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

Code Issues 11

Pull requests 10

chapter_tree

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

node: TreeNode = queue.popleft() # PAFILEL

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

if node.left is not None:
queue.append(node.left) # EFFHEAR
if node.right is not None:
queue.append(node.right) # HFTHN
return res
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M R PAFE S X R

auE 0-8 FivR, ABNEEZ M “MB—", SERIRERPSHEITH B MM B =13,

MrE— ez — FrEg=

STRLERIND HRF BN ERNINER

RETE
BENTB RISERR RREES
HizEH

At EIR i

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

& 0-8 HIRFESIHL

0.3 /&t

1. EREH

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

AR IR .

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

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

- ABMIURATE D ETTENIRAPHEX, WD 2 = RAEERS W,


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

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

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

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

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

FRERHEFIROAFHT

BEFRER: RIEE—HEEEEN » HF TR

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

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

Step 5

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

Step 2
—¥ sk

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

Step 4

;
—H TR

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

K11 BEFHPE

JA

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

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

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

1-2 vt PR

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

JE B AR TR AHE I S 5

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

KAREARHSE AN E 1-3 R &%,

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

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

AR
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S 31 = 11 - 1 = ()

HEET -20 -10 -1

TWENTY

hY
TWENTY ||

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

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

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

1.2 BiEREHta
1.2.1 HiZEENX

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

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

1.2.2 HHRGEMEX

R4 (data structure) ZALNIF LRI X, WEBURNE. Bl FXAMGIRRIETE, €&
AL B R,
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- ZEEGEHRED, AR,
- BAEBRERATREDUE, MMSEEAREVIR. A0 PR, EHTE.
- RERTERBIRRORNZEER, DERRSR0sT.

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

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

1.2.3 HEEMERZENXF

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

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

BE—RIUREES

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

data structure

RS iEEE
SSPOIVI:NES ¢ s

B 1-4 BURSHSRIERRR

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

PRI BRI B DR FR AR 1-1 Fm,

® 11 RBIREHE S RIZEE N PRERIR

RS EE  PRERIR

W ABE RPFEERIFIAR

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

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

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

1.3 &g

1. EE[Ep

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

- BRI RE SHEAHPRERAER KO mAHFEIRE S H IR,

- RMRENPEAR EZIVORE, B PERICY ATE R4 HIERE,

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

- BARSHSEIRREE, BURSHREIRNEA, MRRNEBIREAEAL @,

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

2. Q&A

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

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

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

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

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

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

FERIREA, BACEIER AR AN Z R HAr.

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

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

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

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

2.1.1 SEBRMS

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

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

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

2.1.2 IBigEE

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

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

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

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

MR “PUg”,

AP Bve i 7 SRR IS TR, AEAE LR LTS,
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- ELHRERBTI, BEskaTEe,
© RSN, SATEERIER TRTHIBTT A,
BRI AR R R THIRIRRCR, TR AEREE R N RTATERE.

Tip
GRRORTIS R AR EIR K, AHELD, B STEREE TN 4,

AL BN T —JCPHERIERCERE “FrR”,  BEEATTAT DA S AT 5D STl 5 (9 ARk T 2 ) %
IR, MHAREEZ R,

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

LR AT, EEUUREIRA S SIBARGE S RIEZ R, JOMEREHrENLPG I 78, PARERENSSE R i
TR B 7 hT

2.2 ER5E=E)T

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

2.2.1 &

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

1. for fEIF

for MEINERHE WINERIEAZ —, BEFEBUEHIEIZICREINfEH]

PUNBEREZET for TEAASEIL TRFN 1 + 2 + - +n, RMGERMEHLEE res idxk, TFEEREMNZE, Python
H1range(a, b) XRAXENE “ZAETF 1, MNYAELEEN a,a+1,...,0—1:

// == File: iteration.dart =

/* for fEIF x/
int forLoop(int n) {
int res = 0;
/] &Kk 1, 2, ..., n-1, n
for (int i = 1; i <= n; i++) {
res += 1i;
Iy

return res;

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

X

@

"=

2-1 SRFIR B AEAEE

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

2. while f&F

5 for fEIAEML, while FEIAMEE —FMSLBLEAITTE. £ while 1B, B SRESRERMA, 1R
FHNE, MARSHATT, SNIERETRIEIA,

FEFAH while EFFRASIURA L+ 2+ +n :
// == File: iteration.dart =

/* while f&¥F =/
int whileLoop(int n) {
int res = 0;
int 1 = 1; // ¥VIAHEHTE
// @R 1, 2, ..., n-1, n
while (i <= n) {
res += 1i;
i++; /| BHEHTE
¥

return res;

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

BN L FARASH, SR & ¢ FECHATRIRE ST, IXFBU A KT for FEIASEL:
// == File: iteration.dart =

/* while &} (FREH) =/
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int whileLoopII(int n) {
int res = 0;
int 1 = 1; // VBKEHTE
// EHKRH 1, 4, 10, ...
while (i <= n) {
res += 1i;
/| BMEHTE
i++;
i %= 2;
+

return res;

}

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

3. IRERIF

AT DE — MERGE AR E S — MERGE, RHEHPA for fER A
// == File: iteration.dart =

/* WE for &R =/
String nestedForLoop(int n) {
String res = "";
// &% i=1, 2, ..., n-1, n
for (int 1 = 1; i <= n; i++) {
// &% j =1, 2, ..., n-1, n
for (int j = 1; j <= n; j++) {
res += "($i, $30, ";
+
+
return res;

}

K 2-2 B EMIRAER,

?
Sl

PRfEER

H i+
]
H

MR

- EE
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2-2 RENEIRIIREEAER]

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

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

2.2.2 #3

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

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

MM ER, B EEUS =1ER,

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

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

/* &3 */

int recur(int n) {
/] AIEEMH
if (n = 1) return 1;
/] &: EBY3ERA
int res = recur(n - 1);
// V3: R[ELE
return n + res;

2-3 JEoR TR RIS IS AR

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

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

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

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

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

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

1. AR

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

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

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

AT & Bt 93

recur(n)

}

recur(n-1)

!
l

BIARE recur(4)
! }
recur(3)

!

recur(2) R

} ™
recur(1)

B 2-4 JEIEFHIRE

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

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

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

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

POHE 14+ 24+ -+ n Bl BATATLOKSEREE res BNKESE, MmSEEEIEN:
// == File: recursion.dart =

/* Bi&E */
int tailRecur(int n, int res) {
/] EIEEHF
if (n = 0) return res;
/] E#EVFEB
return tailRecur(n - 1, res + n);

h

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

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

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

} f

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

l f

recur(3, n+..+5+4) return n+ .. +5+4+3+2+1
recur(2, n+..+5+4+3) return n+..+5+4+3+2+1
recur(l, n+.+5+4+3+2 return n+ .. +5+4+3+2+1
S ) i
| wing |

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

2-5 REsB)dE

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

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

Question

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

RLPIACREINE n MEFN f(n), BIEWILEIL.

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

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

// == File: recursion.dart =

/* ARG BT +/

int fib(int n) {
/] EBIEEH f(1) =0, f(2) =1
if (n =1 || n = 2) return n - 1;
// #VFAA f(n) = f(n-1) + f(n-2)
int res = fib(n - 1) + fib(n - 2);
// REIER £(n)

return res;

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

f(n-5)

f(n-6)

B 2-6  LRRSESN I

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

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

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

*® 2-1 ERGEIAR R

IER peel|
KT TEERGERY BRER A H &
X
RISTEY QR & S £ S ek O DA R RO BOE AR 27 AT
WEfE JE R EE RN R A SRR A AT RE R R R AR I ]
A
EHE EMATREEAMESS, BN, ATt G TR, Wi B E, BINE, g,
i 4 GL

Tip
GRIRIEGE DA AP, FIDITERSE B ENEERE S,

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

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

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

[Rltt, FRATTAT PARE FH — A B RO BLHA FARIIAT N, MR 3 4%t ok B K
// == File: recursion.dart =

[* (EREAIEBLET */
int forLoopRecur(lnt n) 1
/] ER— 2RI RS AR
Llst<1nt> stack = [1;
int res = 0;
/]l . #Y3FEHE
for (int 1 = n; 1 > 0; i--) {
[ BT NERRMET R @7
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stack.add(i);

}

// V3: REIEER

while (!stack.isEmpty) {
/] @ “HIRIRET I Y37
res += stack.removelast();

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

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

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

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

2.3 HaE&E

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

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

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

/] EEETEET
void algorithm(int n) {
int a =2; // 1 ns
a=a+1; // 1ns
a=ax*2; // 10 ns
// &% n &
for (int i = 0; i < n; i++) { // 1 ns
print(0); // 5 ns
}
}

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

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

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



H2w EREDN www.hello-algo.com 28

2.3.1 #itadiaE e

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

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

/] B A HNEREIEZRE: BHM
void algorithmA(int n) {
print(0);
¥
// 8% B MREEZRE: Z&M4M
void algorithmB(int n) {
for (int i = 0; i < n; i++) {
print(0);
¥
¥
/] 8% C HENREIEZRE: SEHM
void algorithmC(int n) {
for (int 1 = 0; i < 1000000; i++) {
print(0);
I
}

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

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

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

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

Bk C - HEm
1000000
Bk B — &Mk

BB TR E 10
5 /Mm
0

@ 1 2 3 4 5 6 7 8 9

FNEHEA

n

2-7 HE A, B C RN R KES

T BERGHRIRNSTTI ], I RS 2% TR IRLE R e ?
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- IR AERES A BTN RIERCE, Blan, FIL B ST BAMHE K, £ n > 1 INEHERE A 118,
£ n > 1000000 W EE5FTE € 18, FL b, HEMABIEA/D n BBKR, EREN “HEH” NEE
—EMT AR RE, KRN FEE KBS X

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

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

2.3.2 FEEHEER

TR n HIREEL:

void algorithm(int n) {
int a =1; // +1
a=a+1; // +1
a=ax2; /| +1
// &% n Rk
for (int 1 = 0; i < n; i++) { // +1 (BREHIT 1 ++)
print(0); // +1
}
¥

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

T(n)=3+2n

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

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

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

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

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

ER{E ne

A.f——"‘-””ﬁ-'

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

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

& 2-8  PREYHL L5

2.3.3 #HEGE

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

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

1. B—%:. HiHRFHE

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

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

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

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

B — R, BATTAT DU B3R B R Gt TR E R

void algorithm(int n) {
int a = 1; // +0 (%15 1)
a=a+n; // +0 (15 1)
// +n (315 2)
for (dnt 1 =0; 1 <5 % n + 1; i++) {
print(0);
I
// +n*n (KI5 3)
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for (dnt 1 = 0; 1 < 2 * n; i++) {
for (int j = 0; j < n + 1; j++) {
print(0);
}
I
¥

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

T(n)=2nn+1)+ (Bn+1)+2 SR (||
=2n%2+7Tn+3
T(n)=n?>+n gt (0.0)

2. B-W. JEEIHEESR

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

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

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

HRERCR T (n) iR 2 O(f(n))
(1)

(n

S

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

S

2.3.4 FEhR¥EH

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

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
TR < XE < LM < ERMENEBT < FIIR < 185 < Bk
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S 0(2")
THB 0(n?) gﬁ
RN E ZHB 0(n) 3:§
T(n) I
FHEE 0(1og n) i
©
=

BB o(1)

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

BINEHRAN

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

1. B O(1)

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

// == File: time_complexity.dart =

[* B */
int constant(int n) {
int count = 0;
int size = 100000;
for (var i = 0; i < size; i++) {
count++;
¥

return count;

2. %MK O(n)

LMEHT IR EECE AN TR AEIE RN n DA K, SelkRiim & HENTe s 25 A
// == File: time_complexity.dart =

[* MM */
int linear(int n) {
int count = 0;
for (var i = 0; i < n; i++) {
count++;
¥

return count;

i P BRI P R R S R E N TRV E A E 0 O (n) , Hirb n s RER I K :
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// == File: time_complexity.dart =

[* MM (BEEE) */
int arrayTraversal(List<int> nums) {
int count = 0;
/] ERRBEHAKERIEL
for (var _num in nums) {
count++;

}.

return count;

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

3. F5H O(n?)

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

// == File: time_complexity.dart =

/*x FEHM */
int quadratic(int n) {
int count = 0;
/] EIRRBEHIEARN n RFEAXR
for (int 1 = 0; 1 < n; i++) {
for (int j = 0; j < n; j++) {
count++;
}
¥
return count;

}

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

&% n R

B n R B n &
1R

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

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

DLELHER M, SMNEABERIT n— 1R, WEMIAEn — 1 n—2 ... 20 1K, %0 n/2K,
WS AR O((n — 1)n/2) = O(n?) :

// == File: time_complexity.dart =

/* FEM (BEHRE) */
int bubbleSort(List<int> nums) {
int count = 0; // it%hes
[/ SMER: RkHFEXER [0, il
for (var i = nums.length - 1; i > 0; i--) {
/] RER: BRHFXE [0, i] PHRATEREEZXENREAR
for (var j = 0; j < i; j++) {
if (nums[j] > nums[j + 11) {
// 3 nums[j] 5 nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 11;
nums[j + 1] = tmp;
count += 3; // TEXIRESE 3 NERETRE
+
+
}
return count;

}

4. 1558 O(2")

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

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

// == File: time_complexity.dart =

/* IEEM (BRI «/
int exponential(int n) {
int count = 0, base = 1;
// ApRsRr—ah=, ERE5 1, 2, 4, 8, ..., 2~(n-1)
for (var i = 0; i < n; i++) {
for (var j = 0; j < base; j++) {
count++;
+
base *= 2;
}
// count =1+ 2+ 4+ 8+ .. +2"(n-1) = 2*n - 1
return count;

S
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beELS| EEMN
BE—9HZ TR¥E
zﬂ
21
22 - Hn B
2n-1
TR ERS gﬂﬁ'ﬁlmﬂ’ﬂ%,@a Bl
20 + 21 4+ 22 + | 4+ 201 = 2n-g $eB o(2n)

2-11 45E RIS 1) 2 2

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

// == File: time_complexity.dart =

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

h

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

5. 3% O(logn)

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

& 2-12 FIDA MREEEL T “BRAERE—F" g, NREARER O(log2 n), ficH O(logn) :
// == File: time_complexity.dart =

[* FHERENY (BRI «/
int logarithmic(int n) {
int count = 0;
while (n > 1) {
n=n-~/2;
count++;
}

return count;
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BNBAKEA n sEEE 1 1

s

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

=

[N]

[y

B 2-12 GBI B) 52 2%

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

[* FHERENY (GBYARI)  +/
int logRecur(int n) {
if (n <= 1) return 0;
return logRecur(n ~/ 2) + 1;

}

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

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

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

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

6. &3 O(nlogn)

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

// == File: time_complexity.dart =
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[* LRMEFTEPN */
int linearLogRecur(int n) {
if (n <= 1) return 1;
int count = linearLogRecur(n ~/ 2) + linearLogRecur(n ~/ 2);
for (var 1 = 0; 1 < n; i++) {
count++;
}

return count;

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

EEMIREESH
O nx1=n
2
H tog,n+1 B
P17 i % P a Pn
n 4 = n
P P » P —
n x (log,n +1)
Bl ERE
1R 1R
1 n=n

P

1% 0(n logn)
=) ’

2-13 MR B TR A

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

7. Bk O(n!)

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

nl=nxn—1)x(n—2)x-x2x1
By e i (o PO VA, QniE] 2-14 MU MR FTR, B—BaRt n A, F2E0RE n — 11, DK
e, BEEH n BHE 53
// == File: time_complexity.dart =
/* BFERY (GHYITIN)  */

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

// K1 DEHRE n A

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

}

return count;

BN BEK
NERYE TR¥E
n n
n-1 n(n-1)
n-2 n(n-1)(n-2) s H B
1 n
2HFNARY (BIRKENTRKE) FHEERE
nx (n-1) x (n-2) x .. x 2 x 1 = n! B3kt o(n!)

B 2-14 i3 AR A2 2

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

2.3.5 RE. Rff. FHYNNEERE

FORRIN RIBCR AR BEER, M SMABIRN A BIRmA—MREN n f98H nuns , Hrf
nums M 1 2 n TR, M HEI—X; ETRF2RELITELR), (£55 HFR2IRETR 11
R5lo FATATLAGH LIRSS IR,

~ Lnums = [?, ?, ..., 1], BDYREICHRE 1 I, FEZEENEA, BIIREZENFERE O(n)

o

- Hnums = [1, 2, ?, ...]1, BIYENITEN LN, TIEBHSKENFEUSET, BN
M A Q1) .

“ERZENRIE A N REGETIE B, AR O IL SRR, M, “EE a5 X R RE L R,
H Qid5RR:

// == File: worst_best_time_complexity.dart =

[* ER—NEE, TER {1, 2, ..., n}, [REWITE */

List<int> randomNumbers(int n) {
final nums = List.filled(n, 0);
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// A nums =

for (var i = 0; i
nums[i] = i + 1;

}

/] BWEAITELEE TR

nums.shuffle();

return nums;

by

/* EIHREA nums FEE 1 FREZRS| +/
int findOne(List<int> nums) {
for (var i = 0; i < nums.length; i++) {
[/ HBE 1 EHEALIE, ARIRENEEZRE 0(1)
/] HE 1 EHRAREDN, KIRENEEZE 0(n)
if (nums[i] = 1) return i;

h

return -1;

}

(RO, TR TESERR R/ (AR R IS 2, RSB SUATER /MBS R A BEAT, ATRE LMK
ARG, MR E AN, B T A RCRE A, LRI DR S
LSRRG AT, 220N 5 A IR R TS 2 R BT “RSTRAOAmAMT, SXE  tH B R
ATRERD, HRAERSHUR M REITRCR, MIH2 T, TR Z T DA BISEIAE NGRS A SR i
BT, B O B RET,
TS, BlTAT A 26 B2 L B LR A RIS IL, A Bl ol A B R TAL
[y, PRIETEE 1 HBIFE LR RS MRS, TR SIAN AR SO R AL K —F n /2, T
IR S Z4EE R O (n/2) = O(n) .
(B TR BRI, M FET R ) 6 2 A AR, DR AR ST MR A IR RSO,
TECRIE LT, Bl T3 RN 17 208 (N B R

ML RE © FE?

TREF T O 72 FRIBAE O, BRI B EoR TR AN T 20, (EL MRS b, 3

ORI, EABREYR, BT TR RERE O(n)” WFE, kR
RN O(n) o

2.4 FEERE

TEIERE (space complexity) FHT-#EE D G HPNF S RIS SR RLAN I KES, XSS5 R
BREARERL, JFEE BTN By S HENEZR,

2.4.1 HiZEHEX=iE

RIRAE BT AR A IR A 23 1R R 2045 DU R LAt
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- FAZEE: T EEIRA R A,
C BN AT EERIR TR RE, MR, BRI SRR,
- RHEEE TR

—RET, FRERENSRIHCERE “SFEn” kM,
G R A PO — X0 =00

- BRI ATRERRSTEETRSME R, TR HRE
- Bl TRV T B _E R SR, BRGEE R IRIE R N A S AE AR TV QA — M, BRI
iEIEIE, g (R S ORI
LM AT REMPENRERFES, EXRGH ilE 2IEAT,

T — BRI R R, BROTEF S8R, i w8 =5, s 2-15 for.

BEEERTEEERENSITHER

4 - By
WA=E HEia) Hith=sia)
BWANE HIFHUE ks 6
Heiizsia)
ELEE(E

2-15 RIEEHIHIARS 2 )

FRAESAN T :

/*x £ x/
class Node {

int val;

Node next;

Node(this.val, [this.next]);
¥

[* R %/
int function() {

/] BATHEAR(E ...

return 0;

}

int algorithm(int n) { // MAEUE
const int a = 0; [/ BEHE (B
int b = 0; [/ BEHEE (T )

Node node = Node(0); // EEFHIE (WR)
int ¢ = function(); // *&Mi==siEl (EARRE)
return a + b + c; /] EHEE
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2.4.2 #WHEE

ZRSZRENHERTTES N AERERBOHR, JFRGEHNRMN “RIERE" o “BRZERKRN,

M5 EEAENFERE, BANEENRERZETRENE, XRE NN RZ TR ER, A2
A PRIERT A fi AR NACE R BRI N7 22 AT

MELIN, RESRERETN “RE ANEE X

1. BUBIEHABERMEE: X n < 10 B, SAEREN O(1) ; HY%n > 10 B, WHAIEE nuns &
i O(n) %2, FILEEZREREN O(n) o

2. DASERISIT IR M I, FRFFERIT RS — (T2, & O(1) 2W; 4 ¥MAMLEEL nums
i, FRREA O(n) 550, WILEESREREN O(n) .

void algorithm(int n) {
int a = 0; // 0(1)
List<int> b = List.filled(10000, 8); // 0(1)
if (n > 10) {
List<int> nums = List.filled(n, 0); // 0(n)
}
}

{EIBIARRED, TR TR f], W5 DU ARG

int function() {
/] WITRLERE
return 0;
}
/* BN EIEZRER 0(1) */
void loop(int n) {
for (int i = 0; i < n; i++) {
function();
}
}
[* BFAN=EIEZREN 0(n) +/
void recur(int n) {
if (n = 1) return;
recur(n - 1);

i

B4 Loop () Al recur ) IITAIE AN O(n) , (BE RS AERR,
- A% Loop () EMERFRIEF T n X function() , B4 function () #RIR [AIFHREH T Hiizs ],
WA AE TN O(1) o
© VAR recur () TR TR RFRELE n AARIEEIT recur (), MTit I O(n) HYRMEEL
2.43 ER%R

BRABIE RN n, B 2-16 R T H WA REZERE (MREEHSD.

O(1) < O(logn) < O(n) < O(n?) < O(2")
R < WEEY < LM < TR < HE
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42

ATFEIERAN

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

BINZHRAN

K 2-16 R AR AR

1. B O(1)

R E LT RESWMABIERN n TRFER, T8, ¥R,

fa%ET o(2n)

FAB 0(n2)
ZH4M o(n)
B 0(1logn)

BHH 0o(1)

MEER. MIEE

TRERAE, (EMEFA ARG AL B eR A BRI S A7, EEAT NS R, RS8R

FUE 2, 22RO O(1) «
// == File: space_complexity.dart =

[* R %/

int function() {
/] PITHELAR(E
return 0;

}

/% BEE */
void constant(int n) {
/] BE. TE. ¥RLHA 0(1) =i
final int a = 0;
int b = 0;
List<int> nums = List.filled(106000, 0);
ListNode node = ListNode(0);
// EFHNEESE 0(1) =E
for (var 1 = 0; 1 < n; i++) {
int ¢ = 0;
}
/] TERFHRESAE 0(1) =E
for (var 1 = 0; 1 < n; i++) {
function();
}
}

2. %M O(n)

MR W T L REGES n BUEELRVEE, B8R, R BB
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// == File: space_complexity.dart =

[* RMERY */
void linear(int n) {
/l KEA n BEALA 0(n) =8
List<int> nums = List.filled(n, 0);
// KEA n B95I%XEA 0(n) =i
List<ListNode> nodes = [];
for (var 1 = 0; 1 < n; i++) {
nodes.add(ListNode(1));
¥
[/l KER n WEEREE 0(n) =8
Map<int, String> map = HashMap();
for (var 1 = 0; 1 < n; i++) {
map.putIfAbsent(i, () = i.toString());
I
F

G 2-17 foR, BEEREEDEIIRER n, BIRINTEE n NRIREIR Linear_recur () %L, ffH O(n) K
AN E

// == File: space_complexity.dart =

[* MM (GBYARI)  +/
void linearRecur(int n) {
print(' &3 n = $n');
if (n = 1) return;
linearRecur(n - 1);

}

,,,, [LE
F"]-F ﬁ (Kl}a”
linear_recur(n) return @
linear_recur(n-1) return @
n
! f
linear_recur(2) return @
1 bz
gl JLd T
linear_recur(1) return @
EREEREBRRER n FEERE
HER o(n) HERDI=(E] LR o(n)

2-17 IBHREG AL 22 2 2%

3. F5H O(n?)

FIIHE TR, JTTREES n ROETRR:
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// == File: space_complexity.dart =

/* FEH */
void quadratic(int n) {
/] ¥EFESE 0(n”2) =[E)
List<List<int>> numMatrix = List.generate(n, (_) = List.filled(n, 0));
[/l Z#H5REE 0(nt2) =E
List<List<int>> numList = [];
for (var 1 = 0; 1 < n; i++) {
List<int> tmp = [];
for (int j = 0; j < n; j++) {
tmp.add(0);
}
numList.add(tmp);
}
I3

e 2-18 iR, ZERERGEVIRE N n, ESNBAREPMIGL T —MEH, KE2HIN n. n— 1,
201, HSKEA /2, FEELSH O(n?) 20E:

// == File: space_complexity.dart =

/* FRHEM (BVFEI)  +/
int quadraticRecur(int n) {
if (n <= 0) return 0;
List<int> nums = List.filled(n, 0);
print(' #Y3 n = $n HH nums KE = ${nums.length}');
return quadraticRecur(n - 1);

}

¥R nums KE AT “#" %ﬁ
n ~——— quadratic_recur(n) return @
n-1 4 quadratic_recur(n-1) return 0
BARE l’ 1
" | 1
2 ——— quadratic_recur(2) MR return @
1 - lm 3t 1
1 +—— quadratic_recur(1) return @
TEEMNRARBPBIALT —ME, BKER FRIERE
1+2+ ..+ (n-1) + n = n(n+1)/2 EAH o(n?)

2-18 JEJARETT LRI 2 R A

4. EHH O(2")

TR LT X, SR 2-19, BECh n ) T BT REEN 20 — 1, S O(27) i
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// == File: space_complexity.dart =

/* IEEM GEILHE_XN) */
TreeNode? buildTree(int n) {
if (n = 0) return null;
TreeNode root = TreeNode(0);
root.left = buildTree(n - 1);
root.right = buildTree(n - 1);
return root;

BENTREHK
20
21
22 - Han B
N TN N TN
2"*1
FRETRBE SiEERE
20 + 21 i 22 + o+ 2n-1 = 2n-1 *Eﬁm 0(2n)

2-19 X ERITER 22 2 A

5. 3 O(logn)
SR B T a5, Glan)By, MAKERN n (U, SERITEEE M SR 5 R, R
=EA logn (EVARE, #H O(log n) Heizs(El,

BB AONFR S, MA—NEBE n, BHMECOY log n] + 1, BIXMFRFREKEN
[log,,n] +1, Bt=HEZREN O(log,,n + 1) = O(logn) .

2.4.4 PWEBtES=ia)

FAREM Y, BAGERENNRE BN RS & EEEERRIRM, AMAESERERA, RN RE
Z:ERR R E 2 EIEE AR R,

ARG () 2 2 Bl 5 e B AR A B M A i, 2R, BATEIHE N 77 23 R R A BRI TR R
BEEFR R “DAZSRRET A7, Sz, WIFRA “DARS ez (a]”,

PR RN S B BUR TR TE B EWMN T H, EARZEIEN T, REbbsEEES, Kk “PAZSAn R 8
WEEFANREE, MR, EEUEERANENT, #HlzREREMIEREE,
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2.5 Mg

1. EREH

LRI

- IR AR R M BB IR LA B D E I FEbR.

- AT OB BRI IAG RIRRCR, (B DAHPRINAFASE R0, HSFERR KRB R R,

- BRI AT A BRSE R IR R M, e RIEH TArEIB1T TG, BB REIEE TR
MU TR RIRCR

Iof i) 52 24

- IR 2 T R SRR IS T IN IR R B A S, AT DUE RO BEROR, (B LEEN RA]
REJRRY, ARTESm A FIEHE B0 NN T 2 2 FEAR RN, TCiAE BN LU SRR 55

- REMNBEEREMAR O SRR, XNMEHHENL E5, kMY nRETEN, #E8E T (n) 1
i F ST

- RS RS AL, EARGITHRERE, REAIWNL LR,

- H LN R 2 MBS HES I O(1). O(logn). O(n). O(nlogn). O(n?). O(2™) f1 O(n!) %,

- BUEERRIN R R EAREE, TR SMARIRN AR, NRERES RE, &E FHNEE
RIE, BAENRE ARV, B ABE— AR TR Z 0 S RS RS B R A

- I (R E A S IR AE AL B  N NRVIBITRCR, B SERR R A A SRATERE, THEEEINY
A5 RGN BRI DU SR B TR A,

1B RS

- RS RERERRO TN E AR, T RS G R A R = 0 K A 3

- BRIBITIERE TR AE SRR SR, B SR Ml E, EEET, MASEAA
BRIERENE, G EFEEE, HRias ARHE 23, Hrriizs (B8 5 (S T
SN2 (B SR A P

- BATEERRERETAE R, NG RIAERZM A BIE R ZIBITINZI T2 R E 2,

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

2. Q&A

Q: REAMZRE AR O(1) 13?

g b, BB S RERE DS O(1) . AR RLEREZES (H4 Java, Python, Ct+,
Go, C# %) AR EULEBH, Ft@EEINNZRERER O(n) .

Q: HEHFITITRIXM N RIBERIX A2 47

% (function) A DABHSZIAAT, FrESEEAEAELIE, 7% (method) 5—PXRKHE, #ilEEi#an
AHERXNR, REMEXTIASHH L& B TR R,

i PA LR WA gm AR T = BRI

- CHEEREEAGRIES, AR, FrDUIE RS ERITAOEE AR (struct)
SRESUH N RS, 545N SRR B Bt 5 T HAh R 15 = 751,
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- Java fl C# ZHEANRIGEES, R O7R) WEENEDEN D, FETTRNTREAT
BRE, OAEHINER b, AREVIRIRE R LA &,
- C++ #l Python BEscRid RS2 (B0, MSGRFmEMXNREE 0575,
Q: K “H WA RE A IR SRR A2 o5 A R AR RN
e, ZEBRIRSRERE, HRRAZEKES, AR b2 R RN,

B n = 8, RATRES RIS HII(E S RO R b, XRF N E A& e & — R, T
AT R4 — M APE RTE A,

TESTRRAR, AR DE R RN TR “HROT GRS /b, DA (R B R R o = 8
2 FHIRARE, T n = 85 BEE T, XNMKBEACLEES T,

Q EATFIERIESIRE A, YEPER T (7)) FIBH R

TESTRRBLFIFR, KB SV S BN I, BHNRCREE RS, A DER el B+ WA R3,
S KRR8I, BUeE O(log n) B% O(1) My,

SRV TR R, S s, BIAERAR I &, R NERE SR, TRITTES
WEMFGAR, SRR, TaNT S, ROEEREE,
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Abstract
BRI an[R — RIS E 2 AR HEZR,
TR A AR TR, BIAE AR EA SRR,
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3.1 HIEEHnE

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

3.1.1 ZELS: SitS5IFEN

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

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

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

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

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

SEEiESM ERMERIESN

e " & 2
array tree d \ / \

%‘gi 3 > — —
linked list

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

pop

s e e & s
FASY -
queue -— -— heap ¥\

pop push

BER {key 4 *}

hash table value

3-1 LRMEIRAEN SRS R4t

3.1.2 YR ESES55E

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

90 901 02 03 04 05 06 07

0x0000

0x0010
0x0020 a

0x0030

0x0040

AERESE ARG 020012 , SEIMIE

. ERANGSE  HENELE 0x0024 , SEIMIE

B 3-2 fFsR. WAEESTEL PAFHRAE

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

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

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

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

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

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

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

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

Tip

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

3.2 BAEhiEsedl

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

RABIRIARE CPU W DA TIB RSN, ERIRPEEEEN, ERUEUTILA,

- BRI pyte, short, int. long,

- TFEBEEA float. double, TRV

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

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

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

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

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

R 3-1 HARBEERAT 5 A 2 AR E G

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

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

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

FIF char 2 7 0 216 1 0

/R bool 157 false true false

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

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

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

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

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

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

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

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

/] ERZMEREIERE R EA

List<int> numbers = List.filled(5, 0);
List<double> decimals = List.filled(5, 0.0);
List<String> characters = List.filled(5, 'a');
List<bool> bools = List.filled(5, false);

3.3 HFLmI *

Tip
TEAS, FREiA * FFSARIERET ., QIRIRIN G REURZIBE AR, FTRERk, Fsedh
PR 5 A BRI


https://en.cppreference.com/w/cpp/language/types#Properties
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3.3.1 [Ff3. RESF#MED

£ E—T TR RSP RAVLI, AT BEESE RN FOR B AT L IE R — 1, Bl byte HUBUETEFEZ
[—128,127] o MR EY, CRINTEREY REH, G, *MERESETIR,
BT IR, By bl WS TESEETE T RPN, TR R B, Bt =FRE
o

- RS BAPRECT R RN RS AT S0, Hip 0 FoRIES, 1 R, KRR

FIMEL
o B IEEA RS ER AR, SO SRS R ER RS BRATS A AMNE AT A LU
AN IEREORNG S SRR, SRR SR SR AR B 1 o

B 3-4 Jor TR, A FIANG 2 TR L4575 7.

+0 +5 B -0 -28
0000 0000 0000 0101 [R5 1000 0000 1001 1100
BREFS s,
FHHE B MR
2000 0000 2000 0101 =B 1111 1111 1110 0011
fERFSRUERE L 1
0000 0000 0000 0101 B 0000 0000 1110 0100
EHMERD, RB, HEHES Hi¥MRE, kB, HMEEERER

K 3-4 5, A5 Y B AR L

[F53 (sign-magnitude) BAREM, EEFEE—LFERME, —AHE, HBNEEARERHE FaR, flanfEsR
BRHE L1+ (—2), BENERE -3, XEREFNHL,

1+ (-2)

— 0000 0001 + 1000 0010
= 1000 0011

— =3

N TR, AT &R (1 s complement), WIS R I/EABR LN RS, FE(E RS Fil5T
14 (—2), Bres BTN, WInTfEs EfsEE —1 .
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1+ (—2)

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

= 1000 0001 (J5r4)

——1

i, B FREMA +0 A —0 MMoRTR IXEIRE BT NN R i fI g, JXA]RE
RWRE . AR, A X EFMNE, WATGER SECHIMEE R, mmanREAIEL
BUETMATE X, WFRZESIAGIMIHIWTERE, XTSRRI ENRIZE R,

-+0 — 0000 0000
—0 — 1000 0000

SEE—FE, REUAEEATE X WE, RSP 5N T#E (2 s complement), FAT/EKAM
K MUERRY, i, (SRR

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

FEMTHI AN BN 1 2742007, {H byte RUMIKERA 8 7, KILEHFIZE 9 iKY 1 SHEFH. W
g, MFERIMSA 0000 0000, SIEFHMMGHIF, XEREEMIFRHREE—NEF, ERFEX
MG IR,

ERIEfG—M5E: byte BBIWEUETEREZ [—128,127], ZHERN— % —128 2UMA{SEITE? 3K
RS, XIE [—127, +127] WRIFTH B N N AR, AN, B RASFIRMD 2 [l ] DA AR
et

AT, #PA% 1000 0000 2—ABIAk, EIFEA X PIE, RIEEHTTE, BAEENZANE RSN
0000 0000 , XZAREFEN, FAZEBRTET 0, ERAMNMENIZEB S, HHEVIEX MRS
1000 0000 %% —128 , bRk, (—1) 4 (—127) fEAME RIIHTLRME —128

(—127) + (—1)

— 1111 1111 (J#r%) + 1000 0001 (J5h5)
= 1000 0000 (szf4) + 1111 1110 (ShH)
= 1000 0001 (#~H) + 1111 1111 (¥MH)
= 1000 0000 (¥~H)

— —128

RAJREC LI T, EIRATAEHREERINEZE, XERE —NEERI: IHEPLNERRIRELE iR 3 22
TIEBREN, XZFROVIRIZEMN THAZE (banskik, BRIEFETR) Kk, BRIk & fa
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B, HERGHTHTAH, BRIEEEDR,

BIER, XIFAERE HEURREMNE, Rk AR HIBHA S, HRYLIRES ISR i
BEAaR. Blan, HREIE a — b AT DAL o + (—b) ; HRIRERBRIER] DI TR 2R
INEBIRTE.

PRAEFRATAT PUSES T AL E FANME AR R B TAMYEOR,  THEALAT DU [RIRE B BB AR (R AL B IE BR
TEREIANE, AT ERFEPRATRE (R LR EIRGE, I BICAURE A B S B B A, JXRR e 1
fEERIE, $E8 T IsRER,

DRI BEHER R, HRERRBAICN AR E, RECESEREEE PR T,

3.3.2 Fm#mEY

OMIPRATRES RN int F1 float KEMFE, #2 4 F1, HAT4 float WEUEEEIZ AT int ? X
EERER, R float FFEFR/ Y, BUETEE NIZZ/NA YT,

Khr b, IXRBONIEREL float R T ARMFORTTR, id— 32 HURH R —HHHIEOY :

FR4E IEEE 754 brifE, 32-bit KR float H LA R=NE R,

: ?\ﬁf%ﬁi S: 5 1 'fﬁ, Xﬂ‘m b31 o
: *Ei&'fﬁ E: le 8 'fﬁ, Xﬂ'@ b30b29 b23 o
COERIN : 5 2361, ML boby; ... by o

I FLoat X RAEAY L SE AT 5N
val = (—1)bs1 x 2(baobao-b2s)y 12T 5 (1 by by, . by),
P2 R R AN
val = (—1)% x 287127 x (1 + N)
HL 5 T HR L A
s {0, 1} Ee€{1,2,..,254}

(14 N) 1+Zb231 C[1,2—2"2
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float KEAN 4 bytes = 32 bit

TS s B E SN
D8888800

A A A A A

b31b3@ b23b22 bn
HFUAETH, 55 R IEEE 754 47, &RBIX R TR
s=0 val = (-1)5x2E127 x (1 +N)
E = 124 = 1x0.125x 1.375
N =22+23= 0,375 = 0.171875

3-5 IEEE 754 tnifE Y float BB RH

MELE 3-5, HE—DTROEIES =0, E=124, N=2"24+273=0.375, WA:

val = (—1)0 x 21247127 % (1 4+ 0.375) = 0.171875
PAERATAT AR A SRR Float MIZOR T AL &R, SEOLBUETEREIZR T int . RIEL EHHE,
float ATFSRIEARIERCH 22947127 % (2 — 2723) & 3.4 x 1038, VIHAFSAERTISEIH ML,

RABFE B float ¥l v HUEVCH, (HIRIERDRNTE VRIS, BECEA int K525 32 bR TR0y,
Hep RS0, i THEERAIAETE, T2 R3 float BEUEBLK, MBI ET Z [RIHY ZE (B STk
Ko

%k 3-2 fR, 488 E = O f1 E = 255 BAARRE X, MTRRE, J%5 K. NaN

% 3-2 RS X

8L E SEHLN = 0 SHBLN # 0 HEAK

0 +0 WIE RS (—1)% x 27126 % (0.N)
1,2,...,254  IFHI% IERL (—1)% x 2-127) » (1.N)
255 400 NaN

{EAF BRI, IIERBC BRI T IR RS 1, B/ NME RSO 27120 ) B NEGEMEC 27120 x 2728

o

YFEE double HRHIZEILT Float (IFRIRTTIE, TEMAMENR,
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3.4 F{4RS *

FEIEALA, FraBdEEE AR AT 060, 745 char ABIS, T HRRTHF, BATEEL
—E TR, WESDNTIN B AN XX R, BT FREZE, HEAUA] DUEd &R
JR IR AT R A

3.4.1 ASCIl FH&

ASCII BB 2 i B 2174, H2F8% American Standard Code for Information Interchange (FEH
PREAS BASHAED) . B 7 AL 3R (—DFRK 7 A1) RR— DT, REZEWERR 128 MR
FrF, WA 3-6 FvR, ASCII R SCFRIIAR/NG | B 0~ 9. —EEMRRFS, DU—E8HI=/ (0
BATRAFIHIZRTT)

+idth i H ax +its i FH +it e FH +idt#l i FH
0000 0008  NUL e 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001  SOH TREFTA 34 0010 0010 C 66 0100 0010 B 98 0110 0010 b
2 0000 0010  STX EXFE 35 0010 0011 # 67 0100 0011 c 99 0110 0011 c
3 0000 0011 ETX EXER 36 0010 0100 $ 68 0100 0100 D 100 0110 0100 d
[ 0000 0100 EOT EmER 37 0010 0101 % 69 0100 0101 E 101 0110 0101 e
5 2000 0101 ENQ ER 38 0010 0110 & 70 0100 0110 F 102 o110 0110 f
6 0000 0118  ACK |5 39 0010 0111 ' 71 0100 0111 G 103 011@ 0111 g
7 0000 0111  BEL Let=d 40 0010 1000 ( 72 0100 1000 H 104  011@ 1000 h
8 0000 1000 BS B 41 0010 1001 ) 73 0100 1001 I 105 0110 1001 i
9 2000 1001 HT RTEIEG w2 0010 1010 * 74 0100 1010 3 106 0110 1010 j
10 eeo0 1010 LF #iTH 43 0010 1011 + 75 0100 1011 K 107 e1le 1011 k
11 0000 1011 VT SHHRF 44 0010 1100 5 76 0100 1100 L 108 0110 1100 1
12 0000 1100 FF Evat 3 45 0010 1101 - 77 0100 1101 " 109 0110 1101 n
13 2000 1101 R EEg 46 0010 1110 5 78 0100 1110 N 110 o11e 1110 n
14 0000 1110 50 TR®R 47 0010 1111 / 79 0100 1111 0 111 e1le 1111 0
15 0000 1111 SI BRI 48 0011 0000 ° 80 0101 0000 P 112 0111 0000 p
16 0001 0000  DLE  MiEEiEy 49 0011 0001 1 81 0101 0001 Q 113 0111 0001 q
17 0001 0001  DC1 R 50 0011 0010 2 82 0101 0010 R 114 0111 0010 r
18 0001 0018  DC2 RS2 51 0011 0011 3 83 0101 0011 H 115 0111 0011 s
19 eeel 011  DC3 B3 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 ool 0100  DC4 RS 53 0011 0101 5 85 0101 0101 [} 117 0111 o101 u
21 0001 0101  NAK 5L 54 0011 0110 6 86 0101 0110 v 118 0111 0110 v
22 0001 0118  SYN [BE 2200 55 0011 0111 7 87 0101 0111 W 119 0111 0111 w
23 2001 0111 ETB R 56 0011 1000 8 88 0101 1000 X 120 0111 1000 x
24 0001 1008  CAN B 57 0011 1001 9 89 0101 1001 ¥ 121 0111 1001 v
25 0001 1001 EM R 58 0011 1010 E 90 0101 1010 z 122 0111 1010 z
26 o000l 1010  SUB e 59 0011 1011 3 91 0101 1011 [ 123 0111 1011 {
27 0001 1011 ESC ) 60 0011 1100 < 92 0101 1100 \ 124 0111 1100 |
28 0001 1100 FS KSR 61 0011 1101 = 93 0101 1101 1 125 0111 1101 H
29 0001 1101 GS HER 62 0011 1110 > 94 0101 1110 " 126 0111 1110 -
30 o0ee1 1110 RS RRABE 63 0011 1111 ? 95 0101 1111 _ 127 0111 1111 DEL
31 eeel 1111 us PITHRE 64 0100 0000 a 96 0110 0000 N
32 0010 0000 sp =HE

3-6 ASCII 4

SR, ASCII W NRERSFoR I, BEE AN RERIL, WA T —REERRRE Z1E S 1Y EASCI 17745, &
£ ASCII /9 7 i 55AiE B ®) 8 i, BEFEFR 256 D ARIIFERE

fEHFIEEN, Szt T —H#IEH T AFEMIXE EASCII FRF8, XEFRFENET 128 M FEHR—N
ASCIT 1, J& 128 NFAPEXAR, PUEMNARIE S IR,

3.4.2 GBK ¥f&%

JERANTEEL, EASCH MR TCEEW R V2 ST R EOR, X/t a1, JeH %/
HILTFA. HEERARESRT 1980 £R 16 7 GB2312 F1¥4E, HIGET 6763 NMNF, HAWE TIXNFH
RS TR,

SRTM, GB2312 TLiREBH WA BT, GBK FARFEZIE GB2312 (YA 4 ISR, eHRT
21886 MY F, 1t GBK M4tg77 %, ASCII FRHEH —PMFTRR, NFHERAM DM FTRR,
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3.4.3 Unicode FF &£

BEE RPN AR, FATRSIIEINE TR, THXHR TR, —J7H, XTI
HEXTREBSHTR, TEESESHE NER LE. H—7m, R—MESEESMTrrEnE, o
R AT RNUE RS2 AR gREEhRME, MRS BB = B IELA.

AR IARHIRTFEN O AEAR : QRHEH — A e 5e B AT 4R, R I SRS R T8 S AT S AR 3L
h, AEERT PARORS TR S AR BEMIELAS M8 7 I ? XA E R, — R 5% Unicode Miz
[[=

Unicode MIHIXZ &N “Gi—h57, HIE FRERYN 100 2 NFRF. ER N THERTEENNFEITMAG—
IFRER 2, TRAE R F i AT R TR B S IR 5 S0, D R g AR A [R) i = A2 Y ELAS [A]
EIL}ﬁ\O

H 1991 &4 LK, Unicode AWy ZHINIES 57 5F. #= 2022 4 9 H, Unicode EAHEF 149186 1~
TR, AESMHIESHNTER. FESEERIEES, £ KM Unicode FRFEH, FHMNFRGH 2 =1,
HEARNTRFGH 3 FHHEE 4 777,

Unicode Z—Mi@HFE, KR EZASNFRIE WS oy “WR7), HEIHFRAMEETF
P 7 X B TR . BATAEESE: H2AKER Unicode M RN HELE — D XAHR, REH
MIENTFAT? BIANZAE — DN 2 F %, RSEWAHIAER —1 2 FHRFFEERAD 1 ¥ Y
7¥e

MNTF AL, —REEAIRIRTT R PR RIS, W& 3-7 FR, “Hello” HHE
RS 1591, “BiRT PR TRE M 2 7, BT DOEE & A4E 0 K “Hello BIK” FEIFTA 1K
Gt 2 TR, IXFERGULA] DARERE 2 T — D fs, IREIRDMEBINE T,

=5 Unicode
H 00000000 01001000
e 00000000 01100101
1 00000000 01101100 | KED 1 FRRRXER
( (FH o)
1 00000000 91101100
o 00000000 01101111
-1 01111011 10010111
KER 2 FHRRXEH
& 01101100 11010101

3-7 Unicode w4
SR ASCIL FSELMIFBANTIEMH, SR X HFT 1571, HRHERTE, SR AR NS Z
ASCII gt REIMIRE, AEFIRBNGFZ A, Wi, FAOTFE—FEIMNSEE Unicode gwbd 751k,
3.4.4 UTF-8 ¢t

HAfl, UTF-8 B EbrR BRI & 72/ Unicode 4wl 75 7%, ‘R —MmlZ KEMSHIS, #1135 455
RER—DFRF, BRIEFRERMEMZ, ASCII FRR®E 177, M FRNAEBTRRE 2 5N, HH
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AUFR S RF R 3 21, HAhA — LA R fF TR 4 2779,
UTF-8 BIgmtRNFFAE L, 7020 BL R PR DL,

©ONTREN 1 FIHRITR, RRESAEN 0, HR 7 AZEN Unicode i, (EFERATZE, ASCII
FIHE Unicode FAFEH G4E THT 128 MY, thwi/@idd, UTF-8 Sifhn] B RIfE% ASCII %, X
ERETA AT DA UTF-8 SR EEAUAIZHT ASCIT S0,

CNTRENn FHHTRE Hhn > 1D, BRENMTFTHEn CEREN L, Fn+ 1MRENO;
ME ZAFTTE, HEDF IR 2 EIREN 10 ; HARATARH THEFEFAFH Unicode MG

K 3-8 J&oR T “Hello HIE” X MAY UTF-8 %, WIESLEL, MT e n HREN 1, FtRFAOEE
Bl AL 1 BN ECRAT AT RN n o

BN A ERHARATE RIS 2 AARE DY 10 We? S2br b, X4 10 RER IR IIERH. RIZRGM

—MERATFIIFEMNTOR, A7 3KEE 10 BERSAE B R GEPOE AT H =5

ZFTAKE 10 SIERERTT, ZRONE UTE-8 g, NalREEFARIREMAIE 10 . IXPE51en] DU
SRAUEZSRIER : R — TR REMAE 10, BZFRKEY 1, N ASCIL#, 1M ASCII A

AR 0, ST E,

FH

H 00000000 01001000
e 00000000 01100101
1 00000000 01101100
1 00000000 01101100
o 00000000 01101111
" 01111011 10010111
* 01101100 11010101

BEE 3 UiRER 1
RRFHEER 3 F1

3-8 UTF-8 gwi il

BRT UTF-8 Z4b, i ILA9ZwHS 75 208 45 DA Wi,

- UTF-16 %at%: fEH 2 8 4 F1RFR—DFR, TG ASCIL FrHAE A AER 745, #FH 2 7
TR, OEERFFEERAD 4 F1RR. NT 2 FWHHFERF, UTF-16 4wf%5 Unicode 5 s5iHZE,
- UTF-32 9wt%: SNFRAERER 4 7799, XEKE UTF-32 bk UTF-8 f1 UTF-16 B 5 HZE, Fipld

XT ASCIT F4F o5 FLE R ISR

MAEESE SR AEE, EH UTF-8 R P ER @R, BOVENH 1575, /] UTF-16 gt

UTF-8

01001000

01100101

01101100

01101100

01101111

11100111 10101110 10010111

11100110 10110011 10010101

BHATHNE 2 i
BB 10

FEFSCFRF (BlanHs0 SEMER, BB 2 57, M UTF-8 AfREFR# 3 571,
NOREMERIMESR, UTF-8 REMIMRE, 2 TANFEMESHR: UTF-8 .
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3.4.5 RIEESHNFHRD

MNFLUENRZEREIES, BPBiTHrFREERA UTF-16 8¢ UTF-32 XEHF KL, EFKHmD T,
BATR] DLRE AT H B (AR A B, XA R RA DA LR

- KEPLYIR: UTF-16 gt n] DURAE Z it TRENL TR, UTF-8 2 — M Kagmil, ZAEKEISE ¢
PNFRF, BATRZENFFRIIFGLIBHEE « DR, ZXHE O(n) KINFL,

C PR SRENLTRZEM, HHE UTF-16 SR rF R K EHZE O(1) B9#fE, E2, 5 UTF-8
R ) AT B R e i T B D AT R

© IR £ UTF-16 iiERwrr e b, IRZFITERRIE (WnH, M, A, MPRSE) BA 5T,
£ UTF-8 Sty F e b, BHTIXERIEEEREIOMIHE, DR 274 TC8H) UTE-8 Gt

KPR L, HWAEES NFRARmETT R MRABIEE, PRFZRR,

- Java B9 String ZEUEH UTF-16 4wid, BNFREH 2 71, XEEN Java iBF &2, AMTA
16 1 AFRFTA FTRERI =1, SR1M, X2 — DA IEMIIAINT, 52K Unicode FIVEY R R T
16 fiz, FPA Java HFRFERERTRERH —XF 16 ALAE (FrA “ARREEXT”) #oR.

- JavaScript fil TypeScript FIFFF R UTF-16 ZmiBIJR A S Java 2, 4 1995 4E Netscape A H]
BRI JavaScript iIEE W, Unicode it T A& BRI, ARIEER 16 ALA4mA5E0E AR RATA 1Y
Unicode FfF 1o

- C# {#f] UTF-16 %mf, FZIERN.NET F&2ZH Microsoft ¥ iy, 1 Microsoft FIIRZHA (L
i Windows #1ER%) &1 12 H UTF-16 4wkl

BT DA SRR 1R B 0 AR RO ARG, BTSRRI “REDX” (977 2oRFREIE 16 A2 Z ) Unicode
T R PMICHZWTERZE, —J7H, UESENIFRET, — DRl b 2 s 4 7
T, MR T ERmWMIIE, 5—77H, BB R ERHING AN, e TR S ZERIE
HERE o

TP EIRE, #9EE SR T — AR5,

- Python H#Y str ffif Unicode %itd, IFRA—MRIENFIFERR, FHENFRHKERRTFZRH
FE KM Unicode F i, & FAFRALEE ASCI F#5F, WEMNERFSH 17T, WREFmEE T
ASCII i, (HEHERAZLIESFH (BMP) M, WEMNERFSEAH 2 71, REG@EH BMP ¥
¥, MEADFRF S 4 57995,

- Go IBE M string KAAENERMEH UTF-8 4ifid. Go B S IEHEME T rune KB, BEHTRREAD
Unicode 55,

- Rust IBES Y str fl String BAULENEREH FH UTF-8 %f%, Rust t424L7T char 287 HTFFRREAN
Unicode 55,

TREERNE, UL BREmEE S P IEaETT 3, MR S ¢ el e p g
fefR AR, £ E LT, BATER 2RI RGN UTF-8 #83K, DURZIRILIIHA
PR AR
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3.5 IhgE

1. EREEH

- BURGHR] AR B LS YEES M PR A T 0 2K, IREREEIIR THIR TR 2 NP R R, M
YR HEIR T BARTE T BALNE I E 77

- WA R IELNE. ARRFIRDREE, @ E RN RIEZEE BRI 2 hkiE (B, B3R,
Fe. BAFID) FOAELet: (Rt B, H#E) Pkl I RAVSCEILRA] RE RN (1 & LM B R s N ELe MR R a5 1

- YRR IBITH, BARSEETE I ENINEY BNNEZ RIEHA N B AL, R X e A
Huk 5 RIEE

- YIEEEER R ONES S AIEE B Mo BER) . ITEEURSEN R A, RERE
PR I A LB,

- BN AR EA SRR A RS byte, short, int. long, F#mi%{float. double, F4F char
FIfA/K bool o EATIAYEETE Bl BT & F 22 R/ N R 77 7K

- JREES, RABAIAMG R BN I =R/, ez RR] DA B, REE RS R R LR
0, HEHRA2ETE,

- BOSIETHENHZ DAME IR AEE R, EAMDERR N, HHEALRT DU IEER B InE — =, A
TE R EIEIRE M T R R R RS, I B TELE IR U S R,

C FREYRESE 1S, 8 MARENIAT 23 N B R, BT TEAETEEUL, TR A B B S
Bl AR TR, RIS TR,

- ASCII ¥ 2 R RSSO, KERN 1579, HISE 127 M FERF. GBK FFEER AR S+
TR, HUWGRPT 2 MNF, Unicode 801 TR — 5B 2 AR, IR & FIES 7
¥, MR T2 RFmA 77 28— BT 5 B AL AD (A

- UTF-8 B&Z¥ILM Unicode it 771k, WBRAMEIEREL ., TR —MEKNRmL %, BARENY R
M, BRERTE T EEEREE SR, UTF-16 f1 UTF-32 2S5 KAWL 5%, Egmigrhsgit, UTF-16
RS A L UTF-8 870N, Java fil C# HmfEiE = BhAEH UTF-16 gwhd,

2. Q&A

Q: Mt 2 RFIN S LM R e A M R EE 12

B RICEREA, Mo TR MR, TATATRERMA “ge(Hiht” (5% “IBmmhR” EWEUD:
AP MR —DRER, HBERKEDENE —EBIER, XATREBEFEMONR GEH VLZLERD,

MBI EERE, MR RIRZERHAE, Ehg PRI S —ME, et s— PR —R
o [Alit, W RATREFIN G S A dRSS Y (B, BER) FIHELRIERBIRS ().,

Q: char BBRKER 1 F704?

char KB K E HIRIEIE S R RIS 77500, 140, Java, JavaScript. TypeScript. C# #B®H UTF-16
Zmhd (fRFF Unicode #4553), Kt char UMK EN 2 777,

Q: ATHAHSINNEIRE MR “HESBIRSEN" R AE? Hethn] DT AR ARS8 1E, X5
TEERE “n&" 1Y,

A SEA] DASCEIANASHIEHERE, EEIRGSGMIIARR TS (KERATE) 1, REETHHNEBIESES ]
DAEhASHIAIEMER TR, HEMWARZEEN, REEERBEE TR, SR EeIE— N
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HERIVEA, FIREAHIN AL R Z5E i+,
Q: etk (BB BIRR, RIEEERIRD, M2l “HSBEasy” e?

FERPGEES T, BAEMATIEEH B RiaEe, XD TIERENEEENE. Fld, Java £
ArraylList (UFHAAEIER N 10, 556, §aREt2 Bahsiin, HUESH) “FIR" &,

Q: FEAMSHI TR BRI 17, BRAKMEEE IR 2R Wa R “Jeil 1 JFHUR”, TiAMEE R th
—FER] OB “JeBUEn 17 1§28, XN 20E?

