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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__":
v @ codes # AR
>Mmc max_heap = MaxHeap([9, 8, 6, 6, 7, 5, 2, 1, 4, 3, 6, 2])
> W cpp print("\ns#AFIRHEHEF")
> B csharp max_heap.print()
> dart
> M go # REETTER
> I java peek = max_heap.peek() —]
5 () [Eesils 118 print(f"\n#McHk* {peek}")
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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
> chapter_dynamic_programming
> chapter_graph
> chapter_greedy
> chapter_hashing
~ chapter_heap
>
< heap.py
2 my_heap.py
& top_k.py
> chapter_searching
(R > chapter_sorting
R > I chapter_stack_and_queue
> OUTLINE
> TIMELINE
¥ Pmaina Iy LOtests @OAO WO GitGraph Ln118,Col 29 Spaces:4 UTF-8 LF {j Python 3.10.13 (‘base:conda) & (@ Prettier [1

& 0-3 BT RE
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git clone https://github.com/krahets/hello-algo.git
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Python C++ JV# Go Swift Js >
binary_tree_bfs.py

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

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

A
avl_tree.py ﬁmﬁﬂxﬁ

binary_search_tree.py

binary_tree.py

[ binary_tree_bfs.py

binary_tree_dfs.py
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44 PESEE O 1t _nome_ = _matn_": o [+ [2 |3 |s 412 HENASERIE
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auE 0-8 FivR, ABNEEZ M “MB—", SERIRERPSHEITH B MM B =13,

MrE— ez — FrEg=

STRLERIND HRF BN ERNINER

RETE
BENTB RISERR RREES
HizEH

At EIR i

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

& 0-8 HIRFESIHL

0.3 /&t

1. EREH

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

AR IR .

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

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

- ABMIURATE D ETTENIRAPHEX, WD 2 = RAEERS W,


https://github.com/krahets/LeetCode-Book
https://github.com/krahets/LeetCode-Book

10

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.swift =

/* for &} x/
func forLoop(n: Int) -> Int {
var res = 0
/] &Kk 1, 2, ..., n-1, n
for i din 1 ... n{
res += i
}

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

FUENE, MSHH T, SNELESRIEIR,
NHFATH while fEIAREFRM L +2+ -+ n:

// == File: iteration.swift =

/* while f&¥F =/
func whileLoop(n: Int) -> Int {
var res = 0
var i = 1 // ¥R HEHETE
// TR 1, 2, ..., n-1, n
while i <= n {
res += i
i+=1/ EWMEHGZTE
+

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.swift =

/* while &} (FREH) =/



H2w EREDN www.hello-algo.com 21

func whileLoopII(n: Int) -> Int {
var res = 0
var i = 1 // #IaHEHEE
// TEIRRM 1, 4, 10, ...

while i <= n {

res += i
/] BMEHTE
i+=1
i %= 2
}
return res

EHR, for PEAMIRAS NS, while PREAEMIRTS, MEHLA] ASKENANLEH, R AIME— R
TR E AR A T SRR R

3. IRERRF

AT DHE— MERGE AR E S — MERGE, FHEPA for TR A
// == File: iteration.swift =

/* WE for & =/
func nestedForLoop(n: Int) -> String {

var res =
// ®%F i=1,2, ..., n-1, n
for i in1 ... n {
// ®% j =1, 2, ..., n-1, n
for j in 1 ... n {

res.append(" (\(1), \(3)), ")
}
+

return res

& 2-2 B EMREIA I RZMEE.

?
Sl

PRfEER

H i+
]
H

MR

- EE
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2-2 RENEIRIIREEAER]

TEXFEILR, REBIIRIERR S n? BB, BUEREIRIS TR EREMALIE RN n PR,

BATAT AARSLARNERE GRS, B KIREEZE R “THE", RN EERERSE ST RR" “THRTT
KAR", DA,

2.2.2 #13

Y3 (recursion) J2—FERTETRMS, I EEGEH B B RAERAE, ©EZUSMIHE.

L i&: BEAMIRAMEAE S, EHEENENERLASE, BR0AT] “KIERF,
2. 1 Mk “RIEFEMET JE, BFPMNRIRBEREAREOTEZRRIRE, CRE—ZH545R,

MM EE, BAEEERUS =1NER,

L. 2ab5%fF: AT REM 2RE %" % “137,
2. JBPAA: XER BT, MEBUAME S, EEEAENSERLISE,
3. IBMIEER: X U7, KERNENBRRAZERIREE E—R,

MDA, FATAFTVEHEE recur(n) , FBEATRASEAR 1 4+ 2 + - + n AUHHE:
// == File: recursion.swift =

/* B3 %/
func recur(n: Int) -> Int {
/] EIEEHF
ifn =14
return 1
¥
/]l B &)AEE
let res = recur(n: n - 1)
// V3 REER

return n + res

B 2-3 JoR 1R RIS IS AR
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AT “&” mE 93
recur(n) return n + ((n-1) +..+2+1)
| 4 w
recur(n-1) return (n-1) + ((n-2)+.+2+1)
recur(4) return & + (3+2+1)
recur(3) return 3 + (2;+1)w
| g
recur(2) 3 return 2 + (1)
l KIFFH —/‘
recur(1) return 1

B 2-3 SRANpR IR
BRI EMER, ERGEAR DIGEIMRLER, BEfRER 7R S FIK R 8
E2v8

MR CERTL” MARERE, WEISRIIS I, A RN EE R AT EEE 55,
ORI R BRI, KIS TN T, e A R LA AR
1 AN IR S /N T, BB AT 3511 AR AT
D ESRSRATEEON B, A f(n) =142+ +n.
C R FEIEERRBUCRAISRE, M 1 IBHE n, SHCHUTRARGE, BIRIREE f(n) .
C ORI RN TR f(n) = n+ f(n—1), REF GEITH) 45 R, AEEAMN f(1) = 1
L,

1. FAR%
BIHREE KA B 80, RSN BNERE BN, DFEREA R, 18R kA =G R,
TR S0 77 TH IS R

- PREE BT SCEARARERELERR . RS iR RPN XD, B EOR A A SR, A,
T LB AE IFE SN A 22 ),
VR VEVESE S Cgaga st DN DpA R S v i L VR BT N 2 NI ETR v &Y LA i

G 2-4 FoR, FEMRA R RZRAFRT, FINTELE n DARREIRGRITEE, BTN n o
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AT “@ Bt 93

recur(n)

}

recur(n-1)

!
|

BERE recur(4)
! }
recur(3)

!

recur(2)

fib %283
} ™
recur(1)

B 2-4 JEIAEHIRE

FESEPRA, GRiETE S RVFRRINREE R R A IR, IERAIE T AT RE S ER H A R

2. E#)3

BEBEE, WRABHEIR BTG —SA BT, WOZRERT DA gw i as sl R et t, HHEAS
BIRCR ES5IEARMHEY, XGRSV ERYT (tail recursion),

- B SRR EIE E—BRREYE, FENRSEPTRE, RERGFEAE E—-BRANLET
Lo

- I IR ITE R M EOR AIRTHYRSE — DR, XEREREBOR M E] E—B)a, TR T H At
BfE, HIERFTMRST - — 2R BT

A& 1+ 2+ -+ n B, FATTDLEEE R & res BEONKESEL, MmsSEELEZEA:
// == File: recursion.swift =

/* BiE */
func tailRecur(n: Int, res: Int) -> Int {
/] EIEEH
ifn =0 {
return res
}
// EEVAER
return tailRecur(n: n - 1, res: res + n)

ST TIE RN E 2-5 s, A HE@ERIAFI RS, & FSRFIER BRI T SR AR,

- EE: SRFIERERAE Y7 FERTIRTH, SRIREEEEBITOORNERE,
- RIBI: SRAHRERAE %7 RERTHIITH, 97 NERRRRRIRE,
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AT “# mE 7"

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

recur(n-1, n) l ret[r'n N+.+5+4+3+2+1
l rettrn n+.+5+4+3+2+1

recur(3,n+...+l5+l¢) ret[rn n+.+5+4+3+2+1

recur(z,n+...+l5+l¢+3) ret[rn n+.+5+4+3+2+1

recur(l,n+...+l5+l¢+3+2) R ret[rn N+.+5+4+3+2+1
| wirgp |

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

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

2-5 REiEIdE

Tip
BER, WR2MIENSRSH SR EIEIT L, BIan, Python BUARSHFE#IFMAL, KIithAN
B BT, HIAFTRE BRIk H R,

3. &3

LS 67 MXAEIEREN, BEEEHIEAR SRS ENE., A ENS %, DL LB
Hyfil,

Question
HE— NI EF0,1,1,2,3,5,8,13, ..., KRIZEINIHE n M

RILPIACEINE n MEFHN f(n), BEWILEL.

- BB N (1) = 0F1 £(2) = 1.
- BB N RATAEIIR, B f(n) = f(n—1) + f(n —2).

RIS R TIBVIA, KA DR E NI, fEn]5 HEA R, A fib(n) RIRf52I2EK
AREZEBNHIES n DN

// == File: recursion.swift =

[* EREAREREG: BT +/
func fib(n: Int) -> Int {
/] &1EEHF f(1) =0, f(2) =1
ifn=1 1|l n=2{
return n - 1
+
// #VFAAE f(n) = f(n-1) + f(n-2)
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let res = fib(n: n - 1) + fib(n: n - 2)
// REER f(n)
return res

MEE LA EARRD, BATHEREPRITVA A 7R, X ERE AT T AT S, Wi 2-6 T
R, RFEAWNETEATE, RERTE—RRZECON n KBEYAH (recursion tree),

f(n)

f(n-2)

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

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

B 2-6  FLRRSEGN I

MARBL LR, BIAERELT KRy ENF R FELEERN, XA IaRIEE R EE,
- WEIEAEE, #R HE B, ol sSMKISEVF 2 B R TA RIS B RE el AR A T axX A R Ak
7736
- WNEHEEHAER, BIARRESCEER, MR, FOAEMHERIES MG BT D
o

2.2.3 WEMLL
BEELLENE, G15R 2-1 R, JRARLEFESCIL, HREFERE B AT FE,

® 2-1 EREGEIAR AT B

IER =9
KB TEEAAER BRI E &
X

MR @R, JCREOE I RO S 27 A T4
%
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1R e
TR BB P4 SR SO F AT RE A K R R ]
i
EHE OB TRREMES, (BEW. TR ST I, G, . N, EE, REES,
i 4 il

Tip

QAR DU A BRAR IR E, AIDAMEBRRSE “M” BEERRE S,
M2, EAFBAREG T 2NIEERRNE? DLEIRBIAREBOUR, SKREBRIEEBEIAN 077 BT, XEk
& BRI B R PR b R R JE e FCHORAHRAE RS, XA LAEHURHS B “Je NG SRl R 1,
F b, TAAART RO R XZRIBTRTECARTR 7B 5K FRE VIR,

L 3% LRBBOHAIN, RIS WA EONZRSo R aorm, H T ER SRR, S8
IR [ R
2. W HEBGERRAITIREIRE, XM AR BN TR _ERER, REZ ATRR R AT IR,

I, BATTAT DU — A X BR B TR AT 0, TR VT A IR A

\

// == File: recursion.swift =

[* {EREIRIEIT +/
func forLoopRecur(n: Int) -> Int {
/] ER—EXRRIRINAR S AR
var stack: [Int] = []
var res = 0
// & &)3EA
for i in (1 ... n).reversed() {
/] BT NERIR(E AR 87
stack.append(i)
}
// V3 REIER
while !stack.isEmpty {
/] BT “HiRIRE I 937
res += stack.removelast()

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

MEE LA A, B ARAACONIENG, EEREMER T, REERANETERZEILN A DAL,
HA—EERIXA, A LN A

- BRAUEAOACRD PTRE SE AIME DAREAR, RIBRMEsE 2=,

- TG IR, REURGE AR TN AT REE R A X
Bz, EREAUERIBVTI O T RE MBI TR, (B9 Siikt, AN HRE E L 8 ER 7T
IREREE,
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2.3 BHEIERE

BT TRl A] DAELUL EL i S R TRRORCR . an SRBA TR MR 1 — B AIE RIa T R, BOZAn AT le?

1. s ER, AR E,. WEES. REINRS, XERZFHSEMAAINEI TR,
2. VAR EIRERR R IS AT ), BIANINIERAE + TR I ns, FIKIRIE « FFE 10 ns, FTEHR(E
print() 7% 5ns %,

3. G ITE R RERIE, HRAT AR PITIRERA, MG ENSTR A,
BIantE LA RS, E AR RN A n

// EEETEEST

func algorithm(n: Int) {
var a = 2 // 1 ns
a=a+1//1ns
a=ax*x2// 10 ns
// &% n R
for _in ® ..< n{ // 1ns

print(8) // 5 ns

¥

MAEALTTE, FTDMSRIEIARIZ TN Y (6n + 12) ns

1+14+104+(1+5) xn=>6n+12

HS2PR b, SEiFRIARSITIN R SERABSE, &0, FOIAmERmGN EsTrFade, FAE
ERBEESIARNE6 23T, Hik, BANRMER MR ERIBITIN A, XA mGd R 7R
1538

2.3.1 FitBIEIEKESE

IR A T SET T AN R RIRIB TR, MR RTAIST T Il R 2 2RI 5

“BFRE KT X BRSNS, B DEE — MR AN CARERR, B ABIR KN n, BEZAEE
A, BFIC:

[/l B%E A WREERE: BEHM

func algorithmA(n: Int) {
print(0)

¥

// &% B HHNEIEZRE: LM%M
func algorithmB(n: Int) {
for _in 0 ..< n {

print(0)
}
}

// 8% C WREERE: BEHM
func algorithmC(n: Int) {
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for _ in 0 ..< 1_000_000 {
print(0)
¥

B 2-7 JeoR 1 DA B =N RIRR RN [ 2 2
© RIEARE L ATERE, BIRSITINEAREE n BRI, BAPRLREERNR AE AN “HE

778
SR B FRYSTENMRAER B8R n (R, BIRSITINERES n 8RR BLMN K, BRIRAT RS A% 4R
N EAERY

- BIR C REFTEHRIER ZIE58 1000000 (%, BRI EIRK, HESMABERN n Tk, Bt
AR TR A2 A% A IR, 7o “HE

Bk C - HE

1000000

Bk B — SR

BIRE{TRE 10
5 /Mm
0

@ 1 2 3 4 5 6 7 8 9

FBNEHEA)

n

K 2-7 HiEA. B CHIN A KES

T BERGIRIRNSTIN ], I RS 2% A IRE R RE?

- NSRRI ARG RIERCR, Fln, 505 B HIBITIN R BEMIEK, 7En > 1 INELETE A 18,
£ n > 1000000 W ELETE € 18, FL b, HEMABIEA/D n RBR, EREN “FEH” NEE
—EMT “EMERT AR, KRN KBS X

- IRERERHER R ERME, B2, BT e E RS EIRs TN R K, K
WA RIS 2% AT, FRATT AT DA SR A TH R RTINS R AR TR “ BARLIR1R] 7, MRS
“HHRBEBTHRES” [y “HERIERES, AR AR T

- IS AR AR R RRBRTE, B0, RUERTE A C NS KA, ESERRE TN A Z IR
Ko [FIFE, REFEBHINHAEAREL C &, EEMAZIERN n BN, BiE BB TREEC, Xt
THEIEOL, BRATI 5 XECAOUE 2 2 AT R R I &, 28, REGFE RRRE, 25D
W SRR A RIS e S HL YT T

2.3.2 FEGIELESR

L TAKRNN n HIREEL:
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func algorithm(n: Int) {
var a = 1 // +1
a=a+1// +1
a=ax*x2/ +1
// &% n Rk
for _in 0 ..< n{ // +1

print(0) // +1

}

REIERREEER R — MR TRABIEA n WKL, 129 T (n), WA LRSI EIEEER D

T(n)=3+2n

T(n) 2—xeiEL, UHHIBITIN R AR LN, I e R A2 AR 2 LR

BA TR A E 2 LR O(n) , BMCERERAKR OIEE (big-O notation), FRREE T (n) K
Mk ES (asymptotic upper bound),

I IR)E AT A BRI “BERE T (n)” MR RS, EEAEMRECAE X

FRREHIE L5
EFAEIESE c IS ng , FENTRAER R > ng, HET(n) <c- f(n), WA f(n) &
HT T(n) —PE0E LS, 128 T(n) = O(f(n)) .

W 2-8 R, WG LR S EE f(n), BHEY 0 EETEFAN, T(n) fl f(n) bTAHR
RO KRR, (AT — N ERRSK .

c-f(n)
T(n)

4_,——‘—‘—”’—ﬂ—'

© 1 2 3 &4 5 6 7 8 9 18 11 12 13 14
BABUEAN n

% n > Ny E?: y{:‘l%ﬁ C'f(ﬂ) 2 T(I'I),
IEBSRIIAR f(n)  T(n) M—NINELESR,
2% T(n) = o(f(n))

B 2-8 PREHHL E5R
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2.3.3 #HFE

Hn b SRR LA A, WERIREIE I A S 2B, thoeiHn, TR DUBERHER TR, AN
KR, mt AT DUR e H A R

RIEESN, WE f(n) 25, BAMETERINEERE O(f(n)) . WAWHTHEEIL LS f(n) We? Bk
NP BRGUHRERE, REHINTENL B

1. F—%:. KiHEFHE

EORRED, BT BB RIHERTR, AW, BT Rk c- f(n) PREBERE c fTMBUERRD, Bk
2T (n) WIS FREL FEOHET PURME, ARYEILRIN, AT DUS\Es B DU TSR RS

1. 20 T (n) R FOVENTERS n Tk, DO B AR A5,

2. B RE. BN, 783K 2n X, Sn + 1IRSE, #RATLARIMEIL n ik, BN n BT EREOS R
IR R,

3. TR ERENRIE, SRIEEESFTINEEANAREINRERE W, 52 EMRIAR 25
ENE 1. SN 2. KHETT,

B — R, BATTAT DA IR BT R G TR E R

func algorithm(n: Int) {

var a = 1 // +0 (15 1)

a=a+n// +0 (15 1)

// +n (15 2)

for _in 0 ..< (5 *n + 1) {
print(0)

¥

// +n*n (15 3)

for _ in 0 ..< (2 * n) {
for _in 0 ..< (n + 1) {

print(0)

¥

PARARER 1A EIREITRIENAIHER, Wt NN SR O(n?) ,

T(n) =2n(n+1)+ (5n+1) +2 558G ()
=2n%>+Tn+3
T(n)=n?>+n fartfigiit (0.0)

2. B-W: JErIHEESR
I EZER T (n) PEEINCRIGE ., IXZENE n TS KN, REMNITELIETSIEH, Hith
T A s M AT DA

R 2-2 R T LR, Hi—SSskagER Y TR “RETTIERSIMEC X —4He. M n T K,
XS TC R AR,
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R 2-2 IR ERERRN I 8] 52 2%

HR{ERCR T (n) IR ZE O(f(n))

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

n® + 10000n> O(n?)
27 1100000190  O(27)

2.3.4 ERHER
W NBUER/ NN i, 8 VLI R 26 BN 1E] 2-9 AR IR MRS & I HER ) o

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
TR < MEH < SR < R < FI50 < S8R < Bkl

E¥E 0(2n)
THB 0(n2) gﬁ
HHEIRIERE %M 0(n) E
T(n) e
4B 0(1og n) ]
©
=

BB 0o(1)

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

BNEEA)

& 2-9 5 DRI [R5 2 e 287

1. B O(1)

R BRERE SRR R n Tk, RIREEE n B2,
TEDUR e D, RUEBREECRE size AIREIRK, HlEITHSMALIER N n JEx, KN RSRETHN O(1)

// == File: time_complexity.swift =

[* B */
func constant(n: Int) -> Int {
var count = 0
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let size = 100_000

for _ in 0 ..< size {
count += 1

}

return count

2. 4HH O(n)

LRMERN IR EBEAR R THABHE R/ n DA&IEAIIGE K, LZeMElim s HIE 2GR
// = File: time_complexity.swift =

[* MM */
func linear(n: Int) -> Int {
var count = 0
for _ in 0 ..< n {
count += 1
}

return count

T B A BE R SR B 2RI O(n) , H n NEEH BRI E :
// == File: time_complexity.swift =

/* R4EBY (BFHEEE) */

func arrayTraversal(nums: [Int]) -> Int {
var count = 0
/] TERREEEAKERIELL
for _ in nums {

count += 1

}

return count

EEERE, SABIRD n BSHRIEHABISRRRR BAE, HAES —Relh, 28 n kA
RN B ARG, BHKE n AEIRER,

3. FH5H O(n?)

ST MR ERRAA TSR AN n AE AR, 7B eI, SMNEIERAIAR
TEPRI IS 2R O(n) | BULMIAIINTIE 2N O(n?) -

// == File: time_complexity.swift =

/* FEFHM */

func quadratic(n: Int) -> Int {
var count = 0
/] TERRBEHIERN n RFEHXR

for in @ ..< n A{
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for _in 0 ..< n {
count += 1
¥
¥

return count

B 2-10 X EE T HELY,  LRIERFIE TSy = Al (R 2 2%

83 n R

BF n R
1R E
IR ERE IR E BiBERE
BEM o(1) 2% o(n) E5H o(n?)

(] RE—itmsmE

B 2-10 HEW, SR 7R A RS 2%

DABHERE A, ANEIRERIAT n— 1, WEMEn — 1. n—2. ... 2. LK, TN n/2K,
WS AR O((n — 1)n/2) = O(n?) :

// == File: time_complexity.swift =

/* FERM (B8#E) */
func bubbleSort(nums: inout [Int]) -> Int {
var count = 0 // jt#kes
[/ SMER: RkHFEXER [0, il
for i in nums.indices.dropFirst().reversed() {
/] WiER: BRHEFEXiE [0, 1] FHRRATERIREZXEN&GH
for j in 0 ..< i {
if nums[j] > nums[j + 1] {
// i nums[j] 5 nums[j + 1]
let tmp = nums[j]
nums[j] = nums[j + 1]
nums[j + 1] = tmp
count += 3 // TEXIREE 3 METRE

I
¥

return count
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4. 1558 O(2")

AVEER) IR R ISR S R AR T IERIREON 1NN, RREEN 2, ARWRE
TR A, DA, 2R n ffEA 2" DI,

2-11 AP ARAS L T 4y R AR, RN O(27) o EER, A n R, IREE
count FREDZLIREL,

// == File: time_complexity.swift =

/* 88PN (BIFSCEL)  */
func exponential(n: Int) -> Int {
var count = 0
var base =1
// ARsR—oA=, ERHE 1, 2, 4, 8, ..., 2°(n-1)
for _in 0 ..< n {
for _ in 0 ..< base {
count += 1
¥
base *= 2
¥
// count =1+ 2+ 4+ 8+ .. + 2"(n-1) = 2*n - 1
return count

I
bE e ZEH
BE—7HAZ TRHBE
20
21
22 - HnE
znfi
TEIRMERH (BhRAHMT RS Bl
20 + 21 + 22 + 4+ 2n-1 = 2n-q =¥ o(2n)

2-11 FEEU A (R 52 2%

TESCPRETES, 88 & LT IEH K g, BlandE DA, HEAth—ao 8=, & n oGS
1k

// == File: time_complexity.swift =
/* EEEY (BILI)  +/

func expRecur(n: Int) -> Int {
ifn =1
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return 1

}
return expRecur(n: n - 1) + expRecur(n: n - 1) + 1

}

TERME AR R R, 5% (BAER. \IRE) PIHRE L ST EIRIRECRII M, 2T
FIREAZHY, TR S SR S O RTR TR AR,

5. 33%B O(logn)

S8R, R T “RARE " EG. BRMABIER N n, BT RRGERE
HAEFRREE log, n, Bl 2™ IS EREL

e 212 FILUFRRSBEN T “BHAREI 1" IR, WA O(log, n) , BIEN O(logn) :
// == File: time_complexity.swift =

/% FHEEN (BIRSEI)  «/
func logarithmic(n: Int) -> Int {
var count = 0
var n = n
while n > 1 {
n=n/2
count += 1

h

return count

BANBAREA N sEEE 1 1

a

TRIRER Bia] 8 AR EE
log,n +1 B 0(logn)

=

[N]

[y

B 2-12 XHET RIS ) & 2%

SERENEEL, X LTI R B0, PUNBIE AT — RN log, n IS :
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// == File: time_complexity.swift =

[* JFEPY (BYISCEL)  *+/
func logRecur(n: Int) -> Int {
if n <=1 {
return 0

Iy
return logRecur(n: n / 2) + 1

hy

AR BT R T OARISHE RS, AT kT W OREONRET MEREM, EKEE, 2
AR B () AR A I 1R) 42 2%

O(logn) MIEBU2Z/V?
WKL, “—209 m” MR AR AR O(log, n) . MHEENEHRAR, BATTLUSEIASE
RIAEREL. FEEFII R 2%

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

WL, FRECm AT DMERRENE A ERRTIR MR, RIFRATEE 2B m , R EER
228 O(logn) »

6. ZMEIEEN O(nlogn)

MR BT EEIA R, BB EZE 2519 O(logn) f1 O(n) o MHXKIGIIT:
// == File: time_complexity.swift =

[* LRMEFTEBN */
func linearLogRecur(n: Int) -> Int {
if n<=1{
return 1
¥
var count = linearLogRecur(n: n / 2) + linearLogRecur(n: n / 2)
for _ in stride(from: 0, to: n, by: 1) {
count += 1
}

return count

& 2-13 &R T M R AT e I — ZAHREEEE N n, WG log, n + 1, KL
FIE AR O(nlogn) .
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EERREEH
nx1=n
%x2=n
H# log,n+1 B
%xl..:n

HERERK
n = (log,n +1)

B iEI R AR E

1K 0(nlogn)
@

B 2-13  ZRMERT I AN TR 2 2%

1R

&

&

FinH T BN A EREEE R O(nlogn) , GlaMREHT, VDT, HEHETE,

7. BB O(n))

SRR A B “ 2T B, B n NEAESNITR, KEMARTEERHITR, 7788 EN:

nl=nxn—1)x(n—2)x-x2x1

B i AL, anE 2-14 MU MUEATR, SB—BRaRE n D, BZESRE 0 — 14, DU
1, HES n BRHEEDR:

// == File: time_complexity.swift

/% BiFEPy (BYFSEIL)  */
func factorialRecur(n: Int) -> Int {
ifn =0 {
return 1
+
var count = 0
/l M1 A9 E n A
for _in 0 ..< n {
count += factorialRecur(n: n - 1)
+

return count
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BREH BEH
NRYE TRME
n n
n-1 n(n-1)
n=2 n(n-1)(n-2) - #n B
1 n
2HFIWARY BIRKRENT S8E8) e ERE
nx (n-1) x (n-2) x .. x 2 x 1 = n! Biis&EY o(n!)

