarySearchTree , FEABH— AR ZE & root , FEAIMAYAR I i,

1. BEHYS

Z8E HART U num , AT DURIE — SR AIMETOR &K, 8 7-17 R, BATEH— PR cur, M2X
PHIARTT A root ik, FEPREEHRZTT RUE cur.val Fl num ZRIATR/NR R,

-« #cur.val < num, VEBAEFRTT SAE cur 0GR, RIEEAT cur = cur.right .
- Fcur.val > num, REHEFRTSAE cur AT, RIEIIT cur = cur.left,
-+ A cur.val = num, BEAAEREIEFRT A, BEHIEA IR ENZT A

FEZRERNPERTR EoRERHPERTR
///gm\\\ .
cur o

/NN VAN
[V ] [VUL )

Step 1 Step 2

E-RERNPERTR E-RETENPERTR

©:

N N
JAVA ANVAN

NELJ NLOD

Step 3 Step 4

7-17  ZXARRWELRT KRB

CXHERMESERES S0 BRI TIERE 2, #2RHER PR 1EMNREURZ N XM
EE, YRR, A O(logn) N, REEELIT:

// === File: binary_search_tree.js ===

[* BIHRTR */
search(num) {
let cur = this.root;
/] TERER, #IHREkE
while (cur !== null) {
/] BIRTRE cur NEFHE
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if (cur.val < num) cur = cur.right;

// BMTRE cur BHEFHA

else if (cur.val > num) cur = cur.left;
/] BB R, BRHTER

else break;

}
/] BEIBFTR

return cur;

2. ATIR

HE—MEEATCE nun , N TR XHEER “EW <R < GTRT R, HmARERENE
7-18 v,

1. BREAMIE: SESREHEL, MRT A, ARYES R RUEN num FAVNERIERA TR, B
FEL AT R (EJTEE None ) INBEKHITERR,
2. EEATERBA YR FIAAY S nun , FIZT R E T None HINZE,

E-REERTEATR @

B 7-18 A XARRBE A AT

FERRD SR, FREERATM AL

C IXERWARFAEREE TR, SUROERIEE L B, HEEATREMHERE, WARITH
A, BEIFR[MA,

©ONTIRBHEAT R, BATHREEBT S pre A7 L —HIEIRAINT Mo IXAEIEIEIZE None I, FRATTAT LA
PRIENHACT S, M ZE T s fili A1
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// === File: binary_search_tree.js ===

[* FANTR */
insert(num) {
/] EWAZE, WHERKRTS
if (this.root === null) {
this.root = new TreeNode(num);
return;
}
let cur = this.root,
pre = null;
/] TERER, EIHREkEH
while (cur !== null) {
/] HREEET =, HERE
if (cur.val === num) return;
pre = cur;
/] FENBEE cur HEFHAE
if (cur.val < num) cur = cur.right;
/] TEANUEBE cur BIAFIF
else cur = cur.left;

}

/] FNT=

const node = new TreeNode(num);

if (pre.val < num) pre.right = node;

else pre.left = node;

SR, AT SR O(logn) KA.

3. MIFRTS

FEAE XM EREIEAR T A, FRREMER, SRATREE, RIOTFERIEEMRREERE, —XER
PR “ZEpR < AR < TR BOPEBUAAT R, Bk, FRATRYE BT 71 R, 20, 12 =
MIEOL, SAITRE B AIBRTT A

QAL 7-19 FR,  SAFMHERT RAUEDY O I, FomixTi mug M s, AT DAEREMNRR,
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E-REERTRER (@

00000000

cur

1. BHERREE cur v e ocur B 2. BHEMR cur BIET

FHaME =0 HIT pre.left = None

B 7-19 £ XIERMHPMERT R (RN 0)

NIl 7-20 AR, MAEMMBRTT AR 1, REARINIBR TS s o HF 1 s B AT

E-REERTIRTER (©)

v WA cur B 2. ¥ cur BIEAETFER
FraME = 1 1T pre.left = cur.right

1. ERHMRTR cur

7-20 FEZXAEEMHMIERT A (ER 1)
MREMMBRT RAEDY 2 I, BATCEEEMBRE, MeRZ M — N0 A% A, AT ERE X EERR
TR < WRTTE < AR MR, BT ] DU A TR /N T A R K
RIGBANERA T BN S (PR R — D), WIMERERIERZNE 7-21 Fir,

L. REIREMERY SAE “PriF " PR R —PNT R, 128 tnp o
2. tmp AOEFE S RRIHERTT SR,  FRAERTAFIBYIMIBRTT AL tmp o
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E-sigEmEmEE (O

o
CE\\7> 1. ERBBREA cur
cur

E-xgRnTEREE @

N
1919

E-xEnReEREs )

l Step 1 ‘

E-xigRnTEEsE @

o

1. EHRHBRRTSR cur

v TR ocur WFHRNE - 2 A
cur
)

2. BRTE cur FH=H: 10}
(1) & cur EHFERNEATR nex
(2) FEZXMFRIIMFRTIR nex
00000

Step 3 Step &

7-21 R XAERMPMERT R (R 2)

1. EREWRTR cur
v TR cur WFHRANE - 2

2. BRRTR cur FH=F:
(1) &R cur ERFBHNELTSR nex

1. ERFEHERTA cur
A cur WFNRKE - 2

2. MRS cur FH=P:

(1) R cur EPFERNEHTR nex
(2) EZXHPEIPFRTR nex

(3) ¥R nex ERATH cur

THERT R ERAAER O(logn) MR, Heo &AM mFEZE O(logn) WA, ZREXH P 5481 5

T2 O(logn) IEl, RECHSLTTR:
// === File: binary_search_tree.js ===

[* BRI */
remove(num) {
/] EWAE, EFRERIRE
if (this.root === null) return;
let cur = this.root,
pre = null;
/] TERER, HIraERkEH
while (cur !== null) {
/] HRIEREET =, BEHER
if (cur.val === num) break;
pre = cur;
/] FHHBRTRTE cur HNATFHE
if (cur.val < num) cur = cur.right;
/] FRBETRE cur HAEFHE

else cur = cur.left;

}
/] EXLFHEMET R, NWEERE
if (cur === null) return;

/] FHEEE =0 or 1
if (cur.left === null || cur.right === null) {
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/] BFTEHE =0/ 18, child = null / ZFT A
const child = cur.left !== null ? cur.left : cur.right;
/] MBRTI = cur
if (cur !== this.root) {
if (pre.left === cur) pre.left = child;
else pre.right = child;
} else {
/] ERRETRARTS, NEREERTSR
this.root = child;
}
}
/] FUREE =2
else {
/] FRBHFERFR cur HF—MHR
let tmp = cur.right;
while (tmp.left !== null) {
tmp = tmp.left;
}
/] BFAMIPRT = tmp
this.remove(tmp.val);
/] A tmp BEH cur

cur.val = tmp.val;

4. PEEBHERF
i 7-22 pioR, —XORAR RGO — R — A7 AT, mo SRR AR <R
TR < AT FIRNER.

REREE X ERM TR, SRk N — MR, A H—NEZEER: X
RRWH P E TR THE .

A b e BB, FRATIE = AR TR EH 5 8RR O(n) IR, TEAUEATRIMNOHE AR 1E,
FEH =L
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—RiEEMNPFERFTI

TRAF

.
‘I' 'l \‘ N N
'f ‘l \~ o
-
- ' Y >y
Iy % 4 J
1 ’
' r 1
! 1
h [ [
s A% A AN 2, 4, 6, 8, 10, 12, 14
s (8
Y AN VA AR
v [/ A S/ 1\ i
rd 1 H 0y SYn . ..
’ L *, 7 ! S
4 Y M + v ! S
’ I vy N ! LY
1 H 1y [ )
1 H 1l |

Sm=

PR,
TRE @ AR

K 7-22 AR RS

7.4.2 —XREFMBIKE

AR, BB EE B IR A, R 7-2, AR RMAR TR (RN (7] 2 2% AT
A, BARE BEsirrat. RAERSIEN, IR ESRPREARRZ RS, B = AR

SR,

R 7-2 WAHSHERRBIER

TFEH RN

#HTE O(n) O(logn)
AR 0(1) O(logn)
fipRTE  O(n) O(logn)

FEFAEEIUT, “XAERME “FH” 1Y, JXAEEA] DAIE log n RIEFF BT M.

SR, ANSRBUATHE = AR M P AWHAR AFIBR T, AT RE S B BHBCNE 7-23 FspysE®R, Xm%

R )& 2R 238 O(n) .
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e o
0000

EEN_igRRN

B IEHRR

K 7-23 YXAEERBL

7.4.3 “X¥EFEMERNA
- RGPS RERD], LIEMIERR. AL MR,

- RN R AR R EBAR S,
- ATAEEEEER, DR A RS,

7.5 AVL g *
1 ““XHEERM BN HERAMED, E2EAMMBREES, —XERWAEERM R, EXFENRT,

PR E#RVERIIN T Z 2K O(log n) %5128 O(n) -
N 7-24 AUR, S R RERE, IR SRR E IR RER,

BRFTR 3 @

B Bft
TH—RH EiE-RR R
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K 7-24 AVL SEMIERT g & 4B

BB, FEE 7-25 FURRI5E3E SRRl AP RS, BERE TR B0, EERIRCERII RIS 2
Fto

[\ [\ [\

BATR 2 BATR 1

B Bty
RN FH—i ZiE_Rp

7-25 AVL BHERR AT UG & AR

1962 £ G. M. Adelson-Velsky #1 E. M. Landis 7£ it 3¢ “An algorithm for the organization of
information” HHEH T TAVL #f 1, IEXHRIEAIHIR T —R5HR1E, HRIERSNIFIMERT /U5, AVL #f
AR, MRS SAHRIERIIN R R O(logn) il #ANIED, 1EFRZAMEHETIG M & ek
PERIZ R, AVL B REMGAORFF e BRI eI RE, BA RN A ME.

7.5.1 AVL ERARIE

AVL SELR = SR, U2 Tl — SO, RN R IX 2 = SRR A MR, R air sy Tp — 4
Z#f balanced binary search tree s

1. ¥55

i

&

HT AVL SRR SIRAERR ZARICT M, R ERAT IR ZEN T 2R U height 288

[* AVL BT */
class TreeNode {
val; // TRfE
height; //TRBE
left; // EFTRiEH
right; // BF P RIEH
constructor(val, left, right, height) {
this.val = val === undefined ? 0 : val;
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this.height = height === undefined ? 0 : height;
this.left = left === undefined ? null : left;
this.right = right === undefined ? null : right;

TREET BIEMNZTREIERN

// === File: avl_tree.js ===

[* RBTHEEE */

height(node) {
/] EREEER -1, HEREER 0
return node === null ? -1 : node.height;

[* BFThREE */
#updateHeight(node) {
/] TREEFTESFNSE + 1
node.height =
Math.max(this.height(node.left), this.height(node.right)) + 1;

2. BRFHEAF

BRI R REE RS, RIPTEdR) 07 MUBE, HERBIERZ, MR
AU O, MAETRREEN —1 . BATRAEM D TREE, 7250 TR R s i m

T AT balance factor) & XN e F A @ IR A TR G RE, RIS ALE 2371 s i P A

TN 0. B RERHEI TS EOP AR T RSP, 77 B
// === File: avl_tree.js ===

[* REVFEERERF */
balanceFactor(node) {
/] EURTFEEFA 0
if (node === null) return 0;
/] TREERTF = EFNEE - EFNEE
return this.height(node.left) - this.height(node.right);

O PR f, WI—HR AVL SRR SRR T e —1 < f < 1.
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7.5.2 AVL BihEst

AVL WERFRAET “BRE:” 1%0E, ERESTEARIN — XA R e oI RIER N, BT R Rk
i, BAEE, BEERIRIEBERECREY “ SRR MR, WAEREREHE N P X7,

PATRPHTER FAaME > 1 AU RO “REGT " AR KRR ORI, B R Rt AHE
FENE. Setibefa/eie. Jefehefatilie. N AR e R,

1. AlE

GnE 7-26 FIUR, TR T, WREDGE, —XRAPE N RUZ 1R 37 FATSHEAIZK
TRV R T, RHZTT R0EN node, HATFIRICHN child, YT “Glie” #1E. EltheE, 7
MREF-, I EAPRORE = AL R AL,

N N\
/z
/1

o

. REFEAENTHE
ode BIRTIRIBA node
BEFHRIEA child

TO
s W 5,

Step 1 Step 2

\ “BRE RERE: / \ “ERE HRERE:

S
enzrs —(E))
1. I child JRX, % node MAHEH ..71 1. B child %A, #% node MANEH
V- N 2. B child &RLET node WAIE
0‘ BN
/5;3\ . BRI, T HERE T
node

A
node

Step 3 Step 4

K 7-26 GHERIESE

WE 7-27 AR, 4954 child B 710 (o grand_child ) B, BEELGHEFHRIMN—2: ¥ grand_child
YE4 node AT Ao
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o =/
o o

o

/ grand:child /

& 7-27 £ grand_child M4 EglE
“FItilEsE R MTGRILATE, SR LR IDE I SRR, (SR R
// === File: avl_tree.js ===

[* BTERIE */

#rightRotate(node) {
const child = node.left;
const grandChild = child.right;
/] LA child AES, ¥ node MGHEHE
child.right = node;
node.left = grandChild;
/] BFRTREE
this.#updateHeight(node);
this.#updateHeight(child);
/] BB EFRERT =

return child;

2. EhE

MR, GHERZ & LIRS — XA “BifB”, MITRERITE 7-28 FoRi) “ZEhe” 1#1E.



O ) hello-algo.com 162

& 7-28 felietilE

FH, @/ 7-29 FiR, M7 s child BAF 1A (28 grand_child ) B, FREFELIEFHRM—2: ¥
grand_child 2% node 45111 mio

P ERETH
O o
i m&m& o \
\ \
©

A
grand_child

K 7-29 f grand_child f/cHEs(E

A DAOER R, e el e 2 i R B FRI), SN A PR R TS DL M FRIN . 2T xR
M, BATRTRATER IR R left BN right , KATER right BN left, BIRIGEIE
TR SEBARAS :

// === File: avl_tree.js ===

[* FEHERIE */
#leftRotate(node) {
const child = node.right;
const grandChild = child.left;
/] LA child ARS, & node MIZEhed
child.left = node;
node.right = grandChild;
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/] BFRTRRE
this.#updateHeight(node);
this.#updateHeight(child);
/] R[EFEE EFREET =

return child;

3. EERERARE

T B 7-30 RT3, A A s A BEAR O IR TR S A, R RSN child BT “AERE,
X node AT “HliE”,

7 child $#4T @ 3 node 1T
EhE Al

K 7-30 SeiElEE e

4. FHBEFERE

nE 7-31 FoR, AT ERKE XTSRRI, TELX child UT “HE7, X node AT “ZEHE

K 7-31 Jeflea Ll
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lo4

5. NefsRYER

& 7-32 R P RPR S G L 5 RIRRBIBR XN, Al ER A e, Seiebgatbe. Jorlea/ohe. 7ohe

WA

FoIhE
=22

FhahE
=73

ke

& 7-32  AVL FRHIPYRRIER: 16

QITRERAIR,  FAT @ I S 1875 s P R DR e — MU 7 s B PR R B IE S S, SR E R M 19 A

J& T 7-32 A BEAE O

® 7-3 VURBERC R DL RIS

KRR FUREEEET  RCRARER 7%
> 1 CEfmith) >0 filie

> 1 (ZEfmt) <0 JefehiefE e

< —1 () <0 FEle

< —1 () >0 JetiliefE fee

NTRETER, BATRBEFEAREERR DR A TR, HAVREN SRR ORI s, K

Y ST P, AR RN
/] === File: avl_tree.js ===

[* BITHEEEARIE, R FNERRE TS */
#rotate(node) {

/] FFEXT 5= node HYFHIAF

const balanceFactor = this.balanceFactor(node);

/] =R
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if (balanceFactor > 1) {
if (this.balanceFactor(node.left) >= 0) {
/| e
return this.#rightRotate(node);
} else {
/] FEhREETE
node.left = this.#leftRotate(node.left);
return this.#rightRotate(node);
}
}
/] Efmk
if (balanceFactor < -1) {
if (this.balanceFactor(node.right) <= 0) {
/] Ehe
return this.#leftRotate(node);
} else {
/] FaEREER
node.right = this.#rightRotate(node.right);
return this.#leftRotate(node);
}
}
/] FER, TN, BiEHR(E

return node;

7.5.3 AVL WEBIRE
1. BASS

AVL BT A BRE S AR RRE TR EREL, ME—RIXBIET, £ AVL WA RE, METHHEE
MR R R R ATRES I —RIIK M, Bk, OB ENXANTROTR, AR ERTheskie,
PR RBP4 R AR

// === File: avl_tree.js ===

[* FATE */
insert(val) {

this.root = this.#insertHelper(this.root, val);

}

[* BIFENT R (GEBIAEE) */
#insertHelper(node, val) {
if (node === null) return new TreeNode(val);
[* 1. BEREBANUEHBATS */
if (val < node.val) node.left = this.#insertHelper(node.left, val);
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else if (val > node.val)

node.right = this.#insertHelper(node.right, val);
else return node; // EETRAIEAN, BiR[O]
this.#updateHeight(node); // BT EEE
[* 2. PITHESSIR(E, RZFHENRMETE */
node = this.#rotate(node);
/] REFREVIRT =

return node;

2. MBsT=

Ko, 7E = AERMAIMBRT mUT AR R b, TREMWRETTHERARE, ST LM R T,
(LR

/] === File: avl_tree.js ===

/* BIBRTIS */
remove(val) {

this.root = this.#removeHelper(this.root, val);

[* BUAMBRTI R GEBISE)  */
#removeHelper(node, val) {
if (node === null) return null;
[* 1. BT RHMER */
if (val < node.val) node.left = this.#removeHelper(node.left, val);
else if (val > node.val)
node.right = this.#removeHelper(node.right, val);
else {
if (node.left === null || node.right === null) {
const child = node.left !== null ? node.left : node.right;
/] FHRHE = 0 , BiEMPBR node FHiR[D|
if (child === null) return null;
/] FHRHE = 1, BEMBR node
else node = child;
} else {
/] FUSKE =2, WRPEFEHNTMTRMER, FRZTABRIFITR
let temp = node.right;
while (temp.left !== null) {
temp = temp.left;
}
node.right = this.#removeHelper(node.right, temp.val);

node.val = temp.val;
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this.#updateHeight(node); // BEfimmaE
[* 2. BATHEAEIR(E, 2 FRENMETE */
node = this.#rotate(node);

/] REFREIRT =

return node;

}
3. BETR
AVL BT A SRR S RN —8, 7EHAEEE,

7.5.4 AVL (BB

- HERE BRI, IS TRk, (RS 5.
- AT HREIREEHRTIRG.
- CLRRRIEVFZ ML AVL RSS20, X2 RN EL R AT 45 PEARS BERR, AR £ b e A\

PR TR AT R R R R D, HLT RO R R PRI RBCR B i

7.6 NG

1. EREHR

© XA AR BRGE, AIL “—rh = iR e, B0 XK RE S — MED R E

B, BRI 1 S T R

C T EXMPRENTR, HE (B) FHRNENERIMERRONZT S () 7

© XMBIRHRARTBCAERTT A, M AL B E b SEMRESE,

- XHIRIAME, TR AT BRI SRR R T IR

© WA R SR X, e R SR SR R, 5238 O R AR AR AR

&, MHERERMERRZERS,

- SXBRATDARHBEAOR, TR T R EN S B I HES, FRARIEACY RS T R Z A

RGOS RR LB EE

- SXMHERED R AT R R, ERIT C—EERINRT REE TR, B

AR LB,

- HIR. PE, EREN EETRERER, ENEIT SUERIRSL, mRaks” fehriN, @

{6 IR S

© SXAERMR - MEE TR ERERS, HAEK AR R E 2R O(logn) .

4 MRERHE NSRS, STHEERERSLE O(n) .

- AVL B, AR SR, EIEd e B E R PR AE AT AFIERS USR8 R -
- AVL WAhER R E S G e, Zohe. Juhlefaie. Jo/ehemahe. AR A5, AVL =

MR THE R B E, (AR BT IR S P
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2. Q&A

Q: X T HAE MR, MR EEARYT SRR Z O 15?2
i, BDym RS R E SOy G R RI R,

Q: =X HHHEAN S MR — i —EIR(FRC A 7EM, XHEA “—EBRE 5 20e? AT AR B IRE
TR BB RS ?

EXAERREREG, MR SR =R E, R R R IR TR AT 2 D P BRI R,
Q: ft2 DFS M —XMAHI. H. JE=AiE, 2BlET2mHE?

S Fid e B2, B, . JerE R =R SO 7, BATA] DA e S 2 — R
TEMFE ISR, FINE RN, BT HTRAVNGE EFPRE < RTRE < BF0RE, KHit
BATHEGI “F2 — R — 67 BRSESosinmt, el DERTSH BRI R,

Q: GHER E 2T 5 node, child, grand_child Z[EIAIXR, HE node YA miFl node JFRAIERE
AFBYEIL? AhetEE e g T2

FAV T 2N T LA oK B XA R, 45 HE#%1F right_rotate(root) f& AYZ F W AUMR T 5, &
return child JR[BIHER: 2 JEHIFRIFARTT Rlo FREIBIHRT RORTHACT RUBIERR R X R BOR AUE 52, A
JB T A BERA R4 L

Q: 1 C++ 1, BREHKI 5 private #1 public H, XTI AT LB RIL? Nt 4 Z K height() BREA
updateHeight() BRI BIKTE public F private HIE?

FTEEHFENMERHGE, WRAERERNIMEH, LT private o FlaN, H - s 5kiE H
updateHeight() & A B XN, EHREMA. MEREEFR—2, 1M height() ViR mEE, RLF
vector.size() , RIIZERK public DA,

Q: AHfAT AN —ZH iy ABHEAE — PR SGRERI? AR R IR R AR IREE?

SEM, MR 7 A AR RS Y build_tree() FiEHAA ., BTART ANNER, BRITEFES
R NEEEH Y, RER T ROTRE R R, B AG F0 IXAREORT DURORRE FE PR UEAR 1 -1
Mo

Q: f£ Java Y, FIFHXELEG —EZEM equals() J7iL?

£ Java i, X TFREAMIRRA, == AT RN RRBIER ST, X T5IHEA, WS H TIERE
=2 NGl

© == ADREEADZRZGERR—DNNR, BEMENF A ER SHE,

- equals(): HIBRM LA REVER S HE,

Rltt, WSRZEXLEE, FRATNVIZE equals() o A0, @I String a = "hi"; String b = "hi"; ¥4I
PR EAETZRE S, EMERR— ISR, FtEa] A a == b RELBHDNFRF RS,

Q: IEEMRSCEIERIRE A, AFIHE SR 2h 12
R, BIRREE b = 2 M9 SO, HE A = 7, MBS AR A = 20 = (n+1)/2.
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@ et IS, EEER, PSSR
w JRE PR L iR B ¥, T A e T LB SR B SR R NHIR 7S
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8.1 i

HE heap ) J&—Muli RFFERARIEE XM, EZAI NMMER, 4K 8-1 fir,

- [N min heapl: AR AAE < HF95 s0ME,
- KW max heap: LR AME > H 7157 mA9E,

N N
/N SN SN SN

L)L L)L)

E “meIXW B 2 ‘TN B
EETENE < EFTSNE EETINE > EFTINE
TR KTt
min heap max heap

K 8-1 /INTiHES KT

HEFE N TE 2 I — DRI, Bl DU RE,

C RIRET RS AR, HAMZEAN S AEE,
- B O BIRRTT AR “HETR, KRR RS AT RO “HER,
© ONTRIME ONTAHE), HETTTER (IR REREKR (RN B,

8.1.1 ERYEAIRE
FEIGIR, VFSRRIES IR TR priority queue , X —MHRINIREH, & XA
(R B

SKhr L, HEEHE T BRI, RIEHEN S TR MR BV AR SEBAA, M F R,
FATATLAKE “IRIERASN” F0 “HE” BAEEMHIERSHE, Ktk ABXWERMIEEIX D, G—FfE “HE

HERTH FIRIEULR 8-1, J5TRA TR ERIEHmAEIE = RIE,

* 8-1 HERUIRIERCR
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T4 ik I P 2
push() YN O(logn)
pop() HETRTT 2R e O(logn)
peek() VIHETEER Tk /NI B A / /M) O(1)
size() FREHER) T R R O(1)
isEmpty() H b= A O(1)

FESERRML AR, BRATTRT DAERE(E R gmAE1E = TR HIHESS (BRILTEPAAIZE)

RUTHFEIETR “WNEERHES” F1 “MREVNEFN”, FATA] OB IR B — flag BB Comparator
SCEL NI 5 OCRTIME” Z [RIRER R, AL R TR

// === File: heap.js ===

// JavaScript KRIEMHHWE Heap £

8.1.2 MERYSEIR

DCEERRRTIE, 75 B H O NIE, HFRAR A AN EHIMTERGY (BN, 5 > B <).
SLEBEY I AT DAB AT

1. BNEFHESRE
X BN, R XAMHERIE A SRR, BTHEER MR TR, RIBATIRER B

SEABAFOR X, JTTRAETAE, RIMURTRE XK E, WRAREHEE RS I 2K
K

i 8-2 iR, /ERGI ¢, HEFWRNRIIN 2+ 1, GFWRNRIIN 21+ 2, KWENRIIN
(0 —1)/2 (MTHRR), HRFIBAN, FRH RN AL
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REvZIRSHN SRR (REEHE)
W BER mRIUW £/ “HE” TR “TEIXW

#3l © 1 2 3 4 5 6 7 8 9 10 11
== (000880080000
(i-1)/2 i 2i+1 2i+2
~— I~
TR BR gg gi
BT RS MRS RIS e

& 8-2 IR 171
AT LUK 25 (WL A R EPEREA, 7 IESE b
// === File: my_heap.js ===

/* REVEFTRZES| */
#left(i) {
return 2 * 1 + 1;

}
[* RBAFTHRNERS| */
#right(i) {

return 2 * 1 + 2;

}
[* KRBT RHRS| */

#parent(i) {
return Math.floor((i - 1) / 2); // BETER

2. ipiEBETTR
ST EE — SRR A, RS A T
// === File: my_heap.]js ===

[* HEETNTTE */
peek() {
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return this.#maxHeap[0];

3. TENE

#ETLER val,, BATETCRHEBMEMER. BNZ)E, BT val ATRER THEREAMITER, MR AT E
CARBIR, RIETR R BT SR R LS AR, X MRERAR Y THE( heapify .

FIEMAHET JTTE, WRETSITHEIL, 01 8-3 R, TATHEHEAT R 5 H AW RME, HREAT
REER, WHRENZe, REMREEPITIIRME, WERETEEHEHRS DT A, EREERT [ e08 2T
I R EE A

#8 @ e HE @ Mg
1. BHR 7 RNERE
s
1| (000000000000 [ster 2]
w5 @ M B @ N

1. BHR 7 FNEER
2. MWEET#THEL (Sift Up)

1. ¥H= 7 FNERR
2. NEETR# T (Sift Up)

v HR5 s BRT v HRS5 < BRT
o RETR
3] (00008008000 (st 4
@ N HR @ M

1. BH= 7 FNERE
2. MWEETm#{TH (Sift Up)

1. BH= 7 RNEHRE
2. MEZT#TEW (Sift Up)
v PR 6 < BR 7 v HR6 < R 7

- REHR

0000080080680 +=:] (00Q0S08008080 (swre ]
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w5 @ Ne 5@ Nt

1. BHR 7 ANEEE 1. BHR 7 FNBHRE

2. MEETR#THK (Sift Up) 2. MEETR#THA (Sift Up)

v R 9> Hm7 v EE 9> FART
o FHITRIR

3
(9]e]7]6]7]6]2]s]e]3]6]2]5]  ster 7 (9] [7[6]7]6[2]1]e]3]6]2]5] Step 8 |

HE @ Nt

1. BHR 7 FNEER

2. WEETG#THE (Sift Up)
BURRE, RAENEREIEE

(5187l 17 eT2]a]s [ael2]s] [step 9

8-3 JLRAMEDS IR

R REEOY n, WHMEEEAN O(logn) o HIELATA], HECBRIERTER LR 20 O(logn) , JTERAHERR

RIS 2R O (log n) o (REFATRAR:
// === File: my_heap.js ===

[* TTENME */

push(val) {
/] AR
this.#maxHeap.push(val);
/] MIERETHY
this.#siftUp(this.size() - 1);

/* W= 1 FFia, NRETEL */
#siftUp(1l) {
while (true) {

/] FRETE 1 BIRT=
const p = this.#parent(i);
/] & “BERTRT ® TRENMEE” B, SR
if (p < 0 || this.#maxHeap[i] <= this.#maxHeap[p]) break;
/] HRET R
this.#swap(i, p);
/] TERmE L

i=p;
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4. MR

HETTC R 2 —XMAURTT R, BIPIRETTR, MRBATERMIIRAMERE TR, B2 = XRHRTE T R
RO RELM, XES R T RGN, T REREDITTRRS IS, TATRAI
TRV IR,

1. ZHHETOTRSHIRTTR CRIRTT A5 B 5D
2. SERE, RHERMFIRAMER GEE, hTogscit, Btshn EMEREZERITHETTTR) .
3. MR ROTAR, MDBTEIRPIITHEL.

aniEl 8-4 FR, “MBEFRHEL” BIERIETTIYS “IREDTHEL” R, BATRARY RIES HNADF 1 R
EHTEARL, ORI R SR R, SRRTER T I RRME, EEBOE M- [ sOB B TC A 5
LNEST

BWTRLS BERRLS
0 1. BETTESHRRETRTMR
l @ ( ﬁ Jl '
(XX @g )0 ©
ZRRERT
iﬁ]’ﬂmi !!?ﬂﬁT 3ﬁlE7|:§
(o]e]7]e]7]e]2]e]«]s]6]2]5] ﬂ.ﬂ.ﬂaﬂ.aaﬂ 5 Step 1 | B.ﬂ.ﬂﬂﬂ..ﬂa 9 | Step 2 |
BmTRE BmTRLE

1. FBEMTRSHETREZR
2. B UETRBERTR

1. BEMTRSHEETRZIR

/A 2. B LFIREERTR
) ) ° 3. MTRER#{TH#MA (Sift Down)
é i i v EPR 5, 8, 7, TR 8 BK

Step 3 ‘

TR LS

1. EMTRSEETRIR

2. FHUFTRBEETR

3. MRER#HTHM (Sift Down)

v TR 5, 8, 7%, TR 8 BA
- RRTR 5 5PN 8

080000800800 =

s [@)/7)]e]7[e]a]1[a]aa]2] [ step 4

ot
g g

000000080808

TR L

1. BEMTRSHRETRIMR

2. SR MFIRSERTR

3. MMER#HTHA (Sift Down)

v TR 5, 6, 7 1, im 7 ®K

Step 6
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SEMTHRLE SRR LS

1. FEMTRSHETRETR
2. B UEEERTE
3. MIRER#THA (Sift Down)

1. BEMTRSERTRETR

2. HMFIMRTER

3. MMER#THAL (Sift Down)
v E¥R 5, 6, 7 F, BR 7 &K ~ ERHR 5, 3, 6 1, BR 6 ®RA
o RTm 5 5TA 7

FREEEEE = EERS - HEOE 0 BE step 8 |

SETMTRLE SETRTTR LS

1. BEMTESHERTRZIR
2. B UFIABEERTR
3. MIRER#HTHK (Sift Down)

1. FBEMTRSHETEZR

2. HHMEIEHERTE

3. MIRERE#THK (Sift Down)

v EWR 5, 3, 6 F, ¥R 6 Bk

FERIE, Skl
o RRTEE 5 535 6 HUTRE, RAENERGIESE

000000880800 step 9 | 02000000800 [step 10

&l 8-4 HETTTER HIHED R
SRR NMERERERL, HETUTER H R ER N R E & EHH O(logn) » B RATR:
// === File: my_heap.js ===

[* JTTEREHE ¥/
pop() {
/] Hlz=abE
if (this.isEmpty()) throw new Error('#RZE");
/] REBHRERAHTR (RRETRS5ETR)
this.#swap(0, this.size() - 1);
/] BBRTI =R
const val = this.#maxHeap.pop();
/] MTRZE [
this.#siftDown(0);
/] BREBETTE

return val;

[* W= 1 Fih, MIRERRHL */
#siftDown(i) {
while (true) {
/] PR R 1, 1, r PERKETS, 127 ma
const 1 = this.#left(i),
r = this.#right(i);
let ma = i;
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if (1 < this.size() && this.#maxHeap[l] > this.#maxHeap[ma]) ma = 1;
if (r < this.size() && this.#maxHeap[r] > this.#maxHeap[ma]) ma = r;
/] BEHR 1 &RAEKRS| 1, r MR, WEadrgtd, Bt

if (ma === 1) break;

/] AR

this.#swap(i, ma);

/] TERE T

i = ma;

8.1.3 RN

- DRFEBNFI: HEIEE (SR SE A AR RS,  HNBARIH AR RN (B 2 2% 2150 O(log n)
, THEBRIEA O(n) , XA SR

- HEHRE: g R, BATAT DA BTN — D, ARG RBb T TR HHERE, MM EIE 7
o SAM, FATEHE SEA—MEJURER 77 UCBIERE R, TR “HEHERT =0,

- RWURRI ke R NEMAEERR, [FINt2— R A, BIanE SR T 10 FOHTE
TENTREEE, B EAT 10 YR M.

8.2 BIfHIR(E

FEFRLAROUT, TR — NIRRT TR — D, XN “EHERE,

8.2.1 fEBHINIEIR{ESCIY
BATE SeQE—ANBHE, RIERTFNE, UGB DN TERT “AHHRIE", BT ERmE iR,
SZTTEHIT NIRRT HEAL,

Y —MNITRAME, HERRESMN— BT AU NTRE AR AT = KR, EiEE “H km R
PR

VOERMEN 0, FATERIASERIER O(logn) N, [RIXEHE 7 I I 2R O(n log n)

o

8.2.2 BB IIL

Khrb, FATA] DASEEE— R A ST TR, R,

L. RARFT A TR E SN, A HER P B RIS 2 2
2. EiFpmptE (BRPEIIAIEIR), MR AEMHT ST “ TR
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T — AT UG, PO RORY R RSB R — A GTAN e, Tl TR EpEN, FiEE A
mE” M,

Z LA E i, RO IZAERENS CRIE L AT 2 N T ELR GIAR THE, XML ST R 2
AR,

EREAE, BTHYREA TN, BeM R GIAN i, i, MTRBATR, &E
—NEMT R RGN TREIR TR, BTN ETHAE i A THE(L -

/] === File: my_heap.js ===

[* MERE, BITHIRBRMATIRERE */
constructor(nums) {
/] BHIRTERRS RN
this.#maxHeap = nums === undefined ? [] : [...nums];
/] HEABRH T R UMY E AR T =
for (let i1 = this.#parent(this.size() - 1); 1 >= 0; i--) {
this.#siftDown(i);
}

8.2.3 EXESR

T, TRl S0 Rl P S ] 5

- SRS R AR, WA (0 1)/2, BB/ NI R, R

AR (n—1)/2.

- EMITE AR, G SR S LI, IR OE RIS — U logn o
15 LRPIEHTE, IS SEHE R S 2 O(n logn) » MXAMEEESRIFANER, BNIRITE
B R ORI S T TR PR
BT ORI DRAT BRI ST, T WM SR, A — 1 R . BN b 52—
SR, R R R B A IE R
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TRaE PETRNE
(BMg R ARIERE)
h 20
/ \ 1
h-1 2
SN N |
P— | T J—— 2
/N SN S )
- h-3 S 23
1 2h-1
(58, HYmsERN 0 e 0 i 2h

K 8-5 SER - XMHIHET REER

A 8-5 FiR, TRl “MTZERHEL” R AR T B S EE RS, MZEEER 1A
7, [Ritt, FRATATDON SR “I 8@ x WAEE” KM, [T R AR B S,

T(h)=2h+2(h—1)+2%(h —2) + - 4+20"1D x 1
e FAFREME P AREGIENR, %k T'(h) b2, 155

T(h) =2°h+2'(h = 1)+ 2°(h = 2) 4+ + 271 x1
2T(h) = 2'h+22(h = 1) + 2°(h = 2) + -+ 2" x 1

R GRS, R 27 (h) B EX T(h), 1f:
9T(h) —T(h) = T(h) = —20h + 21 422 4 ... 4 2h—1 4 9h

Wk Ex, RH T (h) B—NEHES, EHBERARRAR, BEI 5

1—2h
T = -
(h) o b
_ 2h+1 h 2

H—, RN h 52 R R = 20— 1, SRR O(2h) = O(n) . BLLEE
R, WASIFIERENNEIS 20 O(n) , TERERL
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8.3 Top-k B

(,') BE—MKERN n WEFEAH nums , 1HIREIEHAFRARN b NTE,

T ZIE, AV RERS LR BRI, B RERE SRS,

8.3.1 Aix—: BAHERE

BATAT DU T 8-6 F/RAY k 407, 2 RIERRHREGE 1. 2. ... k RIEE, NEEREN O(nk) .
T BEFGERT k< n B8R, BRY k5 n iannt, EREEZAE-EnT O(n?), JEFERN,
nums ‘ BHERRATTE

) z—en=m 1 Anx

DB z-wnes 2 xnx

DD ==wnaz s xn=

8-6 W[ FHERARK) k NITR

(r) 4k =ni, BMAGEZRBOERFY, WNSNT ST 5k
-
8.3.2 FiEZ: HiF

anE 8-7 A, FATAI DA B nums IEATHEY, FHREIEAILR & DNITR, WAEREN O(nlogn) .
B, TR R eSS T, RIABMTATHRHRARN b AeREA], AT EHF HT R,
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k=3

s [DEEEE
HBLRITH
28000
EEEA k MTE

000

K 8-7 HiFIHREAK k MR

8.3.3 k= i

BATTAT AEE T HEBE AN ROt i ek Top-k A, (RAR4NE 8-8 filim,

1. FHAfe— A/ INTisE, HHEDUTRE/D.

2. JERECEHRTAT k DICRAIRAHE,

3. W k + 1 DTHEITA, HERTTRATHENOTR, WAHETUTER i,
4. WsERE, HEPRIFRIEUR ERH kDT,

k=3 ’tm@ k=3

Ll 1 [ 7] ]:]2] s (RO
i i
1. &R0 k DEENE 1. BE0 k DTENE
" ZXMERE
BART
heap @
l Stenks Step 2 J

k=3 ﬁ]ﬁ k=3

nums naa nums 1(7
A oo fanaa
i i
1. #E0 k DNTENE 1. B k NTENE
ZRHRE

2. M# k+l DTEFEHI
v YR > HINTR

BART

e (@00

[ Step 3 Step 4

FRF L ATTTR A

sm (@)

ZRMRT
WART

i)

ZRWRT
WART

wr (@300
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K- e
~ @000 o

:

i

1.8 k ATENE
2. ME kel NTTEFHIER o
v MMTE > RTE

- RETTRE heap
[ Step 5

ZRWET
WART

ks il |
~ (@0000 o o

i
1. #E0 k DTENE

2. ME k+l DITEFRHE
v YEITER < BIMTR

‘ ZRWERT
WART

[ Step 7

k=3

~ (2088

JBH5ER, EE heap EIAT

k=3

— @0000
;

1. Bl k DTRNE

2. ME k+l DITEFRHAIE
v YFITE > MR

- BRI
RBERTRNE
[ Step 6
k=3

— (@0000
:

i

1. F#0 k MEENE
2. ME k+l DITEFRAAINT
v YFITE < BMTHR

=1

sm (@
o o0

‘ ZRRERT
BART

8-8 HETHEI AN k TTHR

RS ATTR

// === File: top_k.js ===

[* TTENE */

function pushMinHeap(maxHeap, val) {
/] TTERER

maxHeap.push(-val);

[* TR */
function popMinHeap(maxHeap) {
/] TTEERR

return -maxHeap.pop();

ism
o o

‘ ZRWET
WART

ism
o o

‘ ZRRET
WART
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[* IBEEETTTE */

function peekMinHeap(maxHeap) {
/] TTERKR
return -maxHeap.peek();

}

/* ERHHEARITER */
function getMinHeap(maxHeap) {
/] TTEER

return maxHeap.getMaxHeap().map((num) => -num);

}

[* BTHERBAPEAN k NTE */
function topKHeap(nums, k) {
/] AT
/] AR BAOVEHERAETERIR, KA AT SRAE I T
const maxHeap = new MaxHeap([]);
/] RELANE k NITENE
for (let 1 = 0; 1 < k; i++) {
pushMinHeap(maxHeap, nums[i]);
}
/] ME k+1 DTEFE, REBENKER Kk
for (let 1 = k; 1 < nums.length; i1++) {
/] BERITTERTHITER, WIHETTELHE. HFmiENE
if (nums[i] > peekMinHeap(maxHeap)) {

popMinHeap(maxHeap);
pushMinHeap(maxHeap, nums[i]);
}
}
/] REERTER

return getMinHeap(maxHeap);

EIEHITT n S NHERNHHE, MERBRARKE N b, FHINHEEREN O(nlogk) o ETARRBCRMRE,

kBN, IEE2ERER O(n) ;5 2 kRN, NASRERZED O(nlogn) .