X2 RN RS A AN (A B e S fr 2 i AN SRR, BRATEAHAMEN: &k a+b=c,
HRAFRATFR a /& b B ¢ L, R WFR b 2 a B ¢ BN

BE D n = 4 MRKERNZERE 0010, MR MFEEEY (RBEFSAD), AR MY THIE
o ElREM 17 A5

0010 — 1101 — 1110
BAI2KM, FEHEMAMEHIAZ 0010 + 1110 = 10000, Hi2id, M3 1110 25 0010 5] 10000 [
U, IXERAE iR REURIEM 17 92bR R THRES] 10000 R R,
M2, #hE% 1110 ] 10000 (Y “#hET 222/ D0E? FAMRIAFT DA “SelU=)ain 17 58e:

1110 — 0001 — 0010
HADIET, SRASAIRNG EONXT 5] 10000 B9 (M, BRI “JEEEEANE" F1 “kMGEL RIS w] DUHARIFIAY
B GelBUJEm 1) LB,
LR, TATHAT DU FRRANMS 1110 RIS, BI “Seif 1 JEEUR”:

1110 — 1101 — 0010

BESRE, EBJE 17 A e 1 JEEURT XA R TR E] 10000 FURNEL, BRI,

AR LR, “BUR” BRERER ERKE 1111 g (BOVTER RIS + RED = 1111); TMfERIGERE BN
LS2IA0AMD, w22 10000 AT,

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

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

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

K 4-1 e S EFETT

4.1.1 FAERIRE

1. MiatkEa

FA AT DARAE AR SRk B PRI Ga kT R TEHIME. SAE VA, TEARTEERENTEN T, K25
FIE S SRR O

// = File: array.dart =

/* WIsRILERE «/
List<int> arr = List.filled(5, 0); // [0, 0, 6, 0, 0]
List<int> nums = [1, 3, 2, 5, 4];

2. ifinlcE&E

BATTRBAAEEESERI AR, XEWE HERAUTRNEF I RE A 2. SeBdmEtt (F
TLRNAAHIAE) FEADTTRIRS], BRI DUMERE 4-2 R AR RERENZT RN FE L, B
ZIT R,
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¢

TE®Sl o 1 2 3 &

RfEt 00 04 08 12 16

TRKE - &

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

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

K 4-2 BEHTRIINF LT

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

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

/* BENLIARITTER */
int randomAccess(List<int> nums) {
// &EKXia [0, nums.length) FRRENIIHMER—NEE
int randomIndex = Random().nextInt(nums.length);
/] FRENFIREIFENITTE
int randomNum = nums[randomIndex];
return randomNum;

3. ATTE

BAHTTRENFTR “BREN”, BN AEA 2R EFREESE, W& 4-3 For, 05RAETE R R
AR, WHRERZTRZGHATAE LRGS0, ZJFRHTRMESIZR
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BUAhERTENE -
8000 - Epsi:zr—c;; FEX '
'
N

nums[4] = nums[3]

:

BERRAX

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

MRS 1 MENTEE 3 e

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

(3 W1 ]s]2]s]0 gg;igﬁﬁ 0 Bk

nums[1] = 3

:

4-3 BEHFENTTERHA

ERERRNE, BTEHNKEREEN, FEMA-MTROERSFERARTITR “BK7 BN
IR ARRTT SR BETE “FIER" BT,

// == File: array.dart =

/* TEERAAMZERS] index ZHEATTE _num */
void insert(List<int> nums, int _num, int index) {
// #BF5| index UKZEHFIETERGZ—L
for (var i = nums.length - 1; i > index; i--) {
nums[i] = nums[i - 1];

b
// % _num TEZS index &brt&
nums[index] = _num;

I3

4. MpRTTE

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

B - Ban
JEEE)

n:l.] = nums[2]

BREAR

il MFIE—L
EHATHIRZES] 1 A9TE
Nod”

nums = nums[3]

80080 -
—
nums[3] = nums[&]

TRBERG, SERERTREER
1

FETHR 4 BEEX, TAREENR

B 4-4 BAMERTTERRA

EER, MBRCRTRE, RAEREBRIITEER “TEX 7T, UBNEAREEBRE,
// = File: array.dart =

/* MIFRZR5| index QMITE */
void remove(List<int> nums, int index) {
// IBZE3| index Z/EMIFRETRMEBIFBI—L
for (var i = index; i < nums.length - 1; i++) {
nums[i] = nums[i + 1];
+
}

BHRE, B SMERREA DR 6,

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

- BIOTR: HTEHNKEAZE, FtEmATTRE, BHEHRKECERTRRER,

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

5. EHEA

ERZEHIZIES H, BABERT DS RS e HEEH, el DLE R R IREREEH &R
// = File: array.dart =

/* BHRATE */
void traverse(List<int> nums) {
int count = 0;
/] BER5EHEA
for (var i = 0; i < nums.length; i++) {
count += nums[i];
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¥

/] BizRHE#HATE

for (int _num in nums) {
count += _num;

}

// &3 forEach Fi&EHEA

nums.forEach((_num) {
count += _num;

F)g

6. BHTE

AP ERIEETRT LRI, FRAWOTRER G, 5 TR B R R 5]
RONVBE RSN BRS Y, I DA LR ESIRERAR N “LRIEEEK”,

// == File: array.dart =

[* EEAFERIEETE +/
int find(List<int> nums, int target) {
for (var i = 0; i < nums.length; i++) {
if (nums[i] = target) return i;
}
return -1;

by

7. B %A

HEERNRGUAGES, BPHEURIESEHZ RN R AT, MWmEEZ ety B A R, HItE
REHIEES T, BAHNRERSZER,

NRTAIA B AREEH, WFEFEY —DNERIEH, RS EEE TR R B, X2 —1
O(n) BHRME, TEECHIRRIEIR NEFFEN ., B FAvR:

// = File: array.dart =

/* ¥ RBAKE x/
List<int> extend(List<int> nums, int enlarge) {
/] Et—N T BREGNEA
List<int> res = List.filled(nums.length + enlarge, 0);
/] BIE#HARIFRE TR ERZIF A
for (var i = 0; i < nums.length; i++) {
res[i] = nums[i];
}
/] REY BEFhEA

return res;
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4.1.2 BANRRERRMYE

BAAFBEIESM N RN, B, ZAMMMEUEFEERRRER, RIa] DRI EE R
A BIREEFI R ERCR,

- SR B BAR A TSRS, TN TR,

- SHEREHLYIN: ELAVETE O(1) RN AT,

- BPRERYE: UVIRALTER, NIRRT, SRR L E AR, T s
AT SRR T

BTSSR iE R B8, HAFELAU T RRM,

- ARASMERBERIR: SEBAHAPITRR LN, A SMBRRERERRERTTER,
- REAAE: BB RERETE T, VT ARATRERITE B HEEE, TFHRR,
- MR WRBAH DR INES KR, AAZ RS RMARIR S T,

4.1.3 ¥HAHMBIRN B

BEH TR — LA HH WSS, RO e R ER s, Al TSl S & 2 iR s

- BEOLVER): G0 SR FATTAEREH LA — Lo REA, AR AT DU BCERTENE, AR — A EYUFS, RIER5|5H
BEMLIHAE,

- HEF AR BeHRHF A RE R AEBIESEN, Podfiz. HEHER. 0BRSS B
H 3T,

- ERE: YFEPIERER A ICRBEX VR RR, AT DA AR ERE, RO R
ASCIT R3fmers, TIAT DR 4 ASCIT B EE ARG, XM PTEFRAEREA IR AL E,

- WIERFS): MM KB T, B, KB Z RIS RENZE, IXEEHEESZ DI
MR, B B AR NS G Fs i 1 BB 4544

- BURGESIIE: B RT DU TR, A, PR ER. HE. RIEEIESN, BN, BRI R R
s b2 — e deH,

4.2 §ER

N EEMERFPIALER, £ PMERNRGUSITINET, SREINEZRA]ERTEENT L K
THINE, TEEEEHRI NS AU S, TS EEH AR K, NTERTRETCIE R LA s R AE L=, It
I BERARIG R AB R T o

R (linked list) B—MEMEEUEL Y, HPRSNTREZ —MRNR, #0108 “5IH7 g,
SIFICR T =D R AL, @I R AN AT 7 A 2R — D

HERAVRIH RIS 2D (A A BB E N AL, BRI P it AU S,
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FHEERNATETEZSEN
R

linked list

0-90-90-0-0-

BET MR
H 5|A (&sh

T
node

A AREFZE

FRERE | mpmaes
T ast | AEEIE

4-5 HEFRE X SFEETT

MERE 4-5, BERMAMANRZT R (node) MR, BN REESMIEE: TR “E” A&~
I 57

C OBERIVE DN R SKT AT, RE—NT AR BT
- R AIEMR ‘227, BAE Java, C++ fll Python H43BI#28 null, nullptr #1 None .
- {E£C., C++, Go Ml Rust HXFHEHIES T, LR “SIH” Ny 887,

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

[* BERTIRE x/
class ListNode {
int val; // TRE
ListNode? next; // #EMT—T=H5H
ListNode(this.val, [this.nextl]); // ¥hi&EE#k
}

4.2.1 HERFEAIRE
1. batsER

BN BERIIAPIL, BLRIBACS DT RN, B RMET R EGIHRR. ek, &
IIAE AT DANBER ISk it Az, 3835 I FEIE next ARG IFTA 9 .

// == File: linked_list.dart =

[* WHEKEER 1 -> 3 -> 2 -> 5 -> 4 */\
/]l MBREEITTR

ListNode n@ = ListNode(1);

ListNode n1 = ListNode(3);

ListNode n2 = ListNode(2);

ListNode n3 = ListNode(5);
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ListNode n4 = ListNode(4);
/] W RZERE| B

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

BEHEIKZ— AR, L% nums €& 7CE nums[0] F1 nums [1] 5, MifERE B2 M SN
H, BADEFRELN RS PERERIICRR, bhan DL RS AYBER AT IC/ERER no .

2. EATIR

FERRPRATRAFE RS, WHE 4-6 R, RIZENTEEAHBEIN DT n0 7 nl ZFEFA—MFTHAP,
WHTBCEWA T RGIE @R Wl, NEE2EN O(1) .

M2 T, ERHAPEATTRINFEREN O(n) , EREER FRIRERRR,

P.next = nl
< P 8@ n1

G ./
ERRTA n0 F nl ZEBEATS P o o

nd.next = P

Bl< no 5@ P

4-6 BEFABAT KRB

// == File: linked_list.dart =

[* EHERNTSE n0 ZEHBATER P +/

void insert(ListNode n@®, ListNode P) {
ListNode? n1 = n0@.next;
P.next = nl;
nO.next = P;

h

3. HRRTR

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

nd.next = nil
T <% no M@ n1

EREFPIRTSR P

A A

né nl
A

MkRserl/E, &2 P HAES
nl,

BEREREEXEFRENE P,
HLEITARTR P Egiikk

B 4-7 BERMIERTT

// == File: linked_list.dart =

/> BFRERMTS n0 ZENENTSR +/
void remove(ListNode n@) {

if (n@.next = null) return;

// n@ -> P ->n1l

ListNode P = nO.next!;

ListNode? nl = P.next;

n0.next = nl;

4. HiRSR

TERER YT R E, 0 E TR, FRATATLAE O(1) W RV AL T2, BERIIA
R, BRFEEEMKTAHE, BAFRES, HEEREERT A WREN, VIR i AN SRS
Hi— 14, WMHERENO(n) .

// = File: linked_list.dart =

/* hEERPERSA index BITIE %/
ListNode? access(ListNode? head, int index) {
for (var i = 0; i < index; i++) {
if (head = null) return null;
head = head.next;
}
return head;

}
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5. TR

R, ERHAEN target AT, MHIZTRERRRTFRRS . WEREETLEER. KB

FliR:
// == File: linked_list.dart =

/* EHERTPEREN target WEIMTR */
int find(ListNode? head, int target) {
int index = 0;
while (head != null) {
if (head.val = target) {
return index;
}
head = head.next;
index++;
¥
return -1;

hy

4.2.2 ¥ vs. §ER

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

FIARAERICER A 2 BN 32 AARE R

® 41 BEAHSHERPERXT T

el

fefigTr ik SRS
REYR REFAAZ

WFRER  JERAHNED,

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

4.2.3 BERpERAEH

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

{E T RETR 223 ]

B
SR
ARG R
TR E
O(n)

o(1)

O(1)

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

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

/* WEERTRE «/
class ListNode {
int val; /] TRE
ListNode? next; // fEmE4m=E5IH
ListNode? prev; // 1EMEFEIET =5
ListNode(this.val, [this.next, this.prev]); // i&EXEK

PERER

singly linked list

e — — —_— > None

AR

circular linked list

(@Y & & W]

MrER

doubly linked list

— — — — —> None
None <— - - —— -

K 4-8 HILBERARSE

4.2.4 §ERHEINAA

FABEFOEH TS BABIL M 3R SE R 4

- BeSE RIS AFOIERIRFRR A BER A — w1 TN, RPN ERE G, WM i AR M
FERER A —ImHEAT, MIBRERIEAERER A5 — it AT, ERBARFION e, X R,

- TSR BRI R RIS MR ERTR L —, ERITRT, A RITTRASERE— MER
o

- B AEAREFORER AR AT, KRB TURES — DR CEL, SRR TR
R %I AHE R HAB T

MABERF A T HR Z PR AT — PG — DR R,

RERBIREHY . LLANTEZLRRRY, B AR, BANTREVI R R, XA POER AT R R —NME
AT YT I SR SEER, ST XA HERR

- PISEERD S EM DO YA, AP R AT R IR LN, (X T AR AR B AIE AP i R BT —
JE—DWITT ANV EER AR E (SRR E AR 15 fa] 5
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- LRU Rk AR (LRU) Bk, WATHEPOEREI R R R REE, PSR PRGN
FARMBRTY silo IXIH A A XA BE R AR A 51E,

INEAERH TR E AR5, R E RS BRI,

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

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

4.3 HIER

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

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

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

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

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

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

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

// = File: list.dart =

/* AL FIR */

/] FTAEE

List<int> numsl = [];

/] BYEE

List<int> nums = [1, 3, 2, 5, 4];

2. hiElE

FIFRA R 2B, RIERTATE O(1) BRINTTRATESTITE, ERRE,



AT HAHSHER www.hello-algo.com 76

// == File: list.dart

/* IhRlTTE */
int num = nums[1]; // /AZES] 1 LWTE

/* BHTE */
nums[1] = 0; // BER5l 1 BBTHEEHN 0

3. EASHRTER

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

// == File: list.dart =

/* BEHIR +/
nums.clear();

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

/* FEREHENTE */
nums.insert(3, 6); // &3l 3 {ENEF 6

/* MBRTTE */
nums.removeAt(3); // MliRZ=R5] 3 A=

4, wBHYIE

5¥A—FE, FIRADRIERS &, WrlEEESITE,
// = File: list.dart =

/* BER5|BHIIER +/

int count = 0;

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

h

/* BBRYIRTE +/

count = 0;

for (var num in nums) {
count += num;

}

5. HHEYI®R

HTE—DHHIER nums1, FATTAT DAK HDHEEI RS RATE RS,



Ha4E BHSHER www.hello-algo.com 77

// = File: list.dart =

[* BHERNIIR */
List<int> numsl = [6, 8, 7, 10, 9];
nums.addAll(nums1); // %R numsl BHEZR nums 25

6. HiFFIFR

SRR G, BATMERT DA SR B S EE AN “T &R MO THEH” 8k,
// == File: list.dart =

/* HFEFIR «/
nums.sort(); // HFEE, FIRTEMNDEIRHS

4.3.2 5K

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

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

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

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

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

// = File: my_list.dart =

/* FIFRIE *x/

class MyList {
late List<int> _arr; // #4H (FEFIRTER)
int _capacity = 10; // FIRB=
int _size = 0; // PIRKE (Hix&EHE)
int _extendRatio = 2; // ®RIIRY BHEE

/* M&ERE */
MyList() {

_arr = List.filled(_capacity, 0);
}

[* REFIRKE (HFITRHE) */

int size() = _size;

/* REGIRBE */
int capacity() = _capacity;

/* IARITTE */

int get(int index) {
if (index >= _size) throw RangeError(' ZE5IHR');
return _arr[index];
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hy
[* BHETE */

void set(int index, int _num) {
if (index >= _size) throw RangeError(' ZE5IHER');
_arr[index] = _num;

h

/* EREHRIITER */
void add(int _num) {

/| TEHEBHBEN, MAT BE

if (_size = _capacity) extendCapacity();
_arr[_sizel]l = _num;
// BHMTEHE
_size++;
I

/* TERERENTER */

void insert(int index, int _num) {
if (index >= _size) throw RangeError(' ZE5|#HE"');
/] TEHEBHB=R, AT AN

if (_size = _capacity) extendCapacity();
// BZE5| index UKZENTEERGZN—AL
for (var j = _size - 1; j >= index; j--) {
_arr[j + 1] = _arr[jl;
+
_arr[index] = _num;
/|l BMTEHE
_size++;
¥

/* MIBRTTE */
int remove(int index) {
if (index >= _size) throw RangeError(' ZE5IHR');
int _num = _arr[index];
// BEZES| index ZEHTmEREEFIFZI—IL
for (var j = index; j < _size - 1; j++) {
_arr[j] = _arr[j + 11;
+
// BMTEHE
_size--;
/] REIERBRETTE
return _num;

h

/*x FIRTE %/
void extendCapacity() {
/] HE—NKEANRLIEE _extendRatio ZHIFENA
final _newNums = List.filled(_capacity * _extendRatio, 0);
[/ BEEHASHIE A
List.copyRange(_newNums, 0, _arr);
// EE _arr KI5\
_arr = _newNums;
/] EHYRBE
_capacity = _arr.length;

h

/* BHIRERAEA */
List<int> toArray() {
List<int> arr = [];
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for (var i = 0; i < _size; i++) {
arr.add(get(i));
¥

return arr;
}
}

4.4 AES5EE"

FEAZERRTN T, BRI T EAAM R R B R E R BRa, ek T “E8FME"
“OYBRAENE” AR BEEER

KPR b, PIBRESHIAEAR R EOE 7R X AR A7 E IR, i SIA R e R PR RE

4.4.1 HEHNEFELE

HENP R =MRAIN 5L B8 (hard disk). W7 (random-access memory, RAM), #87F (cache
memory), & 4-2 J&/R T EATEH BN RGN F A EFPERER Ao

K42 BRI HELSE

(5 [NEE3 A7

& K iEEE, WISHRIERS. RS ANSTRRFIIE AR U MRS, B>
By, XHF FEACERAER CPU iR

BN LIEEVER S RIS AP S LIEENERSCIEEEESS LIEEVER S PSS S

wE K, TBZSHI B8/, GB 93l FEH N, MB 45

T g, JLEELT MB/s etk JLt GB/s FEF D, JLtEIJLE GB/s

ks (N BfEieE, JLEFLT/GB e, JLtEJLETT / GB JEH 5, BE CPU TR

R

BATTAT UK H BN ARG R N K] 4-9 IR S G, AR T & T BE TV A 17 (R 1 A8 AR B, 2%
B, AR, IXRZ BRI HFAMER, T2 RSN TARIMIZE RS SR IEE R,

- BEEEDARENAAII, Et, NEPRIBEREN SR ESE, FItENEa KIEEDE, Hik, WfE
HIRRATR IR L%, IX IS EXE DAETH B8 T 7 Mo

© RAFRRE MR DR, BEE L1, L2, L3 RAEFNARBEIHK, HYHRSI2TK, 5 CPU
D2 [RIFYEREE B 2RI, AT SEERWEE RN RN, TTRTEIRE . ELREART, Z2EHK
HISRAFEER R R, TR AR 2 [ A B P o
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CPU

e L2 Cache

HREE B8

{7354 HDD/SSD

K 4-9 HEHIFERS

Tip
HEHRIEE R REAIEIE TR, BFREMA =3 2RI, LR b, XA s AT
i Tk, BZSRBAHEA R BIPEEAIBR ] < AR B - R

R, BEELH T RIGIARER REBUE, WA TR AR 1217 EAE e PR, 2247 W T 120k
SWEVIMNBIEIES, DIREEFBITHCR, =& HAE, MR EIRESI0E1T,

aniE 4-10 FoR, ERFPIBITR, BURSWEEHHIEREINGEF, ft CPU HEMMH, &FaLEME CPU R
—#kr, BN MNEINEEWE, 4 CPU Rt miE R8I, MIMEE R FRIHITRER, #)
KRR HIAF AR

CPU

B 4-10 REEL. PITFRIZRAT < TR RO E

4.4.2 HIEEHHIATFRE

FENFERIFI7H, BEHMBERS HBAEMRRME,

—77 T, PWARARRE, HE—RAFARESZ MRS, KB E RS RENS R AT sE = ot Al
2, BEHRTTRREEHS, AR EHOMISRRAAERER T AR AT IR (FaEh), RIS AR e, SR1,
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BT E R E R B HNES SR, XATRESBNFIRSE, Y A th R EAIMO I A2 A RAR
MHEEZ T, S8R TR NRALEATAIAS N SRR, SRt T BRI RTEE,

i, RIS, BERENIESRBNE, ERNERRER R SRR, i TN
HMARCER AR, BHBTHESKFET R, HNAES SBAFERR . Mk, BERIIITTRR 2 HETFER,
FESREITR A S BRI, HR S FEPFRER L,

4.4.3 HIEEHWNERTTFRE

A BREZEAEE BN TAE, HELRRFREG S, ERFPITERE DEEECEZNEM. BTRF
A EAR, HREFE—NE Y RAEdE, FitY CPU VSRR EHR NMERA PN, MRk EE
KapH (cache miss), It CPU AMGAMIEERARHT AAF AR ANE T 7R 2,

BAR, “GAfARmD” @D, CPU BSBIRIIZR MG, P Eabthptiltr, BT CPU WNEFHHIIER
BEURRIELBIFR N EFa R (cache hitrate), X MMEFRIEH HREREZFICR,

N T RATREIREISE mAURCR, fr 2 RIA N BRI EALH

©BRAHT: RAATCRBRADT AR SINEEE, TR AR T AL, LT ARG, AT
Rt = R

- FRIOHUR: ACERER 22 AR BRI RS (BRI, [EE S KBTI RSE), FARFER E A
R E R 2 H, MMRT a2,

- WA R DB, AR ERNEREEE T REL I R e, I, BRI
fai, WSIEHENNLESE, PadmamrhsR,

IR AR D EAERTE, B ETENARR SRR AT REFHR BT H), A M — B, @i
TRE IV M BRI man R,

Khr b, BERMBERMN RN ABCR R AR, EZARBE IR L5,

- AZEE: BERTRMEATTR S AERE S, SBEFTENNAREIERE D,

©OBRAMT: REREURE D BENGERLL, MR TR By, RIS e R LB =,
- PHHLH: BEH EEBERA BRI UCE R TR,  BIRSTE A 206 BRSO 2 2.
- BRI BB R ER RN R, RN BRI A 2E A AT RERIR 7 M),

BATE, BHBRAERNEAG PR, FeEReEdes BaE Tk, XESERREIAREN, &
TR SRR R A A 1 B 52 X,

TEERRE, MEARCRIFAERABAERA N O P T8ER, SEhri A Frk IR aiig, MR
PR BT RRDUE, BN, BEHMBERAEATDASKE] “4%” HdREg (F—EX404), HEMER T
L7308

- TEMEEEIN, BATSBUA TR AT B SIRAR, EoOVERE T S aI R ERCRMBENL I RIATRE
5, AR CUR TR E RN B —E KN A3 R

- WEREIRRAEE R, shSERE, ARRIBUHARDELIE T, IBARTRERIIMAEI &E, HERAET
FeRBERUE B E T ARy, I Hit e 78 &I NT#.
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4.5 N

1. EREEH

- B R AR R BARSEN, A AREREBARE T BN PRI A7 3K e A A B
SR, B AR R S AN AR

- BERSGRRENLIAL, SRR (B ARIPRO TR IR, MG E KA AT,

- REREN ENG I (R SCBUEREIT RAE A SRR, HAT AR TR RS (R RRAR, o
MW, NSRRI s e, IMPBRER, TAHER,

- AR -MSRHEMERRITR A RS, EEETISBEHSEIL, CRE TEEHY, FRATDAR
GG NN

- FIRATHPURIETE = TR, EATRE BRI N7 2 AR PR,

- REPIBITN, BUETEAMEENGE T, BEHRHRE SNSRI, TRERNITEAN R 3R
o

© RAFIES AT, PO DAK =2 [ e P AT (R R SR MRS BdE B, O CPU $RBEPIEER VI,
BETITHEF I PTRCR,

- MTHHAAERENRFMTR, RILEEE R E SN, EREERaan, MARNE R AR RN
SIS kR,

2. Q&A

Q: BCEHFMEIEM ERIFARETEE b, XN TR RN 2 RIS 5 S22
B TEARR LA L AR AR A IR RSN F S RN, BEIRVERCRELA — B 2RI, ARAIHERAG % B IR
W, TS AT A

1. ECRIBERRICE . HB— B/ NINAE, rBCHSRIEEs BBh5eR; MHENFHENER, 7] DATEARES )
Ao, ERSWEA . R, HEERoECRTREGREE R LAk ERE,

2. KR/NBRH: HTFERE RN, HER RN —RSZ IR TR NAE, R HE B DS & 706 R,

3. RIEM: & ERBAN K NEFEEmRIFENE, MmN KN DAEIBT T BhASHE,
Q: N LBEHERMFEZRAITE, MERERPEAE A mIERE RS AE?
PERAMT AR, TAZENEDSIH (F8E) &R, SRR DAEMERFEIZRELAEE, 0 int, double,
string. object %,
X HE,  ERZH T RN BT AHEIZEBURY, IXFEA BRI T B WS & SRR BO N T BN B, Filan, BEHFRRE
& int F1 long MiRhET BANTESFIG R 4 0 8 &1, WHREMAREAMU TTARTEREE T, EH
BAHPERE TR TEKE,

# TEAFMNE = BARFLE (BxERELE) + TRKE *» TRRS

Q: MBRT A PG, BEFEM P.next %4 None ME?

AMEK P.next tha]PL, MIZBERHIAEE, MATNRIBHEIETREZNZBEIP T, XEKRETHRPE
ZEMBERFPINBR T, I L P ARIAIIR AR A S BE R AL R,
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MEHREE SRR (8D AR, THITHRAXR, HRERIEEFINEHEZEMIRIT. MAREZER A
EE, WITEMZE, @WREMEW. WRAMIT, BOREMERT SORBIER R, IRAEREIEET R
HIPAF R

Q: ERERTHARIMBRERIE NS RER O(1) . LRI ATEEE O(n) MNFAIRTE, W
LIRS ZERR O(n) IE?

MERAEHTE, FIRITE, NIEERERIUE O(n) . AT, BERE O(1) SRR DL E s
FA_EARBIRL, I, TFIBAE & MR, RN — MEF R RIS AL A, FR
NSRRI O(1)

Q: B “RERE ST, IREGIEMET IR S A IS ? IR AT RERS S
We?

ZoRBEREENROR, ERRRHRERERAREIET 2T,

- ANFEZEPUR SUE S B RS2 ERY, ER4N int, long, double FISERINR<E,
- TR R G RIS R MRIE T (8 AR E RGN AR TE, K2 N 8 F el 4 777,

Q: FEFIFAKRFIMTR R TNEZIZE N O(1) ?

GERAITRME AR KE, WTRECY RYRERM, RIEXHIE—HUINE, HREYRNTE T
Ezd %, XNENEEZRERSE O(n) .

Q: “FIERAHBIM AR I = T ARSI, HATRESBEER DN AR, X HE SRR SR R MY
A RAAE, KRE, 380 SHAEE?

XERS R EEEM IS — i, YIRARIBE MG RE, BN —EREARXLZ; 5—
Ji, NTBIESES R, PR BREEU-DRE, i x 1.5 0 Xk, hathBlRE A, BilE
HARETE 2R EN .

Q: £ Python HliAfL n = [1, 2, 3] /5, X 3 PCRABMALRMERN, E2400%EAkn = [2, 1, 31X
RIENFDITCRN id FHAZES, T2 HIER n HEIHRE, XETTRIHIENES:, T2 m 2
5?

[BRUHEFIRTCESAFER T A n = [n1, n2, n3, n4, n5], EHEEN NIX 5 MRS R WD BAEEEN
&AL, 8T, BE— NIRRT, BAWHARTLATE O(1) I ] PAERECT s AFE AL, AT ) 100 Rz F) 7
o XRRNBAPAERR T REIHE, AR RA S,

H5WZIEF AR, Python FREFHEEINNR, FIRPEEIARETAS, MENEFHITIH,
i, ML N BT FRER - id, HHRXER RN TCAUESE,

Q: C++STL H[HifY std:: list EAIH AHER, HIFE - LERRH ENE2BEZERE, B2 AERY
At 2 RRMENE?

—JiH, BAVEFEESRERBEHEBRE, mAELENAEHER, EZAWDER,

- BEJFE: BHTENTRFENDESMUIEHE (—MHTRI—ME, — P MHTE—MTR), M
std::list j@H kt std:: vector B 5 H=H],

C BEAKRG: HTEIEARRESLGFRD, KW std::list M EFNAHEHK —BRBERT,
std::vector FERES H LT,
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75T, AR FRER A T B ORI, HAIASITE T iR A S fR Y stack Fl queve,
MAERER,

Q: #fEres = [[0]] * n AW T —P4E5R, Hrpg—1 [0] AEMIZAINIG?

NRILH, MZ4EPIRAH, FrER [0] SR 2R — MRS M, RBMMELHF—IITR, KM
FITE B TR A = B 2 PR

WA 4G R AP AYEAD [0] AR MNZAY, ATCAER res = [[0] for _ in range(n)] RSEH[, XA
FFRBEFEZ YA T n MESZH) [0] FIERNS,

Q: #HfEres = [0] * nZEWR T —PAIE, Hbf—NEE 0 #RRIZHIIL?

FEIZINRA, A% 0 #RR — X RIY5IH. XZ2EN Python x/NE#r GEHZ -5 2 256) R T4
R, DUERARMASREM, MmiEHrEEe,

BRENHEAR — DR, EERIMBAA DHIZESSRP I NITR, X2EN Python FEEIE “AA]
TR, YEANMELFEANTCRN, SR LU S — DINRI5IH, RS ENRA S,

RN, HHIRTTRRE FIENR I (BIENFIEL, FHEEEAIE), BUGEN TR ERSE N ALY,
FTE 5 RZS RETTR A S A R 2,
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Abstract
Fean F 50, R SIS IE I HER o
ME AR NG R N B A,
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5.1 %

t (stack) J2—FmEfEL NG HIZE LM R,

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

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

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

mlmfﬂm \ / /

HRE

B 5-1 FAJe A JE AL

5.1.1 RS REE

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

R 5-1 FREYFRIERCR

Ttk fiipuy I ) A2 2%

push()  JEEAR (RMERTD  O(1)

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

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

/* WMatx =/
// Dart REREE, FTLUB List HIFEKER

List<int> stack = [];

/* JTTENE */
stack.add(1);
stack.add(3);
stack.add(2);
stack.add(5);
stack.add(4);

/* IhREINTTE */
int peek = stack.last;

/* JTERHE «/

int pop = stack.removelast();

[* FRERIREOKE «/

int size = stack.length;

/*x FIFRENT */
bool isEmpty = stack.isEmpty;

5.1.2 #%RBySm

N TIRN T AR Ia L], BAPRZAE DR — S

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

BfE, BEHXINRBIAEEAT SHARE,

1. BFERNEN

(P BERSCIARIY,  FRATAT DLRF R A S A ARTH, B A AR,
G 5-2 Fow, W AERAE, BATRTROTRMABERSLE, XM S ATTEBRR Y Sk, maT

HRR R, TR N EER AR IBR BT AT

EETRRER ]
RIS

Step 1 Step 2
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pop() MBRSKTI R
awR ré
J|
o
(2 )
a EERRESSR ?
n HhRMAE @
Y
L!!‘ REA @’

‘ Step 3

Bl 5-2 B THERITIMERAI AR HARERE

PAR 25 F o ST AR s AL
// == File: linkedlist_stack.dart =

[* BETFHERLETLIME +/

class LinkedListStack {
ListNode? _stackPeek; // ¥EkT=fERI%IA
int _stkSize = 0; // ®RMKE

LinkedListStack() {
_stackPeek = null;
¥

/% FREARRUKE x/
int size() {
return _stkSize;

}

/*x FIMIREEAT */
bool isEmpty() {
return _stkSize = 0;

I
/% Nt =/

void push(int _num) {
final ListNode node = ListNode(_num);
node.next = _stackPeek;
_stackPeek = node;
_stkSize++;

hy

/x Wik */

int pop() {
final int _num = peek();
_stackPeek = _stackPeek!.next;
_stkSize--;
return _num;

hy

/* FARINTTR */
int peek() {
if (_stackPeek = null) A{
throw Exception(" #&AZE");
+
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return _stackPeek!.val;

h

/* BEERERMMA List FHRE] +/
List<int> tolList() {
ListNode? node = _stackPeek;
List<int> list = [];
while (node != null) {
list.add(node.val);
node = node.next;
}
list = list.reversed.tolList();
return list;

2. BTFHAENEH

(o PR SSRGS, FATTAT DA B R RN ARTI, AN1E] 5-3 R, AR Hikksft e o0 ilxt B A 2 R
TR S MERTR, NREREEN O(1) .

NNE
)] push(4) (:
#m b mEESw _
AB 1 ]um | RRE e
a Jd=Esil =t e R a a EEERENA a
g PRI AEE g g MR g
n’ u=x [ ‘ HRE /
| Step 1 ‘ o Step 2
Hi%
pop()
BIRSARTE

B EEERENA i B

g FHohRMAEE g

HRE

Step 3

B 5-3 FT AU SRR AR A i

P AR TE 3 P R ST AO A, PR TR AT AP ZNAS O, R BEREIEAT (T AC T LA,
NSRRI E

// == File: array_stack.dart =

/* ETFEHATLIBIE +/
class ArrayStack {
late List<int> _stack;
ArrayStack() {
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_stack = [1;
¥

/* FREUERRIKE +/
int size() {
return _stack.length;

h

[* FIBIRR R AT %/
bool isEmpty() {
return _stack.isEmpty;

I
/* Nt =/

void push(int _num) A{
_stack.add(_num);

h

[* Ht% =/
int pop() {
if (isEmpty()) {
throw Exception(" #%AZE");
}

return _stack.removelLast();

h

/* IFIERTNTTER */
int peek() {
if (isEmpty()) {
throw Exception(" #&AZE");
}

return _stack.last;

}
/* BEWNN Array FHRE] %/

List<int> toArray() = _stack;

5.1.3 FRFhSCINFTEL

SFHE(E
PSR SRR SO TR, BEH SKBIRIAN SRR REALII ], (HIX TR TARE SGolE, R — R
AZHE
s )%

FERT RN, ABR AR BRI ERE R DAL RES N T, BATRGFIREARIN, R
. IR, RN EBHBAEAR, KMy AU, SBOZRABRENNAEREZN O(n) .

TEAETHERISCII, BERIP AR RE, AEE LAY ANBCRE R A, B2, AMHREFRE
PG RO SO HE K AEEE, NILRCRA AR, A, WRABTTRAG IR T RS, A2 LA X4
GEICP IR, TR RRCR,

i ERTE, AR HAEARIERTR R EARIRERNS, FIU0 int 5T double , FATA] DS H A RES L,
- T RSB Y AR R 2R, Bl T AR RE, R FI8eRE R,
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- BT HERSLEIRIRAT DASR S INARE BURR R
EadlpvES

FERIEHIIRE, RAXINIIRDE “DIEHR", ZARARBBEHSEIRTR, HH, §ayLsnE s 28k
R (BN 2 %) ATV AN, VARNARDATREEHRIRTFRR, Fit, TSR EE R —
22 AR B

SR, HTFRERTT TR EHME O TEEr, PBLRERATSLE A2 MR,
gi b, FATIASRERT S thiff o WERP SKELEANTT & NAE, T2 e B TR LR T 04T

5.1.4 KRB

- PISERRTPRSIB ST, PR S R, SO TTRRIMDL, REaS R BRIk
TINER, IXAERATLA] DOBS IR IR AR R 2] E— DT, JRIBEEKhn ERAERIT Rk, WRZERIN L
R IBMIATIE, ARATRZEMN MHREL AL,

- BRNAAERL, SRUE RN, REMSTEARTRIN— MR, FT IR LT UER EiE
PRELAR, A IR Be AW T AARERAE, A LRI B ST T AR R

5.2 BA%I

PAZY (queue) J&—RIEHEIEAJeth ALt Bmatity, i8S, PAFIBHL T HEAIRSR,  BIGHT KA AT
IMABAFIREER, AL T BASI KR NIZR A BT

i 5-4 FoR, FATRBAIIKERFR N “BAE”, REFRA “BAE”, RATTTRMANEREIRIENA “ABL”,
PRENE TTRAIRIERC “HIBLT,

BAFI HBA HBA
queue pop() pop()

B /.
i | /

Ak | /

BAR I
NBA NBA
push(5) push(4)

K 5-4 BASIEISE A JeH RN
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5.2.1 PASUERRIZ(E

BAB 8 WARMEAN SR 5-2 FR. TETEE, TRMEESNITESIRARES AR, JRIMERHES
SIS RE SRS

* 5-2 PAFIBRAERR

TiiEg ik INRETE=RAY;3

push()  JEREABN, BMETRFMENE  O(1)
pop()  PAEITCHRHIBA O(1)
peek()  VilIPAETTER O(1)

BAT0] LE R RS S IR I A S 2
// == File: queuve.dart =

/% DIEWLBATI %/
// 1 Dart 1, BAFIZE Qeque BWAEPAFI, t2eIENFAFIER

Queue<int> queue = Queue();

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

/* nEAETER */

int peek = queue.first;

/* TeEHBA */

int pop = queue.removeFirst();

[* REBAFIBRE */

int size = queue.length;

[* FIBAFIRT AT */

bool isEmpty = queue.isEmpty;

5.2.2 BAFUSCIR

R T IBAE, BAITRE RS, vIDAE—Imiiinoe®E, HES —umMliRcs, HRMBHETEE
1. BEFEERAEM

i 5-5 Fow, FATATDARFBERAY “Sk ™ F1 BT 2050 “BRE” F1 AR, MUEBANEAXATHEN
T, PAEDCRTIBRT
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step 1 |

- KA @
i | a o
a8
a EELRRSR ©
a HSRIHAT] |
an | rux (@)
ne
oy
pop()
B8
‘ Step 3 |

BHR 4
RINERERE

B
push(4) PSS 9
o

[(
o o
lE' ERLIRER “'
'a' PRI ABATI 1//
®
RHE E@S
Step 2
B
e @
RESRRSS (- )
FHIMRIMABATI
o
R

B 5-5 FETHERIIMBASIAI AR AR E

DA 2 FABER SR PA S A :

/!

== File: linkedlist_queue.dart =

/* ETFRERFTIBIPAGI */
class LinkedListQueue {

ListNode? _front; // T= _front
ListNode? _rear; // ETm= _rear
int _queSize = 0; // BAGIKE

LinkedListQueue() {

_front = null;
_rear = null;

/* IREVATIBOKE =/

int size() {

return _queSize;

/* FIEFRAFIRE AT */
bool isEmpty() {

return _queSize = 0;

/* NBA %/
void push(int _num) {

/] EETAEZHM _num
final node = ListNode(_num);
[/ WRBAFIAZ, WSk, BERREERZTR
if (_front = null) {
_front = node;



B5E RS/ www.hello-algo.com 94

_rear = node;
} else {
[/ WRBAFIR AT, WEZTSRANAETRE
_rear!.next = node;
_rear = node;
}.
_queSize++;

}

/* Rk %/

int popQ {
final int _num = peek();
/] BIBRET R

_front = _front!.next;
_queSize--;
return _num;

h

/* FIEBAETTER */
int peek() {
if (_queSize = 0) {
throw Exception(' PBABIAZE');
}

return _front!.val;

h

/* BEREWNA Array FHR[E] %/
List<int> toArray() {
ListNode? node = _front;
final List<int> queuve = [];
while (node != null) {
queue.add(node.val);
node = node.next;

h

return queue;

2. BEFHARIH
TEHEHPMBRE RN A EARERN O(n) , XESEHIBIRERCRER. AT, BATAT LR RS2 75
TRORIE I [

BATAT DAEFH — DR front f8MANE TR RG], 4 — PN L& size H TIEHIINKE, & X
rear = front + size, XPMARITHEHM rear f5ANEITEZ G F—MIHE,

BT g, B RS KENERXRN [front, rear - 1], BFRIEASZINTIEME 5-6 iz,

- NBAERAE: B ATCERMRIEL rear K514, ¥ size BN 1,
HIRAHRE: HF¥ front BHN 1, FF4F size WD 1,

FIDAEEI, ABAFIH AR RS LR T — e, INRERESN O(1) .
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front IERMASIETR
rear fEEMFIBTR + 1

1. itWRIES rear
2. BTERME rear &

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

B 5-6 FET IS HI AR HI AR

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

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

FRATLOEN “BORERE R, A TAR:

// == File: array_queuve.dart

/* BETFIRFEASZIAIEAT «/

class ArrayQueue {
late List<int> _nums; // RFEERATITTENEEE
late int _front; // BAEEH, fEMPAETTE
late int _queSize; // BAZIKE

ArrayQueue(int capacity) {
_nums = List.filled(capacity, 0);
_front = _queSize = 0;

h

/* REAFINEE +/
int capaCity() {
return _nums.length;

}
[* REVATIROKE =/

int size() {
return _queSize;

h
/* FIBRFATIRE

T */
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bool isEmpty() {
return _queSize = 0;

hy
/% NBA %/

void push(int _num) {
if (_queSize = capaCity()) {
throw Exception(" BAFIE®");

¥

/] ITEBARIEE, FEMAERS| + 1

// EIEVRIZIELI rear #EEEREZBEEIELER
int rear = (_front + _queSize) % capaCity();
// B _num FINZERE

_nums[rear] = _num;

_queSize++;

}

/* HBA */

int pop() {
int _num = peek();
// BAEfsstREHEsh—l, HEIdEE, NHREIZIERAELS
_front = (_front + 1) % capaCity();
_queSize--;
return _num;

h

/* IFRPAETTE */
int peek() {
if (isEmpty()) {
throw Exception(" PBABIAZE");
}
return _nums[_front];

h

/* iR[E] Array */
List<int> toArray() {
/] (UERE N KESEERNMNTIRTER

final List<int> res = List.filled(_queSize, 0);

for (int i1 = 0, j = _front; i < _queSize; i++, j++) {
res[i] = _nums[j % capaCity()];

}

return res;

DAL SEELRIBASI R B A RIBR Y . AR AR, SRT, XN AEANAERRR, AT TAT DORE B o 3h 55
H, MMFIAY AL, AR a] Az BT S58,

PRPSEELRAS ELES e S — 8K, fE BN,

5.2.3 PAYIBRBI ]

C WEITR, WYE SR, TR, RS SRR SRS R AT B, R
[, JERFAIAN S EERITR, SO TR 2 8 RSO A,

© BRMEDHEI, EATRELI OREE” THRERR, BIAHSTEINLRIESS AL, BT R HESSE,
PABIAEIX L4755 P m] DA ROt 4 AL BRI
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5.3 WREPBAFI

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

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

A& \ /
mm“BlMA 8 B 5 5

AEEEN
PUN ™ ]

BAR I Iél

PARABA PAREHBA

push_last(%4) pop_last()

5-7 WUAIBAFIH 1R

5.3.1 WrRBATIEARE

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

%53 WABATHRIERCR

Tk filiigk P 1A A2 2

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

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

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

/* FRENEPATI */
// 1€ Dart 1, Queue #WENXFIXWAEBAT
Queue<int> deque = Queue<int>();

/* JTENBA */

deque.addlLast(2); // ZHINZEE
deque.addLast(5);
deque.addLast(4);
deque.addFirst(3); // FMNENE
deque.addFirst(1);

/* iFRlTTE */
int peekFirst = deque.first; // PAETTE
int peeklLast = deque.last; // PAETZH

/* jTEEBA */
int popFirst = deque.removeFirst(); // PAETZEHPA
int poplLast = deque.removelast(); // BAEITTEHBA

/* FREVWABAFTIBVE +/
int size = deque.length;

/* FIETREPATIRE AT */
bool isEmpty = deque.isEmpty;

5.3.2 WFPAFII *

XEIBABI A SERL S RABIZRAEL, AT DA RE R B 1 R IR B R A

1. BEFNAHERMNSEN

(BB _L—5 P, BT M P 3 B B BERORSEBRAS,  [RD & AT DAY (R Sk 17 s O B EHBAFRAE) AE

T UG IRIHT T L O B BARAE) o

XFXEASITTE, SkEBAIEERAR AT AT ABAFIHI AR, emuibiid, INAIBAA TR Z LB S — A FR T 7]
AU, ik, FRATRA “XABER" 1EA ARSI ER = BARE5

i 5-8 AR, BATIRE DA BERAYSK T A BT oA XX EI BAS I BA B FIRARE, [ N SEELAE PR AR A B

= PN
1 R A YIRE,
A
ne | | n TR
g v AR 1
B EREMENAER
(= SRR TEAF i
[V I 'l AR BTHR 5
ABA HBA

BAR
Step 1 Step 2

FAEABA

push_last(4)

BHm 4
ARINEGEREED

ES
1l

EERMENAER /
IR HTRAIATY 1

1l
rsa (@
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BHR 1
AMNERERLE
BAEABA BARHBA
push_first(1) ST @ pop_last()
° ¢
a EERRENAEE @ a ERERENAEE
o SHIMEII AN EAF o FHI RIS TRAIATY
o
RHA
Step 3 Step 4 |
TABIEIRA
pop_first() BRI
P GD
a EERRENAER - )
e FHIRIA AT /[\
RHA QD
[ Step 5
5-8 ETHERLI ARSI AN BN H AR
SEERARSUT R PR
// == File: linkedlist_deque.dart =

/* WEERTR */

class ListNode {
int val; // TRE
ListNode? next; // BE#T=5|H
ListNode? prev; // BIIRTIm5|MA

ListNode(this.val, {this.next, this.prev});
].

/* BETFWEERIIMAINEIT] */

class LinkedListDeque {
late ListNode? _front; // kTis _front
late ListNode? _rear; // ET= _rear
int _queSize = 0; // XW@ABAFIBKE

LinkedListDeque() {
this._front = null;
this._rear = null;

¥
/% FREVNERAFIKE */

int size() {
return this._queSize;

F

/* FIETREPATIRT AT */
bool isEmpty() {
return size() = 0;

PR
wwR G%
o
o
o

RBER
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hy
/% NBARME */

void push(int _num, bool isFront) {

final ListNode node = ListNode(_num);

if (isEmpty()) {
/] BEHERNFZT, WS _front # _rear #FEM node
_front = _rear = node;

} else if (isFront) {
/] PAEINBAIR(E
// ¥ node HRIMEFERLIL
_front!.prev = node;

node.next = _front;
_front = node; // BHkTSa
} else {

/] PAEBNPARRAE
// ¥ node FINEFEREDS
_rear!.next = node;
node.prev = _rear;
_rear = node; // BHETS
}
_queSize++; // FEHFRAGIKE
¥

/* BABNBA %/
void pushFirst(int _num) {
push(_num, true);

h

/% BAEBNBA */
void pushLast(int _num) {
push(_num, false);

h

[* HBARIE %/
int? pop(bool isFront) {
[/ &BAFIAZ, BiER[E null
if (isEmpty()) {
return null;
}

final int val;
if (isFront) {
/] BAEHBAIRIE
val = _front!.val; // BEkTHHRE
/] BBRET =
ListNode? fNext = _front!.next;
if (fNext !'= null) {
fNext.prev = null;
_front!.next = null;
+
_front = fNext; // EfFfkTa
} else {
// BARELHBARIE
val = _rear!.val; // EEETSE
[/ BBRET =
ListNode? rPrev = _rear!.prev;
if (rPrev != null) {
rPrev.next = null;
_rear!.prev = null;

h
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}

_rear = rPrev; // BHETS
+
_queSize--; // EFIAFIKE
return val;

I

/* BAETHIBA */
int? popFirst() {
return pop(true);

}

/* BAEHBA =/

int? poplLast() {
return pop(false);

}

/* IFIEBABETTER */
int? peekFirst() {
return _front?.val;

h

/* ARIAETE */
int? peekLast() {
return _rear?.val;

hy

/* REIZARTFITED */
List<int> toArray() {
ListNode? node = _front;
final List<int> res = [];
for (int i = 0; i < _queSize; i++) {
res.add(node!.val);
node = node.next;
+
return res;

h

2. BFHANEH

Qs 5-9 FoR, SETASBAFISEEL, Bl n] PAE AR LB I BAS,

front IERMASIETR
rear fEEMFIBTR + 1

rear = front + size

N

o | & frone - [ oo
size = 3
ERLRRRERSA B
] S EIFI AT a
AR lms
ABA HBA rear >

| step 1 U Step 2

BARNBA
push_last(4)

RETIRREFSA
FIRIRAIEATI

1. HHRIESH rear

2. BTERME rear &

3. % size B 1

front >

rear >

BT

size =

4
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UN=PN
push_first(1)

'E"E'lH'lE":'

[ Step 3 |

1.3 front EA 1
2. BTRFME front &
3.8 size B} 1

BAFIHCEE

RETIREFSA
FIMRIATEPATI

BAEHBA
pop_first()

Step 5

5-9 HTREHSINABASIHI BN AR E

size = 5

[ step 4

RREMEREF A
PRI AT

BAREHHBA
pop_last()

1. 4§ front B 1
2.4 size B 1

front >

P

IR

size = 3

FERNFIRSCERELR b, (XTHIIN “BAEABL” R “BAEEHBL™ B3 i:

// == File: array_deque.dart =

[* EFIRAEBEIAINEAT] «/

class ArrayDeque 1

late List<int> _nums; // RATFHENEPATITTRILA

late int _front;

// PAE1EEH, FERMAETER

late int _queSize; // WABATIHKE

[* ¥HEFE */

ArrayDeque(int capacity) {

this._nums = List.filled(capacity, 0);
this._queSize = 0;

this._front =

F

[* FREUREPAFINEE «/

int capacity() {

return _nums.length;

I

/* FREUREPAFIBIKE «/

int size() {

return _queSize;

+
/* FIETNEPATIRERNE */
bool isEmpty() {

return _queSize = 0;

}

front >

1.3 size BH 1
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/* I EIRFEERE| */
int index(int i) {

/] EITERRERIHAEERE

/Y i MEHEAESE, [FkE

[/ H i MEEAEEE, ERIESS

return (i + capacity()) % capacity();
}

/* BABABA */
void pushFirst(int _num) {
if (_queSize = capacity()) {
throw Exception(" WXEPFAFIEFE");
+
/! BAEISEEAEI—I
/] BIEVRIEESEI _front BUIEUCASLERERIZIESE
_front = index(_front - 1);
// ¥ _num HINEE
_nums[_front] = _num;
_queSize++;

}

/% BAEBNBA */
void pushLast(int _num) {
if (_queSize = capacity()) {
throw Exception(" WXEPFAFIEFE");
+
/] BRI, IBEMERS + 1
int rear = index(_front + _queSize);
// % _num HINEFR
_nums[rear] = _num;
_queSize++;

}

/* BAEHBA */

int popFirst() {
int _num = peekFirst();
// BAEfEstRAHE—1L
_front = index(_front + 1);
_queSize--;
return _num;

h

/* BAEBHIBA */

int popLast() {
int _num = peeklLast();
_queSize--;
return _num;

}

/* FRPAETTER */
int peekFirst() {
if (isEmpty()) {
throw Exception(" m@EPAFIHZE");
+
return _nums[_front];

h

/* IEEPAETE */
int peekLast() {
if (isEmpty()) {
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throw Exception(" SX@PAFIAZ");
}
!/l TEETERSI
int last = index(_front + _queSize - 1);
return _nums[last];

h

/* REIERARTFITED +/
List<int> toArray() {
/] (AR EREKESCEANSIRTER

List<int> res = List.filled(_queSize, 0);

for (int i = 0, j = _front; i < _queSize; i++, j++) {
res[i] = _nums[index(3)];
}
return res;
}
}

5.3.3 WmBAFIRZA

ARSI EAR S BASIRZHE, Rt e ] ASEBXME IFTA B 5, IR RS i 8 B

BAVHINE, AR “WEs” DhReidE R (RS : R BIENERE push FIEkrh, RJEIEIT pop LB
Wo AN, HEFIRFFIRAIRG], KIFET SIRHEERPE (BN ARFRE 50 2), SRR KT
50 I, BXAFFREEARIE (BNE) TRITHIBRIRCE, HEICTRSCBZIIGE, B s ZAERDN M ASIRAE A%, 15
R, T RROIZ BB RIS NG RN, FUZXR ARSI RERS B8N R TS SL B — LR NE .

5.4 IhgE

1. EREH

- MR AERESC NG HIE RS,  IEE B s ORI,

- AERRIRCRTTTH, ARRVEBEH S B ARSI FITRCR, BEY wdES, RIRABGRIENRRERES
HUEO(n) . MHHLZT, HRMBERLIMAA ENFRENBRERM,

B FRCRTTH, FABASIIR RSB ERE N2 MRS, ERETRENR, SRS SHRA

fad A LB TR R,

- BABIZ — ARG e A JE R M R B aE e, R AT DOE IS B s BE RS, FE I RIBCR R 23 RICR
RIXtEE B, PAFIISSIE S AR A S5 E A Bl

- OREIBNEIR — MR S E RIS, B AR VFE SR T IC R AT INFI R R

2. Q&A

Q: NIVEERHTRTIE R IRZ A2 XA HER I

DTS AR S IR IIREA T L2 “R” BORBL. AP Ui — g, %ol S AnERRI; P
Rt EIRIGHIN, 0T = MARTAGH o (5 XA BB AT DATS (A S — L2 1, IXNE XA A"
ET AR,
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Q: MG, BEHRERBHHT SKNF?

RSN TREME TR, WATRERRAT, G2 REME], Java fl Python S5iE S A B
WAL, AR ZEFAIRBAT; 1E C M C+ hFREFIRBANT,

Q: WEBAFUE R MEPHERE T —it2, ERHIREMHA?

A SR HA I & BN MRPHE T —itd, BRIV + BIIRNEHE, RIta] ISCIiik 5 S
RIFTA A, FFH BRI,

Q: % (undo) FISHEH (redo) EARZAN{AISKIRMN?
AP, A FTRE, B TR,

L SHHPRIT D ERME, RIXMREEALA, FHEZHKB
2. SHAPPIT “RET W, R A RS R AR, FHREHEARB
3. AP HIT “IEEH” N, MR B ARSI BRI, HRHEARRA
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Abstract
TEHFENIH R A, BmRME—IEENE B ER,
ELEI A ERBS, M DAPEERE] AR E
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BER (hashtable), XFREFIR, TEIETH key 51H value ZAIAIRLET, SZEIEMACEER, B
ma, FMAEHERPHEA— DR key, WETLAE O(1) BHENIREY MAYE value .

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

BRHE

hash table

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

K 6-1 M RIHRER

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

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

®6-1 TLREWIBCRILL

o HER AWK

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

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

6.1.1 MBERTEHIRE

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

/* ¥R ER */
Map<int, String> map = {};

[* FINERME «/
/] TERRFBRPFIEER (key, value)

map[12836] = " /hog";
map[15937] = " /hAB";
map[16750] = " JhE";
map[13276] = " /E";
map[10583] = " /\§g";

/*x BIERIE %/
/] AMRERTBEAE key , 32E value
String name = map[15937]1;

/* BBRIRIE */
/] TERHERPHEFEE (key, value)
map.remove(10583);

W RA = FE AR 772 e RHEN . DA E, AR
// == File: hash_map.dart =

/* BAKER */

// BHEEX Key->Value
map .forEach((key, value) 1
print('$key -> $value');
)

/] BINEHE Key
map.keys.forEach((key) {
print(key);

5§

// BMIERE Value
map.values.forEach((value) {
print(value);

B

6.1.2 MFERE A
BAVEH EREFE LB, U~ ARG T R, ERTERD, BOTEBHTEN SO AR
(bucket), E/MERITERE— MR, FI, BERIERZIRE] key M HME, HERHIE value .

2, GAIEET key TE AN BLHIMENE? IXRIELIEAEER (hash function) SRR, PG EREEITEAZR—1
BRI NS RN B — DM R Rl RIS R, MAZERITH key , W RZATER (B
R5Do HAEH, WA key , BATTT OB G BTN key X RLBEED FE R H LAl AL B

A key, MAmEEHTHHREERE? WIS,

1. IR R AL hash () HEGZERE,
2. RemEx R (BEHKE) capacity BUEL, MIMIREGZ key MM (BZHRS5]) index,
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index = hash(key) % capacity

BjE, FATEEAT AR index {ENG A R AP AR AR, MITEREX value

WA K capacity = 100, W7 HEL hash(key) = key, ZIFEAFECH key % 100, & 6-2 DA key
M value BER AR, JRIR T AT BREHY TAE R,

BN key =5l s it value

key value

“haEr

“) By

o ]

37 15937

L :
W pRER |, _ 16750
key % 100 _
— 76 —| [FEPELY

W"/ 83 10583

e . ven . e . e ' a ven

J

(B MERRE—MEE
%)

6-2 e R TR EE

PURAAL SR 7 — M BAIE T 2R, Hr, FRATEF key fil value FEER—1 Pair, DAFREEER,
// == File: array_hash_map.dart =

/* BEX */
class Pair {
int key;
String val;
Pair(this.key, this.val);
}

[x BETEHASLIMIRER «/
class ArrayHashMap {
late List<Pair?> _buckets;

ArrayHashMap() {
[ MEEd, 88 100 M
_buckets = List.filled(100, null);
b

[* MEFSEEL %/

int _hashFunc(int key) {
final int index = key % 100;
return index;

}
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[* EEIRE */
String? get(int key) {
final int index = _hashFunc(key);
final Pair? pair = _buckets[index];
if (pair = null) {
return null;
+
return pair.val;

hy

[* BIRE */

void put(int key, String val) {
final Pair pair = Pair(key, val);
final int index = _hashFunc(key);
_buckets[index] pair;

hy
[* MIERRIE «/

void remove(int key) {
final int index = _hashFunc(key);
_buckets[index] = null;

}

/* SRENFREREN */
List<Pair> pairSet() {
List<Pair> pairSet = [];
for (final Pair? pair in _buckets) {
if (pair != null) A
pairSet.add(pair);

¥
+
return pairSet;

h

/* RENFREHE */
List<int> keySet() {
List<int> keySet = [];
for (final Pair? pair in _buckets) {
if (pair != null) {
keySet.add(pair.key);
¥
+
return keySet;

}.

/* FREXFABME %/
List<String> values() {

List<String> valueSet
for (final Pair? pair
if (pair != null) {
valueSet.add(pair
5
}
return valueSet;

}

/* FTENRAER */
void printHashMap() {
for (final Pair kv in
print("${kv.key} ->

= [1;
in _buckets) {

.val);

pairSet()) {
${kv.val}l");
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6.1.3 MFHRETE
MR EE, WGAEEEIERZEITA key MRS RIMU 2R ATE R 5 H a0 s, kA4
AT A TR, i, B @ “BAHAMBAHREGRL” .

T ERRBIFF ARG R, SRR key JEAARRING, a7 REE SRR, B, EEESH
12836 #1 20336 KU PMEANT, FRAUGH]:

12836 % 100
20336 % 100

36
36

WE 6-3 iR, WANFEELER TH—MER, XERZB AN, AR RZ AN AR R R — i H I R
MaZ A5 (hash collision),

BN key &3l | it value
A A key value
m/j 37 15937“11\“9" \‘m
MREEE - \
@/ key % 100 5_0) \—m

76 13276 | “/NE"

". I ".

83 10583 | “/hG8”

e .