B 2-14 [ 3Rl A (R 2 2%

HIER, WY n > 4WMEH n! > 27, BTN LSBT ER, 1 n BRI AT,

2.3.5 RE. RiE. FINEASHRE

BRI BRI R EER, Wi SHABIRR AR BEmA— DN RERN n F%EH nuns , Hr
nums M 1 % n R, M HEI—X; ETRBF2RELTELE, (£55HfR2IRETR 11
R5lo BATATDASGH A RES IR,

Ynums = [2, 2, ..., 11, BNRETERR LN, HEnmgl, SslgamiiE s O(n)

o

Gnums = [1, 2, 2, ...]1, BIHEEDICEN 1N, TICBHSKEANFEZURSLm, B2
MIsEAE Q1) .

“BRZENREZRE” XN MEEENE B, A OIBSRR, N, “BERTRIEZE” XN EEHNE N5,
B QidsRR:

// == File: worst_best_time_complexity.swift =
/*x ER—NAE, TFER {1, 2, ..., n}, IRFEWITEL */
func randomNumbers(n: Int) -> [Int] {

/] HEBERE nums = {1, 2, 3, ..., n}t

var nums = Array(1 ... n)

/] BEAITELER &
nums.shuffle()
return nums

hy

/* EHEAE nums HEF 1 FRTEZRS] */
func findOne(nums: [Int]) -> Int {
for i in nums.indices {
/] BTE 1 FEHEELE, REIREREIERE 001)
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/I EtERE 1 EEEERN, KESENEERE 0(n)

if nums[i] = 1 {
return i
r
¥
return -1

(EFBIRNR, Bl HESR R R R 2, DRImA VARV NIER R A HEAE), ATRERHk
RS, TR A E R, EOAERA T R, LRI UL R,
MR BIFT A t, 220 I A R I U A TUR LT PR ISR, XA I B
AR/, ERAE LSRRI TR, AE T, TASIIN S 4 T AP BESE A LA A B 1
BAER, O BT,

TSy BT, Bl TT AR 2 S BN S 0 RIS, et SRR, e P A S R BT AL
fy, PRUHTEE | HIITEERE RS ORER A AR, T SAN T R A R ALK R — /2,
IR 2N O(n/2) = O(n) .

(ERFENE AT, RTINS AR RN, BROARME ST I IESE A R IR RO,
FEXCRITAL T, A TIE 3 R 20 ) 2 R SRR P

W LIRDES O 1552
WAL T O FFENd FRAT L1, FULRATE B (R Ron A I S 2, (E AR RS L, 3%
FIMHOEIERAIE, 7EA BRIELMIORh, Z8FRE0 “THRFE A O(n)” WRR, W HEE
B O (n) ,

2.4 TEERE

SIRERE (space complexity) FI TSt I 17 2RO B R AR INAE I, & ME S
SRREFHM, R BTRET 0 SR

2.4.1 HZEHEX=iE

BIREBATII R A R 23 (R RS DR LA,
- FAZEE: T EEIER R A,
- BN AT EERIAESITEREPER, MR R T CEE,
- FHEEE TR B A
—RIET, SREXRENSRIHEERE “GF2R” Nk s,
G R AT P — X0 =00
© OEERYE: AT RERRISTEEPRSE R, LR, NRE
- KemizE il T ORAE R P R _E T SCBEE, RGUER U F BN AR R AEM TR I — M, PREL
RIEE, A A SR,
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- RN AT RERFENRFES, EXRRAHEE R,
T — BRI R R ER, BANEW ST B0E, Homias A 80 =y, WK 2-15 R,

BERRTZERERENSITEE

AL

4 A
BWAZE gl Mt =2ia)
MR BiFHE IR AR
el
ESTiE

B 2-15 SFIEERRIAHER R

FRAA T :

/*x £ */

class Node {
var val: Int
var next: Node?

init(x: Int) {
val = x
+
}

/% HE */
func function() -> Int {

[l BATHEARE. ..

return 0

¥

func algorithm(n: Int) -> Int { // HAEUE
let a =0 /] BEHE (F2)
var b = 0 [/ BEHE (B8)

let node = Node(x: 0) // EHEHIE (WR)
let ¢ = function() /] ¥miz=ial GARRE)
return a + b + c /] EHEE

2.4.2 #HEZ

RS RERHER AN AE A RBIHE, HFRIHTARM “BIEE" o “BRZRRN,

M5 REXENFEKE, BANEEIRERETRENE, XRENNFZERZ TR ER, AT
A PRTEFTA f AU NAE R BRI N7 2 AT

ML, RESRERETN “RE ANZEE X
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1. DARZERNEHR M Yin < 101, AEREN O(1); HY n > 10 N, ¥HMLHEEAH nuns &

 O(n) 28, FIHEZEEREREN O(n) .

2. DISEBAT I NA i B0, BPERITRG —17280, S O(1) ZH; M¥6EHEEH nuns

i, FERES A O(n) 20, FIEZEZRE 20N O(n) .

func algorithm(n: Int) {
let a =0 // 0(1)

let b = Array(repeating: 0, count: 100600) // 0(1)

if n > 10 {

let nums = Array(repeating: 0, count: n) // 0(n)

}

{EIBIARRED, WEERS TR M), W5 DU ARG :

@discardableResult

func function() -> Int {
/] PITELAR(E
return 0

by

/* EMHN=EEZRER 0(1) %/
func loop(n: Int) {
for _in 0 ..< n {
function()
}
}

/* BPANTEEZEN 0(n) =/
func recur(n: Int) {
if n =1 {
return
¥

recur(n: n - 1)

% Loop() il recur() IIRTIIE Z4BER 9 O(n) , {5218 25 R,

PR Loop () TEMERAHIEF T n IR function() , H5HH function () AR EIFHREH T iz ],

WEERE 25 O(1)

- BBJAEE recur O fEBTTRBEPSRINGLE n MARIREK recur (), MFEH O(n) BIERBZE L,

2.4.3 FEhR¥EH

B ABERER N I n, B 2-16 R 1 H# IR ZE A 2 2% 2RE

O(1) < O(logn) < O(n) < O(n?) < O(2")
R < WEBY < LM < FITR < fE

(AERE =D
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EHH o(2n)
E75B 0(n?)
RIEZEIAAN ZH4M o(n)

B 0(1logn)

MEER. MIEE

BHH 0o(1)

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,

TEERRE, EIERPoIG AL B s F R8I S RN, EEAN T EINEm R, B raR

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

[* R %/
@discardableResult
func function() -> Int {
/] BITHRLEIR(E
return 0

}

[* B */
func constant(n: Int) {
// BE. T2, WRHA 0(1) =i
let a =0
var b = 0
let nums = Array(repeating: 0, count: 10000)
let node = ListNode(x: 0)
/] EFFNTELSE 0(1) =E
for _in 0 ..< n {
let c =0
+
[/ EFRHFRRSSE 0(1) =E
for _ in 0 ..< n {
function()

h

2. %M O(n)

LR W T L REE S n BUELLIVEE, BER. R RSS!



B2E HAREDH www.hello-algo.com 44

// == File: space_complexity.swift =

[* RMERY */
func linear(n: Int) {
[/l KER n BELELA 0(n) =iE
let nums = Array(repeating: 0, count: n)
[/l KEHR n W5IREE 0(n) =&
let nodes = (0 ..< n).map { ListNode(x: $0) }
// KEA n MNBEHERSE 0(n) =&
let map = Dictionary(uniqueKeysWithValues: (6 ..< n).map { ($6, "\($0)") })

i 2-17 FoR, BEEREEEIIRER n, BIFINTEE n DNARIREIR Linear_recur () %L, fHH O(n) K
/N AR S ] -

// == File: space_complexity.swift =

[* MM (GBYARI)  +/
func linearRecur(n: Int) {
print(" #&Y3 n = \(n)")
ifn=1¢{ o
return

}

linearRecur(n: n - 1)

Eran rﬁli
T “& w3
linear_recur(n) return @
linear_recur(n-1) return @
wmmm | !
n
} f
linear_recur(2) return @
1 fib %z
BibF G T
linear_recur(1) return @
EEGEAEBRRER n SR ERE
HER 0(n) ARIIZE(E] SZiEM o(n)

2-17 JBFREG AR LM 2 A 2 2

3. FHH O(n?)

FIBE LT REREE, STREES n BOFTRR:
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// == File: space_complexity.swift =
/*x FHM */
func quadratic(n: Int) {

[/l Z#HYREE 0(n*2) =&
let numList = Array(repeating: Array(repeating: 0, count: n), count: n)

G 2-18 AR, IZEREHDEITIREN n, £ DBIARBREGIGML T — M, KESHNn, n— 1,
L 201, EKER n/2, HHEERSERE O(n?) ZH:

// == File: space_complexity.swift =

[* FAHM (BRI  */

@discardableResult
func quadraticRecur(n: Int) -> Int {
if n <= 0 {
return 0
}
/] #A nums KEHR n, n-1, ..., 2, 1

let nums = Array(repeating: 0, count: n)
print(" #Y3 n = \(n) HE nums KE = \(nums.count)")
return quadraticRecur(n: n - 1)

A nums KE AT “&" F’a;:,
n ~——— quadratic_recur(n) return @
n-1 ~———4 quadratic_recur(n-1) return 0
" | 1
2 ——— quadratic_recur(2) | return 0
1 =l gt 1
1 +—— quadratic_recur(1) return @
EEMBARMPHBRLT —TME, BKER CRIERE
1+ 2+ ..+ (n-1) + n = n(n+1)/2 EAKM 0o(n?)

B 2-18 3BV B EG A 175 B2 IR S 2 R

4. EHH O(2")

FEEH W X, WIEEE 2-19, BECh n 1 X 1 sEER 2" — 1, A O(27) =)
// == File: space_complexity.swift =

[* IEER (BIB-XR)  «/
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func buildTree(n: Int) -> TreeNode? {

if n =0 {
return nil

}
let root = TreeNode(x: 0)
root.left = buildTree(n: n - 1)
root.right = buildTree(n: n - 1)
return root

BEMT S
28
21
N\ N\
22 - Hn B
SN SN N LN
2n—1
FRRts PEERE
20 4 21 4 22 4 ... 4 20n-1 - 2n_q *Eﬁm 0(2“)

B 2-19 il — R AR RFE S 23 R B A

5. 3B O(logn)
SRR WM aE R, BT, MAKER n (WEEH, BB SARI IFE, AR
= log n AYIEVARE, R O(log n) A=Al

HHARER T RN TR S, WA DERR N, BRMECOY [log, n| + 1, BN RFRFEHRKEN
|_10g10 n|+1, Ft=EERER O(loglo n+1) =0O(logn)

2.4.4 PREBtE S =ia)
BRI R, T BRI ] S 2B 2R ) 2 SRR IR SR, SRTZE SERRIG AR, RINRALIN (A1 E
R FEFII 22 ) 2 o 3 o A TR

R AR ) 52 3% RE I 3 T R DARRTH S MU B, R ZAPER. TRATTRATYE P17 23 AR IR TH BRI TIR L Y
RRESARN “ ARSI B ez, ARy AR RIS A

RN B RS BR T HATEB BN TTH, ERZEIENT, MRSEEES, Kt DA E”
HRER AR, S22, EEEERRIELT, HHEREREHIEREE,
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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

let numbers = Array(repeating: 0, count: 5)

let decimals = Array(repeating: 0.0, count: 5)

let characters: [Character] = Array(repeating: "a", count: 5)
let bools = Array(repeating: false, count: 5)

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
=L IZR 0, SHRIEFE.

FH Unicode UTF-8

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

* 01101100 11010101 11100110 10110011 10010101

BEE 3 GEN 1 BHATUNE 2 U
REFHRER 3 FH BB 10

3-8 UTF-8 gwi il

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

- UTF-16 %f%: {HH 2 5% 4 1 RFR—DFRF. AR ASCIL FARME FAMAERE T4, #H 2 %
TERR; DPEFERFERD 4 FHRR. AT 2 FHFSF, UTF-16 435 Unicode B i,

- UTF-32 %ih%: B DFREEH 4 777, IXEKRSE UTF-32 btk UTF-8 f1 UTF-16 S H=SE, Fi5l2E
T ASCIT 45 5 FRER i SOAR

MAEESE SR AEE, EH UTF-8 R P ER @R, BOVENH 1575, /] UTF-16 gt
FEFSCFRF (BlanHs0 SEMER, BB 2 57, M UTF-8 AfREFR# 3 571,

NEREMER A ER, UTE-8 R@EMTERE, Y2 THEMERESH: 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

4-1 BEAHE ST

4.1.1 AR RIRE

1. e

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

// = File: array.swift =

[* WIALEREE +/

let arr = Array(repeating: 0, count: 5) // [0, 0, 0, 0, 0]
let 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.swift =

/* BENLIARITTER */
func randomAccess(nums: [Int]) -> Int {
// &EKXja [0, nums.count) HRENIHEN—"EF
let randomIndex = nums.indices.randomElement()!
/] FREVFREIFENITTE
let 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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8000 -
EEEEE
N

nums[4] = nums[3]

:

BERRAX

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

MRS 1 MENTEE 3 e

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

e a -

nums[1] = 3

:

4-3 BEHFENTTERHA

BEPERTREE = 4
BIRRTTE 0 RN

BATER,
ERNERETR 0 &K

ERERRNE, BTEHNKEREEN, FEMA-MTROERSFERARTITR “BK7 BN

I RER R T R ETE “HIRT B HiTig,
// == File: array.swift =

/* TEELAMIZES| index RIEATTE num %/
func insert(nums: inout [Int], num: Int, index: Int) {
// BZFE5| index UKZEHFIETERGZE—L
for i in nums.indices.dropFirst(index).reversed() {
nums[i] = nums[i - 1]
}
// B num T4 index AITE
nums[index] = num

4. MpRTTE

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

H
w
B

80000
nums[1] = nums[2]

o BRERR

= MR —1

EMATHIRES] 1 TR ﬂ 515
N

nums = nums[3]

80080 -
—
nums[3] = nums[&]

TRMERG, SR TRERR
1

FETE & BERN, TIREER

g

B 4-4 BAMERTTERRA

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

/* MIBRZR5| index AMTE */
func remove(nums: inout [Int], index: Int) {
// BF5| index ZEBIPFRETTERAFIZI—AL
for i in nums.indices.dropFirst(index).dropLast() {
nums[i] = nums[i + 1]

h

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

ERZHIRIBIESH, AT Us RS e, ] e IREE@E TR
// == File: array.swift =

/* WHEA */
func traverse(nums: [Int]) {
var count = 0
/] BER5EHEE
for i in nums.indices {
count += nums[i]
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}

/] BiEBHEATE

for num in nums {
count += num

}

// BEREHEIERS TR

for (i, num) in nums.enumerated() {
count += nums[i]
count += num

6. &BEHE

FEHAHPEBIEE TR TR, SRHIWOTRER AU, A VLR S VRS,
KON B R LM R A, I DA B ESIRERAR Ny “LRIEEEK”,

/| = File: array.swift =

[* EEEPERIEETE «/

func find(nums: [Int], target: Int) -> Int {
for i in nums.indices {

if nums[i] = target {
return i
}
}
return -1
}
7. IEH%4A

FEERNRGUAGES, BRHEURIESEHZ FRIAGF 2R AT, MWMICEZ ety REEH AR, HItE
REBIEES T, BAHRRKERAZER,

NRTAIA B AR, WFEFEY —DNERIEH, RS EEE TR RE R B, X2 —1
O(n) HURlE, EBLRARRIHI FIERHFEN . AR NER:

// = File: array.swift =

/* ¥ REAKE x/
func extend(nums: [Int], enlarge: Int) -> [Int] {
/] BEE— N EBRKEGNEHA
var res = Array(repeating: 0, count: nums.count + enlarge)
/] BE#ARNFRE TR ERZIF A
for i in nums.indices {
res[i] = nums[i]

I
/1 REY EERFERA
return res



Ba4wE BHSHER www.hello-algo.com 70

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 {
var val: Int // TRE
var next: ListNode? // iR TF—TaM5|H

init(x: Int) { // #&XRER

val = x

}

4.2.1 $EREREE

1. {YatbEER

BNIRER D NN, B RVIBEENTENE, FPRWETRZENG I HXR. wlatEsE, &
T T DANEERAYSLTT Sl &, @I 5 | FFEM next ARIXT A ARE 1 o

// == File: linked_list.swift =

[x ALEER 1 -> 3 -> 2 -> 5 -> 4 %/

/] BEEEINTR
let n@ = ListNode(x: 1)
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let nl
let n2

ListNode(x: 3)
ListNode(x: 2)
let n3 = ListNode(x: 5)
let n4 ListNode(x: 4)
[/ MHETRZENE|B
n0.next nl

nl.next n2

n2.next n3

n3.next n4

BURAEIK R — MR, % nums 570 nums[0] F1 nums [1] %5, MiaERE B2 MR S5
AR, FBATNE RSN RO ERERACRR, tean DA ARSI BERPTICERER no

2. AT

FEHEPBATRAFE RS, WHE 4-6 R, RIZENTEEMHBEIN DT n0 F nl ZEFA—MFTHAP,
WHTSCEWA T RGIE @R Wl, WNEE2EN O(1) .

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

°

P.next = ni
< P 8@ n1

°
RS 00 M n1 ZEBEASS P o "
A
P

nd.next = P
Bl no ME P

o ?

A

B 4-6 BERAEAT KRB

// == File: linked_list.swift =

/* EHERMNTE n0 ZEBEANTS P %/

func insert(n®: ListNode, P: ListNode) {
let nl = n@.next
P.next = nl
n@.next = P
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3. M=

Qs 4-7 For, ERERPERT A ARRE T E, R@RSE A NRR5IE (EED Bl

THER, RETEMBRRERE T A P ARALER nl, ([HE0R L@t R CETTRVIFE P, IXEKRE P
EETHETIZHER T,

n@.next = nl
T B4 no @A n1

ERRPBIRT S P

A A

noe nl
A

MbsTER/a, 22 P H#AEH
nl,

BiEA#ERCELELRE P,
AEEMTARTR P EWRIBIER

B 4-7 BERMIERT A

// == File: linked_list.swift =

/> BIFRERMT S n0 ZEMNENTR +/
func remove(nO: ListNode) {

if nB@.next = nil {

return

+

// n@ -> P ->nl

let P = n0O.next

let nl = P?.next

n@.next = nl

4. FiRBR

FEREL P Ui I RURECREAR. 0 E—FmR, FATATBAE O(1) B a R RSP TR TR, BERUAR
R, BEFEEMNLT AL, BNAERED, BEEREIERT R, WD, VRsERNEE ¢ a2
i — 1%, BREREN O(n),

// == File: linked_list.swift =

/* WRERPZES|N index BTE %/

func access(head: ListNode, index: Int) -> ListNode? {
var head: ListNode? = head
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for _ in 0 ..< index {
if head = nil {
return nil

}

head = head?.next

h

return head

5. BEHTR

W ARER, EHREPEN target TR, W SERRPNRS, HIBENE TE&EER, REAOF
Fi7R:

// == File: linked_list.swift =

/* 1EHERPEEN target NEINT R %/
func find(head: ListNode, target: Int) -> Int {
var head: ListNode? = head
var index = 0
while head != nil {
if head?.val = target {
return index

+
head = head?.next
index += 1

¥

return -1

4.2.2 4l vs. HER

R 4-1 B4 7R BERAT S IR R L T HRERCR . T e IR A R S A BRI, (Rl R
GV ES e3P RVAIDES 0

K41 BASHERRIBERAT

g B
TR ST AT
BERIE KRS AR TR
WTERCR TR SR, HATREREN TR SN S
ez O(1) O(n)
FIEE  O(n) 0(1)

WigEE  O(n) 0(1)
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4.2.3 HRiERER

i 4-8 FoR, H LAY RERR AU E = H,

- BBER: RIRTH AR EEEER, BERERATT RS S ENEER T RS NI, AR &
M RIAT R, BRE DT RRNET A, BT RTERZ None .

- IBEER: GRS HEERE T AR R (HREMER), WSE—PIPRER, PR
R, AR R AT AR ST

- OWEER: SRmBERMLL, DERERICR TN AEG . BABERATT RUE RN B & e a4k
TRl (PP R) MR A (E— D) IS (et AT RAEER, MaiERERRE
PE, ATDARAR A5 A0 I BE R, EAH M th 75 22 o FH B 2 B P A7 2 T

/* WEHERT AL «/

class ListNode {
var val: Int // T=E
var next: ListNode? // iEME4T=AYS|IH
var prev: ListNode? // 1E@EmEIETI=BI5|H

init(x: Int) { // #&EXRER

val = x

h

R

singly linked list

o — — — ——> None

FRsER

circular linked list

[ ¥ '@ V]

AR

doubly linked list

——3e _ ——3s —_ —3 None
None <= — -— -— —

K 4-8 H WBERRNA

4.2.4 5ERHEBEINFE

FAABEFEH TS, BB, M 3R I SE 2R 4hi.