SN, BITIRER T ISEIRRIE TR EABTIIABIER,, BATa] DS e HENRITER, IS

BRRH) k NTERAIEhASE T,

8.4 Ih&

1. EREHR

HER— PR X, MR RRSZSRAF AT 0 0 RTTER/ N, K () THERHETOTR 2 &R () 1Y,
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- RSEBAFI T SR B N SE RN, A R TR S,

R RO R LA ST ) 2R i TERAME O(logn). HETTEEHIE O(logn) RV FIHE
7% 0(1) %,

- el T WRHERIES SRR, BRI R BT .

C AR T AP OPERR, 7E MR R (R R 2 ),

C N 0 NTEESFRMEIR A E 2 ML E O(n) , EHERL

. Top-k JE—NEMELIANE, W LAEAIMESGREL SRR, R 2R O(nlogk) .

2. Q&A

Q: HdESSHN) “HE” SNEERR “HET 2R MEEE?

PERRFE— MRS, HRRIGEN “HE”, HENRANGE MR SISNE SN —E S, RPEsTn
A DABE A ERAF BRI, R rT DUESR —E BATHENTE, HI T REUN RN B 2Rait, X dE A~
HREN, BERERIOXENTF, DB LN, TN, R EBAE A TR I,
ML ATRES S BUAAF AN B f et <5 ()
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fEAMRIES, BATGR—DNA, BICEE A WA,
RN SHE, XK ERRIMLE E B MR AEN,

A

185
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9.1

& graph | Z—FAFLMEEERS Y, B TTHUR vertex) 1 114 edge ) dHil. FATAILLRE G #IZHIFTR N
—HR V f—di8 E %S, WRBIER T — P& 5 NS 7 ZR8rE,

V={1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5),(4,5)}
G={V,E}

WK LB N, OB EEES N TRIISIE GEED, AT DS BB F— R R Tk A £
45K, WNE 9-1 R, MIERTERMRR (R MoraxRR (W), MEgRR (B) MAREES, HifsE

Y
AN o
2 AN
Y
R o
(EEXR) (5B%XFR) (RMEXR)

ERZiEEHERS, BAMttRAER

o1 HER. . EZRKRR

9.1.1 EMERARBSKIE

iR G BEA 77, Al TEAE undirected graph) 1 A E directed graphJ, & 9-2 FirR.

- AETCAEF, BRI ZRIR WA ERRR, FInMER QQ Y “MFAKRR",
- tEAAEY, BEETANE, A — B A« BWATTARLRE TN, Bl e
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ZmEE BHE
(aFx7m) (aB7m)

K 9-2 HrESEHE

RABATA TS 2 7, "5~ NEEiEE connected graph ) #1 Ei%@E disconnected graphy, &
9-3 FRo

C ONTHEEE, WENTREE, AT HR AR,
- TAREEE, WEATRR, 2OE D TRICIEENE,

SERSE

o—©o

EEE FEEE
(PR TR EET35) (FFAETMERAT3)

& 9-3 EEESAREEE
FAVERT DUOIATR “RE” L&, MIMSENE 9-4 firiy TEXE weighted graph . HIANTE (E&HR

1) FETFWEH, RGERMEIL RN FR IR Z AR SRERE”, XRE M2 st DU A AER R
o
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\ : 0.88
‘\‘ - \ N
0.5
0.3
FTANE 5NE
(FREILZEM) GHEENERM)

9-4 HMESTAE

EEREH & AN A,

- T4%8% adjacency: MM TS Z RITEEILMNER, FROXPTUS “A88E", 1EE 9-4 v, TR 1 IIABEETH
FOATIA 2, 30 5

- TB&1% pathy: MR A BT B S I AP FIFR M A B B 1 “B812”, 12 9-4 Hh, 4%
Al 1-5-2-4 BT 1 IR 4 B— 5812,

- T degree): —/MHRIHERILE. NTHMAE, TAE in-degree) Fnf Z/DFIBFRMIZIUR, TH
J& out-degree ) FnE Z/DFUMIXTN TR,

9.1.2 BEIMRT

BRI H AFoR 7T NS “ARERE” N AR, DU TE BT 2441,

1. SBHERERE

BEIRTUSEE N n, TRBEHERE adjacency matrix) fEH—1 n x n RPREMERERE, S—17 )
RE—TA, FEMTRARE, B 180 RN TR Z AL SR,

e 9-5 R, RABEFENE M, TWSIEA V , BAFERTTR Mi, j] = 1 2R V] 210 V]

2R, K2 M[i,j] = 0 Zrmlis M,
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TREEIR 0000
[} 1 2 3 4

E]

@ @ o o 1 1 1 o
11 e, 1 0 o
@ 2 1 1 e, 1 1

@ @ 3 01 0 1 8 1

SPIRERE
graph adjacency matrix

9-5 ERIATEAMERR

R RE BA DU R

- TURARES B SHIE, RSB X ALt REATE L

- RTFEAE, BT, BRI X LR,

- REABEEFERTTTERM 1A O B o E, MR RRA A,
P ABFEHE R R BN, BATTRT AEHE T MR R TR DRGSR I S R R RBCR R, AR 2%
B O(1) o AT, MEREMZSREARER O(n?), WiELHKRZ,

2. BiER

M{f#%R adjacency list) A n MEFRRFRE, HRTHFORTUL 8¢ MERNNTURL ¢, HPEET
ZIURHIFTE BTN (SIZTUAERITRD o B 9-6 R 1 — MR AR A7 B Y R H7R B

R SEREREENAEIRR

©0006
:
©
©

0-0
3

K 9-6 ERAERETR
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AFEFRAFME IR AR, THARREOEH N T n? , Wt EEI T, A, E8ERPTEE
e I RER R E TR, A R R AN AT R AR

WZE 9-6 , ARHERLEH SRR “RitHL” TERERIRL, TR T RT AR R 7 B R AR AL RCR,
Hetu e KN, 7T DUKFBEREE(L  AVL WSReT b, M RERM O(n) fi/k% O(logn) ; J&A]
DR OGN ) 204 O(1)

9.1.3 EIRNERRA
N 9-1 R, VLIS RGEAT DA EISREE, S 6 ()t AT PAZ L g B 2L ] 3,

% 9-1 PRSI WAYE

i 34 B e
Mg P FRRA TBHELF SR
HhEREREE Wi S RAEEE N R A

ENIEER 2K BARRETESINER  TREPUEHE

9.2 ERIEGIRIE

B EHRIERT 0o xt “I07 BOBRCERIN “Tis” AO3RME. 75 “QBRAERE” F1 “QBER" MAFTRTIET, %
BT BN,

9.2.1 ETF4BIEEMAIIIN

HE— D TUREE N n T, NSRRI ST K 9-7 FrR.

C RMEIMRR: e ARBEE N P BRSO, G O(1) MWL i FRTEmE, KRR
B BT AN 75 IR

VM LESREERERERI R SR — 1T 51, FEAEREL0 BVAT, M O(n) MWL

- OMBRT: LEARBERERE RS T 5. SRR T i FIRDAFIR 2, T (n — 1)2 e
“Ffe LRE)”, MR O(n2) B,

C WM fEA TS, WA n TAGIE vertices , BT O(n) BHA; WAL n x n K
INFIAREEAERE adiMat , HEFH O(n?) W,
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max @O0OO 00 TSI 0000
®mE 0 1 2 3 4 ® o 1 2 3 4
D 6 o 1 o 1 o w2 @-€ o e 1 1 1 o
1 1 0 1 [} [ 1 1 [ 1 ) [}
2 [} 1 ] 1 1 2 1 1 o 1 1
3 01 0 1 o 1 3 01 0 1 0 1
4 o 0 1 1 0 4 0 0 1 1 /)
) SPIERERE B SPIEIERE
| Step 1 Step 2
e @OO0060 e 000000
#E o0 1 2 3 &4 #Bl o 1 2 3 4 5
@ @ Bisin o_@ /) [} o 1 1 o @ @ ﬂi)jumﬁ@ [ o [ 1 1 [} ]
1 e o 1 o o 10 o 1 0 o o
"@ 2 11 o 1 1 "@ 2 1 1 0 1 1 @
@ @ 3 1 0 1 o 1 @ @ 3 1 o 1 (] 1 (']
4 o @ 1 1 o 4 e @ 1 1 0o o
5 '] o '] '] '] ']
SBIEAERE PIEIERE
[step 3 ] [step 4 |

moEx @O0 00

3l 3 4
e e 1 1 @ o
@ TR )

1 1 o 1 1 o

<:> 2 1.1 @ 1 o

3 0 1 1 [} ]

4 o o o o o0

B PHERERE

[ Step 5

B 9-7 AREEMERIRIGGIL. HMA. e T
DA 2 2T QB R P s [T A SE ARG -

// === File: graph_adjacency_matrix.js ===

[* BT BBEELMNTRES */

class GraphAdjMat {
vertices; // TRRFIR, THEAKR “TMRE", R5IMMKR AR5
adjMat; // <BEEXEPE, 1THVRSIMNR “TRRZES]”

[* HEREL */
constructor(vertices, edges) {
this.vertices = [];
this.adjMat = [];
/] AT
for (const val of vertices) {
this.addVertex(val);
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/] AIA
/] EEE, edges TTRARINAES], BIMI vertices TTRERS|
for (const e of edges) {

this.addEdge(e[0], e[1]);

[* FRENNSREE */
size() {

return this.vertices.length;

[* FRINTRER */
addVertex(val) {
const n = this.size();
/] ETRRFIRARINFIRBE
this.vertices.push(val);
/] TESPEREFERARIN—IT
const newRow = [];
for (let j = 0; j < n; j++) {
newRow.push(0);
}
this.adjMat.push(newRow);
/] TEPEEFEREFRRIN—T
for (const row of this.adjMat) {
row.push(0);

[* MIFRTRS */
removeVertex(index) {
if (index >= this.size()) {
throw new RangeError('Index Out Of Bounds Exception');

}
/] TETRFIRPIZIZERS| index BITIR

this.vertices.splice(index, 1);

/] TEBEEFEFEHRMIPRZRS] index BITT
this.adjMat.splice(index, 1);

/] TEBEEFEREHFMIBRZRS] index BIT
for (const row of this.adjMat) {

row.splice(index, 1);

[* FIMA */
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/] B 1, j MWL vertices JTTRERSI
addEdge(i, j) {
/] FR5|BR5EFLIE
if (<0 |] j<0 ]| i>= this.size() || j >= this.size() || 1 === j) {
throw new RangeError('Index Out Of Bounds Exception');
}
/] EEEER, {PERPEXTFTENHLENT, BHE (1, §) == (G, 1)
this.adjMat[1][j] = 1;
this.adjMat[j]1[1] = 1;
}

/* iR */
/] B 1, j MWL vertices JTTRERSI
removeEdge(i, j) {
/] FR5|BR5EFLIE
if (<0 |] j<0 ]| i>= this.size() || j >= this.size() || 1 === j) {
throw new RangeError('Index Out Of Bounds Exception');
}
this.adjMat[1][j] = ©;
this.adjMat[j][1] = 0;

}

/* FTENSPIZERE */

print() {
console.log('TRm%IE& = ', this.vertices);
console.log('4B#&FEPE =', this.adjMat);

9.2.2 EF4BiERAICIY

RIMAE NS EON n, BB m, WIRTRIEE 9-8 Fsi /i iAsE SRR,

WA LT B BER AR B IARTR], 5/ O(1) MR, FA2EmE, A ATRZE RN EmmA
TITENIA,

- MHRRIA: RO MR R A SO MBR G, A O(m) INF, TEIAEF, FERRNMERA D77
QESpuR

© OWSINTRG: (EATHER NI —DMER, PRI DU BER KT A, A O(1) WL

- MHBRT : TR AR, MRESTEETSATERL, 8 O(n + m) .,

- VIR TERBERDOIE n AN 2m &3, - O(n + m) I,
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ME  SERREENRERR TR Eﬁmﬁiﬁgwﬁﬁﬁmﬁ
0—0 watem o0 0o—© 00 |
| >@ 0-0-0 | D@ <
@ 2 4 )
o o 332 e T 8
W
B wEn B mam
| step 1 | step 2
s SERMREENFETR
@\_<® ) 200 o, . ) @\—@\ Fs @
(:)@ 0-0-6-0 &\J [
oo 0-0-0 o o
B BiER -
5] D

TR SEMARENFTE TS

@—@ TR €) \ gg{@
N ® oo-0
] wER

Step 5

B 9-8 ARERAIHIAGIL, SEMD., SN

PARRAMER AR SLH, RELE 9-8 , SEBRAHS A LA R AR,
- NT RIS BRI, DA, BAIERSIR GSEd) REEER.
- BT R RAAAEBIER, key NITURSLH, value MIZTWURMIMIETRSNER (HE5R).

FOh, BAHERIER B E Vertex RFTRIUN, IXFEMAVREDR : (RS WRIEFE—HE, HZIRRTIKX
DA, LB EMRERR Sy @ BT, WFTiEHE DR, BTAERT i BRI 1, %R
RAK.  MIANRAEFNTTURET R ME— ) Vertex SEBI,  MHBREE— DU 2 SIS MR T,

// === File: graph_adjacency_list.js ===

[* BEFHERIMNTEESE */

class GraphAdjList {
/] $HER, key: TN, value: ZINSHYFRHE SBEETNS
adjlList;

[* ¥EFE */
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constructor(edges) {
this.adjList = new Map();

for (const edge of edges) {
this.addVertex(edge[0]);
this.addVertex(edge[1]);
this.addEdge(edge[0], edge[1]);

[* FRENNSEE */
size() {

return this.adjList.size;

[* AA */
addEdge(vet1, vet2) {
if (
'this.adjList.has(vetl) ||
'this.adjList.has(vet2) ||
vetl === vet2
) {
throw new Error('Illegal Argument Exception');
}
[/ N0 vetl - vet2
this.adjList.get(vetl).push(vet2);
this.adjList.get(vet2).push(vetl);

[* MIERA */
removeEdge(vetl, vet2) {
if (
!this.adjList.has(vetl) ||
'this.adjList.has(vet2) ||
vetl === vet2
) {

throw new Error('Illegal Argument Exception');

}
[/ MR vetl - vet2

this.adjList.get(vetl).splice(this.adjList.get(vetl).index0f(vet2), 1);
this.adjList.get(vet2).splice(this.adjList.get(vet2).index0f(vetl), 1);

[* AINTRS */

addVertex(vet) {
if (this.adjList.has(vet)) return;
/] EFERPRIM— DR
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this.adjList.set(vet, []);
}

[* MIFRTRS */
removeVertex(vet) {
if (!'this.adjList.has(vet)) {
throw new Error('Illegal Argument Exception');

}
/] TEBFERPBFRTNS vet XLZAVEER
this.adjList.delete(vet);
/] BREMINSAEER, BERFEESE vet B8
for (const set of this.adjList.values()) {
const index = set.indexOf(vet);
if (index > -1) {

set.splice(index, 1);

}

[* FTENSBIER */
print() {
console.log('4BiER =');
for (const [key, value] of this.adjList) {
const tmp = [];
for (const vertex of value) {
tmp.push(vertex.val);

}

console.log(key.val +

+ tmp.join());

9.2.3 RENLL
WETSE n AR m 5508, 7 9-2 W bb T AR MER AT 2 19 I RISCR RN 22 R RCR

R 9-2 AMEIERE SRR L

SWEFERE  ABHER (R  WER (5H )

HWREME O(1)  O(m) o(1)
VRIS o1)  0o(1) 0(1)
e o1)  O(m) 0(1)

VRIS o)  O(1) 0(1)
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WRERE AR (HER)  AWER (BARR)

WETA O Om+m) O
WiEzkEEA  O(n?)  O(n+m) O(n+m)

MERFR 9-2, LLPATER (BHKR) KINRERERS D HARREIN, HXPRLE, fEREEMPRIEDNERE
e, AR BT BIREBRAERIR], ZRERE, AHEIERMHAIL T “DAZS R | AgJE, T ekiER ik
BT “DARF Rl TR,

9.3 EmER

PHRERRR “—X 2" FRR, MENEAESNEBE, ATURRERRN “2M2" XA, Eit, FIAE
EMBERE—MREL, AR, PRt P93 D SRR — R il

BRI ER A 2 o R B SR SL R i e, ER&E D 77 SR mT o skl T RS f1 HREM G
Filo

9.3.1 ["Ei%kiERh

VAR C D e — R S D T K, MEATI R, RV RIENTL, 22
Pike WE 99 iR, MWEEMTRIEA, &z Ii<RIpTE MR, Rl T — DR B RTA AT
IR, DU, EETETURTIRSEE,

| ErrEfifkiERn (BFS)

BATR S hiets,
HERGT. BEY KHIAEIIR

| b= 21vo
0,1, 3, 2, 4, 6,5, 7, 8

B&9-9 B BRI

1. BH#&3m

BFS J@H fEBIBASIRSCI, AR AR, AFIEA “SEAJEH” FIMERT, X5 BFS 19 “HiMiz” #YE48
FfE T,

1. R AaTi A startvet MIABNGI, FHHFEIEIR,
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2. FEFEINAEHEIEACH,  SEHBAE TRROFICSRITM, SRS RO TR B A SRR T UIN AZIBAS I #

3. TP ER 2., EEIFTH USRS BG4 3,

N TWIEESEHTR, BAIHEEER — NG R visited RICRKIPLT SEHI W,

// === File: graph_bfs.js ===

[* T"EMEEH */
/] ERPERRRTE, UERBGEEINRPAAE PIETNR
function graphBFS(graph, startvet) {

const res = [];

/] WBHR, BFIERERHEEHNINS
const visited = new Set();
visited.add(startVet);

/] BAZUEBFEIL BFS

const que = [startVet];

res.push(vet); // iBFiFRIINSE
/] BRIZIN R EIFTE SR T A

for (const adjVet of graph.adjList.get(vet) ?? []) {

if (visited.has(adjvet)) {
continue; // BbdE#WIARBITNS
}
que.push(adjvet); // RABAKRIARIBITN =
visited.add(adjvet); // tRIZiZIN= EHAE

}

/] RETRERLRFS

return res;

AR, O ARIE 9-10 SRANTRPERAE,

P 5 BHFF) res
@\—%—Kfo BASI que
SR
BRER visited
M4tk res, que, visited [@ }
| Step 1 |

111

0—0—90

D!

00
@/ \ 4 4

ma () ], SHAGTUTEME

1. BEMRMNERFT res
2. RZMREFE PEMRAIT
ABA que FHMA visited

HHFS res

o

BA%I que

—
0y

BER visited

(000

‘ Step 2 |

N
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T (E)) I, AL

1. BEMRMNERFF res
2. REMREFE PEMRAIT
ABA que FHIOA visited

T () I, AT
1. BEWMNEDFS res
2. BEMRMFTE PEARAIT

A que HMA visited

R () HI, FHATUTHRE

1. BEIMRMNEFFS res
2. RETRRAIFIA PR AT
ABA que FHMA visited

TR () B, FHATUTIRE

1. BERMRMNEDFS res
2. RRIMRMFE ETRRIT
ABA que HPON visited

HHFF res
(00
BAFI que
000
e 'H

BFHR visited

(00000 }

EHFF res
(0000 ]
BAFI que
000
o ‘E

BHER visited

(0000000 |

(000000 )
PBASY que
00

BHER visited

(00000000 |
[ster 7]

BHFFI res
(00000000 |
BAFI que

o

IFR visited

(000000000

= PAFI que HZ,
~ FREE, SERRiEH

A () M, SHAGTUTEME

1. BZMRMNERFT res
2. BEMRBFEBRIURAIT
ABA que FMA visited

M () M, FHATUTEME
1. RBEZMRMNERFT res
2. HEMANFESIEMRAIT

ABA que FHAA visited

TR () B, FHATUTIRE

1. BZARMNEFRF res
2. FEMRBFE SRIURAIT
NBA que FHAIA visited

0090

TR () WM, FHATUTIRIE
1. HEITRMNRRRS res

2. HRIRARMFE SETURAT
ABA que A visited

BHFF res

@PAQHgé,

(000000000

BAF que
HHBA ABA

BER visited

(000000000

BHFY res

(000 )

BAFI que

000

HAA ABA

BER visited

(000000 |

(00000 J
PAFI que
000

BER visited

(00000000 |

(0000000 |
BASI que
20

BER visited

(000000000
[ster s

BHFF res
(000000000
BAZY que

ER visited

(000000000
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& 9-10 KM B 3%

@ ) REDL et s F e 51 75— 2

w A= JTRELSEE T R BRI RO AN, i 26 R 1) i A P T 3 i
SV REFTAL, DAE 9-10 9, T 1. 3 BOUSIRIIF AT DAZRHR, T 2, 4. 6 BT
] DU,

2. EREDH

A T TSR 2 AR, 5 O(|V|) Tl fEmpARE s b, TR Ier e,
IR ST 2 v, A6 O(2| E|) BHa); ikt O(|V] + | E|) b,

DBRERE: FIR res, IGFR visited, PAF que PTREERZ N |V, i O(|V]) =H,
9.3.2 FEMKIER
IEILTei P — ML EBIE, JoBvl A pHml Sk 75 5, A 9-11 FoR, M BTk, ViRl

SRR AN BETUR, BRVEFIRCKNIRE], FHRSGERIRSHIRE, DU, BEAE USR5
o

11 10
14

ErFRERTER (DFS)

2 3
13 12 4 9 AT Hics,
’ EBARE, BESKAES,
5 B - EERAER
il BHEFFIH

0,1, 2,5, 4, 6, 3

K 9-11 HERIREA T

1. Hi&3m

XA ERNRSKARRE" FRIETEROE R A TIBE RSB, 5 s R, ERE s, A
MBI — MG R visited KICKEHTMAITUL, DOBGREE IR T,

// === File: graph_dfs.js ===

[* REMFTEH */
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/] ERMERRERTE, UERIIEENRAIFTHE TR
function dfs(graph, visited, res, vet) {
res.push(vet); // iERiAETINS
visited.add(vet); // TREZINRERITIIF
/] BRZINRBIFE BETNR
for (const adjVet of graph.adjList.get(vet)) {
if (visited.has(adjvet)) {

continue; // BZE#WIARBITNS
}
/] BRI EBIET =

dfs(graph, visited, res, adjvet);
}
[* REMRFTER */

function graphDFS(graph, startVet) {
/] TiRBhE5
const res = [];
/] BHER, BFIERERFEEHNINR
const visited = new Set();
dfs(graph, visited, res, startVet);

return res;

RS 1 SRR 9-12 R,

HRBEARE I R, FornITE 1 — IR 75 R 5 IR

HELACR A LR, FoRiti®7 A e gaRE, S TR AR B,
N T INRER R, EBCKIE 9-12 SRS SR, Nl (83 M MR) B4 DFS idig, i

BIATTEMINTT S, AIRHEEL,

WEFF res
' - (@
o C:% @ BEE visited
| (o
A V7 A
\° 4 K_/b—‘e
T EHRME:

Step 1

EHFS res
00
BBER visited

CL

s
sam () sz
i @)
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BHFF res

(000 }

BHR visited

(000 ]

e
sarTm ) poarEms
sz @)

BHFT res

(00000 |

RER visited

(00000 |

AR
sarTs () posmEms
s @)

EHFF res

(000000 |

BHR visited

(000000 |

ETTS
sarmms () poamEms
sz (@)

BHFF res

(000000 |

BRER visited

(000000 |

AR
mws @) wrEsEmsBEST
Bikrzam, BEEms ©)
suteese - meEmEms (@)

Step 11

BHFY res

NG (0000 )

BBER visited

(0000 |

IR

s € warEmn
amsmms ©)

EHFS res

(00000 |

BRER visited

(00000 |

e
s @) wrEsEmAEESR
RikeosEe, EaEmns )

BHFY res

(000000

BBR visited

(000000 |

R
s ) wrEsEmAEE SR
R, mrzEms ©)

BHFS res

(0000000

BRER visited

(0000000

AR

s () wasmR
amsms €

Step 10

EHFF res

(0000000

BHR visited

(0000000

EANE:
1w ) wrESEmAEE ST
mitsaE, mEms ()
= () wittoEm, mRmERn
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B 9-12 ERIHEIL e B

«) DREE DL et 13 1) 51 S 75— 2

w S EARSE 2L, IRE S A RN AR ME— R, 2 E TS, SEEmE 7T AR
RACATLA, BRI B m] DMETRATEL, #RIRERITE .
DI oA, ‘R — =47 =R =6 K==W 2 RETT. B,
e, BARR T =Mimhisedk, Rimix =248 TR,

2. ERESH

IR A TIRESEIR 1k, A O(|V]) NH; FraidEesdnn 2 R, @M O2|E|) IH;
BAER O(|V| + |E|) WL,

SRR 51 res, T vistted TUREURIEZ N V], WIARERAN [V, KR O(|V]) =
1,

9.4 hg

1. EREH

- B TUSFOAR, AR — TR — 4RI R 5

BT EMRR BER) MoiExXR W), Mgk (B) BRAERNEBE, RmENER,

- ARERZEATT AN, EEEPAERTURANE, ANERNE RIS ET R,

- AREEMEARERERRORE, 17 ) RE-DTU, FBFTRAERD, M 180 BRI TR
[FIAINETCIN, ABEFERE AR & SR e ERCR R, (B2 S R

- AR MERORFORE, 5 0 DRERXI NI ¢, HAEE TR IR BT, AR
X TAEIEREE AT AR, (HlTHRZERERREDRID, B RRERER,

- YABRERPRVREROT K, A] DURF AR L B BIG 7 R, TR THEIRICR,

- WEIRBARRIA LT, BRI T DA AR R, RRERAEL T DA R A,

- BTSSRI RSL, WAL, HBRE S,

- BRI AR, AR A R e D B — AR

- BRI TE DR R EE NI, BERYKEIERTT, EE A S,

- BERREMSCE TR AR ERIR, ToRs rE RN B R R K, WA TSR,

2. Q&A

Q: HRERIE RN FIIERIAFHI?

EEAR EARTESRANE XA—BC Rmhiog “BiRe—Dazs”, mishivg "B — 1Ay
H1” o AN RIS In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.
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FEARSCH, BRI — DA, AR DN IRF. XREAMAN TR Z R REF A2 ARI0 5, It
(VRS S UL ) VA i FE

Q: REEEFRE XA IR A EIHIR?

FEAREEE S, MWREADTRHR, B0 PMIRICREE, whiREaEREREZ MEA, PoEhzE
HIRTA & 7 &

Q: TEAMER, “SIXWRAAENTATR" TR 25 A ZEK?

A DURERF . (BAESEPR A, AIRER ZAE IRt SUNRHE?, HAMEIRTUS AR ARy, BB IR T
RAER/NRINGFSE, XA BTSSR A ERRE” TR,
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FI10E #¥€F

o

BRI FREGE WAL AR AvE, SR AT DAPRIEBTE 5 b

B IRERE A RERE — DR BRI E R,

HREARANER,
XA IR,

©
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10.1 —9&EH

FZ7#&+K binary search | 22— T IGRISHI SRR RER, EFMHEBIRHRFE, SR —FER
e, HEEREERTREERXE NS NI,

(,) BEMNREN n B nuns , TTRIZMNEIRIF HEZ EAE S, EEBRFHIREITTR
L target FEIZBEHFIIRT . HHHAAEEZIZTR, WIRE —1, R~HEGNE 10-1 FiR,

ERHRERTEA
nums

WABFHA nuns , EIRXBERTE target = 6

10-1 = &SRB

A 10-2 FiR, B|AVeWAtksEt ¢« = 0F1 j = n — 1, pilsAEEHETTEMEITR, RERIXHE
[0,n — 1], HER, HESERAXE, HESHMEERS,

Rk, IEHATLRRI,
L WRHERS I m = [(0+7)/2], Hb | | RRA IR
2. HIWr nums[m] A1 target FIK/NRER, 2B R =RE N,

1. % nums[m] < target I, ViAH target fEIX[H [m + 1, ] #, HEHHITi =m + 1,
2. ¥ nums[m] > target i, BiRH target ZEX[Al [i,m — 1] H, HHITj=m —1,
3. Y nums[m] = target B, WEHAERZE| target, AMIREIRS]I m

HRANMIEEMLR, BRXARLR4/ N, HRE 1,
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35|
31 @i
3 26
n 1
6 8
m§1‘3 H
#l o 1 2 3 4 5 6 7 8 9
N

-
-

Wak i, j DREAHAETR. BTR
RERTAXE [1, j]

Step 1 Step 2

1
P, e B
TE L m 1
=:anll
®l 0 1 2 3 4 5 6 7 8 9
A Aa
i jom
BR=SER:
1. 8RR m = (i +3) /2
2. = nums[m] > target
Step 3 2 BT § = m - 1 HIVNERRE Step 4
_ e 2in
= :onl
#l o 1 2 3 4 5 6 7 8 9
m i j
BF_—HER:
1. {HEHRE m= (i +3j) /2
2. ~ nums[m] < target
Step 5 o BUT 1= m o+ 1 GNERKE Step 6
: : ‘ ‘
= 1 omfl
#l o 1 2 3 4 5 6 7 8 9
N
m
EF=HER:
1. HEARE m = (i +3) /2
2. = nums[m] == target
~ EEIFES| m

Step 7

10-2 = ESfE

31

23 26
o 15
i 6 8

=t anl

#® o 1 2 3 4 5 6 7 8 9
N A A
i m j

RF=—SER:
1. tEPE m= (L +3j) /2

3l

di
b
s> Bw
o
o [ e
I

S TN

EF ST
1. HEFR m = (1 +3j) /2

RS ER:
1. #8HER m = (1 +j) /2

EFEREACE, BT M j &R tnt 22, Rk + 5 nIRESEI int JUAHUETER, O 7 ik s KRB,

A VERRAAR m = i + (j — 1) /2] Fitsr,
S TTIRNCs

// === File: binary_search.js ===

/¥ ZHEH WAKE) */
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function binarySearch(nums, target) {
/] MEANEAXE [0, n-1] , B 1, j AFHERAMAEETER. BE
let 1 =0,
j = nums.length - 1;
/] TEW, SERXERNTHBE (M 1> j BERE)
while (1 <= j) {
/] HEHRERERS m, A parselnt() [MTEEE
const m = parselnt(i + (j - 1) / 2);
if (nums[m] < target)
[/ WIEREE target EX(E [m+1, j]
i=m+ 1;
else if (nums[m] > target)
/] WIERER target EX(E) [1, m-1]
j=m-1;
else return m; // HZEIBtrTER, REIEZES|
}
/] RIZKFBRTE, &E -1

return -1;

IRIEAEN O(logn) + EMEHT, XEEERG/N—¥, BIIERRECN log, n .
TRERERN O(1) : 1850 F j ERAEBOVNE L,

10.1.1 RigRRFZ*

BT EARAK S, #ROKEEREE SeRETE K, 28 [0,n), B/EAREEHS, HbR
REES, ERRFF, K [i,j) i = j MR,

FATRT DAE T IR R I B AR RER — o EHE
// === File: binary_search.js ===

[* ZHER (ERAEFEXIE) */
function binarySearchLCRO(nums, target) {
/] MR AERABFXE [0, n) , Bl 1, § DAHEAHAETE. Btk +1
let i =0,
j = nums.length;
/] 1B, HERXERNSHBE (H 1= j BTRD)
while (1 < j) {
/] TEHHRES m, A parselnt() [MTEEE
const m = parselnt(i + (j - 1) / 2);
if (nums[m] < target)
/] LEIERER target fEX(E] [m+1, j) H
i=m+ 1;

else if (nums[m] > target)
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// WIERIEBE target EXIE] [1, m) HH
j=m

/] #XEIBfRTER, REHZRS]

else return m;

}
/] RHEIBRTER, &ME -1

return -1;

GniE 10-3 AR, EMMXEFOR T, —0&EKEIRIWIGEL. EIRREAN X AR & A B,

BT “KWHAXE” FoRhR AR SONAX R, RIME T« ffEE § 28X R EE R AR
Mo XAEEAR G I, B —BEBCRH “WHAXE” 5L,

ﬁalqolzaz‘ss?ssﬂ ‘“@123456789”10
i ERiLRSasas j i kEbLREsHS EORFESEE  j
E=EXE: WEAXE [1, j] #%KE: cEEAXE [1, j)
Miafpiest: 1 =0, j =n - 1 iakiEst: i = 0, j = n
BIFLERME: 1 > 5 BIFZERM: i 2
BRiEHEE: 1 =m+ 1, j =m- 1 BIREHEE: i =m+ 1, j =m

& 10-3 WAPXEIE X

10.1.2 (R 5RERY

Ty EARAE I TRV [ 75 T A A R4 RO PERE

BRI TR, FEREURR R, ME A 1R A4 B B, fIan, S8R AN n = 220
I, AR 220 = 1048576 %A8HK, 1M &AL log, 220 = 20 #MEH.

© O BEBRITARONER, AT REENIONERIEREER (BIRRELR), —o&EIKENTEE
[Al

R, —oEPGHEEMTIrAEER, EEADITER,

© ZoBEROUER THRFPEE. HRMARIETY, N TR Zo&EKmE T I THY, fARK. BN
HEF FIEMIN R EAAEEE N O(nlogn) , HAMESM & REE S, N TMEMATRNT R,
NORFEBEHE P, FEETTRBAZRENE, NEEREN O(n), WRIEHE SR,
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© ZoBESGER T, BT EBG GRESHt) TIRITR, MERERT TR RIRTRL
AR, RIHANE G I A fE HER B T RER ST IR SE

- NIRRT, AMEERMREE A, EAMEEKT, SRAT 1 IRAMERE, mE OB, FE IR
M. LIRBRIE. 1~ 3 UCHIMTRAE, 1 ik (B3R, 4~ 6 DNEITiRlE; B, HEERE n BUNN,
LR AR EL — 0 R PR

10.2 —HEHRBEAS

ZOBEBRAMTHTERENITR, EATHTROOT 2R, R BT R A G E,

10.2.1 TEETEMER

(r') HE—NEEN n BERECH nums f1— /N JCE target, BEHEARGFEEEITE, I target
- FAEA nuns H, FHEEREE RN, HEHFPEGFETLE target, WFARIELETS, 1HIRME
NG target EHEHFHIRG, REANE 10-4 Fir,

nums

BAR i target

nums

WMABFHA nuns , BIFTE target = 6
N target MIENRFESIH 2

B 10-4 &P RURBIEHE

AR A BT o B, R REE DU PN A,
Ml —: SEAHPEE target I, AARKRIIBOZZTRIRSG]?

i H ERK target Il AZIMHFITRIVAEN, XEREHHAR target Bt 17K target AU E, 2
B, HEBEHEE target B, flANMIRIIHIZIZ target RG],

PR YEHPORTELE target N, AR TTENRT]?

W—HBE T HERIIE: Y nums[n] < target I ¢ #23), XEKEIRE i ERAKTET target IITESE
. [FHEE, F88 j SRRAEAV/INTET target FITEFIA,

Rtk 5N —E R i BAIE DNAT target I, jHEAENNT target T, BFYNEAAHE
target I, fHAZR5IN i, REUTNAIR:
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// === File: binary_search_insertion.js ===

[* ZHEREAR (EEERR) */
function binarySearchInsertionSimple(nums, target) {
let 1 =0,
j = nums.length - 1; // #¥BENAKXIE [0, n-1]
while (1 <= j) {
const m = Math.floor(i + (j - 1) / 2); // iTEH=ZES| m, FA Math.floor() [ FEEE
if (nums[m] < target) {
i{=m+ 1; // target EXja] [m+1, j] &
} else if (nums[m] > target) {
j=m-1; // target X8 [i, m-1] &
} else {
return m; // %% target , REEAS m
}
}
/] FHKF target , REFHEANS {1

return i;

10.2.2 FEESTENER

@ fE bR R b, MUE SRS EE TR, HRAE,

[REEEAHPFIELD target , MIEIE D EKRAEIREHAF—1 target FIRS], MICEMEIZTRNLR
MAIEH 2V target,

MEERKRRTRBASIRED, FARMIBRERATRE 1 target MRS, 115 HRELHE 105
PR B,

1. PUT &R, [EEE— target WRS], Idh k.
2. MNZERS| k Fia, mE#irettml, YiEIR A target BHR[E,

target

- OOH

X ,.A\ A

== >

1. EZHERIER— 6
2. BaMERIISREON 6
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K 10-5 SRMEEKESITTRIFBAR

IR BEAR A, BHASEMEER, FIENEERERN On) . YBHPFERLZEEN target I, %77
IERERRAK,

WEERRE BRI, WE 10-6 Fir, BERERRAZE, SHETEH SRS m, FHIW target A
nums[m] BFIR/NRR, 2 8 PAR T LR E .