6-3 MaF SRRl

RHEE, BRREE KR, 21 key HECEIR— MAHABER PR, mhostiit, Kk, e
YA PR WD D

WE 6-4 fiR, ¥ ABIEMER (136, A) 1 (236, D) RAEMRE, ¥ &BEMHIEHEIK,
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MEREE - 100 WERNE 2 8 BERSE - 200
IEFREB key % 100 » TR key %200
#3| key value 3| key value

36

36

136

50

150

83
183

Kl 6-4 MR A

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

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

6.2 MR

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

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

2. (HERLES, BISIGArRR LA™ B, AT AR

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

6.2.1 siEziithsit

fERGEIRTR R, B MAEEFME— N MERXN, 5EXHhE (separate chaining) N TREH RS, it
ERENBERTI R, RATE KA REVEE X AR B E R —BER . B 6-5 R 7 — PNk a7 R A5
To
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=il e R (WanEE)
- | n-0n -0
itk E E
= | G0 -00-00-00
H@&smMEhREns o n
PRI key % 100 7'6 276 :n
Eﬁifﬁmﬁﬁﬂ key :
REERTHR o m

Kl 6-5 HEAMALIGT &

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

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

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

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

HEFCHIHE 7 42 DU R R,

A RERIR: REREE T R, A B SR 2R A A
- EIBCRIK: ROV AR R R E SO BT R,

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

- ERAIER GISEED) ROERER, MM, EXME T, Bmk %) ga2 M, 80
R — IR,
- TSI SRR A7k, YREN TR 2 i, ROVGIET R EEREN 2 15

// == File: hash_map_chaining.dart =

/* PERHAIEFHR */
class HashMapChaining {
late int size; // BEXEHE
late int capacity; // WBHERAE
late double loadThres; // fitki BHNAHEFHE
late int extendRatio; // ¥ &BfZ¥
late List<List<Pair>> buckets; // #&#4A

[* MERE x/
HashMapChaining() {

size = 0;

capacity = 4;
loadThres = 2.0 / 3.0;
extendRatio = 2;
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h

buckets = List.generate(capacity, (_) = [1);

[* BEFSEREL */
int hashFunc(int key) {

h

return key % capacity;

/* GEHEAF */
double loadFactor() {

h

return size / capacity;

[* EEIRE */
String? get(int key) {

h

int index = hashFunc(key);
List<Pair> bucket = buckets[index];
// BAE, BHRE key , MLEREIRIN val
for (Pair pair in bucket) {

if (pair.key = key) {

return pair.val;

}
+
/] EER¥HE key , MHIRME null
return null;

[* FIIRIE =/
void put(int key, String val) {

h

// BHHEFEIHER, BT S
if (loadFactor() > loadThres) {
extend();
+
int index = hashFunc(key);
List<Pair> bucket = buckets[index];
/] BHEE, FBEEE key , WEHHMLN val FHiR[E
for (Pair pair in bucket) {
if (pair.key = key) {
pair.val = val;
return;
+
+
[l BFZ key , MIERENFIZERESD
Pair pair = Pair(key, val);
bucket.add(pair);
size++;

[* MIBRRIE «/

void remove(int key) {

int index = hashFunc(key);
List<Pair> bucket = buckets[index];
/] BHKE, MPRIBREES
for (Pair pair in bucket) {
if (pair.key = key) {
bucket.remove(pair);
size--;
break;
+
+
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[* I BRRER */
void extend() {
// BERWRER
List<List<Pair>> bucketsTmp = buckets;
/] BT REMmIEHER
capacity *= extendRatio;
buckets = List.generate(capacity, (_) = [1);
size = 0;
/] BREMNRRERBEEMISHR
for (List<Pair> bucket in bucketsTmp) {
for (Pair pair in bucket) {
put(pair.key, pair.val);
+
I
I

/* FTENRGHR */
void printHashMap() {
for (List<Pair> bucket in buckets) {
List<String> res = [];
for (Pair pair in bucket) {
res.add("${pair.key} -> ${pair.val}");
¥
print(res);
¥
¥
¥

EERIR, MEERREN, SR O(n) R, HINTTLUSHREEEN “AVL W 5% “CCHBR”, i
S IR RO I 25 (L3 O(log ) -

6.2.2 FrSFut

Rk (open addressing) AR5 ABIMNISHELEN, TiiREIE “LRIEN” RALBRIAT M2, FM77 X3
SAFELR MR, ST R RN 2 A 75,

TR DAZRPERRI R B, BT HE T R0 TR,

1. &R

ERMEIRINR ] 0 KRR R RMEATIRN,  HARE77 1R 5 IS /i R A A Al

- AR EEEAEEITRERRS], HRIMNEETTR, MAWRCERELMEN GORIEE N
1), EELRFIZM, RKooREAHA,

- EPOLER: ARIRAR, WERHES KT, BFEHREXMITR, &E value HI
Al WEIBEIEA, R ERTRAERA RS, JRE None o

6-6 JEoR TITIS 4k (ERIERIN) Wafi RAVEE(EDN 04, ARIEIEIGT L, SBIEMMHER key #R B
S SRR A, TS ZRMEIRI, BT A B TE M DA S 2 T B
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3l

Hg
ah'-'?

00 <
FFht 01
MR, FKA 1 02

W ul

S S

= S
oo

a a

76 <

MAFEE key % 100 77

[ERERE key
IRERTFPR

3 w =
~ ~ ~
o o o

78

~
~
L=

o«
~
L=
aee
a H

B 6-6 JFiSak (IR W RASE(E X 0 A
SR, ERPERINA 574 “RIBMR”, BAORU, B MESHLE FIAI BRI, IXEE S B L G A
REJATREMERIR, MMIHE— R IR B RHEA K, ERCEIEIEI, RASBUEMESIRIERER S,

ERERNE, RO SHR AR FPEEMER TR, X2EIMERTTR X EREHNE — DM
None, TMiH#&EHITRM, SMERMENZSHRIZIRME, FIEZTM 2 FRTTRETTIEERI RS, Bpa]
REDRHANXELTTRAMALE, WA 6-7 AR,

=3l Bl

00 <

w (3
S (=]
S S

01

02 30

S
a

76 <
wirzE (DN =25,

REEEWIEZ THTERT

77

=
~
o

78

K 6-7 FEIFRSHEAHHPRCR SR E W RS

NT BRI, AT DCR FEER (lazy deletion) #lil: EAAE#MNBRRPEHRTE, m2AH—1
# t TOMBSTONE SRARICIX AN, 7E%HUHI R, None F1 TOMBSTONE #FFRFRZ3H, #FFT DUKCE AR, (AR
M2, LRMEIRIE] TOMBSTONE I RIiZAkSE T, [KoNH 2 AT REE A7 FE HEERS o
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SR, BT ] R 2 MRS R TEREIB 1L, 12 RN BHR BRI E T =74 — DIBRFRIC, BE%E TOMBSTONE
AUsgin, TEERA R, RSN AT RER ZBkid 21~ TOMBSTONE A REFRE| HARITR,

Rk, FERELMEENFICSHERNE D TOMBSTONE 25|, HEIERAIMHEMRICZE S 1% TOMBSTONE 23t
N, XEIIFAL B Y B RESIRITERN, TESER 2 SHAMNE (FRELE ) HiTrm, M
ML B RER,

AR SEEL T — ML S W EREIT RS E (MR SR, 7 BEnse o th i ARG R pas ), 34l
R BB P, SRS BE RN, [F2 Sk RAksmE 7,

// == File: hash_map_open_addressing.dart =

/* FFRFURER */
class HashMapOpenAddressing {
late int _size; // REX#HEZE
int _capacity = 4; // WBEXRBE
double _loadThres = 2.0 / 3.0; // fa&R¥y BNOEHEFHE
int _extendRatio = 2; // ¥ &fEEHK
late List<Pair?> _buckets; // #&@%4A
Pair _TOMBSTONE = Pair(-1, "-1"); // Mitrid

/* ¥9ERHE */
HashMapOpenAddressing() {
_size = 0;
_buckets = List.generate(_capacity, (index) = null);

h

[*x RFEEEL */
int hashFunc(int key) {
return key % _capacity;

h

/* BEHAF */
double loadFactor() {
return _size / _capacity;

h

/* & key WNEMEERS| x/
int findBucket(int key) {
int index = hashFunc(key);
int firstTombstone = -1;
/] EERN, HBFTHEBL
while (_buckets[index] != null) {
[/ BiBE| key , REIFFAIFESI
if (_buckets[index]!.key = key) {
/] &zanaE T WERine, NERENEoIEZERS|IL
if (firstTombstone != -1) {
_buckets[firstTombstone] = _buckets[index];
_buckets[index] = _TOMBSTONE;
return firstTombstone; // REIHNEEZRS]
+
return index; // R[EIEZES|
+
/] IBERBEIEMHBRIRIC
if (firstTombstone = -1 && _buckets[index] = _TOMBSTONE) {
firstTombstone = index;

}
[/ TERES], #dEENLRELE
index = (index + 1) % _capacity;
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}
!/ & key FFE, MHRERMAMNZES]
return firstTombstone = -1 ? index : firstTombstone;

hy

[* EEIRE */
String? get(int key) {
/] #ZE key WNAIHEZSGI
int index = findBucket(key);
[/ EIXFIRER, MWREXLE val
if (_buckets[index] != null && _buckets[index] != _TOMBSTONE) {
return _buckets[index]!.val;
}
/] BREWVAREE, MWRE null
return null;

}

[* BIRE */
void put(int key, String val) {
// BHHEFEIHEER, RITT S
if (loadFactor() > _loadThres) {
extend();
+
/] #ZE key WNAIHEZGI
int index = findBucket(key);
[/ EIRFIRER, WEZE val Fir[E

if (_buckets[index] != null && _buckets[index] != _TOMBSTONE) {
_buckets[index]!.val = val;
return;

¥

[/ EREFNFEE, WRIMZREX
_buckets[index] = new Pair(key, val);
_size++;

I
[* MIERRIE «/

void remove(int key) {
/] 1EFR key MWNHIFES]
int index = findBucket(key);
/] EREREX, WERRFEESEE

if (_buckets[index] !'= null && _buckets[index] !'= _TOMBSTONE) {
_buckets[index] = _TOMBSTONE;
_size--;

+

}

/* I BRER +/
void extend() {
// BEFERERER
List<Pair?> bucketsTmp = _buckets;
/] VET BERHFIRER
_capacity *= _extendRatio;
_buckets = List.generate(_capacity, (index) = null);
_size = 0;
[ EREMMERERBEEMEHR
for (Pair? pair in bucketsTmp) {
if (pair != null && pair != _TOMBSTONE) {
put(pair.key, pair.val);
¥
¥
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/* FIENRGHR */
void printHashMap() {
for (Pair? pair in _buckets) {
if (pair = null) A
print("null");
} else if (pair = _TOMBSTONE) {
print ("TOMBSTONE");
} else {
print("${pair.key} -> ${pair.vall");
}
¥
¥
}

2. FHEHEN

SETTRINS S BRI, ERRIT IS AL 3 USRS 2 —, HRAEMRN, F77 RS2 ) Bl — P [E
SERPE, MRS “RINRERI T P8, B1,4,9, ... %

IR EEA UM,

- P RIGES O R BT 7T R, I R AR R 1 SR B R
- PR SPEE ERRIEE BRI NE, AT R 1S E N5,

ST, PO IR AR SE SRR,

 BAAER IS, BRSO S
TR, TR X ME TR, KA T R, T A
THEVIFEIE,

3. ZRBE

BAEY, ZRRFITEEH S N ERER S, () (). fo(@)e ... BRI,

CHBATER: BT f, () MBI, MR £ (x), MAIHE, HEIHREISRE AT,
- FHOEE: RS ERONE R, ARSI AR RNRE; 285 A R O AT
FEH, WGHERTREELE, WL None .

HSEMRMMEL, 2GR TTENG T AERE, B2 NEHEEESTREGMITTEE,

Tip

THER, TPl GRIERI, F7 R 2 R0GT) I6fm&AEE “TREEEMIRTR" AR,
6.2.3 RIZESHIER

HAPGAETE S R T ARG A RECBURES, 2 LT,
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- Python RAFFK T, Tt dict (fEHARENIECHITIRI,

- Java RHfEAMIME, B JDK 1.8 BUK, 4 HashMap NEH KIEIAZE] 64 HEERIKEIAT 8 I, fERA
AN LR DA T AR PR RE

- Go RAHEAMIE, Go MUE B MRSk 8 MNHERN, BHARNERE —MRHF, i 2
i, ST —IRRIRRIE R A RIE, DAERIERE.

6.3 BMEHEZX

AT/ 40 T AR R A TAR RIS TR P SRR B 575, RIS R S e 2 e bal, e RECRUE
WA 2] DAER A RN IEH A, miJCiBiisl P Iaa th =R 4.

QRIS IS THE, MAROMEREN 2R S, WE 6-8 Frn, N TREAMUIGR R, RN R
EXEISI ARSI, RBIREERNER, REGUTITEREXEFERIE —MET, FREREER
t= O(n),

FEIHIE AT

REEER:
1 BENFYDHESZ MEF
BHalERE 0(1)

I —t — — —

RERBR:
BENSBSHEREMED
BfElE#E 0(n)

K 6-8 M RAVRERIL S RZEMH I
BAFDM A9 A T DL T B EOUE . [BIZIE T R A TH AP B, SETHRIG T E, PR K e

index = hash(key) % capacity

MELLEAK, HRAEAR capacity FEER, MAHBIL hash O Yu& 7 HithE, HMOUE THREN LR
R I E L

XEWE, N TR RIZEMR, ROV SHERNEPERR R hash() BRI L,

6.3.1 MFEFIZENE

NTRI “BRRXAR” R REIRE Y, IS RIAN A& LR A
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- WhEtE: X TMERA, IERERMGL AR, XA BE R R R A R,
©OReRE: HERAEEENZ RS, HEITRR, 18RS MR,
- B G BIANAE S RMER I S A ER TR R, TS, IR IR AR B,

Khr b, MAREERR T A DU TR R, 7 2 T HAb g,

- ENERE: N TR P EENZ e, RGUEE AIERFER P RISCER, TR 7 EEmERG A
{H. HHFMANEEN, RGN EMANEWIIRERE, K55 EEIIGHEEITHE, MmRMH L
M, AR RN E .

- BIRSERER A BE R0 TT ] AT BRI AR (B R L — RO $R IS AT AR R T SRR IR Y
BARRIGTE, HSREWEINIGREEI T, WRMHITA, ARAEIRMEA e,

AN TEEFAARNAL, AT BN EES B R EEFY A TR, BREEREASESSRNLE
Ritto

- Bt JorRiEId M AR (E S O T R A BRI RS A
- PiREENE: SCSBEREIN DR EIRE, E SRR EM L,
=115 VAR VNG G VA B '€ el D = R T 71 R

BIER, “W50A” 5 “DiRHETE” RWANIEEE, RS A e e iR, flan, FERERL
BN key T, IRmEE key % 100 A UL Mt Az mEEL TEE, FrE/EmAHEY
i) key A% EHARREIR], RIEFRATTA] DARA 2 M IS A (B S RTFTHY key , AR AR T,

6.3.2 MFHERIEINILIT

IERERNIRIT R MR ESEFZRRMERAE, A TR EI R, BATHRER &R
BHBAER,

o AR AR AR ESATFAFRY ASCIL A AR, S BIR SR E I TR A,

ORI FIFSRIERA RN, SRR DI, BB DT ASCIT EERBIE R EN,

- SRR R AR S T REE R a8 E R e ET,

- BRI RN TATRY ASCIT AR —NMe R ES, SRER AT A [EET e 1k,

// == File: simple_hash.dart =

/* NERE +/
int addHash(String key) {
int hash = 0;
final int MODULUS = 1000000007;
for (int i = 0; i < key.length; i++) {
hash = (hash + key.codeUnitAt(i)) % MODULUS;
}
return hash;

b

/* FTERTE */
int mulHash(String key) {
int hash = 0;
final int MODULUS = 1000000007;
for (int i = 0; i < key.length; i++) {
hash = (31 * hash + key.codeUnitAt(i)) % MODULUS;
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return hash;

hy

/* BEEHE */
int xorHash(String key) {
int hash = 0;
final int MODULUS = 1000000007;
for (int i = 0; i < key.length; i++) {
hash "= key.codeUnitAt(i);
¥
return hash & MODULUS;
}

/* TEEEMaHE */
int rotHash(String key) {
int hash = 0;
final int MODULUS = 1000000007;
for (int i = 0; i < key.length; i++) {
hash = ((hash << 4) ~ (hash >> 28) " key.codeUnitAt(i)) % MODULUS;
¥

return hash;

WERR I, SRE T BIAR e — A HU2 K BT 1000000007 B, DARRERIG i (EAE AIERTEREIN, (ETS
BENE, N2 Esmiax PO, B8 i & BRI T 4?7 X2 — MBI A,
Feaasit: MERRBBAENEE, W DU R AR IENS A3 5 04, RO B 5 Bt B FAE R Y
B, nT AR R U = AR B P HA AR S, AT S e A i 2R

HAPIF, BRIZBNNEREEE 9 MFEOBEL, Bl DI 3 BERBR, ARARTA T LABE 3 BERRAY key ERRHLATE] O,
3. 6 IX=BRFE,

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, ... }

GIEREA key 1AM EIXAPF BN EIR G, BEAMGTEML S HIUSRHE, MIMINER R R, BfE, |
R modulus BHONBTEL 13, HT key Fl modulus ZAIANFIEALEL, Rl ISR ERE S MR
ZIETT,

modulus = 13
key = {0, 3,6,9,12,15,18,21,24,27, 30,33, ... }
hash = {0,3,6,9,12,2,5,8,11,1,4,7,... }

EFSUAARYR, GERAEMSIRIE key RRENUIISI AR, BRAMEREEEE SR EEE T DL, e A RER
HES S D AREIGTR{E. 124 key RIDARAAESEMEHATERE, X EBOEER S HIIRENR,

BIMEZ, BONEFERTEIEAEE, FHHX MR RHR, DURATREHPREIIERR, RIERARE
TRHIRS N
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6.3.3 ENMEEE

AHELRIR, DA ENAARIRE IR EIEE L “HE55”, 1mimie A IR RG A BIERIL I BiR, i, BFimEm
SO e H A, RIIITES A AR B M A T IR X 2 WA RME T A A ) 25 8, X AT RES IR A h2s,
I3 [ — L2z 4 a) i,
ES2frrh, FRADERH S —LhRlEIa 7B, Fla0 MD5, SHA-1, SHA-2 #1 SHA-3 %, S 1A ABEEK
JEE A A\ B B 2 T R R NS A 1L
E— ML LR, MR BEIRCERBT RS R, —ERo R N RS IR B A EIENIERE, B—
BRI FFE N A RSO T FHIG R EIENZ 2R, 32 6-2 B/R T 1ESZBRN F A H LA 7 B2,

- MDS5 #1 SHA-1 E2R#BE, RILElI& KL 2N,

-+ SHA-2 Z&5HHY SHA-256 BRZ 2R EEZ —, ARBISIINBGEEZRG], FitHEHESKZe

N S,
-+ SHA-3 % SHA-2 WIS AR, THERMCRE &, H B A E &R SHA-2 251,

*®6-2 WM REE

MD5 SHA-1 SHA-2 SHA-3
HEHIR 1992 1995 2002 2008
[}
it 128 bit 160 bit 256/512 bit 224/256/384/512
& bit
MmNz L E2 R/ R
%
ZeE AR, CHBER ik, BERIK & =
4 i
w7 F BT, PRATEIEREES EFEH IBEMZ SRR, BFE%4  WHTE SHA-2
= %

6.3.4 HIRLGIHIBIAHE

PATRITE, WA RAT key AT DUZRERL, /INEERFATHRFEIEIAL, 1R S0 H SO BRI N E
MEFmED, ATIHERARPIMEEZES. B Python R, BATATAUEM hash () BRECRITHE SRS HEE
R A{E,

- BROATRERIMG A ERUR HA S,

© FRERT BRI ET EROVE S, AXNEREEETE BT,

- TTHMBRARERN H SRS TR, RAERXEEREHSER, SER IR E,
- NZRESRER T HENF A R, BT ETNRIRR A, AT T A RS A

Tip
TR, ARGEE S KA B R E TR RS E 7T IR,
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// == File: built_in_hash.dart =

int num = 3;
int hashNum = num.hashCode;
/] E¥ 3 WIRAEEN 34803

bool bol = true;
int hashBol = bol.hashCode;
/] FRE true BIMBFEMEN 1231

double dec = 3.14159;
int hashDec = dec.hashCode;
/] 8 3.14159 HIIGF{EN 2570631074981783

String str = "Hello &E%";
int hashStr = str.hashCode;
/] FRE “Hello BX” MIMREHEN 468167534

List arr = [12836, " /N\{"];
int hashArr = arr.hashCode;
/] #eR [12836, /NF] BIMGAHEN 976512528

ListNode obj = new ListNode(0);
int hashObj = obj.hashCode;
// TEMER Instance of 'ListNode' RIMAZE{EN 1033450432

EWZHEES T, RARIENRATENBR R key o RINFNTEIIR GhEELD 158 key, 45
RONEREZN, ERNEREDRELSE, BITICRERARHERRFLHN valve T,

BARBESON G (FAIRERY D BRI R A2, (HER I, JXIR R Mt GG 7 P 2 2k
TR R, BN RN ERLE T2MA, HERNAFIERE, BRETRENER,

AORIIRATRER IEAR IR G HisfTRF R, WS RER RN, X2EN Python R SERFRE
g, R NFIF BRI AR EBOIA — RPN (salt) . IXARIERT DAA R I HashDoS Wi, f27HiE
mREEN 2 2,

6.4 IhgE

1. ESEH

- HiA key , WBAREBE O(1) NRAINERE valve, FEIEF S,

- WIS R RAR IR, ASINBRAEN . MHEREEEDN RO P e A R

- ISTHRRECR: key WU OVEERR S|, AITIVI RN WABFFZREX value o

- WAFEIRT key AIRETEL IR MBS S EIHFEIRVEEH RS, SEEWMERIE, XMBLREIONG
AU

- IBRERAEEKR, WBARIBRHUR, Rl DOEE YT AR R EMIG R R, SEAHT#L
L, MFR R A BRERITHIRR,

- R TE OB R A TRBER DN SE, R TR RE R, WML RYA
INESES

- PECHIEE R BN TR BN BER, KT M RTR AR — DR, R, R KRR RE
WRER, R DOEN A RER E BN LB R IR MR
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- PR SAEIEE 2 DRI BEIG A P 5%, MR EE P K, B N REMERICR, HAS ™ ER
%o ZRMAEHZNIGREEOTIRN, MHEREMERNER S AR %, B2 ERmEEEN T itE
Ho

- NAGHIZE SR TN R R, F140, Java B HashMap I #EHbE, T Python B Dict
RIS 4k,

- e RT, ROFERARRIEEARENE, SRR MR R, EENYP, BRERICNIZ
B it A = AR

- IS RTREE R AR BB EARE, DR ARACHARIEIS R S 016, OB,

- HLANE A EL RS MD5, SHA-1, SHA-2 fil SHA-3 %%, MD5 # M TRE e, SHA-2 %A
TRZEN ST

- IWRIE SR OVBERRRR N ER R RIL, AT IHRIERETIMERS. EEENT, A%
xR IERIIEFT A

2. Q&A

Q: TR E e 4 150 T2 O(n) ?

YT R EN, BARRONEEREDIRILE O(n) . YWBRFEREIZIHF LKL, FRREIR
B, MPREECFIN, NRSRER O(1) . BAIEAREESNENRRRN, WIS RER
O(l) o

Q: M ATMHIARE f(x) = 2 B2 KRR SEMIT,

£ f(r) = x MAERET, SNTRNNMME—RMRS], XSEHEEN. R, A EE T2
Al B KR, KIS R R e — P AR B KR, a8, W57 R B — MR
RS I B — UM, FFEREE O(1) WEIRR,

Q: MARIIZLIREEA., R, XM, HAF2RBERA UL ENTEmE?
B, WBmRINRRCRER, EERPRER T, WARAEHES o NERER,

Hk, HBEREE R PN ERCRAE S 1o Q1R — D IIRERENS 7EAH R A& 2% B T (58 A B i e AR sk
B, ARAGEE LR R E P, KR EO AR RBOHEREITH, INREAEREBITE A,

G, WA AR R TR R A S, I TERE S b, Bl TSRELE B A LT S rh R T BRI 1,
PRI O(n) BN R

Q: ZRGTATREEZMERITEAIEEND? bRic o E MR 2 H I RE P AE A 5?2

ZRIGABITRFHER —F, TP SHEEE A S RE M PR TR ATERE, FZmdbric bR, Fricoh EmikR
AU A AT AR EE . S REFeRmA G R R, JF HIEE ISR EEEREIbR Iy TR G BN, Z A E AT DL
PHTCRMEM IXFEMELREAR R T RAVRNF AL, XRERIEMG i RATE R =R,

Q: N AELMRNF, EHTTRINRS BB RIE?

AR I e 7 PREGEIN B ARFIBEERT, &P key RIERC, IXSUARAMAIPR, Kbk, LRIERM
REMIEREBOE P RARIRE &R, EERENEREN ST BBk oy ik,

Q: Mt AMT: Ry A REW R G hoe?



HBowE IRHR www.hello-algo.com 126

W7 PR B JE — PR RN BEH K n B (BGR), b EE SRS FEEN; £ A5, Sk
JE n R, T key XM AIRGHBATREL LRI, FIEIER—PHIRIZ A key , 7EI AEIRER WAL
FZAHEH, I SEIE TR SR % R

Q: SN TR ER, BB AT 17

HEARN) key FESLHINEETEN, ERPEAHNA], #RASN E24 key BHMER (BIAIFFFH) I,
Wi ZAEBIIG T PR ACR key BUIVEEARS |, FHEMBEAIFHELR, XHENEEMZERRR,
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Abstract
SRR )], REMX, 2EEkb,
TRHEITER T I 6N STES.
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7.1 =X

X4 (binary tree) 2 MM dRL, & "™ 5 A7 ZHIIRERR, BBLT “—nh ="
RIiaiZ . SHEREM, “XWMIERBITET N, SPTRESE. 271G G 79851 H.

[* ZXWTHERE «/
class TreeNode {
int val; /] TRE
TreeNode? left; // AFTm=5lH
TreeNode? right; // AFT=5H
TreeNode(this.val, [this.left, this.right]);
}

BN EEERNSIH (65D, 23HEAEFTH S (left-child node) FIBFH S (right-child node), 1%
PRRRIXPNF TR T = (parent node) s M4 7E — XY s, FRATEIZTT T R HE
PAR s B AR O 1Z 17 s EF4 (left subtree), RIFEAISAFH (right subtree),

FEXRih, BRSSP, SO TS RS R s 7-1 PR, AR (TR 27 R
TR, MHAFNSMGEFRDAE TR 4" R 57, P e 4 LHDUN T JIBREIR",
AFRE TR 5 MU R AR,

—Xi XNR

binary tree

|
ETT// \\<TT5

¥ aFH

/N N
WVivivi

B 7-1 RYmM, 7S,

7.1.1 “XRWERRIF

XA FARTEWNIE 7-2 FRo

- BRTA (rootnode): AT XMIWERT A, EERXT R

- HFE (leafnode): AT 1 ml T, HEWMEEIIHEN None .
-+ 18 (edge): EEEMANT RMVLER, B SSIH (GBED.

- RFTERE (level): MINZEJEENE, RUTLMEEN 1,
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TRHE (degree):
- ZXMHIBE (height):
- TRAVRE (depth):
TRIEE (height):

PN EE TSI

ZSURiNpuliNEV e

A

7-2 ZXOMEYE RIS

TR TR, E XA, ERERETEEZ 0. 1. 2.
MR S E N iz =5 s il
MR 2% R IR R R,

R ERIZE A9 R 2327 s AT BIL R

—Xh
BE =3

Tip

TR, BANEHR
SO G R

o ERXAHILT,

“BE” R RET XN “SIRparEE”, B SE B T RE 2K HE
EERIRERRFEEML

7.1.2 Z“XEAIRE

1. MR

SRR, EeWa TR, K5

// = File:

/% fIa =X

/] MEETR

TreeNode
TreeNode
TreeNode
TreeNode
TreeNode

nl
n2
n3
n4
e =

*/

new
new
new
new
new

binary_tree.dart

TreeNode(1);
TreeNode(2);
TreeNode(3);

TreeNode(4);
TreeNode(5);

[/ TET -52|ETJE’J§I% (¥5%t)
nl.left = n2;

nl.right

n2.left =

n2.right

= n3;

na;

= nS;

HEE5IH G,
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2. ENSHIFHSR

SRR, 1E Al A\ SRR 0] POE I AR E R, 1B 7-3 B T — 4 Rpl,

AT BBRTS
@ nl.left = P nl.left = n2
A P.left = n2

7-3 TE XA A SR

// == File: binary_tree.dart =

/* BANSHET R */

TreeNode P = new TreeNode(0);
// TE nl -> n2 HEREATS P
nl.left = P;

P.left = n2;

// HBRTIS P

nl.left = n2;

Tip

REERRE, AT R RES I — MR A ZARESH, TAHER T 0@ 5 R MERIZ T R
FE i BRI, £, FBASHERER 2 —ERER S 5EMA, PASKIA KRR SCHI#E,

7.1.3 ER-XHFER

1. TR

WE 7-4 R, SEEZXM (perfect binary tree) FiE BRI RS 2, 1E7838 = RH, 5 s
N0, HRFETNSERN 2 ; HRETEER b, WY EEECN 20 — 1, RIRERERSER, K

R =R e W 0P B IE 8

Tip
TEER, EFSGEXAH, 5838 A H SR Z XA,
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FERNiR
perfect binary tree

(oA Fr o il — )

FRB ERYTS R R

7-4 FER XY

2. B2XHY

WK 7-5 FirR, B2 XM (complete binary tree) (X ARFERKER T M ATEREW, HERIKZEIT 550
MEBEMRIRESIAT, BER, EREXMRE— e = XM,

RETWiH

complete binary tree

ERETRELER, AttETRERIER

B 7-5 sEe X

3. ERH—Xh

GHE 7-6 AR, SERZXM (full binary tree) BRT TR 2, HARATE T SEA NN T R
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SRR

full binary tree

FrETRRERA 0 = 2

Bl 7-6 S — S

4. FH -

WK 7-7 FirR, FHEZXH (balanced binary tree) AR sl B/ FHIFIAS 106 1 v 1 2 ZE 48 0 {E A e
o1,

i

balanced binary tree

BERN ETRBE - SFHBE - d
WFE =N TSHRE d] <1

B 7-7 - X

7.1.4 ZXMeNEk
B 7-8 JER T X R BRARSE M 5B AL S5 K, Y YRR SR, A R W 4R
G EEmA—, YRRl “HER,

- ERXREEERNN, ATDASE AR X aia” L.
- BERNIR S — R, A THREEE R E, RIS RERLE O(n) .
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4
N P
S\ ,
4
Biag J/ iBitE
FEE XA R

B 7-8 XA ERELI S5 R ZELH
R 7-1 R, TERELSWMRZEST, XM PR, TR, SEFRSINCRESWME,

R 7-1 “XRBRESH S =45

SR R
51 BT R 2071 1
FER h R R 28 1
FER h R R 2k — 1 h+1

TRULEON n ORIORE log,(n+ 1) —1 n—1

7.2 ZXbhEH

MPIEEERI R, PR — R T RERMBURS Y, R EE 75 2RISR MR R R0,
PR — AR ERSS A, X E S e P iR N 7, I RRRSI,

XM Wi 7T S NEAR R T, BT, AR AR i R

7.2.1 BFiERH
WE 7-9 Fir, BFEEH (level-order traversal) MIRESEIKENZR E XK, HAEG—ELBMNERGT
i 37 TR0 75 R

BERBHAR FE T EMR%ER (breadth-first traversal), AR Eiki€Z (breadth-first search, BFS),
TR T —f/ “—E—ERINT R B EED 7T
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IEREER

8 \
/_ BFRE (a7 @ Mg

il

/ "'\'"j_‘;‘"j_‘_jj:i:t-‘/‘-‘\ R

B 7-9 ZXMWHIZFPEH

1. EE%EIM

JTEAL S @ ) “BAFIT SRSCH, PASIEENE “SeRESCH” BRI, i RS P Mg R Bt
ATREI, P e A AR — B, SRS R

// == File: binary_tree_bfs.dart =

/* BFBH */
List<int> levelOrder(TreeNode? root) {
/] #ELBAT, MIANRT =
Queue<TreeNode?> queue = Queue();
queuve.add(root);
[l MB—15%R, BFREERFS
List<int> res = [];
while (queue.isNotEmpty) {
TreeNode? node = queue.removeFirst(); // BAZIHPA
res.add(node!.val); // FRETAE
if (node.left != null) queue.add(node.left); // EFTEALA
if (node.right !'= null) queue.add(node.right); // AFT=AR
¥

return res;

2. EREDR

- MISREN O(n) © FIA T SBN—, M O(n) M, Hrhn A s,
- SSMMANEN O(n) : EREWRT, Wik~ XHN, WHERKEZN, IR 2R F7E
(n+1)/2 48, & O(n) 22,

7.2.2 giF. PF. BFEH
MR, wiF. FEREREDEE T REMRLER (depth-first traversal), HFAGREMLIEE (depth-first
search, DFS), BRI T —& “JeEIRk, FBBIAgkar” 1977

& 7-10 JeoR T XA TR EE ALYl 3 9 RIS, PRIE IR e i skiG R Se6 B bR — IR “A8” —
B, RN REKIBR =MIE, oA AT, R AR R
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def dfs(root):

" R ERE R SR
A if root is None: return
: @ BEpiginim AT
dfs(root.left)
@ BisinEFH, MEHiREFR
dfs(root.right)
© EEFRECHIE, FBEE]

REGIEE 0 Ok,

RiFER (F @ BiAETR)
1, 2, 4, 5, 3, 6, 7
fFiER (7 @ &iFnTR)
4, 2,5, 1,6, 3,7
BEFER (f @ WisiEfa)
4, 5,2,6,7,3,1

B 7-10 —XHERMAETRF. . R

1. KE35%EI

IREAR SR RIE F LTI
// == File: binary_tree_dfs.dart =

/* HiFFBH */

void preOrder(TreeNode? node) {
if (node = null) return;
/] BEER: RTR -> EFWR -> AFW
list.add(node.val);
preOrder(node.left);
preOrder(node.right);

I

/* HFEFBH */

void inOrder(TreeNode? node) {
if (node = null) return;
/] BEMRER: EFW -> BTR -> AFW
inOrder(node.left);
list.add(node.val);
inOrder(node.right);

}

/* BEFBH */

void postOrder(TreeNode? node) {
if (node = null) return;
/] BRMRGER: EFW -> BFR -> BT R
postOrder(node.left);
postOrder(node.right);
list.add(node.val);
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Tip

REER SIS R AT DAL TR SR, A >GR3 AT AR TR

B 7-11 JeoR 7 R — WA AR, Halaoh “3%” F1 037 PADSEEaEs L.

1. %" ForITa#iiE, BRI T — N R

2. 17" FOREAEORME], REHHTTRCETIF5EE,

[ Step 1

(s

En

v 7]

B TR
3 B LEH

HIFFEH (F @ LiFETR)
1

& mTEg
3: B LEEH

RIFBFE (1F @ WiFETR)
1,2, 4

#: mTEE
13: @ EEH

HIFER (7 @ LiHRTR)
1,2, 4, 5

i#: T
13: B EELH

HiFFBH (E @ hiplET )
1,2, 4,5, 3

‘ Step 2 |

[ Step 4

Step 6

Step 8

#: AT

V3: LR

HIFFBA (7 @ LIAETR)
1, 2

& ETEh
A: A EEH

WIFFEE (7F @ LIEETR)
1,2, 4

#: Mgk
A mLEEH

HIFFERE (7 ® LiRTR)
1,2, 4,5

#: AT
Y3: L EE

HIFBA (£ @ &i5lETm)
1,2, 4,5 3,6
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i#: TR
13: B EEH

#: AT
3: B LE

HiFBA (£ @ Li5lETis)
1,2, 4,5, 3,6

HIFBR (£ @ 2i5iETEa)
1,2, 4,5 3,6,7

Step 9 Step 10

& ETE
13: @ LEH

HIFFEFA (£ @ LipiETR)
1,2, 4,5,3,6,7

Step 11

7-11 AP R R

2. EREDR

- WS AYE R O(n) © FIET S —R, @ O(n) K,
- SEEZIE R O(n) « FEREMIUT, BIRGEA RERR, WITREAS] n, RE0E O(n) Bz,

7.3 ZXMHART

EHERFOR T, “XWIFERITN T A TreeNode , R Z FNESFEEHAHIERE, E—T08 THERFOR T
A — AR A T AR

2., BAIRES AR IR X IE? B2 HER.

7.3.1 RERFTEZXH

FeohT— M BRREB, B —MRSEIE M, BATR A T IR R e I R A7 7 — DN e, W&
NI SRR B IE— IR S L
MRIEZ i@ PR, FATA DS AR RRG 5 FWRRIIZ AR ‘B A" HRENRNRTIN .,

WZWRIAEFTRRIDN 20+ 1, AFHRRTIN 20+ 2, B 7-12 Jon T &N T RRT | Z HRIBU 5
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Hana®&sl: i

1 maxs

EFTASES 2i+1
BEFHRRS|: 2i+2

fERREFT XN

¥EFEE 0 1 2 3 & 56 7 8 910111213 14

=razes (00080000080E00

Bl 7-12 583 “XMWIBHRR

WSt AU A Y TRER TP RSN (RED . BEBEAETRER — DT, ATER AT DOEE B 2 70Kk
WRERE (F) FHR.

7.3.2 REEEZ-XH

FERXIE—NRFG, £ X R EE R FAEVFZ None . HITBEFEFHIFF AL EIXLE None , Al
WEFATTCIR LT FIRAEN] None FE RN A ALE, IXEWRE AL M — SIS ERTT 3 2P w7
5l

K 7-13 FiR, e —RAEER X, BRBEHFRR TR LI,

EFT) (BER) TEME—HRRLE AN

BAFEl 0 1 2 3 4 5 6 7 8 9

k5 iz M 12 ]3] 4 6]7]8 o 12]15]

B 7-13 R A B 2 A SR RTREE
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MY FRRIETE,  BRATTn] DA B AL IR 5 b i s A None o 4NIE] 7-14 AR, IXAEERE)S, B
F 3 e 8 ] DAME — SR XK 1o B ARESAn :

[*x ZXHEVEEART +/
// R int? AITEER , FAILER null RARIEE
List<int?> tree = [1, 2, 3, 4, null, 6, 7, 8, 9, null, null, 12, null, null, 15];

10 11 " 14
BIFF () AR

BRI © 12 3 456 7 8 91011121314

rrarrs (BOEO0 0008 5

=i

Kl 7-14 ERESRA IR IOR

EREARE, 522 XWIEREGHEMBEDRIOR. FsEe —XMEE L, None RHBIERIKZHEEH
AU E, PBLRTA None — tRBRTE IR iSRRI AR e

XEME BB RS2 X, AT AEIREERTA None , AR, 18 7-15 /T — Pl

EFERFT (8H48)

EAREZRH
NRERc:-Edi)

BFEmFY (#8)

8880808000

K 7-15 #=42 - YHIEEER

DA SCEL 7 —RRE TR FORH XA, GG DU LR,
C AR, RRERE, £ () TR R,
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PRI, HPEl, B, BRI,

// == File: array_binary_tree.dart =

[* BEAARTTHZXHE +/
class ArrayBinaryTree {
late List<int?> _tree;

[* ¥HETE */

ArrayBinaryTree(this._tree);

/*x SIRBE %/
int size() {
return _tree.length;

}

/* IRENZRS|H 1 BTEE +/
int? val(int 1) {
/] EFRSIR, MiRE null , KRZ0
if (1 <0 || i>=size()) {
return null;
+
return _tree[il;

h

/* FREBERS|A 1 TRNEFHRINERS] */
int? left(int i) {
return 2 x i + 1;

by

/* FREBZFRES|A 1 TRNAEFHRINERS] +/
int? right(int i) {
return 2 * i + 2;

h

/* REVES|H 1 TEMNXTHRMES +/
int? parent(int i) {

return (L - 1) ~/ 2;
}

/* BFBH */
List<int> levelOrder() {
List<int> res = [];
for (int i = 0; i < size(); i++) {
if (val(i) != null) {
res.add(val(i)!);
+
+
return res;

}

/* REMFTER */
void dfs(int i, String order, List<int?> res) {
/] BEAZAL, WiR[E
if (val(i) = null) {
return;
+
/] BiFFIEBHh
if (order = 'pre') {
res.add(val(i));
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dfs(left(i)!, order, res);

!l FFIEH

if (order = 'in') {
res.add(val(i));

}.

dfs(right(i)!, order, res);

/] EFEH

if (order = 'post') {
res.add(val(i));

}

}

/* HiFFEH */
List<int?> preOrder() {
List<int?> res = [1;
dfs(0, 'pre', res);

return res;

hy

/* HEEH +/

List<int?> inOrder() {
List<int?> res = [];
dfs(0, 'in', res);
return res;

h

/* EFBH */

List<int?> postOrder() {
List<int?> res = [];
dfs(0, 'post', res);
return res;

}

}

7.3.3 iR5RRY

CXRMHPEBEH R EEA PRI,

- BB IESIHINAE SRR, MR, ViSSP E ek,
- ATREAERE, BT E L
- SRVFREALIE AT L

SR, BEAHRR A E— /IR

- AR EESNF R, BIAIE & R R KA,
- T SR A B\ S B R ARSI, BRI,
4 XMHRFAER R None I, B AP RLE BT R 80E FLERRAI, 2 IR F 3R,

7.4 —XRiEER

e 7-16 Fizr, —XIEZEW (binary search tree) i & DA R4,



BT7E K www.hello-algo.com 142

1 XAFART s, AR i < ARYSIE < G TR ATE T A,
2. EBTRNE, At SHERN, BIFEMRRSF 1. .

ZRiEFRR

binary search tree

B 7-16 —XIHERH

7.4.1 —IEERBVIR(E

B PR — SR MBS N — 12K BinarySearchTree , FAH— AR root , FEAMIVIRT AL

1. BT S

LE BRRT RE num A DURIE — AR RMAIETCRER, WK 7-17 o, BATFEH— DT cur, N2
XBEIMRT A root %, TEIRELET SE cur.val #1 num Z R PNR R,

- #cur.val < num, BEBIERRTSTE cur BT, [RIEBAT cur

cur.right,

-« #cur.val > num, BiBHEFRT RAE cur BETRIH, FEEHRIT cur = cur.left,
« f#cur.val = num, UEAAREIEART AL, BEHIEIAFFIRENZT R
FE-RIGFERPERT R E-REFRRPERTR

o

/N /N OV
VIVIve VIvive

Step 1 Step 2
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ERIERNPERTR EZRIERHPERT R

Step 3 Step 4

7-17 XA EREERTT Rl

SRR EBIRIES S EHRIAN TR 8, EURAHERR L IR XY
I, Y YRR, S O(logn) IR, REMESAR:

// == File: binary_search_tree.dart =

/* BERTR «/
TreeNode? search(int _num) {
TreeNode? cur = _root;
/] TERERK, HIHTREBE
while (cur != null) A{
// BFTHERTE cur BIAEFRE
if (cur.val < _num)
cur = cur.right;
// BIFTSE cur MUAEFRF
else if (cur.val > _num)
cur = cur.left;
/] HEIBEtrT R, BEER
else
break;
}
// REIBERTR
return cur;

2. EATIR

B MHEATTR num, N TORIF SRR 0 <R R < GFRT BMER, A RERARNE
7-18 fRe

1 BRAANE: SEPIRERE], MRT R, MR8 AT AEN nun FARVNRREIAE MR, B

FE AT R (GEPIZE None ) INBRHHIEIR,
2. RIZOLEMAN L FIAMLT A num , FIZT BT None FURLEL,
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E=xEFERREATR @

R H1T pre.right =

7-18 TEXAEZEM AT A

FERISEHA, FEERLATMA.

CXRAERWMARFFAEERE A, SNREREE X Wik, SREEATRENTERE, NARTH
A, BEIER[A,

NTEBBAT R, BANFEMBIT A pre R LRG0T R IXFEFEIRTIE None I, FRATTATEL
PRIENHACT AR, M ZE T s ffi A Ao

// = File:

binary_search_tree.dart =

/* HATIR +/
void insert(int
/] EWAT, WIIBRERT =

if (_root = null) {
_root = TreeNode(_num);

return;

F

TreeNode?

cur

TreeNode? pre
/] TERER, MR ER
while (cur !'= null) {
[/l RIEET R, HFR[E
if (cur.val = _num) return;
pre = cur;
// BANAEE cur MAEFRF
if (cur.val < _num)
cur = cur.right;

// FENMETE cur BYAFIHE

else

_num) {

= _root;
= null;

cur = cur.left;

F

/] FENTIR

TreeNode? node = TreeNode(_num);

if (pre!.val <

_num)

pre.right = node;

else
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pre.left = node;

s

SERN R, FBATREH O(logn) L,

3. M=

FEAE XM FPEREIEAR T A, FRREMER, SRATREE, BIONFERIEEMRREERE, —XER
W) “FE TR <RI < TR BOPEBUIARTR . RIE, BATHRE EARTT 71 R8s, 20, 1f12 =
FBEGL, AT L AIAHBR TS Ao

N 7-19 Fow, SRR SRR O I, R RURM AR, AT DAEREMIER,

E-REEERER @

00000000
cur
1. ERHHETR cur ?Eiﬂf;" =Hgfb . Eﬁmffe.c{‘:ftﬂ ijJNone

7-19 AR XAEREMARERT A (ERN0)

i 7-20 Fiw, SAEMHBRTT AR 1IN, CRERRINIERY s g H T R RTA
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E=xERREsE (©

v TR ocur B9 2. & cur BHHEFHR

. B TR . = .
1. ERFMETR cur FhHaME = 1 $1T pre.left = cur.right

B 7-20 £ ARRMAPMERT A (2N 1)

HREMIERT RS 2 I, BATCIRERMPRE, MRRZEH DR 0L . BT ZARR SRR
ETR <R R < AT BRI AN R DU 7R BN e BT R
RN LR TR A (PR — D1, MRERRERENE 7-21 Fr.

L EREEMERT S R ps)” R — A, 128 tmp o
2. tmp FMEE S FMERTT RROME, FFAERHIEITMIERT A tmp o

E- g EE (O E-xgRnTsEE @

Y f\
@\ 1. EHEBRTEA cur . 1. ERBIRTES cur
. , /\ B cur HTFAME - 2
@ o 2. BBRTHR cur SH=H:

@ &jﬁ f @ j J»\ /0\ (1) T cur EHFBHNEHTS nex
D € @@@é@ 000000

A

A
cur

[ step 1 \ step 2 |

o T ) (o T T
0
\‘ 1. EREBIREA cur

v PR cur WFHRHKE - 2

1. ERFWRRTR cur

v TR cur WFHRME - 2

2. BIBRTR cur FH=EH: Y o) 2. BITHR cur FRH=D:
(1) B cur ERFEHNEHTR nex (1) & cur EHFBHNEHTR nex
(2) E=XNPEJIBFFTR nex (2) EZXWPRIABERTR nex
€
00000

(3) ¥R nex EEATR cur

Step 3 ‘ Step 4

B 7-21 1 XAERMRPRT A (R 2)
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TR R E AR O(logn) IR, Hrp&EERAHMER T RFHE O(logn) WA, FREXH 87 54875
FHZ O(logn) WA, REMEGLT:

// == File: binary_search_tree.dart =

/* MIBFT=R +/
void remove(int _num) {
/] EWAT, BizEanRE
if (_root = null) return;
TreeNode? cur = _root;
TreeNode? pre = null;
[/ EREHK, ST REkE
while (cur != null) {
/] EIFMBRT R, BEHTER
if (cur.val = _num) break;
pre = cur;
/] FHBETHRE cur BAFHAH
if (cur.val < _num)
cur = cur.right;
/] FHERTSRTE cur BUAFRIR
else
cur = cur.left;

¥
[/ BELFEMBRT R, BR[O
if (cur = null) return;

/| FHEHE =0 or 1
if (cur.left = null || cur.right = null) {
/[l BFTEHE =0/ 18, child = null / ZFTR
TreeNode? child = cur.left ?? cur.right;
// MBRTIS cur
if (cur !'= _root) {
if (pre!.left = cur)
pre.left = child;
else
pre.right = child;
} else {
[/ ERRFETRART R, WEMEERTS
_root = child;
¥
} else {
/] FHREE = 2
// FEHFEHAFR cur B F—1PHa
TreeNode? tmp = cur.right;
while (tmp!.left !'= null) {
tmp = tmp.left;
}
/] BVFAMBRT = tmp
remove (tmp.val);
// B tmp BE cur
cur.val = tmp.val;

4. FFEHEF

i 7-22 iR, XM nENE O — R — A7 BEHIT, SRR R AR <R
TR <ATFIRT FRPER.
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REREE X ERMPHEThRE, SR N — MR, A H—NEZEER: X
RRWHPE DR THE

A b 3 i e BT, FRATIE = SR R 3 BdE T O(n) IR, TEAUEATRMNIHE AR 1E,
FEH =L

SR PFERFTI

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

TERAF

S

RFEHET,
TRE © L4805

7-22 “XAEERWEIPERETRY

7.4.2 —XHEERBINE

S —HEE, BAB BB R i, MR 7-2, AERM A TR R (R 2 7% AT
X, BAREHREBEIERE, HAERMARN, RFESMPREIRR RN, 8 b IR AR

SR,

R 72 BHGERMEIRCRA L

TR RN
#HLE O(n) O(logn)
AR O(1) O(logn)
MEREE  O(n) O(logn)

FEHAEEIT, “XERME P 19, XA BE log n SRR EBIERTY Ao

ORI, 0 A THE — A2 PR AR 5, AR S8 URHB AN 7-23 FRiNER, Xi#&
R IEROI TS 28 238 O(n)
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o o
0000

EE_—igRR

pl3 i o og k)

7-23 XAHZEHIR{L

7.4.3 Z“XRIEFWE RN

- RERGHIZRRT|, SHEMIER, A, MR,
- RN R AR R EBAR S,
- AT EEEEER, DR IR,

7.5 AVL g *

£ RN BETRRIHES], E2UEAMMEREREE, —IERMATRERM VR, EIXMERT,
P BRI I Z 2R O(logn) 45679 O(n) .

i 7-24 R, S IR RaR0E, AR = IR RRME RIB OV EER,

o
@ @ BT 5
o o

MEs3ssE 3 @

B iBf
TR EiE-Ri BE
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K 7-24 AVL SEMIBR T 5 24 IB L

I, EE 7-25 FrRiyse R XM AR AR AN T RS, BRERE T E A BUR, BRI R R A
Fito

[\ [\ [\

BATR 2 BATR 1

B B
FTEXH FH_—i EiE—Xh

K 7-25 AVL SERA T a2 4R

1962 4 G. M. Adelson-Velsky #1 E. M. Landis £ & X “An algorithm for the organization of
information” HHEH T AVL I, IR IEAIRIR T —RYERE, FRIERFSAIFIERT U5, AVL SR
Bk, IS S RERERIN S 2 RIFE O(logn) Pl HaApiEBE, 757 B SO THY N A i (e
Az, AVL REGEMRZORE eI B IREVERE, BAAREFRIN O ME,

7.5.1 AVL (ERARIE

AVL SELR AR, 2 P SO, R X R SR TR, A IR — 1 — AR ER

(balanced binary search tree),

&

1. PRBE

T AVL SR EOAHSCHR B TR 2RI s, R BRATTRZ 0T 28350 height 228

/* AVL WTE=IE «/
class TreeNode {
int val; /] HRE
int height; /] TREE
TreeNode? left; // EFh=
TreeNode? right; // AFT S
TreeNode(this.val, [this.height = 0, this.left, this.right]);
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TREET BEEMNZT REIENRIZH T SR, RIS L7 (EE, FERIEENE, MR
RN O, T RSN —1 o BATRAIERMND TEEE, 703 H T IRBO S35 i e

// == File: avl_tree.dart =

/* RBTEREE */
int height(TreeNode? node) {
// EEREEAR -1 , HEREER 0
return node = null ? -1 : node.height;

].

/* BHTREE %/
void updateHeight(TreeNode? node) {

/l TREEEFETRETITHEE + 1

node!.height = max(height(node.left), height(node.right)) + 1;
¥

2. TRFEHRATF

TR FEEF (balance factor) &SN A FIE M EIREG TAVEE, FRIRMEZ T &8P E
N0 o BAIRRERFIRECT s P A 5B REBFAR AR R, 77 RS2 :

// == File: avl_tree.dart =

/* IREVFEHETF */
int balanceFactor(TreeNode? node) {

[/l ERHRFEEFH 0

if (node = null) return 0;

// TRTEEEF = EFHEE - EFHEE

return height(node.left) - height(node.right);
¥

Tip
PR f, M—FR AVL REERTT R PR B -1 < f <1,

7.5.2 AVL BihEss
AVL RIEOESTET “HEfe” #0E, TREBIEA I W s 7 RTE R, [Ty s Emin e v
g, BRAEVL, BEESIRVERERERRRF “SUBEM PR, AN EREN R U,

BATR-PHTR FaRHE > 1 AT RFOY KRBT AR RIS ORI, B R Rt e
e, Jehleafehe. SelEleathe. NI e A,

1. KBt

G 7-26 AR, TN TN T WRETVE, — X E N RETTRUZ 1A 37 BllIRELAR A
TRORTT BT, R RIC0 node , HZEFHTAIEHN child, T “HhE” #fE. EltheE, ¥
PR, IF AR PR = SRR
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[ Step 1 |
> E= 24
h;l
o
()
node
Step 3 \

“BEE RERE:

1. B child HRR, ¥ node BHELER

Step 2

EHRSTH

Step 4

B 7-26 HIERIEVER

o

A
node

N\

RAELGHFNE
FRTRIZA node
REFHRIBA child

“HhE RIERIE:
1. Bl child ARA, ¥ node MHEHE
2. A child BRLET node BIIE

ARG, RFNERRETE

QN 7-27 FiR, 47 s child B4 1195 (0228 grand _child ) Y, REAELTEFH A —2F: ¥ grand_child

Y4 node HY/ET 5,

o

A
/// grand_child ///

AR

o
o

BHETH @

7-27 i grand_child 4 BESAE

/

o

L

‘AT R MIBRARIULE, SR IR SRR, A RATR:

// == File: avl_tree.dart =

[* GHERIE «/

TreeNode? rightRotate(TreeNode? node) {
TreeNode? child = node!.left;

TreeNode? grandChild

child!.right;

// BA child AES, ¥ node mANEHE

child.right = node;
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node.left = grandChild;
[/l BMTAEE
updateHeight(node);
updateHeight(child);

/] RENEREFHIVET S

return child;

2. EBE

FHRLIE, GRS LIRS — R “BifB”, MITFZEHITIE 7-28 FRi “/he” #H1F,

/ /O emane

& 7-28 FEhEfR(E

[FFE, 40 7-29 AR, Y478 child BT 14 (I8 grand_child ) i, FEIELFEFRMN—F: ¥
grand_child E24 node 94 717 mio

ST EREFE
) o
mmﬁ o \
\ \
o

A
grand_child

7-29 # grand_child (A FERAE

A DAOER R, e Tie R e 2 R BEFRI), SN R REI PR R TS DLt PRI, 2T xR
M, BANATRARRSIRAREHTRIFTAR left B right , KFTHR right BN left, BIRNSE]
e SRS -
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// = File: avl_tree.dart =

/* EEBERIE */

TreeNode? leftRotate(TreeNode? node) {
TreeNode? child = node!.right;
TreeNode? grandChild = child!.left;
// LA child AES, ¥ node MAhEs
child.left = node;
node.right = grandChild;

/] EFTREE
updateHeight(node);
updateHeight(child);
/] REFEEEFRIETR

return child;

3. kEhEfahahE

T & 7-30 AR R 3, A e A HEAR T IE TR S A, IR R ESE N child $04T “ERE,
XY node $UUT “HHE

@ 3 child HfT @ ) 3t node 1T

(ch;ld he HhE

9 o

K 7-30 SerEheiatale

4. SaREELE

aniE 7-31 iR, AT _ERKRE M EIBEIE I, TR child PUT “4E7, X node HUT “ZEHE”.
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ERETH

Bl 7-31 SehlEarehe

5. HesER0iEE

& 7-32 FORHIURI R B TE LS EIRRGIR DR R, AIfREERAGTE, Jefchefatibe. Setbem/ohe. ol
HEES(EN

N
2
o
o
FoAhE FAhE
i e =7 B

7-32  AVL BRI PY e F i

QITRERAIR,  BATEIE I S 75 s AP R DR v — M 37 sl B PR A B TR SRS, R SR 9
JE T 7-32 FREIIR RSO

R 73 VURMHE R UL A A
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KRGV RRPPR T FURRCTPEER T R 7Tk

> 1 (FEfm) >0 filie
> 1 () <0 Jeelefa e
< —1 (1w <0 TEliE
< —1 CHflm#) >0 Jetiliea e

NTETER, BAOTRIERAREE RN A TIXAEE, BHAVRREX SR KB O T ek, R
WV R P, AR TR

// == File: avl_tree.dart =

/% HATHERRIRME, ZFINEMMETE +/
TreeNode? rotate(TreeNode? node) {
// FFEXTis= node BYF#EF
int factor = balanceFactor(node);
/] @iy
if (factor > 1) {
if (balanceFactor(node!.left) >= 0) {
/] &k
return rightRotate(node);
} else {
/] TEeEATE
node.left = leftRotate(node.left);
return rightRotate(node);
}
}
// G
if (factor < -1) {
if (balanceFactor(node!.right) <= 0) {
/] TEhE
return leftRotate(node);
} else {
/] TEIRELE
node.right = rightRotate(node.right);
return leftRotate(node);
}
}
/] FaRs, Tihekk, Hiik[o]

return node;

7.5.3 AVL P& ABiRE
1. EATE
AVL R SR ARE S — I ZRE 2R FR0L, ME—RIXRIET, 16 AVL RN T AU, W% A E

MR R R ATRES L —RIIKET T, Bk, OTTBEMNZANTROTR, AR LT iestiRe,
P KRBT AR P, A R R
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// = File: avl_tree.dart =

/* BATE */
void insert(int val) {
root = insertHelper(root, val);

h
[* BIABANTIR CEBIEE)  /

TreeNode? insertHelper(TreeNode? node, int val) {

if (node = null) return TreeNode(val);
[* 1. BERBEANUEFEATS +/
if (val < node.val)

node.left = insertHelper(node.left, val);
else if (val > node.val)

node.right = insertHelper(node.right, val);
else

return node; // BEETRAHEAN, HiERE
updateHeight(node); // BT AEE
/* 2. PITHERRIR(E, EZFMEFRMEFE +/
node = rotate(node);
/] REIFHIET =R

return node;

2. M=

Kol £ = AERMAIMIERT RO IER R b, TEMWRETITHER AR, fRTE LM Rk P,
A4 AR

// == File: avl_tree.dart =

/* MIBET= +/
void remove(int val) {
root = removeHelper(root, val);

I
[* BIEMBET R GEBIGER)  «/

TreeNode? removeHelper(TreeNode? node, int val) {
if (node = null) return null;
/* 1. BEHRTRHMBR +/
if (val < node.val)
node.left = removeHelper(node.left, val);
else if (val > node.val)
node.right = removeHelper(node.right, val);
else {
if (node.left = null || node.right = null) {
TreeNode? child = node.left ?? node.right;
/] FHRHE = 0 , BEMER node FiR[O]
if (child = null)
return null;
/| FoRHE = 1 , BiERER node
else
node = child;
} else {
[/ FHEHE = 2 , WEFFREBEHI TN AR, HAZTHRBIRSEITH S
TreeNode? temp = node.right;
while (temp!.left != null) {
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temp = temp.left;

}

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

node.val = temp.val;

ks

}
updateHeight(node); // EMTAEE
[* 2. BATHEREIR(E, ERFNEMMEFE «/
node = rotate(node);
// REIFHIIRT =

return node;

3. TR

AVL WWHTH B SRIES SAURM — 2, R,

7.5.4 AVL R8BIz

- HENERE R, IS TR, (RS 75

- AT HREIREFIRTIRG.