- B BAII: S AFOIERRFARAE BER I — It ATIN, ERBIAVRHEONSERE G, WA, i ARIE
TERERI —ImitAT, MIBRIRIEIERERA S —ImitAT, ERIMRoN et e, W RBAA,

- AR EESUHIE R R RO ER TR —, ERARET, IrAFRINITRESRE— MR
o
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- B AEREFOREN —AE T, KBNS — DR, SRR TR
KRGS AHIE R HAB T

MEBER F A T FR E PR AT — PG — DT RT R,

© ERBRETH: HLAITELLRRE, B R, AT EVIRT AR A, XA DU R R A R e
AT R 5 I SRS, SRLT XA RERR

- PSRRI AEM DU AR, P R AT USRI, (X T AR R AIE AP 1 R BT —
JE—DWITT A A EER AR R SRR E AL 1S fa] B

- LRU B34 %Ak (LRU) Rikd, BAIHEPREEIRIT R/ DERREEE, DA BasEs
FARMERT slo IXMH A A XA BE R AR H 51E,

INPBERE T HREMIRERIR, HURERFRI BRI,

- NIRRT RIL: FERERG, WA AR R R — R UL CPU AR RE, BREXN—
HUAREHATIEIN, BRSO T — DN R, MR SR, CPU YRS N — M, XAhE
PR AT DUE I R R R S

- BURGONX . ERERR RN X RSB, MATRES MRS, HRAIEE, MRS, B
TRTRE ST N DERMBIF AN —NINEHER, DAESIIICEERR

4.3 HI&R

FIR (list) B PMIRIBIRES, ERRTRAERES, XFTRM, B @, MERFEmn
TR, TTOUEME SRR R IRBIRRE, 5FAT DA T RER s S,

- EERRARRIDEE IR, HERrR &SR IE, I H AT DAREShEST A
- BRI TREM AR, HETHREAZE, KRR D EAKERHZIE,

MBS EANRE, KEATTRHER S SRR, X 2R FRATE F TCIE e e
ez D8R, MmiEDLUEBRE A IENYIREKE, HEKED/N, MIRTRETICIER SRR, HRERR, W
SIERNIE S BIR P,

fRYR R, BATA DAE I EhASEE (dynamic array) SRSZEIFIFR, B9k & T HEHIS M A, I EATPA
HERRFIB T RTINS 2

SfR b, VP2 oPRTE S IR FERREL I A 2R S T ah BB 92y, Bl Python HRY List . Java HIfY
ArraylList. C++ HifJ vector F1 C# HY List &, 1EH FRIVTHEH, FATEIE “FIFR” 1 “GhSEER”
R R RIMEE,

4.3.1 FIRERRE
1. MaksIR

BANEHEH “TTHHAE" 1 “GHRE" XML
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// = File: list.swift =
/* WIakTIR */

/] FTHEE

let numsl: [Int] = []

!/l BH%BE
var nums = [1, 3, 2, 5, 4]

2. ifFiRlTE
FIRAF _EREA, WA e O(1) RN RAERTER, WRRE,

// = File: list.swift =

/* IhRlTTE */
let num = nums[1] // pIEZEES] 1 BTE

[* BHETTER */
nums[1] = @ // KBEHR5l 1 LHTHEEHN 0

3. EASHRTER

MR T, F1F%AT LA BRI S MERT R, EFIRBERMTRENNEEREN O(1) , B AFRIMER
TERIERN S AN, NAEREN O(n) .

// = File: list.swift =

/* BEHIR +/
nums.removeAll()

/* FEREARMTE */
nums.append(1)
nums.append(3)
nums.append(2)
nums.append(5)
nums.append(4)

/* TEREHEANTE */
nums.insert(6, at: 3) // 1EZE5| 3 WENEFE 6

/* BIRTE */
nums.remove(at: 3) // MEZ=3| 3 4pTE

4. BHYIE

5¥A—rE, FIRADRIERS &), WrlLEEES TR,
// = File: list.swift =

/* BERSBHIIER */
var count = 0
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for i in nums.indices {
count += nums[i]

hy

/* BEZBHYIRTE */

count = 0

for num in nums {
count += num

}

5. HHEYIR

HE—DHHIR numsl , AT DL H BRI R B 56,
// == File: list.swift =
/* BHERNGIR */

let numsl = [6, 8, 7, 10, 9]
nums.append(contents0f: numsl) // ¥E%IFR numsl BHEZR nums Z/5

6. HIFFIR

SERFRHEF G, BAMERT AR ESEHRELESHEEEEN ““oaEH” 1 V" Bk
// == File: list.swift =

[* HFFIR «/
nums.sort() // HFRE, FIRTEMNEIARHS

4.3.2 5K

2B SNE THIR, Bl Java, C++, Python %%, EIMLHIKE %, #NSHHREHIRES
5, BIUNPIEA R, §AEEEE, BOGERBEE rl A& P IRIE T3,

N T IR PR AR ERRE R, BATZAL MR ZRYIR, GRS =1 E AR,

COPRAR: R D EEREBEOG A R, EAORGI, TATERE 10 AR A R,

- BEIS: AR size, HTICRIIRYATTREE, HEEETTRBAMMERIN EHr, RIE
AR R, AT LUEMIRER, PAHAWRE ST ET &,

- PTENL: EEATENYIRERCH, WHRZEHTY A, iR A EReE - NERNSAE, Hik
ARTEBAHRI T TR IR S B, ARG, BAITME SRR A A0 2 14,

// = File: my_list.swift =

/* HIRE «/

class MyList {
private var arr: [Int] // #h4A (EFEFIRTR)
private var _capacity: Int // FIRAE
private var _size: Int // FIRKE (HFixnHiE)
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private let extendRatio: Int // &RHIRY BRIEE

[* WETTE */

init() {
_capacity = 10
_size = 0

extendRatio = 2
arr = Array(repeating: 0, count: _capacity)

I
[* REGIRKE (HFITREE) «/

func size() -> Int {
_size

}

/* FEGIREBE */
func capacity() -> Int {
_capacity

}

/* FRTTE */
func get(index: Int) -> Int {
// FREIWMERSERNMEEEIR, TE
if index < 0 || index >= size() {

fatalError(" Z3|#HE")

+
return arr[index]
+
/* BHTE */
func set(index: Int, num: Int) {
if index < 0 || index >= size() {
fatalError(" Z3|#HE")
+
arr[index] = num
+

/* EREAMTE */
func add(num: Int) {
/] TEHEBHE=M, AT BV
if size() = capacity() {
extendCapacity()
+
arr[size()] =
/] EFMTERHE

_size +=1

num

I
[* TEFREREATTE */

func insert(index: Int, num: Int) {

if index < 0 || index >= size() {
fatalError(" ZE3[#HA")

+

/] TEHEBHEEM, AT BHIE

if size() = capacity() {
extendCapacity()

+

/] BZE5| index UKZEWITEEREZoI—IA

for j in (index ..< size()).reversed() {
arr[j + 1] = arr[j]
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hy

h

arr[index] =
/] EFMTERHE
_size +=1

num

/* MBRTTE +/
@discardableResult
func remove(index: Int) -> Int {

}

if index < 0 || index >= size() {
fatalError(" Z3[#HA")

+

let num = arr[index]

/] BEZRS| index ZEMTREAEIFE—INL

for j in index ..< (size() - 1) {
arr[j] = arr[j + 1]

+

/] EHTEHE

_size -= 1

/] REIEBRETTE

return num

/* FIRYE +/
func extendCapacity() {

}

/] HE— I KERNEIE extendRatio EHIEENE, HEBERIESHIZIFHEA
arr = arr + Array(repeating: 0, count: capacity() * (extendRatio - 1))

/] EHFYRAE
_capacity = arr.count

[* BHIRFRAEAE *«/
func toArray() -> [Int] {

}

Array(arr.prefix(size()))

4.4 REE5E%EF"

FEABERRTN T, BRI T BRI AR BB R BRaS, eMosflR T “E8F0E"
“OYBRAEE” A BEEER

SKhr L, VPRGSO EUGE TR M AR RE IR, i B AR 7 BB IR PR RE

4.4.1 HBENEHSS

RN S =M RR 281 %E: & (hard disk). M7E (random-access memory, RAM), #&7F (cache

memory), % 4-2 &R T ENEHHREALRGIH AR A BRI TERER .

R 42 HENBIFERE
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(5 [FE &A7

A& K iEEEE, WIEHRIERS. RS ANSTRRFIIE (AR U M EdEITE S, B>
=35 NI AL 5 FEAL B E R CPU ViR

ZRNE LIEEVER S RIS AP S UIEENERSCIEESPSPS LIEEVER S EPSPSE S

wE BK, TB 5| BN, GB 2l JEH /N, MB 31

T g, JLEEJLT MB/s ek, JLt GB/s FEF B, JLtEJLE GB/s

ks (N BfEwE, JLIEFLT/GB 25t, JLHEULEIT / GB kR, B CPU TR

M)

BATAT DL H BN E RGAER NI 4-9 RIS 845, BREET B B8 VU A F7 i I g R R, &
BN, AR, XA R IFARMER, TR REARE S TR RS RUE AR,

- BEEERABENAFI, Et, NEFPRIBIREEN SR ESR, FIENEa KIEERDE, Hik, WfE
HIRRATR IR L%, IX I EXE DATETH B8 T 7 R

© RAFRA R EEEAE DGR, BEE L1, L2, L3 BENTRBSEA, HYHERNSTK, 5 CPU
BDZ [RIFYERE B 2RI, AT SEERWEE RN RN, TTRTAEIRE . ELREART, Z=EHK
HIRAF LA R A R, TR A Z R B P

CPU

e L2 Cache
L3 Cache

" EE e
.

K 4-9 HRHFERS

Tip
HEAREAERIREERGRIL TR, HRMA=F Z R, it XM EFET
AT T, EZSRBAHEA R BRI P EMIBR ] < RIHE R A

JEERE, REELH T RIHAREOR BB, 7 T I 7 B R 47 e AC BRI BN, i 4 W T 17 (i
SEVIMNBIRRTES, DIEEEFBITRHeR, =& HEAME, WRHHEIRAESZE1T,
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aniE 4-10 FoR, EREFIBITR, BUESWEEHHIEREINGEF, ft CPU HEMM, &FaLEME CPU R
—Ekor, EENEEEHMNEINEEWE, 4 CPU Rt miE R, Wi EZ R FRIHITRER, w0
KRR HIPAF AR

. —
- S S

l
l
2

SR &7 RF 7354

CPU

B 4-10 WA, WM Z RIFEEETE

4.4.2 HIEEHHIRTFRE

TENF AT, BEHMBERS H ARG MEMERE,

—J5H, PFRARRK, HFE—RNERGERZ RIS, BRI 2 EHRES M EE T R T R st A
2, BEHRTTRREEH S, ATREHIMIERRAAERER T R AT (FaEh), RIS RReRE &, 2R,
HBATE R BHESNFE R, IXATRESFBUNAIRSE, By A th el RSN AR 23 Rl A
MEEZ S, BERDL R NBRATE AN S ECAIEI, SR T BRI R TG

75, ERFIBTR, BEEREHIESRINNA, SRNFRRR R SRR, S BNFR
MRRCER AR, BHBTHESKFET K, AR SBAFERR L. Mk, BERIITTRR D HTFER,
FERERIIA SRR e, ERSSFBNER AL,

4.4.3 HIRGHINERTFHE

ZAf BREZRREE B/ TR, HERRFREG S, ERFPITEE DEEECEZNEMN. BTRF
MEBEAR, HEEFEME N ME TR EDE, Kt CPU ViR EHENERF TN, ML EEE
K (cache miss), I CPU RS MR EEAGH N7 INE A T8,

B, “EAFARGH” WP, CPU BGEIRMBCR S, ReItatthatiler, |ATRK CPU MEEF IR
BRI LLBIFR B Fa = (cache hitrate), X MEVRIEH KM REFRIE,

NTRAJREIREIE @AIRCR, 5ff 2 RICA N EUEIMEALH,

©OBRAHT: RAFNRRAN IS INEEEE, MERFE T NN, HEET RIS, 71T
A& A A K

- FRIOHUR: ACERER 22 AWM BRI RS (BRI, [EE P KBTI RSE), FARMER X
R BRI 2 H, MR a2,

- ERRRYE: RN BRI, B EHNEREE TR R ST, it SRS
faly, WRBHEMNEAERE, DaEmmathR,
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- IR AR BRI, B BN ARR SRR AT REFHR BT, A7 MIIX — B, @i
TR BRIV A e R R R

Khr b, BERMBEFMRAANA PR R AR, TZARBE LN LANT

- AR BERTRMEHTTR ST RE S, SBEFTERNNAREERE D,

©OBRAHT: BEREUR D RUENGERAL, MRFER TR B, REmEE TR e .
- FRIOHURY: B EEBERAVEIR TR B “RIINTE”, RIRSTE A 518 R B S8,
- MR BB B ER PRI A, RN R R A s A AT RERR 7 M),

ERTTE, BEHRAESIEAGPR, RILEERESeE DM TR, XESERRERNEN, &
TEEH SR B RS A T B A2 UG,

TEERNE, MBI ERABAEAN O PAML T8, SSORi A Fr B ism iy, MR
P BT RRDGE, BN, BEHMBERAATDASCHL “4” BdEgit (F—EXWngd), EellEm T
Y5to

- BRI, AT BUA TR T A SRR, ROV EARAE T3 & AR ERCRAREL YT R AT RE
71, RO UR TR E SN B D —ERI N2 A

- WEREIRRAERE R, SRS, ARRIBUHRDECAE T, IR TRERIIMAE I &GE, #ERAEDS
RER BB B E T NAZRRREER 7Y, Bt 7 8y & A BB,

4.5 NG

1. EREEH

- B R AR R BRSEN, O AMEREBERE BN PRI g 773K SR A A B
SR, P R R S B BRI

- BESGRRENLAL, S HNERD s (B ARIBRTR IR, HAG e KRR,

- REROEN EAG I (R SCBEREIT AR A SRR, HAT AR TEERERE ; (B R RRAR, o
MW, HILRREFRRI A s iEaR, IMPBER, TUAHER,

- AR MR ERRITTRARFRES, EEETISEAHSEIL, CRE TR, FRATDAR
G NN

- FIRATHIURIETE = TR, EATRE BRI N7 AR PR,

- REFPIBITIN, BUETEAAMEENGE T, BEHRHRE SN E SRR, TRERNITEAN R L3R
o

© SRAFIENRATAT. UL AR 23 1R R FRPE AN (R R R S B L, Oy CPU SR AP B iy,
BETTHEF I TRCR,

- HTEABAERNEFmPR, RIWEER EEEREEG EEEEIRSan, NMARYE BT KT
SIS SR,

2. Q&A

Q: BEHFMETERR LR RETEHE b, RIS RS 2 (AR 2 A A A
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FERETERR LA A BEH AR A IR RN SR, BUREIRERCREAR —B AT, ARAIHER A B IR
R, MBI AR A

1. DECFIRERGIER : A —H B NINTE, 2 BCHgRiEss a5 mEMNFHEN R, 7T DAERREHE)
DO, ERBWA1, B, HEERSECRIREBERIEE A _Erg,

2. K/NRRT: BN DS, HERI R/ N2 PR TRl A, [R5 s & 7 i R A5,

3. RIEM: & ERBAHN K NEEERIENE, MmN RN TR TN BhASIHE,
Q: N LBEHESRMEFZARITE, MERERP AL AEAHERSAE?
PERBTRANR, TRZENEESIH ($8E) ERE, &N AR AEHE AR RESE, FlA1 int, double.
string. object %,
XS HE, ERLHTE N FUE AR, XA GRS T B R E R RBO Mo e B B, Bilan, Fd RN
& int #1 Long PIAPEAY . BANSCESAEH 4 708/ 8 7711, AR L AR EREE T, BH
BEHFEE TR TERKET,

# TERAPIE = BARFMLE (BxEREMLE) + THZKE *» TRRS

Q: MFRTAP G, BEFREMP.next %79 None WE?
MBS P.next AT DL, MIZBERIMAER, MWK AEHEIETYREEASEEP T, XEKRETHP B
ZMNBERAFMBR T, LN A P FRAME AR SRR BER A,
MEHRS SR () MAEER, TWHRAXRR, RERIEEFIEEZIEFMIEIT. MIRIEERH
EE, WrEMmL e, BREMEW. WRAWIHT, BRIZEIMBRY SARBER R, AAE SRR R
I NAZ [ET
Q: TERERHERAMMPRIRERIN RERER O(1) . (HEMMZ aTEFE O(n) MR EERITE, T
2N EE R EARE O(n) e?
MERAEEHICE. FMERCE, NEEREMSE O(n) . M, BRI O(1) M3 eT DATE HAth
M EREIRE, Flan, WY& S EHERSEI, A4 — MeHEREBLIERL TR, BTA, B
A SMERERERZ O(1) .
Q: B “BERENSHEMTI” h, REENFERE T SRR G H NI ? R A S EA S
g
ZREEARENHRR, BRI EREE RS T,

- AR RUE SR R AR, ER4T int, long, double FISEBIX R,

- FREHRE G R 2R IR IMREE R F R E R G R R INR T E, K2R 8 F 1l 4 19,
Q: TEFIFKREIRMITTER AN ZIZIE S O(1) ?
MRATITCENEHAIREE, WFRELY AYIRBIRMN, RASHIE-IHNNE, HIEEYIRNTE T
Mzt %, XEHERNAERERSZ O(n) .
Q: “HIFRM PR AR & T HEHRSL A, HAJREREE D NEZEIRDE”, X HZ ERR R EMNY
MR AR, KE, ¥ A58 SNEL?
XENZREIRRFEAW AT S X —HH, JIRESBE —MIGEEKE, B —EFEHRXLZ; H—
T, ATPHIIEMEY S, VA —RaRkU—DRE, il x1.5, XFE—K, hatBR2ash, Bl
HARRESE R TA
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Q: 7 Python FFliaft n = [1, 2, 3] /5, X 3 PTRAPMALEMHEER, EZEMAn = [2, 1, 31 &
KBV ICRA id FFAZESR, T2 2HIER n PRIMHRE, XETRIHIERES:, T2 m 2 A
5?

BUHEFIRITCESBFER T A n = [n1, n2, n3, n4, n5], EHEEN NIX 5 DR RS BAEEEA
784k, R, BE—DFIREKS], TAWIAATLE O(1) I PIZRECT s AAEHiEkE, AT 7 0 200 R 64775
Mo XBFANBAHBFHERZT RRFIH, AR RA L,

SWZIESF AR, Python RREFMHEEINNR, FIRPEERIARETAS, MERNETHITIH,
I, BN EAFHAERR AR~ id, FF HIXER RN TC0ESE,

Q: CH++STL HHH std :: list CAKE 7 WAHER, HIFG - LERED EAE2EZEHNE, BTEREN
At 2 JmREDE?

—J3H, BAVEFEEFREABEEIRE, mAELEN A EHER, EREWRER,

- FREFFE: BTSN ERFTEMNESMYES (— M TRI— MR, —MHTE—TTR), Fild
std::list J@% kt std:: vector B 5 H=A],

CBEAKRG: HTEIEARRIESLGFRD, K std::list N EGFRAHZRK —BRBERT,
std::vector IMERESH T,

75T, SR RER AT B AT, HAASITE T S g E S fR Y stack Fil queve ,
MAERER,

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

ANRILH, MZ4EPIERH, FrERY [0] SR 2R MRS IH. WRBMMESHF—NITER, KM
A BN TR 2 B 2 B2

IR E 4SRRI [0] #RINLH, FIPAEM res = [[0] for _ in range(n)] RSCEL, XA
TR B RIGAM T n MHSZHY [0] ZIRAR,

Q: #HfEres = [0] * nZR T —PAIE, Hvf—NEE 0 #RRIZAIIG?

FEIZINRA, Fra R 0 #EF — X RIYGIH. XZ2EN Python x/NEEr GEHZ -5 2 256) R T4
R, DUERARMSREM, MmiEHEEe,

BRENHEAR— DR, ERIMBAA DHIZESSIRT I NITR, X2EN Python FEEGZ “fA]
TR, YEANMELIEANTCRN, SR LU S —DINRI5IH, MRS AENRA S,

SR, HAIRITRE “AIENRT I (BlAnAIER, FIEEREHIE), BRENIIR AR RN RA Y,
AT 512N RETCRA A R,
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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.swift =

/* fsakiE */
/] Swift ZENEMIERSE, ATLUE Array H{EHERER
var stack: [Int] = []

/* TTENR */

stack.append(1)
stack.append(3)
stack.append(2)
stack.append(5)
stack.append(4)

/* IBRIEIRTTE */
let peek = stack.last!

/*x TEREE */
let pop = stack.removelast()

[* FRERIREOKE «/

let size = stack.count

/*x FIFRENT */
let 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

A 4
NSRS
At Y
push(4) xR ?
#m
A
A Tma
| 1 ] |
EERTIESE ] ERTRESR !
HIRIIAE HIVRELIH
! |
BHA RS
BE

Step 1 Step 2
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BT
P @
Jl
(-]

EERRESSR ;f
HIMRIAIE (5 )

\l/’

BHA GD

pop()

[-[-]-]-]

‘ Step 3 |

Bl 5-2 B THERITIMERAI AR HARERE

PAN R 2k T HER SEEA AR B KA

// == File: linkedlist_stack.swift

/* BEFFERTINE +/

class LinkedListStack {
private var _peek: ListNode? // ¥3kF=fENEIN
private var _size: Int // BRMKE

init() {
_size = 0

I
[* FRERIREOKE */

func size() -> Int {
_size

}

/*x FIMIREE AT */
func isEmpty() -> Bool {
size() = 0

¥

/* Nt& =/
func push(num: Int) {
let node = ListNode(x: num)
node.next = _peek
_peek = node
_size += 1

¥

[* Witk =/
@discardableResult
func pop() -> Int {
let num = peek()
_peek = _peek?.next
_size -=1
return num

}

/* IhRRINTTERE */
func peek() -> Int {
if isEmpty() {
fatalError(" #&HAZE")
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h

return _peek!.val

}

/* ¥ List ¥|MA Array FHiR[E] %/
func toArray() -> [Int] {
var node = _peek
var res = Array(repeating: 0, count: size())
for i in res.indices.reversed() {
res[i] = node!.val
node = node?.next
+

return res

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) .

N
(1) push(4)
#m o ey N
AB 1 ]um | RRE s
g EETREA FE g g EELRENA g
HERIE HSERNE
a8 8 8 B8
g | [ 1 ] ez [0
ot L) ‘
| Step 1 ‘ Step 2
e
pop()
B AR TR

a8 rex [

8B o= @

8 a

R

Step 3

B 5-3 FT AU SRR AR A i

HT AR TT R AT GRS TRIEARW G N, R FRATTR] DAGE FHsh S8, IXAERLTCAT B AT A BB B2 (A i,
IR RIS

// == File: array_stack.swift =

[x BEFEHATINE «/

class ArrayStack {
private var stack: [Int]
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init() {
/] EEyIR (GhSER)
stack = []

}

[* FREURHKE %/
func size() -> Int {
stack.count

}.

/* FlERED AT */

func isEmpty() -> Bool {
stack.isEmpty

}.

/* Ni& */
func push(num: Int) {
stack.append(num)

}

/* Hitk */
@discardableResult
func pop() -> Int {
if isEmpty() {
fatalError(" #&AZE")
+
return stack.removelast()

}

/* IhRRTNTTER */
func peek() -> Int {
if isEmpty() {
fatalError(" #HA=")
+
return stack.last!

}

/* ¥ List #f{A Array FHR[E] %/

func toArray() -> [Int] {
stack

}.