Y nums[m] < target ¥ nums[m] > target i, VWiBHIEEKE| target , [RIHRAEIE — 70 &I 4
/NXEEEE, MNmAEFEER < Fl j M) target SEIA,

X nums[m] == target I, BiFH/NT target BTCELEXE [i,m — 1] 1, HHRA j = m — 1 k4%
/NXTEL, MNTEEFREE 7 FUVT target RICER S,

MBI sEUG, @ fRAR/IAN) target , jHRAIE T/IT target KR, BRG] i SR MA R

15} 15|
i 12 ¢ 12 |
; 10 ; h 10
6 6 6 6 6 6 6 6 66
b I : b
- L i
#l o 1 2 3 4 5 6 7 8 9 #3l o 1 2 3 4 5 6 7 8 9
A A A A
i j i m J
RIF—SHER:
Mt i, § AAEEAREETE. BTR 1. HERE m = (i + §) /2
WERTAXE [i, j]
Step 1 Step 2
15 15
12 12
10 10
6 6 6 6 6 6 6 6 6 6
b i b ‘
S -
#/@ o 1 2 3 4 5 6 7 8 9 #Bl o 1 2 3 4 5 6 7 8 9
A Aoa Aoa A
i j om iom J
B —5HER: fEF=5ER:
1. itHE m = (i +3j) /2 1. #HEHA m = (i +3j) /2
2. ~ nums[m] == target
step 3 LT 5 = M- 1 R step &
15 15
12 12
10 10
6 6 6 6 6 6 6 6 6 6
e i b= S i
#@ o 1 2 3 4 5 6 7 8 9 # o 1 2 3 4 5 6 7 8 9
Aoa oA Aoa
m i j im j
B —SHER: EF=SER:
1. HBEHRE m= (1 + j) /2 1. t8@hE m = (4 +3j) /2

2. v nums[m] < target
Step 5 A BET o= mo+ 1 GEMERKE Step 6
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15

10

oo 1 2 3 4 5 6 7 8 9
j im
EF=RER:
1. itERR m= (1 +3j) /2
2. = nums[m] == target

LT S = M- 1 R Step 8

Step 7

12

6 6 6 6 6
3
& 1
#®l o0 1 2 3 4 5 6 7 8 9
N

i

v FREEARG 1< )
~ BRHTSER, EBERS| i

10-6 — o EREE TR RIS

W LUTARRS, #1532 nums[m] > target Fll nums[m] == target AYIEIEMEIE, RLFE ] AE I,
BEGnt, FAUHIART DL AW SRR T, RO EB R AEMT, rl e s af,

// === File: binary_search_insertion.js ===

[* ZRBEHREAR (FEEERR) */
function binarySearchInsertion(nums, target) {
let i =0,
j = nums.length -
while (1 <= j) {
const m = Math.floor(i + (j
if (nums[m] < target) {
i=m+ 1; // target EX[E] [m+1, j]
} else if (nums[m] > target) {
j=m- 1; // target EXE [1, m-1] #
} else {
j=m-1; /] BT target MTEEXE [1, m-1] &

1; // MEENHEKE [0, n-1]

- 1) [/ 2); /] HBEHSRERES| m, A Math.floor() [EFEXE

}

}
/] BREFEANR 1

return i;

O ARG EE “WHAXE" ik, AX4EATEE AT “EHETT ik

BHKRE, —o&ERTCIERESTE 1 j 2AlE R A, HiRrTsER — M EMARITER (Pl target ),
WATRER —MITRIEE (BIINT target HITTR).

TEARMTRIPEER — o0 rfy, a5 o F1 j ERRINEIE HUOCBCE R iR, W%, ENsRRREIER, gl
FE 1k,
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10.3 R EHBF

10.3.1 THRLIOR

@ BENREN n WEFHEH nuns , HPRTREESEE TR, HREAKATRE TR
v target (IR, HHATAEEZZILR, WHRME —1,

B ARSI 71, EREW)E 1 f8RRA— target , RIEEIRIGA AR FREERRA 4
target {VE~C1R
B R A AR A SR RSB I R, R, BRI S target , XFMEMIATRESE LA TN
R,

C ARRS] @ L,

- JLE nums[i1] 5 target AHEE,

LIEFCAERE N, ERRE —1 BIA], ARSI AR
// === File: binary_search_edge.js ===

[* ZHREHRKE— target */
function binarySearchLeftEdge(nums, target) {
/] ENTEHK target AYHEANR
const 1 = binarySearchInsertion(nums, target);

/] KE target , E[ME -1

if (1 === nums.length || nums[i] !== target) {
return -1;

}

/] ¥% target , REIZES| {

return i;

10.3.2 TEHAOR

AR B — target WE? BN T RBBARY, BHAE nuns[m] == target 1817 FHUFEEHIR4E
e, ISR, A48 T DAEATEE,

NHEBA R E AN T
1. EREHRELR

SEhR b, BATAT AR A ER R AT RN R ECRESR R G TR, BAT77E: BEERRG A target ¥ h#E
i —1 target + 1,
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anE 10-7 o, EIRGERUE, f58 @ falR/A—> target + 1 (WISRAETE), T j fEMIERA —1 target,
BEigm 5 By,

target = 6
«: (00000080
A A A A
j i j i
EREE—T
target +1
FEfi
EHRE—T BHRG—1
target target

10-7 HEBRGUR BN AER LD T
EER, REMHASZ ¢, FHFRERHER 1, WmkS j:
// === File: binary_search_edge.js ===

[* ZHRERREG— target */
function binarySearchRightEdge(nums, target) {
/] BHUAEKRRE— target + 1
const 1 = binarySearchInsertion(nums, target + 1);
/] j EERE— target , 1 IBABNAT target HITH
const j =1 - 1;

/] K#E target , &[E -1

if (j === -1 || nums[j] !== target) {
return -1;

}

/] %% target , REZ3]| j

return j;

2. BUAEHRTR

BATHNE, YEHEAEE target B, &K1 Ml j 2o5FERE DNAT. /N target FITE,
Rk, @& 10-8 Firs, TR MG — NMEHPAFERN TR, HTEREGILA,

BEHRBE— target : A AL NEER target - 0.5, FFRMEFEE 7,
EHEA A target : AJDUERIL ALK target + 0.5, FHIRMEFEEN 5
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target = 6
nums
j i j i
= &%
target - 0.5 target +0.5
Fih Fin
EHeE—T EHREE—
target target

& 10-8 REHSILF AN ELITR

RISTEILERE, DURMRASER,

- SBEBAANE/NL, RERERNTEAOS O FAEE R D
- PROMIZTTIESIANT /N, FTARER R ECh A2 & target BONTRREEER! (Python TEA&E)).

10.4 MRFLILERER

FEREET, BRSSO EPOR S RIARN AR, A8 — DR INE
BRfigE

O LETE — PNEEEEH nums FI— N EFRICE target , IEESEHFIER “F17 M target IHNIT
v £, HREIEMNEAERS, REEE—MERIR],

10.4.1 &A1& : UM ESE(E

ZIEERBEIERRENAS, WE 10-9 iR, BATFE—TNMENEN, TEERA AW N EEFZES N
target, #ie, NHIRMEIE(INES],
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target = 13
nums =
9 13 17
18 23
26

EHRFEES, HBFMA
target BVASETIR[E

10-9 ZeMEEBCRIEMECZ AN

(LR
// === File: two_sum.js ===

[* FE— BIKE */
function twoSumBruteForce(nums, target) {
const n = nums.length;
/] RERER, HESEHREAN 0(n2)
for (let 1 = 0; 1 < n; 1++) {
for (let j =1+ 1; j <n; j++) {

if (nums[i] + nums[j] === target) {
return [1, j];
}
}
}
return [];

WATERINEE RS O(n2), 2EREN O(1), EABIER FIEHEEN,

10.4.2 MFHEEH: U (EHRETE

BRMES - MNamER, BEXDANBAETRNTTRRS . BNEHEH, FHRHIITE 10-10 FRgP 5,

1. HIMrECT target - nums[i] BEERTHRY, 2, WERKRFIXKPNTRIR,

2. BHEX nums[1] FIRR5] 1 BN TR 25,
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target = 13 target = 13

s - (DEOE s - (EEEE
.

A
i

i
[ key 8 ]ﬁss [ key g J R
map = map =
value %3l vatue [} %3l

BHA nums BHBA nums
© 13 - 2 = 11 K7 map P 13 = 7 = 6 F{E map &
~ BTE 2 Hh0#E map ~ W& 7 HO0#E map
Step 1 Step 2
target = 13

- @EOO

A
i

[ . s } -
map =
value 1 =3l

BHEA nums

w13 - 11 = 2 7 map
~ EETERASRS [0, 2]
Step 3

K 10-10 FBHIGTR K AR E 21
SEIRRS AN R R, AXEREZIEFARIA] :
/] === File: two_sum.js ===

[* FEZ WBBRER */
function twoSumHashTable(nums, target) {
/] HBhRER, TEEHREN 0(n)
let m = {};
/] RETERF, BEERERN 0(n)
for (let 1 = 0; 1 < nums.length; i++) {

if (m[target - nums[i]] !== undefined) {
return [m[target - nums[i]], i];
} else {
mlnums[i]] = 1;
}
}
return [];

M5 IR MG A HOR I B 25 O(n?) 1% O(n) , KIBRFHBITRER,

HI TR EYET — DMOMIGR AR, BIRSREREN O(n) o REWMIL, %75 RN 2808 6 R b1,
KL E R A B AR o
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10.5 FiNHEFEEX

MERET searching algorithm ) ATIEMHELEH (BIAnfa, #ER. WEkE) FFER—PS—Hl KT
FIFRITTR,

R BIRAMRIE SRR 2 DU HE,

- E D BIRSHREN HbRT R, P, B RRERETE,
- FINBIRHA GBI SR ERER, SHRPOTRER, FI &R WA EHR = S IE R
AHIKF,

AHERBL, XA R EEAERTH A E T A, RIERREEN T RAPREGF AR, AT, 3]
RMEIRGIMATIN, EHra LR,

10.5.1 S|HiEE

2R FE e LRGN TR R E M BT R,

- MR EH T RAMBER S RIRS, EMNBIREHN TR, BIRITER, EEKE
HARTCREENA S —ua 5 A HE HAR TR M ik,

CTTEARSGERT 1 REMSER” RERIR B PRE RS, TSR M RT IR R
R, BTN R DT . R RMANAET RUTER, 1HE —RIEEREL, R
flbist, EEE P 7e B N EHRE

RIERI SRR B ATEL, TeA0 SR st BRI B A M BRE .

SRIM, MRBIRIN WIS N O(n) , Hrbn hcREcs, FELSR SRR SN TR,

10.5.2 BiEMNER

HIEN AR ABIRRR AR (BINEFME) RICEERIERE, s s RotE i B R,

- T ERT MABENA P ESIEERR, (OEHTEE,
- CIRTEIT MRS RRHEREIE BRSO B E X R, AT SE I R
- PR ERPE RIS (BN AR, H T AT RUESR PIEHERR T L, ATE AL H AR TT R,

RBIARMLRUR AR, INRIRAYERNAE] O(logn) 2 O(1) .

SRIM, AR R O BRI TR B, B, o BT E R BEH A THER, R A AR
AR T LA BN EAR S, AEPIX SR Sl th el SRS M I AL 2 TR

«) HIEN R AE POV ERET, FRHTERCBIRaHrb PO R B,
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10.5.3 EFAHEIEN

RN n W—HEHE, BATRTDAERLMEER, Zo&ER WER BREREFSMTTIENHERER
TLR. B NITTER TAERERANE 10-11 FiRo

£14%18% o(n) MEEHK 0(1) ) key i value
w BB E B 7"9 2 8

1|(5|3|2(4|7|6

eRRRNNR000 -~ 0000000000

5Lk |

—HEHE 0(logn) WEH 0(logn)
FoXEERG
g T f

000000000 SRR

S~ N

RIEIER P/ MERKE

10-11 ZFEZRRRE

ERTURTT IR BRI ERBCR SRR 10-1 FR.

% 10-1 EEREEBCERMLL

MR T &L EEGEER
HHILR O(n) O(logn) O(logn) 0(1)
flAICR O(1) O(n) O(logn) O(1)
fHERTTER O(n) O(n) O(logn) O(1)
vl O(1) O(1) O(n) O(n)
HE st / He¥ O(nlogn) #Ht O(nlogn) #iaR O(n)
YRR S Er Terp =152 152 Terp

RRETRNEFEPR T EIRA R, ERIEEER, BURER S EHRE,
RMHER
- ERNELE, AU TEERETSE IR, RWBANMNFEER —REHE, B2 HA=F75 R B R AL P
AR 1R] EE e ME TR 2R AV IR RIS 22 B

- TG TR R INREERE, BRI AR A N ORI,
- JER TR ERREGS R R, RO AN TR E SR TR T MES
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ZEER

- IEATAREIERIEN, BRRMEE, HENREREN O(logn) .
- BdERARES K, BN EEEH R N 2,
- RNERT IR R, RON4ET A R AT R,

IS A AR

- EENEREREE R RSN, FENRERERN O(1) .

- NEAHEAFBIRSGEEERI R, RS RICTRGET B A P,

- NIRRT RIS A R AL BRI AR A s, BAAREORIITERES L

- ANESEIERERIEN, RO REFETINE FREAREE DR, Mt RaF &R

[\
HEo

- ERTEREYE, RO SRR BB,

- EETEYETA P BIEEGEE AR R

- TERPSHEINT R AR, A RRATRE A GUR, NRERESLE On) .

- A AVL LR, WIS THRIERTE O(logn) BCR FREIETT, (A4 R-F 8RR /E 8 &
ST

10.6 /&

A EEHAREERI I, RIS R YR K O T AR, TR ARIEE, HAX
S TR s T3 ST B A4,

R ISRESE PR R E (AR, SRS TREUEER, IR R AR (R
SETEAW, HXREAELT, TSR TR, (BRFE 2 O(n) B,

- IRTREER. WA O R T EAER T, TR RS R B E AT, R
WA 2T O(logn) B O(1) , EEH BB BSR4,

- SR, FRAREASGRA R, RNk, RURE IR R S T A, WS
SEIIE T

SRR T VS ERORAE; AT HOER T AL, HEFRROE; 1A B O A T A
SRR LT 2 VIR s O PR T e N TS 6 L 2 0 KT B A

- AR B R R — R IS ISR, AT 2 O (n) 1% O(1) .
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F11E #HF

(r) HEFP LA — R LA R I BETRTARL,  (EFRATTRE DASE i 7y sUE R 5 AL PRES
w TR E AT, REERIIEHS, SR T8RS SRR,
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11.1 HIEHEZ%

HEP 5% sorting algorithm A Fxt —HEHRIZ IR E A THY, HFRIEAE ZINE, BAE
PR B RERS BB RO AR, AT AL,

A 11-1 FoR, HEFRIARAEEREA ] DU RREL. TR FATET AT ERSE, e RO RN AT AR R 5K
BE, WEFR/N T ASCIL RGBT 5% H & R,

BRBF X NHF B
20800800 90O8ooocooa

BRFHFHFFRS

CIEDECICIED = ENEDEDCID

IR E XN HF 7 &

GO0O00G Ooococooo

B 11-1  Edfm SRR R R B

11.1.1 P EE

BT BRI ERNN RS RER, HERREdEis> (NREREPREEIEEN . X
TAREGERAEN, BITRREEUNEL,

AR B E S, TR ) s R B ERERESLBIHEE, TCAUBBI AR, TN
o WHBOUR, iR e, sImEEmEDR,

RoEtE: TREfhy) ERAHEE, HETREBEHP AT A% L,

REHF R 2P R IR R, BIRBITE M EFER AR, 58 155 2 510512 A
iy, FEIXAEOLT, THEREHF) PIRESBUM ABURRIA P ikk:

# MANSIESIRBH B HFIFRY
# (name, age)
('A', 19)
('B', 18)
('c', 21)
'D', 19)
E', 23)

# RIREBIFREHFERRERHFIIR,
# £5Rh ('D', 19) # ('A', 19) BIMEWIBHRIE,
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# WANBIEREZHFENERER
('B', 18)
('D', 19)
('A', 19)
('c', 21)
('E', 23)

BIENE: TEIEN T ) BN RS E S A B, RIRENRERE, RENFERE, PN
AR EFH A TE 2,

H IS N AR BRI OUOR TG, AR RZEN W E A2 T PN R B 20T, WIHF BRI ERE T
PEREFTRES L, DRI N DB s Tan R e FE I TR S AL T A I R A0, TR IE e

ROIET IR AT IRIHE ) fRitE0sBrT (<0 = >) RAMTTRIERT, Mz
¢, BILRMNFAEREN O(nlogn) . M HEEHF ) AMEMLEIZER, NHERENXOn), 8
HIE AR

11.1.2 IBBEHIFEZ

BT, b, RUE. IEFEERNL, EHITELF. B, €5 NIEMARKIGRA D ERTERHERIHTETE.
I, FEIEREHE R RUART, 7R AR B R SO A R SRR UE

TR, BATRIERZESBAHP R, HET LR 2 RIER JLEk s T 204

11.2 #&FHF

NESEHER? selection sort) RYLAERBAER B8 TR —MEH, SHRMARHF XENERER/NITER, KHE
BEIEHEF X AR,

REEHRI RN n, ERHEFRRIERENE 11-2 For.

L WIaIRAESR, FrETCREAHT, BRHY (RsD XA [0,n — 1],
2. EHUXE [0,n — 1] PE/NER, FHSRG] 0 °McRcit, e, B 1 MTREHR.
3. JEEIXTE [1,n — 1] s/ e s, BHERI] 1 ARITER S, 5eUa, B 2 NMTReHF,
4. DUHEHE, 21 n — 1S seiius, Bl n — 1 M eReHT.
5. (RB—MNIeRULERRATTR, AT, KIEBARF 2N,

B 1 0sE: 8B 1 R

BHKRAFXE, EERTR nuns[k] BHFRAFXE, EERTRE nuns[k]

ZB/TR nums[k] FRAFXENENTHE nums[i]

Step 1 Step 2
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KHFXE

nums

B 2 wiEE:
EHARHFXE, %ERITR nums[k]

Cstep 3 |

KHFXE

nums

¥ 3 wiEE:
BHARHFXE, %ERITR nums[k]

Cstep 5 |

RHFXE

nums

B 4 Wik
EHRHFXE, #ERITHR nums[k]

sten 7 |

RHFXE

nums

# 5 R
BHARHFXE, $ERITR nums[k]

s

Step 11

Step &

Step 6

Step 8

Step 10

KHEFEE

TRHF (RR—NTREAAF)

11-2 EFHEF PR

ARG, ATk RICFARHF X RN R/NTER:

RHFXE

B 2wk
BHRAFXE, EERNTE nums[k]
TR nuns[k] FRAFXERENTR nums[i]

RHFXE

B 3wk
BHARAFXE, EERNTE nums[k]
TR nuns[k] FARAFXERENTR nums[i]

FHEFEE

nums

B 4 Wik
BHRAFXE, #EERNTE nums[k]
TR nuns[k] FRAFXERENTR nuns[i]

KHFE

-

nums

8 5 Wik
BHARHFXE, #EERNTE nums[k]
TR nuns[k] FRAFXERENTR nuns[i]
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// === File: selection_sort.js ===

[* EFEHE +/
function selectionSort(nums) {
let n = nums.length;
/] MBI REFFXEN [1, n-1]
for (let 1 =0; 1 <n - 1; i++) {
/] WEF: HERFFXERNRNTER
let k = 1;
for (let j =1+ 1; j <n; j++) {
if (nums[j] < nums[k]) {
k =3; /] BR&NTENRSI
}
}
/] BizmhaRSAFFXENE N TR

[nums[1], nums[k]] = [nums[k], nums[i]];

11.2.1 EiEis

IRISEZIEH O(n?), JEENERHERE: SMEFRIE n — 148, S—RIOARIFXRKE  n, FE—5
AR IS 2, BIESAMERR RIS ny n— 1, ... 3, 2HBIESF, SkAmy -Unt2)
- AR O(1). BT $55t 0 BT j SRR EO IR,
- ARRBEHDY: W 113 FOR, THE nuns[1] A ATREREME SIS RITT R, SEPIERIA
W R

FRHFKIE

oo
RITE—IIER

FHIFIAE

TERE—RIERE,
TR 4 BERIELRETHE

11-3 & AR E R G
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11.3 BaHF

MEit2HER bubble sort ) JEIdIESM LR S 2 AR TT R KBRS . IX DR G T MRRER T2 T —#F,

ESY: KE ZA=Riuke 35 28

N 11-4 FoR, B ISR AT DA TR S HUR e W R ST aaTa a3, MRIREEEH A TR K
AN, TR ETER > TR M A R, RREITTR SRS EI A R R i

nums °o°o°o

FHRARE—H R
TENNSEREFRIELL

~ DEEDEE®

(st
nums gqeoea

MEZGBHESTER:
v EORER > GARR
o BRI TR

Step 3

nuns 060°°0

MEEGREHESTE:
v EBRER < BATR
o HHRTE

l Step 5 J

Step 7

11.3.1 E&imiE

nuns Q‘egeo

MEEGEHESTE:
v EAnE > BTk
o B ITER

Step 2

nuns Qeoaeo

MEZEGEEHESTER:
v EARER > BATR
o BT TTE

Step &

ceooé§

MNEEGEHESTE:
v EBRER > BATR
o BRI ITER

Step 6

KIE IKE
nums oeoooe

WH n-1 MRS

BHZERSE,
BARERT HAE

B 11-4 FIHTRHBRER S I

REAHNKE N n, BiRAFFRPERINE 11-5 frr.
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L B, XN n NICRIT BT, RBERERACRHEIEMAE.

2. TR, MERn — 1ATTRWT "B, K Ao IEmAIE,
3. UMK, i n — 1% “Hilg” 5, #in — 1 KECEARPEHE IEmAIE,

4. PORIIN— A LR e/ VLR, T, NS 2.

“‘BikET  KHFEE

i Spyrr -3
- 00000 T

WiTE 1 BER

HEZEES a -

WITE 2 ®ESR

- 0

HiTHE 3 BEBR

=
820 8 -

&l

=

[o,

MITE &« BEE

8800

ATE 5 ®EE

~ 08000

TRHF RR— T TERLHHF)

[o,

[o,

K 11-5 BiEHFifs

RIS T :

// === File: bubble_sort.js ===

[* EEHE */
function bubbleSort(nums) {
/] 5MEIR . RHEEEXIER [0, ]
for (let 1 = nums.length - 1; 1 > 0; i--) {
/] WEF: BRHFEXE [0, 1] PHRATERIREZXENRAHR
for (let j =0; j < i; j++) {
if (nums[j] > nums[j + 1]) {
// 3 nums[i] 5 nums[j + 1]
let tmp = nums[j];
nums[j] = nums[j + 1];

nums[j + 1] = tmp;

5]

4]

3]

2]

1]

o]
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11.3.2 %EMRK

BATRI, MRHEAE “BiR” PERA PTG, WHBEHE SR, ATERRRESER, Fit, [l
DA AN —MRAGEAL flag SRESIIXAME S, — B HBIHEZENRE],

SR (bAL, BRI I RPN L 28 O(n?) 5 (B45 A S se 2 I, ATikE)
RENAEZE O(n) .

// === File: bubble_sort.js ===

[* BAHE (rEmh) */
function bubbleSortWithFlag(nums) {
/] 9MEFR: FHEEEXIERN [0, ]
for (let 1 = nums.length - 1; 1 > 0; 1--) {
let flag = false; // #IPAKAIRENL
/] WIEF: KRHFEXE [0, 1] PHRATERIEEZXENRAGH
for (let j = 0; j < 1; j++) {
if (nums[j] > nums[j + 1]) {
[/ ¥ nums[j] 5 nums[j + 1]
let tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
flag = true; // IERXMTE
}

}
if (!flag) break; // U3 “BE” RIREMITER, EREEBH

11.3.3 Hixiss

- EEZE N O(n2), FHBRHEF: &4 BN WHEEEERI I n — 1, n—2, ... 2. 1,
JRIH (n— 1)n/2 . 1ESIA flag (HALE, SREERTRIEZRE TS O(n) .

- SEREZE N O(1), JEHEHET: $56F 0 A GERIRSOR/ NN EE ),

- Rt BT CEIR BRI TR A,

11.4 {HENHEF

MEAHEY insertion sort) Z2—Ffa AUHEFFIL, CH TS PR — R AR FE ALl
HARRW, BAERHP X AESE—NMEETR, RFiZooR5HAMEH R XRRTRE — RN, HRE
TR AFERIALE,

B 11-6 R 17 EBEHIm A TTRATRIERRE, BIEMETTERON base , BAIFHZER M EFRRTZE] base Z HAIFTHTT
RGN —NL, R base WEL HIRRS



H11E HF hello-algo.com 230

nums[5] = nums[4]

Be& 3 AR nums o, N
N N L TERRR
BRI E T AREBH—f ) 2
;ll.l..-n

nums[4] = nums[3]

BRTER [
#BERES |

11-6  BARIR NIRIE

11.4.1 EERR

FENHEF RV RR RN E 11-7 FoR.

L ISR, BEHRE 1 DR eemdF.

2. IEBEHRIE 2 DITRMEN base , FHMAZEWMAES, BN 2 MRy,

3. IEHEE 3 NITRMEN base , KHMARIEWMIE/S, BEHMN 3 MR CHT.

4. DASEHE, TERJE—4eh, JEBURIG —1NICRIEN base , HHMARIEWMIES, FifixiICHy.

EHFEiE

[0, o]
[o, 1]
[0, 2]
[0, 3]
[o, 4]

[0, 5]

11-7 f@AHEF AR

ARBIRESANT :
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// === File: insertion_sort.js ===

[* FANHEF */
function insertionSort(nums) {
/] SMEF:. BEHFFETEREN 1, 2, ..., n
for (let 1 = 1; 1 < nums.length; i++) {
let base = nums[i],
j=1i-1
/] WRIEF: 3 base HBAFIBHFEIHIERHMUE
while (j >= 0 && nums[j] > base) {
nums[j + 1] = nums[j]; // & nums[j] EAFBN—L
3--3
}
nums[j + 1] = base; // ¥& base WEZEMIE

11.4.2 B

- WRERER O(n?), HIERHT: fEEEHN T, BUOEARESHRER/LE R — 1. n—2, ..
20 TR, KAMEE] (n — 1)n/2, WILRHEZREHR O(n?) . EIBEIHFEARN, HARIERIRAL
ke MEABAZERAEFN, HAHTBRIRENEERE O(n) .

- EMERER O(1), i 1854 /0 j (R EEOVNIERSNE L

- RUEHEE: ERAREERES, ROSKETRBAZMHETRNEAM, A8 ENRIT.

11.4.3 {EHENHIFBLE

AP FEZE R O(n?), TEAIERE: S PO F N RE 2N O(nlogn) » REMAHER
AORTRIE R s, HAEBR RO, dAHEE E ik,

XL S SNEE R — B AE A E IR e R, PIEHTIXE O(nlogn) LR TE T 01AK
WERHET SRS, S E 2 TR e, MAEBIRREYIE, n? Fl nlog n MAUAILAENE, SRER
b ESHI; FRPR STTER R RS DUE R

Khr b, WEHEES (B Java) FNEHFFEECRA THEAHY, RECEEN: X TREHE, RAET
SHARMIIHF IR, BIanpuEHTy; N TERE, BREREAHE,

EORF I, AR A IR RS 2458 O(n?) , (BAESZBRIGHR, $AHERS M 550%
Fea T HIEHprmEssy, Z2ALTEE,

- B E T TR, TEMB— DR R, PR 3 NI, MmAHEE T TRMESL
B, 1 DEITRiE. Fit, BINHDFEHHRITRE R LA HE 5,

OEFHEF TSR RN REREEN O(n?) o WURGE LR A DS, FBAHDTIE ik
PP BR E .

- IR AEE, RN AT 2R,
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11.5 REHIF

MPEHER quick sort) B — R T ARISHIHEF R,

N

=17

R, Mz,

PIEHE R OERER “THIERI ", HERE: RPN TR R, /TR
RUTTRBEIHAEM, AR TEBEETTRBEIHAM, BARKE, IHIXI RN E 11-8 Fror.

1.

A iR /e T R E N EERL, WAL NMEEE LRI 5 o allda e R,

2. WEMER, EFRAER L G) 2RSS PHERELCR () BITR, KRR ITR,

3.

v

Step 1 B
left right
v v
- (08088
A A
i b
def partition(nums, left, right):
s
i, j = left, right # B nums[left] Has
while i < j:
while i < j and nums[j] >= nums[left]: # MEAERENNFRESNTE
j-=1
while i < j and nums[i] <= nums[left]: # MEBGHREIATFEEROTE
i+=1
nums[i], nums[j] = nums[j], nums[i] # XFPTR
nums[i], nums[left] = nums[left], nums[i] # BEEBTRERFHANDIAE
return i # EEEERIRS|
Step 3 BN
left right
v v
el o [ [o]-])
A A
i bl
def partition(nums, left, right):
RIS
i, j = left, right # LU nums[left] HEs
while i < j:
while i < j and nums[j] >= nums[left]: # MERARE NN FRERNTE
j =1
while i < j and nums[i] <= nums[left]: # MEMGREIATERERNTE
i4=1
nums[i], nums(j] = nums[j], nums[i] # TREFN TR
nums[i], nums[left] = nums[left], nums[i] # BEAMTRERTFHRANSIREL
return i # EEEEHMRS|
Step 5 BHEH
left right

i)

def partition(nums, left, right):
RIS
i, j = left, right
while i < j:

while i < j and nums[3] >= nums[left]:

j=1

while i < j and nums[i] <= nums[left]:

i+=1
nums[i], nums[j] = nums[j], nums[i]
nums[i], nums[left] = nums[left], nums[i]
return i

~ 000000

LU nums[left] AEE
MEBERE NN TFRERNTR
MEBEREPATFRERNTR
TP TR

BEESZRERFHRANSIRE
BEIEEHAFS|

Step 2

Step &

Step 6

BER
left

nums

def partition(nums, left, right):
e
i, j = left, right
while i < j:

while i < j and nums[j] >= nums[left]:

j-=1

while i < j and nuns[i] <= nums[left]:

i+=1
numsfil, nums(3] = nums(3], nums(i]
nuns(i], nunsileft] = nums[left], nums[il
return i

Y34
left
v

TEIATE B 2., HE LM § EERHELE, RIEREESCIHREND TR 7 FH ik,

right

#

#

#

#
#

B nums[left] HEEH
MEREREMNTFEESBITR
MEBEREPATRERNTR
TR

RREBRERTFRANSFE
EEEAERHRS|

right

v

.q!pag]

1 J

def partition(nums, left, right):
[

, 3 = left, right

while i < j:

while i < j and nums[j] >= nums[left]:

j-=1

while i < j and nums[i] <= nums[left]:

i4=1
nums[i], nums[j] = nums[j], nums[i]
nums[i], nums[left] = nums[left], nums[i]
return i

rtition(nums, left, right):
g

i, j = left, right

while i < j:

while i < j and nums[j] >= nums[left]:

j-=1

while i < j and nums[i] <= nums[left]:

ie=1
nums[i], nums[j] = nums[j], nums[i]
nums[i], nums[left] = nums[left], nums[i]
return i

#

#

#

#
#

#

#

#

#

B nums[left] HEEH
MEEERENMNTFEESHNTR
MEBEREPAFREMTR
AP D TTHR

RRESIRERFRANIRE
SEEE MRS

Bl nums[left] REER
NEHERE NN FRESNTR
MEBEREMATERBHITR
XA DT

BEESZRERFHRANSIRE
OISR
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Step 7 BN
left

right

: :
- (00088
s ,

J
i

def partition(nums, left, right):
RRS
i, j = left, right
while i < j:

while i < j and nums[3] >= nums[left]:

EECE!
while i < j and nums[i] <= nums[left]:

i+=1

# Bl nums[left] JEA

# MNEAAREMNTFRESNTR

# MNERGHREIATRERNTR

nums[i], nums[j] = nums[j], nums[i] # STRERA TR
nums[i], nums[left] = nums[left], nums[i] # BEEMZRERTFRANSFE
return i # BEEEHMRS|
Step 9

11-8 M7 20 3

def partition(nums, left, right):

while i < j and nums[j] >= nums[left]:
j-=1
while i < j and nums[i] <= nums[left]:

nuns[il, nums[3] = nums[31, nuns[i]
nums[i], nums[left] = nums[left], nuns[i]

‘RIS TG, REMTRN
EFHAERTER < BEY < AFHRAERTR

right

v v v
e\

nums [noaan
\ —

# B nums[left] HEEH

# NERAERE NN TFEESNTR
# WNEREREMATERBRITR
# TRXFEDTE

# BREBCRERTHANSRE
# BEEESHERS|

LRI e, RS =50 78, Bl A8, Bk “ErBAEETRE <&

R < AFEAHERTR". B, BITHETR

(r) P HER 9 7 6 R
w W SE 3173 B SR PR A — M B O HE P (P R A N R R R 1A)

// === File: quick_sort.js ===

[* TTEXM */
swap(nums, i, j) {

let tmp = nums[i];

nums[i] = nums[j];

nums[j] = tmp;

[* HEXID */
partition(nums, left, right) {
[/ BL nums[left] FEELR
let 1 = left,
j = right;
while (1 < j) {

while (1 < j && nums[j] >= nums[left]) {

XX R THER
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j -=1; // NERERENMNTFEERN TR
}
while (1 < j && nums[i] <= nums[left]) {
1 +=1; // NERAREMATEERNTE
}
/] TTEXIR
this.swap(nums, i, j); // XA NTE
}
this.swap(nums, i, left); // BEEHREER FEEN D RL
return i; // REIEEHNZS]

11.5.1 E&Eimig

PRIgHE R R RAA TR ANE 11-9 FR.

L B, XEBART IR “THR5”, RERHEFR A T BERN G T8,
2. )5, MWEFEHNG TEADRIETHT IR,
3. FiBaH, ERETFHEAKEN 1 INEIL, MHiEBEEN ST

\
= EEEREE

o1]3
FREA
o1]3

8 CEEE

HEERIS

FraEEE T W

I FHA CBPAGTHREA - HEFREAKER 1 W&

BIFTSERk ¥ B HEF
HE

vl THERS

nz

2
D880

&

ik [ k@i &1

B 11-9 PdHerifs

// === File: quick_sort.js ===

[* REHE */

quickSort(nums, left, right) {
/] FEAKERN 1 R IE#)T
if (left >= right) return;
/] EEXD
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const pivot = this.partition(nums, left, right);
/] BIFEFEAE. HFHA

this.quickSort(nums, left, pivot - 1);
this.quickSort(nums, pivot + 1, right);

11.5.2 EiEisE

- NEEZER O(nlogn). HIERHNT: fEFIER T, MERIZHNEHELCN logn , BEHRIENE
W, BMER O(nlogn) MR, 7ERZEMEILT, S IRIMRIERE N n BOEEHRI T
KRR O n— 1 RN TEAL, IEIRBIAEB0AE] n, FEHIERECH n, SUAGER O(n?) IHE,

- BEEZERN O(n). RHHDY : EMABEZE2EFIER T, BRREZBVRE n, A O(n) tk
MR, HEF R R AR TR, RASBIRIMNE,

- ARREHEE: R RG22, BTSSR E TR AIA M,

11.5.3 REHIFEAT AR

MR ERERER H, POEHEFERCRTTH N 2 BA —ER LS, RE PRI PN RIS R ES T
R A CHEHERT MR, EDEE POEHEERRCR e, EEA DU REL,

- HBURERE U BRI BAPUREEFNRERFE2E N O(n?) , WHIDHHIFRE, BE4R
ZRIEBUR, PuEHEFRETE O(nlogn) MINHE & E FIiBfT,

©OBRAHEMRCRS: EITIHRRI M RIEN, REATREBEAD FRAMBRIZRS, FITiRTRIRRE
o Mg “HEHERE” XRBEFREBRIFITER, MMEZix—4Rt,

- BNERREBARRUN: £ ER=MEERS, s R tb WRE, RERSERENEEER D, X5
AT b “EiEHET E AR,

11.5.4 EEHRK

PRidtHE R S 2\ SRR RBSCR AT RERRIS, 28— PHSmB T, B ABEHZE2R/FEN, BTHRIERE
IRETCRIENEERL, I2TEN XD 7e e, BB Bdntm, SEETFEHARE N n — 1,
AFEAHRKEN O, BN X, SRR ERE FRARERN 0, 2ERIEEN, PisHirzRL
Hy “EIEHEE,

N RBERGRIXAEOURLLE, AT AL SR 53 v AR RO ORI filan,  FefiTn] PABEHLIZR — 1
TERIENEER, AW, WREAME, BIRANERIAEEREER, MRMARRWAE,

TEERNE, FWEESEFEEREE “OhREHIEC . GIRIRATE X Do BERL R 5L A — R I IR 1
AR 2 PRIEHE PP B RRATI PR PT RES 1o

NTE—BUGHE, BATUAEBATIER =" kR (BFHNVBANE. B, PRITR), HRIX=Amik
TCRAPPABA AR, IR0k, B "B/ MBARKR” BIREREE RIS T, R, FABER A
VEHUE 2 e, DI — SR m IR, RAXFTIEE, MRERESLE O(n?) MHERAK
R
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ARBIRESA R :
/] === File: quick_sort.js ===

[* EEN=MEETRAPAIER */
medianThree(nums, left, mid, right) {
/] WRMERREIEERE LALD
/] BEMUWA 020=121=0,0~1=120-=1
if ((nums[left] < nums[mid]) ~ (nums[left] < nums[right])) return left;
else if ((nums[mid] < nums[left]) #~ (nums[mid] < nums[right]))
return mid;

else return right;

}

[* HEXS (ZEHEHE) */
partition(nums, left, right) {

/] B = MEETT R ALK

let med = this.medianThree(
nums,
left,
Math.floor((left + right) / 2),
right

);

/] BRI E AR iR

this.swap(nums, left, med);

/] BL nums[left] AEIEE

let 1 = left,
j = right;

while (1 < j) {
while (1 < j && nums[j] >= nums[left]) j--; // MGBEEZKENMNTFEEHRNTE
while (1 < j && nums[i] <= nums[left]) i++; // MEBAREMNATFEERNTE
this.swap(nums, i, j); // KXW NTEH

}

this.swap(nums, i, left); // BEEHRERFHRAN S RE

return i; // REIEEHZES]

11.5.5 E#Jakk

TERLEEA T, POEHbP T RE S BRI, DUE A PR ARG NG, BT FEEHREN m
FRMHSCXI R P A KDy O B TREHMIKE Ny m — 1 G T8, RXEWE T —RIE AR
RIREEARAE RN CURD—A T R), BIARIEEREE n — 1, HINFEZESH O(n) K/ E L,
NT B IEEE RIA R, BATA] DHERRIE I P 52 hUE, AN FREHRRKE, DO BRI B
7%, TR TR KEARSED n/2, FHXF7 SRR TREAET logn , M RZEZS
FIEZEMRILE O(logn) . AEATTFAIR:
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// === File: quick_sort.js ===

[+ REAEE (BRJAMRE)  */
quickSort(nums, left, right) {
/] FEAEKERN 1 H&LE
while (left < right) {
/] THERIDIRME
let pivot = this.partition(nums, left, right);
/] FEADNFEAPBIGI NPT RIEH
if (pivot - left < right - pivot) {
this.quickSort(nums, left, pivot - 1); // EIAHFEAEFEA
left = pivot + 1; // FIKREKHFEXEA [pivot + 1, right]
} else {
this.quickSort(nums, pivot + 1, right); // E)IHFAEFEHA
right = pivot - 1; // FKFHFXEA [left, pivot - 1]

11.6 AHHF

MAFHEY merge sort) Z—METARIKIHF R, ©EE 11-10 ForK “Xn” 1“6 M.