- CLPRRAUE — R DR T SRR, HERT AVL R, ZLEBRRIE PSR E AR, A S IR A
FRTRATBEELIRETE /D, T MR A PR T i,

7.6 IhgE

1. EmREH

- XPER AR R R S, %ﬂ AT HIREE. 8P X RE S MED R E
B, BRI F 1 S T R

T EXMPRENTR, HE (B) FRRNENEREIMERNZT SEE () F#

© S XRRIRHRARTERAEIRTT A, AL B EL b SEMRELSE,

© XEIRIA, TR AT R BRI SRR AR T IR

- WA S XRRAIE SR TR, SRR TR SR SRR R, 5258 O R R AR AR

A, MEERERMEHRERS,

- ZXRATDRBEAROR, JHIRRR T R EN SR B RS, FARIE AT RS T R HRY
G IMESRFRR LIS

- SXMIERED R AT ERE R, BRI T —EERINRT REE TR, S
AL B,

- HIR. PE. EREN SR TIREREER, ENEIT SUERIRSL, mREmas:” fehri, @
IR RS

- CXERM R - MESE T RE R IR, KA, AR RS 2 EEY O(logn) .
Y HERRNEMOVEERI, BIUNFAEREZHEE O(n) .

- AVL B, RPN, Cmd B R i CRAE AN AR PR s BT 2R OR 5157,
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- AVL WRUBERRERAE AR, o, Johbersaie. Jo/ehemahe. EmASMERT A5, AVL M=
MIRTFTTRATTHE R R E, FER BRI -1

2. Q&A

Q: MTHRAE—T A X, B m AR AR AR 2 0 19?

T, BRDym IR E 2 SO G RI R,

Q: =XAHEA SR — i —EIRIERC G e, XER “—EBRE" f5ale? Al DABRN BRI
TR B PRI ?

EXAERREREH, MR SEREE = AR E, R R R LA T EHA T 2 D PR R
Q: Mft2 DFSh —XMAERT, . JF=/Y, 2alat2me?

5l mm mEeHR e, v, PR BRI SR R, BT DA eS8 — M
SENF Bk 5 5R, BN —IEER S, AT SANE EFTHRE < BTAE < AFTHRE, Akt
BATREZIR “f — R — 7 Begalift, stal IRSE FR s 75,

Q: AhEtRlE R MY 55 node, child, grand_child Z[AICR, I node BRI A1 node KT
ERATRELEIL? AGiHREEE RN T?

FATT B E NI VTR A SR B XA A8, 4 BETRME right_rotate(root) £ AR TR T &, &K
return child JRIAER: 2 J5 T OAR T o R AR T s AN AT s B B R AR 1% IR EOR [ 5 2 AR 1Y,
FE FHTeRER 4 Tu R,

Q: £ C++ 1, HREWI7 3 private Ml public #, XAEAETLAFZREIL? NTLEW height () ERERI
updateHeight () B BIHTE public fl private HIE?

FEEHIENMERHEE, WRFERERNEMGEH, Bt private o filgn, AP pEH
updateHeight () B ERNH, BEHREMA. MEREIEFI—F, 1M height () 2RI EEE, BT
vector.size() , [RIIZERK public PAEFH,

Q: anfal \—2HEm NEIEA EE — IR = A RS2 AR S fERR R A 2R EE?

SE, MR 7R O XA RRH S Y build_tree ) 77iEH &, ETRTAMNER, BITEES
K N By, RERHROTRIEART R, SR EG TR, IZXARMAT DA R AR IER ) Tl
a8

Q: 7£Java, FIFEXNILESG—EEH equals() Fik?
£ Java 1, N TFEARFIERE = AN RN EENEREMES, XT3 R, MRS TERE
SEAE,

- o= AR EREGTAE—MNS, BIElENEFRRAE R S,

- equals(): FRXEER DA RIER B,

[Rlik, anSRZXSEOE, BTV IZEH equals() o A, @I String a = ?hi?; String b = ?hi?; #]
BN FZRY R AEE AT R Bitrh, BAHEAE—MN %, Rttt PAH a = b SREERFH NIRRT
ES

Q: IEMRIBTEIRIKEZAT, AFIFRT SRR 28 157

2, BINEE h = 2 MR, B AR =7, WKEY AR 4=2" = (n+1)/2.
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Abstract
Rt R ILEED, EERK, BEESR,
JREJRE L U i EREE V5, T e L R S R S AR 7S




FE M www.hello-algo.com 161

8.1 i

# (heap) 2R RIEFKIFAITER XM, TEAJNMREAL, 4 8-1 s,

- UNTRHE (min heap): TR AME < H7 1 S0E,
- KT (max heap): LR AIME > H 717 SHME,

N N
/NN N N

Wy Wy

= ‘B2XW B 2 “T2=X# B
HETRNE <« HFHRNE HETRNE : AFHANE
Nk KImsg
min heap max heap

& 8-1 /INTHiHE S R Tvibk

HEFEON e KM — R0, B DA R,

© RIRETRSEEETE, HMEAT AR,
o BRSO EARTT SO CHETR, CRERZE RS BT RN HERR,
- XTFRTUE ChTE), HETUTER (R WEZRKR &I K,

8.1.1 MRYE FRIR(F
FERHIR, TF2HEIE SRR 25T (priority queue), X2 —FMRIVEIRLEH, & S RA R
S HE IR

SKBR b, HEBH N T SCBOLERAS, RTHERT S TooE MREV MRS BRI IETERAS, A M R,
BATATLARE “HRIEASN” T “HE” BAEFTHIRIRETHE, Kk, ABXWENMIEEX 0, G—FiE “HE

HERYH I BRE LR 8-1, T5TEA T ERIERmAETE 5 R,

7 8-1 HERJHRIERR
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VaRe 2 g M 0 5 2
push() = IN - O(logn)
pop() HETITTER tHHE O(logn)
peek() VIHERTEE TR [ /NTHES B R [ /IME) 0(1)
size() PRI T £ R O(1)
isEmpty () H b A O(1)

FESEFRML AR, BATTRT AERE(E R m i = TR RHIHESS (BRALTERASIZE) o

RUTHEREIETH “WNEIRHESN” F1“IWKEVINES”, BATA] OSSR B —> flag BfZL Comparator
SCEL VNI 5 OCRTME” Z [RIRER R, AR TR AR

// = File: heap.dart =

// Dart FIZHAE Heap 3

8.1.2 Ry

OCKRIRARRTIME, 5 R HAEA N/ NTE, R ATE R/ NN TR (1N, & > Fioh <),
BB HTIE A] DA TSR,

1. BPEHERT
XM BT, e XWARRIES HBURER, BT HEER e e N, BRIEERATIR R R

SRV ROR U, TERRE A, BRI R, AR IR WA

I 8-2 iR, SBERG 1, HEFTRMRIIN 2+ 1, BFIRNRIIN 2+ 2, KNRNRIIN
(0 —1)/2 (MTEBR), HRFIBEN, FRZH a8l AR EE,
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RSN _ : SRR (RETEHE)
B B mRIRW wr 8 ‘B RE TR

%3l 9 10 11

= ﬂBﬂﬂ.ﬂl...ﬂﬂ

(i-1)/2 i 2i+1 2i+2
" N R

ﬁ"ﬂ fr“ﬁ - ? 5F
& it T 3z

ﬂtm”

BT RS B SEELTT st

K 8-2 HEMIFRIR G171k

FATTRT DARF R 5 [ Wit N sUBF RS Rl bR Y, T e i A -
// == File: my_heap.dart =

/* FREAFTHRNERS] +/
int _left(int i) {
return 2 *x i + 1;

}

/* FRBAFTHRNERS] +/
int _right(int i) {
return 2 *x i + 2;

}

/* FRERTRNERS| */
int _parent(int i) {

return (1 - 1) ~/ 2; // ATERK
I

2. IFEBETITE

HETT R RN R IR T R, Wt SR E M E:
// == File: my_heap.dart =

/* IhAETRTTER */
int peek() {
return _maxHeap[0];

}
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3. TEANMf

TR val, BATEICKHBMBMER, WiN2)E, BT val ATRERTHERHMITE, HERTRLARIFRTRE
CLHRESR, DRIBETRES S AT A EIR Y R 2 LS, XD RIERIONEN (heapify)

FEMAHET R, WKETITHER, W0 8-3 R, FATELEHEA T RS HA mAIME, aEANY
REER, WAHRENZZt, REREPITIHIRE, WERETEEHPIE DT R, BRI K082 T

I RN 2SI

B @ Nt

o . CHET
T =
v BuaRT

(olals]s]7[=lals[s[a[o[a] step 1 |

A @ M

1. WS 7 IR
2. WEETBAT#A (Sift Up)
CHA 5 < BA T

[ step 3 ]

L7 PN

1. WS 7 IR
2. WEETG#T# (Sift Up)

PR 6 TR

Step 5 |

L7 PN

1. BHR 7 FNEHER
2. WEZETH#TH#A (Sift Up)

v HR 9> PR

O EEEE =

DEarLRREEEEEE

HA @ Mg

1. ¥R 7 RNERE

| Step 2 J

WA @ Nt

1. B¥R 7 FNEHE
2. MNEETU#T#AE (Sift Up)

v HR 5 < WRT
- RETHR
Step &
A @ At

1. 7 IR
2. WEETGEFPHE (Sift Up)
v HA 6 < WA T

- TR

Step 6

w4 @ At

1. ¥HR 7 RNERE
2. MEETL#{TH#A (Sift Up)
TTHR 9> R T

~ RHITRIR

Step 8 |
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/‘ \ / \ HR @ e
1. WEE 7 FNEER
2. WEETG#FHA (Sift Up)
/ \ / \ / \ SR, ATHENERENIEE

Step 9

K 8-3 JLRAHEDE

R REE n, WMEEERN O(logn) o HILATA], HEABRERIEIREEERZ N O(logn) , TERAHE
BAERINRIERE R O(logn) . AIBUIRATR:

// == File: my_heap.dart =

/* TTENE */

void push(int val) {
/] BT A
_maxHeap.add(val);
/] MIRETBENL
siftUp(size() - 1);

}

/* WTR 1 FFR, MERETUEL +/
void siftUp(int i) {
while (true) {
/] FETE 1 IRTR
int p = _parent(i);
/[l E “UERTR ® TREAEE” B, RN
if (p < 0 || _maxHeap[i] <= _maxHeap[p]) {
break;

}.
[ RIEFET S
_swap(i, p);
/] EFmE Ll

i=np;

4. ETTRLE

HETTTR 2 —XRAURTT A, BIRETTR. MRFNERMIIERFMERE TR, W2 XA T R
KR KAEZN, XRFESREE R TR ELRRINNE, N 7 RERDITRRIIHZR, HATRM LA
TRV IR,

1. ZRHETIT R SHEROTR AR S R T R
2. ZGERE, RHERMAIRAMER GEE, hTogsct, Ftsehn EmEREZESRIHETTTR) .
3. MR RUTSE, MIERITTHEL.
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aniE 8-4 R, “MIREJRHEL” HHRIETTIYS “IRETHEL” MR, FATRARY miES HMADF 1 R
EHTEAL, BRI F T R SR RS, SRR TER T I RRME, EBOE M7 BB B TC A
IR

TR SETRTR LS
1. BETTRSHETRZR
" Step 1 8D 2 J
BTRTRLE SETTRLE

1. BEMTRSERTRZR
2. B UBIREETTR

1. BHTMTRSERTRRZR

2. B HREEETER

3. MIRER#THA (Sift Down)

v EHR 5, 8, 7 H, TR 8 R

Step 4

SETmTRLE TR LS
1. TR SHERTREZIR 1. BERTRSERTRZIR
2. BHHEIRMETER

2. PHHRIERETR
3. MIRER# T (Sift Down)

w

. MNTREFEFTHEW (Sift Down)

TR 5, 8, 7 %, BA 8 BK
- PR 5 5HR 8

v fETR 5, 6, 7, TR 7 |A

sw-:] (OOO0D0080800 st

SEMTRLE SETTRL S

-

. BEMTRSERTRZIR
. B UATAERTER
. MIREE#THEW (Sift Down)

v TR 5, 6, 7 W, TR 7 RA
o TR 5 5T 7

1. BHTMTRSERTRZR
2. HHYEIERTR
3. MIRER#THM (Sift Down)

~

w

“ PR 5, 3, 6 B, R 6 BA

e [a s [ 3o 3] =] (ODS000000000 step s |
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HTTREE J///XA\\\\ SR

Y
o 1. BETTRSHRTRIR 1. TR SHRETRIMR
2. BHNFBBERTR 2. BHUFHERTR
@ 3. MIRERE#TH#A (Sift Down) @ 3. MIRER#T#A (Sift Down)
c EPR S5, 3, 6 F, TH 6 &A - -
)y , A 5 5HA 6 Z l Z SELERE, ATEMMERSEIEE
00 2] 00¢C
000000080800 Step 9 020000800080 [ Step 10

8-4 HETTERHHEPIR

H5uEANHEHRERRL, HETT SR EHERER N R E 2R O(logn) o RESANT RATR:
// == File: my_heap.dart =

/* TR «/
int pop() {
/] Fl=RhiE
if (isEmpty()) throw Exception(' #RZT');
[/ XBBENRESREHTR (RRETESETR)
_swap(0, size() - 1);
/] RIFRTS =
int val = _maxHeap.removelast();
[/ MTRZE[RHEW
siftDown(0);
/] REBETITE
return val;

}

/* MTE 1 s, MTREREL +/
void siftDown(int i) {
while (true) {

[/l FTHR 1, 1, r FERANTSR, 124 na
int 1 = _left(i);
int r = _pight(i);
int ma = i;
if (1 < size() && _maxHeap[1l] > _maxHeap[mal) ma
if (r < size() && _maxHeap[r] > _maxHeap[ma]) ma
// ENR 1 &AKHES 1, r @R, WEngsstd, Bk
if (ma = i) break;
/] IEFETR
_swap(i, ma);
/] TERETHENL

i = ma;

non
]

8.1.3 RN

- ARSEBNG: I VE O SIS AR e e RS,  HNBARTH AR (ERIN A 2299 O(log n)

, THEHERIEA O(n) , IXERRERIER E,
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- HEHRE: g —dHEdE, BATAT DU BN —DHE, A5 AR TR HHERE, MM EIE B
i SAiM, FATEE S —ME R T NS BT, TR “HEHETT E

- REERE) kA e#: X PMEMAYEIRRE, [FNE RN ], GRS AT 10 FHTE
TENTAIEAE, G RAT 10 AYR 5%,

8.2 FEIMEIE(E

FERLMROUT, TR — NIRRT TR D, XD “EHEHRE,

8.2.1 {HBEHINIEIR(EIN

BATEOE DM, RRRHYIR, KIOHENTTRIT “AHERE", BYeRTRBINESE R, /&
MIZTCRPIUT “WRZET” HEfL,

Y —NITRAME, MRS —, BTN R0 N IRERAR AR — SR, [Hitdes “B km R
FiER,

WEEER S 1, BTN O(logn) WA, FILIXEHET LIRS 2 S O(n logn)

o

8.2.2 @iTiEfhif{L oI

KPR L, FRATAT DASEE — R s HE T 1, i,

L. RFIRATA TR IFEEASARINE R, N HERPE AR IS 2 L
2. i (BPEimER), OO NIRRT “ATRE R,

T AT UG, PR ROV R FRRUB R — A S . T TR E R, RHER (A
SR A,

Z GG B i, BROVIZAERES CRIE S AT R TR FELR SR THE, XA SR R 2
AR,

ESFHARE, HTHNRARA TN, BIETRRR SN, Tk, W MUEIrR, &&
—MNMEM T RRRE DRI, BATWETT A7 AT HE(

// = File: my_heap.dart =

[* WERE, BIERANTIREE +/
MaxHeap(List<int> nums) {
/] BAIRTEREFAshANNEE
_maxHeap = nums;
/] EBRH T R UM E M E TR
for (int i = _parent(size() - 1); i >= 0; i--) {
siftDown(i);
¥
}
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8.2.3 EXESH

N, FRATR R R A 75 TR N T 2 A

RS ORI AR n, T REOR N (n+ 1)/2, HoR /N R, R
SRR (n— 1)/2,
- AENTECHECAIRR, AN R M1, RO — R log n o
5 AP, WA RNRAEAES O(nlogn) . XA HIEEHIRRN, FATIRE
HE R UL A RRE S T TR S PR,
B TR T AR L6, o T MR SIMERE, (R SAE — AR n L BRREH h By “5e6—
B, R R B R E

TRRE BETRNE

(RMgfb R AIECRE)
[ Y—— 20
/ \ 1
[T e— 2
SN N |
e =2 S 2
[N N SN )
[T JE— 23
e — 2h-1
(&ER, HhR=EER e e 2h

()]

8-5 SEERXRHIFZET LR

i 8-5 AR, Tl “MIAERHEA” AURAIEAUELSE T B R S, MiZEEIER TR
JE”, [, FRATATDON S RM “T 8 x WRmE” K, SR T R R B S,

T(h) = 20h + 2L (h — 1) 4+ 22(h — 2) + - + 2(h=1) x 1
L0 AR EEIAR, S5 T(h) L2, 851:

T(h) = 2°h + 2 (h = 1)+ 2°(h = 2) + -+ 2" x 1
2T(h) = 2'h +22(h — 1) + 23(h — 2) + - + 2" x 1

RS AR, R 2T (h) Wk LR T(h), AT

2T(h) = T(h) = T(h) = —2°h + 2" + 22 4 . 4 2" 1 4 2"
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Mg X, LI T(h) B—DEHES), ATERERRMARK, SN FE R

1—2n
T(h) = —
=2t —ph—2
= 02"

W, RN b H5EE I SR n = 20T — 1, BEEREN O(2") = O(n) . DibiEE
R, FANFIFRIFFEHERINTISZ R O(n) , FERERL

8.3 Top-kirlZh

Question
HE—NKEN n WITFEA nuns |, THEIREBEFRKM kE NTE,

TR, BAVC PR LR BRI, B AReR E R HE RS,

8.3.1 Fii—: BHiEE

BATAT A TIE] 8-6 AIRAY K #3m5, 53 AIAEGE A IREGE 1. 2, ... kK RIICR, WEEZREN O(nk) .
WHIEFOERT k< n 01BN, FRY k5 n lEEEEN, HEREERE-ET O(n?), JEEFER,

k=3

nums n 7 nna BHERBATE

\\
.

B00BE s 1 5

N B
~

n EoRREE 2 ARE

\
.

an BSWHIE 3 ATER

B 8-6 ik AR k MR

Tip
4k =n i, BATATUSZEIBNAERFY, KINENT “EEHE" Jik,
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8.3.2 F#EZ: HF

aniE 8-7 FR, FATAT LSRR nums BETHERS, FHREIRAGN kTR, NAEREHN O(nlogn) .
B, %Ik I RS T, FNERMRTHHERE kDR, mAREHT EATER,

k=3
nums
FHERFITHEF
‘ EE&A k MR

Lo

K 8-7 HEFIFEREAH k MITR

8.3.3 FiE=: i

FATTAT DAL T HERE I ROt gk Top-k A, AR 4N1E 8-8 FR,

L. WG — /T, HHETTOT R R/,

2. JeRBEHRTAT k DITRMIRAMSE,

3. M8 k + 1 DI, HERTRATHEDOTR, WRHETUTR HME, FHnimR AL,
4. wHhsERUE, HEPRFRIBURRART k TTR,

w OE000 — 0008 6
i i
1. Bal k DTENE 1. 80 k DRENE
s ZRERT 18 ZRERT
BART BART
v (@ v (©0)

Step 1 Step 2
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k=3

w (0000
:

i

1. Ral k DEENE

k=3

w (0000
:

i

1. 80 k MTENE

2. ME kel DITEFIRAIET
v YRR > TR

- RPETRTER S

k=3

w (@000
:

i

1. R# k MTENE
2. ME kel DITEFEHINT
v HEITR < BMTHR

Step 7

ZRWET
‘ i BUART

atm

ZRWET
‘ < HART

:tm
o o

‘ ZRIET
BART

k=3

w (@0000

JBA5ER, BEl heap EIAT

Step 9 \

k=3

Ll [7]c [2]2]
R
i

1. BH k DEENE
2. M kel DITEFEAIT
~ YEITR > EITR

=1

k=3

— @000
:

1. BH k MTENE

2. ME k+1 NTERFEHIET
v SRR > MR

o FPETTR
ELRITTRNE
Step 6
k=3

w (2000
i

1. 880 k DTENE

2. ME kel DRI

v HPITER < HITR
- Beg

Step 8

21 @)
o o

‘ ZRRERT
BART

ism
o o

ZRWET
‘ e WaART

‘ ZRWET
WART

*m
o o

ZRWET
‘ WART

Kl 8-8 E:THETFHEAR k TR

RHIAESETT :
// == File: top_k.dart =

[*x BETFHEERHBAPRAN kK PmE +/
MinHeap topKHeap(List<int> nums, int k) {
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/] B NTIBE, BEENET kK NITRNE

MinHeap heap = MinHeap(nums.sublist(0, k));
[/l M%E k+1 NEFR, FEFHENKER k

for (int i = k; i < nums.length; i++) {

/] EEFITERARTHEN TR, WS TREHHE. HaimENE
if (nums[i] > heap.peek()) {
heap.pop();
heap.push(nums[i]);
}.
}
return heap;
}
BIEPATT n MR M, R AKKERN k, WIENREIERER O(nlogk) . ZITENSERRE, X

ko, WEE2ERER O(n) ; 2 kERN, NASKERZET O(nlogn) .

SN, BITIRER T ISEARRIE R EABTIIABEER,, BATa] DAFS4EHENRITTER, IS
BRIk NTCRIIEIASE T

8.4 &

1. EREFH

- HER IR R XN, RIESCLAE R O RTIHERTNiHE, K () TERTHETITR 2R () 1Y,

- ARIEBAAIRE SUZ A HBA LR BIBAS, 385 (5 I HER S,

o HERE AR AR SO BRI R B R S TR AME O(logn). HETTTRHHE O(log n) R RIHETR
& O(1) %,

- EERCXWHERIES HEBEHATR, RIHA D@ A AR i HE,

- HE(LERVER TR HERIPE T, AR AR HER R R A = I 2,

- A n DNTCEIFRERNINAE AR MEE O(n) , AEFE SR

- Top-k B—MEMAILRE, n] DA SRS SRR, NREREN O(nlogk) .

2. Q&A

Q: HdELHN “HE” SNFERR “HE” 2R —HEEE?

MEARRE— S, FURRETE “HE, HRYARGANE IR SIS TR — 0, BFEEE T
A DAE RV ERAF B RUE. Rl AER—E BAUHENTE, TS RS R a5, X R
HHREN, BFRERBOXENT, DPIEAFE, SR TRNT, SERNFREENERREEEE, &
AL AT RE S S BUAAF R AN S faE <5 A
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IR

F9HE
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Abstract
EAEmRIES, BTG E— DR, HIEEENWILHEIE,
HF—RIMHIRSHEE, #EX5KE KRR 2SR 8RR EDID,
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9.1

(graph) 2 —FhAELM BB, M= (vertex) FIi (edge) Ak, FATATDLKE G gtz n—
ARV MI—Hil E EE. ANRAIER T —MLE 5 N 7 ZaavEl,

V ={1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5),(4,5)}
G={V,E}

WERRTURENET R, RIDBEEERS DT RSN (a8, AR DLRF B 7E— M BE R R A EX
45, N 9-1 AR, MIETEMRR (BER) FIMGRR (W), PIgERR (B) MAmEES, HimE

!

| /\ S
!

i # &

(BHEXR) (SHE%R) (REXR)

ENZEEmERS, AMtRASER

B 9-1 #ER. M, BEZRIRIRR

9.1.1 EIMERAEBSKIE

iR G EA TR, a5 hEEE (undirected graph) f1BEM@EE (directed graph), 4N 9-2 FfizRe

- FEEET, BFORMTURZEIR AT ERRR, BINIEE QQ HHY “4FARART,
- tEAMEY, PRGN, A — B A« BWRANAREE TN, Flanm s -



Bow K www.hello-algo.com 176

ZHE A
(aFxAm) (aBrm)

K 9-2 HHESILHE

WRIBATE TSR G EE, ] NiEEE (connected graph) FI13EE@E (disconnected graph), & 9-3 Fi
Ro

- NTEEE, WNENTRA, AR HARERTR.
© OTHREEE, WEADTURHR, 20D TRICIRENE,

N

8 B
(AT EEE) (FEMRAEE)

9-3 EEESAREEE

PATERT IOILEsm “FEE" &, MMSEINE 9-4 FiRiEIE (weighted graph). BIAITE (EHRE)
FEFWerh, RGN RN R RIS 2 MR “SRERE”, XM E M4t n] U A ERRR,

T HRE
(Fr&B%EAM) (LRAEWNER)
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9-4 HIESTEANE

BRI & DU B AR,

- ¢F% (adjacency): MM Z AIFIEILAHZER, FOXMITUR “QFHE"7, TEE 9-4 ) TR 1 ARRHE TR
TR 2. 3. 5o

-+ BB (path): MR A FITWR B S R REIFFIRFR UM A 2 B 1Y “B&127, 7EE 9-4 Hh, 4%
Hl| 1-5-2-4 2 TR 1 BT 4 19— SR8 12,

- E (degree): — M IURIMARILE, X THME, NE (in-degree) Fonf Z/ D FULFRMNIZTIN, HE
(out-degree) KA Z/DFIBMNLIURTEH,

9.1.2 BEIMERT

EH R T N “RRERERE” 1 “ABERT, DUNERI T A T2501,

1. 4BiERERE

RN AEE N n, $MEERE (adjacency matrix) HH—1 n x n K/NHEIERFRE, 8—17 ) 1R
T, ERETENRRD, H 180 ZRmAD S B RS EEN,

HIE 9-5 R, WAMHERRER M., TUSHIRN V|, ILmHIEE M, j] = 1 FoR V]i] #1105 V]
WD, ]2 M, j] = 0 ZRMIAZ TG,

mR%IE

#l o 1 2 3 &4
o e, 1 10

‘ ‘ \ 101 e 1 0 @

SRIREERE
graph adjacency matrix

9-5 EMMRIEFEFRIR

WIEHEFEEA AR,

- TERIRE, WURARES B SHE, HEIRRRRERE X A LOTRIAE
- TR, BRSO T X SR,
- RFARREFERITTRM 1A 0 BN E, WA Ron A A,
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i FH AT AR RN IR, FRATAT DAE R RIAE R R DAREGS, (R N E SR E IR IR &, IR A4
B O(1) . AT, MEFERZEEZERN O(n?), PfES RS,
2. SPiER

$BiER (adjacency list) fEH n MEFRRFTRE, HERTRFRTUL 8 1 DMER NI ¢, HAEME 7%
TBUSHIFT A BEETUR, (SGIZTUSHERITUR) o 1B 9-6 JBIR 7 — M ARRER R K BI7R B,

R SERAREENFER

™~
[ e« eole

Wiz
graph adjaceney list

B 9-6 ERIBERIR

AR MUF MR F R, THAMREOEH N T n? , WItEEN T, A, ENERPTEE
i P EERORE I, R RISCR AN A R R

WIZEE 9-6 , AREREEH SRR “BERIBAE” TR, RUARA 0T AR AU 7 R ARALRR,
HOA S A KR, T DU RE AL AVL RSRTSBA, MM O(n) L% O(logn) ; AT
DHEgEREEHONIA TR, TN E 28 O(1) .

9.1.3 ENERA
R 9-1 R, VFZEISERGUR] DU EDRGERE,  AH R A AN AT AL & TR R

#9-1 BAETEFE WE

i b el
RS R GFRRAR TBHELT I HERE
HEkERES  whe SRR R EHER

ENIEER 2k BARREDTESINER  TRPUEHE
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9.2 EREhLIRF

EIRSELAHRCERT 0o xt “I07 BORBRCERIN “Ti” AU3RME, £ “QBRAERE” R “QBEER™ MAFRTIAT, %
B AR AN

9.2.1 EF4BIEEEAYSCIR

NIRRT n BTEAE, NSRRI ER LB AnE 9-7 R,

ORISR : ErBEE AT R SRS R AR, A O(1) WAL, mid TREME, HtFEER
BB T 7 O,

WU (AN IR 1T %1, A 0 BIRT, A O(n) KA

MBI FEAREEERE bR 1T 5, UMM AT ESINA SRS, BB (n — 1)2 A EE
“Ffe LREE”, MR O(n2) I,

WM A n NI, WIAMCKEE N n TSI vertices , T O(n) B, 1B n x n K
INIARBESERE adiMat , 5 O(n2) B,

TRFl& bttt
® o 1 2 3 4 ®w e 1 2 3 4
o o 1 o 1 o . 0 o 1 1 1 o
—— MeaE —— winn )

\\\\ 110 1 o o \\\\ 11 0 1 o o

//// 2 0 1 0 1 1 //// 2 1 1 0 1 1

— 3 01 0 1 0 1 — 3 01 0 1 0 1

4 o 0 1 1 o 4 o @ 1 1 o

SBIEERE B PHEIERE
Step 1 Step 2
T TR (<)
® 0o 1 2 3 4 ®l 0 1 2 3 4 5
o o o 1 1 o 0 o o0 1 1 0 o0
— rz € —— Fm O
\\\\ 1 e o 1 0 o \\\\ 1 e 0 1 0 0o o0
//// 2 1.1 o0 1 1 //// 2 1.1 0 1 1 @
— 3 01 90 1 0 1 — 3 01 0 1 0 1 0
4 e @ 1 1 o :iy 4 o @ 1 1 0o o
N Y
. 5 o ] '] o ] [}
SPIERERE SPIEAERE
Step 3 Step 4

TSR (5
#w o 1 2 3 &4
o pr—s e o 1 1 o o
\\\\ 11 0 1 1 o
\\\\‘ 2 1 1 0 1 o
//// 3 0 1 1 0o o
CD 4 o @ o 0 o

3] BIEAERE

Step 5
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B 9-7 AREEIEFERIRIAGIL, B, SEMTTN

PAR 5 T AR A P R [ A S B
// == File: graph_adjacency_matrix.dart =

[* BETFMEEMESITHES +/

class GraphAdjMat {
List<int> vertices = []; // TimH, mHEARR “MRE", F5INK “TMRE5”
List<List<int>> adjMat = [1; //¢BHERERE, 17551 “TRmZR5]”

[* M&ERE */
GraphAdjMat(List<int> vertices, List<List<int>> edges) {
this.vertices = [];
this.adjMat = [];
/] OIS
for (int val in vertices) {
addVertex(val);
+
/] i
/] EEE, edges TERRMAZSG], B vertices TTEZES|
for (List<int> e in edges) {
addEdge(e[0], e[1]);
+
}

/*x FREUNSEE +/
int size() {
return vertices.length;

h

[* AT +/
void addVertex(int val) {
int n = size();
/] EIRSRPFINFIRNE
vertices.add(val);
/] TESMEREPERRII—1T
List<int> newRow = List.filled(n, O, growable: true);
adjMat.add(newRow) ;
/] TESMEREPERRII—5
for (List<int> row in adjMat) {
row.add(0);
+
}

/* MBI +/
void removeVertex(int index) {
if (index >= size()) {
throw IndexError;
¥
[/ EIMRHIRFHEPRZES| index HITRSR
vertices.removeAt(index);
/] TELBIZZEPEMIPRERS| index BY9T
adjMat.removeAt(index);
/] TESBIEAEPEPMIPRZRS| index BIFI
for (List<int> row in adjMat) {
row.removeAt(index);
¥
¥
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/* iy 1pv] */
// &% i, j WM vertices TTEHEZXS|
void addEdge(int i, int j) 4
/] FR5IBRSHEELIE
if (A <0 |l <0 || i>=size() || j >=size() || i = 3) {
throw IndexError;
+
[/ EEXEER, BEEAEXTFEMNALENR, BEE (1, ) = (G, i)

adjMat[il[j] = 1;
adjMat[jI[i] = 1;
}
/* MBRIA %/

// B8 i, j WM vertices TEHEZXK3I
void removeEdge(int i, int j) {
/] BE5|MARSEELIE
if (<0 [l j<o |l i> size() || j >= sizeQ [| 1 = ) {
throw IndexError;
¥
adjMat[i][7]
adjMat[j][i]
¥

[* FTENSPIZRERE */
void printAdjMat() {
print(" TA=%I%®R = $vertices");
print(" <PIEIEME = ");
printMatrix(adjMat);
¥
¥

0;
0;

9.2.2 EF4BiERAII

RIRE TSSO n. JEEOY m, WIRTHYEE 9-8 Rl 77 iRl MR E,

USRI AE TN N R AR AN IIDARNRT, fEF O(1) A, FEv2EmE, B AT S IR m A
JITAIRIA,

- MHRRIA: FETURON MR P A SO BR S, A O(m) R, TEAET, FERNMERADT7
[EIH32,

© WAL FEABERTEIN—RER, IR RS, O(1) WA,

- MBRT: FRm i AR, MBREESEE RN EL, A O(n +m) I,

- WL TESBERDEIE n AU 2m 18, A O(n + m) N,

MR SERAMENATATR WE  SRRAMBERRATR
° . [e—0-0-0
0—4@\ . MR > \ 12 -0 o 00
T e e \\\ -0-9-0-0
L 0-0
PiER B PiExR

Step 1 Step 2
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TE  SEMRARENFETIR TWE  SERAREENFRETRR
A 7N @ @*@ @ (/\H‘:\
[ — ) Y ( | I—
\a\ misia E-© 0—0 @ )@
| o 0-0-0-0-0 0-0-0-0
o—o 0-0-0-0 o 0o )-0-0
- N N o - = N
0—-0-0 o-0
MiEE |ER
Step 3 Step 4

TR SERAEENRTE TR

Step 5

K9-8 ABRERAIFIAGIL, WML, HEMTS

DA BAR R AL SELEL, KL 9-8, KR AN,

N T T RIS BRI, DAR SRR, BAIEMLIR GhIEHA) RAEHER,
TERIE TR MR, key ATUREHRI, value AXMRIAZETRSIR (HR).

HAh, BATEBERAE Vertex ZORFORTUN, IXHEMEVREDR : ARG MRIEFE—FE, MSIRRTIRK
XONEWUE, IABZERERRS Dy @ (TR, WFTREHENBER, BIERT i RS2 1, &
RIRMK, MR G TSR ME—H Vertex SEBI, MHFRIE — TS 2 et TE S B IR T,

// == File: graph_adjacency_list.dart =

/* BETFPERIMNTEEESE +/

class GraphAdjList {
/] B¥ER, key: T, value: ZINRBIFRA SFIETN A
Map<Vertex, List<Vertex>> adjList = {};

/* SR E */
GraphAdjList(List<List<Vertex>> edges) {
for (List<Vertex> edge in edges) {
addVertex(edge[0]);
addVertex(edge[1]);
addEdge (edge[0], edge[1]);
¥
¥

/* FREUNSEE +/
int size() {

return adjlList.length;
I

[* A */
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S

void addEdge(Vertex vetl, Vertex vet2) {
if (ladjlList.containsKey(vetl1) ||
ladjList.containsKey(vet2) ||
vetl = vet2) {
throw ArgumentError;
}
// #NiA vetl - vet2
adjList[vetl1]!.add(vet2);
adjList[vet2]!.add(vetl);
¥

/* BRIz */
void removeEdge(Vertex vetl, Vertex vet2) {
if (!adjList.containsKey(vetl) ||
ladjList.containsKey(vet2) ||
vetl = vet2) {
throw ArgumentError;
+
// MBRIA vetl - vet2
adjList[vetl1]!.remove(vet2);
adjList[vet2]!.remove(vetl);
¥

[* ZINTRs= +/

void addVertex(Vertex vet) {
if (adjList.containsKey(vet)) return;
/] TEMERPARIM— DR
adjList[vet] = [];

¥

/* MIBRTR=R +/
void removeVertex(Vertex vet) {
if (!adjList.containsKey(vet)) {
throw ArgumentError;
¥
/] TESHERPRFRTS vet XMAYEER
adjList.remove(vet);
[/ BHEMISENESR, RIRFAEEE vet B4
adjList.forEach((key, value) {
value.remove(vet);
F)g
}

/* FTENSPIER =/
void printAdjList() {
print(" 4piEX =");
adjList.forEach((key, value) {
List<int> tmp = [];
for (Vertex vertex in value) {
tmp.add(vertex.val);
+
print("${key.val}: $tmp,");
Dk
}
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9.2.3 MENE

REMFHE n DR m 5838, 3R 9-2 X T AMEIEFFAMER AN AR HAR, HER, BER
(BER) MMASCEI, MmAER (BHR) TR AT RERE B8GR5 R SEH,

R 9-2 BB S BT EE

SWEFERE  ATHER (HER)  WER (5FH )

FIBRTO O
Wz RER O

n?) O(n+m) O(n)
n?)  O(n+m) O(n+m)

HWREME O(1)  O(n) o(1)
VRIS o1)  0(1) 0(1)
e o1)  O(n) 0(1)
VRIS On)  O(1) 0(1)
( 2
(

MBS 9-2, PLPATER (BHE) KN ERERS DRMEREM. EKERL, SN R RReRE
=, AR KB ERERETR], Z2aRE, WRIEMERILT “Di R E” N, Rk
S VA 1 E el T D)

9.3 EMER

PHRRITZE “—X2” KRR, MENABAESNEBE, rDFRMERR “2X2" KR, Kk, T
BRI — RSB, AR, P03 Do PR i P ks R R — FiRE Bl

PRI AR 1 2 T 7 P 4 2 B S S B I B, IR 7 77 AR AT 0 iRl TR BB RE S B,
9.3.1 "Ei%kiEh
) EEAR S —R R B 7 2, MWIEAY AR, MRV ERERITE, JE— 2R

ke WE 9-9 FoR, M EMATRHR, EEhizIis A BT, RIEEH T — PR BT A AT
IS, DA, EETETRTIRSEE,
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©
©

B ERSER

(BFS)
@ s (@) wese,

RIERE. EEY KRR

©
©

BAFTA

@ e, 1, 3, 2, 4,6,5,7,8

-
©

K 9-9 EIr AL EE

1. HETHm
BFS JEH EBIASIRSEEL, AU ATR, IFIEA “Je AJel” MR, X5 BFS i "ML Miz” KIEAR
SFfE T,

L. Rei i aa s startVet ARSI, FHIFETER,
2. EPERE IR, A E TRFICSIA, SRR RIZ TR B AT QB T A B BA S R #R
3. IR 2., EEIFTETEBI R eG4,

NTPIEESEHTUR, FAIFEE —MSHES visited RICFRMPLT L OHTHL,

Tip
G AEE— D HTEE key MIATEf value FIIGFER, TRIPAE O(1) IS 28 RHAT key
ARSI AR, ARTE key RUME—PE, IERESER A THIRREST R,

// == File: graph_bfs.dart =

/* "EMRFTER */

List<Vertex> graphBFS(GraphAdjList graph, Vertex startVet) {
[/ ERMIERRRTE, UWERBIEENSRNTE PENS
[/ TRIEHFY
List<Vertex> res = [];

/l WMEES, BTFEREHBRENINS
Set<Vertex> visited = {};
visited.add(startVet);

// BABURFEEL BFS

Queue<Vertex> que = Queue();
que.add(startVet);

[/ UIs= vet AER, BHREEIHESTERENSR

while (que.isNotEmpty) {
Vertex vet = que.removeFirst(); // PAETASHPA
res.add(vet); // BRIARINR
/] BIZIN = AIFRE $BIET=

for (Vertex adjVet in graph.adjList[vet]!) {
if (visited.contains(adjVet)) {
continue; // BREBEHFIFEMIINS
¥
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que.add(adjvet); // RABARIGRIBITNS

visited.add(adjvet); // #ricizIn= 2R

+
b
/] RETNSIERF
return res;

F

FRBEA R, EBO IR 9-10 SRANTRERfE,

R () R, AT
1. BEMRMNEDFS res
2. BZTARMFAE BEINSAIT

ABA que HMA visited

T () K, FAGTUTHRIE

1. BEARMNBFERFS] res
2. BETRREFTE SPEIRSAAAT
ABA que FHMA visited

000

TR () I, ST

1. BERRMNEBHFS res
2. RETRRAIFIAE BETRRAIT
ABA que HMA visited

BHFT) res
BAFI que
HHBA N

IHRE visited
o )

BHFF] res
LI }
BASY que

000

IFIRE visited

(00000 J
[sts

(0000 ]
BAFY que
0006

IFRE visited

(0000000 |
Step 5 ]

BHFFI res
(000000 )
BAFI que

00

IAFEE visited

(00000000 |

M () HEA, FHATUTHRE

1. BEZMRMNERFF] res
2. BEMREFEPERAIT
ABA que FHAIA visited

M () s, AU

1. BEARMNEFFT res
2. BEIARMFE SBERRIIT
ABA que HHIA visited

o—0—90

T () K, FATUTHRNE

1. BEZARMNEFHFY res
2. RZMABIPRE PEMRRIT
ABA que AN visited

TR () K, FATUTiRE

1. BERAMNEFHFT res
2. RETREIFRE BRETRBT
ABA que HIIA visited

BHFF) res
) J
BA5I que
(T
- =

BEES visited

(000 ]
=

BHEFF res

(000 ]

BAFI que

000

HHBA PUN

RS visited

(000000 |
[step s

(00000 )
BAFI que
000

EEE visited

(00000000 |
Step 6 ‘

BAHFT res
(0000000 |
BASY que

20

MEEE visited

(000000000
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WBHFT res BHFT res
] L1
A = BAI que = —— BAZI que
’ J | ’ ‘ |
a\ — — PN — «—
—\ /\/— tHBA ABA 1\ —'C ;/‘ HBA ABA

IRFEES visited WRFERS visited

T () B, AT mA () HI, FATIUTIRE

1. BEANNEFGFS) res (7 l 1. BETANNEFFS res (s )
2. BETANFTE SRR { ) 2. BETANATE SHETEHT { )
ABA que FHMA visited Step 9 ‘ ABA que FHMA visited Step 10
BEFS res
‘ | ‘
= = BAFI que
’ ’ |
— Faa— A ABA
BEES visited
- A que H, (

« BRG], SEREH

Step 11

& 9-10 IRy AL cim 20 3%

) BEAIL Sk 3 4 51 75 W —2
AME—, TR R R “HE I BN, i 2 A I A A TSR3 i I e VR
{EEHTAL, A 9-10 i, Wik 1. 3 RO RIGA R PAZE ., Tis, 2, 4. 6 BO5 Rt th iT DUE RS,

2. ERESR

I ZEE: A TR A&, # O(|V|) B fEsiAss i pnd i, fF R,
BRI BT 2 R, 6 O(2| E|) W) Stk O(|V] + | E]) B,

SRR FI% res, MFHES visited, BAFI que RIVTLREGREZN |V, 8 O(V]) 2,

9.3.2 REMKERH

REEOL it s — R e B S, Joisal A m i ki@ i i k. aniE 9-11 FioR, MWE EATURHA, i
AT AR RR TN, BEEDERIRSKIIRE], HARSERRSLIFIRIE, PAEHE, BEEArA TUE 52
’5‘20
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@ @ ERRERTEH

(DFS)
| ta2 s (@) wis,
> N EEAER, BRSNS EE,
o @) 5 (9/ B34 - ISR
’ S

GZSD ©,1,2,5 4,6, 3

9-11 EIRREL CiE

1. By

XA SERVRSKERR A AT IEFEE TIBIRII, 5 eEm R, fEREREEnT, A
MFEMEI—PIETE S visited RICKOWIIRIATIUR, DAOR % E R 15 A T

// == File: graph_dfs.dart =

/* REMIFTBHIEBIREL */
void dfs(
GraphAdjList graph,
Set<Vertex> visited,
List<Vertex> res,
Vertex vet,
) A
res.add(vet); // 2FipATNA
visited.add(vet); // #riciZIN=E®IAR
/] BHRIZINRBIFRE $BHETN =
for (Vertex adjVet in graph.adjList[vet]!) {
if (visited.contains(adjVet)) {
continue; // BbKIBEWILEMINSR

+

/] BYFIF R LPIEET =

dfs(graph, visited, res, adjVet);
¥

}

/* REMFTETR */
List<Vertex> graphDFS(GraphAdjList graph, Vertex startVet) {
[l TRIBHFES
List<Vertex> res = [];
// %MEES, BFEREMIBRENINSR
Set<Vertex> visited = {};
dfs(graph, visited, res, startVet);
return res;

RS 1 SRR AR 9-12 R,
HREERARER N PIEHE, FoRITE T — DHTHE 5 R I T
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- HBZARR MBI, FORMBIATAEZRE], FE T TS T IRRAE,

N7 INRER, EBCKIE 9-12 5SS GEK, fENHEEL (sE HEmE MR 8B4 DFS e, s
BT TIEMNIT S, (AIRHE [,

Step 7

BHFFI res

000

IEHIRE visited

(0o00@ }

ERNR:
s €D ssmEms
s @)

WHFF res

(00000 |

IFEE visited

(00000 |

e
sarT () tomEims
a0

BHFFI res

000000

IEHIRE visited

(000000 |

e
T () soomETmn
BB

=

e
s () samEms
a0

BHFF res

o000

BEES visited

(0000 |

BENR:
mEmR ) s
s @)

HHFF res

(00000 |

REEE visited

(0o0000 |

EE:
1w (@) SFrEHEAEE
RitsHEE, enEms ©)

BFHFT res

000000

BEKE visited

(000000 |

[ET#ABER:
= (O wrrsmEmABE
RikeosaE, RS E)
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WHAEFG res BHEFS res
MEEE visited A A BEES visited
3 . 2 3 . N

4 ‘ 9 ‘ J 12 4 ’ 9 \ (’j‘

|8 J /“\\Y‘ 5 J
@ ,

7 ‘ ¢ R ! ’ ¢ BRI
TR BIFf A SRR B E 518 AT BOSBIETRR
Atz EEE, EMERR SEITH RS (\w

BAHSHE - RABZETR

Step 9 Step 10

BHFF res

A A BHEE visited
3 .
e

‘ ¢ LA e
TR ) wFEsEmRBEsn
Bt g HEE, EHEmS
ma () 55xtEE, MRmER

Step 11

9-12 EMIERE ALl 5 3

DREE DL et 3 FA 51 75 W —2

SRR, WIS SR A R MR, AR, JeEIR T R RAR AT
PA, BNRBHEETISAINY o] DMERATEL, &R &,

D@ A, ‘R —7E =57 E R85 T —a - R 2pINNERE. BE JERE
P, eoR T =fumPiisedk, Amix =58 TREMLE,

2. ERESR

IR ALE: S TUSE SR 1k, 60 O(|V]) BHE; Fraasasiyin 2 %, 8 O(2|E]) ki
KB O(|V] + | E]) W,

SIS 5% res , IRTEA visited TSRS N V], BIAFRESEAS V], HiEm O(|V])

22 [H],

9.4 NG

1. EREIEH

- EHRTUSAAARN, AR — TS — 4RI R &
- METERIERR (BER) MniakR (), MXR (B) BAE&NEHE, RimENER,
- ARERZEATTAYE, EEEPIERTUEANE, ANERNERIU S ET R,
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- ARRIEFEMERERRRE, 81T B RPN, ERTRREE, 180 Rm P TiEs
AR IAETE, AR M e I & 2 L RCR IR, B3 A) S R Z .

- AMERMEM Z MERRFORE, 5 DEERN MR ¢, HAPEE DZTURRIATA WU, WRERM
X T RRFEFERE AT A 3R], (H TR R R A, PRI A RCR R,

- HATERPAVRERIS KN, A DU HONL B eIG R, MR E IR,

- WRIERVERIAE T, AHEERHATLT DA AR A", SRR T DA (R s A7,

- EIATH TSR RGE, W4, HIRERIE 5,

- BB —RRRE, BRE ¢ ikt P e O ) — AR 1

- ERT s R R EE ML, REY KSR, GBS,

- ERRERSCE LR M ERIR, ToR EN ERIARHER TN, HETIEIRLIL,

2. Q&A

Q: HREHE SRR FHIERIAFHI?

HFHER EARESRARNE XA —8: g “BiER—MaFy”, mhsaig “BiRR— PR
HI”o PATNBHESCRRIE S : In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.

FEARSCH, BEPAN— DA, AR DI XREAMANTRZ B R REF A2 5RI0 5, It
{NESZ S UL ) A i IR

Q: AREEE RS XA iR 22

FEAREEE S, MWRADTURHR, 20— PMRICEREE, whiREaEmREREZ NN, PoEhzE
HIRTAEIE 7 &

Q: TEAMER, “SIXNRAERNFTATR" TR 25 ZK?

A DURAERF . (BAESEPR A, AIRER ZAL IR SUNRHE?, HAMEIR TS AR Ay, BB IR T
RAERDNRIGFSE, XA T RIS “H A EARE” AT,



192

FI10E EF

Abstract
HWRZ—ARANER, BAIS8FFZEEEMMZ RPN AT, XaFa] DLPOEEIE B R,
ERXAI IR, F—IREE A RER R — MR ERHENE R,
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10.1 =—H&EX

—5&EH (binary search) BT IGRISH SRR REER, EFHEBIRINA R, SeH)h—FRRT
l, EEHEIERTRSEERXE NN,

Question
HE—NMKEN n WEEH nuns , TTERIEMNNEIRIIFHEY BEAESE, 1EEHIFREITER target
EZBAHAPHIRG |, HEHEANEZTE, MHRE —1 ., REEnE 10-1 Fir,

ERERERTHA
nums

BMANBEFHA nuns , ERBEIFTE target = 6

B 10-1 o EHORGIESE

I 10-2 fiw, BAVEWIGERIES i = 0Ff1 j = n— 1, SilfsREEHE TEMETE, REHERXHE
[0,n — 1] . EER, HESFRRHXE, HOEZL5HEERS,

BRE, TERHUTUL RIS,
L WREHERG I m = (i +7)/2], HP | | KRA FBEERIE,
2. H|Wr nums[m] 1 target BIR/NRR, 2N PR =FEN,

1. Y nums[m] < target i, UiPH target XAl [m + 1, 7] #, REHITi=m + 1,
2. % nums[m] > target i, BifA target EXIAE [i,m — 1] 1, FHHFTj=m —1,
3. Y nums[m] = target I, TiBHHE| target, HHIREIRSI m .

HHANEEETR, HREARERG/NNE, WRHEE -1,
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351 351
| 31 i ; 31 mi
23 2 | 23 %8
i 15 15
: 12 12
sannll sanill
= anl =1 anl
#® o 1 2 3 4 5 6 7 8 9 #l 0o 1 2 3 4 5 6 7 8 9
A A N A A
i b] i m b
RIF=—SER:
WAt i, j HIEABEETR. BTR 1. 8RR m= (i +3j) /2
mERRAXE [1, j]
Step 1 Step 2

| o

15
Y
=] =13 nll
:
bl

8"1
1 3 . 3
fom D - |
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 4 5 6 7 8 9
A AoA A A
i jom iom
BR—SER: RF 5T
1. HERA N = (4 +3) /2 1. 8RR m = (i +35) /2
2. ~ nums[m] > target
Step 3 ~ BT § o= om - 1 GNERKE Step 4
23
#l o 1 2 3 4 5 6 7 8 9 #l o0 1 2 3 4 5 6 7 8 9
Aoa A Aoa
m i j im j
BEF=SER: EF=SER:
1. H&hE m = (i +3) /2 1. itBFE m = (i +3j) /2
2. = nums[m] < target
Step 5 S HIT A o= oo+ 1 GNERKE Step 6
o Zm i H
#l o 1 2 3 4 5 6 7 8 9
A
m

EF TR
1. HHbmm = (i +3j) /2

2. v nums[m] = target

step 7 | - EERS|

K10-2 —orEinkE
ERERRE, BT i f j &R int 288, Wt + j nIRESEIE int ZMIHUETER, O T R EGESR,
BATEHERALR m = [+ (j —1)/2] KHEFS,
AN R

// == File: binary_search.dart =

[* ZHEH (WHAKE)  */
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int binarySearch(List<int> nums, int target) {
/] EeNEAXE [0, n-11 , Bl i, j #5lERHEETR. Exx
int i = 0, j = nums.length - 1;
// &, HERXEmATHBE (&5 i > j BAT)
while (i <= §) {
intm=1+ (§ - 1) ~/ 2; // HERSES m
if (nums[m] < target) {
// WIEREE target 7ZX(E [m+1, j]1
i=m+1;
} else if (nums[m] > target) {
// BRI target XA [i, m-1] A
j=m-1
} else {
// #EBirtR, REHZES]
return m;

I
hy
[/ RIHEFIBfrTR, &E -1

return -1;

}

IMIEAEN O(logn) © TEZMEHT, XEERG/N—F, BIIERREN log, n .
BREREN O(1) : H5EF 0 A1 5 HAEER IR,

10.1.1 XjEgRRAE*

BT EAMEAKIS, BN RERES G KR, 28 [0,n), BEURESHEY, HiR
FOEHG, T, KN [i,]) i = j /N2,

BATT AR T %R R LI A A MR DIRER — B E L
// == File: binary_search.dart =

/* ZHEKX (EFAGFKE) */
int binarySearchLCRO(List<int> nums, int target) {
/] e EREFXE [0, n) , Bl i, j H3EEHEETE. BE +1
int i = 0, j = nums.length;
/] &, HEEXENERBE (& i = j BAT)
while (i < j) {
intm=1+ (G - 1) ~/ 2; // HEHFSES m
if (nums[m] < target) {
// WIERIRE target EXE [m+1, j) &
i=m+1;
} else if (nums[m] > target) {
// WIEREEE target 7EX(E] [i, m) &
J = m;
} else {
// #xEIBirmE, REIHZRS|
return m;

I
hy
/] RHxEIBfRER, &E -1

return -1;

}
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nE 10-3 iR, EMMXEFRR N, Z0&EREERGML, BRI NXRERCE & A B FEL,

BT “KAXE" FoRAR AL SO SO AX R, RIS fEE 4 AfaEt § 25N X R AR EtUR X AR
Mo XFEEAA G, Bt —BEBCRH “WHAXE” 1574,

TF |

?%I\“@ 1 2 3 & 5 6 7 8 9"‘ ‘“m 1 2 3 4 5 6 7 8 9"‘10
i ERARGEsEs j i kLResas BORTEZASE  j
EREE: WHAKE [i, j] EREE: ffAFKE [1, j)
MiEdkisst: i =0, j = n - 1 Piatkied: i =0, j = n
BIFBLESH: i > j BIFEIESM: i 2 j
GVKEBEE: i =m+ 1, j=m-1 BOIEERRE: i =m+ 1, j =m

& 10-3 MARIXTAIE X

10.1.2 hRS5KRMRHE

Y EARAE I TRV ) 75 T AT A R4 RO PERE

BRI TR RCR . FEREURR R, A A R 24 B R, B, 48R AN n = 220
I, it kaRE 220 = 1048576 5AEHF, M/ EHRIE log, 220 = 20 #B1BHK,

© S ERIEARONE ], R TREGIIINERNEREE (BIRREDR), —o&EHeEnTE s
[Al

R, ZoEPGHEERTITAEER, EEAELITER,

C ZOBEBRUERTAEREE. AWMABIETTE, N TER B ET T, 5% B
Hp BN R EREERE N O(nlogn) , HWEMEBM —H&EREES, N TMEMATRNT R,
N A Y, FEETTRBATREMNE, NHEEREN O(n), WEIFEHHEI,

- ZERCGER T, BTN ARESH) JRoTER, mAERERHHAITERERTT FIHIRK
BRI, RIAIE S W 7E HER s T HER SR BUREE .

C NIRRT, AMEERIEREEMLE, ALRMEERT, SRATE LIRABHRCE; ME_DERH, TE IR
A, TIRERIE, 1~ 3 RAIrRIE. 1 0000% (TR, 3t 4~ 6 MEycife; B, SEEEE n BUhN,
LA M = B R,

10.2 ZREHIBAR

BRI TERERTER, EAIH TRRIF 22, AR B TR AEA G E,
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10.2.1 EEETENER

Question

HE—TEEN n ERFEAH nuns f1—JTE target, HAARFAEEILE, I target i
A nums /1, FHERFFHA R, HEEAFPCFEETE target, NEEAZIHEALT, HREFHAG
target TEEAHHIIERSG], REENE 10-4 Fr7R,

nums

BAR A target

nums

WAEFHA nuns , BARTER target = 6
N target RYEARERSIH 2

10-4 =0 ESFEARURIEE

U AR b0 Y EERARAS,  MUARTEIEE A R AN
W YEE R target I, HEASIIERS| R A RIOLENRS|?

A H KK target AR ICEN AL, XEWEHH AN target Bt 75K target B E, ik
U, YEAME target I, FHARPEG IR X target &S,

M MEEHPAEE target Y, AR TRIRG]?