5.1.3 FFhSCIRFTEL

SRR

PIRRSCEIAR SR OE X PRI TR, B KBRS SCHRRENLG ), (X Bt 7 HE SGekE, Hit—i%
AEHE,

IR
TERTANOSEBIR, KRR AR IR B BT A SN e T, BRIV R A A, HIERK
SRR, AT, MRS, 2D A, SERRIREIN I 2 g2 N O(n) .
FESETRERINBUT, eI M, T LRBURY AR, (B2, ARIRERE
AT O RIS, ACRATR RS, i, MRARIEEASIE TR, ATTUEEY]
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PR, TR RRCR,
LR LR, YA HEARIERTR B EATARIIUN, HI40 int 5 double , FATATLAGHLATREEIE,

- T RSB AR R 2R, Bl T AR RE, R FI8eRE R,
- BT RERRSCEIRIRR] DR LS RS HURCR R

K1Y &

FEWHAMRIIRR, RGERNTIRDE “WIaAR", WARAREBHERFRXR; FHH, ¥ Ayl 2R
SERER (BN 2 %) AT AN, P AENARDATREEL KRR R, Fit, TR REER—
TER AR B

RN, HTRERTT TR EAM e e, PBLRERAT LS 2 M EER.
gi b, FATIARERT St WERP SCEL AN & NAE, T2 e BT OUE T 04T

5.1.4 RBYBEEINFA

- PISERTPRSIB SATHE, PP S R, SO, RS R Tk
TINER, IZFERATLA] DOBS S IR R R R 2 E— DT, JRIBERERR EREHRIT Rk, WRZE RN
FrRIBMIATIE, BRATRZEMN MREL &L,

- BRFNEEM, FO0EHEEN, RGUARREARTAI— M, T ICRE 8 LR E58. EiEH
PRELHR, A IR B AW T AKRERAE, A LRI B 2T T AR R

5.2 BA%I

FAZ! (queue) J&—HEIESC A e IS ERARES T, B8, BRAIBUL T HEAEES,  BIH kA A AT
IMAAFIRERER, AT BASISLHERE AR BT

i 5-4 FoR, FATRBAIIELRERFR N “BAE”, REFRAN “BARE”, RATTTRMANREREIRIENA “ABL”,
PRENETTRAIRIENCN “HIBLT,

BAZY HBA HBA
queue pop() pop()

B [
ik | /

A | /

PARE

NBA NBA
push(5) push(4)
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K 5-4 BASIESE A SeH AN

5.2.1 PASUERIR(E

PABIRH WA 5-2 FivR, REERNE, FRGEES TR XA AR, JRIELRAS
AR T % 4

% 5-2 PAFIBRAERR

VIR i P I i) A2 2%

push() TEEARL, HIIEZFINERE  O(1)
pop()  BAHTEZHIBA o(1)
peek() VI ETER o(1)

BATAT DAE A F m AR 1B S BRI AFI2E
// == File: queue.swift =

/* FIRBATI */
/] Swift ZBEWEBIPASIZE, aTLUE Array H{EBAYIRER
var queue: [Int] = []

/* TTENBA */

queue.append(1)
queue.append(3)
queue.append(2)
queue.append(5)
queue.append(4)

/* nEAETTER */

let peek = queue.first!

/* JTEREBA */
// BF2HE, FEit removeFirst MEZREN 0(n)
let pool = queue.removeFirst()

[* REBAFIBIKRE */

let size = queue.count

/* FIERBATIR T AT */
let isEmpty = queue.isEmpty
5.2.2 PAIZEIR

RTINS, BT ZE A ARaiA, Al DIE—Smidsiioe R, HaES —mMERocR, MRS S =
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1. BTFERNEN

aniE 5-5 R, FATATPLRFBERAT “SK " F1 “RTRT 250 “PAET 0 “IAR”, FUEBVEARTERAN
TR, ANEDCRTIER T A

BHE 4
FNERREE
N A ,
- ) ) s @
B o 0
-] EELHEHRR @ 8 EEREMESR (6
a HSNRILAIIAT g a HSNRILAIAG \f\
MA] ren (@) <1 )
e e (@
[ step 1 \ Step 2
ik
pop() BERAT R
xea (@
1
- ] EETMERR (2 )
o HSNERILAIIAT I
°
R
| Step 3

& 5-5 FETHERIIMASIAIABNHIBAIRAE

PAR 2 SR SIS AR -
// = File: linkedlist_queuve.swift =

/* BETFRERITIAPATI +/

class LinkedListQueue {
private var front: ListNode? // k¥=
private var rear: ListNode? // EBTma
private var _size: Int

init() {
_size = 0
+

/* RERBATIBVKE =/

func size() -> Int {
_size

+

/* FIBBAGIRE T */

func isEmpty() -> Bool {
size() = 0

¥

/% NBA =/
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func push(num: Int) {
/] ERTREZAIM num
let node = ListNode(x: num)
/] SNRBAFIAZE, ML, ETFREEEIZTR
if front = nil {
front = node
rear = node

¥
[/ WRBAFIRAZ, WEZTSANIETRE
else {
rear?.next = node
rear = node
IF
_size += 1
}
/* HBA */
@discardableResult

func pop() -> Int {
let num = peek()
/] BBRET =
front = front?.next
_size -= 1
return num

}

/* IFRPAETTE %/
func peek() -> Int {
if isEmpty() {
fatalError(" FAFIAZ")
+

return front!.val

}

/* BEREWHN Array FiR[E %/
func toArray() -> [Int] {
var node = front
var res = Array(repeating: 0, count: size())
for i in res.indices {
res[i] = node!.val
node = node?.next

}

return res

2. BFHANEHN
TEHEH P MBRE RN A E RN O(n) , X2SFEHBIRERCRER. AT, BATT LR RS2 75
TERE X AN ]

BATA DAEFH — DR front f8MANE TR RG], 4 — DL &E size H TIEHINKE, & X
rear = front + size, XPMARTEHM rear f5ANEITEZ G F—MIHE,

BT g, B RS KENERXRN [front, rear - 1], BFRIEASZINTIEME 5-6 Fir.
NBNERVE: B ATCERIEL rear RIIAL, FH¥ size B8N 1,
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HIBAERE: HFTR front 800 1, JF¥K size D 1,
FIDAER],  ABAFHHBAIRAEES LR T — X8, INRERERN O(1) .

Step 1

front 1EEMASIETR
rear IEAMFIETE + 1

rear = front + size

ABA
push(&)
front >
PAFIHCEE n
size = 4 n
EEERENAE a
FHIMREAPATI e
rear >
Step 2
1.4 front B 1
2. %% size B 1
HBA
pop()
a front > PADIHREE
size = 4
a EEER2HA
a FHIMRIAPATI
Step 3

K 5-6 FETEEHSIRASIHI A BN HIBAIRAE

1. itHRIEE rear
2. BERAME rear 2
3. % size B 1

front >
BT

size = 5
EEEREHA
FHIMRIMAPAT]

rear >

{m

IRATRER B — DA FEAWIHE T AR AR R H, front #1 rear HRFEAIGISE), L EMSAEA
FEERIRICTRAR SRS 1o O T AR, FRATTAT DRR RN B AR PR

XMNTINEEA, FAFELL front 5L rear fEBUS B EHIN, ERERIZIBEH LIRS E T, XA E IR
FRATLUEN “BURIERME" R, B FAR:

// == File: array_queue.swift =

[* BEFIFAEATIMBIBATY =/

class ArrayQueue {
private var nums:
private var front: Int // PAE$ESt,

[Int] // BFEHEMTITREEA
sRAE TR

private var _size: Int // BASIKE

init(capacity: Int) {
/] ¥saERd
nums = Array(repeating: 0, count: capacity)

front = 0
_size = 0

}

/* FREXPATINAE
func capacity()
nums.count

h

*/
-> Int {
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/* ZRERBATIRVEE =/
func size() -> Int {
_size

}

/* FIEFBAFIRE AT */
func isEmpty() -> Bool {
size() = 0O

}

/* NBA %/
func push(num: Int) {
if size() = capacity() {
print(" PAFIER")
return

¥

/] I EBAEEE, IEEAERE| + 1

/] BIEVRIRESRIT rear HIEERIBEEEILE
let rear = (front + size()) % capacity()
// B num FINZERAR

nums[rear] = num

_size += 1

}

/* HBA */
@discardableResult
func pop() -> Int {
let num = peek()
/] PAEIEHBEB—, EHdEE, NREIEI#ALS
front = (front + 1) % capacity()
_size -= 1
return num

}

/* hRIAETTE */
func peek() -> Int {
if isEmpty() {
fatalError(" BAFIAZ")
+

return nums[front]

}

/* RE¥A */
func toArray() -> [Int] {
/] (FHREREKESCEANYIRTER
(front ..< front + size()).map { nums[$0 % capacity()] }

DAESCBRRIBASI R A R IR : AR BN ATES, SRT, IX N AENRERRIR, FAITaT DORF B o 3 4K
¢, MMigIAY B, A%EriE a] A2 BT,

PIRSCILRINS b e Stk —2, TEAEER,
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5.2.3 PAYIBRBI ]

C IR, WYE IR, TR, ARG E SRR BRI B, R
A, JERRINS AT, S AR TR 5 2 R B R A,

© BRMEDHEI, EATRELI R HRERIR, BIAHHTEINLRIESS AL, BT R HESSE,
PABIHEIX L4755 m] DA Ut 44 AL BRI

5.3 WFEAFI

TERRFI R, AT REMIER K BT R BAE B AT R, W 5-7 iR, JXEPFAYY (double-ended queue) 12
T ERREN, VRS R TTC R AN PR

W FEPATY PAENBA BAETHIBA
deque push_first(1) pop_first()
BAE \ /
ik { || A
Al |
BAR / \
BAENBA BAEE HBA

push_last(4) pop_last()

B 5-7 XAASI A

5.3.1 WFEPAFIEREE

KA AS 5 PR AR 5-3 FR,  BAREY 75 TR R ZEARTE A 8 FH A i R 1 5 R E

%5-3 WANTHRIERR

TiiEs filiid ff ) A2 2%

push_first() HILRFMENE O(1)
push_last() K THRRMEE O(1)
pop_first()  MIBRBAEICER O(1)
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Jiiks iiipuy Fif ) 52 2

pop_last() FHERBAFETEZR O(1)
peek_first() IiMIAETTR O(1)
peek_last()  VilMBAEILR O(1)

EAEH, FATAT AE R R ARIE & H SR A AFI2E :
// = File: deque.swift =

/* FIELINEAT */
/] Swift EEARENEBAGIZE, FTLUE Array ZH{ENEPATIREFR
var deque: [Int] = []

/* JTERENBA */

deque.append(2) // HIMZEFE
deque.append(5)

deque.append(4)

deque.insert(3, at: 0) // FNENE
deque.insert(1, at: 0)

/* IhRlTTE */
let peekFirst = deque.first! // PABTTZ
let peeklLast = deque.last! // BAETZE

/* jTEHBA */

// 1EF Array 1EIMES popFirst BIEZEN 0(n)

let popFirst = deque.removeFirst() // BAEITZ=HPA
let poplLast = deque.removelast() // BAETZEHPA

[* FREUREPAFIEIKE */

let size = deque.count

/* FIMNEPATIRERNT */
let isEmpty = deque.isEmpty

5.3.2 WmEPAFIZZI *

XEIRABI A SEEL S BABIZRAEL, AT AR RE R B N R IR B R A

1. BEFWmEERMNSENR
[ _E— TP, BATIE I B BE R SCIMRAS, KD n] DS (b HBR LT s QW R BRI ) MIAE
T UG ISIHT T L O B BAERAE) o

KT AEBITT S, SKEHTR AR AT AT AR HH AR, H00idias,  XRAIRAS TR E SIS — AR5 1)
AUIRAE. Ditt, FRATRA “WABER" (E A SR R E SR L5,

i 5-8 A, BATPREAABER AL UM R W XA BRI A ERIBARE, - [R] F SI IRLE PR i S AR
TR RE.
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N

L

0-0

n |

ERERENEER
a FSPRIATEAT]

pop_first()

FHIPRIATEAT]

INEININ BHR 4
push_last(4) FNEHERE
ETR
- ]
n ERERZWFER o
a FHIRBATEATI
o
BER
Step 2 )
HBRRT=
BAEZEBA
pop_last() P
o
a
a EREARWAER G
a FHIPRIMATNEAT]
rer (@
Step 4
BIBRETR
swua (@)
ERERENFER \0
rss (O

5-8 HLTHERSINABASIHI AR AR E

AR e @
MR
| step 1 |
BHER 1
TRIEERKE
IN=PUN
:aush):tirst(i) ES @
|
g o
n ERERRWFEER @
a PRI A EAT]
o
BHA ({E
[ Step 3 J
PAES B
Step 5 |
SEERAHRSUT R PR
// == File: linkedlist_deque.swift =

/* WAERTE */
class ListNode {
var val: Int // T&ME
var next: ListNode? // B#T =35

weak var prev: ListNode? // ®iIET =35I

init(val: Int) {
self.val = val
+
}

[* BEFIREEREIMANET] «/

class LinkedListDeque {

private var front: ListNode? // 3kTs= front
private var rear: ListNode? // BT = rear
private var _size: Int // WABAFTIHKE



H5E RS www.hello-algo.com 101

init() {
_size = 0

I
[* REVNEAFIBKE */

func size() -> Int {
_size

h

/* FIBTEPAFIRT AT */
func isEmpty() -> Bool {
size(D) = 0

I
[* NBARME */

private func push(num: Int, isFront: Bool) {
let node = ListNode(val: num)
/] BRERNFZE, ML front F rear #BIEME node
if isEmpty() {
front = node
rear = node
+
/] BAENBAIRAE
else if isFront {
// ¥ node FHINEPEFRLIP
front?.prev = node
node.next = front
front = node // BEHLTR

¥
/] BAENBARIE
else {
// % node HINEFEREED
rear?.next = node
node.prev = rear
rear = node // EHMETR
¥

_size += 1 // FEHBAFTIKE
}

/* BAEABA */
func pushFirst(num: Int) {
push(num: num, isFront: true)

}

/* BRENBA =/
func pushLast(num: Int) {
push(num: num, isFront: false)

hy

/% HBAIRIE */
private func pop(isFront: Bool) -> Int {
if isEmpty() {
fatalError(" SXEPATIAZT")
+
let val: Int
/] BAEHPAIRIE
if isFront {
val = front!.val // BELTRE
/] MBRET =
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let fNext = front?.next
if fNext !'= nil {

fNext?.prev = nil
front?.next = nil
I
front = fNext // BHkTH
+
/] PAERHPAIRLE
else {
val = rear!.val // BEEFEETHE
// BRRET =
let rPrev = rear?.prev
if rPrev != nil {
rPrev?.next = nil
rear?.prev = nil
¥
rear = rPrev // BHFET S
+
_size -= 1 // EFMAIIKE
return val

}

/* BAEHBA */
func popFirst() -> Int {
pop(isFront: true)

}

/* BARBHIBA */

func popLast() -> Int {
pop(isFront: false)

+

/* hRIPAETTE */
func peekFirst() -> Int {
if isEmpty() {
fatalError(" SX@EPAFIAZ")
+
return front!.val

}

/* BEBAETTER */
func peekLast() -> Int {
if isEmpty() {
fatalError(" SX@EPAFIAZ")
+
return rear!.val

}

/* REI¥ARFITED */
func toArray() -> [Int] {
var node = front
var res = Array(repeating: 0, count: size())
for i in res.indices {
res[i] = node!.val
node = node?.next
¥

return res
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2. BTHHENIH

i 5-9 FoR, SETEASKBISIZEL,  Fefi It a] DU R R SN A B,

UN-)

BR | g | X0
> |
n EREREEFSRE
a FSPRIATNEAT]
MR l BAR
PN 1 HBA
ME
| Step 1
BAETABA
push_first(1)
a
a EEFRRREFHA
a FIPRIMATFEATI
i Step 3

front $EAMNATIETR
rear $EEMFIBTE + 1

rear = front + size

BAFIHEE

size =

front >

rear >

1. % front BF 1
2. BRARFME front &
3. 4§ size B8 1

BABICEE

size =

UN=E:18
pop_first()

Step 5

3

5

AR

push_last(4)

)
B
8
Step 2 |
PAEZEHBA
pop_last()
5
a8
| Step 4
1.4 front B 1
2. %8 size R 1
f > BABIREE
o siile =
REERREFHA n
HSEIATEAT B

1. iHBEIESH rear
2. BERAME rear &
3. % size B 1

IIKE
size = 4
REREIMREFSA
TR AIEAT
1. % size B 1
front »
BABIKEE
size = 4
EELIERTSA
FHIRIRA AT

3

B 5-9 FTHEH SN E ST ABA AR

TERNFISCIREER b, (XTI “BAEr ABR” 0 “BAEEHBR™ B9757:

/I =

File: array_deque.swift

[* BEFIRREATIMBIINEAT %/

class ArrayDeque {
private var nums:

[Int] // BFEFHERETITRERERE

private var front: Int // BAE#E:t, fERAMETE
private var _size: Int // WHEAPFIKE

/*x ¥ERE */
init(capacity: Int) {
nums

Array(repeating: 0, count: capacity)
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front
_size

}

/* FRECREMFINEE %/
func capacity() -> Int {
nums.count

I
[* REUREPAFIBIKE «/

func size() -> Int {
_size

}

/> FIBTRAEFIRERNE */
func isEmpty() -> Bool {
size() = 0O

}

/* TTEIFREAERRE] */

private func index(i: Int) -> Int {
/] B ERIZEINEE 5 BAEE
/l E 1 EEERESE, BIEILE
/] EH 1 EIEERREE, BRI
(i + capacity()) % capacity()

}

/* BABABA %/
func pushFirst(num: Int) {
if size() = capacity() {
print(" XXmPAFIEFE")
return

+

// BAEisHmEZsh—(L

// BIEURIRESSI front HEITERAESLEREEIEIE SR
front = index(i: front - 1)

// ¥ num FHRINEAE

nums[front] = num

_size += 1

}

/* BAEANBA +/
func pushLast(num: Int) {
if size() = capacity() {
print(" XX@EPAFIEH")
return
+
/] tEBAEIEE, IEMAERS| + 1
let rear = index(i: front + size())
// ¥ num FINZEBRAE
nums[rear] = num
_size += 1

}

/* BABEHBA */
func popFirst() -> Int {
let num = peekFirst()
// PAEIEHmEHI—I(I
front = index(i: front + 1)
_size -= 1
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return num

h

/* BARBHIBA */

func popLast() -> Int {
let num = peekLast()
_size -=1
return num

}.

/* ARIAETTE */
func peekFirst() -> Int {
if isEmpty() {
fatalError(" IXAPFIFE")
+

return nums[front]

}.

/* hRIAEITTE */
func peekLast() -> Int {
if isEmpty() {
fatalError (" WEPAFIAZ")
+
!/ TEETERSI
let last = index(i: front + size() - 1)
return nums[last]

}

/* REIFNARBTFITED +/
func toArray() -> [Int] {
/] (EFEAREREKESCEANGIRTER

(front ..< front + size()).map { nums[index(i: $0)] }

5.3.3 WmFIRZA

XEIPASIFE AR S RS RIZ4E, R En] ASEBX R IR RO 5, RIS waft B

TATHIE, AR W™ DR H ARSI RIUR R EUARIE push Etkrh, AJ5181S pop SEEL
o M, HEFIRFGFIRAIRG], KIFEH SREEERPE (BN ARFRTE 50 22), AR KT
50 I, BAFFREEARIE (BNE) ITHIBRIRIE, HEICTRSEBIZIIGE, B shT ZERDN M BAFIRAE A, 15
TR, “H” RRLIZ B RE RIS E RN, U XA RS RERS B8N R 15 SL B — LR NE .

5.4 ING

1. EREH

- MR AR e e R AT RS, @ B s Rk L,
- FENTERCERTTH, ARSI AR RSEFIRCR, BETAIEF, BRAMRENN BERER
HUEO(n) o MHHZT, HREERLIMAA ENFRENRCRRMN,
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B FRCRTTIH, FABASIIAT RSB ERE N2 AR, HFEEENR, S8R =S A
s A LB TR R,

- BAAIZ — ARG e A\ JE R M R B aE i, R AT DOE IS B s BE R S, 75 I TRIRCR R S [RI0R
AIXFEE b, BASIISSIE 5 RTAHR IS AL

- OREBNEIR — MR S E RIS, B AR VFEM SR T IT R AT INAI IR R

2. Q&A

Q: MIVEERATATIESIRZ A2 XA BE R I ?

M ERATATIHE IS IRIREA L B2 “8” BRI, 4 P iRl —SE DOm0 NSRRI, 4 A
R IRAZ I, X TUm S MARTS o 68 R X A A o] DATS (I SC B — SR AMR R, X DE “XXapAS]”
HRARE,

Q: G, BETERBHHET RIAE?

RIS TR AT R, WATRERRAT, G2 RERE], Java fl Python S5iE S A HahbL
WL, HEATREFRRALT; £ C M C+ R EFIRERNTT.

Q: WG R MEPHESE T —it2, BRAIREMNA?

FEAS RIS I & B M T —itd, ERIMATRE + BSIRNEH,  [Kta] IScIiAk 5 A5
MIRME R, I H RS,

Q: ## (undo) FIHH (redo) BEMZAN{AISLELR?
MR, A FITRG, t B TR,

L LA HRIT R, RIXDRIEEAR A, FFESHEB,
2. HRPHIT BT I, MR A e ERIE TR, HREEARB .
3. BT R I, MR B AR BIERIIRIE, FRIEHEALRA .
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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.swift =

/* WIBLIEHER +/
var map: [Int: String] = [:]

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

map[12836] = " /hBR"
map[15937] = " /B
map[16750] = " /JE"
map[13276] = " /E"
map[10583] = " /]hEg"

/*x BIERIE %/
/] AMRERTBEAE key , 32E value
let name = map[15937]!

/* BBRIRIE */
/] TERHERPHEFEE (key, value)
map.removeValue (forKey: 10583)

G =AM RRNEN 77 eI RMERN . e AR e REIEET

// == File: hash_map.swift =

/* BHRER */

/] BHREER Key->Value

for (key, value) in map {
print("\(key) -> \(value)")

}

/] BIMEHE Key

for key in map.keys {
print(key)

I

// BMIEHE Value

for value in map.values {
print(value)

b

6.1.2 MEFERE A
B EBEFEANBR, U —ANBAREMBT R, ERFmED, BROTESEHE DA AR R
(bucket), B/MEFIIEE—MRER, FHt, ZIERIEFERE key XA, HIEMHIRE value o

2, GAfIEET key TE AN B HIRENE? IXRIELIAFHEER (hash function) KR, MG EREEITEAZR—1
BRI A2 R B — MR R S B, fEMG TR, BMIASERATE key , HitiZRIZITAM (B
R5Do HAEW, WA key , BATTATDUBIGA BRI key X RLIBEFED FE R HITA A B

A key, MAmEERTHHREEED WIS,

1. IR R AL hash () HESRERE,
2. RemEx e (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

- B

o, S - | DT — &
.

RAT K '
— 50 — (VLT RRFIN e
W key % 100 ) —m

@ .

: lIII
.o vee
=z
B
]

J

(B MERRE—MEE
%)

6-2 e R TR EE

PURRESSEE T — M B3R, Hrb, FATK key 1 value HER—1 2 Pair, DIFRIREEN,
// == File: array_hash_map.swift =
[* BEI */
class Pair: Equatable {
public var key: Int

public var val: String

public init(key: Int, val: String) {

self.key = key
self.val = val

}

public static func = (lhs: Pair, rhs: Pair) -> Bool {
lhs.key = rhs.key && lhs.val = rhs.val

}

}

/* BETFHALIMPBER +/
class ArrayHashMap {
private var buckets: [Pair?]

init() {
/] ¥iaEE, 88 100 ME
buckets = Array(repeating: nil, count: 100)
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[* TRFEREL */

private func hashFunc(key: Int) -> Int {
let index = key % 100
return index

}

/*x BIERIE %/

func get(key: Int) -> String? {
let index = hashFunc(key: key)
let pair = buckets[index]
return pair?.val

}

[* BIRE */

func put(key: Int, val: String) {
let pair = Pair(key: key, val: val)
let index = hashFunc(key: key)
buckets[index] = pair

}
[* MIERRIE «/

func remove(key: Int) {
let index = hashFunc(key: key)
// BR nil , KERMI
buckets[index] = nil

h

/* IRENFREREN */

func pairSet() -> [Pair] {
buckets.compactMap { $0 }

¥

/* FREXFAEHE x/

func keySet() -> [Int] {
buckets.compactMap { $0?.key }

¥

/* SREXFREME */

func valueSet() -> [String] {
buckets.compactMap { $0?.val }

}

/* FTENRGFR =/
func print() {
for pair in pairSet() {
Swift.print("\(pair.key) -> \(pair.val)")

h

6.1.3 BENRREY A

MWARBEE, WBAEBEIERZEITA key MRS RIMU BB ATE R 5 M REs s m, ik Az
AR A TR, Fit, Pg k@A e “BA ARG DL
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T ERREIFF R AL, SRR key EPRAHEIRE, IE7 R0 Has R, B, Eig¥Soh
12836 M1 20336 KM PMAZERS, BTS2

12836 % 100
20336 % 100

36
36

WE 6-3 flizr, MANEESER T H—MES, XEREAN, FATEIX R4 5 A R [E — % SR
HaZEHZE (hash collision),

BN key #5| L WtH value
key value
L -
__a—. [ 12836 | “/\a"

D g

il \\W

76 13276 | “iINE"

m_// 37 15937

/ PAFREREK 50 16750

. oD . . ase

83 10583 | “/)\Ag"

s
s .