L. XIoBrEe: JESIEBITARWTHER R N AL T, R KB A HE R M8 40 R 28 2 B HE e L
2. BB HTEEHKEN 1 INIEXy, THAEEI, RS AAM NEUERE P EEHEH I — DK
KIEFHEL, B4R,

EEEEEEE

b 7121

) s
IR

- BHEME

B 11-10 IR 5 & FF B
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11.6.1 BEEHE

i 11-11 Fow, KRB IR R A s 8] b s ) 0 A A 5L

1. HHREESHP R mid, BEAXID A TEH (XH [left, nid] ) FHEFHH (XFA [mid + 1, right] ),
2. BARTHE 1., EETEAXRAKEN 1 &L,

“BIHHER WERETUR L T BANG TR N~ M E R, FEEERR, WREN 1 T8 ET

meE

[ Step 1

[ Step 3 ]

l Step 5

[ Step 7

#ERS <

Efi&EsH

#ENS <

Ei&H -

#EAS <

EMEH <

EEH -

mEEE

R
EJ12 40

. g

Ed1 40

&g

T

B2
EJ1 40

, AFFHEARRE T EAER A PR,

Step 2 |

( Step 4

Step 6

Step 8

EEYS <

EHEH -

BEAYS

EMEH -

#AYNS <

EHEH -

#EANS <

E#EH

BEZE
(7]

AR
EJ1= 40

etk
KRG

fREA
bR
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BAYNS <

l Step 9 Step 10

11-11 JHFHER B

WER KB, VAFFHE 5 = SR P D i I U 2 — 2,

- PP ST, EBIAA T, mRIEEEART R,
VPEHT: BT, MEING TR, RELEEIF,

H I HER B SEBAn AR RS AR, TETER, nums UGS IFIXEY [left, right], T tmp AR X [A]
[0, right - left].

// === File: merge_sort.js ===

[* BHEFHANAFEE */
function merge(nums, left, mid, right) {
/] EFEAKEN [left, nid], BFHAKEA [mid+1, right]
/] BIE—NIGEEE tmp , BTFEREHENER
const tmp = new Array(right - left + 1);
/] ¥IE A FEAAR A F A RIRRIA RS

let 1 = left,
j=mid+ 1,
k = 0;

/] BEAFHABEETEREN, #HITHRHER/NNTRESFIRITEAH
while (1 <= mid && j <= right) {
if (nums[i] <= nums[j]) {
tmp[k++] = nums[i++];
} else {
tmp[k++] = nums[j++];
}
}
/] BEFHANGFEHANTRTEEF TG EER
while (1 <= mid) {
tmp[k++] = nums[i++];
}
while (j <= right) {
tmp[k++] = nums[j++];
}
/] BIEEEE tmp RRTTREFIEIREE nuns AIXRZX 8]
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for (k = 0; k < tmp.length; k++) {
nums[left + k] = tmp[k];
}
}

[* VAHHEE *+/

function mergeSort(nums, left, right) {
/] BIEEH
if (left >= right) return; // HFEHEKERN 1 BFLIEER)T
/] RISDFEE
let mid = Math.floor((left + right) / 2); // itEH=
mergeSort(nums, left, mid); // 3RIILFEA
mergeSort(nums, mid + 1, right); // #JIGFEA
/] BHNE

merge(nums, left, mid, right);

11.6.2 BHiESE

- MBEAYEN O(nlogn). JEEHERIHETF: RISFAEREY logn WMEITH, SEAIHIRIELR
N, BEIEKREEZZEN O(nlogn) .

- SRR O(n). WESOHDE: WIAREN logn , HA O(logn) K/MIBMEN, &IFRMER
FEONRIIAESTE, I O(n) K/ MOBNESIAL,

- R TESIRSRR, MR R R,

11.6.3 §ERHIF

MNTEER, FFHFHE AR T Bt FIA R A B 05, WBLRBERHIPES I MEREMILE O(1) .

- KRB ATDUER] OB B BT SRSSEIRERI > TAE, AT A ) 6 A B A A,
© AIEREL: fERERT, TRBEMERCERACES I (EED) BIRTSCE, REEFFME RN EE P EE
RAEHN—DRAFHER) TCHOTEIIMER,

BRI a2, L B ] DA PR G R T2 ST
11.7 MHIF

O BERATIH, TEWRE e “HE “E,

THEHER? heap sort) 22—t THEEHRA LB MG F BIL. BT DA ELFER “EHERE"
“TURHHERE" KIHEE
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L BB RN N, N R NT R AT HE T
2. AWTHRAT HHERRME, RUUCSRHHETR, RIRIREIMWNEIRHRFRIF A,

AETTEEREIRRIAT, (HREMH— MM R ATTER, RS, Kb, TATEHEH
— R AR LB T 3

11.7.1 HEEE

REAHKEN n, HEHFPRIREINE 11-12 Fr,

1. BAEEHFERTE, SEE, RATTRATHEDL,

2. FHEWOTR (B—MIeR) SHIETR (BE—ITITHR) K, ey, #IRER 1, BT
2EEM L,

3. MHETRTTEFFAR, MIRBIRHITHEIRME (sift down), SERHELSG, HERMERGEIBE.,

4. TEATER 2. SRR 3. o T8 n — 1 30J5, BIRISER8i k.,

@ Khr b, JEREOMEREPBEEE 2. PNE 3., HEZ T - PHHTRIDE,

1/2gak\x
SHIF /o @ S

p

-

(

©
A4

L A\ /4
/\ / 1. mAmEnEE / \ 1. mAmENE
\’ ) \’ ) @ 2. EFRAEDRREATE (0/ @ @ 2. ERAERRERATE
PR (1) SETEESRETE (1) TR
B Q) WRER#TEL ROENRE EHFER
EOHART , o
nuns @aﬂng\ ws (HO00808
BTTR BETR -
Step 1 ‘ Step 2

<@ @ s @ e\ -

1. WABURFHEME 1. WABUAHRIE

A A p _ PN B
o & 3. o , N
0060 EFAERRTBAT R © 00 R AR RRBA TR

(1) TR RSHRETE (1) ZHRTIERSHETE
HIWHRER  BHFER () WREEETHEL SRR SHFER
s (3BO0008 w: ([O0000

Step 3 ‘ Step 4
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O,
o o
000

HEHEE SRR
w: (20808

[step s ]

O
© o
000

RNERRE EHFXE

~: (DE0000

‘{@
e o

000

BMENRE EHFXE
w (00000

l Step 9‘

-]
o o
000

QWENEH ENEEE
- (00000

[ Step 11 ]

SEHIF

1. WINBCAHERE

2. BRMEFREBATER
(1) ZHSETRTRSHEETR
(2) MTRERHTHA

SEHEF

1. WINSAHEE

2. BERMEPRIBATE
(1) HETMTTRSHERTE
(2) MNTRERH#THMW

SEHEF

1. WINBAAHERE

2. EFMEPRIRATR
(1) HETMTRSHERTR
(2) MTRERHTHEN

SEHEF

1. WABURFHEE

2. ERMEPRIRATER
(1) ZEMTRSHEETE
(2) MTRERHTHEN

o
@ ©
000

HWARKE BHFXE

- 00000

"o

o0

ﬁwﬁ#zﬂ BHIFRE
nuns (8 / 2 a

Step 8

Step 6 |

-]

o
e o
000

ENENKE EHFRE

e

N N
w (00000

Step 10’
BHIFKIE
— @00000
[ Step 12

K 11-12 HeHER P

SEHF

1. BAKGEHEE
2. BFMERREBATE
(1) RETRTTRSHRTE

SEHF

1. BINBEAFERIE
2. fEFMEPRERATER
(1) RBETTRSHERTR

IEHF

1. BWNBEAFERME
2. fEFMEPRERATR
(1) ETRTRSHERTR

SEHF

1. WABUAFERE

2. EFMEPRERATR

(1) EMTRSHERTE

(2) MIREE#HTEW

3. FR—ATRERRE, HF5ER

FERIGSEIE, BAER 75 “HE” Z=5AERR AT RHE sift_down() L, EFEERE, HTHER
KESBEERBURATTRTIRVDN, FHEBIFRES sift_down() REGRIN— M KESE n, HATHEEHENY

HIEROKE, S RAR:
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// === File: heap_sort.js ===

[* HERKER 0, MR 1 FFE, NIREKRHENL */
function siftDown(nums, n, 1) {
while (true) {
/] FIETHE 1, 1, r FERANTSR, 124 na
let 1 =2 * 1+ 1;
letr=2*1+ 2;
let ma = i;
if (L < n & nums[1l] > nums[ma]) {

}

/] BETR 1 &AHES 1, r @R, WEnsssgd, Bk
if (ma === 1) {
break;
}
/] AR
[nums[1], nums[ma]] = [nums[ma], nums[i]];
/] TERE T

i = ma;
}

[* HHRF +/
function heapSort(nums) {
/] EMERLE: HARH TR USMIEMAAE T R
for (let 1 = Math.floor(nums.length / 2) - 1; 1 >= 0; i1--) {
siftDown(nums, nums.length, 1i);
}
/] MEERREEGREATTER, BF n-1 8
for (let 1 = nums.length - 1; 1 > 0; 1--) {
/] RBRBETREREHTR (RIRETESERTR)
[nums[0], nums[i1]] = [nums[i], nums[0]];
/] VR R s, MIRERHITHL

siftDown(nums, i, 0);

11.7.2 EES4

IREZRER O(nlogn). JEEERHEE: BHERIEGH O(n) NE, MHEPIREURKTTRIIN RS
2N O(logn), HIEHRn — 148,
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- BREREN O(1), by : JLMEEERMEH O(1) Rl TTRHAHEMEREE LIRS
HATHI,
- AT ERHUETUTRAHERTTERN, HE TR A B RER LR,

11.8 1@HiFE

AT LAHEFP IR E T T IERAHEP IR, el TR B/ NSRS . R HE P RIER
NEERETEBER O(nlogn) . 3K, BATRHRN UM “GELLRHIFEIE", ©NIRIN B AT DUS
LR

HHERF bucket sort) 2 IGARIGHT— DA A, Elid B — L BA RN R, &R N —
PEVCH], IR ISR I, 5, BB IRNERDBIAITHY ; REHEIMEIINT /a8 S
o

11.8.1 HEE2

FE-MERN n B, HTREEE [0, 1) WHFRE. MHEFRmRmE 11-13 Fix,

1. WHA kM, K n DITRECE] kM,
2. MM APITHT OXERAGEE S HINEHFEED .
3. TZHRAE A NEIRRII R B4R

it (0.5 055 0.2 [0.05]0.57[0.43 0.1 [0.75 [ .15 o .37 |JEERE T PSeS
— = = —— SR RIBHER
HEMED5
buckets #Lﬁﬁﬂ?
MFEE le, 8.2) [wﬁeA) l0.4, 0.6) [0.6, 0.8) [@éLm
/ : / IR
. SRS 8 N BHER
SERBEA
nums
Bl 11-13 AL
HASN RRR:
// === File: bucket_sort.js ===

/* HHE */
function bucketSort(nums) {

/] Ma k = n/2 DR, FTHIRESMEDE 2 PER
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const k = nums.length / 2;
const buckets = [];
for (let 1 = 0; 1 < k; 1++) {
buckets.push([]);
}
/] 1. BEATESRIEMES
for (const num of nums) {
/] MNEIRSEER [0, 1), A num * k BRETEIZRSISEE [0, k-1]
const 1 = Math.floor(num * k);
/] ¥ num FODEME 1
buckets[i].push(num);
}
/] 2. WEMEHRITHE
for (const bucket of buckets) {
/] ERRERFRE, WrIUBRREMEFESEE
bucket.sort((a, b) => a - b);

}
/] 3. BOBEHER
let 1 = 0;

for (const bucket of buckets) {
for (const num of bucket) {
nums[i++] = num;

}

11.8.2 B4

MHERIE A T AL PR BRI R, Bilan, MABRE S 100 A1ITR, HTZERRE, RENFLE R
PEIEFTEEEE, R, FTRCREEE I 1000 M, RE0 RIS MR THY, BIEREREH.

- INMERER O(n + k)« RICRES DR PN, BAGEIRARTTREEN T o RRHF
AR O(F log ) WA, MHEFEATERMER O(nlog 7) MR, iR & EREKR, IR
JEMERT O(n) . SHEERNFEZERHTIAMMTER, €% O(n + k) N,

- EERHE: fEREE R, FTASEREOEE M, BHEFIZRER O(n?) K,

- BHERER O(n + k). AR TEED B AMRAUES n ANTTRGEIMERL,

- WP R SR BUR THEF TR RN R SRR

11.8.3 YNfAISCINFEIY 5L

Wit B R E A RIS ERTDUBE] O(n) , REHETROTRINMERIE D, KOS rEdEdarg
B5orAaR. B, BATEEREE L RIFTH SO e - 2 ECE] 10 M, ER SIS 1A,
8T 100 JTERYIER 2, @& T 1000 STRYAER Do RS XEEEI 20 10 4, S MR RS SEZEER
FEH K.
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MBI, BT DA — R REM 0 L, FRamistn 2] 3 M. Blse in, MRS
BRI R 3 T, HEFAMPRTRBER KRB,
G 11-14 foR,  IXRUTIEAARR B2l —HRRIAn, Hin@ibmn R ER TR, SR, A —ERHE
R BRI N 3 M, BRI 75 TR Bda R R R T B

EmiiE
e BURRINER
B —- g5% 20% 15%
MEKE BB
; T
HEXE — 100 100-500 >500 <10 8%
10-20 13%
z -_ 20-35 12%
18% 35% 35-50 10%
50-100 12%
<10 ~1050~._ 50-100 100-500  20%
- |
(e ) ‘ e >500 15%
13% 12% 10%
10-20 20-35 35-50

& 11-14 BRI

QUERBRATHR AT RIS R AL TR AR 240, W] DURSEBARBER  B B R BT 2 ER. (ESERERR,
BARDAHA—E T LR, AT DURIEEERESR ROR AR B T B,

N 11-15 FoR,  BAMRE R S ARMIE S 2040, IXFEREAT DS BRI E MRS X TR, AT R i -3 7 i
FFMA

HETE

0.4

0 3 10 25 80 200 +oo Bt
« 0 0000 O

e E <3 3~10 10~25 25~80 80~200 >200

11-15 HRHEMER 2340 K1 94
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11.9 it¥HIF

MR counting sort) B ST REERLB Y, JEH N TEEEA.,

11.9.1 fEEASCIR

FeokE —MEBARIB T, BE—NEEN n BEEH nuns , EHHPRCEER “AEGFEEC, HEHEFEIRR
FRUNE 11-16 FimRe

1. B, IREEFEREE, iIEhm, REAE—DKERN m + 1 FHEBIEH counter

2. {83 counter it nums HAEERIHIIREL, H A counter[num] X M EIF num FVHEBIIREL, Giitt i
R, HFEET nums GRYFETECTHN num), 404 counter[num] #4411 BIA],

3. T counter BN RIIRARGT, FHMY TFIRERFZCEHIFH 7. % K, FA1ED counter ,
AR &2 BBV N BRI EE nums BITAT,

FFHIF®4E nums

BA nums HEEITEEFRIHIRE
counter[num] T num AVHIRE

= WP 0 1 2 3 4

B counter

. WA counter , FEEF
‘ - FRHIREBIAN nums EIR]

# R S by s
PN T To [+ [+ [+ = [+ [+ [+

K 11-16 G 7RfE

KA RFR:
// === File: counting_sort.js ===

[* EHE +/
/] BREW, TERATHEIR
function countingSortNaive(nums) {
/] 1. FIHEARAITE n
let m = 0;
for (const num of nums) {
m = Math.max(m, num);
}
/] 2. FiHEHFRIHINRER
// counter[num] XZF num BYHILRER

const counter = new Array(m + 1).fil1(0);
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for (const num of nums) {

counter[num]++;

}
// 3. i@ counter , BRITHENEREUEA nums
let 1 = 0;

for (let num = 0; num < m + 1; num++) {
for (let j = 0; j < counter[num]; j++, i++) {
nums[i] = num;

}

(r) TR S HER R

w MIFHEP I R, BATAT LR HH 8 T counter BIEDNRI IO — A, K5t
TR REEER S N ITR D BCEN BRI, AR L, TG R R A T
I — DRl

11.9.2 STESI
MOANEFATRERINT, MRMASBIERNSR, RSP 3. BT, RS ASEER RIS g, 1A%
TR SIS CRRR AR R) MRS THET, M RE R HREA I I HE R 45 5

LI A REAS B S BRI HE P &5 SRIE? FATTE JE TR counter Y “RIZRAN", B X, K51 1 ERIATEA
prefix[1] FTHAA L NITRZA:

prefix[i] = Z counterfj]
7=0

A M BAWIHE X, prefix[nun] - 1 fAHRICE nun TEGI B res higfG —IRINIIRS, XMEE
JEHCHE, ROVESIRBEANS N ICRMIZHBIAES RBAENINMIE, 5K, BAEFEDEEA nuns 1Y
BATLER num, FERRIEHHITLA R

1. ¥ num SBEAZNA res S| prefix[num] - 14b,
2. DHIZEH prefix[num] B/ 1, MR NRGE num FIES(,

wseUs, A res MR HIFHRIZER, RIS res B FEEH nums BIH], & 11-17 R 752 8AL
B,
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R nums

BFoum 0 1 2 3 4

HEHE counter ua

JEF nums HYEHEMRFRHIDRER
counter[num] X% num EHIVRE

[ step 1 |

¥4 nums

®F num 0 12 .
BIZEH prefix nnﬂ

(counter)

EIFFER nums FEISADTTR num , SERIT:
1. % num A res WF5| prefix[num] - 1 &
2. PHIZM prefix[num] BE 1, MTEEITREE nun MFR3|

Step 3 |

R nums

LRBEA res

BF num
uzn prefix (E)E)EEDE
(counter)

EIFER nuns RS NTE num , SERIT
1. % num A res WF5| prefix[num] - 1 &
2. PHIEM prefix[num] BE 1, MAEEITREE nun BIFR3|

Step 5

R nums

LRBEA res

HBFoum 0 1 2 3 &

B prefix unn

(counter)

HERERERHYE, EENRBITRER
1B res HRMEEHFNER

R nums nnnnn

LERBA res

BF oum 0 1 2 3 &4

B prefix aanam

(counter)

it# counter BFIZA, iBH prefix
prefix[num] - 1 A& num 7 res FRERHMWES|

[ Step 2 ]
num
v
R¥%4E nums nanua
SESSseN0s0

LR res

BF num O/
BISH prefix Bnna
(counter)

EIFFBFH nuns FRSDTR num , SHRAT:
1. % num N res WFE3| prefix[num] - 1 &
2. SR prefix[num] BEE 1 , MTIEETRKE num MFR3|

Step 4

num
v

= - (@000000000
LRBA res ..n.

BF num 0 01 2 3 l;

was e (OOOD

(counter)

EIFER nuns FESNTE nun , SRR
1. ¥ num BN res MF5| prefix[num] - 1 &
2. PEIZM prefix[num] BAE 1 , MAIEEITRKE num MZR5|

Step 6

F#4E nums nnnnnﬂnnnn
ERWA res unnn.

BF num 0 1 2 3 &4

IS prefix naan

(counter)

4R res EEFEHA nums BIF]

s

B 11-17 5GP 3%

TR R SEBRE AN SRR
// === File: counting_sort.js ===

[* HEBHFE %/
/] TELH, AHFNER, FERREHF
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function countingSort(nums) {
/] 1. FITHARAITER n
let m = 0;
for (const num of nums) {
m = Math.max(m, num);
}
/] 2. FiHEHFRIHINRER
// counter[num] 1X3& num BYHILXEL
const counter = new Array(m + 1).fil1(0);
for (const num of nums) {
counter[num]++;
}
// 3. K counter HVFIZM, & “HIRE ¥l “BRs5!”
// Bl counter[num]-1 2 num 7 res HERE—REBMAIZRS]
for (let 1 = 0; 1 < m; i++) {
counter[i1 + 1] += counter[i];
}
/] 4. BIFIER nuns , FEITHREBENGERIHA res
/] TIENEA res BTIERE
const n = nums.length;
const res = new Array(n);
for (let 1 =n - 1; 1 >=0; 1--) {
const num = nums[i];
res[counter[num] - 1] = num; // ¥& num BRI Z=S|4
counter[num]--; // SHIZMBER 1 , BEITXKE nun FIZE5|
}
/] EREREE res BEREE nums
for (let 1 = 0; 1 < n; i++) {

nums[1] = res[i];

11.9.3 HiEisE

IEZER O(n + m) @ W& nums FET counter , #BHEALLIER A, —BIEH T n > m,
AR T O(n) .

- BEERER O(n +m). FEFEHHT: E8 T RES AN n Fl m 1EEE res F1 counter .

- FEHDY: BT res FIEFITTRIT R “WERLE" 1, KA nuns AT DU G SR HHE T
RZAMHENALE, MMSEERERT. SEhit, R nuns HA] DUSEEMHIFER, HER
EAFRE R,
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11.9.4 B
BIXE, (RFSREHEEHEFIER 5, (ORGSR AT AT S HE . AT, s
(TR B SRR TR

TR HOE TR DU S, AR HR T HA SRR, 7R ORI R v] DU Oy e sy, R E
FERHOS FE P ARRER S D IT R Z A RN R BN, X E BRI,  rT DR T
ME—DEE, BB AONER, HrsemsamE X,

HEHF SN T8 BB BIRIE R BT, tean, 76 BRREIF m REERK, SE &G 22,
M n < m b, HEHFEA O(m) WNE, ATgEL O(nlogn) KIHEFHILIEZE,

11.10 B#HiF

E—lAE TSR, EIERA TR R n BOCEEIRTEE m BNMIE DL, BIRRITREN n = 100 M
BHATHE, M5 2— 8 iy, XEWESIRUE m = 10° JEH Kk, ERAHEEHFHESRARN
feadinl, TR A] DO X A a .

MEEUFF radix sort) OB SHHEEEF —2, EEd g M EcRLEHE, fEltEa b, BEEHEF
BT B AL BENEHERR, RO —AHETHY, AMSEIRZRHF SR,

11.10.1 EZimig

DA S BRG], BB TRIRIRAIZEE 1AL, Smsfoess 8 i, HHHNFImAENE 11-18 AUk,

1. ViR k =1,
2. WNHESHE kAT VT, iR, BIRSRIES kA WNEIRHER
3. R kAN 1, AEIREIER 2. 4kEik, HFIFTAEAAHET 24 R,

35663510 35663519 10546151
88906420 88906429 39524779
10546151 82060337 34862445
B D
s
rosois)
81883077 81883¢77 72429244
82060337 30524779 81883077
42865989 42865989 82060337
30524779 63832995 88906420

K 11-18 HEdkFE LR
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NEFIFTARRSEH, W4 d BT o, BRIOLE kL oy, ATRMER AR R AR
x
Ty, = LFJ mod d

Her |a] FRWE RS o FREE, 1 mod d Fomnf d B (BUR). W T2E580E, d =10 Bk € [1,§]

e

A, BATRE/NESE T EHP AT, (2 ] DARIEEC P HIEE kAL TH T
// === File: radix_sort.js ===

/* FRERGTE num B95E k i, EHA exp = 107 (k-1) */
function digit(num, exp) {
/] ZEN exp M3 k AILLERFELESHITRINRAITE
return Math.floor(num / exp) % 10;
}

[* R (R3B nums 5 k fIHEE)  */
function countingSortDigit(nums, exp) {

/] TEBNLCERER 0~9 , EEEKERN 10 HNiEiA

const counter = new Array(10).fil1(0);

const n = nums.length;

/] Fit 0~9 FEFRIHINREK

for (let 1 = 0; 1 < n; 1++) {
const d = digit(nums[i], exp); // ¥KEY nums[i] 5B k fi, i2H d
counter[d]++; // GitEEFE d BIHIIRER

}

/] KEIEA, ¥ LMK Fign “WARS”

for (let 1 = 1; 1 < 10; i++) {
counter[i] += counter[i - 1];

}

/] BIF&H, RERARITER, BETHREN res

const res = new Array(n).fill(0);

for (let i1 =n - 1; 1 >=0; i1--) {
const d = digit(nums[i], exp);
const j = counter[d] - 1; // 3REX d TEEUEHMIZERS| j
res[j] = nums[i]; // BHFITHREBENES| j
counter[d]--; // ¥ d NEER 1

}

/] FEREREBEEFELA nuns

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

nums[i] = res[i];
}

[* BEHE */

function radixSort(nums) {
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/] REEAMNRATTER, ATHETRAMER
let m = Number.MIN_VALUE;
for (const num of nums) {
if (num > m) {
m = num;
}
}
/] BEBMEARSANIREER
for (let exp = 1; exp <= m; exp *= 10) {
/] FEATENE k RITIHEGEE
// k=1->exp =1
/] k=2 ->exp =10
/] Bl exp = 10~(k-1)

countingSortDigit(nums, exp);

(r') P2 ARG 4iHE R ?

w FEESHHEFR R, JF—Hr 2SR RIEE R, 2Bk, AR P as R
a<b, MHE LRHFER a > b, LB ILHIGEFRAE —LIER, HTEF
P Sedm TARGL, BRI Z e HE R A HE R i,

11.10.2 Hxi54

HRB T LAY, SECHE RIS TR BRI 5, (LR B s ] DA r oM I R ok, FLAE
BB K, I, P RORIE & MR, RONERIR kK, ATRESEONTE 22 O(nk) > O(n?)

o

- INMERER O(nk): BEIEE N n. FdER d HH, BB b, W7 ISR H
O(n+ d) BiE, HFFE kEAER O((n+ d)k) BE, BHEERT, dfkEENRN, iS5
FEiEam O(n) o

- BAEZER O(n + d). FEFEMHE: 51 EEEFHER, EEHIPREEEER n M d 5 res
K1 counter o

- by Y EdEERER, BEEBdHETARE; YiEdEEAER, BEEHEF IR RIS 2ERT
HEPah R,

11.11 &

1. EREH

- B @ S AR TR R KB, @A — RS AR SR ADR A, FATTA] DR B e
R R E A LS O(n) -
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- AAHF SRR ARHE X RN TR EAZ AP XA IERACE, ARy, BAMAHTH

IR O(n?) , (T ATCERAEAER D, RIHAE NS R A HE A 55 AR 2 300,

- POEHEE R T ISR B ST . IR, A RTRERRIENE I E R AR, SBEHE

BRESILE O(n2) o 5INFBCEOE AR BN H I BT DAV IGSRN 2 (L AR, R0 77 2 LI 2
MU/ BITTREE, KeaE AL O(logn) .

- VR BRI RIS, SRIATE 7oA TREg, R, SR TR A A

$H, ZREREN O(n) ; RmHFRERN=RERETUUEE O(1) .

C MRS =P BRI, WNHEF ISR ERMERIL T 2R, EH TEIERRRA

HITR DL, AHER OSSR AE T X BdE it T 70 B

- G R R MR, EEd S SR R R BOR LB T IE TR R R

BAREEARRAE N, I HESREIRRENS F AN IE R,

- AT IES R A H RSB, BRI R [ AR A
CORHBRI, WA EIRE AR, BARRCR. RE, R U ER EE MR AT, 1E

NHABAREAFIETE A, A M BRI e AT A IX 25 fh, RSP A, AR E
RIESUR R ERIE R B H R,

- B 1119 M T ERAFREIARRCR, RUErE, wib A BIE R EE,

Pepep— CRERE
s me  me  ge | BEE wem ssur STy

wEHE o) oM  om)  o() | k@R B FEEm

BPAT . mmmE  om oM oW o1 | BE e EEE KB
EAHE  om  om)  om)  of) | mE B SEm K

PSEHF  O(niogn) Omign) O  Ologn) | H@E B  @@Em bW

f(f‘lf;'f) | @M% OMign) Omlogn) Ofnign) O | BE  #FM #EBE  WR
#HF  Onign) Omlogn) Ofnlogn)  O(1) | #BE B4  #EBW BB

BHF  On+k) On+k O O+l | BE  #FE S8

FoAF By On+m) Onvm) Onem) Omem) | BE  HEE  FEER  FER
EHHF  Omk  Onk  Omk  On+b) | BE  dERE  EEEE  EHE

TR
B, K RE
E i e ‘ HEGEFR, m NRIEEE
EMHFR, k REAE, KIERD b #

K 11-19 HFEENLE

2. Q&A

Q: HIFRIERE LM 2 H 0 TR TRR?

EISEH, BATETRER TR RN EEEITHE R, BN, 2EEERMSG &SN EE, FOmELH—
MR T eialRE#HTHY, 1530 (A, 180) (B, 185) (C, 170) (D, 170) ; HA & &EHITHIT. H
FHEFEEARRE, FILATEES %] (D, 170) (C, 170) (A, 180) (B, 185) .

AIDUKER, 25 DRI C MO BRAE Toit, WRRARPEREEA T, MXEBMIAREEIN,

Q:

WLk “MEREAEEIR” 5 “MWEFAEI" B A] P D ?
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AT, HTMCARACITTRAFIEEIN, B0 “MWEREAEER” B “WEEAEK", XA EREYR,
BATREIT— RIRE,

M ekl 97 partition() HIEfG— @ nums[left] I nums[1] o FERARHRSE, FEEELIORITTERES <= &
R IXBRER G — 4 2 Wi nums[left] >= nums[i] BFUKNZ, BORTRAE “MNEFAERR”, IBLME
AR LEFERCE KITE, WSE 1 == j NBEEAEEE, BEBAIHE nums[j]1 == nums[i] > nums[left],
S, NGRS — P R ES I — D R KR R B & ovm, SEUE K 70,

BT, BEA [0, 0, 0, 0, 1], WL “WERAE", WERIZDEEAN [1, 0, 0, 0, 0], X
PRI IER,

FHANBE =T, WURIRATIESE nums[right] NEEHERL, IBAIEGFRISK, @400 “MEELAERT,
Q: XTRIBIAMA, Mt dErIBARERIEEITREANEL logn ?

IR LR 2 BAOR [F BV 7T AR ECR .  FECIH SR B PR R BRI 0 A T8, TER @I L
J&, FREENFEHRKEREINFEBHARERN—F, RR&EER, —EN—FKE, IBARZNIEITR
JERUE logn o

B AR P, BATA ATRERIESHB T R EERIEAH, REBN T AN, n—1, ... 2, 1, &
RN n o FEIBIAMA AT DO I AR L tH B

Q: YBLAFATHCRAMSN, POdHEFIR RS 242 O(n?) 15?7 Rt EXFB L5 5 ?

B MTIREXAIEN, A DA @ IS R A =800y T BT RTEMERL (AR
JVNFRIRTHIME 2 EIZTTIET, WATTREAMEIEA, Xl BT sE .

Q: WHEFIRERFEZE N LR O(n?)?

BEWMIT, FrETERSER— M, GRRAIRA— O(n?) SkHrxEeTE, M FE fi
W O(n?) .
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F12E 94

O MERABOZ 2, B —IREIF R B S s A,
w DGR T — PEENFEL: MREBME, —UEARER.
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H12E MG

12.1 988
M43 divide and conquer), @SRRI, B—RIEH ET % WAYE ARG, 4010085 5T 879,

B “27 w7 WP
Loy GUBBY : IR R P e DA, BB ER RN TR 22 Ok,
2. i (BRIFRED . MERMRRIR/ N T REOTA, ARETUR 7 BRI AR T &I, AT i )
HIfiE,
e 12-1 AoR, “VAFFHEET 2 oERISH AN 2 —.

L. gr: AR E A (R I A8 (FRED, ST AT —MTR G FiRE),
2. 6 WEETHS AR TEAE (FRIERWR) T, WMEEIERFRESE (R .

PEEEEEEE

ra (RS

RNFRE

- (BHMER)

B 12-1 JAFFHER R Ta R

12.1.1 N{EIHIBR S 4R

— MR E S A EMRR, B USE T L HIEREE,
L. [l LA TN R] DA R SR /N, SRABIRG IR, DARCRERS DAAHTR] 75 208 T AT R 79
2. FRIBRMNIN: FRIBZ MAES, DA, TR R,
3. FRERT DIETE: R RS R R S 7 AR SR,

BAR, VAHHEF R DAL =AW,

1. FSITDAO: st RRIED X M8 (FRED.,
2. FRISURMNIE): DB A DRSO THE R (AR A] DUSSZ TSR .
3. FRERRAT AT MDNER A (FREBRE) ATLEH N —MEREH (R
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12.1.2 @I EIRFAE

SHEAOUT DU R RS, e DIRTHRIARCR, RS, PudHir, A3FHER. i
PR TiEeRs, B, MAHFER, SUREVENINA T E R,

Mo, BAIAREERR: Mt 2smianl ERTPRRRCR, HIRZBERMTA? #im, KRmE A2
TR, ORI, R AR S O SR R, X)L RISCR A 20 L B R R ) R o 1 2
XA R A] ARG AT T S 75 TR I 18,

1. #REHREMRL

DL “EEHEE o, EAE KN n ARAEE O(n?) M. BIRRIHZIEE 122 BRI R,
BAM A NP TAEL, RIS TEE O(n) M, HFSNTRAEE O((n/2)?) M, &IERN
FREATE O(n) W, BAERFEREN:

2

OM&{%PX2+W):O¢%+QM

DEEoEEaE

BiaAF
0(n2)

DEEEEERE

Bk o(n2) Ei& 0(n2/2 +2n)

K 12-2 RIp¥eHmTEN B iRy
TR, BANHRUTIAERX, BGRB8 72 jiA o R e S8

2

n2>%+2n
2
nZ—%—2n>0
nin—4) >0

XERE S n > 41, RoErREBERE Y, HIRBeRMIEE . HEE, XInJErIN RS2 ETRR T
Jikh O(n?) , HREREHINEBINENT,
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P, WERBATHE A AW PSSR A A, B T B AR DT RS IR e ?
IXFURRSERR Bt IR, INEEZEHN O(nlogn) .

A, QERBMNZEBEILNRD A, RIESEFK0 0 kADTEEAE? ZXAMERS “MHr” IR0,
EFFEAHFEREYE, it ENEERET ISR O(n + k) .

2. FHTHEMRK
BATALE, I RE T BV EARNZR, L@ E T IOFTROL. R, s7a A AT AR IR
EEARE, EHRTIREREIIFFITRL.

FHATIAE A% B AR BN U 2K, ROV AR GER] DARI AR 2 A7 (Al d, SN SE o HMI A T R
TR, AT D S AR RTIB TR AL

FRANTERE 12-3 R “HWHER" o, BATRER BRI 2 BCR 2 M, AT A RRHE R (55 70
BENRETT, EREHEEHER,

AN

K 12-3 MHEFRIFFTIR

12.1.3 98ERKA

— 77, iG] ARRIRRVE 2 22 LR AR,

© FEREGE RN ZEIRE SR R RIS, SRIE R PRI B RN, BRSO
TR XS o

- KBEEERIL: a0 Karatsuba Ji%, BRAEEEGRE 2N LB NI SRIEFIINTE,

- JEREIRTL: BN Strassen B, BIRIERERIE DN 22D/ INERE ROSRIERI AN,

- DOESEEL: POESE TR AT DUBIE AR, X2 U IR SR R .

- ORMESREXE: - DFAI, AERATEH AT R TR, IB2ZN DR R — DR KA
Wi Al AT AR v B AR, (R BhIAHHER BT SR,
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i, SHAERIEMEERAERE M SRRz,

© s SoERRRAEFEAMNFRRGIE S IEE Sy, AERE HAMES R TTRE LR,
ODUEHERRIR—FIX 1A, FFAERIR X A AT R B = 70 B4

- VDR ATTRKEN S, A,

- POEHER . PRIEHET RIEE —NMERE, REEBH NN FRE, — DB TTR AR E D,
o —FRAHRITCR LA R, AR ER AT AR 0180, EETHANFE T IR,

- MR WP A BB R D BE 2O, RER S IRNETTRI T, &ERS MR
TERMIXE, MMRE— MRS,

- B BN SRR, AVL B, Z0RM, B, B+ WEE, BEAIRIEER. EARINERSE SRR DAY
THE RIS I

- e HERRPRIRESE A TR, HARMRCE, A MHERAIHE(L, SCRR_EESRE S T rTRR) AR,

- A BRBHRIFAERNMAING, (BRERARIIRERTT REHEN A T riasks, flm, st
AR EER PR OV LB, DR ERER,

FLAVEH, iRl “EPgios” RTERA, SRR S BER .