AP EFZNEDBIERE: S nuns[m] < target B ¢ B3], XEWETH « FEAKTHT target FTHR
i, FEE, 5 j SRRV TR T target LRSI,

HIE i — A i RIS NAT target 0, jHRAE AT target UTEE, SIS
% target B, WARGI N, RESURAR:

// == File: binary_search_insertion.dart =

/* ZHEHIENR (TEETR) */
int binarySearchInsertionSimple(List<int> nums, int target) {
int 1 = 0, j = nums.length - 1; // #%A&NHAXE [0, n-1]
while (i <= j) {
intm=1+ (G - 1) ~/ 2; // HEHFSES m
if (nums[m] < target) {
i=m+1; // target #EKX(g [m+1, j] &
} else if (nums[m] > target) {
i =m-1; // target 7EXiE [i, m-1]
} else {
return m; // #E target , REHEAS m
¥
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I
// FEF target , REHEAS i
return i;

h

10.2.2 FEEETRENFER

Question
£ F—# A L, e dr S EE TR, HRFE,

BOREEHFFAEZA target , NIEE B AGEREIHAF— target MRS, MILEEIZCENA
BGibieH £/ target,

i H SRR B R AR R A1, P A% B ERE A PR E 4 target KRG, V15 EETE
10-5 F7RBI2D BRSEEL,

L T =&k, SEER—A target (RS, EN K.
2. NR3| ETIHG, aEfTatieli, SEREIREIIN target FHREL

target

X ,.A\ 7

1. EZHERIEFE—T 6
2. BEMEHRIEIRADN 6

10-5 ZMEEE TR

WITIEEIRATH, ([EHAELMEER, FIENRAEREN O(n) . YEHPFERLELRN target I, %
TIERERR AL,

P B R o BN, A 10-6 FioR, BARERFAZ, SRIUHHEFRRII m, A target
Fl nums[m] BIR/NKRZR, 20 WA ILMIE DL

- Y nums[m] < target 5 nums[m] > target i, WBHIRKETRE] target , [RIHRAHEIE &K
HIgE/NX EERVE,  MTIESREL < A 5 1) target SEIA,

© Ynums[n] = target i, BH/NTF target MICEREXE [i,m — 1]/, FHRHj=m — 1K
/X R, MmERRER § MY target ByCERIR,

MEsERUE, @ fRARAIAN) target , j4RIAIE /T target KTR, BRG] @ g2 AR,
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15} 15}
| 12 [ | 12 i
i 10 i i 10
6 6 6 6 6 | 6 6 6 6 6
gl | g1
*ia > m
#l o 1 2 3 4 5 6 7 8 9 #l 0 1 2 3 4 5 6 7 8 9
A A A A A
i j i m j
BF &R
ek i, j DIEABRAETER. BTR 1. 8RR m = (4 +35) /2
WERTAXE [, j]
Step 1 J Step 2
15 15
12 [ 12 []
10 10
6 6 6 6 6 6 6 6
mE 1l E 1 {
il = m
#l o 1 2 3 4 5 6 7 8 9 #l 0 1 2 3 4 5 6 7 8 9
A Ao A A N
i jom iom bl
BR_SER: BR_SER:
1. W&PEm= (3 +3) /2 1. 8RR m = (i +3j) /2
2. v nums[m] = target
[ step 3 ST G = m - 1 BIMNERKE Step &
15 15
12 [ 12 []
10 10
6 6 {6 616 6 6
5 1 1 5 1 mi i
= LM = o D
#l o 1 2 3 4 5 6 7 8 9 # o 1 2 3 4 5 6 7 8 9
A Aa
m i j im j
BR_SER: BR_SER:
1. W&PEm= (i +3)/2 1. it8FE m = (3 +3j) /2
2. ~ nums[m] < target
| step 5 ST A= o+ 1 RINERKE step 6
15 15
12 [ 12 []
10 10
6 6 6 6 6 6 6 6
3
b ‘1‘ H
4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
Ao A
j im i
EFR=RER:
1. 8RR m= (i +3)/2 v FHREARM i< j
%o % CET] = GEETe - BRI SEF, EER3| i
| Step 7 ST G = m - 1 IMERKE step 8

10-6 B IREEITTRAHA R BE

WEZLLA ARG, HIWr793Z nums[m] > target 1 nums[m] = target RUERVEAERE], EIHFE AT LGS,
B, FATMIIRRT AR RIS ORI, (RN LB hniE T, nl ik e 4f,
// == File: binary_search_insertion.dart =

[* ZHEREAR (FEEERR) +/

int binarySearchInsertion(List<int> nums, int target) {
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int i = 0, j = nums.length - 1; // #BENAXE [0, n-1]
while (i <= j) {
intm=1+ (G - 1) ~/ 2; // HEHRSES m
if (nums[m] < target) {
i=m+1; // target EX(E [m+1, j] =
} else if (nums[m] > target) {
j=m-1; // target EX|d [i, m-1]

} else {
j=m-1; // &NMF target WTEEKE [i, m-1] &
}
}
/] REFEAR 1
return i;
}
Tip

ARG ESE “IHAXE" Fik, AX4EAREUETER “EHET ik
BHRE, 0B EstRsaiatt « 7 j oRiERER, BiRrlfER —MEAER TR (Bl target ),
WATRER —ICREE (Bl T target FI7TR),

FEARMRIFEER — o0 rf, fEEE ¢ F1 j #RRINEL UL E R iR, R, BTS2 RIREIER, gl
FE =1k,

10.3 “H&EHDBR
10.3.1 TRELOR

Question
HENDEKEN n WEFEH nuns , HPARERSEE LR, HREIKAHFHELE—NILE target
MR, HEHAPAEZIZTER, WRE -1,

M2 o BERIEA SR T, MRERE ¢ IBRRAE—1 target , BIEERIE A SAR FREERRE L —
A target M&RS,

FRIEIESA A SRS ER DR, EEE, BHPTRERES target , XAMENATRES AR
[

- ARG R,
- & nums[i] 5 target FHEE,

LEFIDA LR E G, BERERE —1 BIAl, AT RETR:
// == File: binary_search_edge.dart =

/% ZHERRE— target x/

int binarySearchLeftEdge(List<int> nums, int target) {

/] EMTEH target BEAS
int i = binarySearchInsertion(nums, target);
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// *#EF target , &[E -1

if (1 = nums.length || nums[i] != target) {
return -1;

}

// % target , REZE3| i

return i;

10.3.2 EHHLR

Mo &S R A —1 target WB? HRERZATTABBUANAM, BHAE nuns[n] = target [HIL T AIEE
Wk ttE. fRRFELL RN, A 4RI AT LB 17558,

AR TG T T,

1. ERERELR
SEPRE, FATAT AR A ERR A TCENRECRERR AT, BERAER: BERERA A target #ibR
A A target + 1,

N 10-7 FoR, BERGERUS, fEER ¢ SBIAERAE — target + 1 (WIRTETE), Wi j &4 —1 target,
[KgE3& 5 BIR,

target = 6
- (000000
j i j i
EREA—T
target +1
i
sHELA— sHEREE—T
target target

B 10-7 RESRADSEACNER DS

THER, BEFEARZ ¢, RIETRERHER L, MRS j -

// == File: binary_search_edge.dart =

/* ZHREHRREG— target %/

int binarySearchRightEdge(List<int> nums, int target) {
/] BUAERRAE— target + 1
int i = binarySearchInsertion(nums, target + 1);
// j EARE— target , i EBEENAKT target WTH
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int j =1 - 1;
// &#EF target , &[E -1

if (3 = -1 || nums[j] != target) {
return -1;

I

// %3 target , REIZES| j

return j;

2. BUATHRR

FAVHE, SBAHANLE target I, &% ¢ j 2oBHEREDNKT. /T target HITE,
Klt, 4niE 10-8 iR, FATAT DS — M A ERTTR, HTERAGLS.

- BEAE— target : AJDAEL AR target - 0.5, FHIREFEE .
- BHREA D target @ ATDAEE(LANEER target + 0.5, FHIRENEEH o

target = 6
nums
j i j i
=i =%
target - 0.5 target +0.5
Fh i
EREBE— EREA—T
target target

10-8 REHID AN EHRTTR

RS, DURRARUESER,

- BEBANE/NYL, RERERNTTIEAOO O FEAE S HI 15 Do
- PROMIZTTIESIAN T/, PR R R & target BONPEREEE (Python TEMEEN) o

10.4 PRFE{RILERER

FEREET, BAVHIEE RSSO EDOR SR IARN AR, B8 — D ERERINE
IE%Z'ZO

Question
B — DB nums MI— N HFRICE target , EEEEHFPIER “M1” N target HANICE, 7
RE'ENEE RS, RENEE—MEETR],
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10.4.1 ZM4E: UBEHRSEIE

FERARBHTARRENAS, WE 109 R, BODTE—NRIZIER, £l N2

target, fisE, WEIREIENINRS,

target = 13

nums =

BRFFEES, H&HMA
target FYZH SBR[

B 10-9 ZeMEBORMEMEC I

ARESAN PR
// == File: two_sum.dart =

[* FHiE—: BIOKE +/
List<int> twoSumBruteForce(List<int> nums, int target) {
int size = nums.length;
// WEEF, RESEREN 0(nt2)
for (var 1 = 0; i < size - 1; i++) {
for (var j = 1 + 1; j < size; j++) {
if (nums[i] + nums[j] = target) return [i, jI;
}
¥
return [0];

h

W IR TR E 24 R O(n?) , ZEREZERN O(1), EASERR NIEFFEN,

10.4.2 MEFEE: UTEHRATE

BN

BERMES - NamR, BENDHINBEHTRNITRRS . MR, SHRMTE 10-10 FRiiP 5,

1. HIWET target - nums[i] BEERARS, G2, WERREXMNMTRIRSI.
2. RFREEX nums[i] FIRS| 1 IRINEEIG AR &,
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target = 13 target = 13

nums = ‘ | ‘ nums = || 22 ]as |

[ key TR key TR
map = map =
ot d =3l D db w3l
EHEAE nums BHHAE nums
13 - 2 = 11 £ map © 13 = 7 = 6 FE map
~ RTTE 2 HME map ~ RFTHE 7 Fit map
Step 1 Step 2

target = 13

nums = || | ‘

TR

T T BE

BHEA nums

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

10-10 i BHMEA FOR AR L 1

SRS AN AR, AR EIEIARI AT
// == File: two_sum.dart =

[* FEZ: BHBIRER +/
List<int> twoSumHashTable(List<int> nums, int target) {
int size = nums.length;
/] BBIRER, TEISEHRERN 0(n)
Map<int, int> dic = HashMap();
/] BEEF, NEIEREA 0(n)
for (var 1 = 0; i < size; i++) {
if (dic.containsKey(target - nums[i])) {
return [dic[target - nums[i]]!, il;

I

dic.putIfAbsent(nums[i], () = 1i);
F
return [0];

BT B IA TS B I M O (n2) 1% O(n) , KIHRFHETAE,

B TR — DMSMIIR TR, FILRAERER O(n) o REWMIL, 07 IARRIKN 2208 5 0 P,
Pt e R AR B AALAFE

10.5 EIRERTZE

ERBE (searchingalgorithm) FIT1EEURE (BIAn%eH, R, MelE) FFER—-Tel—HilR e s
HHITTR,
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TR R SC BRI 7 N DU R,

s EBIREHRE AL HbR TR, IR, Bk, RIAEIRE S,
- FIABIRHAG SR BIR R EHIERFER, KMRPOTRER, H10=0EK BN R
EIKF,

KRB, SRR RER EAE T E A, R R T ROPRUIFARAE AT, Al
FMEIRGIMATIN, EHaFIERETE,

10.5.1 #HiEHE

2R FEE L BRE RN TR RE M B,

- BMEERT G TRAMBER S RIRS ., ENBUREMN TR, BATIRTER, EEIKE
HArTeREENA S —u e I E H ARt R ik,
© CTTREARSEERT R ERT R ERIR B PR RS RS R M T RTT IR E
R, HIELIZYIRSE N TR WEMERMET RITE, HE —SREEEERIEL, BRWH 20
fbigie, EEEh e MRS,
RIERI R R HIBAMELE, JA0N RS BRI B MO BIRE T .

AT, ERFIRRINTPISE R O(n) , Hn e, FIESdE & ERmIE N PR,

10.5.2 HiBMEEH

FIEMERA BRI AR (BlnaE R RIUERIERE, s mRotE A B ARt R,

- CTEWT MABUENA P ERER, (UEHTEE,
- IRTRERRT MR R REIEN B R EEEE O E R, TSI R,
- BT AERPERIEERY (B0 SARERR) o, B TR R EDR PR T A, ITE AL HRRITER,

KRR R, IR AN ATk O (logn) #% O(1) .
ST, XL T B SR T AU, B, — 5 B U AL (FHE S, TA T 2EHR AT
BT B BN RRAS R, S Rt At T B A NI T2 0 P44,

Tip
HiE VS REEFRCOVERED, REHFERNReBIEaahuER R BinocE,
10.5.3 #EFEGEEE

BERNN n —HEHE, BT DMERLREER, o0& WEK BAREREZMITENHERE R
TLR. B NIITAR TAERERANE 10-11 FivR,
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14EFE 0(n) BEEK 0(1) N key i value

BETSEEPE 4

CaEs L |
ZREH 0(logn) WEH 0(logn)
ES LRI
TWERTR
18880860000 h
~—

RIESIER F g ERX )

K 10-11 AR

ERTURMTTIRRBRAERBCR SRR 10-1 FR,

®10-1 EREFHCRM LT

RMHER TAER ML EEEEp
EHITR O(n) O(logn) O(logn) O(1)
fATCR O(1) O(n) O(logn) 0(1)
HERTTZR O(n) O(n) O(logn) 0(1)
Livlesls| O(1) O(1) O(n) O(n)
HE At / H7 O(nlogn) ## O(nlogn) AR O(n)
YRR G A TeFe A A TeF?

RREIRANEREIOIE, RIEREZOR, BURE 5 EiiRE,
MR

- JERMEELE, TAULEEETSE IR, RNBA N T E R —REE, B2 HA =5 AR B E A P

AR T FE S M HE AR AN TRDE 2B K
- ERTAREVNTEEE, HIEOL N AR SRR IR,

- ERTEIRERORE SRR, EONZTT AN TR B EA T TR NME

AR

- OEHTRBIERREN, BRRMEE, RENAEREN O(logn) .

- BUERAREE R, ROV R TR EE SR A A
- NERT EIE BRI R, ROV R,
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a7 AR

- EENERERRE RIS R, PENEESREN O(1) .

- NEAFEAFBIRSGURERIR, ROVRH RICE4ET B0 H P,

© X TR R RSO 7 PR AL PRI AR M A s, BRI PERE S (LR

- PESEIRRLKRIIEN, ROV RFT LTINS AR EATEEHR moR, Wit R e & ik

i
PR

- JERTEREE, OV AN R BUE BRI,

- EETREGEA PR E AR R,

 TERPSUENTT SR AR, ISR ATRE AR, NRIERESEE O(n) .

- H{EA AVL W EREL R, WA THRIERLE O(logn) FER FREIETT, (AP RF- 8 R E S8
ST

10.6 /h&E

1. ESEH

L A EEHREERI R, RS IR YR K MO T AR, CE SRR ARIE A, HAX
S TR s T S ST B 44,

R IEREE R T (AR, SRS TR, TR R AR (R
SERTEAN, HRIEMEL, TANSERIE R, ENAEZE O(n) 5.

- IRTEER. WA AR T RRUL 2, MITER SR o B B AR, RS
g5, WAEZREE O(logn) #% O(1), (L@ HEMBEIMUELS,

- i, RANEEASGRIEL MRIARER, NIRRT E R RO BRI, MRS
BRI

SRS VS E TR BB T, HF IR, 1A ARSI TN
SRR ELTE AT A ISR s S T A B W A S 25 0 KT S

- BT S E R — R R (L2 T IR IS, SIS 24 A O (n) B% O(1)



208

F115E HF

Abstract
He it an —HORHRELZ AR P RO BETA AR, (HFRATTRE DATE SR 77 U R 5 A AR
o BN, RE 2T RHA, HramIRiIEr TEIRNFIEER,
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11.1 HIF®EE

HFE% (sorting algorithm) HITX —HEHRIZRKHE N EITHS . HFEREET 2N, KGR
HdfEid H RE B E SRt E R, AR,

e 11-1 Ao, HEr REETHROBERER R A DU RS, TR PR E TS, HE AT RN AT AR R 5k
B, WEEFR/AN, FAF ASCIL RBJIfT 8 E & A,

BRBRBFANEFER
20800800 (o]s]2]s]«]s]e]/]
RRTFHEHFTRES
CICDEIEDED = CHEDECIED
HRERAEXHANHFEFH S

G00A00G OoGcocDd

B 11-1 BESEERAI AL =51

11.1.1 N EE

BT BT EHER RN R EAERER, HEEAERERERD (NRIEMEFREEITE /N, X
FTREGEEMIEN, BITNREETNNEE,

P AR, Rt S T R A AR R RSB, IS BhERAN B, T NAE.
BEBNT, FRHHEREIERs @R D, BITHEE M E R,

ettt BREHFAESHTE, S CEEREHE IR A & 4K ZE,

REHF 22 H R 2B, RIRBNTE — MEEEAEERIRK, 6B 15 2 519524/
FS, EIXRMEN T, ERREHRTRES B0 ABIE A ks

# BMASIERRRY R HIFITS

# (name, age)

('A*, 19)
('B', 18)
('cr, 21)
('n*, 19)
('E', 23)

# BRISERIEREHFEZRERHFIIR,
# £58ch ('D', 19) 1 ('A', 19) HUHEMMIENRT,
# WNSIEREZHIFEREL

('B', 18)

('n', 19)
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(A", 19)
('e', 21)
("E', 23)

FUENTE: BERHERERA M A SR T AR E SR AR, RBERARRRER, BIENHF
SRR B I TR 52 2% 3 (L TP XI N TR B R

REET IR EFHRHHEIFRBTEIEER (<0 =, >) RAWTTRIMSRE, MR,
MIGRANHEAEN O(nlogn) . MIFLLIRHFE A LEIZHERT, NEERENE O(n), EHEHME
LERS R e

11.1.2 IPEHIFEEE

B, b, e, BIEN. @M. B, 25 NEMARLZ ISR E D FITERIERNHE R B, B, fE
R HIAN, FERE B AR R AR R sk R i,

Bk, BATEILEE S SRR, HET FR IR X 5N HE R BRI LR O T 50T

11.2 #&FHF

EEHF (selection sort) AYTAEFEHEHER S THE—MER, SRMARHF XEIERR/DITTR, KHK
FEH P XRARE,

EEHRI RN n, ERHPRRTERENE 11-2 or.

CWEIRESTR, FrETCERAHDE, RIARHE (R5D XEHN (0,7 — 1],

CEEXE] [0, n — 1] FERANER, HHEERE! 0 RTRRH, sEmfE, Bl 1 MRy,
CERUXE [1,n — 1] s R, FHSR5| 1 ARTTRH, selfE, S 2 MRy,
- DA, 23 n — 1 AR S YR, BT n — 1 DTREHR.

AR - NTRBERRATTR, T, BRI M,

g W N -

KHIFRE FHIFXE

. @ e (@0
. i
i k
818 818
iﬁ‘ﬁ*ﬁ”‘?ﬁlﬂx BEFER/TTR nums[k] iﬁl’ﬁﬂ%ﬂﬂ?lzlﬂ, BEER/NTTR nums[k]
ZHBTR nums[k] FRHFXENENTE nuns[i]

Step 1 Step 2
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KHIFXiE KHFXE
i N
!_2 ik ﬁ_z ®ik
SEFRHFKE, SERIEE nuns(k] oS ——

ZHB/TTR nums[k] FFRHFXENENTR nuns[i]

[ Stenks ] Step 4
KHFXE RHFXE
-~ GO0000 - @00008
i k
g_a 0% g 3 ®iE
SR, FERITE nuns k] SEFRARE, HERITTE nuns[k]
ZTTR nuns[k] FRHFRENENTR nums[i]
[ Step 5 ] Step 6
RHFXE FHFEE
- (00000 - (00080
i k
g 4 % g 4 W%
JEHRHFXE, $ER/ITE nuns[k] ﬁl%%ﬁ;ﬁg[ﬂ, $EiER/NTE nums[k]
ZTTR nuns[k] FIRHFRENENTR nums[i]
[ Step 7 ] Step 8
RHFXE KHFXE
nums nums u 4 5:]
A A -
i k
g 5 % g 5 %
BHFRAFXE, EERTR nums[k] iﬁl%%ﬂFﬁEiﬂ, HEERTER nums[k]
ZTTR nuns[k] FIRHFRENENTR nums[i]
[ SxD O ] Step 10
SKHEFEE
nums
TR (RR—TREH
F)
Step 11

B 11-2 &R P R

RS, FATH k RICFARHF XRINAR/NTR:
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// == File: selection_sort.dart =

[* EFHE */
void selectionSort(List<int> nums) {
int n = nums.length;
[/ MEF: RKHFEXER [1, n-1]
for (int i = 0; i < n - 1; i++) {
/] RAER: REIXRAFXERNNRINTTE
int k = i;
for (int j =1 + 1; j < n; j++) {
if (nums[j] < nums[k]l) k = j; // iER&/TEHERS]
+
/] Bz amRSRHFXENE N TERR
int temp = nums[i];
nums[i] nums[k];
nums[k] = temp;

11.2.1 Hii$E

- IMBISAIER O(n?). JEENERHERE: SMEFRIE n — 140, F—RIAHFXAKEN n, FE—
FIARHEFF I IR 2, BIESAMEFR RIS n, no— 1. ... 3. 2 BONGERF, oRfny Unt2)

- RWAARIER O(1). JRHLHERE: $55F i A j BEAREOC MRS,

- ARRUEHE: Q18 11-3 FoR, 0% nuns[1] A ATREREAS IS 5 HARSEINTE R, SEE AR
W R

FHFRE

oo
PITE—RIER

FHIFRE
808008
TR E—REREE,
AITTTE 4 BERUERET HE

11-3 JEFEE A ERE R

11.3 BigHiF

B8HF (bubble sort) JEILIESIM AL S SHAHARTCR LI F . XML EG IR T2 AR — 4%,
54 B
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i 11-4 foR, B RE AT DRI TR A BRI B B e T G AT, MRIR EEE AT R R
AN, WER ETER > AR A BERE, RRRITTR SRS EI AR B .

nuns °g°9°o nuns oaageo

RHEmRm—H e

TEANSEREFRIELL
MEEGBRHESTR:

v HRE > Gk

nums - DX TEE

| Step 1 Step 2

MEZGBHESTE: MEEGEHESTE:

© AR > AATR v EATR > BlTR

o XN TR o R NTR
Step 3 Step 4

nuns 060000 nums g°g°é°

NEZEEFHESTE: MNEELBHENTR:
v EATER < AlnER v EARR > BlnE
. BRAT - TERATTR

| Step 5 Step 6

KIE %

{1

8 n-1 AREAHE |

BHTERSE,
RARERTHKE

Step 7

11-4  FHTCER R ERAU E

11.3.1 E&EniE

REAHNKE N n, EiEPE2EINE 11-5 frr.

LB, Mo AmRMT B, REENERITRE IR IETAE,

2. TR, MR n — 1 ATRIT "B, #8 ROrRMEIETAIE,

3. DU, Z2idn — 148 “Bil0” J5, #in — 1 KROCRMPEHEIERAE.
4. PG —PReERRITR, AR, EIEHH K.
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R Bk
s

- 00008
ooDono

MITE 2 BEER

HITE 3 ®EER

a0 @

miTE 1 ®ER.

WITE « ®EA

0800

HiT# 5 ®EE

088000

FTRHFE (RR—MaRTAHF)

K 11-5 Bifriite

AREE AN
// == File: bubble_sort.dart =

/* BHE */
void bubbleSort(List<int> nums) {
/] 9MEIR: REEFEXEN [0, il
for (int i = nums.length - 1; i > 0; i--) {
/] REFR: BREFEXE [0, i] FHRATERBEZXENRGIH
for (int j = 0; j < i; j++) {
if (nums[j] > nums[j + 1]) {
// X% nums[j] 5 nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 11;
nums[j + 1] = tmp;
+
}
b
I3

11.3.2 ¥EMRKL

SRR

[01

[o,

[o,

[01

[o,

[o,

5]

4]

3]

2]

1]

o]

BAVRBL, RS B rPEA TR E, WIS C ARy, ATEROREIZR, Kitt, #]

DA —RaB AL Flag SKRETTIZXAMELL, — B Iz RLR[EL,

i tife, B HRIER MR RERER S RE TS O(n?) ; H4MABHRLEFN, AsE]

RS 20 O(n) «
// == File: bubble_sort.dart =

/* BiEHE (rEMmL) =/
void bubbleSortWithFlag(List<int> nums) {
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[/ SMER: kHFXER [0, il
for (int i = nums.length - 1; i > 0; i--) {
bool flag = false; // #IAARENL
/] RER: BRHFXE [0, i] PRRAKTEREEZXENRAIK
for (int j = 0; j < i; j++) {
if (nums[3j] > nums[j + 1]) {
/] X nums[j] 5 nums[j + 1]
int tmp = nums[jl;
nums[j] = nums[j + 11;
nums[j + 1] = tmp;
flag = true; // BRIMTE
+
+
if (!flag) break; // ¥ “BE" RXXGEEMAITR, BiZBH
+
}

11.3.3 B

- MEEAE N O(n?). EENHDY: &5 “EI BHSAKERII n — 1, n—2, ... 2 1,
SR (n — 1)n/2. 5N flag RALE, SERAEZRETLSS O(n) .

sl AE N O(1), FRHHERE: $55 A j EERIRROR MOAISNES L,

- REHY: BTE CHI BB A,

11.4 {HENHEF

ANHF (insertion sort) Z— R RAVHEFRIL, R LIRS Fo) M —aIr I R IEFE AL,
BRI, BAMERHFXEEZE P EETR, FizooR 5 HAMEHFR XRFTTRE —ERD, FHR
ZICRAAZEFAIN B,

B 11-6 Jeom 78I A TTRIVIRIETRE, IREMEITTR N base , FAFZRMEIRRGIZ] base ZRIFIFTH
TLRAGRE 0, RER base WES HIRRS,

) =%
280088 -

nums[5] = nums[4]

& 3 #EAE nums SN N
. N FAGTTERAR
EHF R G sesn—n | B EEEE

nums[&4] = nums[3]

£
EEEERE

nums[3] = base

zenss L 2000008

B 11-6 BAUEAIRIE
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11.4.1 EERIE

AP R ME 11-7 Fror.

L WIS, BARS 1 D aRe e,

2. IEBCBEHRIES 2 N ICRIEN base , KHMAZIEMES, AN 2 ATREH.

3. JEHUE 3 NTRIFN base , KrHIBHAZIEMMES, AT 3 MeRcH.

4. DAHSEHE, fEf/a—ferh, EIRE— P ITRIEN base , KHMAZIIEMVBS, FifixscHiy.

BHFEE

[0, o]
[o, 1]
[o, 2]
[o, 3]
[0, 4]

[0, 5]

K 11-7 fHAHFE R
AREIRS AN R :

// == File: insertion_sort.dart =

/* HENHERE */
void insertionSort(List<int> nums) {
// MBI BHIFEXER [0, i-1]
for (int i = 1; i < nums.length; i++) {
int base = nums[i], j = 1 - 1;
// RfEF: ¥ base WAZIEHFEXE [0, i-1] FWERAUE
while (j >= 0 && nums[j] > base) {
nums[j + 1] = nums[j1; // & nums[j] ABHEN—IL
J--1
+
nums[j + 1] = base; // # base WEFIEHNE

11.4.2 HiEisiE

COWRERIER O(n2), BIERHEF: (EREHLT, S RESBEER R n — 1 n—2, ...
2. 1%, RFUIE! (n— 1)n/2, FIMIEZEN O(n?) . EBIEFEIRN, HABESIRL
1o WSS ERN, HAHFEAFIRER R4 O(n) .
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- BRERERN O(1), Wb 485 0 f1 j SEREEBO NSNS E
- REHEE: ERAREEES, ROSKTRBAZMHETRNEM, FEUEENRIE.

11.4.3 {HNHIFBRRLE

AP FEZE R O(n?) , TEAIERE: PO F IR R E 2% O(nlogn) » RERAHERF
AURTTRI S 26 s, (HAEBUR RIS, WAHE I E i,

XANEEE S RIEE I 0 BRGNS IE RO, PudHFIXE O(nlogn) MEZETETHIAK
IR ST, A S 2 AT R R, MiIESAREEVINS, n? Fl nlog n B HARSE, HAER
m SN, SRR TTRERE R SIPUE R

Khr b, WEHEES (Bl Java) RINEHFFRECRA THEAHF, REEEN: XTREH, RAET
SHAERMHIHF SRR, BIanpuEHy; N TEREH, BRERmAHE,

EORF I, AR A IR RS 248 O(n?) , (BAESRIGHLR, $ A HER M R 550%
Fea T HiEbrmEssiy, Z2E TR,

BT AR, TS — MR, S0 3 TR AN T LR L
B, R L NATER(E, R, I H TR B AR .

- SFER AR FEOTH RRIN RS O(n®) o RS SIS FIIEAR, R ASEFALSE b
PR

PRI RRLE, TS T .

11.5 HRiEHF

BREHRF (quick sort) JE—RUETIARISAGHEF FIL, B1TE, M 7Z.
PIEHE R OERMER “IHIERI D", HEMRE: SRS PRENITTRED R, Bra /TR
HUTCRBEHAAM, AT EMEBETRBEHAM, ARG, HIXIRREmE 11-8 For.

L JEBEE BT R E N EE MR, WG NMEEE 1 0 § BB EE AP,

2. WEMER, EERPER L ) AHSEEDHEERR O BT, REZRZMNTER,
3. TEM AT R 2., EHE 1M j HIBNELL, &EREEBESRER DT EEH 5

Step 1 Y- Step 2 =
left ht left ht
v v
w @ o
A A
i J J
right) right)
nums[left] MM # B nums[left] HEMK
d nuns[3] > nums[leftl: & WEBAEREMNFEEKOTE nums[3] > nums[leftl:  # WAREREM\FEEMNTE
d nums[i] € nums[leftl:  # MWAERAREMATRAMNTE nums[i] € nums(leftl:  # AEREREMATIREHNTE
i4=1
nums[i], nums[j] = nums[3], nums[i] # TRRFENTR nums[3] = nums[3j1, nums[i] # RXFATR
nums[il, nums[left] = nums[left], nuns[i]  # HEAHSHMERFRANHRL nuns[left], nuns[i]  # BEEHEMEBFHANSRE

rrrrrr i # EEEESHRS| # EEEREHNRS|
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FNE

Step 3 F-3574 | step 4 =35
) left right : left right
v v
ol [ [ [ ][]
A A
i b
def partition(nums, left, right): def partition(nums, left, right):
[ HERIS"
i, j = left, right # B nums[left] REEH i, j = left, right # LU nums[left] REEH
while i < j: while i < j:
while i < j and nums[3] > nums[leftl:  # MAEEAREMIFRRBHTR while i < j and nums[3] > nums[leftl:  # MEEEREMNFRERNTER
3= 1
while i < j and nums[i] < nums[leftl:  # WEBAREMATERMENTE while i < j and nums[i] < nums[leftl:  # WEBEREIATRRMITE
i+=1 i+=1
nums[i], nums[j] = nums[j], nums[i] # REXTENTR nums[i], nums[j] = nums[j], nums[i] # THXBANTTER
nums[i], nums[left] = nums[left], nums[i] # BRERTRERFRANSFE nums[i], nums[left] = nums[left], nums[i] # BREBTRERFHRANSRE
return i # EEAERNFRS| return i # EERRERS|
Step 5 E%:5d Step 6 %54
: left right : left right

v v
nums annnaa
X4

i3]

def partition(nums, left, right):
BRI
i, j = left, right
while i < j:

while i < j and nums[j] > nums[left]:

# B nums[left] JEMEH

# WEREREMINTFRERNTE

nums

B
j
i

def partition(nums, left, right):
IR
i, j = left, right
while i < j:
while i < j and nums[j] > nums[left]:

# B nums[left] JEMEM

# WEBEREMINTFEERTR

j-=1 j =1
while i < j and nums[i] < nums[left]: # NEREREMATRESHTE while i < j and nums[i] < nums[left]: # WERGREMATRREENTR
i+=1 i+=1
nums[i], nums[j] = nums[j], nums[i] # P DTH nums[i], nums[j] = nums[j], nums[i] # SHBXFDTTR
nums[i], nums[left] = nums[left], nums[i] # BRERTRERFRANS FLE nums[i], nums[left] = nums[left], nums[i] # BEENMSRERFRANSIRE
return i # EEEEBAFRS| return i # EEEREERERS|
[ Step 7 ] E %504 Step 8
left right left EEH right

def partition(nums, left, right):

nums

def partition(nums, left, right):
MRS

emERA
i, j = left, right # B nuns[left] SR i, j = left, right # B nums[left] HEMMK
while i < j: while i < j:

# NEREREMINTFRERMTR

while i < j and nums[3] > nums[left]:

e

while i < j and nums[i] < nums[left]:

i+=1

# WERERE M\ FRERNTR

# NEBGHREMATRERNTE

while i < j and nums[j] > nums[left]:
j-=1
while i < j and nums[i] < nums[left]:

i+=1
nums[i], nums[3] = nums[j], nums[il

# WERERE AT REHETR

# ZWXFTTR

nums[il, nums[j] = nums[3j1, nums[i] # T DTE
nums[i], nums[left] = nums[left], nums[i] # BRENSRERFRANSRE nums[i], nums[left] = nums[left], nums[i] # BEEYSERERFHRANSIRE
return i # EEEEBRARS| return i # EEEESRRS|
Step 9

nums

HFHE

‘WIS TRE, WRMTRG
EFSAARTER < BEN < EFREERTE

B 11-8 MHR) o558

LRI G, RS =5 8, Bl A8, B “Er8AEETRE <&
R < HTFEAERITR". B, BN TRATBIZND A THR .

PR HER 1 7 6 R
M1 0 B SR U R — DB AR A HE 7 TR T R D B B I HE e 1]
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// = File: quick_sort.dart =

/* TTEXE */

void _swap(List<int> nums, int i, int j) {
int tmp = nums[i];
nums[i]l = nums[j];
nums[j] = tmp;

}

/*x BEEXIS */

int _partition(List<int> nums, int left, int right) {
// UL nums[left] HEELK
int i = left, j = right;
while (i < j) {

while (i < j && nums[j] >= nums[left]) j--; // MEREKENNFEERNTE
while (1 < j && nums[i] <= nums[left]) i++; // MERGKENATFEERNTE

_swap(nums, i, j); // ZEXFMPTE
}
_swap(nums, i, left); // BEEHZIBMEMRFEHAND R
return i; // REIEEHNESI
}

11.5.1 EERiE

PRIEHE R R AR TR AN S 11-9 PR,

L EE, MEEHPIT R WX, SEIRHER I TR T8,

2. g, MNEFEAMGFEAD NIRRT “THRID",

3. R, EEFBAKEN 1NEIE, Mm5ERE N EEHNHET

- 00000 “
FEE)3
aonoan

MY RIS
0|24
HIEF A CBIFEFHE -
Sy ¢ [o]s)

THEERIS

B : BRI

213813 E=J 1S E=J1=clE

T
:8 =
-]
8
8

1|2 4

0 3

7

K 11-9 Pkt

BEIFFHARIT TS
EEFHAKER 1 AL
BIEISERR B A
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// = File: quick_sort.dart =

[* R +/
void quickSort(List<int> nums, int left, int right) {
[/ FEAKER 1 &R
if (left >= right) return;
// HEXD
int pivot = _partition(nums, left, right);
/] BAEFEA. AFEA
quickSort(nums, left, pivot - 1);
quickSort(nums, pivot + 1, right);

11.5.2 HiEsE

- INREZREN O(nlogn). HEAWERNHET: EVIER N, WERIDHNEHEE logn , HEHH
EIEIAEC n, BUREEH O(nlogn) R, TERZEGNT, FHRIEERIRIERE n FEEHK
SREER O n — 1WA TEA, IEEAEE0RE n, SEPNERECYn, BEERA O(n?)
IR TRl

- EMERER O(n), FHHDY : EMABAZ2EFNERL T, KBHEERTRE n, /H O(n) tk
Wi ], HE B E R AE S LT, REBBEINIE,

- ARl EHENONRE P, RERRIRER P ERHFTRIA M,

11.5.3 REHF AT AR

MEFR ERERER th, PRIEHEFERCRITHN I ZAA —ERIE, REREHFR TN FEERES “AHHE
BT R CHERRRT MR, (HIEHEPOEHPPRIRCRE S, TEADITERER,

- BRI ERAME . BAVGRAEF MR ERFERE N O(n?), WHIDHITRE, B4k
ZEIEHT, PudHEFRETE O(nlogn) I RIE 2% NIETT,

© RAMERIRCRE: AEPITIHSRRIBRER, RGN T RANEEI %A, IR TRAIReRE
o MG “HEHER” XEFRFEBRERRVIFITR, MMERZIX R,

C ERENERRBUN: E ER=MEES, PR, E, SESERENERERD, XS
AT e BT EREE KRS

11.5.4 EEHMRK

PeidiHb s 2k A\ PRI RBSCR AT REREIS, 28— PHSmBl T, BRI ABEHZZ2RFE, BTHRIERE
RAITCRIENFNERL, B AE e iln, Bt E e ctim, SEETEARE I n — 1,
AFEAHARKEN 0, WHEATE, SHRHEXDERE D FEANKEN 0, 2IERIEKRR, i
BN “EiHR" AL BN,

N RERGIXAEOUEE, BT AL SR 53 vp A REHE RN BRI  filan,  FefiTn] PAREALIZE — 1
TLRIENEEMER, AT, s, SIRENERAFAEREEE, SRR TR,

WETERZ, WEESEEERIZE “REYEC . I RIATE X O R L A — DR B IR,
IR PO HE P IR TSR AT RES Lo
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NT PG, AR DERAAIER = MeEeR CER VAN E, B, FRoTR), HRIX=A1 ik
TCRAPPOBA AR, IR0k, B BB R RIREREERIEIR T, 9K, ABER A
VEHUE 2 e, DU — SR m IR, RAIXFOTIEE, NRERESLE O(n?) MHERAK

R4,
RERSAN T
// == File: quick_sort.dart =

[* EER=MEETENREL +/
int _medianThree(List<int> nums, int left, int mid, int right) {
int 1 = nums[left], m = nums[mid], r = nums[right];
if ((L<=m&&m<=7r) || (r<=mé&&m<=1))
return mid; // m &£ 1L # r Z[a
if (m<=18&& 1L <=7r) || (r<=168&1 <=m))
return left; // L& m M r Zj&
return right;

hy
[* HEXSD (ZHEPE) */

int _partition(List<int> nums, int left, int right) {

/] EB = MEETERIRAIEL

int med = _medianThree(nums, left, (left + right) ~/ 2, right);

/] BRI E AR LR

_swap(nums, left, med);

// VAL nums[left] AEEE

int i = left, j = right;

while (i < j) {
while (i < j && nums[j] >= nums[left]) j--; // MEBEEKRENMNTFEESRNTE
while (i < j && nums[i] <= nums[left]) i++; // MNERAGHRENATEEHRNTSR
_swap(nums, i, j); // HWXFW =

}

_swap(nums, i, left); // BEEHIMEFFHANS FRL

return i; // REIEEHZES]

11.5.5 BITREMK

FERLEA T, POdHbPlRE S Z R, D22 A R ARG, BEATFNFEHRE N m, &
M IR R A RN 0 A FBEHNKEN m — 1 A8, XEREES—REETE AR
AR RN CURD—A R, AN EERBE n — 1, HINFEZESH O(n) K/ E L,

NT PR R R, BATA] DIERRIE I 52 UE, AN FREHRKE, DO BRI v B
78, BTN FRAENKERSEE n/2, BHXAM7IEREFRBITRENED logn, MMPRRZES

I 2R AL O(logn) . ARRT R
// == File: guick_sort.dart =

/* HEREE GRITIREMMKL)  */
void quickSort(List<int> nums, int left, int right) {
/] FHAKERN 1 ELE
while (left < right) {
/] THERIDEE
int pivot = _partition(nums, left, right);
/] N FEA PRGN TIREHE
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if (pivot - left < right - pivot) {
quickSort(nums, left, pivot - 1); // B)FHFEAEFEA
left = pivot + 1; // FFRFXHFEXEA [pivot + 1, right]

} else {
quickSort(nums, pivot + 1, right); // #)IHEATEEH
right = pivot - 1; // FFREKHFXEA [left, pivot - 1]

}

+
¥

11.6 FAHHIF

JAFHHRF (merge sort) B —FETIERISHIHIFE, WEE 11-10 Fosmy “Xin” 1 G837 M.

L R BB IR AR B A AR TT, KRB A HE e ] R A S 2 O HE e 1) R
2. BIFRBE: HTFEBARKEN 1 INEIERY, THASH, Rt A2aM N ERERNE P EH N — P
KEHERFHA, EEEH,

UomMER

) MREA
2l o oS

BHHRE

11-10  AFFHEERIRI 5 B FFHT

11.6.1 BHEiRiE

i 11-11 Fow, “XIp BB IR R A R B2 b s ) A - 54

1. HEHHP A mid, AKX A FEH (XE [left, mid] ) MIEFHEH (XA [mid + 1, right]
Do
2. BWHAPITHE L., HEETRAXREKEN 1 H&IE,

“BIHHET WIRETR £ F ARG FEASH N - ME PR, FEEENE, NKEN 1 T84T
REH, BHMBHHEDN TEAEER AR,
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2080 J 2800
BERS BARS
( LR { LR
E#EH ‘ EH&EH [
step 1 | | step 2 ‘
#I3RI5 7
.- MREA ]
" LIRS LIERMF
E#EH <‘
Step 3 [ Step 4
MR | ¥l
LR LR
Step 5 Step 6

Step 7 Step 8
[
RIAYS ‘ >
= 7
EEH 2
[ Step 9 ] [Step m]

11-11 VA 38

MR, VAFFHEFP5 = SO i e i 3 3 U e 2 — B
Rl SR TR, FBIIA T, SRR AR A
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VFHbT: BT, MG, RELEEIF,

PFFFHEFF B SZ BN AR ARBS AR, TETER, nums BIRFSHEIX RN [left, right], 1M tmp AUXTRIX R
[0, right - left].

// == File: merge_sort.dart =

/* BHEFHANMEGFEHRE «/
void merge(List<int> nums, int left, int mid, int right) {
[/l EFHAXER [left, mid], AFFHAXEHN [mid+l, right]
// BIE—DNIEETERE tmp , BFERESHEHNER
List<int> tmp = List.filled(right - left + 1, 0);
/] B A F IR A FEA AR RS
int i = left, j = mid + 1, k = 0;
/] BEGFHAEAEETEREN, HITHERHFR/NITRERIR G EEF
while (i <= mid 8&& j <= right) {
if (nums[i] <= nums[j])
tmp[k++] = nums[i++];
else
tmp[k++] = nums[j++]1;
}
/] BEFEHEMEGFEHANTRIRTRER DGR ELEF
while (i <= mid) {
tmp[k++] = nums[i++];
}
while (j <= right) {
tmp[k++] = nums[j++];
}
/] BlEEEEE tmp FRTTEERILEELE nuns BIXTRZXIE]
for (k = 0; k < tmp.length; k++) {
nums[left + k] = tmp[Kk];
}.
}

/* VAFHERE */

void mergeSort(List<int> nums, int left, int right) {
/]l EIEEHF
if (left >= right) return; // HFEHEKERN 1 BHLEILEI
!l RIDBNEE
int mid = left + (right - left) ~/ 2; // itEHS
mergeSort(nums, left, mid); // @#FEFEA
mergeSort(nums, mid + 1, right); // B35 FEHA
!/ EHMNE

merge(nums, left, mid, right);

11.6.2 BiESE

WIS 240 O(nlogn). JEENERIHER: XI5 7R log n MIEIR, 2 A FEIMERIER R
Hn, HIEERFIEZEN O(nlogn) .
SN O(n). FESHDY: HITREEN logn , H O(log n) K/NGHIZI, AIRIER
TSI, [ O(n) kNGB,

- REHY: EAIEIENR, MR R,
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11.6.3 §#ERHIF

MTRER, VT A Rk AR BN, WL RERHIAESS B RS O(1) .

- RIorREE: ATDAMER AT B A7 SRSSNBERNI > TAE,  MIME 0836 I AR ],
© AIEREL: fERERT, TRIEMERCE TSI (EED BIRTSeE, RIEEFFME CRNADREE P EE
RAEHFN—DRAFHER) THOEBIMER,

HAASCIANTT LR 2%, A% A] DA R BRI T4 5

11.7 fHiE

Tip
PIBEATIR, EHRE S “H” E=,

R (heap sort) & FHERHREH SRR P B, BATA] DA B AR " HEHR(E"
“TURHHERRE" KIHEHE

L S NBEHIFRES/NTIHE, TR TR AT HET
2. AUWAIT HHERRME, MRUGCSRHHETR, RIS EIMWNEIRHF RIS,

PAETTIREIRAIAT, EFREMEY— NN R R HATER, AR, LR, ANER
— RO SE BT o

11.7.1 E&ERiE

BEHRIR N n, HEHERFRORURRANE 11-12 Fow.

L B ABEHFFRENLRTE, 5ehUE, RATTRATHEL,

2. BHEWOTR (B—IER) SHERTER (BE—1MIEHR) . e, HrIRER 1, EfFT
=HEML,

3. MWHETRTTEFFR, MIRBNRHITHEIRIE (sift down). SERUELSE, HERIMERSENES.,

4. FEINAATER 2. WM 3. o 1B n — 1§25, RIAISERcE T,

Tip
KPR b, JTREHEREPREESE 2. P 3. P, REZ T PHHTRNPE,
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- |
o ©
000

R RNET

t SERBAERT

nums
TR
| Step 1

o000

ENENKE SHFXE

A

N

nums

Step 3

U -

HNERXE BHFXE

e

nums

000

MNERKE SHFXE

nums

s

6 o

0060

ERRE EHFXE

~

EETR

IEHIF

1. MNBARFEE

S

1. BABEF R

2. EFMERRIBATE
(1) ZHSEMTRSHETE
(2) MTRERBITHEN

IEHIF

1. MNSRFERE

2. EFMERRIBATR
(1) ZHEMTRSHERTR
(2) MTREREFHTHEMW

S

1. BABEF R

2. EFMERRIBATE
(1) ZHSEMTRSHETER
(2) MTRERBTHEN

IEHIF

1. MNSRFEE

2. EFMERRIBATR
(1) ZHEMTRSHRTR
(2) MTREREFTHN

o ©
000

ERENKE BEHFXIE

Is =

| step 2 ‘

o000

EMWENRE SHIFXE

I N

nums

Step 4

[}
e ©
000

HNENXE EHFXE

Is I ~

nums

| step 6 ‘

6 o
ooo

MARKE BHIFXE
—

nums

Step 8

000

NENXE EHFXE

laeYs - ~

nums

[ step 10 ‘

SEHF

1. MINBERF R
2. BFRMEFRRBATR
(1) RETRTRSHETR

EHF

1. WABERHEE
2. fEFMEPRIBATE
(1) ZWEMTRSHERTR

SEHF

1. MINBURF R
2. BIRMEFRIBATR
(1) RETRTRSHETR

EHF

1. WABURHEE
2. fEFMEPIRIBATE
(1) ZBEMTRSHERTR

EHF

1. MINBERF R
2. BIFMEFRIBATR
(1) RWETRTRSHETR
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o
o o
000

HERRE BHFXE

- 00000

o
e o
000

EHFXE

w: (O8O0

SEHIF SEHF

1. MINBURF R

2. BIFRMEFRBATR

(1) HBETRTRSHERTR

(2) MNTREFRFTHEW

3. FR—ADTEREARE, HFTR

1. MNBABFHEE

2. EFMEPRIVBATR
(1) ZEEMTRSHETR
(2) MIREREH#THN

Step 11 \ Step 12

B 11-12 HeHE P 3

FERRDSEIEAR, BAMEA TS “HE” BHRE R R sift_down () BREL, (ESTERAE, HTHER
KESHMERBURATTRTEVD, FERNTFES sift_down() WEGRIM— 1M KESE n, HATHEEHER

HRTARRE, RSN NR:

// == File: heap_sort.dart

[* HWHKER n , MNT8R 1 iR, MNINEERHEWL +/
void siftDown(List<int> nums, int n, int 1) {
while (true) {
// FTHE i, 1, r PERKHTS, i84 na
int 1 =21+ 1;
int r =2 % i+ 2;
int ma = i;
if (L < n 8&& nums[1] > nums[mal) ma = 1;
if (r < n 8& nums[r] > nums[mal) ma = r;
// BEPE 1 BAREZES 1, r @57, WEmdtstd, B
if (ma = 1i) break;
/] RIEFET R
int temp = nums[il;
nums[i] = nums[mal;
nums[mal = temp;
/] TER AT
i = ma;
}
}

/* EHERE %/
void heapSort(List<int> nums) {
/] EMERME: HEARHT SUMIEMPIET R
for (int i = nums.length ~/ 2 - 1; i >= 0; i--) {
siftDown(nums, nums.length, i);
¥
/] MEPREUREATR, EF n-1 %

for (int i = nums.length - 1; i > 0; i--) {
/] REBTRESHRAEHTR (RIRETES5ETR)
int tmp = nums[0];
nums[0] = nums[i];
nums[i] = tmp;

[/ DIRT RS, MINERETHEN
siftDown(nums, i, 0);
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11.7.2 EE$4

- WHERERN O(nlogn). IEAERNHEE: EHERIEGH O(n) NE, MHEFRHRBURKTTRINHE
2EH O(logn) , HEHR N — 145,

- BEERER O(L). by JLNMESERMSHE O(1) ZH, TTRMMEIREE R R -
HATH,

- AFEHT : TEIHETTOT R R RN, ST RN A E AR AR,

11.8 HHiF

AR URHE P SR E R T “ BT IR RR”, e NEd BT R AR RS, R SRR
NEERETLHER O(nlogn) . # K, BATRHRNUM “GELRHIFRIE", ENIRIN AT DUS
FEMERT

#@HE (bucket sort) Z7HARMGHI— DN, Eild IR E L BAR/NMEFP IR, xR — P8
TEVOH], REUEFIDECEIS IS 5, EEIRNERDBIAITHY  REHLIREINT /& FrH SR &
¥

11.8.1 EEinig
BN KEEN n R, HoTSREE [0, 1) PENZAR. AHEF R RME 11-13 R,

L. #IaE kM, 8 n DICERIECE] kM,
2. MM APTHY OXERAGEE S HINEHFEED .
3. TZHRAE A NEIRRI R S 453

piisanll (05 ] 0.55 0.2 J0.09 [0.57[ 0.43 ] 0.51 [0.75]0.15 [ 0.7 | P RE P 7E
— e ) S SR RRHER
i HEMESIR
buckets S HR
HFRE
IR
BHER
LR

11-13 WA RRE

B0 R R:
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// == File: bucket_sort.dart =

/* @HE */
void bucketSort(List<double> nums) {
/] #E k = n/2 M@, RS MESE 2 NMTER
int k = nums.length ~/ 2;
List<List<double>> buckets = List.generate(k, (index) = [1);

/] 1. BEETEDRIZMES
for (double _num in nums) {
/] WNBIESEEA [0, 1), A _num * k MERIZESSEE [0, k-1]
int 1 = (_num * Kk).toInt();
// ¥ _num FRIDERE bucket_idx
buckets[i].add(_num);
}
/] 2. JFENERAITHF
for (List<double> bucket in buckets) {
bucket.sort();

}
/] 3. BABEHLE
int i = 0;

for (List<double> bucket in buckets) {
for (double _num in bucket) {
nums[i++] = _num;
}.
}
}

11.8.2 HiE4HE

MHEEE M TP A BIRRAEHE, BilaH, MABIRES 100 H1Icx, HTZERRE, RENFLE R
PEIEFT A EAE, M, FTRLREHE R 1000 M, Ao sl S MEETHY, BEREREH .

- BHESAIER O(n + k) © EORTERAA NN TEI M, I MIARTTRSEN 2, R
MR O( log %) I, IHERFFE R O(nlog ™) BHAL, RIS k HEEEAM, WA
REMEIT: O(n) . S5 RIEZRBATERATE, 1E2% O(n + k) Wi, EREWRGE, FEk
BER Y| MR, ELHEF AR O(n2) I,

- SRR O(n + k). TEFHDY: BB kMRS n S TRREIEE,

e R T R B THE R A R IR R TR,

11.8.3 HNEISCIFIY 53 Ee

NEHEP I A2 AR e ErTDUSE] O(n) , REAET RTINS AN, FOSiREdE a2
5o AaR BN, FATEENR = B RIFTA B R TS TEEFE B R 10 M, ER RIS 01,
8T 100 JTTAYAER 2, @&F 1000 JTTAYAER D ERMEXENFIRID N 10 D, S IMPR RS SEZEER
FEH K.

NSEBFEI L, BT DA — A RBY 0 SRR, RIS 2 3 MR, srlcsee)a, PR midh
BRI R 3 T, HEFAMPRTRBERBHIE,
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Qi 11-14 FoR, XA IEAR R B AR —ARIAR, BARZIE T REER TR, M, AR e
FRBARER 2N 3 M, BARKI 75 AT SE s s R TSR

BmiiE
(RS BUBRINER
S — g5y 20% 15%
MigXia  #HIELEE
HIEE — b 100-500 >500 <19 8%
10-20 13%
(@ 20-35 12%
18% 35% 12% 35-50 10%
. 50-100 12%
<10 10:50~_  50-100
T _ 100-500  20%
- . e >500 15%
13% 12% 10%
10-20 20-35 35-50

K 11-14 JRIERIAE

QUERBRATHR AT RIS AR BR324, W] DURIE BRI i B B R R 0 SRR ([EISERERR,
AR A —EFLERES, T DURIEEERER mOR AR AR B T B,

i 11-15 Ao, BAMBOZ A RIS IRMIE RS 2045, IXAEREA] DAE B E A DXTR), MRS 45 o0 i
2RSS e

HEEE

0.4

. \
10 25 80 200 +o  EmiftHE
« 0 0000

:

ke <3 3~10 10~25 25~80 80~200 >200

11-15  HRAEMER 717 Kl oA

11.9 it¥HiF

I (counting sort) B G I CREE RN, 185 B TREEEA,
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11.9.1 {EEASEI

FRE—MEERB T BE —NKEN n % nuns , HAPRTRARE “AE0BEC, TR
FRUNE 11-16 Fms,

1. B, HRHHEPNRAET, Idhm, REEIE—NKER m + 1 WEHBIEE counter

2. 1858h counter Giit nums PEBFHIHINREL, HA counter[num] X ECF num B HEELREL, Siit
FIERE R, HFEET nums (B4 RTECFN num), 504 counter [num] 3440 1 BIAT,

3. HF counter IBANRIIERAF, HHYSFAETEaH)z4 7. 8 K, BATED counter
FRABE S E T BN N R BB 3E N nums BIA],

swna e (000000000

A nums HFATSEFOHIURE
counter[num] 5 num AYHIREK

7

JEF counter , FEHF
FERHEIURABUEN nums BIE]

LER¥A nums

B 11-16 iHEdHF iR

(AT NN
// == File: counting_sort.dart =

/* HEHE */
/] BEREXI, TERTHIEER
void countingSortNaive(List<int> nums) {
/] 1. FIHARAKTE
int m = 0;
for (int _num in nums) {
m = max(m, _num);
}
/] 2. FIFEHFHILIRER
// counter[_num] X% _num BYHINREL
List<int> counter = List.filled(m + 1, 0);
for (int _num in nums) {
counter[_num]++;

}
// 3. &M counter , BRTHEENREH nums
int i = 0;

for (int _num = 0; _num < m + 1; _num++) o
for (int j = 0; j < counter[_num]; j++, i++) {
nums[i] = _num;
+
}
}
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TP SAHER IR
MR AIES, AT DLRE R R T counter BIRDNRT N — P, Rgtitik
BRERBRB RSN ICR BRI MAREH. ABLL, TR R ARHE R R NI — DR,

11.9.2 TEIIY
MOANLEFTRERIN T, MSMABIRRMNSR, BT 3. s T, R ASEE R AN SR, Bl 1A%
TR SIS CERRR AR R) MRS THY, M R R HREA T I HE R 45 5

IR A RIS B BRI HE P 45 RIE? FRATE Je 5 counter 1Y “AIZATT, B4, RI| 1 LAYFTE
Fl prefix[1i] TR 1 MR ZM:

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

RIS EA IR, prefix[num] - 14RFHCE num SR EA res e —RHBINES, XNME
BAEECHE RN EEIRBIIS N CENIZ IS REEHWMIE, B2 Nk, BAMEFEHIFEEE nuns
FIEENITE num, FEEFIERAPHITARS,

1. % num AL res IIRS| prefix[num] - 14,
2. ZRIZA prefix[num] BN 1, MIAEE RCE num RS,

wPsERaE, A res HRUZHHFIFRIZER, &G res B nums BIA], & 11-17 foR 15281
R R,

e e ((§OE0000000 =4 o (000000000
BF num 0123:’ BF num oi"z31.
BB counter nnan HIgEA prefix aannm
(counter)
W nums FHAHENERFHHIRE t# counter MAIEF, iBH prefix
counter[num] 3R num BYHIRE prefix[num] - 1 K&K num 7 res FRE—RHANES|
Step 1 Step 2
num num
v v
= - (000000000 e - (000000080
——
#F num 0/, 1””’2’ 3 l. ' BF num 0 1 2 ’3 " ’
IS prefix annn HISEH prefix nnn
(counter) (counter)
EIFFER nums FRIESANTTR num , SRR EFFBFH nums FESDTR num , SRR

1. & num BN res WE3| prefix[num] - 1 & 1. 3§ num 3N res MIF3| prefix[num] - 1 &
— 2. LHIEM prefix(num] BR 1 , MTSEITRKE num MZ3| 2. A& prefix[num] B 1, MAEETRKE num BF5|
Step 3 Step &
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I

( Step 5 l

:
ra e ((§OEB000000

LR res

v —
HFoum o0 1 2 3 4

HIZEH prefix aann

(counter)

FIFFER nums FESANTTR num , SRHAT:
1. ¥ num N res WFK3| prefix[num] - 1 &
2. PHIZA prefix[num] BA 1 , MTSEITRKE num HZRE|

= - 000000000
una s (OOOOE

BEwm 0 1 2 31.

WM prefix Bun

(counter)

HRHREHIRE, HENRHTREH
Y res HHREHFNER

Step 7

11-17

TR B SEBLRRS AN AR

/!

== File: counting_sort.dart

[* HEHE «/

/!

Vo

TR, JHEFENR, HERREHF
id countingSort(List<int> nums) {
/] 1. FIHEEERATE 0
int m = 0;
for (int _num in nums) {
m = max(m, _num);
+
/] 2. FEITBHFHILIREL
// counter[_num] & _num BYHILREL
List<int> counter = List.filled(m + 1, 0);
for (int _num in nums) {
counter[_num]++;

}

RBEA nums

LR res

HF num

B prefix
(counter)

:
N E ==

BEEEE

EIFFEFA nums FESNTE num , SHRHT:
1. % num N\ res MIF3| prefix[num] - 1 &

2. QHIEA prefix[num] BA 1 , MTTEEITRKE num W5

Step 6

¥4 nums
HERMA res
BF num
BISEA prefix
(counter)

Step 8 )

HEHE TP B

// 3. X counter HIRIEM, ¥ “HIKE HFHigHn ‘BRI
// Bl counter[_num]l-1 @ _num £ res FRE—REIAIZES|

for (int i = 0; i < m; i++) {
counter[i + 1] += counter[i];
+
/] 4. BIFER nums , BRITREBENGREA res
/] VAL EEE res BTFiERER
int n = nums.length;
List<int> res = List.filled(n, 0);
for (int i = n - 1; i >= 0; i--) {
int _num = nums[il;

res[counter[_num] - 1] = _num; // ¥ _num MEBIIXNZES|IL
counter[_num]--; // LRIZMBRE 1 , BRI TRKE _num BIZS|

oooanoobon
LEEZrEEREE

e 1 2 3 &4
LEEEE

PGSR res BERBEA nuns BIF]
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¥
/] EREZERYAE res BEEHE nums
nums.setAl1(0, res);

}

11.9.3 i

- WMEZRER O(n +m). FEAENHEE © W& nums FE] counter |, #MEFHLMERE, —#%
BHTEn > m, NMASHESET O(n).

- BRERERN O(n +m). EFEHEHDT: ES8 TKESH1D9 n F1m K% res Fl counter

- FEHbY: BT res FHEEFTEMITZ WAL 19, FEIEFED nuns AT DA AHE T
2RO E, WmSIREHE, LRt IEFED nums AT AR R ERIHEFSE R, HEER
AFRE R,

11.9.4 BiR
EBIIXH, rFSRAEHEFHERIEETY, (GBS EE ] DM &EanvHiz, Am, #EHEHEE
G AR SRR N

BT SO TSR, E AR TR A SE, R X e MR U BN s, IEH
RO I R R AN TR 2 IR KNG R, B, X TS TSRO, T DA B
LR, TN IER, HE SRS B 25,

RIS T ROR RO BORAGEE MONB, H, 78 RRHIR m REEAK, A2 5 i 228,
i n < m W, HEHRFER O(m) M, AR O(n logn) WHIF BIEE1E,

11.10 EE#HIF

ElAA TSR, EIER TR R n BOCEEEREE m BNME DL, BIRRAIFREN n = 100 M
BHTHY, MiFS 24 8 My, XEWESIREE m = 10% %K, HRAHEHRFRE RN
frasinl, TR AT DB S RS o

BHHF (radixsort) HIRLEESITHEGHE —2, WERSHHMEOREIHR ., A, EEEFA
P B2 FENERRR, RO HTHEF, MR EIRERHE AR,

11.10.1 HZximig

PRESEAR N, RS FRIRIRAESS 16, SehD2es 8, HEEHIFRREME 11-18 Frr.