&l 6-3 MR oERAl

AT, WA RER KR, 21 key HRCEIR— M AIMERMBIE, MhoRmED, Fit, AT
WY AR DI R

W 6-4 R, ¥ AaifEX (136, A) I (236, D) KAEMZE, ¥ AEEMHRIEL,

BREREER - 100 BERYE 2 f IRERTE - 200
HMERR key % 100 » IAEEW key %200
#al key value #al key value

36 3

- | e

136 3

o N
o o
e e e
s

- | IR

150 550

aee
3

. a
2

83 783 “c”
183 783
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K 6-4 MART A

RETEAY R, WRRT ARRITARESNEIGRERIREFaAER, IEREN, HFHBTRARER
capacity 3%, TAHEEEIEARBCRER HEATARENFHBAE, XE—PRn T ad B2t
FOTH. uit, MEESEEIMEEWRNBAREYE, PIEEY &,

fAHEF (load factor) ZWAH R —MNEHEEME, HE OVGHRITREERDMSE, AT EHERAH
REEERE, WEENRERY SRR, BIE Java i, S7REETEE 0.75 I, RGASKER
RITHEFILH 2 %

6.2 MaFHPR

ETRE, @ERE PR RBEEA SRR TR n, FEEIe B bR AR, e,
WMAZ R AR, W BHER RN, WA 2 MBS R R — R
G IR SEEWLRIR, TEPAGH RN, 7 gguaziaE, 5582 ARrhaRn, B
HATIERRY R, BEEMRNI VI BIEEEHREAR, ERERKE, FARARTAREH TR
M REERIZ SR ETT R, 0 THRFRER, BT PR DA 5,

1. BRI REIRAE, MBS Fn] DAL BREA s RN IR 3 A,

2. (AERLE, BRI REET BN, AT AR,

WA RAVEERI BT IRE R A “REHt” M “TPR S,

6.2.1 §Eihutk

fERGEIRTR R, B MAEEFE— N ERXN, 5EX3ht (separate chaining) ¥ TREHNRER, it
EXENBERTI R, RATE R AN RAVEE X AR B LE R —BER . B 6-5 R 7 — PMiEsUHhk a7 R A9 51
T

=il o e R (TENEE)
00 —— —
%Ei{gm 37 —_ — ——
BREFEE R,
HSaMmERRETERE .
5 1
IAFEE key % 100 76
EMAEER key
SREBFTE PR o
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Kl 6-5 HEAALIGT %

E T HEA ISR G A RAIRIE /T 184 T AR 2K,

- BWpTR: WA key , ZIBRAEKGEMRG], BAIRRERLT A, R)EihRERIFAE key PA
AR H R BE{ER

©WITR: E/EE R RO MBERSLT A, AR (BMEXD SINEIRERT.

- BHRRyCE : ARYERG A PRI EE TR BERR KT, a1 0 HER DA IR H AR T O+ R MR,

HECHIHE A AE DU R R,

AR BERE ST RIS, EH B EIFE TR 17 2 [,
- BRI ROh TR A P Rk AN BT R,

AT A4S H T R CHb ARG 7 RAV R B SLBN, TEER M.

- EAAIER GIESEE) RBRER, WMEIRAE, EXMRET, BhR () g&2 i, 8
#E— IR,
DURSBIE ST Ry A%, STEN TR 2 I, ROV RT EEIFEN 2 15

// == File: hash_map_chaining.swift =

/* PG HR +/
class HashMapChaining {
var size: Int // BENEHE
var capacity: Int // MERBE
var loadThres: Double // fik¥ BNHEHEFRE
var extendRatio: Int // ¥ &AEE
var buckets: [[Pair]l] // #&%#4

[* ¥EFE «/

init() {
size = 0
capacity = 4

loadThres = 2.0 / 3.0
extendRatio = 2
buckets = Array(repeating: [], count: capacity)

hy

[* BEFSEREL */

func hashFunc(key: Int) -> Int {
key % capacity

¥

/* BEHEATF */

func loadFactor() -> Double {
Double(size) / Double(capacity)

}

[* EEIRE */
func get(key: Int) -> String? {
let index = hashFunc(key: key)
let bucket = buckets[index]
/] BHE, BEE key , MEREINN val
for pair in bucket {
if pair.key = key {
return pair.val
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}

/] BEXREE key , MBRE nil
return nil

[* BIRE */
func put(key: Int, val: String) {

}

/] HHHRARFEBIHEEN, TS
if loadFactor() > loadThres {
extend()
}
let index = hashFunc(key: key)
let bucket = buckets[index]
/] BHE, FBEIEE key , WEHMLN val FHik[E
for pair in bucket {
if pair.key = key {
pair.val = val
return
¥
¥
/I BFXZ key , WRFEEXRNERES
let pair = Pair(key: key, val: val)
buckets[index].append(pair)
size += 1

[* MIBRRIE «/

func remove(key: Int) {

}

let index = hashFunc(key: key)

let bucket = buckets[index]

/] &HE, MEPRIBREE

for (pairIndex, pair) in bucket.enumerated() {

if pair.key = key {

buckets[index].remove(at: pairIndex)
size -= 1
break

[* Y BRIRHER x/
func extend() {

}

/] BEFRRHER
let bucketsTmp = buckets
/] ¥ET BREHFRBER
capacity *= extendRatio
buckets = Array(repeating: [], count: capacity)
size = 0
/] BREMMNEEHRIREERRER
for bucket in bucketsTmp {
for pair in bucket {
put(key: pair.key, val: pair.val)
I

/* FTENRGHR */
func print() {

for bucket in buckets {
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let res = bucket.map { "\($0.key) -> \($0.val)" }
Swift.print(res) o
IF

EFERRE, YHEERIRKN, TIORER O(n) RE. HINABLRHERON “AVL B 8 “2L8R”, M
R IR R AR O(logn) .

6.2.2 FrIut

FR 4t (open addressing) REIAZIMIEERLEN, TiRE “ZREN” SRABEAT M, H7 X3
SEEHELRMEIRI, ST ERIAN 2 IR T2,

TR DASRMESRI RG], BT HE VST T2 T AR,

1. &R

ZRMEIRTNR 617 20 KRN EORMEATIRM,  HAR 77185 I 7 RA A Al

- AR EERAEEITRERRS, HRIMNEETTR, WA RCERELEN COFRIERE N
1), EEHKEZM, HTRmAHS,

- EmPOLER: HLPRAME, WERHRES KAEEHTRIEED, BEFHERMITR, &E value B
Al anFGEEISM, WA ETRAER AR, IRE None .

6-6 JeoR 7T (MBI MaAR RAVEEDN 701, ARTEIEIGTR KR, HIGMAAARI key AR ML
SRR R, THEE ZMERM, e TARIRAF B I2A0 PAS . N R,

#=5| o 4|
00 <

FiFak 01

SR, SKA 1 02
76 <

MFHEER key %100 77

EFMOIEER key e

£ B E G

B 6-6 TSk (SRIERMD WA RAYEEEXS 2 Af
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ST, LRPERIA SR “REMAR”, BIRRE, HEHTESHE AN EREK, XEESAE R R
REJATREVERRKR, M — 2D e RO BRI K, TERCEMEIEIS, RATFBUEMESIRIERER S,
EREREE, ORISR ARPEEMER TR, XR2FEAMBRITTR R ERAHN 4 — D2
None, TMiH#&MITRM, SMERMENZEHRRIRE, FIEZTM L FRTTRETTIEERI RS, REa]
RERHNXETCRAAE, W 6-7 AR,

=3l ¢ |

00 <
01

02

76 <
LIS pd=P

MEEEREEZ THTRT

77

78

6-7 AEJTTRSFHEFMIBRIC R SE R & i R

R FRUUZIEE, FATTA] DR A MBS (lazy deletion) Al EAREZEMNBAERPERICE, mi2AH—4
B TOMBSTONE SRARICIX M, EiZALHI N, None F1 TOMBSTONE #RAFRZAH, #Fnl DU B REN, BARF
M2, ZeMEERMZ] TOMBSTONE W M iZdkszim)y, RAHEZ NAJREICFEERERX,

SR, BHIER vl G 23 Iida A R PEREIR L. IX 2RIV B BRI (R AT =7 4 — D IBRARIC, FE%E TOMBSTONE
AosEn, LRI EHIHI, FOLMERINATRER Pk 21 TOMBSTONE A REFKE| HFrT R,

Rk, FHELELMEARMATE BRI E S TOMBSTONE &S|, HEHERF HARTE S51% TOMBSTONE 23 #t
fiE IXFEMIIGFAL R S B RE R SIRINITER, RS E 2 SR E (R E ) FIRRH, M
AR AL E RCR,

DAL T — N EEWERE TSI ERIERND 16/ R, 0T Ese o thfE AR asE, il
KRB “NEEA”, ST BHRERN, [IZSk ks,

// == File: hash_map_open_addressing.swift =

/* FRFUBRER */
class HashMapOpenAddressing {
var size: Int // BEWNHE
var capacity: Int // BERAE
var loadThres: Double // fki BHNAHEFHE
var extendRatio: Int // ¥ &EEH
var buckets: [Pair?] // &%k
var TOMBSTONE: Pair // MIF&tRi2

[* ¥HETTE */
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init() {

}

size = 0

capacity = 4

loadThres = 2.0 / 3.0

extendRatio = 2

buckets = Array(repeating: nil, count: capacity)
TOMBSTONE = Pair(key: -1, val: "-1")

/*x MEFEEEL */
func hashFunc(key: Int) -> Int {

}

key % capacity

/* RAEHEF +/
func loadFactor() -> Double {

}

Double(size) / Double(capacity)

/* £E key MHHRES| =/
func findBucket(key: Int) -> Int {

}

var index = hashFunc(key: key)
var firstTombstone = -1
/] SRR, HiBF SRR BkE
while buckets[index] != nil {
/] EBE key , REIFMAIEZRSI
if buckets[index]!.key = key {
/] Ezaid® 7T kstrie, NERENZshEZRS |4
if firstTombstone != -1 {
buckets[firstTombstone] = buckets[index]
buckets[index] = TOMBSTONE
return firstTombstone // REIBHEHEERSI
}
return index // iR[EIFEZERS|
}
// EFREINNEMERFIC

if firstTombstone = -1 &8& buckets[index] = TOMBSTONE {

firstTombstone = index
}
/]l TTERERE|, #EdEEHNREISLS

index = (index + 1) % capacity

+
// & key AEE, MREIFMNSNZES]
return firstTombstone = -1 ? index : firstTombstone

[* TIIRE +/
func get(key: Int) -> String? {

h

/]l R key FMAEESI
let index = findBucket(key: key)
/] EREREN, MWREXME val

if buckets[index] !'= nil, buckets[index] != TOMBSTONE {

return buckets[index]!.val
+
/] EREFNAEFEE, WRE null

return nil

[* FIRIE =/
func put(key: Int, val: String) {
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/] HHHRAFEBIHREN, TS
if loadFactor() > loadThres {
extend()
r
/] R key MRRIEZRSI
let index = findBucket(key: key)
/] EIREIBEEX, WEE val FiR[Ol
if buckets[index] != nil, buckets[index] != TOMBSTONE {
buckets[index]!.val = val
return
+
[/ EBREFNAREE, WHRMZREX
buckets[index] = Pair(key: key, val: val)
size += 1

I
[* MIBRIRIE «/

func remove(key: Int) {
[l R key MHHEES
let index = findBucket(key: key)
/] E&RFIREX, WARMTIESZE
if buckets[index] != nil, buckets[index] != TOMBSTONE {
buckets[index] = TOMBSTONE
size -= 1

}

/*x T BRBRER %/
func extend() {
/] BERBEHR
let bucketsTmp = buckets
/] BT BERHEER
capacity *= extendRatio
buckets = Array(repeating: nil, count: capacity)
size = 0
[/ EREMMERERBEEMRHR
for pair in bucketsTmp {
if let pair, pair != TOMBSTONE {
put(key: pair.key, val: pair.val)
}

}

[* FTENMGHR =/
func print() {
for pair in buckets {
if pair = nil {
Swift.print("null")
} else if pair = TOMBSTONE {
Swift.print("TOMBSTONE")
} else {
Swift.print("\(pair!.key) -> \(pair!.val)")

}
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2. FHEHEN

TR SAERTZEAL,  ERRIT IS R H WRRG Z —, SRR, ORISR A S bpd — 1 [E
SERPE, MBS “RINRERI T M8, B1,4,9, ... %

FITRINEEEA UM,

- T RGES O R BT 7T R, I SRR I ) SR B R
- PRSP ERRIEERER SRS E, AT R 1S E AN 5,

SR, P75 IRMFH A2 52 R/,

 ERIETIR, VS RIE R B A5 M
T, TR SR MAT R, SRR AT e A, TR A
TR,

3. ZRIBRE

BN, BRI TTIEEHZ METREE f)(2). folx). fy(@). ... BRI,

- WAGLE: BRHEE ) (v) MR, WK fo (), DU, BEREREIEAEmATER,
- BHPOLR: TEHFERIGRREIT FHTER, BEEHEIETRNIRE, FESE s e A
bR, HAIG R R AFAEIZTR, WERE None ,

SEMERNMLL, Z2XBFRTENDTAERSE, B2 DR ERSWRIOMIHE R,

Tip
HER, RS (GMERI, PTIRINAIZRIG ) T REELE “TREERMFRTR” MR,

6.2.3 HIZESHNER

HAPGRETE S R T ARG A RS, T2 LT,

- Python SRR F 4L, it dict fEHIARENLEGE TR,

- Java RAHEMAE, B JDK 1.8 PR, 4 HashMap WEZH KEIAF] 64 HEER KRS 8 I, BERZ
BN R DA T B R RE

-+ Go RAHEAMIE, Go MUE R MR 70 8 MIHEXS, BHARNER MR, Sikbmd 2
i, ST IRRRIIF RS A 5RAE, DIRCRIERE,

6.3 BEFZ

RIPTIAE8 T MG A R LA E RIS R AL BT . RMITCIR RIS b 2 ettt M REARIE
e e n] AER BRI IES T, WMJCiEms e eh RE R L.
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MRMBT IR T, BRRIERNS2RS L, WE 6-8 Fm, X THEAMIIATER, MR N7
EXISI D ARAES M, IRBIREEINER; REN NI REEEERIRE — M, NRSZRER
%= O(n) .

sETUn I AR
REER:
T BENTHSHES MES

AfiEIEZE 0(1)

——= — | — —s

RERR:
REN2IBORESMEP
FtEEZ~E 0(n)

K 6-8 MM RAVERERILS R&ZEH I

BAEDM B9 AR T DL T BB . [IZIE T bR A THRP IR, SETH R (E, R R e

index = hash(key) % capacity

MEEDLEAT, HBAHEAR capacity FEEN, MAHRIL hash O YuE T HIhE, #HMSUE THRERN1ER
i R I B L

XERE, N TR RIZEMR, BN SRERNEPERFEE hash ) BRI L,

6.3.1 MFEFIZENER

NTRI “BRRXAR” R REIRE Y, IS RIAN A& LR A

COWERE: ATRFERRA, TR RS R, SR RER I 2R AT A,
ORI RN AR R, TR, AT RS A,
B WA R S T (B A, AR, TAT IS AR,

KhrL, WEREIEGR TR DA TSI MER, & T2 A T H AU,

- ENERE: N TR AP EENZ e, REEECIERFMERN P ISCER, TR FEER G
e HAPRANEEN, RAEMANELIFRIGRE, K55 EMENRAREET I, WRME T
e, AB2ETERLA N IER,

- Bims iR BURARIXTT A DU EEHERI M A EIF R H —[RE; BRI R DA T R R IR Y
BARRISTE, HSREEINIGREEI T, WRWHITA, AR e,



HoE MK www.hello-algo.com 122

AN TEEFARNAL, AT BN EES B AR E TR, BREEREASESSRNLE
Ritko

- Bt JorRiEIE M AR (E S O T R A BRI S R
- PibEEYE: SCSPEREIN D RFEIRE, E SRR EM L,
=15 A VAR VNG G VA B € el D < = R T R g

HER, “WIN57 5 “Distt” RMAMNIORES, BRI BiREEE BN, FEREHL
B key T, MRMEE key % 100 A UL mHHt, Az mEEL TE8, FrEEMAHES
i) key BRI EHARREIR], RIEFRATTA] DARA 7 M IS A (B S RTFRY key , AR AR T,

6.3.2 MFHEBEINILIT

IEREIRAIRIT R — MR ESEFZRRAERAE, A FREZRAERI R, BATHAER &/
BHBAER,

o AR AR ESATAFRY ASCIL R AR, S IR ERE I TR {E,

ORI FIFSRIERA RN, SRR DI, BB DT ASCIT M ERBE R EH,

- SRl R AR S T REE R e E R M e AR ET,

- B RN TATRY ASCIT AR —NMeRES, SRER AT WA [EET e 51k,

// == File: simple_hash.swift =

/* NERE +/
func addHash(key: String) -> Int {
var hash = 0
let MODULUS = 1_000_0600_007
for ¢ in key A{
for scalar in c.unicodeScalars {
hash = (hash + Int(scalar.value)) % MODULUS
+
}.
return hash

hy

[/* FERTE */
func mulHash(key: String) -> Int {
var hash = 0
let MODULUS = 1_000_000_007
for ¢ in key {
for scalar in c.unicodeScalars {
hash = (31 * hash + Int(scalar.value)) % MODULUS
¥
¥
return hash

h

/* BERFE */
func xorHash(key: String) -> Int {
var hash = 0
let MODULUS = 1_000_060_007
for ¢ in key A{
for scalar in c.unicodeScalars {
hash ”= Int(scalar.value)
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return hash & MODULUS
}

/* HEEnadH x/
func rotHash(key: String) -> Int {
var hash = 0
let MODULUS = 1_000_0600_007
for ¢ in key A{
for scalar in c.unicodeScalars {
hash = ((hash << 4) ~ (hash >> 28) ” Int(scalar.value)) % MODULUS
+
}

return hash

}

WS IR, FRIET RIER & — S HUE X KB 1000000007 B, DARRERIG T E7E SIERTERIN, (EIF
BERE, N2 ZR AN FREORR, s B S EER R B2 4.2 XE&— D EBR R,
gt ERRBBAENEE, W DU R IERS AR 5 04, RO B 5 Bt B A E R Y
B, AT DARD R USSR VR I A2 A R IR, AT SR E T v 5%

AT, BIRBATERE S 9 MEouRE, B DAt 3 BEBR, ABFA Rl LR 3 BEERIY key HRMIMRESE] O,
3. 6 X =AMFE,

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,... }

WHRE A key TATFH R IXMEZHFINEIR 10, LA ERSHIIREE, NmnERm PR, IE, &
¥ modulus B misk 13, HT key fl modulus ZRIRTEEANLIEL, Ktk WG E I 51 2B
TF

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,... }
EHIFHERZE, WREEWLRIE key ERENITSI MR, ARZIERETEEE S E/E BEER T A, e 1E e
IS5 e E. T2 key B FAER AN EHATER, N EEEBEEA S HIIRENS,

BIMEZ, BOTEFERTEIENEE, FHHX MR RHR, DURATREHPREIIMERR, RIHEmE
TRHIRS N

6.3.3 ERMBERZ
AR, DA ANBHRE AT E A A “Hasy”, iR G SFIAFHEERMIEH B, B, dThinsEm

FEH R A, R ANTRNG T A S BRG A7 JCTR X 0 A MBI SRR 7T ER, XAl RESIEIMG A 28,
H o — 2z (A,
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ES2frrh, FRADERH S —LEhREIa 7 B, Fla0 MD5, SHA-1. SHA-2 #1 SHA-3 %, BT A EEK
JEE e A\ B B 2 e R R NS A L
E—NMHEL LR, MR BEIRCEARBT RS MRS R, —ER N RS IR B A EIENIERE, B—
BRI FFE N R BRSO T FHIG R EIENZ 2R, 3 6-2 BoR T 1ESZPRN F A DA 7 B2,

- MDS5 #1 SHA-1 E2R#BE, RILElI& KL 2N A7,

-+ SHA-2 Z&5HHY SHA-256 BRZ2MBHAEEZ —, ARBIIINBGEEZRG], FitEHAESRKZe

N S,
- SHA-3 ## SHA-2 WS SR, THERCRE &, HH A HE 5B SHA-2 251,

*®6-2 WUHIEREE

MD5 SHA-1 SHA-2 SHA-3
#1992 1995 2002 2008
[T
mHE 128 bit 160 bit 256/512 bit 224/256/384/512
E bit
BRm B %% R> R>
%
ZeE AR, CHEIR K, EHERIIR & =l
254 hin
i EWFEH, (TR EES cuFH MEEMRERIE. B7%e AT ER SHA2
# %

6.3.4 FIELEWMMBEE

BATANE, PSR RAT key A] DUZRERL, /NEERTFATHRSFRURRT, MWiEIE SIEH SN ERIRRR N E
fef Rk, ATHRIEREPIFRS. B Python A, FATATLAEM hash () BREOK RS MEEZE
IR {E,

- BB /RERIG A EPURHAR S

C IFRERT BRI R ETT EROVE R, ANBRREE TR ETY,

- NG RERN HPE - PR T, ReRXEnmEL SRR, G258 —RAHE,
- NRIIGRERE T HAFMIEA N, BEETHRIGHTTE, A SBETARERIGRE,

Tip
BER, NEmWEIESNNERRETEREE XA 5,
// == File: built_in_hash.swift =

let num = 3
let hashNum = num.hashValue
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/] EE 3 WMAEEN 9047044699613009734

let bol = true
let hashBol = bol.hashValue
/] T/RE true MIMRFHEN -4431640247352757451

let dec = 3.14159
let hashDec = dec.hashValue
/] N8 3.14159 HIREE({EN -2465384235396674631

let str = "Hello &E&"
let hashStr = str.hashValue
/l FFE “Hello B3R HIKRAEEN -7850626797806988787

let arr = [AnyHashable(12836), AnyHashable(" /\ig")]
let hashTup = arr.hashValue
// %48 [AnyHashable(12836), AnyHashable(" /N\&")] HYMSZ{EN -2308633508154532996

let obj = ListNode(x: 0)
let hashObj = obj.hashValue
// TRXMER utils.ListNode HIMFHEN -2434780518035996159

EWZHEES T, RARIERNRAMENBR R key o RINEANTETIR GIEELD 10 key, 45
RONEREZN, ERNEREDRESE, BITICRERARHERRFILHN vatve T,

BREE R (FanfERY =) BRI RN, (HEZAIGRA, XK R EE H 2 5
TR R, B RN R A T2, (HERNFIERLE, IBRETRRTZR,

AORIIRATRE R REA R G PisfTRF N, HHARRER RN, XA Python R SERRS
B, HRE N PRI B — N REPLIIEE (salt) fH, XAPEIER] AARLPG 1L HashDoS %Ki, #2711
REN L2,

6.4 &

1. EREH

- HiA key , WBAREBE O(1) NRAINERE] valve, FEEIEF S,

- WIS AR IR, ARINBEEDN . MHEREEEDN RO P e A R

- WETR R key BRESVEEHRS], AT A RARFFIREL value o

- IDARFEIR key ATREMELEIG M MEBUSSZIMFERBEAR S|, SBEWLIRME, XAUREIE
UL

- IBRERAEER, B RIBRGUERL, K] DOEE T AR R EMRIG R IR, SEAHT A%
L, MRy AERERITTHRA,

- PR E OV R TRBEPRDMEE, ROT IR RA T ERE, WA R R A
INESES

- PECHEE R BN TR BN BER, R T RTR AR R — DR, R, #ERE KRR RE
WRER, A DOER D BER BN 2L B R IR MR

- TPRSEIEE 2 ORI BERG A P 5%, MR EE K, SR NREMIBRICR, HAS ™ ER
%o 2R ZMNGREEGHTIRN, AAREMRNEA S A RE, E2 M Em g 7 itE
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&,

© RRIGRIETE S R T ARG F RIS, Hla0, Java 1Y HashMap {8 5L, 1M Python ¥ Dict
KR FFRFHIE,

- fEEFmRY, BRIMHERAEZERGWEN. SRS MR R, EREEEH, BHEIEEN X
HELASPURE 1 1A 25 HA RN

- IR BRIRIEE R KRB E N, DRI RIS R ESY S 06, D IERPEE,

- E AT EIEEES MD5, SHA-1, SHA-2 #1 SHA-3 %, MDS5 & H TR 52, SHA-2 & H
T2 N5

© GRIRIESIEESNBIERBRAENERA R, AT ERAERPIMERS BEEN T, e
RSB IE A,

2. Q&A

Q: MTRIIN G IKELE AN N2 O(n) ?