12.2 9812 FEER

TAEZE, FREEDNHAK,
C RANER: CEOBFRIESHIIL, HEERER O(n) .,
- EIERHEER: TR B SUYRSERIS B, R A A O(logn) #%E O(1)
Sai b, W2 O (log n) ISZREE TR RIETSARIGIBUN, (B0 — S E AR,

© S ERNE PR EBAHPERERTER) AN (RS — R BT
), XM —-ERSEEEH sl R E B Rt R 1k,
- BRI B, TEIERRL AVL B, SRR T, SRHRERN RS 2R E S O(logn)

o

o BRI HAREEN TR,

- ISR PR "o EPOBTHOR R R (TR T AR T (TR — T &
£, X R TR AT R KL,

- FRSURMNIN): £ ERT, SRR DR, EANSZ H AT R,

© PRSI EIE: o EREEER - MEETR, RINARER FRIEEHT S, HF R
SRR, BRI 2 R NS RO

IMAREMS TR THERIR, ABERENRIELRGL AR —MED, MG R 0T BUHERR— %
i,

1. BEFSaERN=—28H

FEZRINETH, &g TR 020 KB, BIERMET G GBI KRELHE,
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@ BE—DRKEN n WEFEH nums , HFPFTATTRAZME K, EEHTTE target .

WASEFEE, B TEAGRK [4, ] MBI TFREIES £, 5) -
BUERIE £(0,n — 1) Jfedass, by FH LT 4 2k,

1. HEHERKN [i, j] R m, RIETHR RN,
2. WIRARBUEIR N — 09 TR, RN F(i,m — 1) 5 f(m + 1, 5) .
3. (RS 1. 05 2. %, EEHE target SIX I NAIIEN,

12-4 JEoR TR H 0 BEHOTR 6 MaEE.

oy (DE0000S000
"
s (D00 |
m

«» D000 )

A
m

BREREFTE 6 WHFSIH 2

K 12-4 ZorEEIRITRE
TESBUREGHR, BATEI— MR dfs ) ORI £(i, ) -
// === File: binary_search_recur.js ===

[* ZHEK: B (L, j) */
function dfs(nums, target, i, j) {
/] EXiEAE, KRLTBFRTE, WiRE -1
if (1> 3) {
return -1;
}
/] HEHRRERS| n
const m =1+ ((j - 1) >> 1);
if (nums[m] < target) {
/] BIAFER f(m+1, 3)
return dfs(nums, target, m + 1, j);
} else if (nums[m] > target) {
/] BAFER f(1, m-1)
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return dfs(nums, target, i, m - 1);

} else {
/] #EBtrnE, REHRS|
return m;

}

}

[* ZaEHK */

function binarySearch(nums, target) {
const n = nums.length;
/] KRR (0, n-1)
return dfs(nums, target, 0, n - 1);

12.3 =X e

(r') HBE— R X WHIETE T preorder AT inorder , 1E MM R, IR[E] — X
- IR R RIEZ Y EEEEN YA (K 12-5 FiiR).

BiFFEH
/ \ BER-Ri preorder

p

hiFiERH
inorder

12-5 5% — XA REIEEE

1. FEREET RS EEE

[ R EUE LA M preorder #1 inorder AG%EE A, J2—PNELAYRSME R,

- PSR PAS R MIRRIA VI, FRATTRTDORE R RIREKI 7 N[ R M 7e 14, MR T4,
IbE—S 8 OIAHARTT S TN TR T (D, AR AR A BA LRI 751%, HHK

DNENFR (FRED, BEERFENFR- (2R Lk,

© FRISDRMNIR: TG RO E NN, e ARA R, ERAETHIN, RIHTXE

PR 3 D AT 3t P PR 5 2 TR B R e A5 TR TR B

- FREREAILAE T — BRI TR TG TR (PRI, BATHEAT DR e IBERERYT 5 L,

S E i P R AR
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2. RIS FR

MRAE LA B3, IXIER AT CAGE A o3Ik R, (B I@EIE i35 preorder FIH)F3 M inorder SRR 72 ¥
P T RE?

HRAEE X, preorder 1 inorder #RA] PAKI S A ="1NE657

- HiFED: [ RTR | AFW | BFW 1, BB 125N 319217 ],
- R [ EFW | RTR | AFW ], GIANE 125N 9131127 1,

PAEEESE A, BATA] DOEEE 12-6 ARy EG 21K 7345 3R,

1. ARG EITE 3 BT mE,

2. BEBAIRT E 3 7F inorder FIYRS], FFZZESIAE tnorder XIS AL 91 3 | 127 1,

3. tRYE inorder RIS R, SISAE TRAIE TWAH SEE 2RI 8 1 F 3, MIA ¥ preorder XI53H
(31912171,

BHRRAMRTR

AifFiERH  preorder

(:> ERIRT ARG
@ @ HFER  inorder n FE—

: 3MER
EFHE
1497R

HiF#FE preorder nna

12-6 £ R ik A AR i P & o

3. EFTEiRFiXial
RIECAEXI 2 751k, BIMELEEMR Y, K7W, A 7WAE preorder il inorder IR GIX T, ik 11
RIXLERG[XE], FATFEMEB L NMEH T &,

- R HIR AR SAE preorder YRS E N i o
- KRR AIRTY KAE inorder EYRGIIEHN m o
- B AREIRAE inorder FINRBIXAIEH [1, 7] o

N 12-1 fr, 1@ DA B2 RIA3RRIR T 5 AE preorder S|, PAN THTE inorder AR G( X [H],

R 12-1 AR SR T RT3 P A PR e il 7 R A 2R 5 |
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FR FAE preorder HHRJZS| FHAE inorder FRYZES|[X[H
17 ) 1 [1,7]
Tt i+1 [[,m —1]
ESER ) i+1+(m—1) [m+1,7]

EER, AFMRTT ARSI (m — ) W& SO “ZEFMITRsid”, #EEr 12-7 Bk,

3 ) —
20080
preorder
A A A

<:::> <:::) i i+1 i+1+(m-1)
PFEER

inordehr a

G S

B 12-7 MR RMZEA FRIRT X ARR

4. KEBEEM
T HTHEE m HOCK, BB M7 2% hmap ML tnorder 1T EEIKE | KB
// === File: build_tree.js ===

[* HEZXK: 929G */
function dfs(preorder, inorderMap, i, 1, r) {
/] FRXEANZELLE
if (r - 1 < 0) return null;
/] RHARTI =
const root = new TreeNode(preorder[i]);
/] B n , NTIXIHEEFK
const m = inorderMap.get(preorder[i]);
/] FiRE: Mg 7w
root.left = dfs(preorder, inorderMap, i + 1, 1, m - 1);
/] FiRE: HEAFH
root.right = dfs(preorder, inorderMap, 1 + 1 +m - 1, m + 1, r);
/] ERERT R
return root;

}

[* MBI */

function buildTree(preorder, inorder) {
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/] WEKIEFER, Z0#E inorder FTTREIZES|AVBRSS

let inorderMap = new Map();

for (let 1 = 0; 1 < inorder.length; i++) {
inorderMap.set(inorder[i], 1);

}

const root = dfs(preorder, inorderMap, 0, 0, inorder.length - 1);

return root;

& 12-8 feor T - XKMAE IR, SN RRER T T AR, mEsa (GIRD 2ER
B o2 Wi NP UK S eFe VAE S

—
e @OOOD O

preorcer (3 @2 (1117
inorcer ({3 (127

=) .
Step 1 Step 2

wreorer (E)ENE)EDED
inorder (E)E)EDEDED @ /
3 9 n preorder

@ @ inorder

] sps
Step 3 Step 4

/ 3 9 PSWAl preorder
-]

9 3 B inorder

preorder [ 3 9 2 n 7 @

Cavs | 7o |

‘ Step 6 |

| Step 5 |
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/ / 7000 -
/ @ inorder
@ 3 9 2 1 u preorder @ @

9312“ rrrrrr

Cava § 7 | 501 ] 3 &= EB

[ step 7 | [Steps\

- )
. gopoa

3 = EZB

Step 9

B 12-8 HHE AR

FNEIHEREN AR R]T preorder MIH &) inorder BRI 4 RATE 12-9 AR,

preorder aa
inorder na

preorder 392 1 7
inorderal% 12 |7

preorder ([ 3 | 9 297
inorder | 9 | 3 nz 7

B 12-9 &R RBHRIRI 4R

R BN n, WHALE— DR (BUT— MBI dfs()) A O(1) I, It S AR 5 A%
R O(n) .

G R AE# inorder TERFIRGIMIMLN, BAEREN O(n) . EREBNT, B XRHBMAOVEERN, #
HREIES 0, EH O(n) KFIEbERE, FSAZRERERN O(n) o
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12.4 BB

FEVAFEHE R AR SRR AR, AT i 1] 0 T AR A S [ — 7 (AL, RTINS T 5 1]
A, BATIR AR 73 i SRS

@ BE=MMET, WA BRI Co EIIRET, H¥ A LEER n DNEE, MM ERITZIRM

INEIREINGRHES N, FRATTAESS B X n DEBBEET ¢ £, FREFEMNIERFEA
22 (AN 12-10 FR). fERShIEERE R, F5Zsy DL,

1. BEHREM AR F TR, S — AL T TR
2. BIRHRER D) — P EE,
3. /NEIELIIN ZIN TR Z b

AL L

BFAEEZEM A BHE C

J_J_ﬁ

12-10 G RIEURE]

O OF

)

BAMERED @ MDUERE I f() . Bl £(3) R 3 DR A BEIZE ¢ IIGEIE TR,

1. EEEFER
i 12-11 fow, AR f(1), B RA—DEERN, BITEEEZEM A= c B,
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~ L1

i@ f(1)

l Step 1

L Ll4

R (1) WSR:
HiERESM A BHE C BIF

Step 2

12-11 #AH 1 ARl A fig

i 12-12 fiow, TR f(2), BRSAPAEERN, b EnmehES R b, R

B RS2,

L. Jof EHE/NEE ABE B,
2. BRREEMABEC,
3. wIER/NEEM B BBE o

a1

i £(2)

Step 1 \
A B (4
R £(2) HSE:
1. SN A BHE B
2. BAEISEM A BIHE C
Step 3

R £(2) WER:
1. B NERMN A BRHE B

Step 2

A B C
R £(2) SR
1. %NEEN A BHE B
2. BAEEM A BHE C
3. BEEM B BHE C
Step &

K 12-12 #ER 2 BIa] R

R f(2) RERRRTEEE Dy R s MAE ¢, Hi, cFOVERE. B FOBEMAL,

2. Fial@SHE

MNTEE f(3), BIRYE=ABEERN, HREMME kT —L%,
ROVEHE f(1) F0 f(2) B, FRAFRATRI M SE AR REREE, 1 A DERRIPA B S A 1 — V08, TR 12-13

FREI R, XA =Rt A B2 ¢ T
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1. 2B NENME. ¢ WEMWHE, KM TNEEMABESB,
2. Ff A HBRIRE—DEEMM A BRBHIE
3. @ CONHEIRE. ANRMNAE, FRDMEEMBBEC,

A B
R £(3) WSR:
A f(3) 1. BEAEEM A BEHE B
Step 1 | Step 2
A B [ A B c
fBR £(3) WSR: R £(3) HFSW:
1. BWIERM A BEHE B 1. B EZM A BEHE B
2. BER—NERZM A BRHE C 2. BRR—ESM A BRHE C
3. BEIEZM B BHE C
Step 3 Step 4

B 12-13 BN 3 [ RI-BAE

WA EE, BAMERRE f(3) Q5 APAFRE f(2) F—AFRE f(1) o 207 RINX =47z 5,
JRIAEIRE 2 S 2RO, XA AU ARSLAY, T E MR LS,

2k, BATALREE R 12-14 FrR B ROGEE IR 16 SR KRR f (n) 35 AR f(n—1)
FI—FRE f(1), FH42RE PRI R ouX =1 A,
1. ¥n—11MEBEB cCMNABESB,

2. ¥FEs 1 ANEEMNABEEBEBE C,
3. Bn— 1P EEMEANMNBBEC,

HTFXFA TR f(n — 1), o SO PRI, HEAFR N T8 f(1). 1 (1) 1
WRTHIN, HF— BT,
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Fia f(n-1): & n-1 MESEM A BEE B

) 4
FIEE £(1): #$HR 1 MERM A BIHE C

[RiEE f(n): & n TEEM A BEE C

FiaE f(n-1): % n-1 MESM B BEHE C

12-14 fROIOEE TR REAY 73 16 SRS

3. AExEm

ERIEH, BATEH— N EITEEL dfs(1, src, buf, tar), ERIMERREHA: src TEEHY ¢ DNEELEBhE
1 buf 812 B st tar :

// === File: hanota.js ===

[* Boh—E&E */

function move(src, tar) {
/] M src TIEPEE—NEZE
const pan = src.pop();
/] BEEBRN tar TR
tar.push(pan);

[* REBSGEIEIR f(1) */
function dfs(i, src, buf, tar) {
/1 & src RET—NEE, WEEKEBE tar
if (1 === 1) {
move(src, tar);
return;
}
/] FiEER f(i-1) : ¥ src TN i-1 NEEMEE) tar %3 buf
dfs(i - 1, src, tar, buf);
/] FiEE f(1) : & src FR—NERZE tar
move(src, tar);
/] FiER f(i-1) : ¥ buf TAZ i1-1 NEEMEE) src B3 tar
dfs(i - 1, buf, src, tar);
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}

[* REBXGEERE */

function solveHanota(A, B, C) {
const n = A.length;
/] % A TAEB n DNEEEER) B B2 C
dfs(n, A, B, QO);

NI 12-15 AR, DOREERBTE R —ERS N n BEIAR, 0T R ER— DR, XM —NTER dfs()
B, BNRERER O(27), SBREREN O(n) .

) ) GO D GO GO G D

K 12-15 DA E RN )4

DUESERER H —ME BRI, EHENERN—DFEE, BENE=REROEaET, B
K 64 DR RS, BETT AR aEE, MG ERE— D EESIEHRERN
M—Zl, XMEFREEH,

R, BEERIBIIERHRN—R, BIHFEAL 20 ~ 1.84 x 10" B, &4 5850 1247,
I T B TR AT, FTR, ME X MERRER, BAIMIZATERO TR
H B2k,

12.5 &

- IHAR R WM EIRRIT RS, W (D) fis (B WARTEL, EEETIRIARI,

- HAWTR S RIGRIERBARIE A FIRES , FRER G, FRRES &),

- VAFHHEE RIS A SN F, OB TR R R 0 N E R T, BEIHRF N ITRNIT
WEREEH, MMTERHEF.
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- SIAD RIS ERE AT DARTHEIRRR, — 77, ARG TEEE; 5—77m, MEEAMTR
AT,

- oIAREA] DR 2 BIRANE, ) A TR SRR, AR

- MHERTRENER, AENERIRER, NEERER O(logn) MIEREIREH ZHT /ARG
e

- ZOBEBRSIGRIGH S NN, EANEER T REN T EIFRP B, AR U@ S
HAKH =&,

© FEMEE OB A, AR (D AT DA A e TR A (R, X AT DAsEId R
5 3 A PR e 3 P O 2R 5 | X TR R SE B

- AEDUESERIEA, — DD n @RIERT DA 2 AR n— 1 B9 7 RIS — SN 1 5 [A)
o AL AR =7 R, BRI 1S 2R,
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$F 135 [o]i

=) 4

(r) BATNFEIRE FRIRRE, ERTHEATER L a] REIE 2 A X,
w [l ) BAERATREW BHTT4R, AWK, RERENET R H .,
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13.1 [EHE%

Mal#5 1% backtracking algorithm | J&—MNEid 75 2 KRR 751, ERR0DERER N — PRGN
ik, BIERIARRRNRRTSR, SBREMIRUNREHICR, EREREIREEE 201 1A a] RERVI%ERE
RN 1L,

I RRE R R “REICER” KiEhsm, £ "X B8, BOURRINF. FRRERET
AR TR R, TR, BN &IAE — D a5 7 iR SRR R TR,

r 18—
Q ZE IR X, MEERIFIOSRATEEN 7 A, IEIR BTSSR,

XTI, BRATTHG I PR AR, FEHIR AT R AER SN T, B, MPROZT R AEIAZE RS res
Z e A ARSEEANE 13-1 F1 DA NI AR

// === File: preorder_traversal_i_compact.js ===
/* EEBEH: fIE—

function preOrder(root, res) {
if (root === null) {

return;

}

if (root.val === 7) {
/] 1BRAE
res.push(root);

}

preOrder(root.left, res);

preOrder(root.right, res);

REHEER

BIFFIEH — X,
FIEREN 7 TR

Al I8
£ @RTR

B 13-1 fERTFEI PR R
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13.1.1 ZiX5[ER

ZFR DR 2 e, RFDVZRIAEERR RN 2R “27 5 “BIR” MER, YRR RY

FEFIB RSN IS TR ST BT IR S 2 e SR AR, B AGH E— PRk, R EZ AR,
SRH A AT REATIE R,

AT, PiAE T REAAR R X7, M [ E0R AR R return MIFR “[AHR”,

EREIHIE, PIEFFAUNRISEEBORE, NiFERaX—d, BT IR — R,

7 Pl —
Q B ERITEEN 7 B R, TR MR S BhX e 12,

TEBIR— SR EER |, FRATIFRZAEB— D FIER path IDRUI A AT U8R, HITRIZEMEDY 7 897 s, )
Sl path HIRIIELERIIR res o WHFEMRIE, res HERTFIVFUEATA IR, KW RNAIR:

// === File: preorder_traversal_ii_compact.js ===

/* BiFFER: fIEZ */
function preOrder(root, path, res) {
if (root === null) {
return;

}

/] =R

path.push(root);

if (root.val === 7) {
/] iCRfE
res.push([...path]);

}
preOrder(root.left, path, res);

preOrder(root.right, path, res);
// EIR
path.pop();

FERR SR i, BATE R Y BT SR N path SRICFRIE(R; e “HDNR” A, BAIFEERIZTT M
path Hgfith, PAMREARZIAZ AR,

ML 13-2 Fonfidis, AT DS IAMENRERON “RiE” 5 “WE”, WA RIEL A,



13 (Al

hello-algo.com

276

£id: BIWH, BHRE
EB: HERS, RBEE

Sl RIEH, BRRS
ElE: RERTS, RHEE

£ BIEH, BRRS
ELE: HERT, RHEE

£id: BIWH, BRRS
EB: ERE, RBORE

S BIEFH, BIRE
EE: RERT, RHEE

Step 10

ik BITBFH, BMRE

EB: RERS, RHEE

path = [1, 7]

BEER 7, WERERNEER
res = [[1, 7]]

£id: BITBH, BARS
EB: tRERS, &BORE
path = [1, 7]

res = [[1, 7]]

i BIEH, BHRS
BB RERE, HBEE
path = [1]

res = [[1, 7]]

ik BITBFH, BMRE
ER: RERS, RHEE
path = [1, 3, 6]

res = [[1, 7]]

8k BIBER, BHRE

EhB: RERES, RHEE

path = [1, 3, 7]

BETR 7, WEREFNELR
res = [[1, 7], [1, 3, 7]]
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Sid: BITERH, EMRS
ER: WERES, RECEE
path = []

res = [[1, 7], [1, 3, 7]]]

Step 11
B 13-2 ZiA5[EE

13.1.2 5%

SRR B A EOE S — e N LR, AR E AT “BIE

7 s —=
Q YR RIEME N TR A, IERERT SR SR, HFERBERP RS
iR 3 s,

NT R A ELHRGEE, BT EABMBTERE: RS ES, FHBEHEN 3 BT, WHRANERE, A
MEHLR, B NATR:

// === File: preorder_traversal_iii_compact.js ===

/* BB fIE= */
function preOrder(root, path, res) {
/] B2
if (root === null || root.val === 3) {
return;

}

/] =R

path.push(root);

if (root.val === 7) {
/] iCRE
res.push([...path]);

}

preOrder(root.left, path, res);
preOrder(root.right, path, res);
// [EiE

path.pop();

“BIRC B MERIERNARE, E 13-3 FoR, EERERES, A R TR LR IER S
X, WRFZITRIZER, MMiEE TR,
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B BEER 3 NTESNRANRE

B AR IR S X HE R (A
MR FHEZR IR

K 13-3 MRIELIR AT

13.1.3 fEZRMES

BTk, BRI “=0K, BHR. 39K REMMERIRRLR, $RTHADAE .
TELLMHEZRAD Y, state FRMIAIYATIRE, choices FR YIRS T AT DUB AR

[* EIMEENESE */
function backtrack(state, choices, res) {
/] FIEEs AR
if (isSolution(state)) {
/] 1IBRAE
recordSolution(state, res);
/] REBHEIEER
return;
}
/] EAFEERE
for (let choice of choices) {
/] Bit%: FENEER RS
if (isValid(state, choice)) {
/] =it MHRE, BERRE
makeChoice(state, choice);
backtrack(state, choices, res);
/] EIE: HEEERE, MERZANRKE
undoChoice(state, choice);

BEROR, FAETRERRIRMBERAIE =, K state I mUBTIER, % cholces N Y a1 AL 17
RAE TR, 452R res BEEIIR:
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// === File: preorder_traversal_iii_template.js ===

[* FIETEEIRESRE MR */
function isSolution(state) {
return state && state[state.length - 1]?.val === 7;

/* IBRME */
function recordSolution(state, res) {

res.push([...state]);

[* FIESTERET, ZEREEE */
function isValid(state, choice) {

return choice !== null && choice.val !== 3;

[* BRRE */
function makeChoice(state, choice) {

state.push(choice);

[* MERE */
function undoChoice(state) {

state.pop();

/* BIEE: GlE= */
function backtrack(state, choices, res) {
/] BERENE
if (isSolution(state)) {
/] IBRAE
recordSolution(state, res);
}
/] BAFA LR
for (const choice of choices) {
/] B WEGEEREEEEE
if (isValid(state, choice)) {
/] Bl SRR, ERRES
makeChoice(state, choice);
/] #HITF R
backtrack(state, [choice.left, choice.right], res);
/] ELR: BEERE, MEDZRIHIRE

undoChoice(state);
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MRAERUE, BATERENER 7 W RUG R IZREHER, PR ERILRME 25 return IEAIMIER, 12 13-4

XL T PR B SRR return IEAIHYIRRIERE,

1R return
IERFEIRE, FRU4SER

#PF return

IORBEFEE, HEHER

13-4 {RESMIBR return FHEZRISFER L

MR TR IRE DT AR SEER, BT RIEEEZEA R SE I BAA TSR, (HEAMNELS, St 2
o] 39 ) ) DAY IR RRDR, BAT T T ARE BRI R X state # choices , FFSEFAEZEHAIEA Tk

HIET

13.1.4 EAARIE

N7 BIEMWH TR, ARG — NEIREHERAERE X, FAIRBEE =8 X RoRE], gk

13-1 Ffirrse
#13-1 & WHEREEARE
4] EX Bl =

fi2 (solution) RZMEHMFTHAIFNESR, AIREE—IHEZD

LR IR R R HIRR AT AT R &0, BHE A
(constraint) FBIR;

WA (state)  IREFORFEER —INZIRIELR, BIECEMHR

e
=ik ZBUR R A FEFORIRR RS R AIE A2, AR
(attempt) HERE, RS, RERO AR
IS [l SR 2 AN R LT SR AR ARASIN, - SRR AT TR

(backtracking) HER, HF|E—MRES

AR BT AT BT R LRI B R
BEPAE TR 3

HRTE VIR S, B path 755515

BV (G) TR, BRI path,
AW RAER SN 7

LR L SRR, EEER 3 /Y
TR IR, REOR[E|
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i Y =
U153 BTEOR MR MR A RS CE R HB2EEN 3 BRI, NIAEARSHER

(pruning) BRIZAITTIE, PITREERCR

«) I, R, IRSSERESRIEAIRY, fE0i6. B, SSHKL SOOFREPEA T K.

13.1.5 iRSRRY

[l RIEA B LR — R RETE, EXATE A RER IR 7T R E SRR R PR, X TRR)
MERAE T REASHEIFT A R RERIMRRTT 2, T BAE S BRI SIRRIE T, BARSIRE,

SR, EACHAR MR B B 2k, RIS TR nl REXE DA 52 .

- W] RIS T R RS MR TR RTRE, I TRE 2 A] DOSEIFE R BB sk,
- 2] RV R A LRI (B E, AT BIRMBI R ESE), SIREMRAN, =M
R AT RER IR RAK,

RIMEEant, IR TEAT SR e P AR ) AN 24 S 2 P B AR MRS 0 X TR BRI, ph T T i Tt g
LR PRI AE BRI, TR IRATT 60 T ] RERIE B TIE . EIXMMBOLT, REER MR,
T LHIRCERIAE T A A,

- BB RRIERIME AR TR, AT T R I AL A

- akAER: EEREETIIA LRI SE M THE, WML R A A /e A AR AL,

13.1.6 [E];¥fEY(5IRR

[ SRR T TR ORVE 22 AR AR AN, £ 5 2 AT 240 & (LA e
FRMEE: JXE[RFE HARZRE R SRR T %o

- efIRE: AE-NRE, REHFTARTRERHIIA S

© TEMAE: BE-MRASM—DERN, KERSHATENEANE T,

- DORSBRIE: 4558 =R — RN FERI RS, ZRGHTE RS —RAE T80 2 5 — IR T,
FRARERSE— M REE, HARER KBS NS -,

SR I X R R H AR R R A QR R AR

- nBiE fEn x nESE ERE N N EE, FIEEMNERGE,

OB R 9 X OIRIASHIEART 1~ 9, #1587, BYIRMED 3 x 3 TP EFEAEE,

- BEARE: HE-NERE, HaPCRaasERENTEERD, EESHESTSEEARE,
HAMALRE . XK A A H bR E— DA 2 R RS e R R R AR

- O-1HHME: AE—-dHYRN—INEE, 8N E NN ENER, ERETEERRGIN, &
BV IR S ER K,
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- ORATRIAE: FE—DEH, N, DIRETA B AR —E IR ER R, SREFERE R,
- ERKBIAE: BE—DEEE, KERRREeTE, BFEPIEREND TR Z FEEUHEE,

THER, MNTHZHSIARE, FARRIRRTT R,

01 HRMEEE SRR, DOREIE &R R,
- IRATRIE— D EAAHI NP-Hard [, 8 iR A B RIAMBEE RIA S,
- KUV EIE R — DA, AT SUORTESE B A URTR R,

13.2 £H5lin)

EHER AU IR — DRI, ERE SRS TE —MRE W — PSR HR) BT, X
HHEATTRIIFTH RTRERIHES .

R 13-2 512 T LRI, S A KA M AT E HES

£ 13-2 2HRA

PN FREHES

[1] [1]

[1,2] [1,2],[2,1]

1,2,3] 1,2,3],[1,3,2],12,1,3],[2,3,1],[3,1,2], 3,2, 1]

13.2.1 THEFRENRER

«7 A DEREEREA, HPAEEESTR, REFTHRTRERIHES,

MIEEIEI R, AT DA SIS RAR R — RTDEREIZE R, IR [1,2,3],
RPNVt 1, L3, REERE2, WG [1,3,2] . EIRERREE — e, ZEMhe2iH
fbi+e,

MIEARSHIAEE, 1RIERES cholces BMABAHTHIAILR, R state ZHZE HATCHOEFEAITTR,
HER, S8PTRAARIIESE R, Bt state PIIFTHTTRAN IZEME—,

i 13-5 Fow,  BATTAT DRRHE RIS IT R IAR, BRI RS RTINS state o MR RUT
i, A =AIEEEENAMAT R, BT RERN R — RS,
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choices = state =

F—IIERE

BEREE

BIERE

13-5 2RISR

1. EERIFEHE
T EMEN TR APOEE R, BB ESIA—MA/REEH selected , HH selected[1] 7R choices[i]
R EMNER, IFET TPl FEEHERIE,

- TEMHIERE choice[i] 5, FATTHLKE selected[1] W{E N True, R EEHIESE,
- BITIEREYER cholces B, BRIEFTA EH0EREAIT A, BNBTAL,

G 13-6 A, RIZFERAE —FLIERE 1, B4R 3, B=40ukik 2, WIREAES ok 1 197
X, HEH=HIHRITR 1 TR 3D,

&0

,L AkTERN 1, 2, 3

Bt 1 @ )
5 Q
o _l

B HREHEENTER 1

HEoRERE 3 FlakmiR 2, 3
BE o
e

HEERERE 2

HREREENTTE 1, 3
FFEETEN 2

K 13-6 2HAIBIRRHA

WEEE 13-6 BB, EORRIEEHBRZSFAR M O(n™) WhE O(n!) o
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2. 1Xfgscm

BB EERZE, BATHUAT ARSI "SR T N TR, BRI
RIS RE, TR ENRITAE backtrack() B :

// === File: permutations_i.js ===

[* EIEE: 2H5 1 %/
function backtrack(state, choices, selected, res) {
/] BREKEFTTEHNEN, BRE
if (state.length === choices.length) {
res.push([...state]);
return;
}
/] BRFREEE
choices.forEach((choice, 1) => {
/] B AATEEEETR
if (!selected[i]) {
/] =R R, ERRES
selected[i] = true;
state.push(choice);
/] HITI R
backtrack(state, choices, selected, res);
/] EIR: HEEEE, MERZHEIKE
selected[i] = false;

state.pop();

)8
}

[* 285 1 */
function permutationsI(nums) {
const res = [];
backtrack([], nums, Array(nums.length).fill(false), res);

return res;

13.2.2 EZERETENBR

O AR, BalrhlRER S EE TR, REFTAAEZRH,

B ASALN [1,1,2] . AT HERHWAEETE 1, BIMEE = 1ian 1,
W 13-7 FoR, BRI RIS LR s .
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F—IIERE

_—

B E RN EE S

K 13-7 EEHA

M2 RBREERIHFIE? RERMH, FEME—NE/mE, BERNHFIZEFETRE, RMIXFEMAT
U, BOWESREEHFIER I R BE, MSGERTRNIFIIEE, IR DO — PR RIRRCR

1. BETHEEH

WLKIE 13-8 , fE55—FerR, B 1 SR LRSI, 1EM Nk RN AT EESE 1. Fit
R % 1 Sk,

FIE, {5 —HVE% 2 25, B LA 1 thar R EE S, Rt RoE s s 1 39k,
MWAF LB, BIGER IR %, B2 A0 7T 2 DR X,

choices = state = ;]

SE—ERE

SBRRIE

BRGERE

13-8 EEHFIEIR
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2. 1Xfgscm

16 bR RIS, |, TRO1B B 1S — R TR — MR duplicated , FIFICRZIH B4R
TR, I E R

// === File: permutations_ii.js ===

[* EREE: £H5I 11 */
function backtrack(state, choices, selected, res) {
/] SREKESFTTEHREN, ERE
if (state.length === choices.length) {
res.push([...state]);
return;
}
/] BAFAERER
const duplicated = new Set();
choices.forEach((choice, 1) => {
/] B FAATEEERETRE B TATEEREFEEE TR
if (!selected[1] && !duplicated.has(choice)) {
/] Bl HEE, ERRES
duplicated.add(choice); // IBFRIERIHTEE
selected[i] = true;
state.push(choice);
/] #HITF R
backtrack(state, choices, selected, res);
/] ELR: HEEERE, MERZANRKE
selected[i] = false;
state.pop();
}
b;
}

[* 245 11 %/
function permutationsII(nums) {
const res = [];
backtrack([], nums, Array(nums.length).fill(false), res);

return res;

BOTE RPN WA, W n AEREE nl FEES] (0TR) ; fEICRERN, BEEHKEN n 105
%, {5 O(n) Wi, FEEMEEZEN O(nin) .

BABITRIE N 0, M O(n) Bz, selected ] O(n) 25, F—HARZIEH n P duplicated,
{5 O(n?) %2, WSREZIEN O(n?) .
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3. WFEIRHLL

WHEE, B selected Fl duplicated #FF T BIA:, EHFE R HARAIE,

- EAEEIE: BNMEREEFHEA— selected , BiICFEMEMYAPRESFREMLE TTE, HIEHZ
BER N TCERTE state HEE I,

- MHFCEE: BREEFE (E AR backtrack B #ELE— duplicated . BiCRIEEALR
W (for fEIR) FRfLenR Ok, HIERARMRIFAES TR APEFE—IR,

B 13-9 JeoR 7N BIRR PFR ARG, TR, MR RURER R, MR BT SRS
AN A R — N HES

o S
g_q\\ 2
BEEE— <
WtHITR [1, 1, 2] [1, 2, 1] [2, 1, 1] Lot e

13-9 MBI R RTER

13.3 FEMin)E

13.3.1 TEETEZNER

@ 87 — MEBEEH nums FI— D EARIEREL target , IHHHITEFIRERA S, (EFHETH
w TLRMET target . HEBAHATLEEITLR, FNITRAIPIERZ R, 15 SIRIZIR X
LHE, JIRPANESEEAS,

fan, HASES {3,4,5}) MEAREEE9, BN {3,3,3},{4,5} . FEEEUTMAL

SR AT AT IR Y R R,
C FERRXSTEIE, A {4,5) F1 {5,4) BT,
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1. ST LHTIRE

KELT2HFIRR, BT A F SR A4 RO R R — R R, HEEPI AP SN TR
7, HITEMET target N, SR TFRICRELERYIK,

M5 EHAIMEAREE, ASSEE PR e n] DIERRUGER, KIHTAER selected fi/REIFKILRIT
RN OPOER, FATR DO EHFIIERH T/ NMEEK, W12 A2

// === File: subset_sum_i_naive.js ===

/* EIEE: F&EM 1 */
function backtrack(state, target, total, choices, res) {
/] FEMET target B, iCRfE
if (total === target) {
res.push([...state]);
return;

}
/] BRFREEE
for (let 1 = 0; 1 < choices.length; i++) {
/] R BEFEMEE target , MIBkTZIERF
if (total + choices[i] > target) {
continue;

}

/] =ik R, EHTEM total

state.push(choices[i]);

/] BT —IEE

backtrack(state, target, total + choices[i], choilces, res);
// ELR: #HEE, MEZE8IRE

state.pop();

}

[* RBFEM 1 (BEEEFE) */
function subsetSumINaive(nums, target) {
const state = []; // KE (F&H)
const total = 0; // FE&EM
const res = []; // &RIIRK (FEFIR)
backtrack(state, target, total, nums, res);

return res;

AR A B (3,4, 5] MIEFRTR 9, MlgsR N [3,3,3],[4,5], [5,4] « HRREIHEH T HARAY
9 ¥, HHEPFIEREIN 7 4,5 M1 [5,4] .

KRR NR IR X IS T Y, SR AR sy, W& 13-10 AR, Joik 4 J5ik 5 55tk 5
JEiigE 4 AR, AHXRIR 5o
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choices = FTRHM
target =
R
JTEM >9
BRI O

B

K 13-10 FHEERSEAIE

NTERREETE, —MERABEENEIRIIFET R, HIXDITIRBCRRAK, AW R A,

- HBAHTERRZ, THREY target BN, #REBRZERRNESE 75£,
- TR D) RFEAFFEREN, TETHIFRE, BIERSAEP R ITRIRR,

2. EETFEY

BATH B RS R E BB T R, MRIE 13-11, BEE FREEUARIF ST RN AR,
BN LA~ E oL

1. Y —RRME RO RNER 3 AN, KERCEXMNTRNETE, 0 (3,4, ... ],
2. ZJa, HHERIER AN, WEETRMIEN 3, RONZIEREN TS 4,3, . ] F15 1. SPER
Mr&ExEeEs,

FEHEREET, F—RANEEERMNERIE RN, KIS § 7 S8 AR,

1. BOPNEIERE 35, AURTE (3,5, ... ]

2. WIPHCIERE AT 5, ARTHE [4,5,...]

3. EHREE S, WE SNEPNE 3R A, ENTES,3, .M [5,4,...] 5% 1. HHE 2. Hof
R THRe 2T,
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choices = aa

Bk Bl 3
MEBEEFE

B Bod 3,4
BREETE

F&=  [3,3,.] [3,4,.] [3,5,.] 2 [4,4,.] [4,5,.] 3 4 [5,5,.]

e — N —

EEFHE EEFH ERTE

B 13-11 ARDEREF S B EE 74

BERE, BEMANSAL 1, 2g, ... x,], BIRRERPODERTIN (v, 2, ... 2; ], WIEEERS
REIE 1 < 1g < -0 < iy, , NRREFINERFIHRZENER, M243E,

3. %M

WEBNZITRE, BN AL AR start , FITHSRBHEAS. SHIHER 2, )5, e T MR i I
i, SRR DAL IIIE i) < iy < - < d,,, MTHEETHRE—,

BRIt Ah, BABEXRREST T LA I,

ETF R HE 2R, S nums HEF, TEIRIFTE LR, Y EHE target BTEESRIGIA, RH
e EE LA, HTEM—aBid target .
BEILEMAR total , JHILLE target EHITIRIERGLHITEAM, Y target FT 0 BHES#E,

/] === File: subset_sum_1i.js ===

/* EIEE: FEM 1 */
function backtrack(state, target, choices, start, res) {
/] FEMETF target BY, iERfR
if (target === 0) {
res.push([...state]);
return;
}
/] BRFRE%EE
/] BtRZ: M start FEEH, BEREEREEFE
for (let 1 = start; 1 < choices.length; i++) {
/] B—: EFEMBY target , MEIZELEREIF
/] FRERANBACHRF, EOTEEKR, FEM—EBT target
if (target - choices[i] < 0) {
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break;
}
/] =ik HEE, B target, start
state.push(choices[1]);
/] #HITF R
backtrack(state, target - choices[i], choices, 1, res);
/] EIR: HEERE, MERZARKRE
state.pop();

}

[* REBFERM 1 */

function subsetSumI(nums, target) {
const state = []; // K& (FH)
nums.sort((a, b) => a - b); // ¥ nums FH1THFF
const start = 0; // BHRIAS
const res = []; // &RFIFR (FEIIK)
backtrack(state, target, nums, start, res);

return res;

F 13-12 ROV R [3, 4, 5] FIEBRTER O HA DA A P R L A2,

M target
choices = a FroaMEE
target =
BIRRE
Jo
BREE

iBid target BETHE

13-12 550 1 B2



13 % [E hello-algo.com 292

13.3.2 ZEESETZNBR

O 287 — MEBEEH nums FI— P EIRIEEEL target , IBHHITERIRERVA S, (EFHAETH
w TERMAET target . FrEBAIlRER ST HEE LA, e RHAPIER KR, HBIFRP A
RENXEAS, FIRFANUSESHS,

HET B, ARSI SRR, K5I THINE, filn, aEd (4, 4, 5] fIEFRTR
9, MIARBRmEERN [4,5],[4,5], HHTEEFE

ERRIX M E R RS TR P B KRR, 1R 13-13 , B HA =R, HAmANEy
, AR EENEERS X, NmtES 78, FHE, SR 4 bR EEE T,

(4, 4,.] [4,4,.]