L ¥R etk =1,
2. XS kAT HHEEHNET. R, BIRSRIES kA NEIRHER .
3. Kkt 1, NSRBI 2. EUE, BRI LAHIP US4 R,
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TNHEHFHAESER, T d RN o, BREHEHE kAL x,, ATRUMEARHEAK:

WABA nums

WAtk k = 1

B BB B HEE 24

10546151
35663510
42865989
34862445
81883077
88906420
72429244
30524779
82060337

63832996

35663510

88906420

10546151

72429244

63832996

81883077
82060337
42865989

30524779

35663517
88906427
82060337

81883077

305247793

42865989

63832995

& 11-18

Ty = |‘dk—1J mod d

T

CALbHE, HiF

HFSE 8 fi

B 3~7 11 HHHFER

B2 G2 38 O RERV

10546151

30524779

34862445

35663510

42865989

63832996
72429244
81883077

82060337

88906420

Hrb | o] FoRAHTE AR 1A R, T mod d Forat d BUSE (4. M T4S808, d = 10 B k € [1, 8]

o

HeAh, BAITEEMER SN R, (2 i DARE RIS kAL TR

// == File: radix_sort.dart =

/* 3REX7TE _num W9 k fii, HA exp = 107(k-1) */
int digit(int _num, int exp) {

F

/] fEXN exp MHE k BILUBGRIELLESHIT

return (_num ~/ exp) % 10;

/* iHEHEE (RIE nums 55 k {UHEF) +/
void countingSortDigit(List<int> nums, int exp) {
[/ THEEINASEER 0~9 , EILEEKERN 10 @ik
List<int> counter = List<int>.filled(10, 0);

int n = nums.length;

/] it 0~9 BEFHIHIVREK

for (int i = 0; i < n; i++) {
int d = digit(nums[i], exp); // 3REX nums[i] % k fi, i8R d

counter[dl++; // #it#F d RIHIREK

F

/] RETEA, 1§ WM By “HERS!7

for (int i

F

=1; i<10; i++) {
counter[i] += counter[i - 1];

[==°1
[=EIAS

RAHE

[/l BIFER, RIEENSAITER, BETREN res
List<int> res = List<int>.filled(n, 0);
=n-1; i>=0; i--) {

for (int i
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int d = digit(nums[i], exp);
int j = counter[d] - 1; // 3REY d TEEHAHNERS j
res[j] = nums[i]; // BHBITTRENES| j
counter[d]--; // ¥ d BWHER 1

}

/] ERERBEFELHEE nuns

for (int 1 = 0; i < n; i++) nums[i] = res[i];

hy
[* BEHE «/

void radixSort(List<int> nums) {

/] REEAENRATTR, BTFHETRAAER

// dart B int WKER 64 Iy

int m = -1 << 63;

for (int _num in nums) if (_num > m) m = _num;

/] FERME RSN &R

for (int exp = 1; exp <= m; exp *= 10)
/] WEATERNE Kk (ITIHEGER
// k=1 ->exp =1
// k=2 ->exp =10
// BN exp = 107(k-1)
countingSortDigit(nums, exp);

It 2 NARNE T 4R HER?

FEESHIHF R, E— R ST H R RIEER, 20k, GRS —HHF4I R a < b,
M —HHFPER a > b, LB RIEREBIE 4R, B TRFIEALLEHE TR
iz, BIRIZISEHF A L,

11.10.2 BHXi5H

HB T LA, SECHE P& A TR RN, (R SR SR AT AT MBS Rk, FL:
BORREIE K, I, FEECRIE & MY, ORI kK, AIRESEONTE 22 O(nk) > O(n?)

[e]

- WMERER O(nk). FEAENHT : SEIREN n. A8 d HHl. RR0ECH k, NIXHE—AH
T EEHEFER O(n + d) BE, HFEE kAER O((n + d)k) BE, BEERT, dFf k&R
BN, WREZEER O(n) .

- BMERERN O(n+d). EEMHYY . 5HHEEHEFHER, SEHIFREEBIKEN n fl d 15 res
1 counter,

- REHby: YitsdEEREn, BEEdErthRE; YirEd R RER, BEEHEFCIA RIS 2ERT
HEP45 3,
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11.11 &K

1. EREEH

R AT BRI R, IR MRS AR SRR, Bl AT LUK B i
FY B T R B 2R (AL S O ()

AT R AR X R A TR A S EHE R X R R, MTISEHE . B AR
IR 25 O(n2) | {EET 2 Tes BRI D, I AE VR RO L 45 R 200,

R T SR RSB, ER SRR, AT RS A RS R, SR
BFEBILE O(n2) o 5\ BOEOR AR LR 5T DAVR ISR 2 (L AR, ST (R 8k T
IR, TSR NI, AR AR 2] O(log n)

BRI IR N, SR REL T 40, 1EVI R, H S T a8
4, =R RN O(n) ; ATHIFREZIZ R 2B UL E O(1)

- RS SIS BUESR. RIS AR, BRI T AR, & T RR AR A
BRI, RRHER SR TR R T P19 L,

C A R R — MR, I G AR B ARSI R, LA R T S
HURTEETIRAOIE DL, 3 H TR NURAENS O R,

R EE G R SERE Y, TR BRI N L T

- RO, RIS AT B, BARmACR, B, BUBLUR EIERES A, AT, (AT
(KR R BT —RE, AT — R B RS U R A IR B 4, ZESCRRRI T, SR TR
BRI R BB 51,

C B 1119 KT R R EIARRCR, R, O SRS,

MR CEARRE R
st me  me  me | BEE wem  msum 8Ty
BHEHF o(n?) o(n?) o(n?) o(1) JFARRE Rt € 3= i34
BRAT . mEmE om oM o) on | BE W EEm KB
mAHE  Om oM  om)  o() | #E  E#  GEm bk
PSEHF  O(nlogn) O(nlogn)  O(?)  Ofogn) | iH@E  Fl  HEEE bW
f(f"lf;rf) | 3MH#F  OMign) Omlgn) Ofnkgn) O | BE  #FE #EBE  WR
SHF  Onlogn) Ofnlogn) O(miogn)  O(f) | HHEE W FEEW WK
BHF  On+k)  On+k O  On+k | BE  HEE  FEEW
HONE MBS On+m) On+m) Onem) Omem) | BE  HAE  FEER  FER
EHHF O(nk) O(n k) o(n k) O(n +b) BE FRM  AFEEBEM AR
n ABIEEAN
B w & | B

BEMHFED, k ARAME, BB b il

11-19 HEpSIRxf

2. Q&A

Q: HIFRIEREE M 2 H 0 T BATHR?
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EISEH, BATETRER TR RN EEEITHE R, Blan, 2EEERMSG &SN e, BMmELH—
MNERHE T Jeigia 2 THER, 5% (A, 180) (B, 185) (C, 170) (D, 170) ; HX HE#HITHR.
HTHEpEEA R E, HikrTaeS3 (0, 170) (C, 170) (A, 180) (B, 185).

AIDUKIR, 25 DRI C R B A 7ci, WRRIAERIERESE T, MXERMNAREERIN,
Q: MR “MEEEER” 5 “WEELAER” B AT DA ?

AT, SENCARATTENEMERI, B0 “WEEAER” B “WEEAEKR XA ERER,
BRI — RIREH,

M X4y partition() WG —H 23 nums [Left] Ml nums[i] . 52 sc G, FEIEEA IO T EHR <= £
HERL, IXERE R )G — 2 2l nums [Left] >= nums[i] BFRL, BILTASE “MAEFEAEIR”, IBLUR
AR EEECE R TER, WSE 1 = § BBk, e EE nums[§]1 = nums[i] > nums[left],
2, G — 2 R E S — D SR R TR B A Ao, FEE e X 7 R

BABF, faEtid (e, 6, 6, 6, 11, WL “WERAER", HiXlnEH4H» (1, o, 0, 0, 0],
XTI IEWRT,

BERERNEE T, WRBATESR nums [right] NEMERL, ABAIEGFROESR, AU5E “MEFLEER,

Q: XTHEHEFRNEIAREMA, R 2R EEEHRERIEE AR EA B logn ?

TR R M BTARIR [E I8V 77 R R R, BRI X o A TR R AR 5 R T4, TEIB VIR A
feiG, mNEENFRHKERRKNESHEKEN—, REREREN, —BEN—FKE, BAR&EA
IRERELE logn o

IR Ga R P HE T, FATE FTRESIESHB I ERRIEEH, HEBR T An. n—1. ... 2. 1, &
VAR 1o IBYATREERAL AT DA G IX FhE 150 HY B

Q: UBAFFTETLREMER, POEHEFRIR FE 2R O(n?) 15? A A/ FHX fOE 1% I ?

e XTIXAENL, AT DA EEIS R R BRI =Ry AT T RT MR XA T
JVNFFIRTHRIME Do EIZTTIET, BATTREMMHEEA, X BT sE .

Q: WHbFIRERFE 2L N LR O(n?)?

BEWMT, FrETEMER— M, GRRAIRA A O(n?) SkkHrxEetE, M fi
W O(n?)
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Abstract
MEHOR 2R, B — IR &S E o E R,
DMEZRT = PERNFEL: NERME, —UEAHEE 2
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12.1 #aEE
9378 (divide and conquer), 2FR3MIG2, & —MAEF EE HH WHYE LRI, /Ma@EwEETEAH, &
8“7 M98 MNP,

L g3 (RUITEED : BVTHCRE R RIS o D2 1o, B R ENE RN T FEN 2R L,
2. 16 (BIHHED : NEAIRER/DTREITR, MRETHCR 1 AT S, I B 5 A

HfiE.
niE 12-1 Fow, “VAFEHERET B TESRIS AN 2 —,

L g3 @A R (RMED K R F8d (7)), E8FHARR TR (Bh TR,
2. 16 WEETHR AP (FRERR) #ETEH, NmEEERREEE (R .

rooa (RIS
B)

BMFiERE

- A (EHEH
B)

B 12-1 JAFHP R R SRS

12.1.1 fATHIERSEIRER

—ANRBREIE S ERA DA, 8 R A% LN L HITREE,

L. FVEIRTCA R [ RI R AT DA RS /)N, RO TR0, DARZRERS DA A1 77 s A st T8 o
2. FIJSURMNIN: FREZ WA ES, DAMKE, A DRSO,
3. FRERMMTAETF: R R & 7 RS K,

BAR, VAHHE R DAL =AW,

L. MUSITCA R B R (RAED I A 78 (D,
2. FRISURMNIE): DR DU THE R (7RI A] DU HE TSR .
3. FREMMTUEH: WNEF R (FREE aJEHF N —DMERSAE (RREERR
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12.1.2 @I EIRAME
SYEAMU] DU RO RO, AT DA EIEReR, TR AT, PudiHi. VAR, e
FHB TR, B, BAHFEE, LR IR T 99450,

M2, BAIREELN: Mt2smian] DRIP RS, HORZZHR2? SaiE, KRRE A2
T, BTN R T RIS IO SR AR, X L RIRCR N 2 LU B R ORI RS R S 2
XA R A] AR EECE A AT TSP 75 TR I 18,

1. BFHEMRK

DL “EHEE i, FALE KRN n BT O(n?) MTAL BISBATHIRE 122 iR,
BEM A NP TAEL, RIS TEE O(n) M, HFESNTRATE O((n/2)?) HH, &R
FREATE O(n) W, MARFIEREN:

2

O(n + (g)2 X24n)= O(% + 2n)

FEEEEEEE FEEEEREE
by

o(n)

BiasF BigHF BiadF
o(n?) 0((n/2)2) 0((n/2)?)

DEEEEEEE

Bfx o(n2) Bk o(n2/2 +2n)

B 12-2 KBt Em B iEHT
FRR, BATHELATAERX, BB 739375 BRI 5 e 5

2
n2>n—+2n
2
2
5 N
—— =2 0
n 5 n >

nin—4) >0

XEWES n > AN, QRREREEERED, HipReRRIgER. HER, W0 ERIR R A E TR T
7k O(n?) , RREREHIEBINENT,
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A, WERBATHE AW ARSI A R, B B AE DT RN E R e ?
IXFURESLRR Bt “UFIFHERT, WREZREHR O(nlogn) .

BEE, GRERMNZSBEERINRD R, FEEHIRIDN kAT EATR? ZAEIS “fHr” JEH2E0L,
EAFREAEHFEREYE, it ENEERE ISR O(n + k) .

2. HTHERKK
BATABE, A RE) T B A2, KEt@EHE T DOHTRR. b2, 6 AT ARRE TR
IEEARE, EAHRTIRERFIIFFITRA.

HATMMAE AL AL BB IR U HA R, ROV R GER] DARIIN AL P 22 7[RI, 58 A8 70 HOR A T8
TR, AT D SRR IB TR AL,

FRANTERE 12-3 Fomfy “MiHER” w, BATR iR BRI BCE S M, WIRERE AT A AR B HE PR S5 70
B MR HEIT, EREEAHER

TTE

12-3 PRI THE

12.1.3 8ERMA

—J7H, iG] PARRIRRVE 2 2 LR A,

© FEREGE RN ZEIRE SR R RN, SRIE R PRI B RN, BRI R SR
TR XS o

- ORBEEERIL: U0 Karatsuba Ji%, BRAEEEERE 2N LB N E ISR,

- JERPSRIL: BN Strassen HIE, ERATEREIRIE M0 2D/ INERERISRIENINE,

- DOESERE: POESE TR AT DOBI S AR, X2 BV 6 SRS R .

- ORMEREX: DA, ARATH AR TR, BN DTS — MR KR
W Al AT DA v B AR, (R BhIAHHE R BT SR
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T3, SHAERIENEERAER R M SRRz,

C D ER CoEBRERERFEANTRRIIL T WERSY, REHYE HARMES RTTRE LR,
OUEHERRIR—FIX 1A, FFAERIR X AT R B =70 41

- VPR ATRKENEH, S,

- POEHER . PREHE T R NMEWE, REEBH IR FRE, — DB TTR AR E D,
55— FREAARITCR LA R, B PER AT AR 0180, EEFHANF T IR,

- WHEE . MHEE A AR R EUR D BE 2O, e IRNETTRI T, &ERS R
TERMKIXE, MMRE—ME .

- R Bl T SRR, AVL R, LR B A, B+ BESE, EMIRERL. FEARIMBREE SRR AT DA
THESRME IR o

- HE: HERRPRIRETE A R, HAAMRCE, WAL MHERAIHE(L, SRR EETRR S T 0TRR) B4R,

- A E BRBTH A AERNMAING, (BB RRRTT R BN T 3 iasks, fln, st
HEFP K BER S LR, DU A& IR,

FDAVEH, iRl “EPgies” WRIERA, REESMEERSBURSZ T,

12.2 9812 FEER

B, MREEDNHAK,
C RANER: CEOBFRIESHIIL, HEERER O(n) .,
- EIERHEER: TR BRI SRS B, R A A O(logn) % O(1)
Sebi b, WA O (log n) ISR IRTH RIETSARIGIBIN, HIin — 5 BT,

© S ERNE SR EBAHTERERTR) AN (SRR BT
), XM —ERSEEE s R B BT R ik,
- RN EAIER, TEIERRL AVL R, HESEIRG T, SRR RS2 EE N O(logn)

o

o BRI IHAREEN N TR,

- ISR PR " EPOBFHR R R (TR T EH) DT (B — T &
0, X R T RN H AT R KL,

- FRSURBNIN): £ ERH, SR DR, e SZ H AT AR,

© PRSI EI: o EREEER —MEETR, RARER FRIEEHT S, 47
SRR, BRI 2 R NS E R R

IMAREMSTRTHE R, AR ERENRILREL AR —MED, MG R0 BUHERR—Fi%
Wi,

1. BEFRakn=—a8H

FEZRIETH, Zo&EPEE TR 050 SBIK, BERMET G GBI KREHE,
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Question

BE—DREN n ERFEEAH nuns , HAFFTATRERE K, 1EEHITE target .

MIMEFIRE, TATAERXE [i, 5] M REIFREICA f(7,7) o
PAERIER f(0,n — 1) Jylddh, (@id DA NS EEAT — 2 &k,

1. WX [i, j] (R m, RHEEHR SR,
2. FEITRARMUBLR N — K9 T, ATREN f(i,m — 1) 8 f(m +1,5) .
3. fEIRE 1. R 2. %, EEHE target SUX AN AHHEL,

B 12-4 JoR THEREA A 0 EHOTR 6 B iaiE i,

(o, 3) ann 12 15 23 26 31 35]
A

n W
(2, 3) [1 3 nn 12 15 23 26 31 35]
A
m

A 4

BEREBTE 6 MW&KS|A 2

B 12-4 —ERIIEERE

CESTTURTST, Tl 17— B dfs O HRMIT £(i, ) -
// == File: binary_search_recur.dart =

[* ZHEHK: \E F(L, §) %/
int dfs(List<int> nums, int target, int i, int j) {
// BXEAZE, KFLBirxx, MWRE -1
if (1> 3) {
return -1;
+
/] HEFRERZERS] m
int m = (4 + §) ~/ 2;
if (nums[m] < target) {
[/ BFFEE f(m+1, J)
return dfs(nums, target, m + 1, j);
} else if (nums[m] > target) {
[/ BFFEE f(1i, m-1)
return dfs(nums, target, i, m - 1);
} else {
/] #xEIBirmE, REIHZES|

return m;
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hy
[* ZDEH «/

int binarySearch(List<int> nums, int target) {
int n = nums.length;
/] KRR £(0, n-1)
return dfs(nums, target, 0, n - 1);

h

12.3 {93 a)@

Question
i — MR XWAIRTFES preorder AIH S inorder , 15 MHATEE R, IR[E] AR
o RIEXWHREEEEN A (WE 12-5 iR,

BIFFIER
/ \ B preorder
hFiER
inorder

K 12-5 Fsd = SRR BIEE

1. HERRE RS AR

[ A EiE XM preorder #1 inorder #5 —WA, 2— NS 1E A B,

- WS DA MHRRIA I, BRATTRTDURE R BT REI 0 (R M e T4, ARG T,
=58 OGRS TN TR T (R, AR I A BA LRI 751%, HHR
DNENHFR (FRED, BERRBENFRE (R Lk,

- FRSURMNIN): e RGN, ENZRRA 2%, TR, BAITRFRE
PR e P AT Pt P PR 5 2 TR B AR e A5 TR TR B

- FREEAIAETF: —BEE T ARG TR (PRI, BATHEAT DR e IBERERYT & L,
2 A B

2. ARG FiRt

ARG LA L7047, IXIE R A] DAE I 0 6 R SR AR, AHQMf3@ i i3 P preorder MIFPFiED inorder KR
TR T RE?
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HHEE X, preorder #l inorder #BA] AR A ="NEE5

- RIFEA: [ RS | EFW | BFR ], BINE 1258 [ 3 1 91217 1,
-l [ EFR | RER | AFR ], BINE 125 L 9 1 31127 1,

DA EEEAE B, BT DS E 12-6 AR BRGRIRID 4558,

1. HiFEINEICE 3 MR EE,

2. BIRIRT AL 3 7 inorder HES|, FHIZRSIFE inorder XA T 9 1 3 | 127 1,

3. MR¥E inorder MRIDEER, BEETRAG TR SEES I 13, MmAE preorder XI5
RAL31912171,

BHRURIRTER

AiFER  preorder

HEHRIRT ARG
@ @ hFEEE  inorder n 3 n aFHE

: - ‘ 3 1MEE
EFHE
o o

RiFFiER  preorder anan

12-6 1 il e ik DA P i s A I 7 g

3. ETFEEHAFHEXE
RIELA BRI 771, BNEEMEURY AL 7R, A 7HHE preorder Ml inorder HRSIIX M, T8 T
RIXEER | X A, FAIFZEB LM ZE,

- OBRY R AAR T SSAE preorder FFIIEFIE N 7,
- BRY R IRR T STE inorder YRS IIE N m o
- Y FIRAE inorder RS IX AT (1, 7] .

Wk 12-1 R, @ DL A & EIA] RRAR 1T 55 1E preorder HIYZER S|, PAK FHLE inorder YR G|IX
[E18

R 12-1 AR SR LE AT R PR e I R R 2R 5 |

R FAE preorder HHJZET| FHAE inorder FHYRFIX

L R i [, r]
T 0 i+1 [l,m —1]
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M9 557E preorder RS FHAE inorder FHYZZS X ]

AW it 14 (m =) [m+1,7]

R, AR RRIITE (m — 1) &R PRI A", BiEEE 12-7 Fig

HiFFEH
o000
preorder
A A A

i i+l i+1+(m-1)

e 00088
- 00800
inorder

A A A

1 m r

B 12-7 MR R FRIEIRG X RN

4, {X33Em

NTRAER m REER, BAEB—METR hnap RAZGEEEH inorder HITREIR G AL :

// == File: build_tree.dart =

/* WEZXN: 298 */
TreeNode? dfs(
List<int> preorder,
Map<int, int> inorderMap,
int i,
int 1,
int r,
) A
[/ FRX[ERTEELE
if (r - 1< 0) {
return null;
b
/] EHIRT R
TreeNode? root = TreeNode(preorder[i]);
// B8 n , N9 EEFH
int m = inorderMap[preorder[i]]!;
/] Fil: 8L FH
root.left = dfs(preorder, inorderMap, i + 1, 1, m - 1);
/] Fiefl. MEAFR
root.right = dfs(preorder, inorderMap, i + 1 +m - 1, m + 1, r);
/] RERTR
return root;

}.

/* BN */
TreeNode? buildTree(List<int> preorder, List<int> inorder) {

/] ¥R ER, FiE inorder TTRIIRS|BIBRST
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Map<int, int> inorderMap = {};
for (int i = 0; i < inorder.length; i++) {
inorderMap[inorder[i]l] = i;
b
TreeNode? root = dfs(preorder, inorderMap, 0, 0, inorder.length - 1);
return root;

B 12-8 R T  WAE IR, ST RURER R BT AR, missdE GIRD RER
B 2 W SpUR S EFe VA=

s (OOOE
- oD @

preorder (3 @2 (1 (7 @
inorcer ({3 (127

— e
Step 1 Step 2

wreorcer (E)E)EDEDED

inorder aana @ /

3 9 a preorder
@ @ inorder

[ Step 3 J { Step 4

o -

preorder (3109112 n7
inorder (813 ({912 [7 @ @

=]
Step 5

[ Step 6

/ / 3 9 a preorder

@ 9 3 u inorder
/ @ 3 9 2 1 n preorder
onDEg - o o
=
Step 7

[ Step 8 J
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sreorcer (E)ENEDEDED
nerder (E)E)EEDED @

o o
© o

Cava J 7 | 501 ]

Step 9

B 12-8 My XRAEIIE R

BBV RE N RETF 8] preorder MH T inorder FYRITEERANE 12-9 Fir,

—
-

preorder 392 1 7
inordern3 1 2 7

preorder | 3 |9 |2 n7
inorder | 9 | 3 u2 7

39 2 lnpreorder
BEEE u inorder

I =0

B 12-9 DB BrHRII AR

BT R ECR Y 0, FIGHE— DR (BUT— MBI dfs Q) A O(1) WAl BIEAR 5 A%
R O(n) .

WGARTFE inorder TEREIZRE MBS, EREREN O(n) . EREMILT, 8RB RN,
REEAE] n, B O(n) MRz, IR 2N O(n) .

12.4 SNiEtEiR)ER

FEVAFFHE R A O AR, AT B 1] 08 T I RIS A J ) — 7 (AL, SRR TS E ]
A, AR AR 7 R
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Question

HREMMETF, WHA BFIC, EIBRET, HF A EEEn MEE, BN LRI FZBMWNEIR
HINRFHES . FRATIESS R EHIX n DMEEBERT ¢ |, HRFENNEEITFAZE (WE 12-10
Fim). TERSNEEAEREY, FEEsy LRI,

L RS SBEMN AL T AR H, 53 —HRAE T TR
2. BIRARERE— DR,
3. /NEBRINZIN T KRB Z o

ALl

Y #HEEEM A BHE C
A B C

12-10 PUOEFE RERBI

RAVERBOR @ RDGREE RN f(i) o Blan f(3) 13K 3 DRI A BENE C IDGEE R,

1. ZEEFRER

i 12-11 Ffo, A TR f(1) , B R — RSN, BRI EERM A 3= ¢ Jin),

8 O B

A B [ A B c

BR (1) WER:
EEFRESEM A BEHE C BIF

| (1)

Step 1 Step 2

B 12-11 FEA 1 () @ fig
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Qi 12-12 fiows, N TR f(2) , RREAEMAESEN, BT ENRWEDERERREEZ |, FHREE)

B R5eMFEEN,

1. e EEA/NREMN ABEB,
2. BEKEFZMNABZEC,
3. Rl NRBEMNBREC,

=1

i £(2)

~=1

BR (2) WER:
1. BIEEM A BERHE B

Step 1 ‘ Step 2
A B c A B [
R £(2) WSR: R £(2) WSR:
1. BEEM A BEHE B 1. BNERM A BEHE B
2. BRESM A BHE C 2. BRESRM A BEHE C
—— 3. WIERM B BERHIE C
Step 3 Step &

B 12-12 RN 2 ] R g
fRnE f(2) RERRREEE ) PR B MABE C, Hrh, CFOVERRML B AT,

2. FinEshE

SR f(3), BMA=AREEE, BHRRRME R T L%,
RAEED f(1) F1 f(2) B, FRDAFRMTRT MG MRS, 1% A TR BB A0k, PUTE 12-13
FURIIS IR, IXFE=ANRE RN A FEZE C T,

1. £ B NEIHE, ¢ A%ME, HHRMESMNABEB,

2. ¥ A PEIERF— DR A BEEESIZE C,

3. 2 C HEFE. A NZMHE, BRDMEZMBEEC,

a | | L&l

A B c A B [
BR £(3) WER:
A £(3) 1. BAEDESEM A BEHE B

Step 1 Step 2
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lal Lla

A B C A B C
R £(3) MER: R £(3) SR
1. BEAIEEM A BEHE B 1. BEDEEM A BEHE B
2. BER—ESMN A BEHE C 2. BRR—MESM A BEHE C
— 3. BETESRM B BHE C
Step 3 Step 4

12-13  FUN 3 BN AR
WA EE, BAEERE f(3) R APAFRE f(2) —AFRE f(1) . HIF RN =AF Rz G,
JR AR 2 f 2R, X LR T RSB ARNZHY, T ELA# AT LS It

I, FATAT LG B R 12-14 BRI RRSGEES A 43 6 50 - SRR f (n) RIS AN TR f(n—1)
FI—ANFRE f(1), FHHEIBUL R X = A,

1. BEn— 17 EEMECMNABEB,
2. BFEIs 1R ABEEBEZEC,
3. Fn— 11 REMEBANBEREC,

MNFRBDFRE f(n— 1), WROEHFERT XTIy, BERXERNFR- (1) M f(1) K
R BRI, RFE— R ERERTA],

FirlE f(n-1): & n-1 MERM A BHNE B

L D
FFE £(n): #§ n PEEM A BHE C - 4

Fiel £(1): BER 1 MEEM A BEE C

.—J—.‘—

f(n 1): % n- 1AlﬁMH§niJ§c

B 12-14  fRORDUESE R 73 16 R0

3. HE%Em

R, BATFEH—MB)IEE dfs (i, src, buf, tar), BRWERHREFRE src TRERR ¢« NEEEB%
WHE buf B3 E HARH: tar :
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// == File: hanota.dart =

/* BEh—1EE */
void move(List<int> src, List<int> tar) {
// M src TiHEH—IEE
int pan = src.removelast();
/] BEEBRN tar TP
tar.add(pan);
}

[* KEEEER f(1) =/
void dfs(int i, List<int> src, List<int> buf, List<int> tar) {
// & src RFTFT—IEE, WEEREEBES tar
if (1 = 1) {
move(src, tar);
return;
+
// FiER f(i-1) : %% src INEF i-1 NERMEE) tar B3 buf
dfs(i - 1, src, tar, buf);
// FiEER £(1) : ¥ src ME—1PELHE tar
move(src, tar);
// FiEl@ £(i-1) : ¥ buf TNZF i-1 NEEMEE) src B3 tar
dfs(i - 1, buf, src, tar);
}

[* KEESXGEERI */

void solveHanota(List<int> A, List<int> B, List<int> C) {
int n = A.length;
// ¥ A TRER n NEEER) B #BE C
dfs(n, A, B, C);

}.

QN 12-15 A, DOERAREIE R — 1R A n BEIAR, D1 RRE— DR, N R — P E dfs O
B, BENRERER O(27), BREREN O(n) .

M @ @ O O G G o

B 12-15 JUESERNERYIE TR
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Quote

POESE AR 3 — N ERE T, EHEEN—ISEE, BEME=ReRNiatr, Pk 64
MR —HEEE, BEMAEEIEE, MIMEEERE - MREBSERMBENIR—ZI, X1
SR,

SR, BIERIEN1ERMREE—k, BETEEAL 264 ~ 1.84 x 1019 ), &%) 5850 124, Iminid
o TEEN FEHERNG T, TR, WX MEVZER, AT IZAFREROH TR HEEK,

12.5 Ih&E

1. EREH

- iR M IR RS, iR () Fie (BFF) MANE, EEE TS

- HIWTR SR OIEREIANERRIERS . FRRES M. FRER SN, FRERES S,

- VAFHHEE R GRS AT SRR H OB TR R 0 N F KA A, BRI N ITRNTT
wREETF, MMEREHE.

- BIAARBSEER] DARTTEIRRCR, — 77, 2GRS TIRERE; 5—JiH, 2iREaEMTR
GIHIFHATILL,

- oMIAREA] DURORVF 2 RIARIE, B N T EBdREi S BRI, AR H SR,

- ERTRNER, BEMERICRER. NAEREN O(logn) MIERERE R Z2HET ARG I
o

© SO BEBEMGRIGH S — NN, NS T RS T SRS B, TR POEIE
THAKM =73 E K,

- RSO, AR (BRARED AT DARI O A e RIS T (R, IX AT DA R
73 3 A PR P O 2R 5 | X TR R 5K B,

- AEDOESERIEF, — DB n BRIETRT DA AU n— 1 B RIS — DN 1 H9F(R]
Al AZIF ARPRIX = mldle, SR S 2R,
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BE13E [

Abstract
BATANERE R RUIRE S, FERTEAYIERS b rT e 1B 2 KX,
EIWARY D ELEFRATREF B4R, Wik, REIRENEAEHE M,
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13.1 [EIHE*

E#E % (backtracking algorithm) 2 —Rfulid 75 28 KRR BRI V575, ERIR00LEAEZ N — DRI H
%, BNERIEATRERIMRRTTR, HBEEMRIMNNR ISR, ERIREIMSE 20T AT a] RERE AT
TEIFEARENE N 1k,

I ERE R R “REICER” KiEham, £ "R B9, BOURRNF. e RET
B TR R, TR, BTN & IS — D EARE, ZB25 7 iR SRR R TR,

il —
HE RN, EERIFFERAEERN TR, BIRE REIR,

TR, BATTRT R AR, HHWTSRT SRER SN T, B, WK RREMALRYIE res
Z o AR RSN E 13-1 A1 B M RIEFR:

// == File: preorder_traversal_i_compact.dart =

/> B fIE— x/
void preOrder(TreeNode? root, List<TreeNode> res) {
if (root = null) {
return;
¥
if (root.val = 7) {
/] BRAE
res.add(root);
¥
preOrder(root.left, res);
preOrder(root.right, res);

REMKTER

BB =X,
FIEREHN 7 HTHS

AIFFEH
 @SFTR

13-1 1Rl R A

13.1.1 =iH5ELR

ZFR PR Z ML, REOVZRIR R RN 2R 27 5 “RHR” KRN, HRIAERRY
BRI N IRS TR RS T BT IR G 2 R S5 AR AR, B AOH E— PRk, R E Z AR,
ZIAH AR AT REAIE R
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XNFHIE—, ViaEEADTT R EAR R 7, MO R BOR E AT AR return MIFOR “[HIR”
EREIHIE, PIEFFAUNRISEEBORN, NERx—, BTG — M 1En .

Pl —
X IERATEEDN 7 BT R, IR B R 2.

TEfE— IR A |, FRATIFREAEB— DI path ICF YIRS BT REE 2. M VIRIZENEN T B9 RN,
NEH path FAIELRIIE res . WHEMIE, res HRFRIHUZITE M, A FAR:

// == File: preorder_traversal_ii_compact.dart =

/* BiFEH: = */
void preOrder(
TreeNode? root,
List<TreeNode> path,
List<List<TreeNode>> res,
) o
if (root = null) A{
return;

hy

// Zit
path.add(root);
if (root.val = 7) {
/] iBFRfE
res.add(List.from(path));
}
preOrder(root.left, path, res);
preOrder(root.right, path, res);
// [EhE
path.removelLast();

TR “SZA” ) FADEK YT SR path SRICFEAZ; WA “FHR” A, FATFHEZRIZTT SN
path FgiH, PAMRE AR Z IiﬁZﬁuE’JilkMo

WIERIE 13-2 it e, AT BRI ILRBE ) “HilE” 5 “WHE”, WMNRET i,

\( ) B 1)
/ \ it BITEE, BRRS /‘/\ S RITEG, BRRS
58: K7, 3 B o il
EBE: MR, KEKEE = EBE: WSERE, EEGEE
path = [1] V"\y/, path = [1, 7]

SN\ \ /N N\

res = [] - res = [[1, 7]]

Step 1 Step 2
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£id: BIWH, BRRE
EB: ERE, RBORE
path = [1, 7, 4]

ik BI\H, EMRRS
BB RERES, RKHEE
path = [1, 7]

res = [[1, 7]] res = [[1, 7]]

£id: BIEH, BRRS
EB: RERE, REBRE
path = [1, 7, 5]

St BITEFH, BHRS
B RERE, EERE
path = [1]

res = [[1, 7]] res = [[1, 7]]

20 BIEH, BRRE
EB: RERS, RBOEE
path = [1, 3]

£t BITER, BHRE
EB: RERE, HOEE
path = [1, 3, 6]

res = [[1, 7]] res = [[1, 7]]

£id: BITWH, BRRS
ER: RERE, KEEE
path = [1, 3]

ik BITBFH, BRE
ER: RERS, RHRE
path = [1, 3, 7]

BETR 7 , WEBRRFRNELR

res = [[1, 7]] res = [[1, 7], [1, 3, 7]]

Step 9 ‘ Step 10

S BITEFH, BHRE
BHB: fRERS, EEEE
path = []

res = [[1, 71, [1, 3, 7]]

[step 11

K 13-2 =i 5[ER
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13.1.2 B

XA B IR EE B L — e LR, MRIRER AT “BIE,

s =

XA ERATAEN 7R R, IBIRERRT RERXET G AR, IR AEEEN 3 1

NT R AR, BANTRERMBEARE: EERERED, FH82EN 3 IR, WHRAHRE,

MEHRR, B ATR:

// == File: preorder_traversal_iii_compact.dart =

/* FiFFBH: = */

void preOrder(
TreeNode? root,
List<TreeNode> path,

List<List<TreeNode>> res,

) A

if (root = null || root.val = 3) {

return;

h

/l Zii

path.add(root);

if (root.val = 7) {
/] iCRfR

res.add(List.from(path));

h

preOrder(root.left, path, res);
preOrder(root.right, path, res);

// [EE
path.removelast();

“BIRS B NARRIERAAIE, A 13-3 FrR, EERERET, Bl BT TR LR AR D

X, WRTFZITRENZER, MG TEREYER,

......

B BEER 3 R RNREANRE

BB RIEH TR X HERTE
MiRFHERME

13-3 MRIELHRSAFBIRL
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13.1.3 EZKE

BR, BANZLCREMR “2K0 [HR, B9 B EARNESRIZR LR, RS AE A 1,
FELLTHESMRD Y, state FRMAISRTIRA, choices TR RIIRAS T AT DA AYIEHE:

/* [BIEEELSR «/
void backtrack(State state, List<Choice>, List<State> res) {
/] H¥TE B NAE
if (isSolution(state)) {
/] BRHE
recordSolution(state, res);
/] TEHEER
return;
}
/] BHEEEE
for (Choice choice in choices) {
// Bty FENEREREEE
if (isValid(state, choice)) {
// Kl_t 1&&1&*41, E#ﬁ’lk/p\
makeChoice(state, choice);
backtrack(state, choices, res);
// [BIR: #EEEE, MERZFHVRES
undoChoice(state, choice);

BTk, a"kﬂ]ﬁ?ﬂ}ﬁﬁﬁ%ﬁﬁﬂjﬂﬂi_o IRFS state N AIREPIIEIR, 1%FE choices 4 RTT M A+
TRAA TR, 4558 res ZIBRYIFR:

// == File: preorder_traversal_iii_template.dart =

/* FIMTEEIRSEETE «/
bool isSolution(List<TreeNode> state) {
return state.isNotEmpty && state.last.val = 7;

by

/* ICRfR */

void recordSolution(List<TreeNode> state, List<List<TreeNode>> res) {
res.add(List.from(state));

}

/* FIREHFIRET, ZERREEE +/
bool isValid(List<TreeNode> state, TreeNode? choice) {
return choice != null && choice.val != 3;

hy
[* BHRE «/

void makeChoice(List<TreeNode> state, TreeNode? choice) {
state.add(choice!);
}

/* MERE =/
void undoChoice(List<TreeNode> state, TreeNode? choice) {
state.removelast();

h
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/> EIEE: GlE= «/
void backtrack(
List<TreeNode> state,
List<TreeNode?> choices,
List<List<TreeNode>> res,
) o
/] WERTNR
if (isSolution(state)) {
/] iBFfR
recordSolution(state, res);
}
/] BHRFEEE
for (TreeNode? choice in choices) {
/] B REEEREERRET
if (isValid(state, choice)) {
[/ 2 MEEE, FFRES
makeChoice(state, choice);
/] BT R —RERE
backtrack(state, [choice!.left, choice.right], res);
// [BIR: #EEE, MERZ VRS
undoChoice(state, choice);

MR, BAWERENEN 7 B RG2S R, RIMETR 2R IR 2 Ja i) return IEAIMER. & 13-4
XFEE T IR B EUMER return TBAIAVIRERISHE,

#¥ return HifE return
ICRMBERE, TEHSEIEER IERMBETERE, HEHER

K 13-4 R S5MIFR return ARSI Eb

M T R D AR, 2T MR AR I S BAR BEWDNR, (EMEEL. Lbrl, W2
[l )T RT PAFEISHEZR PR, SRR TS BAKRIERE X state il choices , FFSRMME PRI TT
eI
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13.1.4 EAARIE

NT IS M REARNE, AT — T ER AT AR S X,

13-1 A7,

#1d]

fi2 (solution)
LR &M
(constraint)

RE (state)

2R

(attempt)

[EIBIES
(backtracking)
LY

(pruning)

Tip

A, R, IRSSEMES AR, fEoia. B, shasml,

FERRRBIE =25 XS o fl, qnak

R 13-1 H LIRS

724
PRI T 2 PSR, AR —
LIS R IR T LR AP, JERE
T

PAR BRI, EECLMmn
g

SRR AT RR AR IR R, A
RS, THRE, RERTHR

EDEHRBEI LR & PEARASH, AT
YRR, [EE] LR

SRR AR PRI AR PRI TR SRR
BRI, ATRBEER

13.1.5 i=5RRE

Bl =

AT RENTT LT BT R LI AR A2
BREPAEETR S

LRTEVIFAYY 812, Bl path 198515

BV () TR, R AN path
HIr T B ER SN T

SO L SRR EEIEN 3 /Y
TR IEER, HEORE

HBENEN 3 BTN, UAFRSHER

WLFRIEHEA Y Mo

R bAoA — RO LSRR LR, T T AT REIRUL R E BRI R EIORR, IR B0
OERELE FREBSIRBIITH AT RERIMRDIT S, T ELTE S TRIITECBRIE R, SLARBIIACE,
ST, PEUCTEA USSR S ARFVIRY, SIS Rl e DA 2.

I TSR S PRSI ATRE, RIS 44 8 T LUK RO s T

A RIS ATORA (PIAAGE, TTIEOMBIR), MIRRERKN, %

FRARELEIHRA,

EGELTEE, [ISES AR A PR 2O R P B MR T, IR, 1 T e
B PERT AR O, LTI SO AT RERI A (T, (EXCRI T, SRR (AL,
TR A AT TR,

BTG RN R SRR R, TN IR

RIS ARSI\ SRR T, T RS ARI FTAEP AT AROBS 2.
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13.1.6 [G]¥AH B {55

[ SRR AT TR ORVE 2 AR IANEL, 25U 2 AL 20 & (AL
PR M XA H AR R R SRR R 7T 5o

- IR ARG, REHATEATRERIHSIA A,
- FEMER: BE-DERAN—DERM, KEIRESTITERN AR5,
- DOREETEL: 455 = ARAE TR — RN FIR IR, BRI BE N —ARAE T2 3h 2 55 — A T,
OGRS —MNREE, HARER KBRS
LI ML X2 AR RS A LR PR
- n2iE: f£n x n RS EREn NER, EEEMEASHEG,
© OB R 9 x 9 PIRTIEART 1~ 9, #ESET. SINED 3 x 3 FMBTRBTAES,
- EEGRE: BE-DEEE, ARVIBEOAENSNRER, EEHBTEEEAR,

AR : XK R HARRTE— D G 23 A PP RS 7 2 B2 55 1 SR AL e

- O-1HERE: G —-Aai—NEE, MR E ENNENER, ERETEFERGIN, %
B AR S E R KR,

- AT EDNEAF, N DR, IRETE AR IR, SRR,

- BOKHINE: B —PTAE, RERERNTEETE, BFEPIEEN DTS A LHE,

IR, TS HE MR, EfARR RS,

- 0-1 T B AIFE0E s E BN SHUARER,  DAOKE S = A RIS,
- BRATR R N E AR NP-Hard [R5 MR A S BIERIE R IR,
- RKHEUZEIE PR — DA, AT SUORTRS B A NSRRI,

13.2 £H5lin)E

EHEA SR PR RR — DRI, BRI SRS TE MRS A — DT R) BT, X
HHARTTRIIFTA ATRERIHES .

R 13-2 528 T LSRG, LG AR N AT A HES

®13-2 EHFIRA

N R HE
[1] [1]
[1,2] [1,2],2,1]

[1,2,3] [1,2,3],[1,3,2],]2,1,3],[2,3,1],[3,1,2],[3,2, 1]
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13.2.1 THETENER

Question

MA—DEREEEEAH, HPAEESESTR, REFTHTRERIHES,

MIEELI R, AT DA RS RS AR GUR— RINEFEINEE R RIS [1,2,3], W
RIAVeer 1, M3, BJEEse2, MRSHS [1,3,2] . ENRFRREE — MR, Z/eakestiH
fibize+E,

MEAIRIERIAEE, BHESES choices BRMIABAFHIFIEILER, KA state ZHZE HATCHIEFENTT
o WHER, BMLRAAFPIERE X, Wt state PIRFTHCRAN %2 ME K,

G 13-5 For,  FATTAT DORHE R R T R — BRI VAR, S RS BTIRES state . MRTTA
T, 2 =RIEREENAMAT A, BT R R — MRS,

choices = na state =

E—ITEE

BRI

13-5 ZHE5IRIE IR

1. ES®ES
HNTEMEGNTCERPOERE —R, BITZFESIA—DH/REEAH selected, HH selected[i] TR
choices[i] B&CEHIERE, HET ELILL NEIRARIE,

- TEMH%ERR choice[i] J&, BATIwiKs selected[i] MME N True, RFEEBHER,

- JEPNERYF choices B, BRI FTE EH0ERRIT L, BIBTRL,
WA 13-6 AR, BORBAMIE—4EFR 1, B R 3, Bk 2, NFEEES Wil E 193,
EHE =100 E 1 MITE 3 9,
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(3]

,L aixmER 1, 2, 3

e 1 B @ )
B o
o “““““““““1 e

o HRBEHERENTE 1

BIREE 3 FlRaknER 2, 3
-1 530
2

BSREE 2

HCHEENTE 1, 3
FFREETER 2

K 13-6  2HABTETRA

WEEE 13-6 B, N RHRIERHERAAAR I O(n™) W O(nl) o

2. XE5sEH

BB EEEZ)G, BT DIERERAIE R " 1o N TR AR, AT BARSCEIAE
RIS AR EY, TR ENRITAE backtrack () BEELH:

// == File: permutations_i.dart =

/* EIMEE: 2855 I %/

void backtrack(
List<int> state,
List<int> choices,
List<bool> selected,
List<List<int>> res,

{
/] ENREEKESTTEZHEN, iERE
if (state.length = choices.length) {
res.add(List.from(state));
return;
}
/] BHAFIEEE
for (int i = 0; i < choices.length; i++) {
int choice = choices[i];
/] Bt RAARTEEEETR
if (!selected[i]) {
[/ EiE: MEEE, FIRES
selected[i] = true;
state.add(choice);
[/ BT REE
backtrack(state, choices, selected, res);
[/ EIR: #EEiEE, MEIZAIRE
selected[i] = false;
state.removelast();
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I
hy
}

/* 285 T %/

List<List<int>> permutationsI(List<int> nums) {
List<List<int>> res = [];
backtrack([], nums, List.filled(nums.length, false), res);
return res;

S

13.2.2 FEEFTRENER

Question

AN DEREEE, Balrb e S EER, IRMFTARNEERH,

AN [1,1,2] . NTHERAWAEETE 1, ROHEHE A 1ien 1,
W 137 FoR, ik R R B,

choices = na state =

B

RN E AT

& 13-7 EHEHA

M2AM RPRELAIHESIE? e, FEME— MRS, ERNHPIGRITRE, RMXET
UoOLAE, BUONERREEHSIRHER LA DE, NSGERTIBIIFEIE, IXREA] DO — PR T RIRCR,

1. HHSFTEEN

MR 13-8 , fESR—fer, JEHE 1 Bk 1 BN, XA FAERIFTE SIS R EE 1, Rt
MIZE 1 85,

FIFE, TE55—H00% 2 )5, Bty 1A 1 b EmE S, FIHRE S 4 1 37k,
MAR EE, BANERRIERE IR, RIEZSMHERCEBHER IR,
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e 3
HE—iERE
T RAEEM 1 SIE
AREEE—R
BETREE
ﬁ%§§W1
RARI#HEE—R
BEoREE

& 13-8 EEHFITTEL

2. XE5sEH

£ b —MR AR AL b, BB BES —HIEETIFE — MEH %S duplicated, M TICRZLHEL
ZEHTR, HFREETTRYE:

// == File: permutations_ii.dart =

/* BIEE. 285 1T x/
void backtrack(
List<int> state,
List<int> choices,
List<bool> selected,
List<List<int>> res,
) A
/] BREKEET ZHEN, 2RF
if (state.length = choices.length) {
res.add(List.from(state));
return;
b
/] BRFEIEE
Set<int> duplicated = {};
for (int i = 0; i < choices.length; i++) {
int choice = choices[il;
// B RATESERETE B FTATESEEEE TR
if (!selected[i] && !duplicated.contains(choice)) {
/] Ei MEERE, FIRES
duplicated.add(choice); // IEREHFEIWNTEE
selected[i] = true;
state.add(choice);
/] BT RERE
backtrack(state, choices, selected, res);
[/ EIR: #EEEE, MEIZAIIRE
selected[i] = false;
state.removelast();
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/* 285 IT %/

List<List<int>> permutationsII(List<int> nums) {
List<List<int>> res = [];
backtrack([], nums, List.filled(nums.length, false), res);
return res;

h

BIRTTRMMZ R EAMHE, W n MR n! S (5F); TEICREGRN, TEEHHKEN n HFIEK,
5H O(n) NH, FEEERTEZRER O(nln) .

BRIBITRE A n, HH O(n) #iiz A, selected fH O(n) 22, F—MNZI&ZIHE n 4> duplicated
, W O(n?) =M, BISBREZREN O(n?) .

3. TFBIRAEL

HITE, B selected Al duplicated #3FH THIKL, (HMEH BRI,

- EEEENE: BNMERSETHEE ) selected . BICERMEMUITIIRAST RS TE, HIEHE
WRFANTCETE state FEE HI,

- WIS CEER: BHERE (ENAHM backtrack D) #EE—1 duplicated ., BICRIEEAR
Wi (for fE3A) ML T ROHOERE, HIEARRIEMHS TR RBOEE—IX,

B 13-9 R T AN BIRCR AR AE RGO, TER, MR RRE—MERE, MRTT SR SRS B
AN A R — RS,

HEEt— <
WHTIR [1, 1, 21 [1, 2, 1] (2, 1, 1] BB&HFZ §

B 13-9 RIS AFPE VE R
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13.3 FEMin)E

13.3.1 TEETENER

Question

L5 — N EREEEA nums F1— D EHFRIEEEEL target , IEHRHFTERTREMIA S, FEHEHIITE
MET target . BEHHILEE LR, BPICRA]UIPHERZ R, ELAIRERIRENXEHE, 5
TR PN ASEEHE,

flan, MARE {3,4,5} FEREE9, 80 {3,3,3},{4,5} . FEEELTMA.

AR TTE A T R R L,
- FERARKATEEIE, A {4,5) A {5, 4} BRA-ATFE,

1. SESHIIEE

KT 2HFIRR, FATT] DA SR A RO R R — RIS R, HEE PRI R I B R
7, YITEMET target I, B FRICHKBETIIE,

iS5 AR FE R, ARSIl DIBTERRER, KT selected f/RIIFRIDFR
TLREN CPOER, AT PO EHEI I T/ MEE S, 91215 2 iR s -

// == File: subset_sum_i_naive.dart =

/* EIEE: FEM I +/
void backtrack(
List<int> state,
int target,
int total,
List<int> choices,
List<List<int>> res,
) {
/] FEMZETF target B, iBRfE
if (total = target) {
res.add(List.from(state));
return;
}
/] BEFREIEE
for (int i = 0; i < choices.length; i++) {
/] EiR: BEFEMNBIT target , MBI ZER
if (total + choices[i] > target) {
continue;
}.
/] Eit: MEEE, EHFcEM total
state.add(choices[i]);
/] FITR—REEF
backtrack(state, target, total + choices[i], choices, res);
[/ ENR: HEEIEE, MEIZIIRE
state.removelast();

/[* RBFEN I (BEEEFH) «/

4
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List<List<int>> subsetSumINaive(List<int> nums, int target) {
List<int> state = []; // K& (F&)
int total = 0; // 7T&EM
List<List<int>> res = [1; // &RIIER (FE&EFIXR)
backtrack(state, target, total, nums, res);
return res;

MDA AR B (3,4, 5] MIEFRTR 9, WHEEE0N (3,3, 3], [4,5], [5,4] o BRI T HAERN
9 MR, HPA/ERER T (4,5 M1 [5,4] .

X ROHE R LR KM, SR FRAXERT. HE 13-10 fR, Joik 4 J5i% 5 556k 5
JGiE 4 AR5, XA — D5,

choices = TR
target =

BRERE

A 13-10 FHERGBITEIE

NTRREETH, —REENERRMERIIR TR EH, EIXDTTERERIRIE, AP RE,

- ABAHTERRZ, THEY target AN, EREEZEREBNEE TH,
- BT (B MRFEHERFEN, TELHFSA, BHERATENITRIRE,

2. EEFEH
FAZ B R F i B R T 2R, KR 13-11, BE THEEE DIREIF S T E NP 1),
Bian AR IB L

L YRS R e 3 4 I, RAEREESEXM N TRITAFE, 128 [3,4,...].
2. ZJE, YE R AN, M TEMIEEND 3, FOVZERTERNTE 4,3, . ] S 1. B
Mr&ETeEg,

FEEREET, B BRNEEARRMNEREBR N2, EIHEEES R B HATRZ
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1. RiPEIERE 35, AT4 (3,5, .. ],

2. MIPIRCIERE AR5, AR 4,5, .. ],

3. HE—HIER S, W SRS 34, WA TE(5,3,.. | f[5,4,...] 5F 1. SME 2. Hrh
MR FREREE,

choices = a

BB Bkt 3,4
BRBEETE

BIk:: Bkt 3
BRESFE

FHE (3,31 [3,4,.] [3,5,.] 3 [4,4,.1 [4,5,.] 3 ; [5,5,.]

EEFR EEFH EETHE

13-11 NEEEF SHVES 75

MERE, BEMNEL (11, 2y, .., 7,)] , WIRTEAIGERIN [0, 0, . 2, |, MRS
FEMWIL 6y < iy < - < d,,, FVERSPEIREREFIIRIERES, PITE,

3. EEEm

NIPNZIIRE, Bl T start, ITHGRBHRIGA, MHHERE v, )5, BE F R3] i F
W, SRR T DR IIIE i) < iy < - <4, , MTHRIEFEME—,

BRIELZAb, BADEXRESHAT T PA R I L,

- B RAT, SO EE nuns HEFR, EIBJIFTEIEREN, YA target I E S HRIGE,
NEBRTEER, HFEM—E#id target
- BEICEMNLE total, WITTE target EHUTIHESEGETCEM, Y target FT 0 BHES#,

// == File: subset_sum_i.dart =

/* BIEE: FEM I +/
void backtrack(
List<int> state,
int target,
List<int> choices,
int start,
List<List<int>> res,
) {
/] FEMZETF target B, IERMR
if (target = 0) {
res.add(List.from(state));
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return;

+

/] BRFREIEE

/] BT M start FRIER, BEREREEFE

for (int i = start; i < choices.length; i++) {
/] B—: EFEMBE target , WEELEREF
[/l XRENBACHF, FBHTEEKR, FEMN—TEEE target
if (target - choices[i] < 0) {

break;

+
// Ei: &R, B3 target, start
state.add(choices[il]);
/] BT REE
backtrack(state, target - choices[i], choices, i, res);
[/ EIR: #EEERE, MEIZARE
state.removelast();

+

}

[* KEBFEM I %/

List<List<int>> subsetSumI(List<int> nums, int target) {
List<int> state = []1; // K& (F5)
nums.sort(); // 3 nums BITHER
int start = 0; // BEFHikEHES
List<List<int>> res = [1; // Z&RIIFK (FEIIKR)
backtrack(state, target, nums, start, res);
return res;

P 13-12 ROV R [3, 4, 5] FERRIER 9 A DA L ARFR IR RI A 72

M target
choices = a FriaMRE
target =
BIERE
Jo
E=REE
BE— k=
EEAOTE 3 BREm P
iBid target BETHE

13-12 FERM T [HHHd R
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13.3.2 ZEEERZNER

Question

HE— D IEBEEE nums F1—EHFRIEEEL target , BHRHFTARIRERNA S, HHRASHHITER
T target . HEBATREREHEEE, BN LR BiERE R, EDIIRIERIRENX LA
A, RPN ESEEHE,

HHEET B, ARSI BALNRER S EE LR, XTI TR, B, edien (4,4, 5] FEFRTE
9, MIARBImEERN [4,5],[4,5], HBITEEFE,

EROXMEE RS TR B 2 RIERE . 8 13-13 b, SR =R, HAhm A Ey
4, FENTEENERDX, Nt EE 74, FHE, #2800 4 e EEE 7H,

(4,4,.] [4,4,.]