UIET IR, WG RN 2 20BE O(n) o MIAT FEOR S R, ARILE R
SR PGEHACEEIN, RS AR O(1) o ROV RGEIE = B IIAT RN, WA 2 2
o(1).,

Q: ML ERHGREE f(x) = x We? EFREMASHHRT,

£ f(x) = z IRWEECT, SAITRNME—RRRT], XSBEAEFN. A, WA REFIZR T
A (B, HUIEMA RS RE —P O R A B KR, #aiET, W7 RA B2 — MR
RS IR E — N3], FFREE O(1) &R,

Q: MBMRRELINEEA, Bk, X, EAHARERA] AL el TE &he?
Hot, MmRINRReRE S, EEERRERT ., BREAHE 2 ERER,

Hk, RRREREMEAI R PN ARERZE R T R IIRERERS LEAH R AR A 2N A B s R S8
B, 2@ e R E R, KRR IEAREOTETRZITH, RS 2R BOIE K,

Ja, WRmRIN AR AR RER S, BIANTERER ML, FRATRIVEFER s BRI T EHRRAE,
RAIRILE O(n) A1 XU

Q: ZRIGTA T REEEMBRITRAVEEND? bRicy CMHERAY 2 X RE A AE A 15 ?

2RI A BT FHER — M, PR SHEREA S REE MR TR AEE, FEEIARCHBR, frid v EMibR
AUz A T DARHREE . SRFTRimA MG RR, JF HIEEG ARGy CEMPRAIG B, A& AT DL
BOFrTCRE M IXFEMELRE LRI RATRIF AL, XRERIEMG A 2R A 23 R FH

Q: Mt ALELRIERNY, EHOTRMIN RS MBI A R0E?

AR A I i 3 e 7y R BSCER BT B ARSI key IERE, IXOMUARERA IR MR, [Kith, LR
RRRIERCBOE P AR N &R, BB HREE R B ERN sTTiE BB O 1k,

Q: Mt AT Ry A REW R MG T hoe?

Wi PR AR B Je — AR RN B K n B (BGR), ik EVE SRS FEEN; £ w5, MK

& n AL, T key XM ARG HBAIRER LK, FIEER—MEIZ A key , £ RERIRESHIIAC
FIZ A, TSI A PRI
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Q: WFN TR, B EHE G A tar 7 Ig?

HEUEN key BHESLHVINEEREN, EREABAHAT, fES0 HY key ZHAMMER (FIUIFFFH) W,
FLR Z ARG PRACR key MUV RS |, FHIEIMBEFMITR, XHENEEMERRR,
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Abstract
SRR )], REMX, 2EEkb,
TRHEITER T I 6N STES.
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7.1 =X

ZX# (binary tree) J&2—FPIELMERGRESN, (% “HE” 5 “BR” ZRIRERXRR, KT “—HR=”
53161, SHEREL, “XWMNEARPITTETA, BMTAESE. A7 Y SEI G719 R51H.
[* ZXWTHEE «/
class TreeNode {
var val: Int // ©5&E

var left: TreeNode? // AEFT=5IH
var right: TreeNode? // AFTm5|H

init(x: Int) {

val = X

}.

BN AEAEMRNSIH (85, 25HEMEF TS (left-child node) FlIEFT s (right-child node), %77 5
BRRAXNF 1 RIRTR (parent node) o M457E — > I iU, FRATEIZ U 27719 sl
PR s B AR %17 74 (left subtree), RIBEAITSAFH (right subtree),

FEXRp, BRI RSP, SO TR S RS R ANE 71 PR, AR R 27 R
TR, MHEAFNRMEFTRADIE "R 4 M "NRS5", EFRE R 4 KEDURN S SRR,
ATRIE TR 5 MU R AR,

—XH ¥R

binary tree

\
E?—V wjﬁﬂ

i aFH

/N N
WVivivi

K 7-1 KYWH FHR. T

7.1.1 “XRMERARIE

XA ARTEWE 7-2 R

- BT E (rootnode): T XWITZEM TR, &ART Mo
- M= (leafnode): &H 7RI A, HW/NMEEHI$EM None .
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- 14 (edge): M TIRLE, BT RSIA (EED.
- TRERE (level): MIREFER, MRTTRFEEN 1,
- TRHE (degree): TRMIT T RAE, £ XM, EREELEERZO0. 1. 2,

- ZXWMEIEE (height): MRT REIRRIZH 1 R TZE R AR
- WRIGRE (depth): MR RENZT RFTEIE (I HIEE,

- TRIBE (height): MEEEIZT R R B R Ed B RECR

A

7-2 “XMEYHE RS

=
=E =3

Tip
HER, BANEHER

=

RIE” 1 ORET SO “GRROREE”, (HA S8 HSRBM ATRES R HE
SO G REEERT, ERXAMENT, SEAREEREM 1,

7.1.2 ZXRMEAIRE

1. =X

SHERRM, BHeMa R, REWESIE (&,

// == File: binary_tree.swift =

/]l BET =R

let n1 = TreeNode(x:
let n2 = TreeNode(x:
let n3 = TreeNode(x:
let n4 = TreeNode(x:
let n5 = TreeNode(x:

[l HETNRZENGIA (FE5)

nl.left = n2
nl.right = n3
n2.left = n4
n2.right = n5

1)
2)
3)
4)
5)
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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

B 7-3 fE ZXB i A S PR

// == File: binary_tree.swift =

let P = TreeNode(x: 0)

// £ nl -> n2 FEHEATE P
nl.left = P

P.left = n2

// BBRT= P

nl.left = n2

Tip
FETRR, AT RATRERNE — XA AR EG, T ERTS o i RS MERIZ T R A
TR FRt. B, E=XR, FBAS MRS 2 H —EREL G mN, PSEIA KPR IR,

7.1.3 ER-HER
1. TEZXH
R 7-4 iR, 522X (perfect binary tree) i BRSNSl HE o2 21, (E7235 X, -5 f

H0, HRAET SN 2 HREEN b, W URE0H 20 — 1) SERRENTERIRR, R
Y E RS WAYAIIE 2B

Tip
THIER, EPSGEXA, 5838 YR SRR =X,
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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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I ERFEER
BEER (a7 @ s

/f?’\\\
/ ":.'Lr'\"".'_'.'"".'_'_',ﬂﬁIiif-'/"'\ 2 s

7-9  ZXAHHE R

1. XEBSER

AL P ) “BAFIT SRSCI, PASIRENE “SeHESCHY” AR, i RS P s i Bt
AORLI, P E R AR — B, SRS R

// == File: binary_tree_bfs.swift =

/* BFBH */
func levelOrder(root: TreeNode) -> [Int] {
/] #IRLBAT, MIANRT =
var queue: [TreeNode] = [root]
/] Et—5R, BFFRERERFS
var list: [Int] = []
while !queue.isEmpty {
let node = queue.removeFirst() // PABIHPA
list.append(node.val) // R®EFTEE
if let left = node.left {
queue.append(left) // EFTEANBA
IF
if let right = node.right {
queue.append(right) // AFT=ABA
IF
}.

return list

2. BRESH
AN O(n) © AT AR —R, (A O(n) K, b n A9,
- REEREN O(n) : EREWMILT, B SR, BERRE A, ISR AN
(n+1)/2 4%, A O(n) 450,
7.2.2 giF. PF. BFERH

MR, #iF. FRRMEREEE T RER BN (depth-first traversal), HWAGREMLIEZE (depth-first
search, DFS), BRI T —& “JeEIRL, FRII4kE:” 1w 77
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[ 7-10 JoR TR X TIREE AL St 7 0 TR [, PRI AR Ci sk Ig 2 e B bR — SRS 587 —
B, EE N TRMKBR=MIE, oA NATRE R, T S R

RERGEE Ok,

def dfs(root):

" RO SR

if root is None: return

@ BiginimEFir
dfs(root.left)

@ BinEEFR, BEhiEE TR
dfs(root.right)

@ EAFHBMENR, RBGEE

HFERE (F @ YiFiEfHs)
1, 2, 4, 5, 3, 6, 7
fFER (7 @ AiFnTE)
4, 2,5, 1,6, 3,7
BFEHE (F @ HiFaTHa)
4,5,2,6,7,3,1

K 7-10 —XHERWMAYETF. . Rl

1. E35EI

REM A RIEH T IR AL
// == File: binary_tree_dfs.swift =

/* BiFFBH */
func preOrder(root: TreeNode?) {
guard let root = root else {
return
}
/] BEMLESR: RS -> EFR -> AFW
list.append(root.val)
preOrder(root: root.left)
preOrder(root: root.right)

}

/* FEFER */
func inOrder(root: TreeNode?) {
guard let root = root else {
return
+
/] BRI R: EFH -> BRTR -> BFH
inOrder(root: root.left)
list.append(root.val)
inOrder(root: root.right)

}.

/* BEFBH */
func postOrder(root: TreeNode?) {
guard let root = root else {
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}

/] ShEMEER: EFW -> BFH > BRER

postOrder(root: root.left)
postOrder(root: root.right)

list.append(root.val)

Tip

RS R AT DA TR SR, A >8R 1535 AT AR TR

B 7-11 JeoR 7 R Fpim i — R RE, Halaoh %" F1 037 RADSEEs L.

1. %" ForRITa#TiE, B AERE BRI T — N R
2. 7037 FREEORE], ARRYATT R ELYI e,

Step 1

i#: TR
3 B LEH

HIFFEFH (7F @ LiFETR)
1

#: T
3: B LEH

HIFER (7 @ RLiplETim)
1, 2, 4

B mTEE
3: @ LE

HIFFER (£ @ L5l Tm)
1,2, 4, 5

Step 2

Step 4

( Step 6

#: AT

V3: LR

HIFFBA (F @ LIAETIR)
1, 2

& ETEh
3: A EEH

HIFER (F @ LihiETR)
1,2, 4

& mTE
A: mLEEH

HIFFER (7 © L3RTR)
1,2, 4,5
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B TR
V3: @ e

B ETEE
13: A EE
RiFFER (7f @ WihETE)
1,2, 4,5, 3

HIFBR (£ @ 2i5iETEa)
1,2, 4,5 3,6

Step 8

#: BTEg
3: A EEH

#: MR
A: A EEH

HIFFER (7 @ Li5iAT )
1,2, 4, 5,3, 6

HIFFEE (7 @ L5RTR)
1,2,4,5,3,6,7

| Step 9 Step 10

#: M
A: A LEEH

HFER (7 @ L3RR
1, 2, 4, 5,3, 6,7

Step 11

B 7-11 wiiRei s R g R

2. BEFRESH

- WRERER O(n) © FrA TR —X, €8 O(n) Wi,

- BRERERN O(n) : FERZEBHT, BRHRACIEERN, BITREXS n, REGEH O(n) Bz,

7.3 “XHHMART

TERERFORT, “XREHERITTNT R TreeNode , R Z B fEHHIER, L—TNATHERRRT

A = MR T AR AR
2., FATRES FHEERFR X E? A58 HE,
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7.3.1 REFTEZXH
BT — ARG, BE—BREE TR, A VETE T SRR B R — AN b, N
AN R B I — A 2B

WRIEZ i@ PR, FATA DS AR RRGI5 FWRRIIZ AR “ME A" HRENRNRTIN .,
WMV RIAEFWRRIIDN 20 + 1, AFNRRIIN 204+ 2, B 7-12 R T &N RRT|Z R 5
Ro

PLUIV L s

AFTARS: 2i+2

7 8 9 10 11 12 13 14
fEREART =X

R @ 1 2 3 4 56 7 8 91011121314
EBFEHFH

B 7-12 5ERXMRIEBEHROR

WS AU A Y TRER P RSN (RED . B BEHPRMER DT, BATER AT DOEE B 230Kk
WRERE (F) 1R

7.3.2 REEEZXH

FER XBRER— MR, £ XA RRIEE FAEFZ None . HIT RPN FYIFHAEEIZXLE None , [
AR MIEIZ PR None FIEEMI A AL E, IXBRFE 1AL S/ — WS KRR %27 8
3,

il 7-13 R, g —BRAEERXN,  EIRBEHRORTTTAESL KRR
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ZFS (B4E) TEME—HRRE =R

BAFEl 0 1 2 3 4 5 6 7 8 9

i1 [2]3]4[6]7[8]o12]15]

7-13 SRR AN 2R X AT RETE

N T RRILIFE, AT A IRLE R i i 5 U s A None o 4NIEl 7-14 FoR, IXAELRE)S, 2
e 3 73 3 A ] DARFE— 3R XX 1o RGBSR :
[* ZXBIEVERERT «/

// B Int? A=A |, FMAILER nil FRAFIEZAL
let tree: [Int?] = [1, 2, 3, 4, nil, 6, 7, 8, 9, nil, nil, 12, nil, nil, 15]

10 11 12 13 14

EFT ($H) AR = AN

BeaFRs| © 12 3 456 7 8 91011121314

eraren (OE00 0000

=i

Bl 7-14 RSB B ROR

EREARE, 52 XSG HMBEDRIOR, FsEe —XMEE L, None {HBIERIKZHEEH
AU E, PBERTA None —i tRBRTEIR i S IR AR e

XERE BN 22 X, RTDLEISIEAERTA None , JERIME, 1B 7-15 4H T — Pl ¥
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BRERFT ($8)

EAREREH
RERCE e

BRFERFY (#4E)

88680800000

7-15 SEEXRINBATR

DA SCEL 7 —BRE TR AORH X, B DU LR (R,

HERTR, KREME, £ (B) Fiis K.
RN, HREl. B, BRI,

// == File: array_binary_tree.swift =

[* BEART TR «/
class ArrayBinaryTree {
private var tree: [Int?]

/* M&ERE */
init(arr: [Int?]) {
tree = arr

}

/* FIRBE +/
func size() -> Int {
tree.count

}

/* FRERZRS|A 1 TRME */
func val(i: Int) -> Int? {
/] BEFRSER, MiRE null , KRTQ
if 1 <0 || 1 >= size() {
return nil

h

return tree[i]

}

/* FKEVES|A 1 TRINEFHRINES] +/
func left(i: Int) -> Int {
2 %x1i+1

}

/* FREZFRS|A 1 TRNAFHRINERS] */
func right(i: Int) -> Int {
2 x i+ 2

}

/*x FRWESIA 1 TEMNRXTRNERS] */
func parent(i: Int) -> Int {
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d-17/2
I

/* BFE®BH */
func levelOrder() -> [Int] {
var res: [Int] = []
/] BiBHhEA
for i in 0 ..< size() {
if let val = val(i: i) {
res.append(val)
}
+
return res

}

/* REMFTER */
private func dfs(i: Int, order: String, res: inout [Int]) {
/] BRZL, MER[E]
guard let val = val(i: i) else {
return
+
/] BIFIER
if order = "pre" {
res.append(val)
+
dfs(i: left(i: i), order: order, res: &res)
/] EIER
if order = "in" {
res.append(val)
+
dfs(i: right(i: i), order: order, res: &res)
/] BRFIEH
if order = "post" {
res.append(val)
+
+

/* HIFEH */

func preOrder() -> [Int] {
var res: [Int] = []
dfs(i: 0, order: "pre", res: &res)
return res

}

/* HEEH +/

func inOrder() -> [Int] {
var res: [Int] = []
dfs(i: 0, order: "in", res: &res)
return res

¥

/* ERFIBHh */

func postOrder() -> [Int] {
var res: [Int] = []
dfs(i: 0, order: "post", res: &res)
return res
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7.3.3 iR 5ERRY

CXRMHPEEH SRR T A LU,

- B REESIINAR SR, NREREE, VRS im0 s ek,
- ATREAERE, BB
- FUVFREALIT AT R

M, BEHFOR A LR R

- BT EESNF R, BIANE &7 2RI,
- R R R EOE I B\ SRR ST, BRI,
- L XHRFAERE None I, B AR RS BT RBOE EEERRRAIR, 23 TRIRI AR EL K

7.4 —XRiEFER

anE 7-16 FioR, —X4EZEM (binary search tree) € AN

L XTI R, EFRPara T siE < R SIE < AR aTE T R e,
2. ERVWRRE, AR SRR, RIFERERE R 1. .

ZRigEm

binary search tree

7-16 —XI4&RR

7.4.1 —IEERBVIR(E

BATR AR ELN — P2 BinarySearchTree , FHAH—NRIAZEE root , FEFAMAIHT A,

1. ERDR

8 HARTT (8 num , 0] DURYE IS RWIMEFORER, WK 7-17 iR, BATFHE— N A cur, W
XHIAR YT S root &R, TEFRLEETT SifE cur.val il num Z R A/ NER,
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#i cur.val
#i cur.val
#cur.val

EoxaERTERsE (@)

oot
E-ERMPERT R @
W,
AL
00600006

num, B R ATE cur BUA TR, RELHUT cur
num , BEOIELBRIAE cur MZE TR, BULIAT cur
num , BUTHREIE R, BEHEFR R

cur.right,
cur.left,

E-xgEErERTE (@)

Step 2

Step 4

7-17 ZXAERREET JR Gl

X AR E SRS S EIRERN TAERE 2, AR ACHERR 1B O, IEPR R 2 o — Y
I, Y X REEER, 5 O(logn) IR, REMET:

// == File: binary_search_tree.swift

[* BEHTR «/

func search(num: Int) -> TreeNode? {

var cur = root
/] TERER, HEHTREBE
while cur != nil {
// BIFTRTE cur BEFIRE
if cur!.val < num {
cur = cur?.right
+
// BIfFTSAE cur BAFRH
else if cur!.val > num {
cur = cur?. left
¥
// ZEIBfrTR, BHERF
else {
break
+
¥
// REIERT R
return cur
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2. EATIR

HE—NMFHATCE num , N TR YRR B <RI < AR MR, EAREREWE
7-18 AR
1. EHIEANE : SERBREER, MR SHA, RIESHE SER num BN RRTEINA FER, B
PGS A GBFIE None ) IFBEHIIERR,
2. TEENAIEBAT L LT A num, BAZTT AE T None HUNZE,

E-xEEREATR @

2. ERUBBATR

N H1T7 pre.right =

7-18 TEAERMHEA T R

FERRD S, FREERATIM AL
C CXERERMARFFEEE TR, SWRRERE X Bk, HFHEAT REN TR ERE, WARITH

A, BEIZR[MA,
© ONTIEIRAT A, BATHRZEMEIT A pre SR17F E—RAEIAIT R IXFELEIETIZE None I, FRATTAT LA

FRERENHA T A, T S8BT sl A FR A
// == File: binary_search_tree.swift =

[* BATR */
func insert(num: Int) {
/] EWAT, WIBREETR
if root = nil {
root = TreeNode(x: num)
return
}
var cur = root
var pre: TreeNode?
/] TERER, HEHTREBE
while cur != nil {
/] HREEET S, HiEBR[E
if cur!.val = num {
return
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pre = cur
/] FENMIEE cur WIAFIE
if cur!.val < num {

cur = cur?.right

¥
/] HENUEBEE cur BAFHF
else {
cur = cur?. left
b
}
/] FEATER

let node = TreeNode(x: num)
if pre!.val < num {
pre?.right = node
} else {
pre?.left = node

}

SERN AR, BATREH O(logn) WL,

3. MRS =

FElE XM HREREI AT A, ARREMER, SHATREE, BROTFERIEEMRREERE, —XER
PR TR < IRTTAL < AT BOTERDAATE, (AItt, BRI EFRT R T8, 720, 12 =
FBOL, ITX R AIAHBR TS A

G 7-19 FoR, SRR AR O I, R UM, AT DAEREER,

E-xEERRER (@

00000000©

A
cur

1. BHRERRESE cur v TR ocur B 2. EHiEMER cur BIET

FralE =0 HIT pre.left = None

B 7-19 fE = XIERMAPPRT A (BN 0)

NI 7-20 P, SAAIMBRTT SRV EE DY 1IN, KRR RS sy H 19 s B A]



HTE K www.hello-algo.com 147

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.swift =

/* MIBFT=R +/
func remove(num: Int) {
/] EWAT, BiFEanRE
if root = nil {
return
+
var cur = root
var pre: TreeNode?
/] TERER, HEHTREBE
while cur != nil {
/] EIFRBRT R, BRHETER
if cur!.val = num {
break
+
pre = cur
/] FREET=E cur BIAFIE
if cur!.val < num {
cur = cur?.right

+
/] FHBRTRE cur BIEFINAE
else {
cur = cur?. left
¥
}
/] EERFMRBFT R, MWEZRD]
if cur = nil {
return
}
// FHEHE =0 or 1
if cur?.left = nil || cur?.right = nil {
[/l BFUEHE =0 /18, child = null / ZFHR
let child = cur?.left ?? cur?.right
/] MBETISR cur
if cur !'= root {
if pre?.left = cur {
pre?.left = child
} else {
pre?.right = child
¥
} else {
// ERBFETRARTR, WEMEERTSR
root = child
+
}
/] FREHE = 2
else {

/] FEHRFERS cur M TF—PTHa
var tmp = cur?.right
while tmp?.left != nil {
tmp = tmp?. left
+
/] BVAMBFT S tmp
remove(num: tmp!.val)
// B tmp B= cur
cur?.val = tmp!.val
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4. WFEHERF
WE 7-22 iR, XMW REGERE “F— R — 57 feEhE, m o XEREHE “AFT R < i)
T < HTHE KN ER,

REREE X ERM TP rEiN, SRR N — MR, AmEH—NEEER: X
ERMIh R EDF IR TR

A b a5 e BT, FRATIE = AR TR 5 BdE T O(n) IR, TEAUATHIMNOHE AR 1E,
FEH =R

ZRREMPFERFT

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

TTRF

S

FRFIEmET,
TRE © 4840

B 7-22 ZXAERMAH PN A

7.4.2 “XIERMHIRE

R, BAH EE AT R, MR 7-2, SAERMAR TR R (7] 2 2% AT
AR, BARE HEiirat. RAAERIEIN, RIESRPREARRIZ RS, B = AR AT

SR,

®7-2 BEHSHERMITRER L

TR RN
#HTE O(n) O(logn)
mATRE  O(1) O(logn)
fiERTE  O(n) O(logn)
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FEHABOUT, XAERME T B, IXAEREAT DATE log n OB E BRI 5

AT, A THE — A2 p ORI A RIMBR 5, FTAESBC UMMM 7-23 FRiRE, X4
R VR T 28 2B O(n)

4
N P
/N /0 }
4
TR SRR / BALH =R

K 7-23 . XIEERRIBL

7.4.3 ZXREFWERRA

- RERGTHZRRG], KHEREIER, A MERERE,
- RN R AR R B BAR S,
- AT SRR, DRREEA RS,

7.5 AVL g *

15 “ XABRA SRR RS, fES U RIS, — SRR R, EXFEILT,
R T E 25 M O (log ) HHE O(n)