ESTHE

13-13 HETLRSFEWELE 75

1. HERRH

NP, AT LRI e R — b L REHOERE IR, KISy TR EHF
[, BIHMHSETTREGEAHNE, XEREERLERT, HAATRSHAEDTRMASE, MR e ek
T, RtEZEPNS SR,

SRR, AERE A B R Rk — X, Fiafz, BAIBATDRIAZ R start RS IZLAH: 4
eSS z; J5, W N —HMRG1 i + LITEmAEED, XAERERPRES 74, Ml tERIEFTR.

2. REEEM

// === File: subset_sum_ii.js ===
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/* BIMEE: FHEM 11 %/
function backtrack(state, target, choices, start, res) {
/| FEMET target B, IEFRF
if (target === 0) {
res.push([...state]);
return;
}
/] BEFREEE
/] BT M start FiaiEHh, B#RERESEFE
/] EIR=: M start Fai&H, BEESREFER—TTE
for (let 1 = start; i1 < choices.length; i++) {
/] BtE—: EFENBE target , NEZELERBEIF
/] XRENBACH R, EOTEEKN, FEM—EET target
if (target - choices[i] < 0) {

break;
}
/] B NRZTERSEOTERSE, RPEZERIREES, BERT
if (1 > start && cholces[i] === cholces[i - 1]) {
continue;
}

/] =5l MEEE, T target, start
state.push(choices[1]);

/] #HITT kR

backtrack(state, target - choices[i], choices, 1 + 1, res);
/] ELR: #HEE, MERZARIRE

state.pop();

[* KEEFEM 11 */

function subsetSumII(nums, target) {
const state = [1; // K& (F&H)
nums.sort((a, b) => a - b); // X nums FHITHE
const start = 0; // BAECIES
const res = []; // &R5IEK (F&EFIK)
backtrack(state, target, nums, start, res);

return res;

B 13-14 Jeor T8 (4,4, 5] AR 9 WIEINEAR, LS ruRisi s e, IR ER S RIS RALS
G, BfRRMERERE, DURAMBIEERIEZ A TR,
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choices =
target = i

ERIEE Bm
EE—R ST
& ERBEREE—R A
-0f ;o
& | BBRER
(x;?o [4,5] EETE
HE=
. RAUES
TEEATEE aadaiticidn
B target

K 13-14 F&F 11 [Eid 2
13.4 n 203

@ RIEEFRRBATIN,  2J5r] IR SR 1T, —HIsl—&#& BT, B n MER
w = n x n RN, SIREGHTE 25 Z RSB B HER0T R,

ME 13-15 R, M n = 4K, HEETDERSINAMR, MEIEENMAEE, n x n ANEEEE n? M
T, BT RIESE cholces » TERNMEEEIEREH, HERSEARWHA, SRS
IRA state

) | ) |

L3
€

€
€

| |

K 13-15 4 Ej5inEnfE

13-16 J&R T AR =N AIHEEME: BARIGAREFER 1T, 5, FW—FnMek b EREEAZE, X
FRE R FXT LR\ RO Ak | Fih
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AR —RHRBLE
7

REEREREARSM

FREFER—IT — X}

-
s

X
X

x| x| x

X X

FRER—F  FRER—THBELE

& 13-16 n 2JERIBAILIHRFEF

1. FTHRERER

SEHEEMEERNTEE Y n, RRBRMNESES—MES: BRI AR RwilE 455,
WYL, BATRTDERBOZITIE RS : WNB 1T, ARTRE - T2E, BEERE T4,

B 13-17 ARl 4 2R REEZATIREERE, ZEERE], & 13-17 UIT 78 TR HB—MERD X,
H ERF AT LIRS F IR 77 SERHEAT T 398

] L8] W W
BESE 117
(&18) (&18) (&18)
W | W] W [T ]
BES 2 & W] W]
[ w W W[ w ¥
} W i W W
HWEE 3§ = = |
v W —[n] W
W W [ W[ [ ] [ ™ ¥
4= W W ]
] [

13-17 BITIHE RN

MARREE, BITBCERBGES] ¢3RN, ciih 7R —THIZ N RIENATE R
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2. S5 ALEEHE

N TWRINAHR, AT AR —MKER n B/REEAH cols IERB Y2 EA ER. EEBRIVERE
B, FAET cols KA EERIFIRTEIR, FFAERIMIFEESERT cols FRE,

A2, GOAATAR N AR AR RIE? AL FP MR FHITTHIR T N (row, col) , W FERE RS B0 LK,
BATEIIZ ALk LA TFRATRSIBSIR S [#ESE, BN ALk LA 71 row — col MfHE .
kW, WREMETIRE row, — coly = rowy — coly , MEMT—EMER—ZFEXN AL E, FIAX
i, BATTDMEBNIE 13-18 FRIIEA diagst ICRELFEN ML LREE 25,

[FE, ML LA R row + col RIEEME, FATR AT DMEBIEEH diags2 SRALFRION fi£k2Y
W

BRIMBLE
B2ERER

['n-n-]

cols
ERIIEBEER

13-18 ACFRAILTHMINT FAALRLTR

3. #BE;m

HER, n 4P row — col WFEER [—n+ 1,n— 1], row + col M7EEIZ [0,2n — 2], FiLAFX
FERFIS FEMIEEE N 2n — 1, B diags1 1 diags2 MIKEH N 2n — 1,

// === File: n_queens.js ===

/* BEIMEE: n Bl */
function backtrack(row, n, state, res, cols, diagsl, diags2) {
/] SWETFREITH, iER#
if (row === n) {
res.push(state.map((row) => row.slice()));
return;
}
/] BHFES



13 % [E hello-algo.com 297

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

/] TTEIZAE TR A E R F AR Fa sk

const diagl = row - col + n - 1;

const diag2 = row + col;

/] B RARFZEFRRET. ERAL. RNBLEEFEER

if (!cols[col] && !diagsi[diagl] && !diags2[diag2]) {
/] B BEERETZEF
state[row][col] = 'Q';
cols[col] = diagsi[diagl] = diags2[diag2] = true;
/] MET—1T
backtrack(row + 1, n, state, res, cols, diagsil, diags2);
/] EIR: BiZEFIMERNT
state[row][col] = '#';
cols[col] = diagsi[diagl] = diags2[diag2] = false;

}

[* Kfg n BF */

function nQueens(n) {
/] #IaM nxn K/NEUREER, HAp 'Q RREG, '#' {AKRT(
const state = Array.from({ length: n }, () => Array(n).fill('#'));
const cols = Array(n).fill(false); // iERIIETEER
const diagsl = Array(2 * n - 1).fill(false); // BREINAZLETEER
const diags2 = Array(2 * n - 1).fill(false); // BRANAZLETEER

const res = [];

backtrack(0, n, state, res, cols, diagsl, diags2);

return res;

BATIE n IR, FBEINZHR, MMNE—ITRRE—IT2HE n. n— 1, ... 20 1EE, RISt 4%
HFO(n!) o T3 E, HRIEXALRLHR ST RE Kiggs/ MER=H, RS RBERESE T DA S 2%
&,

$2H state {HHH O(n2) 228, %4 cols. diagsi il diags2 BffH O(n) =M, wABITREN n, HH
O(n) ¥z, Fit, SBREREN O(n?).

13.5 &

1. EREH

[ RIEABUR ST 28R, WIS A AT IR AL S eie D R ST & 26 R, EARRIERE T, B2
RIS, E RS R EOE P 72 R 453,
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- EERAE RS RIS EEW AN, Bl R E R R Z AR LR, BRI
LR R RITE DU, IR E—PRiese, IRMAEIZATHIINE, ksl gss, 25 R
ANT5 TR R B

- [l IRl EhE A S 2 DR, BT TSI R, BIRAT DR AT AL EATHER DS, K
EFRTHERE,

- [AETR T EA] A T ROER R A 2 E A, A Uik )l s 28 a] DU R BIA MR or, (BfEA
FAERCR B R ERUR AT IR,

- 2R S EERA T RS ITTRNATE FTRERHES, BAME — M EARIEF BN ITR B SO,
PSR LRI RN X, RN IR APOEE K,

- AEEARSEES, REAPEEREE TR, NRAGERSHIESHY, RINTFELAREETRES
ferp HREMORRE—IR, IXEFEB)— A 2R L E,

- FEMFEIER B R ES T RSP REFN EMMENTE T8, £AAXDTRNIF, MEREES
WA SR, P AEREE TR, BOMERMRTREGRITHF, HiE MRk T —H
AR, IR R R T BRI R 73 SO T8

- NTTFERMAE, SHTRHESTRETAEREERS, BOAHEHCHFRIRTESRMF, 8 ABrEAT
TEREEMELINEIA, TR TR R T L RESOEH —IK,

- n REFAEEEIHE n MEERES n x n RS ERTTR, ZRTE 25N RITCEBE
Tio EIRINAHRGFMEAITAR, LR, EXN RSO HELIHR, NRITLR, BATRAITI
BHRE, RESTHE 25,

- BIZTRAIN A LRATR AL TS L N TFHILR, FNMA— M dRIER TSR G ERE, M
TRIERRIRS TR E SR, NTRAELR, KOG DEEERDINCTIZE, KSAL LR G
S MERETHOAERIR—E @D AL B RRITHIRS .

2. Q&A

Q: B ERREIMIEITIRR?
BHRE, Bl “RIERNET, m#EAEGRE > “THY,

- RS E TS, A, RSN AR —, RIEEEE R AR AL,
C BARSEAILT R RREER, EATRRE,. B SR GefzkiE)d) SR

i



299

Llo-algo.com

iy

O INBICATH, TLRREA K,
- BNASHUKIPRE /N AR TR BRI E R, — 20 5198 e MR R AR 1+ o
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14.1 ##HRzHEHL

MEhA&HIX] dynamic programming | 2 —PNEZEMNEIEGNK, ©RE—NRE D RN — KA E/NF -, FF
R TEE T IR R kR e R L, T K MEHE TS RIS

FEARTH, BN DERHFIBATF, LHEHENRNEMRE, WRETUSNESETFRE, FE5S
B BRI

7 JerkRe
Q RE—NIE n ERERS, REBATDLE 1 el 2 [, i&RE 2/ DRhyT =a] DU ?

WIF 14-1 B, REF— 3 hekhs, JE47 3 605 5 Al AT

BEM® n= o 1 2 3 4 5 6

et 3 MgEts 3 MHAE=E:
0513253 , 05233 , 05153

K 14-1 JEFIZE 3 B 75 S8

AT B AR K77 SRACR, BRATTnT DA RIS IR 75 2 al RN, BRI, KIEREEE SO — 12
iR AE: Mmi R, SR L 1B 2 [y, SRR U T RN 1, g R
THURR I R H B AL, AN R AR

// === File: climbing_stairs_backtrack.js ===

[* B */
function backtrack(choices, state, n, res) {
/] SHIERIE n B, HEHBEM 1
if (state === n) res.set(0, res.get(0) + 1);
/] BAFRA LR
for (const choilce of choices) {
/] BERR: RARFEEE 0 B

if (state + choice > n) continue;
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/] Bt MEiEE, BRRE
backtrack(choices, state + choice, n, res);

/] [Eh&
}

[* Tetkts: I */

function climbingStairsBacktrack(n) {
const choices = [1, 2]; // EI&EEALNC 1 sk 2 B
const state = 0; // ME 0 MiFFIAIE
const res = new Map();
res.set(0, 0); // £ res[0] iERAERH=E
backtrack(choices, state, n, res);

return res.get(0);

14.1.1 Fix—: BHEE
[ 0 3 R ST R AL TR AR, TR R IR N B (E— RN P8, @R IR s0ey, &
15 AT RENIAE

BATTRT LAZAR M AR5 AR A R FE T IXJE R, R TCEISE ¢ B dpld] #7 %R, B4 dpli] si2RmE, H
TR LR

dpli — 1],dpli — 2], ..., dp|2], dp[1]

BT HAE R 1 ek 2 B, RIS IRATUGAESS @« Braeis B, b—4e I nIREutEss ¢ — 1 ekss ¢ — 2
ko BANED, FATHREMGE ¢ — 1 BT ¢ — 2 Famss ¢ i

HE RS — D EEAEIS: TERIH « — 1 Briy BB _LMCEISE ¢ — 2 Birf 7y REOGRSE TSI ¢ By
FE ~FAUE:

dpli] = dp[i — 1] + dp[i — 2]

XERE AR, D F R RIFFERIER R, R PSRMERT PLh ¥ USRIk, 18 14-2
JER T ZEBER R
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dp[5] =dp[3] +dp[4] =8

dpl4l=5 /-

dp[3]=3 .

B n = 1 2 3 4 5 6
A% dpln] = 1 2 3 .5 8 13
NI N

K 14-2 J7REBEBH KR

Tl T DR A A B EI RGBT, D dp[n] JEIAS, SV — AR SRR A N
A, EEEARN TR dp(1] A1 dp[2] WHEE, b, BN TREIRE S, B dp[l]) = 1.
dpl2] = 2, FRMEEIE 1. 2W5 5 1. 2 FoTE,

MZELARARES, ERIRIEEA RS EE TR R, (HEMEE:
// === File: climbing_stairs_dfs.js ===

[* R */
function dfs(i) {
// BX0 dp[1] #0 dp[2] , iR[ElZ
if ({1 === 1 || 1 === 2) return {;
// dp[i] = dp[i-1] + dp[i-2]
const count = dfs(i - 1) + dfs(i - 2);
return count;

}

[* TeHEtH: #ER +/
function climbingStairsDFS(n) {
return dfs(n);

}

Bl 14-3 JRrR 7 BRIV, N TR dp[n], HIBEAMEEREN n, NRERSREN O2"). 1§
e TR R, RBNMA—DHERE n, WXEABRIEFRZH,
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dp[9]

dp[é] dpl7]

dpl7] dpl6] dp[6] dp[5]

dp[6] dp[5] dp[5] dp[4] dp[5] dp[&] dpl4] dp[3]

BRREMNBINFEABESFiAA
SHEEERERERN 02")

[ 14-3 TEAKBERTRIEITR
W 14-3, $EEORIOIN IS 2R “HA TG 800, G140 dp[9] BHM#N dp[8] #1 dp[7], dp[8]
oM dp[7] A dpl6], PIEHEE B dp|7] .

DACZRAE, FRIEFA S/ NIES TR, FFIMMEs R B, B0 HH RS IR EIX B 1
Al L

14.1.2 AE=: idiZigs
N TIRFFEERCR, BMNA A RS R EBGEE —R, it, AT — D mem RICFEEA
TR, FAE I ER R B I R,

1. S ERHE dpli] W, BAVFEIERE nen[1], A2 S,
0. MEREEIE dpli] I, TRTEATEHMN nem[1] SIREE R, TR A LB 1% T I,

RN SR
// === File: climbing_stairs_dfs_mem.js ===
[* BIZHEER */

function dfs(i, mem) {

// B dp[1] # dp[2] , EREIZ

if (1 ===1 || 1 === 2) return i;
/] EFEIER dp[i] , MEEREZ
if (mem[i] != -1) return mem[i];

// dp[i] = dp[i-1] + dp[i-2]
const count = dfs(i - 1, mem) + dfs(i - 2, mem);
// IER dp[i]

mem[1] = count;
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return count;

}

[* TetEts: 1IBIZHIER */

function climbingStairsDFSMem(n) {
/] men[i] 1IBRMEEIE 1 MPAREE, -1 AKRERER
const mem = new Array(n + 1).fill(-1);

return dfs(n, mem);

WIERIE 14-4 , didicebilG, A RS MERRE TR X, NREREREE O(n), XZE—1E
KHT KEK,

nH
. Q HEER,
- HiEEE

////\\\\ iz RAENEEEREN 0(n)

ERFEERFRERBHRITE—R

$
Qo
v

14-4 LA RN RO A

14.1.3 &= wh&MR
IO E R R “ATHERE” BI75TE: BATMERIE R A FHE, 3Tk T A B R i N T
MM, ERMBOCHNENTFRE (M5, 25, W EEEREFRERR, HE R iR,

2R, ahBRRRE—/ “IREDB” 197515 /N RBRIETHE, SRR ER T FENE, |
XXyl ) s

TSI S ENERE, R RTERENERSE, AR, oMU H, BTeat—
NG dp RAFE T IRAIMAE, e T S ICICE R R mem AHRIATIC SRR :

// === File: climbing_stairs_dp.js ===

[* Tetkts: mhaSHX */
function climbingStairsDP(n) {
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if (n === 1 || n === 2) return n;
/] et dp R, AFEEFIRRERVAE
const dp = new Array(n + 1).fill1(-1);
/] YIEIRES: Fugs/ N Fiel R
dp[1] = 1;
dp[2] = 2;
/] REFEE: NBUNFIRIRUE D KRR A F 6] 7R
for (let 1 = 3; 1 <= n; i++) {
dp[i] = dp[i - 1] + dp[il - 2];
}
return dp[n];

] 14-5 #4801 DA EAUE R P TIE AR,

T T Y s Y TN
~ 7 ~ 7 ~

Miatk:
dp[1] = 1, dp[2] = 2

REFBHE:
dp[n] = dp[n-11 + dp[n-2]

MAERSTHE, BITRERE, HEBERASHELE

14-5 TEREEBRISN SIS
SRR, SR RS BESRIIR R ERRERT B, R IR B — > A A
NAHRH R R AR, AN, TEREAH AR ARASE SR S RTFTAERERBRNT AL @ o
IRIELA N, BATRT PURSS s S AU B B R,

L PR dp B Tdp %, dpli] TR § AT IS,
- ERUNT RGN RRORA (55 1 IS 2 WrRERE) Bl TRTIGHRA .
- A dpli] = dpli — 1] + dpli — 2] Bl TRAEER L,

14.1.4 =ZjaEififk

MORIEERERI T, WMT dpli] R dpli — 1) M dpli — 2] FK, FEEAIICHER —A A dp Kf7
BERRE ¥ BIME,  TA RN R RERTHERT AT, AR R AR:
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// === File: climbing_stairs_dp.js ===

[* Tetgts: RIS */
function climbingStairsDPComp(n) {

if (n === 1 || n === 2) return n;
let a =1,
b = 28

for (let 1 = 3; 1 <= n; 1++) {

const tmp = b;

b=a+ b;
a = tmp;

}

return b;

WZE A, HTEE TR dp SRIAH, FEEE M O(n) B2 O(1) .

FERNASHURIFE S, HEPIRSEEN S A AR MRESA R, NN DR RELEAIRE, Wl “FEg”
KATENES ], XA R BIIRRh R R” o R,

14.2 =HhAEFIR ) RntF1E

FE b=, B T 3SR A I 5 (AR RS AR R RRAY, SKRm b, IR0 o i — e
MUBRIRIRES, TEIG. ShASL [ A E RO,

- MERFIBE VAR JFE R R o 2 MH IR R AN, EE RN TR, AR RS AR
iR, BERISEI R,

- BNASHUAEN TR, B50RRIENEEIR, AT AU EARER, £
SRR S I 2 E & T A,

- SRR A DR 55 25 AT A rTRERIRE, @ BTEGR e AL AR 93, R AR — &
SRS B, FATTRT PR RSP R Z BT 7 HIE A — D7 R,

Kk b, SIASHKE AR EILRE, e AMIESEETWE, EEERINERRHE: RIETEHHE, T
JERIE,

14.2.1 RLFEEN

BATRS TERERS IR kN, (2 BEANE & R R 45,

<7 RS B/ MR

7 B RS, IREDATDAE 1 reias 2 B, —Brdkih BRI A — DR, R IRTE
ZEM TR RN, fAE — N EFREBEEH cost , Hr costi] RRES i MEMTE
BRI, cost[0] FHE GEEMERD. HHHERDTFRENHZDRNA RERNIETIGH?
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i 14-6 iR, A% 10 20 3BV 10 10, 1, WIMETERIZE 3 Frids/ MUy 2.,

BEME n = 0 1 2 3
Kt cost[n] = 0 1 10 1

TEESS 3 BiEHE 3 ®Hs:
0515233 , 05253 , 0513
He 0>1-3 (D, SR 2

K 14-6 EFIZE 3 B/ MUY

& dpli] JMERIEE i B &SRR, BTE  BrEaTReM ¢ — 1 el ¢ — 2 ek, Bt dpld] HATRE
T dpli — 1] + cost[i]| B dp[i — 2] + cost[i] o J3 T RATRERMY, TATRIZESFEME RV NITR—1:

dpli] = min(dp[i — 1], dp[i — 2]) + cost]i]

IXFEAT DAS | AR T2 A 35 S it Pl A B DA N~ D) e DL AR 1SR )

KT REA B TE5H: BATMFA TR dpli — 1] A1 dpli — 2] FrHRE RO —/, I
TR R dpli] BB,

Mz, E—TRITErEREE H A A RO T40E? BRI RS RRT 28, B2 — M, HnR
—RhEE: ORBRATTREGE", BAOTRINELI, SRS BIBSRIERE60N, B ezt
T B MBERGTEEEETEn — LIS n — 2 KT ZEE M, Frbll, StFaarmress
R, EARPEASHE AR E S

HURIRAERS TR, DURRIEIEZS dp[1] = cost[1] BT dp[2] = cost[2], TellTRERT DASSIZASHRIFCHD:
// === File: min_cost_climbing_stairs_dp.js ===

[* TetEthe/ M ThSFLXI */
function minCostClimbingStairsDP(cost) {
const n = cost.length - 1;
if (n===1 || n===2) {
return cost[n];
}
/] Mak dp R, BTFEHETFIRAAE
const dp = new Array(n + 1);
/] YEIRE: Fugs/ N FIal AR
dp[1] = cost[1];
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dp[2] = cost[2];
/] REEE: MNBUNFIRRUE S KR K F el
for (let 1 = 3; 1 <= n; i++) {
dp[i] = Math.min(dp[i - 1], dp[i - 2]) + cost[i];
}
return dp[n];

B 14-7 JRoR 1 DA EAE RIS AR,

cost[1] cost[3] cost[5] cost[7] cost[9]

miﬁ“*——-—”/; m;R“*———*”<: min
cost[2] cost[4] cost[6] cost[8]
RS
dp[1] = cost[1] , dp[2] = cost[2]
REEBAE:

dp[i] = min(dp[i-1], dp[i-2]) + cost[i]

14-7 Jersth i MU SRS AR
R DTN, 5 RERETAE, BEaE M O(n) B2 O(1) :
// === File: min_cost_climbing_stairs_dp.js ===

[* et/ MU RESEBEHNESAL */
function minCostClimbingStairsDPComp(cost) {
const n = cost.length - 1;
if (n===1 || n===2) {
return cost[n];
}
let a = cost[1],
b = cost[2];

for (let i = 3; 1 <= n; i++) {

const tmp = b;
b = Math.min(a, tmp) + cost[i];
a = tmp;

}

return b;
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14.2.2 TRE#%%

TG BB AR RS G AR S SR —, HE R A — AR, SRR
HuaikASE X, iS5 ELNEIRELX,

DUTERERS IR, 2aEiRAS i, ERRBHIRES i + 1 HRE i + 2, HBIKREk 1 Bmpk 2 5, (e
XGRS, AT EIRA ¢ ZHIIPRE, ENTRIRE ¢ ARG,

SR, I SEFRATIAATEREBA A TR — NI, BB AR—FE T o

@ LR T RER
BE—NIHE n BEOREES, RESRILLE 1 IEcE 2, HARES M 1 K, BRE2
DR ] DATEEIRE T ?

GHIE 14-8 AR, € L1283 B 2 RielAT 755, HAPES=IRBk 1 Bri)s B LR, RIE 7,

BT TEEERMmRk 1 M,
FEEHE 0515253 WEFHF —

BEM¥® n = 0 1 2 3 4 5 6

ML 3 PifEmHE 2 faR:
85253 , 05153

& 14-8 HFZURIEHIZS 3 (i 77 R e

R, AR R L B LR, AR R R 2 B, XERE, TSR R
& CHRIFAEREINED Mo, AR —AMRE (L —RieRbimsn A%,

RAERB, WIEEARRETERE, REHBHRE dpli] = dpli — 1] + dpli — 2] 05T, EH
dpli — 1] (RFASCHE 1 B, BHPEE THS “ R0 1 W 1R 5%, W8 T LR, BiIAR
HE¥s dpli — 1) BBz dpli] .

Mitt, BV RRAE : RA [i, j] FoRITER ¢ IR L —3eBET By, Hob j € {1,2) ., Bk
TESERHIX S T LB T 1WA 2 W, Fefl AT AT 4 kA 2 M T A,

M RBR T 1B, E R UREERER 2 W, B dpli, 1) SUEEM dpli — 1, 2] SR,
C M kT 2, b b ATk 1 BB 2 B, B dpli, 2) AT dpli — 2, 1] 5% dpli — 2, 2]
R,
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W 14-0 FoR, ERESR, dpli, j] Fomas [i, 1] MRHITEE, BN RN

dpli, 1] = dpli — 1, 2]
dpli, 2] = dpli — 2,1] + dp[i — 2, 2]

TREZES MR 1 B
Btz EE

dpli-1,1] —
dpli-1,2] (“\
dpli-2,1] (t

dpl[i-2,2]

dpli,1] dpli,2]

14-9 HELR THNIEHERR

B, S&IE dp[n, 1] + dpln, 2] BIFT, P2 RREIEEILE n 077 R

// === File: climbing_stairs_constraint_dp.js ===

[* LRGSR ThSHK */
function climbingStairsConstraintDP(n) {
if (n===1 || n===2) {
return 1;
}
/] MEk dp R, BTFEHETFRARE
const dp = Array.from(new Array(n + 1), () => new Array(3));
/] YEIRE: s/ N FIal AR
dp[1][1] =
dp[1][2]
dp[2][1]
dp[2][2] = 1;
/] REFEE: NBUNFIRIBE D KEFR K F 67
for (let 1 = 3; 1 <= n; 1++) {
dp[i][1] = dp[1 - 1][2];
dp[i][2] = dp[i - 2][1] + dp[1 - 2][2];

B

1
0;
0

B

}
return dp[n][1] + dp[n][2];

£ EHERIRBIF, TR ZE R — MRS, RIS OB Y KA E X, (1 ] S i e
TR, A, FEERBAAIRREERN AR,
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«7 TEREAE 5 KT 2 R

" BE—NIA n RIMEES, REPATDLE 1 BrelaE 2 . BUE LRI « Bild, RSEAN=
58 24 By Lt ERERGY), ZJRPrA RS eV EBkEIES 24 B ko Blan, RIMEC > BIBEE] 15 2,
3Bk, WZEsiAREBEEIS 4. 6 B Lo KNI 2/ DA77 S AT DATESIRET?

FEIXANFEE A, TRBRERAORIE BRTA RIRT, BRONE—IRBRERE A1 E miBTE LI BT, FHRmAK
AIBER, XTI, BASHUAEEME DU,

Kk b, FZERNHSHARE (BIAIRITRERED AeERt. M FXKm, HADEE Sk
MHEAMTTIE, BlanEA AR, BERIE, AT, IWTFES IR R S 2] AT AR S U

14.3 mhEHRIARS B

BT T BN AR A T BRHE, 5 T ORFRATT— IR G B A5G A A A

L. Grar ey — A )RR AN 2 B AS AL ) 7L ?
2. KFSESMRNPEIZTAE AT, EBD R 42

14.3.1 [S)RAFIbq

BEERE, R NNEESES TWE, RIUTEH, FFRETRRE, R eil®iE s AR,
SR, FRATARME M e R A rp B PR B X e, DRI IR B 550, Mg ISl 7538 & Il
(5% Rt
IES R O BB e “ USRI SX ARl R] DA AT A5 Aok R, Herp i — T R
—PRE, B REERAEDREF,
HAgTE YL, NSRS S B RS, BRIl — RVNRET AR, AR B e R, @
AT DAGE A [ R AR R
FEIEHERE b, SRR RS A — LR “An oI,

- MEEERK (N gRE () SR,

- AREAIRSEER R — IR, ZAEIERFEORIOR, I H—MRES HE B RIS RSB R R,
MR, HAFE—L “PRor I,

- AR AR R T E AT RERIAR R TT R, AN EH S AL,

- AR A R AHIH S RIRHE, TEREIRRRZ TR,

QIR — )G R AR R, I B BONBI R "I, AT el AR e R — D ashAS M, e
R PRI E,
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14.3.2 [RIEEKRTE

AU A AR REUAURE 2 (R R A PR RAIHE RE A PN, (@G DA R IR: iR PSR, & SCIRAS, #57
dp &, HEFIREHEBIIRE, WELHRAAE

N T B RMERRE IR, BAER — DI /NS ENT R2E0,

(,) BE D n X m B 4ERIRS grid,, WIS D BT S — D AEREBE, RNz Ik
w AT Mlas A DA Ef BoThOmiCta s, BOUARER el G s —2, BEEFEA TA
BATTME, IR A ANZE ARG N AR RN A,

& 14-10 J&om T — M+, 4a7E MRS I NS 121N 13 6

g

1 3 1 5 3 1 5
2 2 4 2 4 2
2 3 2 1 3

4 3 D 2 4 3 5

=/BREMA 13
FMBREARA 1923233223132

K 14-10 &/ RIREIESE

B BHERRIYSE, @SOS, Wmifdal dp %

ARG — SRR R M BRI Rl e —2 . BRI FRITAIRS D0 [4, 5], WM Rekim &
—HhE, RIIZR [+ 1, 5] 5[4, 7+ 1] . Bk, REFEESATRIIFFRIH LR, 125 [4, 7] .

RS [4, g] WMRZAYFIRE . MERSAA [0, 0] R [4, j] BIBR/NEER, BRICH dpli, 7]
i, TATHSE TE 14-11 Fore) —4E dp R, HRSFS5H8ARE grid M,
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i+
1 3 1 5 dp[0,0] dp[e,1] dpl[e,2] dplo,3]
i 2 2 4 2 dp[1,0] dpl[1,1] dp[1,2] dp[1,3]
—
i+1 5 31 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] dp[3,3]
grid dp &
SRAE: nAERTEE FimRE: MEERE [1, j] NE/BEM
REEX: THFS| [1, j] dp ®: R<T5 grid #ARARER

Bl 14-11 HKEE XS dp &

@ BN ASHURIFN [ 333 72 AT DARE R — DN REFFF, MRS H A R B, E N S S
w REEEENTE R, RS TRBHNGER, EBARKIESH T M.
FAREEN R —DF A, FAI2E =1 dp RRFEEF B, RSN E DL
TEHE dp RE—PHEE, NATEE, dp FRIRESHF R < RIS,

B R TET, S IR R

FTIRES [i, 5], BREEMN R [i — 1, 5] SR T [i,j — 1] Mk, EHREBIETahh: 5k
[0, ] BB NES R i, § — 1) OB MBS [i — 1, j] BRI ERIAR MR — MR,

MRIELA L4, FTHEHE 14-12 FosrRSE S TR

dpli, j] = min(dpli — 1, 7], dpli, 7 — 1]) + grid[i, j]

1 3 1 5 dple,0] dpl[e,1] dpl[e,2] dple,3]
2 2 AI 2 dp[1,0] dpl[1,1] dp[1,2] dp[1,3]
5 3 2 1 dp[2,0] dpl2,1] dpl[2,2] dp[2,3]
G *—>
4 3 5 2 dp[3,0] dpl[3,1] dp[3,2] dpl[3,3]
grid dp &
RERBLE.

dp[i, j1=min(dp[i-1, j], dp[i, j-11) +grid[i, j]
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B 14-12 RAL T S5 IREEAL T2

(r) HRPETE XAFHY dp %, SR AN T AT SC R, BHasid 7 (Al fx PR KA 8 [ P A
w EALMRRTTIA, BRI 4544,
—BIAHRE TR T4, R DA A e R RS R 7T R

B WIS R N

AR, SAEEATHPIRAS R BEMNE DRI, A E IR R REMEL EIDRIRASSK, HILETT
i = 0 FIES j = 0 2R 5 M,

NE 14-13 FoR, T RME TR EATTE R LS TR TR, I IRAE R R K T R, SME
WEAT, WIERE S

dp[0,0] dp[e,1] dp[@,2] dp[0,3] dp[@,0] dp[@,1] dpl[@,2] dp[@,3]

dp[1,0] dp[1,1] dp[1,2] dp[1,3] dp[1,0] dp[1,1] dp[1,2] dp[1,3]
— — —

NN NR R

dp[2,0] dp[2,1] dp[2,2] dp[2,3] dp[2,0] dp[2,1] dpl[2,2] dp[2,3]
L L L

AT T

dp[3,0] dp[3,1] dp[3,2] dpl3,3] dp[3,0] dp[3,1] dpl[3,2] dp[3,3]
— = —
BREG: MELETET WEEBIRR . EFEHERE

14-13 JARAFMFSIREEBINF

O IDAF ST AT 06 dp &, EERFHATIE
IRZSH ARSI A% o E AR UEAE TH 5 X AT RS RN, P e (RO ) S8/ [ L AR 42
POERHTT R IR,

WRIE LA LA, AT L] AERS Hah SRS, JRTM0 A8 53 e — TR R EAR, I 2 iR
“BIER — LR — SR R SEBLE AT & B 4E ST

1. FitE—: BhigHk

WS [7, 5] FRUGHIER, RTINS [0 — 1, J] 1 [i, 5 — 1], AR EE DL R,
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BHSE: RE& [, 4] -

BRIHE: M [0,0] 2] [2, 7] B NIRRT dpli, 5] o

ik M0 =0 H j = 0K, &ERA grid[0,0] o

W M < OWEj < ORI, HRHRERYN 400, REAAIT,

LIRS AT :
// === File: min_path_sum.js ===

[* RNEEEM: EHER +/
function minPathSumDFS(grid, i, j) {
/] BERELARTE, WEIERER
if (1 ===088& j === 0) {
return grid[0][0];
}
[/ BITHIRSIER, MRE +=- i
if (1<0|] §<0)({
return Infinity;

}

/] TEMEEAT (-1, §) M ({1, j-1) BWERNBEALN
const up = minPathSumDFS(grid, 1 - 1, j);

const left = minPathSumDFS(grid, i, j - 1);

/] BEINEZ AR (1, j) BR/NRELN

return Math.min(left, up) + grid[i][j];

B 14-14 25 T P dp[2, 1] 9RT g0k, Hh @& —LESFnd, HEE KRS grid )RS
RS EE %

MR LB, JERES T RBIEED : A2 5] DO LA BEEE — ek,

Bk RWEIERA

dp[0,1] dp[1,0] dp(1,0]

9/ 9. 9.
o X3 N

dp[e,0] dp[e,1] dp[0,2] dple,3] BT EERE:

dp[1,0] dp[1,1] dp[1,2] dpl1,3] dpli+1, j1 # dpli, j+1] #Btk# dpli, j]

dp &
dp[2,0] dp[2,1] dp[2,2] dpl2,3]

dp[3,0] dp[3,1] dp[3,2] dp[3,3]

K 14-14 FSIHRREBIIM
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FAIRSEA A PRIAARNERE, WA EAERG MAERTE m +n — 28, FIRENREREN
O2™™™) . WEER, MR ARB BRI RNEN, HENKMLE0 RN R R —fmEeE, Fit
KIS D —L,

2. FHiEZ: ioiZiER
BIF I~ grid AHFERSTRIEIZEIER nem , AT ICSRA T MEIME, HA5 B 1 S T30k
// === File: min_path_sum.js ===

[* BNEBEM: IBIZHEER */
function minPathSumDFSMem(grid, mem, i, j) {
/] BERELBRTE, NWLIHER
if (1 === 0 && j === 0) {
return grid[0][0];
}
/] BITHIRSIER, MWRE +o L6
f@@<0]l]j<0){
return Infinity;
}
/] BEBIER, WEERE
if (mem[i][]] !'== -1) {
return mem[1][j];
}
/] B AT R/ NS RN
const up = minPathSumDFSMem(grid, mem, 1 - 1, j);
const left = minPathSumDFSMem(grid, mem, i, j - 1);
/] BRFHEREEEAT (1, j) BWRNREALHN
mem[1][j] = Math.min(left, up) + grid[i][]j];
return mem[i1][3];

niE 14-15 pow, TESIAIRIZMLG, FrA FRIERERFHE R, FIN RS AEBRRTIREEE, B
RS O(nm) .

dp[2,1]
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K 14-15 ICIZ 2R8I

3. FE=: mhEmu
T IR B AR, AR SRR
/] === File: min_path_sum.js ===

[* BNERIRFN: hASHIRI */
function minPathSumDP(grid) {
const n = grid.length,
m = grid[0].length;
/] a1k dp &R
const dp = Array.from({ length: n }, () =>
Array.from({ length: m }, () => 0)
)
dp[o][e] = grid[e][0];
/] RE#E%: BT
for (let j = 1; j < m; j++) {
dp[0][j] = dp[6][] - 1] + grid[6][]];
}
/] KEHE%: 87
for (let 1 = 1; 1 < n; 1++) {
dp[i][e] = dp[i - 1][0] + grid[i][O];
}
/] REHEE: HRITHT
for (let 1 = 1; 1 < n; i++) {
for (let j =1; j < m; j++) {
dp[i][j] = Math.min(dp[t][j - 1], dp[i - 1][3]) + grid[i][j];

}
return dp[n - 1][m - 1];

FEl 14-16 IR T N RIIHASSEREITRE, EORPH 7 8AN0R, MBS AIER O(nm) .
e dp KN 0 x m, RIZSSEZERN O(nm) .