EETH

13-13 MHETRSBWELE 7H

1. HETREK

M, BATH R TR — P HREORRE — R, KT Sy i THAHR T
9, BIHAHSETCRECRAHMAT, XEWEERAER D, HYUATRSHANTREMES, WkC ek
B, FittEEpd Y aiTR,

SRR, ABRE A TR N REBOESE — K, SEisfE, BATRA] DRI R start Kil 2 IZ20H:
SfHOERE ¢, 5, BE N MR+ 1 IHRAERED . XERRERPRER 754, thabifEgiEsoT
%O

2. fUEEsEHM

// == File: subset_sum_ii.dart =

[* BIESE: FEM IT %/
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void backtrack(

}

List<int> state,

int target,

List<int> choices,

int start,

List<List<int>> res,

{

/| FENETF target B, iERME

if (target = 0) {
res.add(List.from(state));
return;

¥

/] BEFREEE

/] B Z: M start FFIRIER, BEREREEFE

// BEif=: M start FiGiERH, B#REEXER—TTE

for (int i = start; i < choices.length; i++) {
/] B—: BEFEMEE target , WEEEREF
[/l XRERNBACHRF, EUTEREAR, FEM—EEE target
if (target - choices[i] < 0) {

break;
+
[/ BN MRZTESEOTEBSE, HEZIERSISEE, BiENY
if (i > start 8& choices[i] = choices[i - 1]) {
continue;

}

/] Ei: ME%ER, F3 target, start
state.add(choices[i]);

[/ HITTF—RER

backtrack(state, target - choices[i], choices, i + 1, res);

[/ ENR: HEEIEE, MEIZAIIRE
state.removelLast();

}

/* RBFEM II +/
List<List<int>> subsetSumII(List<int> nums, int target) {

List<int> state = [1; // K& (F£)
nums.sort(); // % nums #H1THEE

int start = 0; // EHEHES

List<List<int>> res = []; // &R5IFR (FEFIR)
backtrack(state, target, nums, start, res);
return res;

% 13-14 &R T8 [4, 4, 5) MBEFRCR 9 WENERE, LOETIRBIEERIE, B IER S RS
A, BfRRRMERERE, DUARBIEEREZ A TR,
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choices =
target = w_spiE

Q{)

nEm

-0F ;e
| BRERR

& Jo [4,5] EETE

HE=
FRUEE

ae— R

b i
B target

K 13-14 & 11 Bz

13.4 n EGin)#3

ER—%IR%T
%;E’é?&iﬁﬁ*;’;\ 09‘_ (x) 723

Question

RIEE PR RN, 250 USSR —1T, —F— &M%k LR, 8% n MEFRM—1
n x n R/NRIBE, FHERITE 25 Z RIJCEAHE SRR RTT %o

g 13-15 R, Y n = 41, HEADUREIR MR, MEEENAES, nx n KDABEIEE n? MM
¥, A TATERER choices . fERMHER/EHIERES, BEIRSEANRA, SMNZIMEERRZ

IRAS state s

| ) |

L3
€

€
I

| |

13-15 4 2JERIEERI#E

B 13-16 R T AR = DAFGEM: 2ARIEARRER 1T, [, F—RML L, EEERNE, Xt
LRI N ER LR\ RO FaLk / Fifd,
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i
1

TR AABAL BREREA RS
7

EARRES - YK

st —i7 — oo Yoo e &

/
" | , \
N N 7
& - _ f SRS S R VA B
X X X I A /
S - ’
7 o | A
f S &
N
: i 2
X X, ””*7-\*\”W*””
S| e—
| N

FRER—F  FRER—THBEL

K 13-16 n 2JSMERILIHRFEAF

1. ZF{THERER

SEHEEMEERNTEE Y n, BRBEMNESEE—MES: BT AR ariE -4 55,
WYL, BATRTDERBOZITIHE RS : WNB—1TITE, ARTHE 25, BEERE T4,

B 13-17 Aol 4 2R HREBEZITHRED R, ZEERT], & 13-17 (UIT 7B TR HP —MERD L,
H HARFA SN LI AT F IR 77 AT T 3%

w [T W] | ]
HE%E 117 N —— [ [
(&BR) (&B8) (&B8)
W | W W [ ]

REE 2 5 % . F %] W]

’:! v w | LW
el mEnl el i

W . v v !j ¥
BEE & 17 | L (= = =2 | =

W ¥ ] v :

i W W

13-17 IBATHCE RIS

WA EE, BITBCERIGES] ¥ OB e, e 7 R—ATHHZ D RISMFTE RS .
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2. FISHALERE

NTRANLIH, BATAT A —NREN n (H/REEE cols idkB SR EA Bh, EFRIVENRE
i1, BANEE cols KEHA L/RIFTEIE:, FHAERMBIHINEEH cols FIIRE,

Tip
THER, MERERATE LM, HATRIIMN LRI, SR MNESHEN,

A2, WAL LRI RE? BRI MR T IITHIR TN (row, col) , IEEFEREH IS TR AL,
BATVEIZN LR LA RATRIIRAIR S AT, BN M& EFA R row — col MaRE(E,
WEREW, WRAMETIRE row, — coly = rowy — coly , MEMT—EMTER—ZFX AL E, FIAX
PR, FRATATCAREBYIE 13-18 FnAUEH diagsl IDREHFR TN ALk LEGHER,

[FIEE, YO LRI row + col RMEEMH, BATFEREH AT CAEBIEE diags2 SRAEFEION fALE)
*o

ERAMAL
BEHEER

Goan

cols

BRIIBERER

13-18 AEERHNLHAMI FALRLTHR

3. %M

HER, n 4E5BEF row — col MEREE [—n+ 1,n — 1], row + col WuREIZ [0,2n — 2], ArPAFEX
FERAON A ZRI R 2n — 1, BIEGH diagsl #l diags2 MIKEHTHN 2n — 1,

// == File: n_queens.dart =

/* EIREE: n 2iF %/
void backtrack(
int row,
int n,
List<List<String>> state,
List<lList<List<String>>> res,
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List<bool> cols,
List<bool> diagsl,
List<bool> diags2,
) A
// HHREZFRETTIE, ERf#
if (row = n) {
List<List<String>> copyState = [];
for (List<String> sRow in state) {
copyState.add(List.from(sRow));
+
res.add(copyState);
return;
¥
/] ®HEES
for (int col = 0; col < n; col++) {
/] TEIZAEF R E X A LEFR T ALk
int diagl = row - col + n - 1;
int diag2 = row + col;
[/ B%: RAFZISFRRES. EXNAL. ANBELEEEER
if (!cols[col] && !diagsi[diagl] && !diags2[diag2]) {
[/l Ei: BEEHRETZETF
state[row][col] = "Q";
cols[col] = true;

diagsi[diagl] = true;
diags2[diag2] = true;
!/l WET—17

backtrack(row + 1, n, state, res, cols, diagsl, diags2);
/] EIR: EzigFImE R=L
state[row][col] = "#";
cols[col] = false;
diagsi[diagl] false;
diags2[diag2] = false;
¥
¥

}
/* K& n BiF %/

List<lList<List<String>>> nQueens(int n) {
/] #ia nxn K/NEEEER, Hep 'Q ARER, '#' AREM
List<List<String>> state = List.generate(n, (index) = List.filled(n, "#"));
List<bool> cols = List.filled(n, false); // BRIIESTEER
List<bool> diagsl = List.filled(2 * n - 1, false); // EBERFHNAZXLETEER
List<bool> diags2 = List.filled(2 * n - 1, false); // EFRAMALLETEER
List<List<List<String>>> res = [];

backtrack(0, n, state, res, cols, diagsl, diags2);

return res;

BATIE n ik, BIEFILR, WNE—TRRE—T20E n. n—1, ... 20 1DEE, @/ O(n!) N
[l ISR, FEEHIER state HIRMIE res, EHIERIERER O(n?) IHFH, ik, SO REEZE
FO(n!-n?) . FBRE, HUEXALRL R AEDS KRS MEZRAR, NG ZRACR AR T LA BT
BRE,

4 state i O(n?) %06, ¥4 cols. diagsl fil diags2 EflifH O(n) &M, HAMBINEKE R n, &
A O(n) teizsil, Wik, “HERERN O(n?) .
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13.5 Ih&E

1. EREEH

- IEEARBUR S 28R, B RS R T IR Ui 7ok ST & SRR, fEIERIERE A, 1B
RIS, B EREIRTA REOE P 72 R4 3

- FERAE RS RIS FNREM AN, el R R R A MR, BRI
LREFEIFRITE O, IR E—Pr0ikss, IBEZEZATHIRE, FHakstilHhgss, 25 EREM

NI TR R AR,
- [ REE S 2 N R, TR TSR R, SR AT DARATAT RN B AR RS, K
TR THE R,

- (IR 3 S A] T AR R R (R R AR 2 (AL, A S AR IR R SR AT DA [l SR R, EAEE
TSR T i R A IR TR

- 2R S EERAEESITTRIATE FTRERHES, BAME — M RIER DT R R S PR,
S R R — T RAE R 0 3, RSN ITRRAPOEE X,

- AEEHRSRET, EREAPFEREES TR, WRASERSHIESHY, RNTELRMHETRES
erp HREBOERE—IR, XIEFEB— D Iam &SR LI,

- TEMPEIER HbRRESE RSP RENN EMERN TS T8, £ AXOTRNF, MEREES
WA IEEER, A EE TR, BAERWRTRESRETHE, HiRE PN EERIERE K
IR, MITRE S TSR AR R 0 SO TIIRL

C X TFEMEE, BTSSRI ERERES, BNFHEAHCHPRRTESE, BT AIBELR
TLRE ISR, MIMHCRAHSE TR AL i L BEBOE T —IX,

- n REMAEEEIHE n NEERES n x n RSEE ERTTR, ZRATE 25 MM RIJCERBEE
Tio ZBIILIREFAITLAR, FIZHR, EXAEIIOT LR, Nl RITLIR, BATRAATR
BHREE, RIES—THE 25,

- HILIFRIS FALRLTRAIAL BT SR, X FHILR, AR —MERIERE SR G ARG, M
TRETRIRE T RE G R XN TRAERLR, BOMEBM MR ANIERIZE, Kk EREOFE
S5, MRETHRELER - B NA% BRI ErIToIRS A,

2. Q&A

Q: EBUREIIHAIEITR K FR?
BHRE, B “RIAREET, mEAEGRE - TR

- [EEREEE TS, A, FEIRIEHMN AR —, RIEEEERAE RN AL,
- OBAREEEILT TR RIRETE, FHATRRRE. B, shESHR GEfZeEa) S
i,
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Abstract
NS NCI N ARG V(5
SRR /N B AR SRR BN A 2R, — 2020 5 | SBAT T8 (Al o [l R A8
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14.1 ¥iREhEIEY

shSME (dynamic programming) 2 —PMEZEREIAERX, ER— N RN —RIVE N T FE, 7
AT PSR R R B TR, TTRIEER T RRCR

AT, BN DRMFIBAT, eantierg s, WEHPUSNESTRE, 525 T
B BN S S

JerEEh
BE—DIE n RO, (REEPRTDLE 1 e 2 B, iERA 2/ 0875 58] ARSI RETH?

i 14-1 FoR, X1 3 Birkksd, HHF 3wy 5a] DUEEIRET,

.

TetsE 3 pisdts 3 MpE:
0515253 , 0523 , 05133

14-1 TeZIZ 3 Firid 7y s

AT B AR K77 RECR, BATInT DA R Ik 75 2 A al REME. BRI, KIEMEE SO — 12
FIERRHI R MM A, R b 1 e 2 [, S BNARERR RN R T R AR 1, i e

TRERINSEIE HBTRL, ARSI R AR
// == File: climbing_stairs_backtrack.dart =

/* [EI8 =/
void backtrack(List<int> choices, int state, int n, List<int> res) {
/] HIEEIZE n MBY, HEK=EM 1
if (state = n) {
res[0]++;
}
/] BHFIEEE
for (int choice in choices) {
/] B AREEEE n Y
if (state + choice > n) continue;
[/ B MEEE, FFRES
backtrack(choices, state + choice, n, res);

/] &
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hy
hy

[* NeHEtE: B +/

int climbingStairsBacktrack(int n) {
List<int> choices = [1, 2]; // ®i&EE@ELEME 1 gk 2 B
int state = 0; // M%E 0 BAFFANE
List<int> res = [];
res.add(0); // £ res[0] BRAHEHE
backtrack(choices, state, n, res);
return res[0];

14.1.1 FiE—: BHEE

[ SR 9208 B A R Ao A TR AR, TR SR AR 1 — RARRP IR, IR B0h:, RAT
A AT REATE.

FRATTAT DAS2 M R R 53 ) g FE S AT I SE R, IRTERNSE 4 B e dpli] ®OT R, A4 dpli] sU2 RS, H
R EER

dpli — 1],dp[i — 2], ..., dp|2], dp[1]

BT HAEE 1 ek 2 B, BRIHCSIRATUGAESS @« reeis B, b—4eHmTaEuitEss ¢ — 1 ek ¢ — 2/
b BRANED, FATHREME ¢ — 1 Bk ¢ — 2 Briamss ¢ b

R RIS — D EEAEIS: TR « — 1 Briyy BB _LICRISE ¢ — 2 By REORSE TSI ¢ B )i
FE ~FAUE:

dpli] = dpli — 1] + dpli — 2]
IXERETENCRERS R, & F RS A TEIBIEC R, PR n] PA ¥ PSR e ok, & 14-2
JER T IZIBHER R,

dp[5] =dp[3] +dp[4] =8

dpl4] =5

dp[3]1=3

|

HEM#E n = 1 2 3 A 5 6
FE¥ dpln] = 1 2 3 5 8 13
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B 14-2 75 REEBHECR

TATAT DR A ARSI R ISR, B dp[n] MRS, FEITM— A K RN A B i
WA, EEEAEN TR dp[1) A1 dp[2) BHEE, b, BN TREIORZEEHN, B dp[l]) = 1.
dp[2] = 2, RAMEHE 1. 280 1. 2 M7TE,

ML LARAAD, ERIbRE RS TIREL R, (HE &
// == File: climbing_stairs_dfs.dart =

/* R %/
int dfs(int i) {
// B dp[1] # dpl[2] , REZ
if (i =1 || 1 = 2) return i;
// dp[il = dp[i-1] + dp[i-2]
int count = dfs(i - 1) + dfs(i - 2);
return count;

}

/% JetEts: R «/
int climbingStairsDFS(int n) {
return dfs(n);

}

B 14-3 /R T R RGREIAR, X TR dpln], HIBEMIRE R n, NEEREN O2"), &
e TR R, RENMA—DHERE n, WXFEABRIEFRFZH,

dpl9]

dp[8] dp[7]

dp[7] dp[6] dpleé] dp[5]

dp[6] dp[5] dp[5] dpl&] dp[5] dp[a] dpl4] dp[3]

EREMEINEEARER TR
SHEYEERERELRR o(2")

14-3 TERERSA RO
WA 14-3 | SESORIIRA At i “HA TR SEA0, Bl dp[9] ¥ dp[8) F1 dp[7], dpls]
WM dp[7) 71 dp[6], WEEEE TG dp[7] .

DAMESEHE, F RS EE N EE TR, s R, AR HHRERERR X E &N T
Al L
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14.1.2 FE=: idlziigs

NTHTRIERCR, BHEAENES SRR R, Ovitt, FOTEH— A mem KidRE D

TSR, FFAERRIERE R EE T RS,

1 MRS dpli] I, TASHIDREE nenl[1], DAEZ IS,
0. MEREEIE dpli] I, BT EEEM men[i] FHRHGET, MR S 1% T,

AR AR

// == File: climbing_stairs_dfs_mem.dart

/* BIZIIER «/
int dfs(int i, List<int> mem) {
// BF dpl1] # dpl[2] , REZ

if (i =1 || 1 = 2) return i;
// BFEEIER dpli] , WEZREZ
if (mem[i] != -1) return mem[i];

// dp[i] = dp[i-1] + dp[i-2]

int count = dfs(i - 1, mem) + dfs(i - 2, mem);
// 2% dplil

mem[i] = count;

return count;

h

/* ets: iBIZHiER «/

int climbingStairsDFSMem(int n) {
// mem[i] IERMEEIZE i MBAREZE, -1 KREIER
List<int> mem = List.filled(n + 1, -1);
return dfs(n, mem);

by

WERE 14-4 , edidi G, A RS RERREHHRE X, NREREREE On), 21 E

KHT KER,

n
nEEg, G
HED

ICIZERTT AN IEERER 0(n)
ERFREESFIRAIFRITE—R

B 14-4 L2 RN R A
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14.1.3 &= &R

IR Rl RN 197515 FATERE R R) JHh, IS ITHRHBR T R B+
M, BEEREMRNFRE (MR, )5, B EHRERE 7 R, FE R R

2R, shBMRE R/ “IVRET” 19755 s FIrERIETE, SRR E T FENg, B
152 i m] R

BTSN S B, R RFEABIMENSEI, TAEHEA, £ REH, JAT9Ee—
N dp RAEIEF RIRRAE, EREE] TS ICICAARR PR mem MHRIATICSRAEH :

// == File: climbing_stairs_dp.dart =

/% JCtEts: shSH%l +/
int climbingStairsDP(int n) {
if (n =1 || n = 2) return n;
/] e dp R, BFEMEFRBRIAE
List<int> dp = List.filled(n + 1, 0);
/] AR Tk FinlRAvAE
dpl[1] = 1;
dpl2] = 2;
/] RKEEE: NBRNFIRBZ D KEFRA TR
for (int i = 3; i <= n; i++) {
dp[i] = dp[i - 1] + dpl[i - 21;
I

return dp[n];
B 14-5 BT DA ARSI Tid #R

e N, s N, i N N\
7 o~

MsRA:
dpl1] = 1, dpl2] = 2

RERBERE:
dp[n] = dp[n-1] + dp[n-2]

MAREEFF S, #ITIREEE, ILEEIRRESREL

K 14-5 EHERRRISISMNINS R
HEMEZE R, ShAURIMAER “IRE” SESRERAER BRI E B, 8 IRESHON B —> A A
K RLE) Ry e e LA, 14N, TERAAE R R A TR SR SO L R A ERERRRIT 2 7 o
IRPELA N, TR DRSS SIS MRI B B R,

- EER dp #h dp %, dp[i] TR i M BT R,
- RN TRBIR RIRA (5 1 BORIS 2 BRshE) FROmaTiamas,
- AR dpli] = dpli — 1] + dpli — 2] BRNRBEB AR,
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14.1.4 Zialfik

MOMEERTRER I 7, MT dpli] RS dpli — 1] M dpli — 2] FR, FIRATICHER — M 8E dp kA7
BT A ¥ DB A, T TR R RAIRTERT AT, AR R R

// == File: climbing_stairs_dp.dart =

/* [etEts: TEMLWENmIESIX] «/
int climbingStairsDPComp(int n) {
if (n = 1 || n = 2) return n;
inta=1, b = 2;
for (int i = 3; i <= n; i++) {
int tmp = b;
b a + b;
a = tmp;
¥
return b;

h

WD BT, HTAE TR dp SRIE, Rtz 2 M O(n) KE O(1) .

FERNASHURIFEE S, HEPIRSEE NS A AR MRS A R, NN DR REOEAIRE, Wl “FRd”
KATENES ], XA R BII RN R R” o R,

14.2 mhEFIR )51

FE b=, B TSR AMARE L 5 A)E 7 R R AR SR A R, SKRw b, 7 [l o e —fid
AUSRRERS, 1E01G. ShASH (Rl A A e A ]

- MRS AR JF R o2 O 2 MR BN R R, E RN TR, R RS I R
fiR, BRZASENR A

- BIIESHKIHEA RREATIE T 2 i, B5 AR EZXANR, AR+ REURAH AR, 1E
SRR S IV 2 B T A,

- [EEIRAE 2 DR 55 25 AR RTRERTRE, FFIEE BIEGE N AR 03 R MR — &
FIRF BRI K, AT DR N RSP B Z AT 7 R B 1 — D T [l

Kl b, SIS AACRBRIRE, e MUESEETWE, CEERINRRHE: RIEFEHHE, T
JERIE,

14.2.1 RAFEN
AT TERERS I RS VA, (2 B INIE & SRR A PS5 HHE &,
ERERE M
BE—DERS, IREHTIE 1 INERE 2 1, S—Wss LR E — DN IERREE, RRIRIEIZEM

PR TR BT AT, B — D IRTREEEE cost , H cost[i]| RRIES « MEMTER HIIRAN,
cost[0] JHuE GEIGRD. HH RO FEN 2 DN A RERIATHER?
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i 14-6 FoR, #HH 1L 20 3B E08 10 100 1, WIMHLETEZIES 3 Brags MU N 2,

BRI n = 0 1 2 3
HH costln] = 0 1 10 1

TeLss 3 Miigisdts 3 AR
0515233 , 05253 , 05133
Hep 0513 HRNHRD, BIMENHA 2

14-6 TEEIE 3 Frim/ M

1% dpli] JTEEIE § RIS HEORGT, HTE i AR i — L Bk i — 2Bk, Wit dpli] HATAE:
F dpli — 1] + cost[i] % dpli — 2] + cost[i] . }1 T RATAERA (AT, FRITTRZIERERE e NHE— A

dpli] = min(dp[i — 1], dp[i — 2]) + cost][i]

IXFEAT LAS | R AT A5 i S0 Dot ) A B DA DA ) e DL AR S 1S SR )

AR BAREAG BT FAINNADF RIS dp[i — 1) F1 dp[i — 2] kBRI —1, A
EATR RS dpli] BRI,

M2, E—THICHERE A IRA R FE5H0E? BRI BRI REE, BEU2 DR, (EaR
MR RBERARTTEEE, TATEIMLEL, BREBBSEIGRENT, HRNTaEmRTsk
T B MERARTEBEFTE n — LIS n — 2 MEARTTREEZM, Fllk, RIUFaanmResT X
FURRRTE, EARRFEH AR RE X,

RIBIRSHE TR, DARPIIEIRTS dp[l] = cost[1] f1 dp[2] = cost[2], FATHEAT AR EIZhASHLRIRAS
// == File: min_cost_climbing_stairs_dp.dart =

/* e RIMEMN: shSME */
int minCostClimbingStairsDP(List<int> cost) {
int n = cost.length - 1;
if (n = 1 || n = 2) return cost[n];
[/ %tk dp +x/, BFEMETFIRIEAVAR
List<int> dp = List.filled(n + 1, 0);
/] RS Fugs/ N Finl AR
dp[1] = cost[1];
dpl[2] = cost[2];
[l KEEE: NRNFIRBZR D KR A TR
for (int i = 3; i <= n; i++) {
dp[il = min(dp[i - 1], dp[i - 2]) + cost[il;
¥
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return dp[n];

s

B 14-7 Jon 1 PA AR Eh SR

cost[1] cost[3] cost[5] cost[7] cost[9]
min + min + min + min +
dp[8]
min + min + min +

cost[2] cost[4] cost[6] cost[8]
aRE:
dp[1] = cost[1] , dp[2] = cost[2]
RERBAHE:

dp[i] = min(dp[i-1], dp[i-2]) + cost[i]

B 14-7 Terrhim/ MU EIBIAS ML 2

RBL AT TR R, R TE, BRE2EM O(n) BE O(1) ;
// == File: min_cost_climbing_stairs_dp.dart =

/* e R TEMLIEHIEESIK «/
int minCostClimbingStairsDPComp(List<int> cost) {
int n = cost.length - 1;
if (n =1 || n = 2) return cost[n];
int a = cost[1], b = cost[2];
for (int 1 = 3; i <= n; i++) {
int tmp = b;
b = min(a, tmp) + cost[i];
a tmp;
¥
return b;

}

14.2.2 TR
TJER R B ASHKIRENS B R R N BB 2R 2 —, HE O BE—IHeEfiRE, efRkEER
YRS AE R, mSdEantmaiREsixs,

DATERERR RN B, ka0, ERERHINE © + TRURE 1 + 2, 25 Rgk 1 Bk 2 5, it
IXPARIZERERY, FATTTCHH IR « ZHTHPIRE, BT ¢ BRI .

SR, QISRFRATIEATEAL B RIS — DR, THOUA—HE T,
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T S R MRS
BE NG n NHERE, IR ATRALE 1 Firela 2 B, (HAREESIMERRE 1 B, 15inA2 DRy %
AT ATEZIAL T2

GniE 14-8 A, eSS 3 0w 2 Mml {7755, HANES: =Bk 1 iY77 BRI &N, RIBEEF.

BT FEEESFRSLE 1 M,
FEALAHE 0515253 HER — |

BEM® n= o 1 2 3 4 5 6

TetsE 3 MikEEE 2 #5
£

95253, 05153

14-8 HLIRIEEIE 3 WAy e

EIEED, R R R L B ERAG, ARA Rk 2 B, XK, TR AR Y TR
A CHRPIERBINED Mo, WA RS (L SeiiEREmED A%,
FRERI, IR R TS R, RASER TR dpli] = dpli — 1] + dpli — 2] BT, EH
dpli — 1] {RF=ASBE 1 B, EEAFEE TYS “ 0 Rpk 1B RIS 7K, M7 ieds, RITm-R
BB dpli — 1] BB A dpli] o,
Wik, BT RRAE X WA [i, j] Fordb e i IFEE—8BET B, Mg e {1,2). RS
TSRS T Bk T 1 B 2 By, Bl TAT LI 4 it s MR,

M BT LRI, b 4R 2 R, B dp[i, 1] HEEM dpli — 1, 2] BEIER,

C b T 2 B, b E BRI 1 BrsRBk 2 B, B dpli, 2] FTBAM dpli — 2, 1] 5k dpli — 2, 2]

AR,

W 149 §iok, E%EXR, dpli, j] FoRIas [i, 1] MRETRE, RSB TRN:

dpli, 1] = dp[i — 1, 2]
dpli, 2] = dp[i — 2,1] + dp[i — 2, 2]
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THEEESLMACRE 1 MY
ElZTwHEE

dp[i-1,1]

dp[i,1] dpli,2]

dp[i-1,2]
dp[i-2,1]

dp[i-2,2]

K 14-9 HELH MHNEHERR

R, IEE dp[n, 1] + dpln, 2] BIFT, B 2 RIREIESIES n K7 ERA
// == File: climbing_stairs_constraint_dp.dart =

[* WLIRNEHERE: shSHK +/
int climbingStairsConstraintDP(int n) {
if (n =11 n=2){
return 1;
¥
/]l Wk dp =/, BFEEFIRIBAIEE
List<List<int>> dp = List.generate(n + 1, (index) = List.filled(3, 0));
/] YEIRES: Fugs/ N FirlRafiE

dpl1][1] = 1;
dp[11[2] = o;
dp[2]1[1] = ©O;
dp[21[2] = 1;

// RERB: WNFREES RERAT I

for (int i = 3; i <= n; i++) {
dp[il[1] = dp[i - 1][2];
dp[il[2] = dp[i - 2][1] + dpl[i - 2][2];
}
return dp[n][1] + dp[nl[2];
}

£ RHARGT, BT NHEZHEAE NI, BB DOsE i RIRSE X, (15 B i 2
TRt R, FERBAAIREERN AR,

TERERA-5 BRERT/E R

B DIAE n TROREES, (REPATDAE 1 BE#E 2 [, A SR « Bk, REEEHNSIIER 21
Fir L LRERY, )G PiA SRR SR VrRkEISE 24 B b BN, ATPERAIBREN T 20 3k, W
JEARERREIES 4. 6 [ Lo EFE 2/ DRh75 50T DUTRZIRETH?

FERXA A, T IRBRERRIUS RATE RIRE, BN E—RBRERE = A S s IRTES R E RS, FFRNAR
AIBER, XTI, BASHUAEME DU,

Kk b, F2ERNHSMARE (BIEIRITREFED e Et. M xR, HANEE EEE
FIEAMTTIE, BlanE AR, BEER, st I, AER BRI R 1S 2 a] AR R iR (LR
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14.3 mhEMRIAES B

EWTIAE TSNS FERY EEARFE, 5 TR RTINS A AR,

L. Gl — Al EUR A 2 8 SRR Al ?
2. RIESEMKNPEIZMATEAT, BSR4

14.3.1 [aIREFIET

BEPRS, RN MEEESES T WE, RIETEH, HRETERNE, B eidiIEs HaismRIRE,
SRIM,  FRATARE A TR REA F B SR X e, (R FRAT T SIBE 60, SR )i 7508 5 T )
W (%) Mok,

TGS PR DL D BUE F . “OGRHBRY” | SX M) ETA] DA AT S5 ARk HiA, o — 1 R
— PR, B RERAE DRI,

HAgTEL, ARSI RS, I B REE — RINRET AR, AR BRI e R, 8
AT DAGE A (1R AR R

FEMECEA B, SR RENE A — 22 NI,

- MEEERK (M) 8 () FRitbmbit,
- IERIRSEER R — IR, YRR SRR, I H— DRSS HABRINSFEISHER R,

MR, AFfE—L “RRoTI,

- IR EARZ AT E Al RERIARR TR, T E R R LR,
- ERA A EIHPH S RIRHE, &EREIEARIZ DT,

QIR — IR R SRR, FEEAARONIER “maut”, FAIHA] DURIR B R — P EhSIKIRE, FF1E
R EHRIEE,

14.3.2 [RIERBSE
SNSRI B R AR 2 DR (R R A R A FE TS PR, (EIE R EIE DA TR iR RsR, & SURE, &7
dp &, HEFIREEBTE, WEBRENE,
NT BB B RS, BAMEH— MR “ e NgER™ k2,
Question
HE—Dn x m N _4EME grid , MASTRIEDNRITTEEE— DN EREEE, FORIZEATEIRT,

Plas NDAZE Ef BoTheonidin e, BIRIARER ReRE ARSI —8, BEEENEG Mg, 1HRE
MEE EAEIE N AR N AR,

B 14-10 fon 17—, 28 MRS R IR/ NS AR RIN 13 6
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1 5

- K
o -
-
435“

220

B/NBEEAIA 13
WHREFEAN 1925253325152

B 14-10 e/ NEERURBIESE

B BHERRIYSR, @SOS, Wmifdal dp %

AR — R AR AR A Y RITAR 1 R E — 8, YR FRIITHIRS N [4, 5], WA FekmfG E
—HhE, RIIEN [P+ 1,518 [, 5+ 1] Fik, REMEEATRIIFMIIRGINDNER, 120 [7,7] .

A 1, J] MROTFIER: W [0, 0] #35 [4, 5] KNSR, W8 dpli, 7] -
e, BATHEETHE 14-11 FoRi0 4 dp 560, HR SRR grid R,

j j+1
1 3 1 5 dple,0] dp[e,1] dp[0,2] dplo,3]
i 2 2 5 2 dpl1,0] dpl[1,1] dpl[1,2] dpl1,3]
i+1 5 3I_: 1 dpl2,0] dpl[2,1] dpl[2,2] dpl2,3]
4 3 5 2 dp[3,0] dpl[3,1]1 dpl[3,2] dpl3,3]
grid dp &
SRRE. AAAATEHE Fing: MEEREI[L, j] NsEE
REEX: 175IF5] [4, ] dp ®&: RF5 grid HHREIERE

K 14-11 KESENS dp &
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Note

BNASHURIFN B AR AT DAREIR R —DNRSR A, MRS H A JURZE B, BN Y & IR MR
ERfALRE, HESTEBNGEE, BEARESH F—MRE,

BRSNS L —DF R, FATSE = dp ZREMIE TR, RSN AR
& dp B —DEE, NATTEER, dp RBRSH T RIBR R 8,

B R AT, S IR R

FTIRES [i, 5], BRI [ — 1, 5] BT [i,j — 1] Mk, EHREIE e h: 5k
[i, ] BB NES R 1, § — 1) BB NIRRT [i — 1, j] BB AN RIS MR — N,

WRHE LA E oA, RIHEHIE 14-12 FroRppRESE R 7T 1

dpli, j] = min(dpli — 1, ], dp[i, 5 — 1]) + grid]i, j]

1 3 1 5 dple,0] dpl[o,1] dp[o,2] dple,3]
2 2 4 I 2 dp[1,0] dpl[1,1] dp[1,2] dp[1,3]
5 3 2 1 dp[2,0] dp[2,1] dp[2,2] dp[2,3]
— —>
4 3 5 2 dp[3,0] dp[3,1] dp[3,2] dpl3,3]
grid dp &
RARBEE:

dp[i, j] =min(dp[i-1, j1, dp[i, j-11) + grid[i, j]

K 14-12 ®IETERSIREHZ TR

Note

FRYETE A dp 22, BE RS 78S R,  HHIE I [ B U RA 38 i (0] @ ) B (LA
7%, BRI FE4,

—HRAHRE TR TE54, sal DA e RIS R T,

B WA RIS

ARG, AAEETRARES RREMNHAIRIESER, AEEVIFIERGEMNE_ BIBRIRSRR, BILETT
i = 0 MEF j = 0 BIAFEM,

i 14-13 FoR, BTSRRI TR LTS AR, R B I R EEA R e R, SMIE
NI4T, PEINET 551
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dple,e] dpl[e,1] dp[e,2] dpl[e,3] dp[e,e] dp[e,1] dpl[e,2] dple,3]
o— *—> o—5> — —

AT T

dp[1,0] dp[1,1] dp[1,2] dpl[1,3] dp[1,0] dp[1,1] dp[1,2] dp[1,3]
L - e

R R e

dp[2,0] dpl[2,1] dp[2,2] dpl[2,3] dp[2,0] dp[2,1] dpl[2,2] dp[2,3]
— o> o=

AT T

dp[3,0] dpl[3,1] dpl3,2]1 dpl3,3] dp[3,0] dp[3,1] dpl[3,2] dpl3,3]
—d —d —
AREG: MRLEITEY RERBIAF: EFELER

14-13 35 SIS

Note

DR EAERNSHXIF T RtE dp %, EEE TR,

RESEB N B2 08 BARUEAE T8 2 B (A R ARRS, P AR ) B8 /N (R  Y) fBT E 42 ¢ (R
HELHIE,

WRIE AL, BAIC & AERS Hah SRR, FR10 A1 73 e — TR A EAR, I Z AR
“BIER — LR — SR B SEELE NG & B 4E S,

1. Fit—: BhER

MIRZS [0, j] FFORI8R, W ENGIRES [0 — 1, ] F1 [4, 5 — 1), BIIREBEE AR ER,

COBASE: A D]

- RIEME: M [0, 0] 3[4, 5] BB MR dpli, 7] .

CBIESME: 0= 0 Hj = 0K, &EH grid[0, 0],

MR W< ORERj < 0 RSB, HEHRERE +oo, RFEFAIT,

SEEARSATTR
// == File: min_path_sum.dart =

/* BRNERFEFN: BIER */
int minPathSumDFS(List<List<int>> grid, int i, int j) {
/] ERELAETE, MWEEER
if (A =08&j =0) {
return grid[0][0];
}
[/ BITHERSIER, MRE] +o 7
if (<0 [l jJ<0)A
// 7 Dart H, int XBIZETECENELY, FEERT “TH K WE
return BigInt.from(2).pow(31).toInt();

}

[/ tEMELERAE (i-1, ) M (1, j-1) BNsDEBRERAN
int up = minPathSumDFS(grid, i - 1, j);

int left = minPathSumDFS(grid, i, j - 1);



B4 = FSHN www.hello-algo.com 295

// REINEEAE (1, j) HNERNEREAN
return min(left, up) + grid[il[j];
}

B 14-14 Z5H 7 P dp[2, 1) ARTT DRI, Hih @& —LEgrmi, HERIMEE MK grid BRSNS
NPT EN

WA L, EREE TR 7R 280 DN L A5 — Tk,

dp[2,0] e ol

dpl0,1] dpl1,0] dp(1,0]

0/ 9. 9
o L N

dp[0,1] dple,2

: A lE EBF AR
do & dp[1,0] dp[1,1] dpl[1,2] dpl1,3] dp[i+1, 1 # dpl[i, j+1]1 & dpli, j]
P dp[2,0] dp[2,1] dp[2,2] dp[2,3]
dp[3,0] dp[3,1] dpl[3,2] dpl3,3]

14-14 RAEREBIR

FAIRSEA A N RIAGAANERE, WA EAERG MAERATE m +n — 28, FiIRENRIEREN
O(2™+™) , Hrfrn #1m BN BITTEAEFIEL, 1B, XA T 2URS BIME MRIL AT, 4
FNARIIL S N —RsE, RILSKhriis e E a5,

2. FEI BIZHER

BATBIA—NFIWIAE grid MHER STHIIEIZZ03R mem , A FIERES N TR, HEESTFREHTE
%

// == File: min_path_sum.dart =

/* B=RNEBEM: IBIZHIEER «/
int minPathSumDFSMem(List<List<int>> grid, List<List<int>> mem, int i, int j) {
/] BERELARTE, WEEEER
if (A =068&7 =0) {
return grid[0][0];
}
[/ BTSSR, MRE] +o £
if (<0 |l j<0)A
// 7 Dart H, int XBIZETETCENELY, FEERT “TH KX WE
return BigInt.from(2).pow(31).toInt();
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+
/] EEBIER, NEEFRE
if (mem[i][j1 !'= -1) {
return mem[i][j]1;
+
/] EIHH BB TRE R/ N RN
int up = minPathSumDFSMem(grid, mem, i - 1, j);
int left = minPathSumDFSMem(grid, mem, i, j - 1);
// BRHAREALLEAR (1, j) BWRDNEERN
mem[i][j] = min(left, up) + grid[il[j];
return mem[i]l[j];

aniE 14-15 R, fESIANIRIZALIG, FrE FRBIIER T HE—R, RN RS BB TR R, BT
#®RSF O(nm) o

gk BERER Bk WEIER

dp[2,e0]

0 T LS
% <.

0

K& 14-15 12128208 M

3. FE=: oSN

FHF IR ESHRNE, AL NFrR:
// == File: min_path_sum.dart =

/* BNERFEFN: AKX */
int minPathSumDP(List<List<int>> grid) {
int n = grid.length, m = grid[0].length;
[/ %k dp iR
List<List<int>> dp = List.generate(n, (i) = List.filled(m, 0));
dp[o][e] = grid[0][0];
/] RER%: 817
for (int §j = 1; § < m; j++) {
dp[0][3] = dplO][F - 1] + grid[0][]];

+
/] KEE%:. 55
for (int 1 = 1; 1 < n; i++) {
dp[il[e] = dp[i - 1]1[B] + grid[i][0];
+

/] WREER . BERITNG
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for (int i = 1; i < n; i++) {
for (int j = 1; § < m; j++) {
dp[il[3] = minCdp[il[j - 11, dpl[i - 11[31) + grid[il[3j];

I
hy

return dpln - 1][m - 11;

}

 14-16 JER T i NB R RIIOR S EE R RS, FORDT TR0, IR 2R O(nm) .
4 dp KK 0 x m, IR RIER O(nm)

1 3 1 5 0 o 0 0 5] 1 5 () 4 5 10
2 2 4 2 0 0 0 0 2 4 2 3 0 0 )
5 3 2 1 0 0 0 0 3 2 1 8 0 0 )
4 3 5 2 0 0 0 0 3 5 2 12 0 0 )
grid dp ® grid dp &
aETT dple, 31 =dple, j-1] + grid[i, j]
LS i 2 BEHEF) dpli, 0] - dpli-1, 0] + gridli, 5]
Step 1 Step 2
1 3 1 5 1 4 5 10 3 1 5 1 4 5 10
2 2 4 2 3e>5 ) 0 2 4 2 3 5e>9 0
5 3 2 1 8 0 ) 0 3 2 1 8 0 0
&4 3 5 2 12 o 0 0 B 5 2 12 0 o 0
grid dp & grid dp &
RERE K&
dpli, 31 =min(dp[i-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dpl[i-1, j1, dpli, j-11) + grid[i, j]
Step 3 Step &
1 3 1 5 1 4 5 10 3 1 5 1 4 5 10
2 2 4 2 3 5 9 e>11 2 4 2 3 5 9 11
5 3 2 1 8 o 0 0 B 2 1 8e>8 o 0
4 3 5 2 12 0 ) 0 3 5 2 12 0 0 )
grid dp ® grid dp ®
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dpli-1, j1, dp[i, j-11) + grid[i, j]
Step 5 Step 6
1 3 1 5 1 4 5 10 3 1 5 1 4 5 10
2 2 4 2 3 5 9 11 2 4 2 3 5 9 11
5 3 2 1 8 8e>10 0 3 2 1 8 8  loe>11
4 3 5 2 12 0 0 0 3 5 2 12 0 0 )
grid dp & grid dp ®
RERH K&
dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dp[i-1, j1, dpl[i, j-11) + grid[i, j]
Step 7 Step 8
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1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 11 2 2 4 2 3 5 9 11
5 3 2 1 8 8 10 11 5 3 2 1 8 8 10 11
4 3 5 2 12¢>11 0 0 4 3 5 2 12 11e>15 0
grid dp & grid dp &
K& R
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]
Step 9 Step 10
1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 11 2 2 4 2 3 5 9 1
5 3 2 1 8 8 10 11 5 3 2 1 8 8 10 11
4 3 5 2 12 11 15¢>13 4 3 5 2 12 11 15 13
grid dp & grid dp &
REEB
dpli, 31 =min(dpli-1, 51, dpl4, 3-11) + grid[i, 5] EEREER 13
Step 11 Step 12

& 14-16 /NS ERIRIEIESMRNIIRE

4, Fjalit

BT MET R EHEDN BRI AR, BIRERATAT AR — DB TEERIIN dp &
IR, BIOVEEA dp REERR—1TRUIRAS, A ABAITCIERATAAa L B FIIRAS, TR fEiE ST Ere:

// == File: min_path_sum.dart =

/* BNEERAN: =EMRICERIEHSIK */
int minPathSumDPComp(List<List<int>> grid) {
int n = grid.length, m = grid[0].length;
/] #E dp &
List<int> dp = List.filled(m, 0);
dp[0] = grid[0][0];
for (int j = 1; j < m; j++) {
dp[jl = dp[j - 11 + grid[0][3];
}
/] REE%: HRT
for (int 1 = 1; 1 < n; i++) {
[l KEE%: 85
dp[0] = dp[0B] + grid[i][6];
/] KEE%: HRY
for (int j = 1; j < m; j++) {
dp[jl = min(dp[j - 11, dp[31) + grid[il[]];
+
¥
return dp[m - 1];
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14.4 0-1 58inE

HHEAEE - MERFRIESMIATTEE, 2l WmEr . HAARZZR, Bl o-1
HEAE, 2eREnE, 2EEEREE,

FEATH, BATPeR R WA 0-1 & [,
Question
BE n AN, B0 MEERR wet[i — 1] MER vali — 1], FI—DEERN cap WEH. &
N RRIERE— IR, MTERRE I A R NSRBI RN E,
MELE 14-17 , TGRS « N 1 RIS, ARSI 0 FFEETHER, IR @« W E & wgt[i — 1] F1
B valli — 1] o

ms EHE tifE

i wgt[i-1] val[i-1] TazE
1 10 50 L cap = 30
2 20 120 ) |~
3 30 150 - “
4 40 210 ¥
5 50 240 >

=AME: 270

BEAR: B @& BAEE
#HER 50 HAEE

K 14-17 0-1 B HAIRGIESE

BATAT LK 0-1 R BEE— D n RIRRARIISRE, N TEMREE RBAFRRAPRRSE, Hit
T2 [P L ik R SRR BT,

AR EAR R “TERET BAR FRERAYMERRME”, BIHRAERZ — D sh SRR,
H—0 BEBGRNYIUR, & RE, WmfHs) dp %

MNTEMEKRE, TRAEE, BEERNE; BASH, SEARRD. HIEAERAE N : L
s M ERE e, 12 [i, ],

RZS (4, ¢] MRRFREN : A ¢ ANMIER RN ¢ RSP RsRIE, 120 dpli, ¢ .

RERMERZ dp(n, cap], RRFE—NRSH (n+1) X (cap + 1) K4 dp %,

B IR, HmiiESs RS E TR

MEAMHHYIE @ WPSEE, FIRIERT— 1 MR R, B9 AR PARRME L.

C BB BEARNE, REZMN [ -1,
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COAE G HEERED wet[i — 1], WMEEN valli — 1], KEEBUR [i — 1, c —wgt[i —1]] .

ERATEBRATER T AR TR m KB dpli, c] FTF AN « FURAPIE ¢ Pk E b
{ESE R —A,  He ] RS EAS TR

dpli, c] = max(dpli — 1, ¢|,dp[i — 1, ¢ — wgt[i — 1]] + val[i — 1])

TERRNR, EUNYRER wgt]i — 1] BHRIRSEAR ¢, WA R .
W WAL AP RR A R
A R AR O BHEAHMES 0, BIESI dpli, 0] FIEFT dpl0, ¢] #5F 0.,

SURART [i, €] M EFTROIRES [ — 1, ] FIZE EATHIRES [i — 1, ¢ — wat[i — 1]] ¥Rk, FHHETFES
FRIE 38 B dp FETT,

IRIECA L0 #r, BT RGPSl g DR, DR, SIS,

1. FiE—: 8HiER

ERAHUZUTER,

- BHESEC KA .

- JRIEUE: FRBINE dpli, c]

- LM YRGS i = 0 SUEERIRAEN O K, ZKIE@EAHIRENE O,
© OBE EMEYREREN T ERRAE, WHABERE AT

// == File: knapsack.dart =

/* 0-1 B8 BHER «/
int knapsackDFS(List<int> wgt, List<int> val, int i, int c) {
/| BEETEYRAEELRHREEE, WRENE 0
if@A@ =01l c=0)
return 0;
}
/| EBIEERE, WREEERABRAETE
if (wgt[i - 1] > ¢) {
return knapsackDFS(wgt, val, i - 1, ¢);
¥
/] HEFRBNMBANYGE 1 WRANE
int no = knapsackDFS(wgt, val, i - 1, c);
int yes = knapsackDFS(wgt, val, i - 1, ¢ - wgt[i - 1]) + vall[i - 1];
/] REIFEFGREPNEERIB—

return max(no, yes);

niE 14-18 iR, HITE M S AERIEFNEP SRR S, RN RSN O(27) .

WEBIARS, AP RIMHAIFE RS TR, Bl dp(l,10] %, fXyaise, TEARRK, JTHZMHEF
HENYRRZN, EETRENREFTIREEZ,
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MRS YaEE
dp[3,30]

REBRNIG 3

dp[2,10] ik YaERE > Se5E

&fi REHANE 2

dpl[1,-10]

REBANDGR 1

YImRS i 1 2 3 HEEE cap = 30
YmER wgt[i] 10 20 20
YEfE  vallil 60 110 120

& 14-18 0-1 H RS HERIEIIR

2. BFEZ: itiziigxk

N TRIEES FRE R g —k, BAMEBICIZY5R mem SRICSE TR R, Hb mem[il[c] XM
dpli,c] .

SINEIZ Lz G, WREZERRT FEEE, HHEtE O(n X cap) o SSEUREGUITR:
// == File: knapsack.dart =

/* 0-1 T iBIZHEER «/
int knapsackDFSMem(
List<int> wgt,
List<int> val,
List<List<int>> mem,
int i,
int c,
) A
/! BEEEEEYREEELRREE, WRENE 0
if (i =01 c =0) {
return 0;
+
// BEEBIER, NWEZKR[L
if (mem[i][c] '= -1) {
return mem[i][c];
+
/| EBIEERE, WREEEERBAYE
if (wgt[i - 1] > ¢) {
return knapsackDFSMem(wgt, val, mem, i - 1, c);
+
[/ TBEFRBRANNBRANY@ 1 BRANE
int no = knapsackDFSMem(wgt, val, mem, i - 1, c);
int yes = knapsackDFSMem(wgt, val, mem, i - 1, ¢ - wgt[i - 1]) + val[i - 11;
/] BRFREIFFHGEFPNEEARNI—D

mem[i][c] = max(no, yes);
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302

return mem[i][c];

s

& 14-19 R 7RI R AP BTRA R 2 5

MRES HaEE
dp[3,30]

EEERNIGR 3

B #REER dp[2,10] Bk MRER > HE%E

% o ?%‘ REHANE 2

dp[1,10]

& BERNY@ 1
o = *

YRRS i 1 2 3 HEEE cap = 30
YRESE wet[i] 10 20 20
YEfE  vallil 60 110 120

14-19 0-1 HHAIEEAICI AR ZIE T

3. FE=: oMK

AL R LR TEIRAS B HIES dp RIS, RBUTNAR:
// == File: knapsack.dart =

/* 0-1 EE: ohSE «/
int knapsackDP(List<int> wgt, List<int> val, int cap) {
int n = wgt.length;
[/ %k dp =+
List<List<int>> dp = List.generate(n + 1, (index) = List.filled(cap + 1, 0));
/] REE®
for (int i = 1; i <= n; i++) {
for (int ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 11 > ¢) {
// BBIEERE, WREYHm 1
dpl[illc] = dp[i - 11[cl;
} else {
/] FEFEYR 1 XFfHAERNRAE
dp[illc] = max(dp[i - 211[c], dp[i - 21]1[c - wgt[i - 2]] + valli - 11);
+
+
+
return dp[n][capl;

anE 14-20 R, WREAEMZ RS AR H S dp KNJUE, BT O(n X cap) o



BI4E 3

AN

AR

ALK

www.hello-algo.com

- [ ] U “ - a B “
EE wgt i val 0 1 2 3 4 EE wgt ffE val el oo 1 2 3 4
wgt[i-11 val[i-1] [} [} ] 0 [} wgt[i-1] val[i-1] [} 0 [} [} [} ]
e 55T
1 5 (] ) 1 5 ("] 1
2 11 * [} 2 11 * 2 ]
3 15 - 0 3 15 o 3 )
RS
VEBE n = EEEE cap = 4

Step 1

MEWRTH (n+1) x (cap+1) B dp %EFE

d‘p[i, c] = max( dp[i - 1, ¢] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

Step 2
a & B @& a & & &
EE wgt HfE val 0 1 2 3 4 EE wgt i val e e 1 2 3 4
wgt[i-1] val[i-1] 0 [ L] ) 0 wgt[i-1] val[i-1] 0 ) 0 [] [] ]
+5°0 | _ +55
1 5 () 0 5 05 1 5 o 0 5 5
2 11 ¥ 0 2 11 ¥ 2 ]
3 15 (% 0 3 15 (3 3 )
®: #:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]1] + val[i-1] )
| Step 3 Step &
o - [} [ ] ﬂ - [} ] ﬂ
EE wgt i{E val 0 1 2 3 4 BE wgt i val el oo i 2 3 4
wgt[i-11 vall[i-1] 0 0 [) L] 0 wgt[i-1] val[i-1] 0 0 0 0 [) 0
5N —
1 5 ('] 0 5 5 5 1 5 ] 1 [} ? 5 5 5
2 11 * ) 2 11 * 2 0 5
3 15 (% [] 3 15 (3 3 )
K& RER
#: #:
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
[ Step 5 J Step 6
- ] Il U - [} ] ﬂ
EE wgt i val 0 1 2 3 4 EE wgt ffE val el oo 1 2 3 4
wgt[i-1] val[i-1] ) ) [} 0 0 wgt[i-1] valli-1] 0 [} ) ) 0 [}
1 5 (] 0 5 5 5 5 1 5 ] 1 [} 5 5 5 5
N R M T
2 11 ) 5 11 2 11 2 [} 5 1 16
3 15 - 0 3 15 o 3 )
gﬁﬁ RER
A{p[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) d‘p[i, c] = max( dp[i - 1, ¢] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
[ Step 7 ‘ Step 8
- a @& n - a = "]
BEBE wgt fifE val 0 1 2 3 4 EE wgt fifH val el oo 1 2 3 4
wgt[i-1] valli-1] ) 0 0 0 0 wgt[i-1] valli-1] 0 0 0 ) 0 o
1 5 () 0 5 5.5 5 1 5 o 0 5 5 5 5
x T .
2 1 0 5 1 16 16 2 1 2 0 g 1 16 16
3 15 - 0 3 15 (% 3 0 5
. -

dpli, c] = max( dpli - 1, c] , dpli - 1, c - wgt[i-1]] + val[i-1] )

[ step 9 :

dpli, c] = max( dpli - 1, 1 , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

Step 10
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a - - ] ﬂ
EE wgt ME val el oo 1 2 3 A
wgt[i-1] val[i-1] 0 ) ) [} [} )
1 5 (] 1 ) 5 5 5 5
2 1 * 2 ) 5 ill 16 16
3 15 - 3 0 5 11
REF
B
dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
Step 11
«a & & @
EE wgt fifH val e e 1 2 3 “
wgt[i-1] val[i-1] 0 0 0 0 [ 0
1 5 1 0 5 5 5 5
2 1 * 2 [) 5 -\\Q 16
+15 !
3 15 @ 3 ) 5 1 16 20
Xk*ﬁ
dp[1 cl = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 13

K 14-20 0-1%

4, =SiEfkitk

BT MNRSE R S H E—1TRORAE 3, [RULFRATT AT DUE AN SRR, =R REM O(n?

= O(n) .

BB, BATRES (UH — M LIS RILLlE? IS RIHI,
M, STHREE o T, IZEE AR ¢ — 1 TR,

HURSREGE AR, I spiE dpli, 5] B, %177 dpli — 1,1]

IR, R

o, MRS S EMAIRSHR SR,
QSRR P, WARE RS

) - - (] ﬂ
EE wgt iE val e oo 1 2 3 4
wgt[i-1] valli-1] 0 0 [} [ 0 0
D e
2 11 * 2 [}
3 15 - 3 0

sen—rsrna o - ((DEDEDEDED

WA 1= 2 #f, 5K dp RERENR 1 = 1 WFTEMRE

Step 1

- = ] U
EE wgt i val N 0 1 2 3 4
wgt[i-1] valli-1] ] [} [) [} [} ]
1 5 (] 1 [} 5 5 5 5
2 11 * 2 05 11 16 16
s
3 15 o 3 ) 5 11 16
i
#:
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 12
a a & &
EE wgt fifH val el o ; 2 3 4
wgt[i-1] val[i-1] ) [) 0 0 [} [
1 5 o ] 5 5 5 5
2 11 * 2 ] 5 1 16 16
3 15 @ 3 [ 5 1 16 20

EENFIEMRBAE SRRANE 20

Step 14

SREARIER IS R Ub R S

~dpli — 1, — 1] ETREE.

[, IR AT DUEREE T,
K 14-21 AR TERADEEH TN ¢ = LATHIRER ¢ = 217, 1

- = ] n
EE wgt fifH val e 0 1 2 3 4
wgt[i-1] valli-1] ] ] ] [} [} ]
1 5 ("] 1 5
2 1 * 2 ] A
3 15 - 3 [)

sen—ruina o - ((DEDEDEDED

BFERE 1 = 2 17, MTRERB

Step 2

)

FARSERZHIE LT7ak BT IR 5%

s

R 1E e it P AE] e g P A DXl
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EE wgt A val ~.C

i

wgt[i-1] val[i-1]

« XKL

o
o o
1 o
2 ]
3 o

sen—rsrma o - ((DEDEDEDED

BFEHRSE i = 2 17, HTRERS
Step 3

EE wgt ffE val .C

i

wgt[i-1] valli-1]

v o |~ |B

0
] [
1 [ I
2 ]
3 ]

@ +ts

sen—raina o - ((DEDEIEDED

BAFERE 1 = 2 17, MTRERB

Step 4
£ - - [ ] n - - [ ] n
BEE wgt fifH val el oo 1 2 3 4 EE wgt M val el oo 1 2 3 4
wgt[i-1] val[i-1] 1) 0 0 ] 1] 0 wgt[i-1] val[i-1] 0 1] 0 0 0 ]
1 5 ¢ [) 5 5 5 5 1 5 o ] 5 5 5 5
2 11 * 2 o é 11 16 16 2 11 * 2 o - 11 16 16
3 15 (% 3 0 3 15 - 3 )
sen-racms o - ((DEDEDEDED sen—rains o - (N EDEDENED
) BFBAE i = 2 17, #TRSKS SRUBAE, A dp RENHME i = 2 NFER
| Step 5 Step 6

K 14-21 0-1 HRAZFELERSIESMRNE R

TEAREESEIIA, BAULFREE dp BB —4E « EREMBR, JF BICPIEIASE B 17 i B ] -

// == File: knapsack.dart =
/* 0-1 B FEMECEMEIESL «/

int knapsackDPComp(List<int> wgt, List<int> val, int cap) {
int n = wgt.length;
[l %k dp =+
List<int> dp = List.filled(cap + 1, 0);
/] REE
for (int 1 = 1; i <= n; i++) {
/ EIFIER
for (int ¢ = cap; ¢ >= 1; c--) {
if (wgt[i - 1] <= ¢) {
/] FEEYR 1 XFHARNRAE
dplc] = max(dpl[cl, dplc - wgt[i - 1]] + valli - 11);
}
}
b

return dplcapl;

14.5 2B 8n)

TEATH, BAVeRBAS —NE NSRRI 228, B T7ReEr—RG: TRk,
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14.5.1 258

Question
BE n M, B AENERR wet[i — 1] WMER valli — 1], M—DEEN cap WEH, &
APrihn] URAGERIR, [F{ERRE S BE R TRERAY MR RIME, ~EANE 14-22 FiR,

we EE -
i wgtli-1] valli-1] cap = 50
1 10 50 o 1 —

2 20 120 : x2 /“
3 30 150 B

4 40 210 *

5 50 240 (>

=AMNE: 290

BRAR: B—1 O AFET . KSR
HEA 50 HEEE

14-22 seeB W REE R EEHE

1. Zh&MRBER

Se T WA 0-1 F R MIEAEFARRL, DXL T A~ BRAIP S EER AL

- AEO-1 HEMES, SRR A, RIS AEEE, HEEMAETQ — 1 MsHEes
- fEEEHERET, SMYRREERE TR, BRI AT EIE, Tnl PG @ A PdhrbiEe.

d

TESERH WIRERE T, K3 (i, ¢] B IHFEDL,

RO G 5 0-1 SR, B [ — 1,
BN 5 01 WRAERR, #EE [i,c — wgtli — 1]

MR RS TR :
dpli, c] = max(dp[i — 1, c|,dp[i, ¢ — wgt[i — 1]] + val]i — 1])

2. RS

X EEIERE H AR, RAESERTHE N G — 130 1, HREE 80



B14E SN www.hello-algo.com 307

// == File: unbounded_knapsack.dart =

/* T2HEE: ISR +/
int unboundedKnapsackDP(List<int> wgt, List<int> val, int cap) {
int n = wgt.length;
/] Mk dp =+
List<List<int>> dp = List.generate(n + 1, (index) = List.filled(cap + 1, 0));
/]l REE®
for (int i = 1; i <= n; i++) {
for (int ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 11 > ¢) {
// BBIEERE, WREYHm 1
dpl[illc] = dp[i - 11[cl;
} else {
/] FEMEYR 1 XFfHAERNRAE
dp[illc] = max(dp[i - 211[c], dpl[illc - wgt[i - 211 + valli - 11);
+
+
+
return dp[n][cap];
}

3. FaEfiik

A S AT N AIOA BB RSEAS TR, Bt MRIL IS ROZN dp Frh 1737 IE DI,
XA ENES 0-1 B IEFAER, THEBE 14-23 RIEREMNE X5,

e « a & B . a & & @
EE wgt H{E val el 1 2 3 A EE wgt fi{H val el e 1 2 3 4
wgt[i-11  valli-1] ] ) ) o ] ) wgt[i-11 val[i-1] [} o ) ) [} o
2 1 ¥ 2 ) 2 1 ¥ 2 ] 5
3 15 - 3 0 3 15 (o 3 )
sen—racma o - ((DEDEDERED sen—racm o - ((DEDEDEIED
WA 1= 2 @, FIR dp PEENR i - 1 OFEN8 EFBHE 1 = 2 17, #ITRERS
[ Step 1 Step 2
o - ] [ ] ﬂ - ] ] U
EE wgt M val Sl e 1 2 3 4 EE wegt Hi{E val el o 1 5 3 4
wgt[i-11  valli-1] ] ) [} 0 ] ) wgtli-11 valli-1] 0 o ) [} [} 0
1 5 [} 1 0 5 10 [EEEIEPY) 1 5 ] 1 ) 5 10 15 [ED)
2 1 * 2 ° 5 11 2 1 * 2 o 5 11 16
= L
3 15 ®» 3 o *1t 3 15 - 3 o 11
sen-racma o - (EDEDEICDED sen—rcma o - (D EDEDEDED
EFBRE 1 = 2 17, #ITREES EFBHE i = 2 17, #TREEB

[ Step 3 Step 4
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- n [ ] “ - ] ] n
EE wgt fiH val \N 0 1 2 3 4 EE wgt fHE val el oo 1 2 3 4
wgt[i-11 valli-1] ] ) [} ] ] ) wgt[i-11 valli-1] ] ] ) ) o ]
1 5 (] 1 5 10 15 20 1 5 ] 1 [} 5 10 15 20
2 1 * 2 ) 2 1 * 2
3 15 - 3 ) 1 3 15 - 3 0
sen—rwins o - D EDEIEIED sen—rarns o - R EDEDEDED
EFBHE i = 2 17, #ITREES SERBAE, B dp RENHME i = 2 WFENR
Step 5 Step 6

Kl 14-23 seedREE S RIULE ISR

PASSEER AR T 5, ANFR R dp Y8 —4EAHBR :
// == File: unbounded_knapsack.dart =

/* TEHE: TELUENEIEIR +/
int unboundedKnapsackDPComp(List<int> wgt, List<int> val, int cap) {
int n = wgt.length;
[l Wk dp R
List<int> dp = List.filled(cap + 1, 0);
/] REE%
for (int 1 = 1; i <= n; i++) {
for (int ¢ = 1; ¢ <= cap; c++) {
if (wgt[i - 1] > ¢) {
/| EBRIEERE, WREs 1
dplc] = dplcl;
} else {
/] PEMEYIR 1 XM ARRAE
dplc] = max(dplc], dplc - wgt[i - 1]1] + valli - 11);
}
¥
¥
return dplcapl;

14.5.2 TR0

HHREUR — RREASMEIER, HIRERE2R, BNk,

Question
Y558 n FREET, 58 MEEMNEER coins[i — 1], BARSEN amt , hagh e AEEER, [
RES B HAR SRR/ VMR, RTTIREL Ened, MHRE —1 , REGNE 14-24 FiR,
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RS EfE
i coins[i-1] BirsE
1 1 1 amt = 11
~. =
2 2 $
3 5 @ x2 /

BUOETRE: 3
stiEmas: @+ @+ ©

14-24  FESLH AR GIEHE

1. EHASHRIBER

TR AR RS 21 WS — ARG 00, B DU NRR S A o

. PR DAL, P RIR CRER. CPr R R CREMEE, AR WR “HERE
~ﬁéﬁﬁﬁ&,%%ﬁ@ﬁ@%ﬁ%kk%%mﬁ,Eﬁ%@ﬁ@%£%¢k@mﬁ%o
C RABEREER FEL SEAR FIOR, TEREIER B R0 BRI,

- BERRIUGE, EURE, WEE dp %

ARAS [i, o] MBHO TS : 1 i R AERS M 20 o MR DRETER, 120 dpli, a] .

—4 dp RIS (n+ 1) x (amt + 1) .