N 7-24 o, 2 IRIRIHBRT s, XA IR E IR NHER,
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@ @ BIRRH A 5 WSS 3 @

oo

=314 Bk
R B PR

7-24  AVL WAEMIERTT sG & 4B L

G, EE 7-25 FrRise st MR TS, BREREERAZ TR, EEIRCERIR R R A ik
ko

o [
@@ BATA 2 @@

By Btk
bt g FH—i B

7-25 AVL WESRA T UG & 4RI

1962 4 G. M. Adelson-Velsky #1 E. M. Landis £ & X “An algorithm for the organization of
information” HHEH T AVL I, IESCRIRAIRE T —RERIE, FRERERSRIAIMERT U5, AVL R
2Bk, TR S AERCER A2 2R O(logn) ll, #AgiEi, 16T ZAMEI T M & i e
MR, AVL RIGEIALOREF S BdE B ErERE, BAREFAIR A MME.,

7.5.1 AVL fERRIE

AVL WELR = AR, 2 P S, R X 2R = SRBI A TR, AR — 1 — AR ER

(balanced binary search tree),
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&

1. PREE

HI T AVL S ROAHSCERAERR ZARICT s, R IRMITRZ N 1R800 height 288

/* AVL WIS %/
class TreeNode {
var val: Int // T HaE
var height: Int // TEEE
var left: TreeNode? // EFT =
var right: TreeNode? // AFTm

init(x: Int) {
val = X
height = 0

MR BEEMNZT REIERNRIZH T SRR, RIFTEER 107 fEE, FERIEENR, MR
RN 0, T RREEN —1 . FATHEEND TAEE, 725 H T RBREHT i m

// == File: avl_tree.swift =

/* RENTREE */

func height(node: TreeNode?) -> Int {
/| ENREEAN -1, HAAEEAR 0
node?. height ?? -1

}

/* BTREE */
func updateHeight(node: TreeNode?) {
/l TREEEFTRETTHEE + 1
node?. height = max(height(node: node?.left), height(node: node?.right)) + 1

2. TRFHEATF

TR FEEF (balance factor) &N A FHESEIRESG FIRAVEE, FRIRMEZT S8 E
N0 o BAIRRERRICT s P A 5B DHREBAR AR R, 77 e SEE M :

// == File: avl_tree.swift =

/* IREVFERET */
func balanceFactor(node: TreeNode?) -> Int {
// ENETEERATFH 0
guard let node = node else { return 0 }
// PRTEEEF = EFHEE - AFHEE
return height(node: node.left) - height(node: node.right)

Tip
BTN f, W—#R AVL REEEE B EER e —1 < f <1,
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7.5.2 AVL Bihess

AVL REURFRTET “Hefe” #R0F, EREWEEIN XA R il IR RiIR &, BT R E ik
i, BAE, HEERIRIEBERECREY “ SRR MR, WAEREREHE N P,

PATRPHTR FAHME > 1 AU RO KRBT AR R DU, SRR PRt HE
TENE. SetibefaEie. Jeehefatilie. N EEN T X e R,

1. B

anE 7-26 Fow, TRRITOFER T WERETE, —XHMHE MR RUE 1R 37 BATEDIZK M
TRORTT BT, R R0 node , HZE T IEH0 child, AT “HhE” #fE. s, ¥
PRV, IF AR PR = SRR AP

N N\
/z
/1

Step 1 Step 2

. BAERSEOTFHE
ode ERTSIEH node
REFHRIZA child

‘\Q_S/ N
- @
z \Q/’=\

\ ‘B BERE: / \ “EHE e

- N
enzrs —(E)
1. Bl child AR, % node MANES ..71 1. Bl child ARE, % node [N
- ) 2. A child HRLET node WILIE
Q“ BV
f"ﬂ\ . BRI, T HERETE
node

Step 3 Step 4

7-26 HHEBRE IR

QE 7-27 Fir, M5 A child B4 7155 (88 grand_child ) I, B EATEH I —2: ¥ grand_child
Y84 node MY+ R,
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A
/ grand_child

7-27 # grand_child A HER(E

“mfheRR” B—MERARE, S b RENEI BT R IEE SRS, R RN
// = File: avl_tree.swift =

[* GHEEIE +/
func rightRotate(node: TreeNode?) -> TreeNode? {
let child = node?.left
let grandChild = child?.right
// L child AES, ¥ node MHGHEHE
child?.right = node
node?. left = grandChild
// BMTAEE
updateHeight(node: node)
updateHeight(node: child)
/] REFEEEFRIRETR
return child

2. EBE

FERZHh, AR IR SR B8R, WITREAITIE 7-28 FIURIY “/chie” #R1E.

Rk @
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K 7-28 FEhetR(E

FFE, W& 7-29 R, Y478 child A&7 T4 (80 grand_child ) I, FBELELRPHRN—F: ¥
grand_child £ node B4 117 o

@ RO @ BRI

AR \\
grand:child \ \

7-29 # grand_child A HERAE

R DOEE, e e e e 2 LR BHENFRI, e MR RN R B RS DR X FRI, BT X AR
T, BMIARFRATREIAEHIFTEN left By right , KATEN right Bl left, RIA1F2]
FE TR SEERACRG -

// == File: avl_tree.swift =

/* EBERIE */
func leftRotate(node: TreeNode?) -> TreeNode? {
let child = node?.right
let grandChild = child?.left
// BA child AES, ¥ node MAhes
child?.left = node
node?.right = grandChild
/| BFTRARE
updateHeight(node: node)
updateHeight(node: child)
// R[ENEREFMEVIRT =
return child

3. ShhEEERE

XF B 7-30 A ST 5 3, AN A2 HEE A B R Te A K B S, MR RRELSERT child $UT “AERE,
X node $UT “HlE”,
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Ft child 4T @ #t node H1T
e i

o

7-30 Sefehgatilie

4. FchHhEfakhE

GniE 7-31 Fow, M RIRH AR BHEIE DL, FEIX child AT “HHE”, Xt node $U4T “ZEHE"

5. BedsRYEsR

ERETH

K 7-31 Jetilela/ohie

K 7-32 oRBIPURI R B 1E S EIRRBNE MR, il TRERMGEE. e tle. Jonhea /ol o

HNEE
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FoAhE FAahE
i e =7 B

7-32  AVL BHPYRIERL 1%

QITRARAIR,  BATEE I S 79 s AP R 5 DR i — M 7 sl B PR A 7 B TE SRS, R R 9
J& T & 7-32 Fr R FE L,

R 7-3 PURPHEEL S AR A

KRR Y FHRREEET  RCRARERE 7R

> 1 (CEfmith) >0 filie
> 1 (Zfmt) <0 Jefehiefa e
< —1 () <0 FElie
< —1 () >0 Jetiliefe Fele

NTETER, BAOTRIERARIEE RN A TIXAEE, BAVRREX SR KB O T ek, R
WV R R P, AR TR

// == File: avl_tree.swift =

/* PITHERRARIE, IZFNEMMETE +/
func rotate(node: TreeNode?) -> TreeNode? {
// FFKEXT = node WYFHEF
let balanceFactor = balanceFactor(node: node)
/] 1w
if balanceFactor > 1 {
if self.balanceFactor(node: node?.left) >= 0 {
/] %he
return rightRotate(node: node)
} else {
/] FEhefahhe
node?.left = leftRotate(node: node?.left)
return rightRotate(node: node)
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¥
! GfREx
if balanceFactor < -1 {
if self.balanceFactor(node: node?.right) <= 0 {
/] *hE
return leftRotate(node: node)
} else {
VI =) d =y
node?.right = rightRotate(node: node?.right)
return leftRotate(node: node)
¥
}
[/ FEN, Thilek, BR[O

return node

7.5.3 AVL B RIR(E
1. HATR

AVL B U AR S = SARRRAE R 2RO WE—RIXHIET, £ AVL WA AT RS, T RE]
AR RAEE R L ATRES B — RIIKMET e AL, FRATTBEMNXANTROTR, AIRR LT hese e,
A RV SR P, RS A R

// == File: avl_tree.swift =

/* FEATR */
func insert(val: Int) {
root = insertHelper(node: root, val: val)

b
[* BIEFFBEANT R EBIEE) */

func insertHelper(node: TreeNode?, val: Int) -> TreeNode? {
var node = node
if node = nil {
return TreeNode(x: val)
+
[* 1. BEFEBNIBFBEATR */
if val < node!.val {
node?.left = insertHelper(node: node?.left, val: val)
} else if val > node!.val {
node?.right = insertHelper(node: node?.right, val: val)
} else {
return node // EETENEN, HiZiR[O
+
updateHeight(node: node) // EHTESE
/* 2. BUITHEFRIRIE, BRTFNERMETE +/
node = rotate(node: node)
// REIFHERT R
return node
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2. MY =

Kot 7E = AERMAIMERT mUTIERER b, TEMWRETTHER AR, fATE LM R T,
A R AR

// == File: avl_tree.swift =

/* MIBET=R +/
func remove(val: Int) {
root = removeHelper(node: root, val: val)

I
[* BEMEET R GEBIEER)  */

func removeHelper(node: TreeNode?, val: Int) -> TreeNode? {
var node = node
if node = nil {
return nil
Iy
/* 1. BERTSHFMER */
if val < node!.val {
node?.left = removeHelper(node: node?.left, val: val)
} else if val > node!.val {
node?.right = removeHelper(node: node?.right, val: val)
} else {
if node?.left = nil || node?.right = nil {
let child = node?.left ?? node?.right
[/l FHSREE = 0 , HiEMBR node FHiR[E]
if child = nil {
return nil
}
/] FHEAHE = 1 , HiEMBR node
else {
node = child
I
} else {
[/l FHREE = 2 , WEPREEHWTNTSMER, FRZTRSRSFITS
var temp = node?.right
while temp?.left != nil {
temp = temp?.left
}
node?.right = removeHelper(node: node?.right, val: temp!.val)
node?.val = temp!.val
IF
}
updateHeight(node: node) // EHTASE
/* 2. PITHERRARIE, IZFHEMMEFE «/
node = rotate(node: node)
/] REIFREVET R

return node

3. BEHTHR

AVL BT BRI S RN 8, R R,
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7.5.4 AVL pigaBYR7 R

- HAFER RS, ST A, SR .

- AT HREIREF R IRG.

- CLRRRHIR — R DR T SRR, HET AVL R, ZLERRIETEE SR E R R, A S IR A
TR B BE e B E S /D, 1 s S R B P B8R B

7.6 N

1. EREIEH

© X AR BRI 2 iRRE, B0 XK R E S — MEDA M E
R 1 =1 R i e e D L S P

© NTEXRREADNT R, HE () FURNEDUNEREIRENONZ T SBE (B .

© XWMBIRHRARTBEAERT A, AL B E b, SEMRESE,

© XORBIFIAL, T RAE AT SRR S AR R T TR

- WIR XA SRR R, e R SR SO SR, 5838 SRR AR AR AR
&, MHERERMERRZERE,

© SXRATDUHBERR, TR R EN AR HES, HARIE R RS T R Z AR
RGO RR LB

C XOMRE s BRI, BT RSN R R, s
BB LI,

- BRI, ERED EETRERCER, ENEIT SUESIURSL, mBRMaks:” fenri, |
6 FH IR RS

- DXERME - MES T R E SRR, KA, AN RE A EE Y O(logn) .
Y IR OVEERN, STNAERERHLE O(n) .

© AVL A, AR SRR, eI e R R ORAE A T i AR ER Y U BTSSR R -1

- AVL WRVIeF IR E RIS A e, ZEhe. Jotahefche. Jeehemahe. fEmABMPRT S5, AVL S
MR TS TR LR AE, (ORI EHT IR -1,

2. Q&A

Q: MFHE—NWRHI M, WA E IR SEREE R 0 15?
B, By IR E SOy "G R R ESE",

Q: X AHEEA S MR — i —EIRIFRC A 7E M, XHEA “—EBRE f52le? AT AR R IRE
TR B RS ?

FEXAERBEREEB,  MHERT SRR =AME DU E, AR LA T ZOHA T 2 D D BRI
Q: Mft2 DFS i —XMAERT. . =R, 2362 HlE?

S e B2, B, . e R =R S 7, BATA] DA e 1S R — R
TN 2SR, PIINE —XHERRF, BTHRARNIE £FPRE < BRERE < GFhxE, FHit
BATHEZI “F2 — R — 67 BURESaEIRE, el DERTSH BRI S5,
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Q: AlEiR e R MY 55 node, child, grand_child Z[AIfJ2CER, FF node MR AA node 5K
EREATRE4EPID? AR EE SR T?

FATFRZEMNIBIHPIARE XN, HHEHRIE right_rotate(root) £ AMZE FHIIR T &, &K
return child IR[EIFER: 2 5 FRVAR T fle FARTAYAR Y AT AT sUBIE 2 7 IZ BR BUR B f5 72 B,
B T H AR ER 4T,

Q: £ C++ 1, HREWISTE private Ml public #, X HAMTLAERIE? N LAZR height () EKERI
updateHeight () BR%ESTAIIKATE public A1 private HlE?

FEEHFENMEHGE, WRGTERERNEMEH, AR private . Filan, HF #AE H
updateHeight() BXRARE XN, BREMA. MERRIEHPR—H, 1M height() 2R RAGEE, KEUT
vector.size() , [KIIZEHRL public DAMEFEH,

Q: Wi \—2H i ABAEATEE— R — A RR? M MR R N R R E

SR, AR 7T TE O Z AR build_tree() AiEdgat, EFRTRIERE, BIEFS
R ANBHaHEr, RERHROTRIENIRT R, BETHARES TR, IXARMA] DA AR PRIER T
Mo

Q: f£Java ™, FRFEXNILES —EZEH equals() Fik?
£ Java 1, N TFEARFIERE = AT RN ENEREHEE, N TIIHRE MRS T/ERE
SEAE,

- o= AR ZREGTRAE—DMNS, BIElENEFH A E S,

- equals(): HRXHER M RIER GHZ.

R, QREEXEAE, A% equals O o A, @I String a = ?hi?; String b = ?hi?; %
SRIER AT ER A R AT A B, BHaRE— IR, WEel DA a = b RN FATERE

Q: JEMICEFHEIRREZ R, PAFIHRY SR 2 20 157
I, BN h = 2 S, HT SRR n =7, MREY A4 =2" = (n+1)/2,
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Abstract
Rt R ILEED, EERK, BEESR,
JREJRE L U i EREE V5, T e L R S R S AR 7S
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8.1 i

# (heap) 2R RIEFKIFAITER XM, TEAJNMREAL, 4 8-1 s,

- UNTRHE (min heap): TR AME < H7 1 S0E,
- KT (max heap): LR AIME > H 717 SHME,

N N
/NN N N

Wy Wy

= ‘B2XW B 2 “T2=X# B
HETRNE <« HFHRNE HETRNE : AFHANE
Nk KImsg
min heap max heap

& 8-1 /INTHiHE S R Tvibk

HEFEON e KM — R0, B DA R,

© RIRETRSEEETE, HMEAT AR,
o BRSO EARTT SO CHETR, CRERZE RS BT RN HERR,
- XTFRTUE ChTE), HETUTER (R WEZRKR &I K,

8.1.1 MRYE FRIR(F
FERHIR, TF2HEIE SRR 25T (priority queue), X2 —FMRIVEIRLEH, & S RA R
S HE IR

SKBR b, HEBH N T SCBOLERAS, RTHERT S TooE MREV MRS BRI IETERAS, A M R,
BATATLARE “HRIEASN” T “HE” BAEFTHIRIRETHE, Kk, ABXWENMIEEX 0, G—FiE “HE

HERYH I BRE LR 8-1, T5TEA T ERIERmAETE 5 R,

7 8-1 HERJHRIERR
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Jii%% iR I [R5 2% e
push() TERAME O(logn)
pop() HETRTT 2R e O(logn)
peek() VIFMETOTER G TR [ /NTHED AR K / /IMED 0(1)
size() PAGEITT IR o(1)
isEmpty () HI W HE RS O(1)

FESEFRML AR, BATTRT AERE(E R m i = TR RHIHESS (BRALTERASIZE) o

RUTHEREIETH “WNEIRHESN” F1“IWKEVINES”, BATA] OSSR B —> flag BfZL Comparator
I VNTHET 5 CRTHE” Z RIS, AU RTR:

// == File: heap.swift =

[* R «/

// Swift BY Heap XBEEBSLiIrmAMMER/IE, BEES|IN swift-collections

var heap = Heap<Int>()

/* TTENE */

heap.insert(1)
heap.insert(3)
heap.insert(2)
heap.insert(5)
heap.insert(4)

/* IREGETNTTE */
var peek = heap.max()!

[* HETTTERHE «/

peek = heap.
peek = heap.
peek = heap.
peek = heap.
peek = heap.

/% FREVER

removeMax() //
removeMax() //
removeMax() //
removeMax() //
removeMax() //

*/

let size = heap.count

[* FEBERB AT */

let isEmpty

= heap.isEmpty

[* BNTIRAEE x/

let heap2 =

Heap([1, 3, 2,

8.1.2 Ry

P N WD O

5, 41)

B RTIE, A5 ZOR A NTHE, HFE R ATE A NEEAIBOE TSR (B0, £ > ZFih <).
S4BT A] DA TS,
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1. ENEH#ERT
X BN, e ARG A HBERER, BTHEER —Are e Xk, RIBATIRER B

2 R FROR X, STERRRTAE, RIUCERYTAE MR IAE, 1R iR 2R 5 24X
RSBE,

K 8-2 R, RS, HEFWRNRIIN 2+ 1, GFWRNRTIN 2+ 2, KURNRGHN

(i —1)/2 (FREER), HRFIBIN, FoRas me i s 71,
SRERLEN IREMIEEN (RETH)
¥ BRI fEM “HA" RT T2

#Fl o0 1 2 3 4 5 6 7 9 10 11
TR ﬂﬂﬂﬂ.ﬂl.ﬂl
(i- 1)/2 i 2i+1 2i+2
R
RE= BR %; gg
BT %S MRS LI T i

K 8-2 HERIFRR S 171k
BATAT ARG R 5 IR s CER bR B, 75 (e S -

// = File: my_heap.swift =

/* FREVEFTRBES| +/
func left(i: Int) -> Int {
2 x1i+1

}

/* REVGEFTHRIES| +/
func right(i: Int) -> Int {
2 %1+ 2

F
/* FRERTRNERS| */
func parent(i: Int) -> Int {

i-12)/7 2/ @FER
h

2. IFiEBETRTTER

HETOTER RN = XA, /@28 3RAE TR



H8E HE www.hello-algo.com 166

// == File: my_heap.swift =

/* IFIAEETRTER +/

func peek() -> Int {
maxHeap[0]

I3

3. JTENMfE

BETCR val, BATEIKHBIMBHMEIR, WINZ)E, BT val ATRERTHERHMITE, HERIRZS T ATRE
CUHRESR,  DRIBE TR NS M AT A EIR Y R 12 LIS, X MRIERIONEN (heapify),
BERMAHET JOTR, WRETIHITHER. W& 8-3 FroR, BT EEHm AT RS HAT mpIfE, anaam AT
RER, WRENZt, RIGRSITIHRIE, WERETBEHEPHEITR, EEEIRT SE0EE| M
I RN EE

@ Nt

1. ¥R 7 RNERE

w50 e

000000

1

step 1 | (>TeTeTol7[sTa]ae[aTel2]7] S

BERT

HE @ M HR @ Mg

1. ¥R 7 FNEER
2. NEZETUHTHEWL (Sift Up)

1. BHR 7 FMERE
2. MEETU#TH#E (Sift Up)

v HR5 s PR 7 v R 5 s BR7
o RRET R
>3] (000008008000 =5
@ M HR @ Mg

1. BB 7 FMERR
2. MNEETU#T#E (Sift Up)

1. BHR 7 FMERE
2. MWERZETR#T#KE (Sift Up)
v PR 6 s R 7
o RFETR

v PR 6 < R T

Step 6

ER e ' B e [step s |
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L7 PN

1. BER 7 FNERE
2. WEZETH#TH#A (Sift Up)

L4 PN
1. BHR 7 FNERE
2. MERETL#{TH#A (Sift Up)

v T[R9 > TR 7 T ER 9> BE7

@ - FRATRIR
O EEEEEEEE = DEarR2EEEEERE et

TR @ A

1. ¥R 7 FNERE

2. MEET#TH#K (Sift Up)
SEWSERE, ATUENEREIIESE

OooonooBsDooan [ster 2 )

8-3 JLRAHESHE

R REE n, WHEEERN O(logn) o HILATAL, HEAIREREIREEERZ N O(logn) , JTTRAHE
BAERINTIE R O(logn) o AIBITRATR:

// = File: my_heap.swift =

/* TTENHE */

func push(val: Int) {
/] TR
maxHeap.append(val)
/] MEET#E L
siftUp(i: size() - 1)

I3

/* WS 1 FFih, MRETUEL +/
func siftUp(i: Int) {
var i = 1
while true {
/] FRETSA 1 BIRTR
let p = parent(i: i)
[/l EH HERTR 3} TREAEE” BY, SRl
if p < 0 || maxHeap[i] <= maxHeap[p] {
break
¥

/] RIRFT R
swap(i: i, j: p)
{/ﬁ%ﬁtﬁ%

i=op
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4, TR HELE

HETTTR 2 —XRAUIRTT S, BIIRETTR, MRBNERMIIRFMERE TR, B2 XRFATE TR
KR KAEZ, XRESREEME R TR E LR WNE, N 7 RERDITTRRTIZS, HATRM L
D,

1. ZRHETIOTR SHEROTR AR S RAH T R
2. ZHGERE, RHERMWAIRFMER GEE, BTogsct, Ftshn EMEREZESRIHETUTR) .
3. MIRFTRUTYE, MR IRHITHEL.