1 3 1 5 0 o 0 o 1 5] 1 5 1 4 5 10

2 2 4 2 0 o [} o 2 2 4 2 3 o o 0

5 3 2 1 0 o o o 5 3 2 i 8 o o 0

&4 3 5} 2 0 o 0 0 4 3 5 2 12 o o 0
grid dp & grid dp ®

MEiETT dple, j1=dple, j-11+grid[i, j]
Htate dp & MHAGET) dpld, 0] - dpli-1, 0] + grid[i, 31

Step 1 Step 2
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s

3 1
2 4
3 2
3 5
grid

RERH

dpli, j1=min(dpli-1, j1, dpli, j-11) +gridli, j]

3 1
2 4
3 2
3 5
grid

REHB

1 4 5 10

B} ""i 1) 0

8 [ o 0

12 o o 0
dp ®

1 4 5 10

3 5 9e>11

dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j]

3 1
2 4
3 2
3 3
grid

REET

dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j]

3 1
2 4
3 2
3 5}
grid

RERH

dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]

5] 1
2 4
3 2
3 5
grid

KSR

8 o o 0
12 o o 0
dp &

1 4 5 10
3 5 9 11
8 8 «—>10 [
12 [ o 0
dp &

1 4 5 10
< 5 9 11
8 8 10 11
lZ‘-PjE o 0
dp ®
1 4 5 10
3 5 9 ail
8 8 10 11

12 11  15e>13

dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j1

14-16

s

RN SRS AR

5] 1
2 4
3 2
B] 5
grid

3 1
2 4
3 2
5] 5
grid

3 1
2 4
3| 2
3 5
grid

3 1
2 4
3 2
3 5]
grid

1 & 5 10
3 506>9 )
8 0 0 o
12 0 o o
dp &
ol
dpli, j1=min(dpli-1, j1, dp[i, j-11) + grid[i, j]
1 4 5 10
3 5 9 11
8>3 o o
12 ] o o
dp ®
bt g
dpli, j1=min(dpli-1, j1, dpli, j-11) + gridli, j1
1 4 5 10
3 5] 9 11
8 8 10e>11
12 0 0 o
dp ®
KB
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]
1 4 5 10
b b) 9 11
8 8 10 11
12 11e->15 o
dp ®
KT
dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j]
3 1 1 4 5 10
2 4 B 5 9 11
B] 2 8 8 10 11
5] 5 12 11 15 13
grid dp &

BERNERERNA 13
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4, ZEfik

RS RS H I BB 7R K, RIBATA] U — N B TEE RS dp 3%,
IR, FNEAH dp REERn—1THORE, FrUBANICERRTIG EYIRES, MR fEE i S T Ee:

// === File: min_path_sum.js ===

[* BNEEEM: KESERENEISME */
function minPathSumDPComp(grid) {
const n = grid.length,
m = grid[0].length;
/] ak dp &
const dp = new Array(m);
/] REHE%: BT
dp[0] = grid[o][e];
for (let j = 1; j < m; j++) {
dp[j] = dp[j - 1] + grid[e][j];
}
/] REHER%: HR1T
for (let 1 = 1; 1 < n; i++) {
/] KEHE%: 55
dp[0] = dp[0] + grid[i][e];
/] RSE%: HR
for (let j =1; j < m; j++) {
dp[j] = Math.min(dp[j - 1], dp[3]) + grid[i][i];

}
return dp[m - 1];

14.4 0-1 B58in)&A

HHEAEE - MERFRISIESMIIATTEE, 2SR R WRREE N, HEARZZM, #400-1
HEAE, fewErE, 2EEEREE,

AT, BATCRR AR E WA 0-1 7 E&RE,

@) e M, B PRI wolli — 1], 0% velli — 1], R cap
\ L, AN R, ERE TS EA R FREO R B

MELE 14-17 , HTYRGRS @ N 1P, BEHRSI O FHETHEL, Ry s, o NN E & wgt[i — 1] f
B valli — 1] .
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ms EE fifE

i wgt[i-1] val[i-1] EanE
1 10 50 ¢ cap = 3@
2 20 120 2 |~
3 30 150 s — “
4 40 210 ¥
5 50 240 (>

=mAME: 270

RILARE ¥ . 8 BAEE
H#EF 50 HEAE

14-17 0-1 B ERREIEHE

BATAT LUK 0-1 HRIMEEE—DH n RUSEHMAIIRE, X T MEREE RRAFRAPRRSE, Fit
T[] R R R SRR AR
AR HA R “TEREY BAR FREIRAYMIERME”, IR ARZ — D sh SRR,
B BESRNIGE, &0RE, MWNies dp %
MNTHEMRKY, NRAEE, SEARAE; MAEHE, BEARRBN, HEASREE S ST
s i MIFRRERAR ¢, IZN[i, ¢l
KA [4, ] NMBFRBA: /i i MRERIRE RN c MERPRERRIE, 125 dpli, c] .
fRERIZ dp[n, cap], RIRFE—DMRIHA (n+1) x (cap + 1) =4k dp %,
B RINRIET &, dmifEs ISR R TR
BEAMEE: « USRIG, FIRIZRT( — 1 MISRIITE, 520 LR RS b

© RN BRAEARE, RSN [i—1,c.

COADEL G BEAERRD wgtli — 1], WMEMN valli — 1], RETBER [i — 1, c —wgt[i —1]] -

ERATEBA R T AR TR BB dp(i, ] FF AN « RURAPIS ¢ ikt Ei
{ESE RIS HRSEAT1E:

dpli, c] = max(dp[i — 1,¢|,dpli — 1, ¢ — wgt]i — 1]] + val[i — 1))

FENRNR, EUNRER wgtli — 1] BURIR SO o, WSRO E,
B MR A PERR A R
T TR B RIHECME N 0, BIES dpli, 0) IE1T dpl0, ¢] #%F 0.

SRS [4, €] M BTSRRI [i — 1, ] Fide EATRIRES [i — 1, ¢ — watli — 1)] 65613k, BUHEEH R
FRIERERFREA dp HIAT,

IRIELA L, BATHE TRIGIP SR IR, IR, SIS,



14 % SN hello-algo.com

321

1. FitE—: 8higHR

ERAMESUTER,

- RBASEC KA [ o] .
ORI TN dpli, c] .

- BB SR SEA 0 = 0 S ERIRER O I, ZIEBIAFHIRENEO .
- OBIEL ANNIREREHEURRAER, WHRBBEENRAE .

// === File: knapsack.js ===

/* 0-1 B BHER */
function knapsackDFS(wgt, val, i, c) {
/| EEETARBEYMEEELHREE, WREINE o
W @==0 || e==0) {
return 0;
}
/] EERIEERE, WREEERTHRAEE
if (wgt[i - 1] > ¢) {
return knapsackDFS(wgt, val, i1 - 1, c);
}
/] TERBRANBANYE 1 IsANE

const no = knapsackDFS(wgt, val, i1 - 1, c);

const yes = knapsackDFS(wgt, val, 1 - 1, c - wgt[i -

/] REIEF T ZRMEEARRIHE—

return Math.max(no, yes);

e 14-18 R, HMITENMMES S ENERNEM AR S, FINFEEREN O(27) .

1]) + val[i - 1];

WMEHBEITR, ARG RIMHPFERES TR, FlWdp[l, 10] %, mMYRKe, SEARKK, THEHA

HENY N, HE T NSRRI REEZ,

dp[3,30]

dp[e,10] | dple,e]

o = *

MRRS HYAEE

dp[0,10]

YRGS i 1 2 3
PERESE wgt[i]l 10 20 20
afE vallil 60 110 120

dp[2,10]

dp[1,10]

dp[e,e]

HsasE

QOE

N

cap = 30

BERNDSE 3

i MmEE > HEEE

BERANY® 2

dp[1,-10]

BEBRANDSE 1
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K 14-18 0-1 5 flinl) 2 /7 18RI T M

2. A= igiziigs

N T RIEEREE F R AP E—IR, BAMEBICIZHEE nem KICTFRIBHIME, HA mem[1]1[c] M AL dpli, c]

o]

SINIZIZIL2 IR, MISAPERAT FRBER, Witk O(n x cap) . SHURTUIT:
// === File: knapsack.js ===

/* 0-1 B IBIZHIEER */
function knapsackDFSMem(wgt, val, mem, i, c) {
/] EEETRBEYRIEELRAEE, WRENE 0
if (1===0 || c ===0) {
return 0;
}
/] BEEFIER, WEEHRE
if (mem[1][c] !== -1) {
return mem[1][c];
}
/] EBIEERE, WREEERTHRAEE
if (wgt[i - 1] > ) {
return knapsackDFSMem(wgt, val, mem, 1 - 1, c);
}
/] TERBANBANYE 1 IsANE
const no = knapsackDFSMem(wgt, val, mem, i1 - 1, c);
const yes =
knapsackDFSMem(wgt, val, mem, 1 - 1, ¢ - wgt[i - 1]) + val[i - 1];
/] BRFHEREIFTH G EPMEERNIB—
mem[1][c] = Math.max(no, yes);

return mem[1][c];

B 14-19 R T EIRICA R P BT IR 7757,
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MRES YaEE
dp[3,30]

dp[2,30] Bk REER dp[2,10]

&
YRRS i 1 2 3 HEAESE cap = 30

MREE wgt[i]l 10 20 20
waiE vallil 60 110 120

K 14-19 0-1 HEAERICIZ A RE)IMR

3. HE=: whERL
BRI ERUR ISR dp RIS, RS THoR:
// === File: knapsack.js ===

/* 0-1 B EESHME */
function knapsackDP(wgt, val, cap) {
const n = wgt.length;
/] #Ek dp &R
const dp = Array(n + 1)
.FLLL(0)
.map(() => Array(cap + 1).fil1(0));
RISt e
for (let 1 = 1; 1 <= n; 1++) {
for (let c = 1; c <= cap; c++) {
if (wgt[i - 1] > ¢) {
/| EBEEERE, WFEYm 1
dp[i][c] = dp[t - 1][c];
} else {
/] FEMEYE 1 XFHERENRAE
dp[i][c] = Math.max(
dp[i - 1][c],
dp[i - 1][c - wgt[i1 - 1]] + val[i - 1]
);

EERNIG 3
ik pRER > YEEE

REENIR 2

= of %’\%A
dpl1,10] dpl1,-10]

BERANIR 1
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return dp[n][cap];

Qe 14-20 fow, RIS 2R ERI RIS 2R R dp K/NRE, B O(n X cap)

- [} ] n - [} ] n
EE wgt i val el oo 1 2 3 4 EE wgt i val el e 1 2 3 4
wgt[i-1] val[i-1] 0 [] L] 0 0 [] wgt[i-1] wval[i-1] 0 0 ] L) []
+55
1 5 () 1 ) 1 5 () 1 5
2 11 ¥ 2 [) 2 11 ¥ 2 0
3 15 (% 3 [] 3 15 (3 3 [
RERE
YEME n=3 WEEE cap = 4
dpli, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
MAURTH (n+1) x (cap+1) B dp 4EFE
l Step 1 Step 2
a - [} ] ﬂ - [} ] ﬂ
EE wgt ffiff val RG] 1 2 3 4 EE wgt i val SC e 1 2 3 4
wgt[i-1] val[i-1] ) [) 0 0 ) [) wgt[i-1] valli-1] [} ) [) 0 0 )
5N BN
1 5 ('] 1 0 5 5 1 5 ] 1 ) 5 5 5
2 11 ¥ 2 [) 2 11 ¥ 2 )
3 15 (O 3 [] 3 15 @ 3 0
RS RSB
dpl[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dpl[i, c] = max( dp[i - 1, c] , dp[i - 1, c¢ - wgt[i-1]] + val[i-1] )
Step 3 Step 4
a) - L] [ ] U - [} ] U
EE wgt il val el oo 1 2 3 4 EE wgt i val el e 1 2 3 4
wgt[i-1] val[i-1] ) ) 0 [} [) wgt[i-1] val[i-1] [} 0 ) ) 0 )
+550 1
1 5 (] 1 0 5 5 5 1 5 (] 1 ) 3 5 5 5
2 1 * 2 ) 2 11 * 2 ) 5
3 15 - 3 [} 3 15 - 3 0
REFH: RERB:
dp[i, c] = max( dp[i - 1, ¢] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dp[i, ¢] = max( dp[i - 1, €] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 5 Step 6
- [} ] “ - [} ] n
BE wgt fifE val el oo 1 2 3 4 EE wgt fHifH val el e 1 2 3 4
wgt[i-1] val[i-1] 0 [] L) 0 0 [] wgt[i-1] wval[i-1] 0 0 [] ] L) 0
1 5 @ 1| o0 5 5 5 5 1 5 o o 5 5 5
* k v * +11 ¥
2 11 2 [) 5 11 2 11 2 0 5 1 16
3 15 @ 3 [) 3 15 @ 3 )
RSB W&
dp[i, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) dpli, c] = max( dp[i - 1, ¢] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
l Step 7 Step 8
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- ] [ ] U - [} ] ﬂ
EE wgt MME val \i\E 0 1 2 3 4 EE wgt i val \j\c\ 0 1 2 3 4
wgt[i-11 val[i-1] ) ) 0 [} 0 0 wgt[i-11 valli-1] [ [ 0 [} 0 0
1 5 (] 1 ) 5 5 5 5 1 5 (] 1 ) 5 5 5 5
~ +11 *
2 11 2 [} 5 1 16 16 2 11 2 0 ? 1 16 16
3 15 - 3 [} 3 15 - 3 ) 5
RE#B: REEB:
dp[i, c] = max( dp[i - 1, ¢] , 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 9 Step 10
- ] (] “ - [} [ ] n
EE wgt {E val \i\c 0 1 2 3 4 EE wgt fifH val \i\\g 0 1 2 3 4
wgt[i-1] val[i-1] [} [} 0 [ [} [} wgt[i-11 val[i-1] [ [} 0 [} ) [}
1 5 () 1 [) 5 5 5 5 1 5 () 1 ) 5 5 5 5
2 11 ¥ 2 ) 5 1 16 16 2 11 ¥ 2 0 —_5 1 16 16
¥ +15
3 15 (o 3 0 5 11 3 15 (o 3 0 5 116
KB RS
dpli, c] = max( dpli - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dp[i, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 11 Step 12
- - [ ] “ - - ] n
EE wgt fi{E val S| o 1 2 3 4 EE wgt i val ¢ o 1 2 3 4
i~ i
wgt[i-1] valli-1] ) [) 0 [} 0 [} wgt[i-1] valli-1] [} ) [) 0 0 0
1 5 ('] 1 0 5 5 5 5 1 5 ] 1 0 5 5 5 5
2 11 ¥ 2 [} 511 16 16 2 11 ¥ 2 [} 5 1 16 16
+15
3 15 (O 3 [] 5 11 16 20 3 15 @ 3 ) 5 11 16 20
RERB:
dpli, cl = max( dpli - 1, I, dpli - 1, c - wgt[i-11] + valli-1] ) EERFEMBHANE SHBANIE 20
Step 13 Step 14

K14-20 0-1 HEMBIZIESRNIRE

4, =siEfiik
BT MRS RS H E—TRORAE S, RIIRATAT DU AN R, B mEZEM O(n?)
= O(n) .

W FRATRES (U — NS L le? AT, B MRSE R HIE 7T s BT Rk 7 5%
B RR, BIRAA— N, SHFRmAE o 7T, ZEBHEEERTIRRE i — LITHRAS

U ESREGE R, M@ HEl dpli, ) W, e b77 dpli — 1,1] ~dpli — 1,5 — 1] (EATREE 2008
RIS E R AR SR R,
U ESREE R, MRS R AT S, AR T DAE T,

B 14-21 R TAESRADNEEH TS « = VATHRBES « = 2 1TA0IRE, 1B 1E i P AR e 1 PG 1 Xl
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) a a B B
EE wgt fMfE val el e 1 2 3 4
wgt[i-1] val[i-1] ) ) [} ] [ [}
1 s @ 1
2 11 * 2
3 15 (3 3

BH 1= 2 B, FIR dp RERENE 1 = 1 MFTENR

{ Step 1 ‘
) - L] ﬂ n
EE wgt fifH val N e 1 2 3 4
wgt[i-1] val[i-1] 0 0 [} ] [ 0
1 5 o [) 5 5 5 5
2 1 * 2 0 il 16 16
3 15 (2 3 []
sen—rsona o - ((DEDEDEDED
EIFERE i = 2 17, H#TREEB
l Step 3 }

- & & @ @
EE wgt fifE val el e 1 2 3 4
wgt[i-1] valli-1] [) [} [} o ) [}
1 5 ('] 1 ) 5 5 5 5
2 1 % ) 5
3 15 (O 3

REER—RITHA dp =

BFBHE 1 = 2 17, #ITRSES

Step 5 ]

Step 2

Step 4

[ Step 6

a & & B
EE wgt fifH val el e 1 2 3 4
wgt[i-1] valli-1] o 0 0 0 0 0
1 s @ 1 s
2 11 * 2 0 +11
3 15 - 3 0

sen—rarna o - ([N EDEDEDED

BFERE 1 = 2 17, MTRERB

fal - a & n
EE wgt fiE val e 1 2 3 4
wgt[i-1] val[i-1] ) ] 0 0 [} ]
1 5 o 5 5 5
2 11 * 2 ¢ U1
3 15 - 3 )

sen—raina o - (D EDEIEDED

BFERE i = 2 17, #HTRERB

- - "] u
EE wgt fi{E val e e 1 5 3 R
wgt[i-1] valli-1] [} ) [} [} [} ]
T s ] 1 ) 5 5 5 5
2 11 ¥ 2 ) 5
3 15 @ 3 [

wen—raimaa o - ([T IEDEDEDED

STRUBHE, A dp REFNHRE 1 = 2 WAER

B 14-21 0-1 HEAZERA GRS

FERBSSEEIA, BAMXTREA dp BISS—4E « EMIPR, JF HACPAPERA B 5 P R a] :

// File: knapsack.js
[* 0-1 B8 KEEEENESMKI */
function knapsackDPComp(wgt, val, cap) {
const n = wgt.length;
/] #ERE dp &
const dp = Array(cap + 1).fil1(0);
/] RE¥EHB
for (let 1 = 1; 1 <= n; i++) {
/] BIF&H
for (let ¢ = cap; c >=1; c--) {
if (wgt[i - 1] <= ) {

/] FEIEYGE | X ENRAE
dp[c] = Math.max(dp[c], dp[c - wgt[i - 1]] + val[i - 1]);
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}

return dp[cap];

14.5 258

EARTH, FOVEKRBES —TMEANSERE: 2e2BE, BT Rer—fE: ZEi,
14.5.1 5 aRE

O BE n M, B NYIRIERN wgtli — 1. MER valli — 1], FI—DEEHN cap 1
T, AP EEER, FEREYS AR FRERAY RSN E, REENE 14-22
FlRo

WS BE e HasE
i wgt[i-1] val[i-1] cap = 50
1 10 50 ) 1 —

2 20 120 2 2 — “
3 30 150 B

4 40 210 ¥

5 50 240 (>

BAME: 290

BIRAR: H—1 @ AF . BAES
#HEH 50 TEEE

14-22 e H WRERREEHE

1. EHESMLBER

e H RAEAT 0-1 H A HAERARCL, XL T A BRE SRR R

- AE0-1 HHWEES, FMYRAE D, Bk  MANEEE, HEEMAT ¢ — 1 DMahrikeE,
- fEEEHENET, SMYRREER R, R AT EE, TRl BUAG © A PdhrbiEe.

eSS MBI R, KA [i, ] (25 NIRRT L.
C RBONIIE G 5 0-1 BRI, BB —1,d.
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AN s 5 0-1 BRABAR, BBE [, c— wgt[i —1]] .
MRS 7R N -

dpli, c] = max(dp[i — 1, c|,dp[i, c — wgt[i — 1]] + val]i — 1])

2. {XF3scm
X ELEH E R, AR M i — 1 0 i, HRse
// === File: unbounded_knapsack.js ===

/* TEEE: SR */
function unboundedKnapsackDP(wgt, val, cap) {
const n = wgt.length;
/] #Ek dp &R
const dp = Array.from({ length: n + 1 }, () =>
Array.from({ length: cap + 1 }, () => 0)
)
RISt e
for (let 1 = 1; 1 <= n; 1++) {
for (let ¢ = 1; c <= cap; c++) {
if (wgt[i - 1] > ¢) {
/| EEREERE, WFREYm 1
dp[i][c] = dp[i - 1][c];
} else {
/] DEFRYE 1 XA ENRKE
dp[i][c] = Math.max(
dp[i - 1][c],
dp[i][c - wgt[i1 - 1]] + val[i - 1]

)
}
}
}
return dp[n][cap];
}
3. ZiEfik

T S AT MO BB RIS ATk, Bt MRILIE ROZN dp Fohi—1T3T IR s D,
XANENES 0-1 HHEIEGFHR, TEEIIE 14-23 RKIEMEME X H,
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Y - - ﬂ “ - - [ ] ﬂ
EE wgt ffiff val el oo 1 2 3 4 EE wgt i val N 1 2 3 4
wgt[i-11 val[i-1] [ [} [} ] [ [} wgt[i-1] val[i-1] [} ] 0 [} [} ]
1 5 (] 1 1 s (] 1 ) 5 10 15 20
2 11 * 2 [} 2 11 % 2
3 15 - 3 [} 3 15 - 3 0
san—rsrms o - (DI EDEDED

BH 1= 2 #, FIR dp PEHENR 1 = 1 WAENRE

wer—rzaua o - |([FIEDED

EFBHE i = 2 17, #TREES

{ Step 1 ‘ Step 2
) - [ ] ﬂ n - [} ﬂ “
BE wgt fifE val el oo 1 2 3 4 BEE wgt fifH val el 1 2 3 4
wgt[i-1] vall[i-1] 0 0 0 0 0 0 wgt[i-1] val[i-1] o 0 0 0 [) 0
1 5 ¢ [) BT 15 20 1 5 o ) 5 10 15 (1)
2 1 % [ 5 11 2 1 % ' 5 1 16
]
3 15 ® 3 0 *11 3 15 ® 3 0 +1
sen—racna o - ((DEDEDERED sen—racma o - ((DEDEDEIED
EFBRE 1 = 2 17, BTRSHS : EFBHE i = 2 17, #TREEB
l Step 3 } Step 4
£ - [} Ill ﬂ - - ] n
EE wgt fME val A 1 2 3 4 EE wgt fi{E val SC e 1 2 3 4
wgt[i-1] valli-1] [} [} [} o ) [} wgt[i-1] valli-1] o ) ) [) [} o
1 5 ('] 1 5 10 15 20 1 5 ] 1 0 5 10 15 20
2 1 % 2 [) 2 1 ¥ 2
3 15 @ 3 ) 11 3 15 ®© 3 )
sen-rurma o» - (D EDEDEDED sen-reoms » - (D EDEIEIED
EFBRE i = 2 17, #TREES SEREME, ¥ dp RENRE 1 = 2 BFENR
step 5 | [ step 6

K 14-23 e REES RGNS R

ISR AR B, AT dp AUSE—ZEMIBR :
// === File: unbounded_knapsack.js ===

[* TeEE: KEEHENSAL */
function unboundedKnapsackDPComp(wgt, val, cap) {
const n = wgt.length;
/] #ERE dp &
const dp = Array.from({ length: cap + 1 }, () => 0);
/] RE¥EHB
for (let 1 = 1; 1 <= n; i++) {
for (let ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 1] > ) {
/| EBIEERE, WREYm 1
dp[c] = dp[c];
} else {
/] REFREYR 1 XFTHEEIRAE
dp[c] = Math.max(dp[c], dp[c - wgt[i1 - 1]] + val[i - 1]);
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}

}
return dp[cap];

14.5.2 T RIR)M

HHREE — RREASEER, HIRMEREAN, BN,

@ L% n FPRETR, 58 ¢ MREERTEES coins[i — 1), BARSECN amt , TR W] DL %
w W, [RIREME R H HAR SR i/ DB MR, ANSRJCTRE H BARE A, WHRME —1 o JRBI4NE
14-24 fli7Ro

HS [ =1
i coins[i-1] Bir&E
1 1 1 amt = 11
~. B
2 2 $
3 5 @ x2 /

BUEDHE: 3
siETas: @+ © + ©

14-24 8k S e m] R R B KR

1. EHEEHRIBER

FEIUR AT B R 2T WIS — R OL, 3% AR DURIRR S5 AN R

- PRREAT DS, VIS AR BRI XOR WM, AR AR iR
-ﬁéa%m&,%é%@@@%%ﬁxw%&m@,2@%@@@%%%mm@mﬁ%o
- ERTFEIERR M AR TR, FRARR A1 I H R,

B WERRINUGE, U, Ml dp &

VRS [i, o] RS TRV i 0 AR RERS M 20 o I DRETBOR, 12 dpli, a .

“H dp FIRN (n+ 1) x (amt + 1)

B SRR T, M IR AR R
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ARG e H RIS TR AE L P RESR.

- AEESREUME, FILFRRIZEA max() BHEC8 min() .
- e R R MR AR R A O E, RIHEE R m AT 1 BIAT,

dpli,a] = min(dp[i — 1, al, dp[i,a — coins[i — 1]] + 1)

B BRI
YHEHREHON 0 I, B ErROEmEEN 0, BEFIFE dpli, 0] #%T 0.

YICHEMN, FIRBIER > 0 WBEREH, BUZTERE, NERSHEETTETE min() EEREWBIRHIH
WIRTCRR, FATEEMER +oo KEREN], BILETHE dpl0, a] #ET 400,

2. 1Xfgscm

REFGRIEE S HARIR ML 400 B, HEEMAEA int WEKERRE, XX SRR REH
ITRERRY +1 R IERREA A R H

e, BATRAET amt + 1 RERTERR, FRNBEE amt WEMEERZ ) amt . REIREIE, H#T
dpn, amt] BEGET amt + 1, #HRMRE —1, RETEREL BREH, RN TR

// === File: coin_change.js ===

[* BERSEIE: THESHK */
function coinChangeDP(coins, amt) {
const n = coins.length;
const MAX = amt + 1;
/] Mk dp R
const dp = Array.from({ length: n + 1 }, () =>
Array.from({ length: amt + 1 }, () => 0)
);
/] KEHE%: 51785
for (let a = 1; a <= amt; a++) {
dp[0][a] = MAX;
}
/] RSB HRTN5)
for (let 1 = 1; 1 <= n; 1++) {
for (let a = 1; a <= amt; a++) {
if (coins[i1 - 1] > a) {
/] BEIERE, WAEED 1
dp[i][a] = dp[i - 1][al;
} else {
/] REFRED 1 XEASENRIME
dp[i][a] = Math.min(dp[i1 - 1][a], dp[i][a - coins[i - 1]] + 1);
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}

return dp[n][amt] !== MAX ? dp[n][amt] : -1;

B 14-25 JEon 1 FESURHIE SIS RE, #

5 & 6 ¢
H/S mfE e e 1 2 3 4
i coins[i-1] 0
1 1 @
2 2 @ -
3 5 @ -
WH#E n =3 BifE® amt = 4
MEERT R (n+1) x (amt+1) & dp %M
l Step 1
5 & & 6
wS HEfE el 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ©® 1|0 1
2 2 ® 2| o™
3 5 @ - [)
RSB
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1)
Step 3
5 & 6 6
®wS EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ [} 1 2 3
2 2 @ : [} =
3 5 @ 3| o
KRB
dp[i, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]]1 + 1 )
Step 5
5 & 6 6
wS HEfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! [} % 2 3 4
2 2 @ [) 1
3 5 @ - [}
RSB
dpl[i, al = min( dpli - 1, a] , dp[i, a - coins[i-1]] + 1)
Step 7

P
Ju

e RN RITEI S Rl

8 & & &
®s EfE ) 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 0
2 2 ® 2| o
3 5 @ | o
WH#HE n =3 EfFES amt = 4
MALETH max = amt + 1 . BR 0
Step 2
5 & & 6
ws EfE ) 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 e ! ) 1 2
2 2 ® 2| o 1
3 5 @ s )
RSB
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1)
Step 4
i 4 & 6
ws EfE 0 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! ] 1 2 3 4
2 2 e : [ "
3 5 @ | o
R
dp[i, a] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
Step 6
8 & & 8
wS EfE ) 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ : ) 1 2 3 4
2 2 Q@ > ° 1 1
3 5 @ s 0 *t
RSB

dpli, a] = min( dp[i - 1, a] ,

Step 8

dpli, a - coins[i-1]] + 1 )
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5 & 6 6 i 4 & 6
wS EfE el e 1 2 3 4 ws EfE N8 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX i coins[i-1] [ MAX  MAX  MAX  MAX
1 1 @ 0 1 2 3 4 1 1 @ ! 1 2 3 4
2 2 @ : 0 1 1 2 2 2 e : 1 1 2 2
3 5 @ 3 0 +1 3 5 @ 3 +1
KRB poti A
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1) dp[i, al] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1 )
Step 9 Step 10
s & & 8 s & & 8
E HEfE el e 1 2 3 4 ws HfE ~a 1 2 3 4
i coins[i-1] 0 [] MAX  MAX  MAX  MAX i coins[i-1] 0 MAX  MAX  MAX  MAX
1 1 @ ! [} 1 2 3 4 1 1 @ ! 1 2 3 4
2 2 @ > [} % 1 2 2 2 2 Q@ 1 % 2 2
3 5 @ - ) 1 3 5 @ - 1 1
RSB RSB
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1) dpli, a] = min( dpl[i - 1, al , dpl[i, a - coins[i-11] + 1)
Step 11 Step 12
5 & 6 6 5 4 & 6
@S @ Sele 12 3 ®ws  EE e T2 3
i coins[i-1] [ ) MAX  MAX  MAX  MAX i coins[i-1] [ MAX  MAX  MAX  MAX
1 1 @ : 0 1 2 3 4 1 1 @ ! 1 2 3 4
2 2 @ 2|0 1 1 2 K 2 2 e : oz
3 5 @ - 0 1 1 2 3 5 @ - 1 1 2 2
REHEB: RS
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1) dp[i, al] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
Step 13 Step 14
s & & 8
®s EfE 0 1 2 3 4
i coins[i-1] 0 MAX  MAX  MAX  MAX
1 1 @ 0 1 2 3 4
2 2 @ 0 1 1 2 2
3 5 @ 0 1 1 2 2

3. FiEk

TR AR 2 LA A AL T S 52 21 Bl el — 2K

11 ===

Step 15

EEEHERETNROETSE 2

[ 14-25 FESURABR ) SIS RE

File: coin_change.js ===

[* TR RSERERRESRAR */

function coinChangeDPComp(coins, amt) {
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const n = coins.length;
const MAX = amt + 1;
/] 3afk dp &
const dp = Array.from({ length: amt + 1 }, () => MAX);
dp[0] = ©;
/] REEE
for (let 1 = 1; 1 <= n; i++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] BEIEREH, WAERED 1
dp[a] = dp[a];
} else {
/] REFEED 1 XS RNRIME
dp[a] = Math.min(dp[a], dp[a - coins[i - 1]] + 1);

}
return dp[amt] !== MAX ? dp[amt] : -1;

14.5.3 SN I

O L7 n FPRETR, 58 ¢ MREEREESA coins[i — 1], BARSHCN amt , SR0E TR DIE & %
w I, MBS mA SR, ROENE 14-26 FR,

WS EfE
i coins[i-1] BirEE
- amt = 5

1 1 @

2 2 (2) g

3 5 @

EMHEHE: 4

WEhHAEHR: @+@+@+@+@
90-0-0-0©
90:-0+0
(5)

K 14-26 FER LA 1T B REIESE
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1.

T E—8, ABERRRAGHER, Rt RN 6o MM AR ILEm o WA EHER. M dp

EhASHRI B R

RIMRBRSHA (n+ 1) X (amt + 1) B 45,

SRTIRSHIE S BERSF T AN 2 AT i 535 24 AR X ARV A SR M, RSB TN

Y HREHCY 0 I, ToAUEREAARE T RTA] 2 EARd, R EFITE dpli, 0] BAGEL N 1, 47
BEMN, TEEBEGER > 0 WERESH, FETHE dpl0, o) #%T 0,

dpli,a] = dpli — 1,a] + dp[i, a — coins[i — 1]]

2. XM

/1

/*

=== File: coin_change_ii.js ===

SEE 11 SR */

function coinChangeIIDP(coins, amt) {

3.

const n = coins.length;
/] #Ek dp &
const dp = Array.from({ length: n + 1 }, () =>
Array.from({ length: amt + 1 }, () => 0)
)
/] #IRLES
for (let 1 = 0; 1 <= n; 1++) {
dp[i][e] = 1;
}
/] REHE
for (let 1 = 1; 1 <= n; 1++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EERIBERET, WAERED 1
dp[i][a] = dp[i - 1][al;
} else {
/] EFRRETR 1 XEEFHHEEZH

dp[i][a] = dp[i - 1][a] + dp[i][a - coins[i -

}

}
return dp[n][amt];

itk

ZERLAC AL BT SRR, AR o 4k L BT AT

111;
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// === File: coin_change_ii.js ===

[* BEREM] 11 KSEEERNSIX */
function coinChangeIIDPComp(coins, amt) {
const n = coins.length;
/] #Ek dp &
const dp = Array.from({ length: amt + 1 }, () => 0);
dp[o6] = 1;
/] RE#ERE
for (let 1 = 1; 1 <= n; i++) {
for (let a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EHBIEREE, WREED {
dp[a] = dp[a];
} else {
/] EFRET { XA EZH
dp[a] = dp[a] + dp[a - coins[i - 1]];

}
return dp[amt];

14.6 YmiBREE R0

JwiHEERS, MR Levenshtein BRES, EM D4R Z A AR B RR MER S, BH M TEGERERNE
SRVE S A B BN S RARDUE

(r) AP TFIIER s f0 ¢, IRERE s B0 ¢ PR iR/ D omia 2 8L
w YRATDAFE — D RF BRI T =M (. A DT MBR— D, R ioniE=
— TR

GHIE 14-27 AR, R kitten $54000 sitting TR E4w4E 3 20, 045 2 IR HRIRIES 1 IRISINIRLE; R hello #2
# algo T 3 7, HUAE 2 UOEHRIERD 1 MBRIRIE,
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s - (38808080 s - (8000
lgm 1§mlmm mm]lgmlsm
0nnoooo onao

- (08808800 - (3880

K 14-27 SwiEEE R RBIEERE

S B 180 1) R M AR B SR DU BEDRARE . AT R R T i, —HEIRER (—IRGmEIRIE) X RAY
—5i4,

nE 14-28 AR, EARBRFHRIERIEITS, 0T RE#A URAE HF 2500, BRI N —RRIE, Xk
EM hello HHE| algo B IF LM REMIETZ,

MBRIHT A ER, A EFRE KT S hello FI A algo Z B FEISIE,

14-28  F: T DRI ZR G P 5 ] i

1. EHESMLBER

B BHERRIYGR, @SOS, WmifdEl dp %
B RHRFEXN TR s AT IR,

T 7 BAEREHR IR, ISR, XA AR TR, 55 R s B £ RN
nAm, ROEEERTE R sln— 1) ftfm — 1],

- A s[n— 1) Ft[m — 1] #E, BATFTABOLEAN], EEHIE sin — 2] fl t{m — 2],
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- H s[n — 1) R tim — 1) AR, FATFREX s BTk GRA. MFR, B, (EEMERFRER
R PR, AT AT DABKIS AT, 5 IR UL RE /N [l

WELR W, BAETFITE s PHEATIE R OR (R ERME), BIES s M PRIRIFFILEC 71T 4 422
o BRtt, REI9YHIE s F ¢ TP IEHIEE @ FO5E j D, 188 [4, 4]«

IRFS [4, g] XRE TR 4% s BIRT ¢ DFRFEBON t 1R § AT b i 5 8
Zit, BE-PMRIA(E+1) x (F+ 1) =4 dp &
B R TEH, S IR

R dpli, §], HNMERDNZRRERRBEHZRN s[i — 1] ft[j — 1], ARIERFGREERIED HE
14-29 AR =&,

1. 18 si — 1) ZEHI [ — 1], WRATFEE dpli, j — 1] .
2. MR s[i — 1], WIS TS dpli — 1, 7]
3. s[i — 1) BB t)j — 1], WIS TS dpli — 1,5 — 1]

HEREFM e

(c[o]d]e] [c]o]d
dpli, j-1]
MR k
s - (B00C (e]-]- 19 (]1-]- 19
- 3000 (cJole]e] (coJd]e]
dpli, jl dpli-1, j]
% k Bifth e

dp[i-1, j-1]

] 14-29 GwfHEEESHUINESHAS

R LT, WIS RILTFEH: dpli, j] RRDHRESBET dpli, j — 1], dpli —1, 7). dpli—1,j—1]
=H PRSP, BN EARRR G L o XN EIRESERS RN :

R, M sl — 1) M t[j — 1] MR, Jemgbs Saiv 5, XME RIRESERE I

B2 B AR ARSI
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LI EC SN, FEPECN 0, R dp[0,0] =0, % s h2HME t LN, BOREPBET ¢ K
e, BIE1T dpl0,7] = jo M s ARZEt NN, ROHESBET s WKE, RE5dpli,0] =i,

MRS TTRE, 8 dpld, j) BBUE TS B77. 72 LD7R0fE, BRIHOEIE N Z I8 PR E i 5~ dp RENAT,

2. 1Xfgscm

// === File: edit_distance.js ===

[* YRIEEEES: BOASHIKY */
function editDistanceDP(s, t) {
const n = s.length,
m = t.length;
const dp = Array.from({ length: n + 1 }, () => new Array(m + 1).fi11(0));
/] KEER%: 51785
for (let 1 = 1; 1 <= n; i++) {
dp[i][e] = i;
}
for (let j = 1; j <= m; j++) {
dp[0][3] = 3;
}
/] REFEE: HRITHT
for (let 1 = 1; 1 <= n; 1++) {
for (let j = 1; j <= m; j++) {
if (s.charAt(i - 1) === t.charAt(j - 1)) {
/] ERFREE, WEZBLIRFR
dp[t][J] = dp[t - 1][] - 11;

} else {
/] RVURIELE = A bR, BMX=MIRENRDVRESH + 1
dp[il[]] =

Math.min(dp[i][]j - 11, dp[i - 11[j], dp[i - 11[j - 1) + 1;

}
return dp[n][m];

GnIE 14-30 AR, gmiRIEEE MRS RIS R S E GREHER LML, # T DB FEE — D 4R A

o
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. ooao ___ooao

Nle 1 2 3 4 SNle 1 2 3 4
[} e [0 1 2 3 4
D - D ;| :
[ IR
a_: IR
s = “bag” t = “pack”
n=3 m=4

MakETT dplo, j1=j « &% dpli, 0] =1
MELRTH (n+1) x (m+1) B dp R

[step 1| Step 2
___aaaso ___Boooo

Sle 12 3 4 Ple 12 3 4
o o 1 2 3 4 o [0 1 2 3 4
(> I 0|
e : | [ 2 I
[ < BENE B |-
RSHH: RS
dpli, j] = min( dp[i, j-11 , dpl[i-1, j] , dpli-1, j-11 ) + 1 dpli, j] = min( dp[i, j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

s e

ooan ooan
iEj“123“ iEj”123"

KRB Ris#i:
dpli, j] = min( dpli, j-1] , dpli-1, j1 , dpli-1, j-1] ) + 1 dpli, jl = min( dp[i, j-11 , dpli-1, j1 , dpl[i-1, j-11 ) + 1

SNle 1 2 3 4 N e 2 3 4
o [0 1 2 3 4 e [0 1 2 3 4
n 11 1 2 3 4 n 101 1 2 3 4
a 2 2+lz a 2 |2 2 1
a 3 |3 a 3 |3
RERB potig:d
dpli, j1 = min( dpli, j-11 , dpli-1, j] , dpli-1, j-1]1 ) + 1 « s[i-1]=t[i-1]=‘a’ - dp[i, j] = dpli-1, j-1]

SNle 12 3 4 NI e 2 3 4
o e 1 2 3 4 e o 1 2 3 &
n 1 1 1 2 3 4 u 1 1 1 2 £ 4
+1 +1
a 2 |2 2 1 2 a 2 |2 2 1 2 3
IR e
W& RS
dpli, j] = minC dpli, j-11 , dpli-1, 31, dpli-1, j-1] ) + 1 dpli, 31 = min( dpld, j-11 , dpli-1, 31, dp[i-1, j-11 ) + 1

[ step 9 | [Step 10]
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i
[}
o :
a -
a -
RERB:
dpl[i, j] = min( dpli,
Step 11
~_7]
N
]
o -
-
a_
REHEB:
dpli, j1 = min( dp[i,
Step 13

3. waEfiik

= ~ ~ Nn
MR - |
“ - - “a

w N B e s
w N R e e

“
[y

j-11 , dpli-1,

- |

w N Rk e | e
NoR N NN
NN W oW w

j-11 , dpli-1,

jl

© - - ‘\a

jl

Step 15

, dpli-1, j-11 ) + 1

, dpli-1, j-1] ) + 1

.
w N ke
(o

Step 12

Step 14

BERMEESY 3

SNle 1 2 3 4
e [0 1 2 3 4
u 11 1 2 3 4
a 2 |2 2 1 2 3
+1
a 3 (3 3 2

RERB:

dpli, j] = min( dpli, j-11 , dp[i-1, 31,

0860

“Jlo 1 2 3 4
1

o ('] 1 2 3 4

u 1 1 1 2 3 4

a 2 2 2 1 2 i

a 3 3 3 2 2+13

RER:

dpli, j] = min( dpl[i, j-11 , dpli-1, j1,

14-30 gwiR RIS MNIERE

dpli-1, j-1]1 ) +1

dpli-1, j-1] ) + 1

T dpli, ] B 77 dpli — 1, 5], %77 dpli, j — 1], % E77 dpli — 1, j — 1] STk, MER&BH
SFRSE LT dpli — 1,5 — 1], BB AR dpli, j — 1), BHPRE TR,

ik, BATATME R — M2 & leftup REFA LTI dpli — 1,5 — 1], MM FEH BT 7T R,
R RTR LS e el WAEE, AIER L&, A FRTR:

// === File: edit_distance.js ===

[* YRIBEE: KEESEBHEMK */
function editDistanceDPComp(s, t) {

const n = s.length,

m = t.length;

const dp = new Array(m + 1).fil1(0);

/] REES: BT
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for (let j = 1; j <= m; j++) {
dp[il = 3;
}
/] WEE%. HR1T
for (let 1 = 1; 1 <= n; i++) {
/] WEE%: 875
let leftup = dp[0]; // ETF dp[i-1, j-1]
dpfo] = i;
/] WEER%: HR5
for (let j = 1; j <= m; j++) {
const temp = dp[j];
if (s.charAt(i - 1) === t.charAt(j - 1)) {
/] BERFREE, WEZBLIIRFR
dp[i] = leftup;
} else {
/] =VREESER = AN MR, BMX=MRENRDREIR + 1
dp[j] = Math.min(dp[j - 1], dp[j], leftup) + 1;
}
leftup = temp; // B AT dp[i-1, j-1]
}

}
return dp[m];

14.7 ING

- B BT o0, JREE A T R R LR R TR, RS RRCR,

- REENRATE T, FrashSOREERaT AR (BAER) BTRRE, @AM ERER
HE LR, YRR @5, AT RERTA RS R 7 R, AR IEE S 1)
AR —IR,

- IR R AT RGBSR, TS 2 W REh SR — R B TRA S R, A
aniE “HERK —FE, BT HATRES ML REAE, BEIHIROTA DAERR dp RE—DHEE, N
T AP =S (R A 2% FEE

- FIRE R AE R REERE, G, ShAAMKL Bh BEA AR,

- ISR = RRHE: EE TR, RO, ToER.