Fo: PR T, MRS R AR R

R 5 AT IR AR TR e DL R A2 5,

- AR ME, EIEEHEHT max() EéCH min() .
- R R RE SR TR A, e R T RT 41 BT,

dpli,al = min(dp[i — 1, al, dp[i,a — coins[i — 1]] + 1)

B WA REIIR SRR
Y ERESHON 0 I, B ErROEmEEN 0, BEFIFTE dpli, 0] #%T 0.

YICHEMN, FIRBER > 0 FERER, RETRR. NERESEE IR min() HEEEWBIRHIH
WIRTCRR, TATEEMER oo KETREN], BILETANE dpl0, a] #EHFT 400,
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2. KE5sEH

REEGIRIE S IFARIR ML +oo i, HABEAER int MRAKERME, MXXSSFBOREES: REH
MITRERR) +1 RIERTRER A R H

M, BATRAET amt + 1 RFRTCRR, FREL amt WEHBEEZ N amt . &EIREIE, HkT
dp[n,amt] BEFTF amt + 1, FHRURE —1, RRIEZEH EARESH, RIS FHR:

// == File: coin_change.dart =

[* FEE: ohEHR +/
int coinChangeDP(List<int> coins, int amt) {
int n = coins.length;
int MAX = amt + 1;
// Wk dp R
List<List<int>> dp = List.generate(n + 1, (index) = List.filled(amt + 1, 0));
[l KEEE: B17E5

for (int a = 1; a <= amt; a++) {
dp[0][al = MAX;

}

/] REEE: HLTH5

for (int i = 1; i <= n; i++) {

for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EHESBEirEE, WAEER i
dplil[al = dp[i - 1][al;
} else {
[/ EFEETR 1 XFEMHGRNRIME
dp[il[a] = min(dp[i - 11[al, dpl[illa - coins[i - 1]]1 + 1);
+
+
}
return dp[n][amt] !'= MAX ? dp[n][amt] : -1;

B 14-25 Jeon 1 FESURAIEI SIS, Msees tnmaE AL,

8 & & & s & & 8
®S E{E SNl e 1 2 3 4 ws HE \i\ al o 1 2 3 4
coins[i-1] [ coins[i-1] 0 [ MAX MAX MAX MAX
1 1 ® : 1 1 @ ! 0
2 2 @ - 2 2 @ - ]
3 5 @ 3 3 5 @ 3 0
WH#H%E n =3 Bif&E amt = 4 WH#HE n =3 EfFES  amt = 4
MEURTA (n+1) x (amt+1) BY dp JEFEF MAUETH max = amt + 1 | BFIK o

Step 1 Step 2
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s 5 & 8
wS EfE el e 1 2 3 4
o MAX MAX MAX MAX

i coins[i-1] 0
1 1 @
2 2 @ -
3

RER

#:
dp[i, al] = min( dp[i - 1, a] ,

dpl[i, a - coins[i-1]] + 1 )

[ Step 3
&8 & & 8
E il el oe 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® 1|0 1 2 3
2 2 @ [) 1
3 5 @D 3 0
RS
db[i, a] = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1 )
| step 5 ]
i & & 8
wS EfE el 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! ° BN - 3 4
2 2 @ 2|0 1
3 5 @ | o
RER
#:
dp[i, a] = min( dp[i - 1, al] , dp[i, a - coins[i-1]] + 1 )
[ step 7
s & & ¢
HS EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 1 2 ? 4
2 2 @ - 0 1 1 2
3 5 GD 3 0 "
RS
#:
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]1] + 1)
| step 9
s & & 6 €
wS EfE e e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ 0 12 3 4
2 2 @ 2| o | e
3 5 @ 3|0 1
RER
#:
dp[i, al] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
| step 11

Step 4

( Step 6

Step 8

Step 10

Step 12

s & & &
wS EfE el 1 2 3 4
i coins[i-1] 0 0 MAX MAX  MAX  MAX
1 1 @ ! 0 1___)5
2 2 e - 0 *1
3 5 @ | o
dpli, al = min( dp[i - 1, al , dpli, a - coins[i-11]1 + 1 )
s & & &
WS HiE N e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ : 0 1 2 344?;
2 2 @ > ] 1
3 5 Gi 3 [
4ﬁf§¥§
db[i, al = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1 )
s & & &
ws EfE Nal e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® ! 3 1 2 3 4
2 2 ® 2|0 1|1
3 5 ® | o™
RER
#:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
s & & 6
®s EfE Nale 1 2 3 4
i coins[i-1] o 0 MAX  MAX  MAX  MAX
1 1 GD 1 [} 1 2 3 4
2 2 Q@ ] 1 1 2 2
3 5 G’ 3 [ 1
RS
#:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
: & & & 6
WS EE SNl 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 © ! 3 12 3 4
2 2 ® 2|e¢ 1 1 2 2
3 5 @ : ] 1 i
RER
#:
dpli, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1 )
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s & & 8 s & & 8
wS mfE el e 1 2 3 4 wS EfE el 1 2 3 4
i coins[i-1] [ 0 MAX  MAX  MAX  MAX i coins[i-1] ) 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 1 2 3 1 1 (D) 0 1 2 3 4
2 2 @ 2|0 1 1 e 2 2 ® 2|e¢ 1 1 2 2
3 5 @ - [} 1 1 2 3 5 @ - ] 1 1 2 2
#: ®:
dp[i, al] = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1 ) dp[i, al = min( dpli - 1, al , dp[i, a - coins[i-1]] + 1 )
Step 13 Step 14

s & & &

wS EfE \i\a ) 1 2 3 4

i coins[i-1] 0 0 MAX MAX MAX MAX

1 1 @ 1 o 1 2 3 4

2 2 @ 2 o 1 1 2 2

3 5 @ 3 0 1 1 2 2

EEPEEEFERNROETRE 2
Step 15
A2 == T o 11 {m
14-25 FERSIRABA SRS R
-
3. FiEfif

TR LAY = AU B b BT RN Fe 2 1 Bl Al R — 2K
// == File: coin_change.dart =

[* TR TEMLEIEIESIK «/
int coinChangeDPComp(List<int> coins, int amt) {
int n = coins.length;
int MAX = amt + 1;
[l W%k dp R
List<int> dp = List.filled(amt + 1, MAX);
dpl[0] = 0O;
/] KREEH
for (int 1 = 1; i <= n; i++) {
for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] BEIBEIREE, WAEEm 1
dplal = dplal;
} else {
[/ REFEET 1 XSG RNRIME
dpl[al = min(dp[al, dpl[a - coins[i - 1]1] + 1);
¥
+
I
return dplamt] !'= MAX ? dpl[amt] : -1;
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14.5.3 FERIRE)EE 1

Question
Y57 n FPEETR, 58 ¢ RREEMIEEN coins[i — 1], BEARESEN amt , SMEET A AESIER, W
ZERSHREm A S5, REIAE 14-26 Fir.

RS HfE
i coins[i-1] BirEE
amt = 5
1 1
2 2 $
3 5 (5)

EHHAGHE: 4
EhAEHER: + + + +

14-26  FER i m 1T FplEdE

1. EAMPIEH
IR b, AR E AR AR, P T i A AERS T th & o LA ROR. T dp
FORRBRN (n 4+ 1) x (amt + 1) 4%,

SRS & BT TR 4 AT s 5 0624 R PR X PR SR S R 2 ., RS RS IR

dpli,a] = dpli — 1, a] + dpli, a — coins[i — 1]]

L EAREACY 0 I, TCAUEREATRE T Rl 2 HAREA, HUR E5IFA dpli, O] #¥laafen 1. 47
REMRR, JokgRMER > 0 MERESH, HEETHE dpl0,a] #5%T 0,

2. fUEEsEHM

// == File: coin_change_ii.dart =

[* TR IT: oS +/
int coinChangeIIDP(List<int> coins, int amt) {
int n = coins.length;
[/ W%k dp R
List<List<int>> dp = List.generate(n + 1, (index) = List.filled(amt + 1, 0));
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[ B ES
for (int i
dp[il[e]
}.
/] WREHE%
for (int 1 = 1; i <= n; i++) {
for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
// BBIBEIREM, NAEER 1
dpl[ill[a] = dp[i - 11[al;
} else {
/] FEMEED 1 XFfhEERZHM
dp[il[a]l = dp[i - 1][a]l + dp[illa - coins[i - 1]1];
+
+
}
return dp[n][amt];

0; i <= n; i++) {
g

3. FiEkk

R ERTT AAH ], AHIBRAE i 4k RIA] -
// == File: coin_change_ii.dart =

[* TR I1: TEMLWEIEIESIR] +/
int coinChangeIIDPComp(List<int> coins, int amt) {
int n = coins.length;
[/ L dp *=
List<int> dp = List.filled(amt + 1, 0);
dplB] = 1;
/] REHE%
for (int 1 = 1; i <= n; i++) {
for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
// EEIBEIRER, WAEER 1
dpla] = dplal;
} else {
/] FEFERER 1 XFFHAEEZM
dp[al = dp[al + dpla - coins[i - 11];
+
}
}.

return dplamt];

14.6 YmiBREE 00

gmiREn R, AR Levenshtein FER, fEMDNFT 2 A EAHBHE R/ MESREL, EH A THEFRERRNE
SRVE S A B B D e SR AROUE
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Question

WA DNTIFER s M ¢, RIEPK s ##08 t Fifs iR/ DImE 5

VRA] DATE— DR R AT =R R E . A — DR MBR— 15/, B AIMEE— 1T
?qo

i 14-27 FoR, R kitten $#HON sitting FREGE 3 0, GG 2 WEHURIES 1 IRUSINIR(E; # hello
MM algo FHE 340, B4R 2 DO HURIEAT 1 IRIMBRIR(E,

- 80800 - (38000
lgm lgm lmm mm] lsm lgm
(s[ifefefifn]e] 80000

- 3800800 - (3E00

14-27 Gk EE B AR B EHE

S S} 180 1) S M AT A SR P DR SR BRI AR, A A BB T, —BRIRIR (—IRGmETRAE) XTI 1Y
—4i4,

aniE 14-28 FoR, EABRFHRIEAIEICTS, 80T (8 DURAE HIF 2500, BRI —RRIE, Xk
% M hello ##5] algo HIFLAATRERIIETR,

MRS A IER, ABHEARERBET R hello M A algo Z AIMYRIEEETE,

14-28 B DRI IR g o 12 )
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1. zh&MEBER

B BERRNIUE, &30RE, Mmifesl dp %
B RHRFREXN TR s AT IR R,

T A EAE SRR AR, IRUBOER G/, SXREA BRI T, 508 s A £ IOKEES N
n A m, RIVEEERTRREBOFT s[n — 1] f t{m — 1],

% s[n — 1) Fltlm — 1] IR, RATATCEEEEN], EE%E sn— 2] 7 t{m — 2],
- % s[n — 1) Ftfm — 1] R, AT s TR GEA. R, B0, SRR RRS
BOSEREREIR, ATAT AR AT, % MR NI,

WAtR, BAVEFITE s PHITHE RER (EHRE), MIES s ¢ PRERIFFITAC 7R 428
fto R, RENYFITE s Fl ¢ HBERIE  FI5E § DR, 120 [4, 7]

IRA [4, g] XREF IR ¥ s BT @ AFREBON ¢ IR § ARSI b s 8
i, {BE-PMRIHB(+1) x (j+1) -4 dp &,
B R AT, WS IR R

FRT R dpli, j], HNRMAIWADNFRFRRRBETN sl — 1] M t[j — 1], AIRERFgRERES NE
14-29 B =R 5 o

1. 18 s[i — 1) 2Bt — 1], WEATFAE dpli, j — 1]
2. MK s[i — 1], WS THE dpli — 1, 7] .
3. ¥ s[i — 1) Bm 5 — 1), WA TR dpli — 1,5 — 1],

HERSFM e
00000
(c[o]d]e] (c[o]d
dpli, j-1]
BE% k
s - BB08C 080
‘- (o]
dpl[i, j] dp[i-1, j]
# k BiRH e
(b]oJo]e]
(cJold]e] (c]o]d
dpli-1, j-1]

K 14-29 ZmiHEE RS IR EAS

FRR DA L5347, AT T454: dpli, ] 0 DB 8T dpli, j— 1), dpli— 1, 5], dp[i— 1,5 —1]
SHTIROGRESR, F ARSI R 1 . KBRS T
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dp[laj] = mll’l(dp[l,j - 1]7dp[2 - 17]]7dp[2 - 17] - 1]) +1

EER, sl — 1] M t[j — 1] HFER, JEAgE a7, XAE SRS 7R

B AR ARIFRIRE RN

RN, RESECY 0, B dpl0,0] = 0, 4 s HEME ¢ FR2sh, BORESHET ¢ K
FE, BIEAT dpl0, j] = jo M s FREHE t A, BOGHREECET s K, B dpli, 0] = i

WMEGRSHRE TR, M8 dpld, j] WBU/E 7. b77. 76 D7 I, DRIHOE I 206 3R IE 7 e P54 dp RENAT,

2. fUEEEH

// == File: edit_distance.dart =

/> YREEREES: mHASHIRI */

int editDistanceDP(String s, String t) {
int n = s.length, m = t.length;
List<List<int>> dp = List.generate(n + 1, (_) = List.filled(m + 1, 0));
[/l REEE: B17EY

for (int i = 1; i <= n; i++) {

dp[ill[e] = i;

I

for (int j = 1; j <= m; j++) {
dplOl[3] = J;

I

/] REE%. HRITM5)
for (int 1 = 1; i <= n; i++) {
for (int j = 1; j <= m; j++) {
if (sli - 11 = t[F - 1) {
/] ERFRFEE, WEZEHGSIHEFR
dp[il[j] = dpl[i - 11[F - 1];
} else {
/] =DERESER = . bR, BIRX=MEENRIDREIESEH + 1
dp[il[j] = min(min(dp[il[j - 11, dpl[i - 11[3D), dpli - 11[F - 11) + 1;
¥
¥
I
return dp[n]l[m];

GnIE 14-30 A, gwiEEE RS M RIR S AT R 50 WREAE R 20, &I DAE RS — D 4ERRg A
o
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s |

Step 7

[ Step 9 l

h J
0
0 :
8 :
[
s = “bag"”
n=3

t = “pack”
m=4

MEWRTA (n+1) x (m+1) B dp R

(p Q0]

RER

4pli, 31 = min( dpl3,

wase
4pli, 31 = min( dpli,

dpli, 31 = min( dpli,

4pli, 31 = min( dpl3,

o 1 2 3 4

e 1 2 3 &4

j-11 , dpli-1, 31 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dp[i-1, j-1]1 ) + 1

ooan

MeateETT dple, j1=3 « &F dpli, 01=1

Step 2 |
~J
0
0 -
B :
[ < S
wase
pli, 31 = min( dpli,
[ Step & ]

Rt
dpli, 31 = min( dpli,

e oslic1]=tli-1] = ‘a’

[ step s |
jj
o
0 -
B :
[ < NS
it
dpli, 31 = min( dpli,
[Step 10]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

« dpli, 31 = dpli-1, j-11

j-11 , dpli-1, jl , dpli-1, j-1] ) + 1
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. -
SNle 12 3 4 SNle 12 3 4
o o 1 2 3 4 o o 1 2 3 4
u 101 1 2 3 4 n 11 1 2 3 4
a 2 |2 2 1 2 3 a 2 |2 2 1 2 3
+1 +1
B 3 |3 3 B 3 |3 3 2
#: #:
dp[i, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-1] ) + 1 dp[i, j] = min( dpli, j-11 , dp[i-1, j] , dp[i-1, j-1] ) + 1
lStep 11 Step 12
Nle 12 s i\{ 0 1 2 3 4
e o 1 2 3 4 o o 1 2 3 4
n 101 1 2 3 4 u 11 1 2 3 4
a 2 |2 2 1 2 3 a 2 |2 2 1 2 3
+1 +1
B 303 3 2 2 B 3 (3 3 2 2 3
i gm&
dpli, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-11 ) + 1 dp[i, j] = min( dp[i, j-1] , dpli-1, j1 , dpli-1, j-1] ) + 1
Step 13 Step 14

ooan

Sle 12 3 4

o e 1 2 3 4

[ 5 I IE U G T
a 2 2 2 1 2 3
B s 3 2 2 3

BEIRDREIES K 3

Step 15

K 14-30 ZmHEEES SIS RE

3. FaEfiik

BT dpli, 7] B A7 dpli — 1, 7). 77 dpli,j — 1], % E77 dpli — 1,5 — 1] SRR, TERRH
SESTE b dpli — 1,5 — 1], BIRFBFHTEENTIEE dpli, j — 1], PRSI T,

ik, FATTAT DA — ANV & Leftup SREFA LTI dpli — 1,5 — 1], MR FTE R LT H#
R RTR LS e e E WEAEE, AIER RS, A NTR:

// == File: edit_distance.dart =

/* YRIBEEE: TEMLIWEMIEHESIX +/
int editDistanceDPComp(String s, String t) {
int n = s.length, m = t.length;
List<int> dp = List.filled(m + 1, 0);
/] RER%: 817
for (int j = 1; j <= m; j++) {
dpl3] = 3;
¥
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}

/] REEE. HR1T
for (int i = 1; i <= n; i++) {

h

/] REE%: 85
int leftup = dpl0]; // & dpl[i-1, j-1]
dp[o] = i;
/] REEH%: HRY
for (int j = 1; j <= m; j++) {
int temp = dp[jl;
if (sl[i - 1] = t[j - 1D {
/] ERMFFEE, NWEZEIGSILHEFR
dp[j] = leftup;
} else {
/] =DRIESE = AL HIBR. BIRX=MIRENRIRESH + 1
dp[j]l = min(minCdp[j - 11, dp[31), leftup) + 1;
+
leftup = temp; // EHAT—RH dpli-1, j-1]
}.

return dp[m];

14.7 &

1. EREH

- BN B TR, REE T R R E R TR, RS RRER,
- AHBENRIIRTEE §, FrAshSOURIREEL T AR (B4R MR, B ERER

HE TP, YRR @SSR, AT DAEHERTA TR R 7RISR R, M PRIE )
AP — R,

- IR R RN TR JRAB AR, TS 2 N Eh SR — i R B TR Ui, A

auiE “HERK —F BT HATRESOURBEELE RERE, EIRATA] DAERR dp RE9—DUEE, M
TR TR 52 2%

- FIRE R AE A ARE RS, G, S B BA AR,

- BIESMKIREA = RFHE: EE TR, RIUFE. TTER.

© WERRE AR B A AT DA T R B LA AR oK, e B I 454

- JEREREN TR, HARRERRGZIEE X, MEERLmiEIRESTER, w2 et

AN BA TR, iR SR PRI R #,

H e

BRSNS —, B 0-1 BH., EeE i, ZEEFEFELM,

 0-1 B HEAPIRAE SCNHT « MIRTEREDN c NEEFRSEAMNE. RIEASRAE BT 2R

R, AREIRLTEN, FFREBGSER TR, EEed, BTN IRESRIUE e IR
A, HILFRZEE IR, w5 LTI 5.

- T EREE AR SRR TORE, FHIERRAD RS RS S 0-1 BEFEAR, BT

IRASHAUE BT FIIEZETT BOIRAS,  RIAEZS R AL b 5 TR i i

- BERSURNEUR E 2T BAER — DR, BMKR RRT MEZONK RN MR, IR

Bo7ifEr i max() B8 min() o MIBSR “REid” HEARINER “IBiF” Bl ERSE, KIS
A amt + 1 RKFoR “TiRBEH BRI KT,
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© BERGUHAE 1T SR “EBDREMEGR” BOyR “BEMASER", IREHEB TR min() 2Oy
RINEEAT,

S R 2 12 )

- A (Levenshtein BEEY) HTHIRMNFAFHZRIAAHPELE, HiE O MN—DFRFERE] 5 —4
TR DDA, mEIRIERARTI, MER, e,

- O R AR AR SO s BURT ¢ DR E SO t BIRT § DTSR B R G B, Y
s[i] # t[j] i, BA=MUEE: A0, MR, B, E0TEAAHR TR, R a] DA L
FER GRS T IR, T s[i] = t[j] ¥, THRELHTF,

- EGREIEE D, WESMEIEILE By, IEATT. A ETTRVIRE, R G B 8 il i #f T ik L
Wb TR AS, i, AR — PN EREF L LIRS, MR 5 522 H f RS 115
O, A DAE RS LSS AT IE i o
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F158F AN

el

Abstract
) H 2%6A%E KPHEE 8, BZIESR B 8 KR KT EE,
FUL RIS — R R BERE D, BP FRREER.




HI5E O www.hello-algo.com 323

15.1 JOEZX

ROEZE (greedy algorithm) 22— WLAIARRACIL MR RTR, HEA AR AL WA N RRITEL,  #
R ATE R R LAIESE, HSUOt it BB ILATRR, DIIERG 2R, OO IRREE HEiK,
FEVF KRB E & 2RI
FOLRIEISASMKIER A TR e, ez B E— SR A, HanEs iR a5 e, =
TAEREEA AL,
- BN SRYE Z BT ERIR A IRAOR B & S RIR, I IS 27 1A RS 2 24 A1 [ LA e
- ROLREARFBELRRE, T —BAnithiET ou0Ess, AW NRETEE, B2 R,
BAVREL G TR THERORIEN TIERM, XEMOSE “BeEme” =Y hagd, H
B EFH AR,

Question
57 n MR, 58 0 RPEEMITEIEN coins[i — 1], BN amt , ST AESIER, [
REMS I H BRI MEE, MRITEEH EFRER, NWIRE —1,

AR ZOL RSN 15-1 FioR. 28 HFREA, BSUOMNESE AT HERRE eriEm, THigaaix
S, BEREL BRSOV,

Bfs@ AL RRERTATEREENRESHNET
131
’
31 IS -
¥
e
¥
’
T =
-
A (1)
0
B 15-1 FERSHAI OO REE
SEEHES AT R R
// == File: coin_change_greedy.dart =

[* BRI D */
int coinChangeGreedy(List<int> coins, int amt) {
// 1&i& coins FIRERE

int i = coins.length - 1;
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int count = 0;

[/ BFRHEHTROERE, BITRREE
while (amt > 0) {
/] BENFBRIEERREEAVET
while (i > 0 && coins[i] > amt) {
1--1
}
// %8 coins[i]
amt -= coins[i];
count++;
¥
[/ BXRIHEATASR, WRE -1
return amt = 0 ? count : -1;

IRATRER A& &I : So clean | SULBIEMUHA TR RURR T 2 ER 5L e AL,

15.1.1 BALEZENMASERYE

TODFIEA DR B, SRR, i @R PR ARG, £ AR, ICRE M R/NE{E min(coins)
W ZLOERE R Z IR amt/ min(coins) R, NEEZEN O(amt/ min(coins)) . XHLANESMKIEZER
IR ZE O(n x amt) /N7 —DMER,

SR, MFREMMEEMN S, SWORIIFTREIRSIRMM. & 15-2 4H TIRAL,

- 1B coins = [1,5,10,20,50,100]: EZEHHAE TR, HEMLE amt , POOEIEERA DEREIR AR
it

- &Pl coins = [1,20,50]: % amt = 60, ZUOEIEHEAERE50 + 1 x 10 WSS, it 11
BT, (HBhASHURIPT DAREIRAAR 20 + 20 + 20, X7 3 HEm,

- Bl coins = [1,49,50]: & amt = 98, TWLEBEHEEE 50 + 1 x 48 st s, it 49
MET, (SR DARBIR AR 49 + 49, N5 2 M,

Whas Bin&H TOHERMRS R REHRIBIR 5
(REpmIARE) (2RRIARE)

(1) 60 +@x1@ x3
@ 98 +©x48 xz

B 15-2 SULBERICIEIRH RAOLARATR B

WALE, NTEECAE, SORETERIERE 2 R&IUE, HEATREEHEFE 20, EEEs
EEES/ Rl 27

—REEOL S, SULBIRAE AL PR PR,
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L. Al PAGRUERRBNR UM : SO0 RIAERXA A MEE R RIUERE, FOVEEELLEH, ahSMRIE &R,
2. AIDMRENERUR M : SOORIETEIRAEN TR AT, M TREERMERY, IR REE
HRME, BE AR ERCRER

R AR AR Y,

15.1.2 sTOEHRISH
MARERT, AR REHE S 2O EIERMEIE? k30, OB EET SN T ol DURIE R ER R
fig?
MESTHNAMK, SOLEIERE R & E SR, H R m A ™R

C UDIEBER: LA YRS R G R ISR R RN, 2U0E A GRS I R

- BIRTEN: RN SRS T R B R
B TFEMTEE “GIAMN SEWhagd, XEREER, EETENE, —SBlRmraEmitr
AR, (EASRRTE 20O B R AR,

BN FEZRFTSVOE R BRI HINTT TR, BARAERIRE ER R, HIh BN T2 i, WS
EREEBIFES H

BIanF e S F A, BATRARREG A B B, W OGO TIEDy, (HUESSATMERERR, WERA:
WA 22 PR RE T 2 & il A SOORTEAR MY A1 R REFEAE AL B B8 1ok 45 H — MR N AT Y 2
X, TAEDASS =R EAUE,

Quote

H—RIEXAH T —D O(n®) WEE 2 EEE, FAT R0 —NE A A e S 6 S0 IR IR HME
BRI R

Pearson, D. A polynomial-time algorithm for the change-making problem[]J]. Operations
Research Letters, 2005, 33(3): 231-234.

15.1.3 RLEZEBOTE

SOL BRI R AR R] 73 AR =2,

L. MSsHT: WER S PR AR, RARIRASTE X I BARA R AESE X — P AERIIAIEh AR
SRS

2. e FULRIG: FEANAIE S — D th SU0IERE, XD IRISRES £ — DU NI, &R
RIS A

3. IEFPEIER: S8R R EIEREEA ORI BN R LT 458, XN ERA] REFR I ZIECAIERT, I
ARYAANIR B SUETR S

A 2O DSR2 SRR R O IR, (BSCE R REFF A S, TEAUREE,

- RN FTORMSIE R, A TS RER, FORMILRRE, RIDEN K0S
SARERE . TN TSP, FOORHTREERERIG, SRR B0 PRS0
SR T
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SE SO RIS A BRI R, SBATHIME 0RIHE 200 RE, TR 081T, RATEE

PEER o MAREGITEIRE . KR E NSO R UZ "B 1Y, ESO AR R R
— MR B,

NTRIEERTE, FRAIROZN SUL RIS T EREEAUER, 0 T B SOEE s AL,

s, IEMMIERARATREN R — B, aa iR ke, BANER esmaiiAHenE T A iEs, —
PBEKR S RUE LRI,

- K
&

15.1.4 TROEEHRBEGIE

SOLBIRE N R E SUDIE IR AR UL imdEib,  DURAI2E T — L2 ARG 5O B TR A

- MEMIRFRE: EREETAS T, WORIREEA] ISR TR,

- XML IR — 2555, S MESSTE—BINRINEELT, REERRERRATREZRIESS.
REREOE RN R R AESS, A2 T00E IR AT SRR,

© BRI A YR DN EER, RIERRIERE AT, EREERNEYHER,
SMERR, WREBRANEFEEN tbim (ME / ER) 19Pa, IADRIRE LI~ DUSE|
AL,

- RSN faE A RERIT R, VKA DAOET 2 IRESE, HIRIRE SR AR, IBAAESEH
ZHIARERSE, HANEAREUR AR,

- BRI EREmGE A TR RSN LA, EEREREN, BIRIEREHIRR
RIKKHRADTRETF, REFINERSMITHPERERE GREKE) &/,

- Dijkstra 5i%: B2 RO E IR TS 2 H AR A R Y SRR A R R S0 O 3R

15.2 H#E|inE

Question

BE n DI, B AYISNERSN wgti — 1], HER valli — 1], M—DEEHN cap HE L,
MR REIERE IR, (HR] DUEREMA I —8R sy, BrEmsiesmE R e, REREE aE
TEOHYRRRNE, REIWE 15-3 Fir.
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#S EE tifE

i wgt[i-1] val[i-1]

1 10 50 ¥ BANER HazEE
2 20 120 20 cap = 50
3 30 150 7Y ~ m
4 40 210 bd 8 —

5 50 240 ()

BAME: 120 + (30/40)x210 = 277.5

BRAZE: BB A 30 B ¥ pAES
HEE S0 HESE

B 15-3 3 80H B B R

SHECE AR 0-1 B EAEEAR EAEFMAC, IRSEZ LY« AR o, BME2RRETEER MY
BRARNME,

RNAFIET, AT IR —E7, WA 15-4 s, BT EET Y5, FHigER
EEBR T A B

1 KT, CERAER FIOMEN valli — 1)/wgt]i — 1], BFRARHME
2. B3R5 i, RN w , WEERMIOER w x valli — 1)/wgt[i — 1] ,

Hs EE il  AfifiE

val[i-1]
i wgt[i-1] val[i-1]
wgt[i-1]
1 10 50 5 ] E gy L E kv HERn
EINER BT E Whne &
2 20 120 6 _ T
va -
3o 130 > & YT gl (|
4 40 210 5.5 ¥
5 50 240 4.8 -

15-4 PyinfE s & NHYIME

1. SFDRERIAE
BAAEUAYENE, AR R ER AN E R TP, Bt AR A 15-5 FRaY 00K
[

L. Ryt B BN E M S BRI THE R
2. WA, SR TLOHER AN E RS P
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3. HHIREHARAL, WIEEH LAY A — 8 B B,

RS EHE fifE  PfififE
val[i-1]
i wgt[i-1] val[i-1] wgtlioa]
2 20 120 6
4 40 210 5.25
1 10 50 5
3 30 150 5
5 50 240 4.8

2. fREEEH

B 15-5 2380 B A @i 500

(&e

RiBBAIHE
MEEHERF

SRR
REEER N EE=IYR

PR

BATEZ T — 0K Ttem, DUMERY)SALIREAAANEATHY . TEMETO00ERE, S HECHRBEH

FIR [ :

// == File: fractional_knapsack.dart

/* ¥gn %/

class Item {
int w; // Y@mEE
int v; // ¥Y&ME

Item(this.w, this.v);
}

[* DEER BEh «/

double fractionalKnapsack(List<int> wgt, List<int> val, int cap) {
// CIEYMEYIR, EERITEY: EE. NE
List<Item> items = List.generate(wgt.length, (i) = Item(wgt[i], vall[il));
/] REBREMMNE item.v / item.w MEEUEHITHIFE

items.sort((a, b) = (b.v / b.w).compareTo(a.v / a.w));

/] TEIRBRICNERE
double res = 0;

for (Item item in items) {

if (item.w <= cap)

{

/I ERRBERRE, WEHHYRED

res += item.v;
cap -= item.w;
} else {

e

15
B

a2

/] ERRBERE, WEHFYRH—EBH L3
res += item.v / item.w * cap;
/| BEERRAZ, FIBHBER

break;
}
¥
return res;

}

El=

=]

a
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NEHF AN B E R EEE A O(logn) , ZREREER N O(logn) 8t O(n) , BURTHRHEIESH
B,

BRHbr28h, TERERT, FEEHEMMIR, BRRBERER O(n), Hibhn Yd.
HITRIGEM T —1 Ttem MRFIZE, KEHEREN O(n) .

3. IEFRMEIERA

RHRIEZ, B « 2 R ER SR, EREREDORIGRARNEN res , EIZBH IS @
WEMNE B H A EEREEY M, SOV ERNYIN v . BTY5 v MR IMESS, KIS
BEEME—TEKRT res, X9 res RERMEFIE, BHREREPLHEEN © .

XTI A, BB DA EIAF G, SIS, AR EE R SR IR, X
APPSR G S

G 15-6 Fiow, A SeReP e BRI i B AN (B0 I 1 — 9K R R AR AN Il )70 2508 (e im) st ]
e “SRAEA FRAERRIX TR T BB A I RTHI AR o JX 2 En] DAES B ERATI AN LA fig EE B A 570 o SRS (4 R

YmBGE
5.25 5 5
* ¢ & -
YoES
40 10 30
50
| “uzE

B 15-6 3 EH BRI LERR

Question

BMA—T A ht , RPN TERR N BERERNEE, SEPNEERNER, DREllz
B =3 (8] A A R — D A28

DA RS TEEMEENFRA (), HivEEiEERERouE, %6 EZMNEREEHRS |
Z%O

BERAHPIEEM DN ER, ERHRNARNEERAR, RERAER, ~HAE 15-7 Fimr,
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atx

e B N W B U O N

L

0 1

N
w
&~
(5]
[}
~

BABEAN (5-1)x7=28

15-7 KRB ERERR R

AHEEEM N FERE R, FABRRE WA BRI, iKh (4, 7] .
MR, AR TRERMGEE, HrhaEEiove, 5ERMBIRINEEHERS 2%, RARN capli, j]

, MIATE R
cap(i, j] = min(ht[i], ht[j]) x (j — i)

WHELKREN n, PIATIRIALS R0, (RARE0 1 C2 = 2L A s, Slllal DAsremifidk

&, MTTRIEFRAZR, NEEZEN O(n?).

1. RO

X B RS S RCRIIRE, & 15-8 FvR, BUEE—MRE [4, 5], HERE @ < j & ht[i] < ht[j]
, BVE ONEERR. 5 N RARG

e Bk N W B N ®
[ < |+
—— <\

i MR, § AR
YUEIAE cap = min(3, 4) x (7-0) = 21
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K 15-8 WIS

aniE 15-9 AIoR, FHBERRE MR j kiR @ S8, WA= —E .

IRRNERSENRR j )5, SR j — @ HERN; MEmERERIE, FitmERRENE (O NRER) 5L
N (BENEH 5 BONRERD .

—— < e

e B N W s 00N ®

BRBER, BE—ER
LUHIAE cap = min(3, 3) x (6-0) = 18
K 15-9 RNBIIEAREEIRE

i, BAIRAMANBERR  , AAREEFRER, FNEREE —EZ/, HEETRIER BB
BNIERIREN ¢ FTRESAE K. BIANTEE 15-10 1, BalEia Hf R,

8
7
6
5 | J
4
3
2
1 y
0
(] 1 2 3 4 5 6 7

B ENER, BRAEEA
LBEIAE cap = min(8, 4) x (7-1) = 24

15-10 N sl IRAS
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P L AT AU SO SRS . RIGA LIRS, BEH IR A M, ARAI P RO I AT

TEEHAHIA,
B 15-11 R 1 s D SRIS IR TId AR

L WGEIRAST, f&EH 0 F0 j 0 5IEEH M.

2. WHMAPRESNER capli, j], HEHBRAER,

3. HEEH @ FOMR j IR, FERIEMRA NS %,

4. TEFRPATE 2. P 3. B, HE ¢ M j HIBINETR,

8 8
7 7
6 6
5 2 5
4 1 4
3 iR 3
2 2
1 } 1
o 0
[} 1 2 3 4 5 6 7
MAMIEE 1, § , EHITIKARE, FERAE res = 0
Step 1 Step 2
i
8 8
7 7
6 6
5 2 5
2 Y | 4
3 R 3
2 2
1 1
o 0
] 1 2 3 4 5 6 7
WHIAE cap = min(ht[il, ht[j]1) x (j-i) = 24
m BABE res = max(cap, res) = 24 Step &
i
v .
8 J 8
|k 7 aR 7
6 6
5 5
4 4
3 3
2 2
1 1
o o
o 1 2 3 4 5 6 7
WHIAE cap = min(ht[i], ht[j]1) x (j-i) = 28
m BABE res = max(cap, res) = 28 Step 6

YUFiAR cap = min(ht[il, ht[j1) x (j-i) = 21

B|ABE res = max(cap, res) = 21

< He

j
v

o 1 2 3 4 5 6 7

YpiAE cap = min(ht[il, ht[j1) x (j-i) = 15
BAZBE res = max(cap, res) = 24

< He
=y

0 1 2 3 4 5 6 7

LFiAE cap = min(ht[il, ht[j]1) x (j-i) = 21
BABE res = max(cap, res) = 28

]
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i i
v
8 8
7 7 .
5 I 5 g
5 MR s
4 . | 4
3 J | 3
a2 2
1 1
o 0
] 1 2 3 4 5 6 7 [} 1 2 3 4 5 6 7
YEIAE cap = min(ht[i], ht[j1) x (j-i) = 4 YFIBE cap = min(ht[il, ht[j1) x (j-i) = 5
l Step 7 BABE res = max(cap, res) = 28 Step 8 BABE res = max(cap, res) = 28
ij
v
8
7
6
5
4
3
2
1
[
o 1 2 3 4 5 6 7
v s i 5§ AEA,

[step 9 - BRHBLER, EERASE 28

15-11 HAAERFER ST

2. K85

REERERZ n e, HENBEREN O(n) .
L i, j. res ERATEENOEIMEN, FtEREREN O(1) .

// == File: max_capacity.dart =

/* BRRBE: AL */
int maxCapacity(List<int> ht) {
[/ ¥atk i, j, FEEZHIEAERR
int i = 0, j = ht.length - 1;
/] HIBRARBEN 0
int res = 0;
[/ BIFZEERE, EEMREE
while (i < j) {
/] EHRAKAE
int cap = min(ht[i], ht[j1) = (3 - 1);
res = max(res, cap);
/] EAREEHEEIR
if (ht[i] < ht[j]) {
1++;
} else {
J--
+
}
return res;

}
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3. IEWRMIER

ZF LT R, REDVERRTODIEER S “Bd” — 2R,

FEAAEIRTS capli, j] R, @ BN, § KR, A B0DHIGRNR ¢ B —i8, £S8E 15-12 FroriRes
e “BE”, XA S ETERIEX R A R,

cap[i,i—l— 1],cap[i,i+ 2]7 ,cap[i,j - 2],cap[i,j - 1]

|
| A | | |
il it | | [ | |
EERERE L ANERNREN
caple, 7] capl1, 7]
Bhid a4k
| | |
| | |
] || '
| i | ‘ | | | | | |
| | | | 0 | | | | | | 1 | |
| | | | | | | | | | | | | | | | | |
cap[o, 6] cap[o, 5] caple, 4]
| | | | | |
| | | | | | |
e | ] ] e
oy ||| HEE | | ] ]
caple, 3] caplo, 2] caplo, 1]

15-12 skt SERBEL RTINS

MR, IR IR b B R K § mPBSNFE IS, AiERMNESIERNERIR—E S
SEAEEL/N, W, SERERIRSEITRERRIUE, B ENr2SBGRIR,

AL A BB, BaiEmpiRiee “2ae” 1y, SOREZEAR,

15.4 &A)59 FEinER

Question
H[E—NIEEE n, KEUINEDWA IR, KUI7EMREERTRN R 22D, E
15-13 ffi7Ro



BISE b www.hello-algo.com 335

WAEE n , R max(ngxny xngx..xny %N, qxn,)

15-13 e RYI2 AR AU L

EREBAE n 1o m DR T, Hps AMRFidhn, , B

m

=1

AR HARESRIG A BN TR ATEH,

BNFEEBENZ: VIDBE m MiZZKR, 80 n,; NMiZEZ/h?

1. BLDKRBRIAE

RIEZE, R E LB E R, BI-M n o —NEF 2, METRE 2(n —2)
o BMTRZRING n (ELLE:

2(n—2)>n
2n—nm—42>0
n>4

nE 15-14 R, Hn > 40, P —1 2 ERMEEZR, KRR THFT 4 BFPEBERRIZE17 .

SOLERME—: WIRVIDTTRPES > 4 WE T, BAENIZEREY) 0, &RV TR AN 1, 2,
3 X=RAF
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N
=
=
1
N

Y nz24 B, 188 2(n-2) 2 n
HtRENDARRANEFE 1, 2, 3 BF

K 15-14 Yo SEERAZ K
B OREFMAHFREMEN. £ 1. 2. 3X=ARTH, BAR1LEEZEN, WAL X (n—1) < nfEK
37, B 1 ks SEBERAEN,
WE15-15 R, Yn=6N, B3 x3>2x2x2, XEWEYIN 3 Y 2 Hik,

DRI —: FEVITT RS, REENAAERD 2, BOA=A 2 BRIV OV 3, MRS BRI
o

HEFEESA 2 B, ROZBOMECRRED 3

15-15 &AL+

£R PR, RIHEBL DU SO0,

L AN n , WHAKYI > HE T 3, BEEREN 0, 1. 2,

2. AREON O, AR n 2 3 IREE, BRI,

3. HREON 2 |, ARSIy, RE

4, MRECH IR, HT2x2>1x3, FVERE—3EHN2,



BISE b www.hello-algo.com 337

2. KE5sEH

i 15-16 AR, BACAEIER Y] 88, ] AR A RMEPRIa T2 3 M o, HEEIZES
FIRECD, ENA:

n=3a+b

HERE, T n < 3WBFRIENR, BAHFSE—-N1, ’#HN 1 X (n—1),
// == File: max_product_cutting.dart =

[* mAYIDTER: Al +/
int maxProductCutting(int n) {
// & n <=3 B, #OP5H— 1
if (n <= 3) {
return 1 * (n - 1);
}
// BADHTISDE 3, a A 3 BN, b ARE
int a = n ~/ 3;
int b n%3;
if (b = 1) {
/] BFR¥A 1B, X 1 % 3 BkH 2 x 2
return (pow(3, a - 1) * 2 % 2).toInt();
¥
if (b = 2) {
/] EREHA 2 B, AR
return (pow(3, a) * 2).toInt();
}
/] HBFREA 0 BY, FE
return pow(3, a).toInt();

R b aft3

n=3xa+bh

15-16 AV RN HETT &

o] TR A2 A BE R T S IR RSB TL. DA Python Jufll, & AR R EECE =#,

- S xR pow() IR Z4ETH O(log a) .
Hi% math. pow () PIEETAAT C TGN pow() BRAL, EBTITAUINE, WHAEZEY O(1).

A& a F b ERFEBONIESNEE, FERERERER O(1) .
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3. IEWRMIER

EARIEE, Rt n > 4 RSN

L AR < 3 RIERMRVIFTTRPEE > A WETF «, Ba—En DUEHSASRIS 0 2(x — 2) ,
MRS R (BRHRF) HISRIA. X SR E.

2. VInTiFAuE 1 BREMUIDTTRFEE-INETF 1, WAE—ERILLEFHABI—PEFH, D
PIFERIFRM, XS5BT E,

3. VI RBBWEWNA 2 . RERIEVIDTTRPEE=A 2, Ba—Erl AN 3, RRIE KR,
XEREF JEo

15.5 &

1. EREH

- PO SIME R TR L, BUEE R AE N RN BRI R B R RO, DA 2R
Bt

C PULEESERH N — N X — AN DR, A I T (R — U N T,
BRI,

- LSRRI, E VR IORERCR, T EAHIR, 2ol SR I 2R E A (.

RS, TS, 2O DMRER SR X T 5 A A A A R
R, BOLEEATRER SR,

AL R B PR SOOI TR F24540, 200 P R A2 50
TR,

R R A, SRR R, R, E AR, FI B,

C ORBALFE LTS NS SN, FE LR, EREER, i B DRI RS IR,
ERMEER R A,

- YRS LREAE 0-1 T AT L, AP, R AT DSR2 E
i T DA B RS .

AR VAT S AR, RN O(n2) . JEIEH S0 NS, RN,
HIEERERLE O(n) .

ERKINTRAE T, BAVEE R R ORI > 4 RSEERIRE)S, BIRIE T
N3, RBTFEATEE, NAERERATREESIE B35 0(1) % O(logn) .
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16.1 (RIZIFIRRE

16.1.1 ®E IDE

HeF IR, B8 VS Code 1ENAHIERIT R (IDE), Vil VS Code F M, HIEERIERGHEAH
MIRAHR VS Code 3T REFIZSE,

a % O 0% i

Visual Studio Code  Docs  Updates + Download

Code editing.
Redefined.

Download Mac Universal | .,
Stable Build

mac0s Universal
Windows x64 User Installer

Linux x64

. & C *
master G014 » ) B CA2 Sonces? UTFE UF
Other downloads or cpen on web
0
T#i VS Code 85
IntelliSense Run and Deblg BONCN Git Extensions

16-1 MWER T~# VS Code

VS Code IR REASRS, KR ZEHREESHIZTHIEIK, LA Python M, 2% “Python
Extension Pack” #" B2 J5, BIA[H#EAT Python fXESVEIR, 230 3UIE 16-2 FliR.


https://code.visualstudio.com/
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Python Extension Pack vi.7.0
Don Jayamanne 7,005,466 % % % % ¥ (16)
Popular Visual Studio Code extensions for Python
Disable v Uninstall |~

This extension is enabled globa

DETAILS

Extension Pack (7)

REHRNT

A B P O AT autoDocstring - Python Docstring Ger

doc

! Install

|
j—ﬁf*?ﬁ% ython Docstring Gen...
@ Python
P

3

Jinja

Python Extension Pack

Install

= ] Python Extended 12M k4

16-2 %% VS Code ¥ B f

16.1.2 REESIFIR
1. Python ifi§
1. F#EFF%% Miniconda3, % Python 3.10 BEEHHRA,

2. £ VS Code idifERi 7182 python, %24 Python Extension Pack
3. (A1) fE@S T8I pip install black, ZEMmHEERTH,

2. C/C++IfiB

1. Windows R&FEELE MinGW (HLEZGE); MacOS B Clang, Toii#dk,

2. £ VS Code @RI R c+ , %% C/C++ Extension Pack

3. ([ &) FTJF Settings T i, 1% % Clang_format_fallback Style fRFSA% Lk, RE N
{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach }.

3. Java ifig

1. R#EF%% Open] DK (FRATEHE > JDK 9),
2. 1£ VS Code WHHFTI IR java, &2 Extension Pack for Java .


https://docs.conda.io/en/latest/miniconda.html
https://sourceforge.net/projects/mingw-w64/files/
https://blog.csdn.net/qq_33698226/article/details/129031241
https://jdk.java.net/18/
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4, C#iIfiE
1. FEFFZEE Net 8.0,

2. £ VS Code iR 71822 C# Dev Kit, %% C# DevKit (FlEZY,
3. WAl A Visual Studio (ZZAE#FE),

5. GoIfig

1. F#EHHLEE g0,
2. £ VS Code idfFfi 718K go, %2 Go,

3. ZFERE ctrl + Shift + PPRHHASEE, A go, 1%#E Go: Install/Update Tools, &HBAIE

FH22 2 R/IAT,

6. Swift Ifi%

1. FHEHFZEE Swift,
2. £ VS Code @RI R swift , 223 Swift for Visual Studio Code .

7. JavaScript g

1. F#EIFFZE Node js o
2. (A[i%) 1 VS Code WA 4R Prettier , MRS IULTH,

8. TypeScript IFix
1. [A] JavaScript SRR 2251,

2. &% TypeScript Execute (tsx) o
3. £ VS Code WyidifFHiA R typescript , &3 Pretty TypeScript Errors o

9. Dartifis

].. —Fﬁﬁﬁg Dart o
2. 1£ VS Code Wt HiipH ¥R dart , %2 Dart,

10. Rust Ifi8

L. FEFFLEE Rust,
2. 1£ VS Code R EE rust , 4 rust-analyzer o


https://dotnet.microsoft.com/en-us/download
https://code.visualstudio.com/docs/csharp/get-started
https://learn.microsoft.com/zh-cn/visualstudio/install/install-visual-studio?view=vs-2022
https://go.dev/dl/
https://www.swift.org/download/
https://marketplace.visualstudio.com/items?itemName=sswg.swift-lang
https://nodejs.org/en/
https://github.com/privatenumber/tsx?tab=readme-ov-file#global-installation
https://marketplace.visualstudio.com/items?itemName=yoavbls.pretty-ts-errors
https://dart.dev/get-dart
https://marketplace.visualstudio.com/items?itemName=Dart-Code.dart-code
https://www.rust-lang.org/tools/install
https://marketplace.visualstudio.com/items?itemName=rust-lang.rust-analyzer
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16.2 —iES 58k

HTEERIAR, HHXERFAE—BERMER, W, RELITER, BERRM. WEHK, X
FEL, A TEWEA TS AN GBS R, BB TBIE, DA IR E LB > B,

Fi 5260 A1 GitHub ID $$EAR B, MU PDF M 30T 3 TRR,  DUBSHIBA T IR X A TE
FAZE TR

JFIREE Sy
205 T AP R ENRI A TR BRI TR AR, PR ST IR 3 A 7T
MEATHRA A, WREIERIR RIS =8 H EE LN,

1. AEMA

e 16-3 iR, SATUERA EAEH “gmERERT. R DEZIE DU N P BRIESCOR B,

1. i “wBERR, WSBE “FE Fork e WIPR, ERRIZEE,

2. 1B Markdown JEXXFNZ, HENARMNIERYE, HRERRHRIE N5 —,

3. TETHIFEE BBORH, RERT “Propose file change” %%, TUHIBkE: /G, it “Create pull
request” %R RIA] &R HIEUE K,

o, o oe
Fudfi wello Bz % o Qoam L Ristiiiotts
Hollo W3k 31 HURLEM ‘ ‘ s
®Hom wE > ' o OEES ) a1 mmem: sesm
EERE R e > 312 MR S5O
8 Wom mRESE > ERMESIOERA. EE K. Wl SRR, B . B, TIIELUAZRGH R
e T
31 HUBESI S
2 WANERE 311 iBIEAN KSR
33 WEHE - Si
a - 7 B . RIET, BT IR TIEmiEHEE
. BHIERR; THERHD, SRS FRRANT), RNEAESERZPNTRERR; ENGTR
36 TR, RIRT BROAGRR.
B H4n mEsER >
& msw ML N 0B 31 B, SEMEEMATR AR A AN TR, SMAMILIEN, EEEENAR L2
= o E il; AEEIEEHNER, 244 i,
@ men nam ) GIET); AEAEEIIIAR, BRI
Aw7E B > - WIS B, R 5 DIL BEE.
A omem > - MG 1 . B, R
G Hom & >
= H08 B% > Erre T AR
] ENW >
- W2E 3% > L] ]
1 HIBE @H > . - JUN N
B E1am pEm s - P
@ His®W AL s .
@ ®ieE MR > = /|
B a H—

& 16-3 DU gm AL T

R TEEERE BN, FEEIHE [ssue BUFICH SREARIE, BAI2REREHIFEIRE R


https://github.com/krahets/hello-algo/graphs/contributors
https://github.com/krahets/hello-algo/issues
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2. RELIE

MREE GBS S5 HITRETE, fEAEBIEREMREE S, T RCENESE, IAFELAT Pull
Request TIEfifE,

. SR GitHub , KRB G F Fork 2D AKS T,

. AR Fork FEMTT, M git clone AR vafE £ A M,

- AEARHGEITNACIE, FHE TR, RuE RS E R,

. B AR CE R Commit, A5 Push FifE G,

. RIFTCEMTL, i “Create pull request” FZH1EIAT & EHBUE XK,

g W N -

3. Docker ZE
1£ hello-algo MRH®F, $UTLAT Docker A, BIRI{E http://localhost:8000 jRIATIH :

docker-compose up -d

{5 FH AR i < R RT R AR -

docker-compose down

16.3 ARiFFE
22 16-1 HIH T Brh I R EAIE, (HEE R L,
- EBOTAZIAR I, DAE SOk,

- B ATAAE AR SOEEAR AR SR BIIMTE AN

% 16-1 BURSHS5RIANEZE AR

English faT RS L {ENSED
algorithm =RFS CCRES
data structure HEaig BRLEig
code (E RS
file XA RES
function PR PR
method VERES T3tk
variable Iy SR

asymptotic complexity analysis ~ #NEE AT BOLEREE T
time complexity N 1) 52 2% P IRF M P


https://github.com/krahets/hello-algo
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English

space complexity
loop

iteration

recursion

tail recursion
recursion tree

big-O notation
asymptotic upper bound
sign-magnitude

1’ s complement

2’ s complement
array

index

linked list

linked list node, list node
head node

tail node

list

dynamic array

hard disk
random-access memory (RAM)
cache memory
cache miss

cache hit rate

stack

top of the stack
bottom of the stack
queue
double-ended queue
front of the queue
rear of the queue
hash table

hash set

bucket

hash function

fa R rsg

23[R AR
TEER

AR

19

J2 i)

e RUSE
KOs
i SR
JiihG

ST

EART

el

EGl|

R
R
SR

JE T AN
HllZ
ASEA
%

el

17
ZAFARA
RAranhR
(53

AL

3]

BAZ|
WEIRAF

E U

R
ol

ES M

U]

JEIEE

KO iR
Pl st
J5HES

—HiE
L

feiz7]

K5l
SRS
ST RS ET R
SR
JEER

2l
BREES
T

LR

PREX

PRECAR A
PREX AR R
HE
HEAR TH
HEB
741
Eafrs
THE
151
MR
MRRS
i
E5i3C BN

I
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English

hash collision

load factor

separate chaining
open addressing
linear probing

lazy deletion

binary tree

tree node

left-child node
right-child node
parent node

left subtree

right subtree

root node

leaf node

edge

level

degree

height

depth

perfect binary tree
complete binary tree
full binary tree
balanced binary tree
binary search tree
AVL tree

red-black tree
level-order traversal
breadth-first traversal
depth-first traversal
binary search tree
balanced binary search tree
balance factor

heap

max heap

fa R rsg

IS
AT
Bl CHiE
FSHE
LRI
LGS
XM
TR R
FEF R
LA
AR
e
LSRR
R R
9 AR

i

=

i

i

IR

SEFE X
RN
SEI X
-1 — X
X AR
AVL f#f
A2y i)
=30
IR S T
IR ARS8 3
XIS R
A A ER
A T
He

PNt

E U

MR E R
A#EA T
A AL
FHCE L
BRIERE
HEIER

— ek

HRETR
TR
s

JE

B

R

SE3E Tk
SE4 Tk
SEi ek
S s
IS
AVL #f
AL

& e s

JEE i B S AE ¥
IREE B SeE
it
S e
FE T
HERH

K TEHERA
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English

min heap

priority queue
heapify

top-k problem
graph

vertex

undirected graph
directed graph
connected graph
disconnected graph
weighted graph
adjacency

path

in-degree
out-degree
adjacency matrix
adjacency list
breadth-first search
depth-first search
binary search
searching algorithm
sorting algorithm
selection sort
bubble sort
insertion sort
quick sort

merge sort

heap sort

bucket sort
counting sort

radix sort

divide and conquer

hanota problem

fa R rsg

/INTHE
HRSERAF
HEfE
Top-k [Al&
]

Telal
Alal
s
R
AIE
Bz

12

NE

HiFE
RRHRIERE
RWHER
AR
R EER
TR
BREX
sk
R
SRk (352
AT
PRiEHE R
3 HER
HEHR?

LiTiEé 35
T
E e
PaRl=
DU P P

backtracking algorithm IR RES

constraint

AN

E U

/INTEHERE
sl
HEREIL
Top-k [i&
THRS

3 1 ]

A 1 ]
JeEL A [

A i [
AHERE
skE

B

NE

HiE
AR
HhER
gl T
“ns

L SRS
HEP AL
BEHE
HERZRE FB
AT
StSEEag
At
HEREHE?
WY
g /€ 352
23 GE g
PaR(E]
RIS R
[ e 5 1%
R
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English

solution

state

pruning

permutations problem
subset-sum problem
n-queens problem
dynamic programming
initial state
state-transition equation
knapsack problem

edit distance problem

greedy algorithm

fa R rsg

fiRt

TN

L1157

2 HE 7]
FHEAN A

n BJEFM
BHZSHK
IR
RSB
A
YL S )
TLE

E U

figt
N
L1153
EHIRE
THRAEME

n 2JEHE
BRERH
HIhARAE

AR REHER 7R
TS

H9rt 8 I A T R
B

55y



/-..¥*'. *
;%7*’&55%§«~.

P

Z -

AR

) : L0
a*k x - - ! . ‘ ' ‘ * |
RPN I /) ) g 5 .
* iy IE_ELL H e e x 5
.. X . * W ' /( | N *
X S % g O p - * . v
. * * . X ' / g
X } *ox * g .
: *
y % X i )
L U t g X x . %k "
4 s i o ) ‘. )
* *
: * > X * . x ¥ ) X
) X X 3 o 50 * 2 : ) )
5 & ’ X 7 5

“Among the Nniv’erse's 200 bilion galaxies; encountering yod, a shining star, is this book's great fortune”
C X L X . o ‘ - d g = ' ) . . ! .
“FEFEHENL2000 ZHE R, EEUWEZ%@W%EE'\JEE, EXEBWEAREE"

it

S e )
. i .
+ ¥ = . ok " . : 7
¥ " + * x |
> ,L .
5 . _ +7§ + ) 3 .
* ; . . *
i & . x X X
3 : * 4 £ X
5, X *x . " +



	第 0 章   前言
	0.1   关于本书
	0.2   如何使用本书
	0.3   小结

	第 1 章   初识算法
	1.1   算法无处不在
	1.2   算法是什么
	1.3   小结

	第 2 章   复杂度分析
	2.1   算法效率评估
	2.2   迭代与递归
	2.3   时间复杂度
	2.4   空间复杂度
	2.5   小结

	第 3 章   数据结构
	3.1   数据结构分类
	3.2   基本数据类型
	3.3   数字编码 *
	3.4   字符编码 *
	3.5   小结

	第 4 章   数组与链表
	4.1   数组
	4.2   链表
	4.3   列表
	4.4   内存与缓存 *
	4.5   小结

	第 5 章   栈与队列
	5.1   栈
	5.2   队列
	5.3   双向队列
	5.4   小结

	第 6 章   哈希表
	6.1   哈希表
	6.2   哈希冲突
	6.3   哈希算法
	6.4   小结

	第 7 章   树
	7.1   二叉树
	7.2   二叉树遍历
	7.3   二叉树数组表示
	7.4   二叉搜索树
	7.5   AVL 树 *
	7.6   小结

	第 8 章   堆
	8.1   堆
	8.2   建堆操作
	8.3   Top-k 问题
	8.4   小结

	第 9 章   图
	9.1   图
	9.2   图的基础操作
	9.3   图的遍历
	9.4   小结

	第 10 章   搜索
	10.1   二分查找
	10.2   二分查找插入点
	10.3   二分查找边界
	10.4   哈希优化策略
	10.5   重识搜索算法
	10.6   小结

	第 11 章   排序
	11.1   排序算法
	11.2   选择排序
	11.3   冒泡排序
	11.4   插入排序
	11.5   快速排序
	11.6   归并排序
	11.7   堆排序
	11.8   桶排序
	11.9   计数排序
	11.10   基数排序
	11.11   小结

	第 12 章   分治
	12.1   分治算法
	12.2   分治搜索策略
	12.3   构建二叉树问题
	12.4   汉诺塔问题
	12.5   小结

	第 13 章   回溯
	13.1   回溯算法
	13.2   全排列问题
	13.3   子集和问题
	13.4   n 皇后问题
	13.5   小结

	第 14 章   动态规划
	14.1   初探动态规划
	14.2   动态规划问题特性
	14.3   动态规划解题思路
	14.4   0-1 背包问题
	14.5   完全背包问题
	14.6   编辑距离问题
	14.7   小结

	第 15 章   贪心
	15.1   贪心算法
	15.2   分数背包问题
	15.3   最大容量问题
	15.4   最大切分乘积问题
	15.5   小结

	第 16 章   附录
	16.1   编程环境安装
	16.2   一起参与创作
	16.3   术语表

	序
	推荐语