ARSI R AR AT DA T AR R AR A SR, MIE st BA R A1 454,

- RN TR, HARRERRGZIEE X, MEERLmIEIRESTIER, 2L
A BEATCERME, TeikE sl RR POE K R,

A

- HHEAERRIHAEIESMNAE L —, BA0-1 HH., ZaBi, ZEEHEFLT,

- 0-1 HRAVIRAE XOWHT ¢ MIMERIREREN c EEPRRRNME, RIEAIATEHBRATEMN
FIERSR, IS EIRIC T4, FFE IS ERTTR. w2 R, BTN IREIE Bk b
JTHPRA, RIEREE LR, B BT ISR .
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- T WREE SR R BECETTRRE], RIEER A MRS EES 0-1 SUREAR, BT
IRZSHRILE LT FIIEZETTHIRAS, BRI AE 2 LA R 24 1E e i i o

- BRSPS 2T WA — DR, BMK RRT MEZONK RN MR, RIIRASE
Bo7ifEd i max() MO8 min() o MIBSR “RNEid” HHARINER “WBF” EHERSE, KIS
A amt + 1 RKFoR “TEiRBEHEREIT KITCR0E,

- RERSUHRFIR 1T MR “B/ DRI AR SOk “REMASEER", RSB ITREMERM A min() SOy
RINBHET,

Zh iR 2 124 )

- ZiHEEE (Levenshtein FEES) FFHEM DFATERZ MAAREUE, HE SO MN— D255 —1
TRPERR R/ DI R, RN, MR, ik,

- G B A IR O s BIRT 0 DTF R ESON ¢ BIRET § D ERTR R D HRES R 5
sli] # tlg] Ny, BA=RGRE: w0, MR, B, e0IEA AR R, SR ] DR A
FEAG GRS TR, T s[i] = t[j] N, TGRS /17,

- ARSI R, ISMRBLIE E77, IE/E75, £ BT, BRIz R )E B R sl 8l i i # TR 1E
P TIRS R, itk, TRAAA—DEEEFLE LIRS, W R 5582w RSN HTH
O, A DR RIS A T IR 7



F15F A

6] H 2551 KEH#es), NANRER B B KR A AT RE,
SOLRISE 4RI Bk Frh, B RAREESR,

344
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15.1 FOEZE

ML greedy algorithm ) 2 —FiH WEYARROLIE B A R, HEA BARZAE AR &1 PRI B,
AR L RTE R R IURIERE, BSOS /R IR, DIIRG 2R R I, SUORIER TS HSRK,
FEVFZ PR A & TZHIN

FOLRIEISAS MR A TR e, ez B E— SRz, HanEs s a5 tt, H
TAEREEAFL,

- BN SRR Z AR BRI R A IRAOKR B 8 S RIDER,  FFE IS 27 1A A0 RS 24 T [ R e

- ROLREASHEL RN, T2 Bt T oo OiEse, AW/ NRETEE, BE SRR,
TAVEL B T THAOREN LERE, XEHMOSE “weEunE” 5 hagd, M
EIR EFH AR,

«) L5 n FPETR, 58 ¢ MREEREEA coins[i — 1], BARSETH amt , SRME TR DI & %
w W, [IREAS I H iR D e, anRIciEE N BAREE, WHRE —1 .,

ABEREA ZO LRI 15-1 FoRe 408 BAREET, BAOHNERA KT HEia einim, AWrigiix
S, BEEEW ARSIV,

Bix&E HER: SRERFAATERBELIHAESTNED
131
’
31 PSRN g
¥
. [
1%
’
1 J— P
-
+ (1)
0
B 15-1 FER M SO RN
SEEUCHS AN R R :
// === File: coin_change_greedy.js ===

[* BETM FO +/

function coinChangeGreedy(coins, amt) {
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/] 1Ri& coins #EEF
let 1 = coins.length - 1;

let count = 0;

/] BIRHITEROERE, BERLERREM
while (amt > 0) {
/] HEVNF BERBER RS ERIED
while (1 > 0 && coins[i] > amt) {
t==§
}
/] ¥R coins[i]
amt -= coins[i];
count++;
}
/] BRLEETAZE, MWRE -1
return amt === 0 ? count : -1;

TRAJRE NI HUBIY: So clean ! SUOHERMHAHTAIERLARR TR S A,

15.1.1 FLEZENR=SS5RBRY

SULSLEACUR AR, SR, m @R PR e, 700 BREY, 10 M &/ EE min(coins) ,
W ZOIE B Z IEFF amt/ min(coins) (X, WEEZEHN O(amt/ min(coins)) o XS
I ZE O(n X amt) /INT —NEES,

Saim, WP MmN S, FOREIFAREIREIRIM. & 15-2 258 TR ARE,

-+ 1Efl coins = [1,5,10,20,50,100]: EZEHHAE TR, HEMLE amt, TULEIEERAT ARERAL
fitto

- Bl coins = [1,20,50]: &% amt = 60, ZWOLEBEHEEE 50 + 1 x 10 Kysismd s, it 11
g, ABShASHIA] ARSI AL 20 + 20 + 20, X7 3 #hE,

- &Pl coins = [1,49,50]: 8% amt = 98, DUOLEIEHAERE] 50 + 1 x 48 WS, it 49
Mg, BRI AREIR LR 49 + 49, 55 2 HaEm,

Whas Bir&E BLHERRAR SRR SR
(REpmILRR) (2RRIAR)

@ 60 +@x1@ x 3
@ 98 +@x48 xZ

K 15-2 SORIRTCIEER R AR A
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MR, N TEEAMAE, SUORRITERIERE 2R EIUE, HHERIEIEFRENR, EHEES
EEIESS Rl 27

—RAEOL T, SULBEIRATE R L PR P,
1. A PAGRUESREIRAM: SOORIRERMEI MEER R IUERE, FOvEEERLEm, ShSHRIE =R,

2. WIDARBENERURR: PO RIEERA A TR AT, M TREERMERY, SRR RIHEIE
HIRME, BEDAERRCRER BN A2 AR A,

15.1.2 ADEERENE

MARERT , AT 2R RIEDE & H 20O FEKEE? siF W, SUORIREM A0 T il URIEEREI R
fige?

BT EhASRA, FORIRAE SRR Z], H 3 ERERR M MER,

- LSRR A SRR UG A ] LS B R RN, SUORIEA RERIES R R MU
- IR E SRR R PR T A A AR DA

RILFEHEARE “ShANRT" P Nadld, XEAEER, ERERNE, —ERBERILFaHH A
HE, (BRI OO BTR AR OR,

AN EEIRT ORI HINTTT %, BARERIHAE LR SR, Bk X TFHFSmE, D
EREE IR H

BIanF e Se s m A, A TRARREW A B B, W OO Ty, (HUESSATMEREROR. AR
W 2 PR RE T 2 5 il DASE I SOOSTRR MY A R REFEAE AL B B8 Il ok 45 H — MBI AT A 2
=R, TAEDASS =R AR,

O H—RIEXEH T —A O(n?) MRS ZEME, T AW — M4 A e s00 EIA
w PR BRI S AL
Pearson, D. A polynomial-time algorithm for the change-making problem[]].
Operations Research Letters, 2005, 33(3): 231-234.

15.1.3 FOEEBELSE

SOL R R R AR R R 73 AR =2,

L. W8 Hr: A SRR, EARIRAE S U BRI R4S, IR —PAE A1 A AR
wWHW Ko

2. W FULSRIG: BEANFIE S — PPt SO0, XD IRIGRESFE B — P U AT, AR #
TREEAN A

3. IEWIPENER: JEH R EIEREEA ORI AR LT 45, X ERAT RERRE I ZIECAIERT, I
ANV IR SOIETR S

B UL RIS 2 SR AR AR P B, (HSSHEE R ATREH A S, EEALIRERE,
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- AR FODRIGHIZE TR, N T2 Rk, SO0RIEHRIRE, BilEd —SRMEES
ZGAETS o MX T —E kM, SULREE AT REIER R, XAME IR F 5 1 N A fRELss 5
RIKREN T

© HEEETUORIE AR EARRNE, LA THIME ORI SO0RE, F RIS RIB,T, RATRE
RILER 7 ARG TCRE . IXR BRI VORI IZ “HMEM” B, EXAHF R 2
— MR B,

NTRIEERTE, BAIRIZN SULRMSHEAT ™ ERECAER, & S RO R B AN,

ST, IERATEIERI MR ATREAN R —1F 5 Fe FE 1A K4, @ S semamiLR T L, —
DB RIUE S0 R,

15.1.4 BROEEHBEGI

SOLBIRH N TR E SUDIE MR AL T4 L,  DURAI2E T — L2 AR sU O BIR A

- MERERFAE: EREEHAS T, RORERE IS EIRILR,

- DXMIHEERDEL: R — 55, B MESE BN RINELT, REERRZERRATREZ LSS,
REFREOE AR R RHESS, A2 T0LEIR AT SRR,

C rBEEmE: G -Arai— N EER, RN ERRIEE YR, @REERAELHER, B
SMERR, WREBRANEREEN tbikm (ME / ER) B9, IATDRIRE —LEH T A DUSE]
AL,

- RELIENNEL: g —HRERITIE A, VRATDOET 2 IRESE, HIRIRE SR AR, BALESEH
ZHIARRERFSE, EFRRIRBUR A,

- EREHNY: EREHGE T IREE R SO R, EIREREN, BIRIEREHIR
RSN R EH, RERINERSRIHREEERE WHKE) &/,

- Dijkstra 5ik: &R —FRREAE IR S H AR TUS B B2 RS S0 O RTA.

15.2 SEE i)

@)  HEn Wi, B REERS wgtli — 1], (MO valli — 1], FAER cap 9
\ W, FAR AR, AT DRI B, SR R TR LS,
R S AR AR A E, RO 15-3 FiT,
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wS EE fifE

i wgt[i-1] val[i-1]

1 10 50 ‘ Tﬂ)\i% ﬁﬂg%
cap = 50

2 20 120 2 20 \

3 30 150 Y u

4 40 210 ¥ 30—

5 50 240 (Y

BAME: 120 + (30/40)x210 = 277.5

BRAZE: BB . M 30 5B ¥ mAEs
#Em 50 HAAE

15-3 380K B RS R B

IR AR 0-1 5 B AR EARR ML, IS S SR IR E ¢, BMEZRRETFEER MY
BRARNME,

ANAFIET, ALY —#7, & 15-4 For, BT POt Y5, g E R
EEBIR T SR

1 T, TERRER RS valli — 1] /wgtli — 1], FREIHME,
2. BB i, RN w, WEEMMOAOER w x valli — 1)/wgt[i — 1] ,

RS EE fhiE  AfifiE

) . i val[i-1]
i wgt[i-1] val[i-1] wetli-1]
1 10 50 5 ™) S Han LT Hanmn
ENER B E e E
2 20 120 6 2 alli-1]
v -
A v g - R
4 40 210 5.25 %
5 50 240 4.8 -

15-4 PyifE A EE FHIMNE

1. SERBRHE
BAEUAYRENE, AR ERER AN E R FRPIMGE, Bt rT e & 15-5 FiRay su0sK
8

L. Wi IR s AT E N S B A THER
2. WA, SHERTLOHER AN E RS P
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v

3. HRIREUARAL, WL FTY) A — R E,

Hs EB thid  BfIfHE

. . . val[i-1] RIBAMIH{E
1 weeli-al valli-al 0 S TR

2 20 120 6 2
*
4 40 210 5.25
HDER:
1 10 50 5 ) RIEERMEE SR
3 30 150 5 B
5 50 240 4.8 >

15-5 7 80E W EHg o0 SR

2. XM

FBATESL T — N2 Ttem , DUMESY) A IR AN MEDHI THEF . FEEREH T O00NERE, M E BN Bkt I
IR [F] i :

// === File: fractional_knapsack.js ===

[* ¥ x/
class Item {
constructor(w, v) {
this.w = w; // VIREE
this.v = v; // ¥ISRINE

[* DEEE: "D ¥/
function fractionalKnapsack(wgt, val, cap) {
/] IEYRIIR, BEBINEY: EE. NE
const items = wgt.map((w, i) => new Item(w, val[i]));
/] FRBEAMNE item.v / item.w MNEIEFITHFE
items.sort((a, b) => b.v / b.w - a.v / a.w);
/] TERTOERE
let res = 0;
for (const item of items) {
if (item.w <= cap) {
/] ERRBERE, WESRYMRBENEHEE
res += item.v;
cap -= item.w;
} else {
/] BERREEFE, WESRYaRN—BoEHEE

res += (item.v / item.w) * cap;
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/| EERREE, ALLBKHTEF
break;
}
}

return res;

Ay 28h, TERZERT, HEEHEMRIIER, FIRNBERER O(n), Hbn hamic,
HITRIAML T — Ttem X RIIER, BREHEREN O(n) o

3. IEFRTEIEER

RARIEE. REY v RN ER SV, ERERERGRARNEN res, HZ@EHALEYH ©
WENE U EH A ERAEREY R, OV EENYS v . HTYE © B MMERS, RIS
WIGHUEMNE—EKRT res . X4 res RBRMEFE, WHREGDLEEN © .
TR R A&, B A] DA ER P E, BMEZ, ARG EE RIS R B IR, X
B 200 SR 2 B R

aniE 15-6 AR, QNSRS it EE BRI S ERALATE 70 BB — 5k —HERISR AR, 0 380 R ) T
o “SRAEA FRAEH X A T A B R, 1SS EERT DAR BIERAT I LA R A 50 OO SRS A R

MRBNE
5.25 5 5
* 1 Y (S
YREE
40 10 30
50
m sazE

15-6 R ERER LR



BI5E O hello-algo.com 352

7 AN bt , HPRSNTRREKR D EERR SR, SHTREEMDER, P&
v A2 A2 A A DA S — DA 2R
ARNAERETREMEERNFN (), HoisEbEErERIE, T8RN
BAHRGI 2%,
THEREH IR, FERHRIFRNAERRR, RERKAER, ROMIE 15-7 Frr.

EicLid

S B N W &~ 01O N

15-7 s AHE R MBI REIESE

AHEEEM N FEIRE R, FABRARE WA BRI, Eh (4, ] .

MR, ARSTEERMEE, H@EhEioee, 8E2mRRIBERS 2%, RERN capli, j]
, AR HE AN

capli, j] = min(ht[i], ht[j]) x (7 — 1)

WREKE N 0, FRRIASEE (REHED N C2 = AN BRECHEM, TRATA AT R
&, WTTRERAFR, HHEREN O(n?),

1. FLKRIBRE

SO S RCR IRk, W 15-8 FR, BRI —MRA [4, ], HOMER310 < j B ht[i] < ht(j)
LB AR, AR
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S B N W U 0NN
pe—— <
eeee—— <\l

0 1 2 3 & 5 6 7

i HAER, j AKIR
WHIRE cap = min(3, 4) x (7-0) = 21

K 15-8 #IHEIRAES

QniE 15-9 Fw, FHBERRRERAR J rEmR @ SRk, WA SN,

XERRNERSNM § 5, BE j—i §EZ/N; MeElRERovE, FHitsERERE G IrohER) 88
AN (BENEH § RONRERD o

8

7

6

5 . -
. | :
3

2

. |

. |

() 1 2 3 4 5 6 7
MRS, BE—ER/
YHIRE cap = min(3,3) = (6-0) = 18

15-9 [AINEEE KARGHIIRES

B, ARG MANRERR  , AAREEAFRER, FNERKEE —EZ/), HEETREIER B
SNIERREN @ ATRER R . BIANTEE 15-10 1, BahEia R,
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FH I ] $fE A SO0V RIAA L RTEEE, EH 51 as P,
faEHHIE,

—— < \ads

i

v
8
7
6
5
4
3
2
1
0

0 1

LUHIAE cap =

HABEER, BEREEEX

min(8, 4) x (7-1) = 24

& 15-10 MRS E FARES

A 15-11 R 1 S0 SRS R TId S,

N

Step 1

iR

Step 3

S kP N W s O O N ®

S B N W s O O N ®

MateiEst i, § , ERHTIBERE, FEREAME res =

0 1 2 3 4 5 6

YIS cap = min(ht[i], ht[j1) x (j-i) = 24

BABE res = max(cap, res) = 24

FHAIRESTS, 485t M1 5 2 HIEEH M,

R APRSHA R capli, j], JHFENBARE R,
EEet o F1 AR g ORI, R A NRS S —1%,
TEIMAITES 2. PFNEE 3. 2, EHE 0 Ml j AHIBINEEH,

iR

Step 2

it

Step 4

S B N W S O O N ®

S B N W s O O N ®

[] 1 2 3 4 5 6

7
WHIAE cap = min(ht[il, ht[j]) x (j-i) = 21

BABE res = max(cap, res) = 21

j

v
o 1 2 3 4 5 6 7
LHIAE cap = min(ht[il, ht[j]) = (j-i) = 15
RABE res = max(cap, res) = 24

AL NG RE RO M FEE, BEEM
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<.

< b

b]
v

YRIAR cap = min(ht[il, ht[j1) x (j-i) = 21
B|ABE res = max(cap, res) = 28

1

< He

2

b]
v

3

4

5

6

LUHIEE cap = min(ht[il, ht[j]) x (j-i) = 5
BABE res = max(cap, res) = 28

8 8
R 7 m|R 7
6 6
5 5
4 4
3 3
2 2
1 1
o 0
[/} 1 2 3 4 5 6 7 o
YUHIARE cap = min(ht[i], ht[j]) = (j-i) = 28
lm BABE res = max(cap, res) = 28 m
i
v
8 8
7 7
6 ‘ 6
5 R s
4 . 4
3 J 3
R 2 2
1 | 1
o o
o 1 2 3 4 5 6 7 o
YUHBE cap = min(ht[il, ht[j]) = (j-i) = 4
lTW RABE res = max(cap, res) = 28 m
ij
v
8
7
e \
5
4
3
2
L
[}
o 1 2 3 4 5 6 7

2. REEEm

Step 9

v igH i 5 j EE,
- BRHBULER, EERARE 28

15-11 RARAEFEE

REER R n 6, BEINREZERN O(n) o
ki, j. res MFHEOOMIBINER, FHREAFERER O(1) .

// === File: max_capacity.js

[* ZRBE: A */

function maxCapacity(ht) {
/] MEk 1, j, EEDTIHERR

let 1 =0,

J
/] VIERABEN 0
let res = 0;

ht.length - 1;

Fobid

1

2

2

3

4

5

6
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/] ERTOEE, EERIRESE
while (1 < j) {
/] BEAEE
const cap = Math.min(ht[i], ht[j]) * (§ - 1);
res = Math.max(res, cap);
/] BREENFER
if (ht[i] < ht[i]) {

i +=1;
} else {
j-=1
}
}
return res;

3. IERRMEIEER

ZFRAZUL g R R, REDVERRSUDIERR S “BET LIRS

FEINTEIRTS capli, j) &, @ MM, j KR, A SUDHPKEEMR « mNBE—i%, 2S20E 15-12 Foriyik
B BT, RXERE Z R EIERUEX RS R

capli,i + 1], capli, i + 2], ..., capl[i, j — 2], capli, j — 1]

SThiER
HEEREEN ANl RN RN
caplo, 7] cap[1, 7]
i (S0 0k ¢
EENEENENEESEE AR S S NS ANE
cap[o, 6] caplo, 5] caplo, 4]

L e

cap[o, 3] capl[o, 2] caplo, 1]

K 15-12 BalmEi SFEENT FARES

ML, XERHOS RIRELR ESURR KR § PBSIaIRE, aTm&MELIEARNBRIR—E S
SEEREL/N. MR, WEBERIRSEAATRER &I, B eSS BT BRI,

DAL AR, BalEmRARiEe “2e” 1, SORIZAR,
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15.4 &KX TR

@ BE DR n, KHUIAEDWA RGN, KU EITH BRI R ZE 2D,
w & 15-13 Firs,

BANEE n , R max(ng xnyxngx..xNy_pXNy_g X Ny)

15-13 R Y12 AR AU L

BN n VIR m DR T, B MATIEn, , B

m

=1

AT H AR RIG T B A TR s ORI

i=1
BMNFEEERZ: VInBEm MiZZKR, 810 n, NiZEZ/0?

1. FOERBRHAE

RIEZE, A EEERFAE L e E R, BIEM n o H—1ET 2, MENNRED 2(n —2)
o BATRIZIRIG n fELLEL:

2(n—2)>n
2n—m—42>0
n>4
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E 15-14 FoR, Hn > 40, YIt—4 2 JERRESER, REIRTET 4 FREEBERNIZESDIT

FODHRIE—: WRVIDTTRFEE > 4 AT, WLEHMIZRARLEY) 7y, RARYITTR AN 1, 2,
3 EX=RAF,

N
=
=
1
N

Y n>4 B, 1EE 2(n-2) 2 n
ARENSARANEE 1, 2, 3 BF

15-14 Y5 S8ERAEZ K
ZOREEMANEFRRMN, £ 1. 2, 3X=EARFH, 2R 1EREMN, FAN1 X (n—1) < nfEK
37, B 1 ke SEBERE N
WE15-15 R, MUn=6K, 3 x3>2x2x2, XEKEVHE 3 Vs 2 #Hik,
TORIE . VI RF, RERNEERD 2, FAEA 2 B2 DIBEHCAMA 3, MRS KRR

Mo

HEE=T 2 B, MZELMELARED 3

15-15 &Y RT

Zi ERTR, FIHERLH DUR SO0 R,
L BMANEBE n, NHAKHYI AT 3, BEEREN0, 10 2,
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2. ROV O I, & n 2 3 IREEL, UL,
3. HREON 2, Ay, RE
4. MRECON 1N, HT2Xx2>1x3, HLMERE—3EHN 2,

2. KM

i 15-16 Fiw, FATEAVEL AR 2L, min] DA N ERIZRA2] 3 1M e, HEEIEERS
FIRED, HNA:

n=3a+b
HERE, NFn < 3WBFENR, “wHHRSH—N1, #I1 X (n—1),
// === File: max_product_cutting.js ===

[* RAVIDR: Tl */
function maxProductCutting(n) {
/] EH n <=3 B, RATISH— 1
if (n <= 3) {
return 1 * (n - 1);
}
/] FOHTISH 3, a A 3 BN, b ARE
let a = Math.floor(n / 3);
let b =n % 3;
if (b === 1) {
/] HRERN 1B, B3 1 * 3 Bk 2 * 2
return Math.pow(3, a - 1) * 2 * 2;

}
if (b === 2) {
/] HBREA 2 B, REHLE
return Math.pow(3, a) * 2;
}

/] HREA o B, FigbE
return Math.pow(3, a);
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R¥ b at3

n=3xa+b

K 15-16 AV RTTI

o} TR 52 A FE VR TG i SR RSB T4, DA Python N, H FRIR TR A =Hf,

- IBEAF ** FIEEEL pow() N THE 2 O(log a) .
- ¥ math.pow() PIFBIAFH C BT M pow() BREL, HHUTIZAEGR, NMAEZREHN O(1),

Ak o M b FEAFEOUVNIEINER, FRBERERERN O(1) .

3. IEH@4IEER

HERARIEE, Rt n > 3 BIEN.

L By < 30 BRRMVIZ T RPEE > ANET o, Ia—Er] LG EARSRI R 2(x — 2)
MRS ERRIRI, XS RIET &,

2. VInliRARE 1 BRRIMVIDTTRAPFE-INET 1, Bae—Erl LEFHF AR I PEFH, DA
PRERIFM, XS5BT E,

3. VInTiRmBUEMA 2 1 REEMVIATRPUE=D 2, Ia—Er] IEHAND 3, FRAHER,
XERETE,

15.5 /&

- SOLRIREE T RO U R, HRER AR D ORRRT B RS R LA R, ARG 2R

AL,
- LRIRRIEAHME — DX DN BUDIERE,  BERRHERE U ALK — RSN TR, S ]
R AR

- DEEACERIE R, EEARESIFERCR, AT, S00E RN R 2 2% 5 R,

- AEFEGURAE S, NTREEMAS, SORIAR DRIEKEIRMLME; T 55— mH S A
2R, SLBEIRATREIEIRZRIME,

- EEMAORRRBAIREEA WA IR R R T A, SOOI ARR TV RIS
MR,
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- ORTFRE Z, SUOE R ERE R R, MR, IEWEIIA, GRS,

L ORRALAE LTS = FESH. FE LR, RN, o B ORI RS IR,
TERMELER R A 5,

- OYERTSELRIEE 0-1 T A0SR b, A VPCERIR—5, PTG AL R, 2SRRI
T T DA PR ME A,

AR VAT SR, REZREEN O(n?) , B S0 NS, RN, o
I E RS O(n) .

CAERKTID TR, BN SRR SO R > 4 SR RIS, RIS T
N3, REHEEREE, NAEARRATREHSBUNE, BHA 0(1) % O(logn) ,
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16.1 ‘RIZIFIERIE

16.1.1 & IDE

IR, F8H VS Code fENAMEHSTT LI (IDE), ilA] VS Code B, MRAEHRIERIUEREH
RERRASE) VS Code BT FERNIZEL,

Qa%w 010 % i

Visual Studio Code  Docs  Updates + Download

Code editing.
Redefined.

Download Mac Universal | .,
Stable Build

mac0s Universal
Windows x64 User Installer

Linux x64 deb
rpm

F#i VS Code =y
Run and Deblg BONCN Git Extensions

16-1 MWEM T#; VS Code

IntelliSense

VS Code AT REASRG, SFFRZEGIZESHIZTAIE, DA Python NI, %% “Python
Extension Pack” ¥ @25, BIAI#E# T Python fREGIAIK, 220 BaE 16-2 Ak,


https://code.visualstudio.com/
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Python Extension Pack vi.7.0
Don Jayamanne 7,005,466 % % % % ¥ (16)
Popular Visual Studio Code extensions for Python
Disable v Uninstall |~

This extension is enabled globa

DETAILS
Extension Pack (7)

REHRNT

A B P O AT autoDocstring - Python Docstring Ger

doc

! Install

|
j—ﬁf*?ﬁ% ython Docstring Gen...
@ Python
P

3

Jinja

Python Extension Pack

Install

= ] Python Extended 12M k4

&l 16-2 %% VS Code ¥ et

16.1.2 REESIIR
1. Python Ifig
1. FEJFZEE Miniconda3, % Python 3.10 BEEHRRA,

2. 1£ VS Code W82 python , %4 Python Extension Pack
3. (FJi%) fE@SITHIAN pip install black , ZREMIMHEAILTHE,

2. C/C++IFIR

1. Windows RAFELEE MinGW (AL E#F2); MacOS B Clang, LM%,

2. 1£ VS Code MHEH T HHIER c++, L% C/C++ Extension Pack .

3. ([ i%) 47 JF Settings TU [, #4 & Clang_format_fallback Style fX A3 4% = fb & Wi, R E B
{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach },

3. JavaIfig

1. R#EFFZEE Open] DK (AT E > JDK 9),
2. 1£ VS Code WHtFTHH 2 java, &% Extension Pack for Java,


https://docs.conda.io/en/latest/miniconda.html
https://sourceforge.net/projects/mingw-w64/files/
https://blog.csdn.net/qq_33698226/article/details/129031241
https://jdk.java.net/18/
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4, CH#IFIE

1. FEFFZEE Net 8.0,
2. 1E VS Code HIIEMH R IZFHI822 c# Dev Kit, 2% C# Dev Kit (FilE ),
3. WAlf#A] Visual Studio (ZZ2E#f5),

5. GoIfi§
1. F#EFFZE g0,
2. 1£ VS Code WftFHi 782K go, %2 Go,
3. FPERE ctrl + Shift + PIEH@SEE, A go, 1%EFE Go: Install/Update Tools, EEBANIEIFZL
ERIA],
6. Swift IfiF

1. F#EFFZEE Swift,
2. 1E VS Code MU Hii7 182 swift, 2% Swift for Visual Studio Code o

7. JavaScript IfiE
1. FEFFZE node js .

2. £ VS Code HyidifF A4 javascript, %%E JavaScript (ES6) code snippets o
3. (AJi&) 1E VS Code MG A SR Prettier, ZHEMMEHAMTA,

8. Dartifig

1. —Fﬁ}l‘:ﬁg Dart,
2. 1£ VS Code HUfflitF 4R dart, %% Dart,

9. RustIfig

1. FEIFLEE Rust
2. 1£ VS Code W@ MR rust, &% rust-analyzer o

16.2 —iES 58Ik

HTEERIAR, HFXERFAE—ERMER, EERE, MRELITER, BERRM. WEK, X
FEL, WRATEWEA TSGR R, BB TBIE, DA IR AE LB > B,
Fif #5250 A GitHub ID KEARB G, WUk PDF k300 F3EA TR,  DUBGHH AT JE X T
FAZE TR


https://dotnet.microsoft.com/en-us/download
https://code.visualstudio.com/docs/csharp/get-started
https://learn.microsoft.com/zh-cn/visualstudio/install/install-visual-studio?view=vs-2022
https://go.dev/dl/
https://www.swift.org/download/
https://marketplace.visualstudio.com/items?itemName=sswg.swift-lang
https://nodejs.org/en/
https://dart.dev/get-dart
https://marketplace.visualstudio.com/items?itemName=Dart-Code.dart-code
https://www.rust-lang.org/tools/install
https://marketplace.visualstudio.com/items?itemName=rust-lang.rust-analyzer
https://github.com/krahets/hello-algo/graphs/contributors
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1.

(r') TFIRAE )
w 245 P 5 T R R BT BT TR BRI TR, PR ST AR R AN 5 (i
MAEATHERF A, A ISR R = 5 H B =L,

A&

— 9

i 16-3 iR, B HEA EAHEA "GN, 0] DAZIR LS P BRIE AR B,

1.
2.
3.

M “GERERR, MENBE| “FE Fork WEE” MR, ERIBEIZERIE,

&% Markdown RN, RENATRIEMME, HRERRHRIE S —,

TETUH R EIE S BRI, ARGt “Propose file change” %%, THiBk#)5, midi “Create pull
request” L RIAI&EER BUE K,

jor. o oe
Fudf  vello Wiz % F Qe O Ch e
Hello 3i& 31 P H ‘ as
B 8o®m Wx > ) ﬁi?E’D#Jﬁ% L J 310 FIRGH: HIESIRERE
B %1% Amk > 312 WM ERSHH
R W2m mAEAN > ERNMESHOERA. BR K. WL ARE. B M. B, TOALBREH N
& wom nEEl FMBEDIT %,
31 ERiBLEH S 2
32 WAHBSY 311 BN M 5IFEE
33 MPRE " =i
w1 - 7 B . D, BT RIS AR
- BOABERR; TR, SBMINEIR FRERNT), RNHIAESEAZEANRERR; UG

35 M AN, RET EROREER,
B $4% BASHER >

108 3-1 B, 3 R R TA, AMENERET, BREEEEARES

& WEE HSUI
R Be® muEx >

LHBH7EM B » - BIEMUBEEM: WA, EER. B DI EER

A WawE i > < SREAMEMIBEN: W O B BEE.

ooMom B >

T B0E #% » SN AR

Ll ENE HE 5

- W28 DB > L] #

12 H13E @H > . . SN Y
B2 #am spEmy > o
[OR-AEE-3-1V) > 2
® BieE MR > = 9.
sEXH :

LT AFEIEERNAER, 2L,

16-3 TiHmiaia it

B AR ERZEN, TR [ssue BOFICHE S RENARIE, AT RRERAHIFEHRE R

2. RELIE

WREAE MBS E5HITRTE, SRR REIEREMRmEIE S VT RCENESE, WATELMLLT Pull

Request TAEfE,
1. B3 GitHub , KABR @)% Fork FIMAIKE T,

HENIER) Fork GEMTT, ] git clone M QJFE iR AM,
TEARMFATNACIE, T TR, S IR B i,
BARHIFTE R Commit, A5 Push B2 G,

FFTEMTT, i “Create pull request” 41 BIA] & i B K,


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

HleE s

hello-algo.com

3. Docker =

1E hello-algo MRHE T, $UTLAT Docker BIA, BIAIFE http://localhost:8000 il ARTH :

docker-compose up -d

(5 AT i <> BT AT A BR 02 -

docker-compose down

16.3 RiEXR

& 16-1 FIH T B IR EE ARG, BIEE RIS ENIR R SSEE, DR 35S,

HsC

AP
prCiEa )
L= AL T
P i) 42 2
ZRIE A
JES AN

pLilE|
Fei% I
YR
ROiLs
i EAR
J5H5

2]

NG

e

K5l

e
HERTT AL
IES
ENASEEA

* 16-1 BRgH 5HEIENEZEL A

English

algorithm

data structure
asymptotic complexity analysis
time complexity

space complexity
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
list

dynamic array

X

=gl
IR T
RIS T3
X ARER M
A SRR
PR T

HE

R T
NI
PETEAS
HEfL

]

T

JElA]

Aia

JES ]
R
HXE

Rtz

e

English

level-order traversal
breadth-first traversal
depth-first traversal
binary search tree
balanced binary search tree
balance factor

heap

max heap

min heap

priority queue
heapify

graph

vertex

undirected graph
directed graph
connected graph
disconnected graph
weighted graph
adjacency

path
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%
Eed
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e ST
FefFanrhR
L33

BAZ)
XIFIRAZ
IR
it

I 77 BRI
VSRR
T T
S Ak
FHRSHIE
LRMERI
Liles
)
UIRED
TR
AT
AT
TE TR
EERR]
AR 5L
19 5

NI

o
Kg

3
K

SEIE M
SEET XM
FEIM — X
D& e y))

English L1574

hard disk NEE
random-access memory (RAM) Hh

cache memory LR R
cache miss RS
cache hit rate IR
stack RIS R
queue TorER
double-ended queue HMREL
hash table Her L%
bucket it 35
hash function B
hash collision AR
load factor P
separate chaining I3 HER?
open addressing HetEr?
linear probing e

lazy deletion R
binary tree S GE 35 2
tree node Pin]

left-child node DUATE ]

right-child node [ %
parent node IR

left subtree fig

right subtree 7N

root node 153

leaf node HES )
edge FERFN A
level n 25
degree NSHK
height IEEIRTS
depth WSR2
perfect binary tree R
complete binary tree e} 1 ) R
full binary tree LR

balanced binary tree

English

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
backtracking algorithm
constraint

solution

state

pruning

permutations problem
subset-sum problem
n-queens problem
dynamic programming
initial state
state-trasition equation
knapsack problem
edit distance problem

greedy algorithm
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