Q= 8-4 FvrR, “MIREJRHEL” IHRIETTIYS “ RS MR, B PRARY miE S HM A1 5
EIEATEERR, REORRY 710 s SR st ZRRTEIA AT IR, BRI M OB 2 AU B 9
PR

BT BITRILAE
HITR # " sERE

o 1. BEMTESHRTERR
y \ A Y \
él) g; o
meaRT

Y e e ——— S —
OO0o0o00000080 (st 1| 00000000000 =

1. BRTMTRSHETRRR
2. FHUBIAERETER
) @ 3. MIAZEGH#THA (Sift Down)
é gg v TS, 8, 7, A 8 BA
)OO ‘

step 3 | 00000080808 Step &

BRI (@\\ TR
1. BHERTERSHERTREZR R 1. ETTESHETETIR

2. BEHHFTHERETTER 2. BHYFIEERTER

(- 3. WIRER#THA (Sift Down) (5) /B 3. WIRER#THA (Sift Down)
cAEBR 5, 8, 7 B, BR 8 WA ©EFR 5, 6, 7 %, B 7 BA
-~ RHER 5 5HA 8 _
0000

(o [=]7[o] 7 [e[2 ] [+ [3]¢]2] il (a1 T lislialsTalafe s [olz] E

1. BETMTRSERTREZR
2. BHYUEIRERETR
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SETTR LS SETRTR LS
1. TR SHERTREZIR 1. BERTRSERTRZIR
2. B METRERETTR 2. SR METRERITR
3. MIRER#T#A (Sift Down) 3. MIRER#T#A (Sift Down)
TR 5, 6, 7, BHA 7 BK v EHR S, 3, 6, R 6 MK
- RN 5 5T 7
-’ (022000000000 (st s
ETMTRLE SRR LS
1. BEMTRSERTRZR 1. BHMTRSEETRZR
2. BHUFIREETR 2. FHURIAEETER
3. MIREE#TH#A (Sift Down) 3. MIRER#TH#A (Sift Down)
v PR 5, 3, 6, TR 6 RA - »
R 5 5RA 6 TG, ATBENMHRISEIEE
0002000800000 ses] (0080000800800 Step 10]

K 8-4 HETHITER HHHED PR

SRR NHERIEAEMD, HETUTR M HREN RIS 240y O(logn) » ARESINRATR:

//

/*x TTRUEE */
func pop() -> Int {
/] =R
if isEmpty() {
fatalError (" ERZ=")

File: my_heap.swift

¥

/| RERTRESHRAHTR (RIRETESETR)
swap(i: 0, j: size() - 1)

/] BT =

let val = maxHeap.remove(at: size() - 1)
/] MIRZERHEL

siftDown(i: 0)

/] REBETITE

return val

s

/* WTR 1 FFih, MIREREL +/
func siftDown(i: Int) {
var i i
while true {
// FERR i, 1, r FERAKNTR, I8 ma
let 1 = left(i: i)

let r = right(i: i)

var ma = i

if 1 < size(), maxHeap[l] > maxHeap[ma] {
ma = 1

h
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if r < size(), maxHeap[r] > maxHeap[ma] {
ma = r
¥
/l BTR i RAHERS 1, r @R, WEmbEsty, B
ifma = i {
break
+
/] RARFET R
swap(i: i, j: ma)
/] TEIHE T

i=ma

8.1.3 MMERMNAA

- DRSEBAFN: HEIE (O SRR SE A I e IR BR SE 1,  FNBARNHE ARAE RN [ 2 2% 3578 O(logn)
, TEHERIERN O(n) , IXEEBRAEERARE S0

- MR g —dHEdE, JATAT DR ENTEZ—DHE, R AR TR e eE, MM EIE
i SR, BADEE S —ME AR USSR, T “HEHT” E,

- R kA e XE NI EIAR, RN AR, BNk AR R 10 AT E
TENTREAE, G EAT 10 AIRS %,

8.2 FEIEHR(E

FEFLEEIUT, BAREEH—MIRIATETTE R — D, XD REENOY EHERE,

8.2.1 fEBANIEHR{EIIL
BATE QD RIFRIYIE, KU DNITTRIT “AHERIE", BIYCRITRINESER R,
MIZTCRIT “WRET” HEAL,

Y —NITRAME, HERRKERN— BT AR NTRERAR AT = X, Fites “8 kR
FER,

WILEMER n, BNTEMAERAEGH O(logn) WA, [FIZEHE T =N AEZE R O(nlogn)
8.2.2 & BT

SKhR b, FRATAT DASEEL — RN e 7T 1, o i,

L. RFIERATA TR IEEASHARINE e, HRHER PR A RIS 2 2
2. B (BrmhiIER), RUOHEE NIRRT “ IR,
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T — AT UG, PO ROVIRY R FRSUB R — A GTAN e, Tl T2 EpEN, FiEE A
E” M,

Z P OERR B i , BROIZAERENS CRIE L AT R P T ELR STAN THE, XL ST R4 2
AR,

EREAE, BTHYREA IR, BN RAMRE GIAN i, ik, MU RBATR, &E
—MMEM T RRRE MR, BTN ETTAE7 AT :

// = File: my_heap.swift =

/* SR E, RIBRANGIREE +/
init(nums: [Int]) {
/] BYRTEFES AR
maxHeap = nums
/] HEUBRHT R UMY EMEIE T R
for i in (0 ... parent(i: size() - 1)).reversed() {
siftDown(i: i)

}

8.2.3 ERENH

N, FATPREAE R S A T TR R R A

SRR R AR n, MM AR (n 4+ 1)/2, ErR /i R, AL
RN (n— 1)/2,
- AEMTIE RO R, N AR S LI, RILBOE RO — SR logn .
A5 LRFIE AT, SRR SRS O(nlogn) o XAHEEIIEAMEN, WNRINRA
) ORI ARG T U2 1S PR,
B FRBA R TE RIS, 0 T MR SIS, BRSO N . BN h il 5235
S, R SIS R

TRRE BETANE

(EMEfERAERRE)
h S 70
/ \ 1
s [m] r——— 2
SN N 2
SRR S 2
/A SN\ )
-~ h-3 S 23
R —— 2h-1
(FER, HERBEA e — 2h

0)
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K 8-5 sER XA ET REE

G 8-5 Fir, T “ATHERJRHEL” AYRAIEUREEE T (28I R B RS, THZEEEIER "R
JE” [, BATATDON S RA " 8d x AT K, R TR R B S AL,

T(h) =200+ 2 (h — 1) + 22(h — 2) + - 4+ 21 x 1
LT ERTERB P EASIIAIR, Jed T(h) T2, 7350;

T(h) =20 4+2(h — 1)+ 2%2(h —2) + -+ 21 x 1
20(h) = 2+ 22(h — 1) + 2°(h —2) + -+ 2" x 1

R, TR 2T (h) BE LR T(h) , mTf:
2T(h) —T(h) =T(h) = —2°h + 2! + 22 4 ... 4 201 4 2h

Mg X, LI T(h) B—DEHES), ATERERRMARK, SN FE 2R

1—2h
T = —
(h) ot
_2h+1_h 2

Hi—th, BN h SRR AR n = 2h — 1, SEEZER O(2") = O(n) .

R, FNFIRIFEHERIN TSR O(n) , ERERL

8.3 Top-k ialEA

Question
HE—NEEN n EFEEH nuns |, THEIRBIEAHF R kE DNTE,

MR, BAVC PR ERS LR BRI, B AReR E R HE RS,

8.3.1 FHii—: BHi%E

PLEHER

TATAT DOHATIE 8-6 Fmsi k 5837, 22 BIESHEPHREGE 1. 2, ...« kK RITR, WHEREN O(nk) .
WHIEFOERT k< n BN, FRY k5 n lEEEEN, HEREERE-EET O(n?), JEEFER,
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k =3
nums n 7 nn BHERRATE
N

B E—WHEE 1 ATE
N

B BoRHBE 2 ATHR
\\

én BSWHREE 3 ARE

K 8-6 i Sk AR k TR

Tip
Hk=nh, BATUASEERBOARFFY, WHENT & Bk

8.3.2 AFix=:. HF
i 8-7 Firs, FATATLASE$EH nums METHER, FHIREIEAILN kAR, MEEZE N O(nlogn) .
BAR, T A RS T, WARMAER RN kAT ENE, MAEEHFE TS,

k=3
mns (L EIEIEIZ)

FHEEAFITHEF

- 4O
RESA k TR

000

K 8-7 Ik AR k MR

8.3.3 FiE=: i

BATTAT AR T HEBE A Rot g ok Top-k M, iRAZ4NE 8-8 Ffim,
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L. WIefe— A/ NTiiE, HHETTOTR &R/
2. SR EEHRIET K DNITRIRIRNHE,

3. MEB k + 1 MndITs, HERTRATHNUTR, WARHETUTRHHE, FFR AT R AL,

4. WhreRa, HEFPRIFRIRUR RORH kDIt

k=3

(2000

A
i

1. BHE1 k MTENE

s

k=3

- @0000)
:

i

1. 880 k MRENE

Step 3

k=3

w @0000
:

i

1. Ra k MTENE

2. ME kel DITEFIRHINT
v YEITEE > BITR

- FPETRTHR S

k=3

-~ (2008
.
i

1. B# k DMTENE
2. M3 k+1 DITRFHEHIE
v HEITR < BIMTR

:tm@

ZRWET
BART

ztm
o 0

ZRWET
‘ 2 BART

:tm

ZRWETR
# K] BART

#10 (::)

ZRIET
‘ +J BUART

Step 4

‘ Step 6 ‘

Step 8

k=3

w: (E000
.

i

1. a0 k DEENE

w @0000
:

i

1. 0 k DTENE
2. M3 kel DITEFEAIT
v HEITE > EITE

k=3

w: (2008
.

i

1. BH k DTENE

2. M3 kel DTEFEHIT

v MEITR > BINTHR

o TR
EERITTRENE

k=3

w: (0008
.

i

- BE k DTENE

« ME k1 DITRFEHIT
v YEITR < RITR

~ B

[N

TR

ZRWET
BART

e (@0

iem
o o

ZRWET
‘ & WART

sm (@)
O o0

ZRRWET
WART

#m @)
o 0

ZXWET
‘ < BART
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0

[\

WA, BE heap BIE]
ZRWRT

HART

Step 9

K 8-8 HTHEFIEKH k TILR
BN :

// = File: top_k.swift =

[* BETFHERBAPRAN kK NE +/
func topKHeap(nums: [Int], k: Int) -> [Int] {
/] MBE—NTBE, HEET k NTREE
var heap = Heap(nums.prefix(k))
[/l M%E k+1 NTEFR, FIFENEKER k
for i in nums.indices.dropFirst(k) {
/] BEBTERTHEIITE, WRHETRLE. SaimREANE
if nums[i] > heap.min()! {
_ = heap.removeMin()
heap.insert(nums[i])

}
I
return heap.unordered
}
BHHITT n RAMERMHME, HNRAKERN E, RHENRIZERERN O(nlogk) . &ITENRKRE, X4

ke /NG, IR 2R O(n) ;24 k Bk, RIS &R 28 O(nlogn) «

FAN, BITIEREM TEAASEERRIE AR, EABTIIABERER, FATA] DUFS4E HENRITER, ISR
BRKH) k NTCRIEISE T

8.4 NG

1. EREE

- HERMRE R X, MRIESCLAE R O RTRHERTNHE, K () THERHETIOTR 2R () 1Y,

- ARIEBAAIRE SUZ A HBA LR BIBAS, 385 (5 I HER S,

o HERE PRI SO BRI R R LS TR AME O(logn). HETTTR HHE O(log n) R AIHETR
& O(1) %,

- EERCXWHERIES HBEHATR, RIHA D@ A AR i HE,

- HE(LERVER TR HERIPE R, AEAMER I HER A E R A= I 2,

- A n DNTCEIFRERNINEE AR MEE O(n) , AEE SR

- Top-k @—MEMBEIARE, R DA HEEIRA A SRRk, NREREN O(nlogk) .
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2. Q&A

Q: HdE&SHN “HE” SNEFERR “HE” 2R HEEE?

EARRR— S, FUZRTGHE “HE”, HHRYRGENFHRHER SIS A SRR — 87y, P EsiTh
A DABE A ERAF BRI, R AT DOESR — 2 BAUHENAE, M TN AN F R 2R, HiXEEdEA
HREN, BFRERIOXENTF, DB RN, HETRNE, SR EEAE A TR I,
MR RES T BIN IR B fa 55 A1,
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IR

F9HE

helle-algo.com

Abstract
EAEmRIES, BTG E— DR, HIEEENWILHEIE,
HF—RIMHIRSHEE, #EX5KE KRR 2SR 8RR EDID,
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9.1

(graph) 2 —FhAELM BB, M= (vertex) FIi (edge) Ak, FATATDLKE G gtz n—
ARV MI—Hil E EE. ANRAIER T —MLE 5 N 7 ZaavEl,

V ={1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5),(4,5)}
G={V,E}

WERRTURENET R, RIDBEEERS DT RSN (a8, AR DLRF B 7E— M BE R R A EX
45, N 9-1 AR, MIETEMRR (BER) FIMGRR (W), PIgERR (B) MAmEES, HimE

!

| /\ S
!

i # &

(BHEXR) (SHE%R) (REXR)

ENZEEmERS, AMtRASER

B 9-1 #ER. M, BEZRIRIRR

9.1.1 EIMERAEBSKIE

iR G EA TR, a5 hEEE (undirected graph) f1BEM@EE (directed graph), 4N 9-2 FfizRe

- FEEET, BFORMTURZEIR AT ERRR, BINIEE QQ HHY “4FARART,
- tEAMEY, PRGN, A — B A« BWRANAREE TN, Flanm s -
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ZHE A
(aFxAm) (aBrm)

K 9-2 HHESILHE

WRIBATE TSR G EE, ] NiEEE (connected graph) FI13EE@E (disconnected graph), & 9-3 Fi
Ro

- NTEEE, WNENTRA, AR HARERTR.
© OTHREEE, WEADTURHR, 20D TRICIRENE,

N

8 B
(AT EEE) (FEMRAEE)

9-3 EEESAREEE

PATERT IOILEsm “FEE" &, MMSEINE 9-4 FiRiEIE (weighted graph). BIAITE (EHRE)
FEFWerh, RGN RN R RIS 2 MR “SRERE”, XM E M4t n] U A ERRR,

T HRE
(Fr&B%EAM) (LRAEWNER)
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9-4 HIESTEANE

BRI & DU B AR,

- ¢F% (adjacency): MM Z AIFIEILAHZER, FOXMITUR “QFHE"7, TEE 9-4 ) TR 1 ARRHE TR
TR 2. 3. 5o

-+ BB (path): MR A FITWR B S R REIFFIRFR UM A 2 B 1Y “B&127, 7EE 9-4 Hh, 4%
Hl| 1-5-2-4 2 TR 1 BT 4 19— SR8 12,

- E (degree): — M IURIMARILE, X THME, NE (in-degree) Fonf Z/ D FULFRMNIZTIN, HE
(out-degree) KA Z/DFIBMNLIURTEH,

9.1.2 BEIMERT

EH R T N “RRERERE” 1 “ABERT, DUNERI T A T2501,

1. 4BiERERE

RN AEE N n, $MEERE (adjacency matrix) HH—1 n x n K/NHEIERFRE, 8—17 ) 1R
T, ERETENRRD, H 180 ZRmAD S B RS EEN,

HIE 9-5 R, WAMHERRER M., TUSHIRN V|, ILmHIEE M, j] = 1 FoR V]i] #1105 V]
WD, ]2 M, j] = 0 ZRMIAZ TG,

mR%IE

#l o 1 2 3 &4
o e, 1 10

‘ ‘ \ 101 e 1 0 @

SRIREERE
graph adjacency matrix

9-5 EMMRIEFEFRIR

WIEHEFEEA AR,

- TERIRE, WURARES B SHE, HEIRRRRERE X A LOTRIAE
- TR, BRSO T X SR,
- RFARREFERITTRM 1A 0 BN E, WA Ron A A,
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i FH AT AR RN IR, FRATAT DAE R RIAE R R DAREGS, (R N E SR E IR IR &, IR A4
B O(1) . AT, MEFERZEEZERN O(n?), PfES RS,
2. SPiER

$BiER (adjacency list) fEH n MEFRRFTRE, HERTRFRTUL 8 1 DMER NI ¢, HAEME 7%
TBUSHIFT A BEETUR, (SGIZTUSHERITUR) o 1B 9-6 JBIR 7 — M ARRER R K BI7R B,

R SERAREENFER

™~
[ e« eole

Wiz
graph adjaceney list

B 9-6 ERIBERIR

AR MUF MR F R, THAMREOEH N T n? , WItEEN T, A, ENERPTEE
i P EERORE I, R RISCR AN A R R

WIZEE 9-6 , AREREEH SRR “BERIBAE” TR, RUARA 0T AR AU 7 R ARALRR,
HOA S A KR, T DU RE AL AVL RSRTSBA, MM O(n) L% O(logn) ; AT
DHEgEREEHONIA TR, TN E 28 O(1) .

9.1.3 ENERA
R 9-1 R, VFZEISERGUR] DU EDRGERE,  AH R A AN AT AL & TR R

#9-1 BAETEFE WE

i b el
RS R GFRRAR TBHELT I HERE
HEkERES  whe SRR R EHER

ENIEER 2k BARREDTESINER  TRPUEHE
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9.2 EREhLIRF

EIRSELAHRCERT 0o xt “I07 BORBRCERIN “Ti” AU3RME, £ “QBRAERE” R “QBEER™ MAFRTIAT, %
B AR AN

9.2.1 EF4BIEEEAYSCIR

NIRRT n BTEAE, NSRRI ER LB AnE 9-7 R,

ORISR : ErBEE AT R SRS R AR, A O(1) WAL, mid TREME, HtFEER
BB T 7 O,

WU (AN IR 1T %1, A 0 BIRT, A O(n) KA

MBI FEAREEERE bR 1T 5, UMM AT ESINA SRS, BB (n — 1)2 A EE
“Ffe LREE”, MR O(n2) I,

WM A n NI, WIAMCKEE N n TSI vertices , T O(n) B, 1B n x n K
INIARBESERE adiMat , 5 O(n2) B,

TRFl& bttt
® o 1 2 3 4 ®w e 1 2 3 4
o o 1 o 1 o . 0 o 1 1 1 o
—— MeaE —— winn )

\\\\ 110 1 o o \\\\ 11 0 1 o o

//// 2 0 1 0 1 1 //// 2 1 1 0 1 1

— 3 01 0 1 0 1 — 3 01 0 1 0 1

4 o 0 1 1 o 4 o @ 1 1 o

SBIEERE B PHEIERE
Step 1 Step 2
T TR (<)
® 0o 1 2 3 4 ®l 0 1 2 3 4 5
o o o 1 1 o 0 o o0 1 1 0 o0
— rz € —— Fm O
\\\\ 1 e o 1 0 o \\\\ 1 e 0 1 0 0o o0
//// 2 1.1 o0 1 1 //// 2 1.1 0 1 1 @
— 3 01 90 1 0 1 — 3 01 0 1 0 1 0
4 e @ 1 1 o :iy 4 o @ 1 1 0o o
N Y
. 5 o ] '] o ] [}
SPIERERE SPIEAERE
Step 3 Step 4

TSR (5
#w o 1 2 3 &4
o pr—s e o 1 1 o o
\\\\ 11 0 1 1 o
\\\\‘ 2 1 1 0 1 o
//// 3 0 1 1 0o o
CD 4 o @ o 0 o

3] BIEAERE

Step 5
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B 9-7 AREEIEFERIRIAGIL, B, SEMTTN

PAR 5 T AR A P R [ A S B
// == File: graph_adjacency_matrix.swift =

[* BEFMEEELINEREZL +/

class GraphAdjMat {
private var vertices: [Int] // Tz, wHEARK “TNRE", R5IKEK “TIRES”
private var adjMat: [[Int]] // <P¥ERERE, 1TPIR5IMN “TimZES]”

[* ¥HEFHE */
init(vertices: [Int], edges: [[Int]]) {
self.vertices = []

adjMat = []
/] AT

for val in vertices {
addVertex(val: val)
+
/] #hniA
/] EEE, edges TERRMAZESG], B vertices TTHEZESI
for e in edges {
addEdge(i: e[0], j: el[1])
+
+

/* RENTN=#E */
func size() -> Int {
vertices.count

}

[* AT +/

func addVertex(val: Int) {
let n = size()
/] BEIESIRPRMFHINSE
vertices.append(val)
/] TESMEREPERARII—1T
let newRow = Array(repeating: 0, count: n)
adjMat.append(newRow)
/] TESKIZRERERRIN—5
for i in adjMat.indices {

adjMat[i].append(0)

r

}

/* MBI +/
func removeVertex(index: Int) {
if index >= size() {
fatalError(" #HE")
+
/] TETNRYIRAPZPRZRS| index TSR
vertices.remove(at: index)
/] TESBIZAEPEMIPRZRS| index BY1T
adjMat.remove(at: index)
/] 1E4BIEEFEPERMIBRZRE] index EYFY
for i in adjMat.indices {
adjMat[i].remove(at: index)

h
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[* A «/
/] &% i, j XN vertices FTTEZRS|
func addEdge(i: Int, j: Int) {
/] REIHEREHEELE
ifi<0 || j<0O ||l i>=size() || j >= size() || 1i = 3 4
fatalError(" #HE")
+
/] EXEER, FEEEXTFEXNHBLENR, BlEe (1, j) = (G, 1)
adjMat[i][j] = 1
adjMat[j]1[i] 1

}

/* BRIz */
/] &% i, j XN vertices FTTEZRS|
func removeEdge(i: Int, j: Int) {
/] REIHREEEFLIE
ifi<o0 || <0 || i>=size() || j >= size() || i = j {
fatalError(" #RE")

}
adjMat[i][j] = ©
adjMat[j][i] = ©

}

[* FTENSPIZRERE */

func print() {
Swift.print(" THm%I® = ", terminator: "")
Swift.print(vertices)
Swift.print(" 4MEERE =")
PrintUtil.printMatrix(matrix: adjMat)

9.2.2 EF4BiERAII

RIME RSSO n, JEBOY m, WIRTHRIEE 9-8 FRrI 7 IASLEL S s .

USRI AETRON B R AR AR IIARNRT, fE O(1) A, FEv2TEmE, Fr AR SN aRmnm A
JITAIEIA,

- MHIRRIG: RN MR P A SO BR S, A O(m) R, TEMAEY, FTERNMERAD 77
[ETH32,

© WAL FEABIERPAIN—RER, IR IR BER ST, O(1) WA,

- MBRT: AR AR, MBREESEE TR, A O(n +m) IR,

- WL TESBERTEIE n AU 2m 38, A O(n + m) N,
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TR SERHEENFRERR WE  SERMEENRETRR

@—(@ Wi _,@ (0 /\\ ) wmz -0 | 5
T e o0 [N B e
o—© 0-0-0 0—0 o

BER -] PRER

Step 1 Step 2

TR SEREENRTE TR

B ) ) 29-0
‘( ;{@ ) wiz @-0 (0’—<°/\/w s @ o
i >@ \‘ () 0-90-0-0

~ A @ /7W

(J > (°>—@ % P °
N

MR B MER

Step 3 | Step &

TR SERAEENFRETRR

@—@ mirsTsR € \ gg{@
N ® 0e0
BiER

Step 5

B 9-8 ABREARAIFIGGIL, WML, HEMH TS

AN ERREERAIRAG LI, XA 9-8, LR A LR AR,

© N T B IE BRI, DARSRIEARD, BAIEMSIFR G RCERR,
- ARG FRAAEER, key NTURSLM], value MIZTRAIAHETRSIR (BEKR).

FAIN, BAHERER B Vertex ZORFURTIA, IXFHMAEVIRAE : ARG MRHEFE—FE, MSIRRTIRK
XAARRTR, AR EMERRG Dy « TR, WFEHRENBERE, KA RT « IRI[EME 1, %X
HIRML MR TUARZHE R Vertex LB, MIBRAE — TRz FEs s HAh TR T

// == File: graph_adjacency_list.swift =

/* BEFMERLINTEEZE +/
class GraphAdjList {
/] SBER, key: T, value: &INSMIFRA SBIETRS
public private(set) var adjList: [Vertex: [Vertex]]

[* ¥HERE */
public init(edges: [[Vertex]]) {
adjlList = [:]
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for edge in edges {
addVertex(vet: edge[0])
addVertex(vet: edge[1])
addEdge(vetl: edge[0], vet2: edgel[1])

}

/* RENNREE */
public func size() -> Int {
adjList.count

h

[* A «/
public func addEdge(vetl: Vertex, vet2: Vertex) {
if adjList[vetl] = nil || adjList[vet2] = nil || vetl = vet2 {
fatalError(" B#EiR")
+
/] FIA vetl - vet2
adjList[vetl] 2. append(vet2)
adjlList[vet2]?.append(vetl)
¥

/* BRI %/
public func removeEdge(vetl: Vertex, vet2: Vertex) {
if adjList[vetl] = nil || adjList[vet2] = nil || vetl = vet2 {
fatalError(" SEEIR")
}
// MBRA vetl - vet2
adjList[vetl]?. removeAll { $0
adjList[vet2]?. removeAll { $0

vet2 }
vetl }

}

[* AT +/
public func addVertex(vet: Vertex) {
if adjList[vet] != nil {
return
}
/] TEMERPRI—RTRER
adjList[vet] = []
}

/% MBRTRAR */
public func removeVertex(vet: Vertex) {
if adjList[vet] = nil {
fatalError(" ZEEEHR")
+
/] TEBIERPBFRTNSR vet FZAVEER
adjList.removeValue(forKey: vet)
/] BHEMMSNER, BIRFMESE vet BB
for key in adjList.keys {
adjList[key]?. removeAll { $0 = vet }
}
¥

[* FTENSPIER =/
public func print() {
Swift.print(" 4RER =")
for (vertex, list) in adjList {
let list = list.map { $0.val }
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Swift.print("\(vertex.val): \(list),")
+

9.2.3 RERLL

REFHA n AR m 5D, R 9-2 W T AR REFI B EER AN RAIRBCR A RReR, HER, WHER
(BER) XRASCSEH, MAER (BHE) THRITEREREIOVIRRRIGHISIL,

R 9-2 AN S AR B

WEFERE  AFHER (BER) AR (RHR)

HERESE O(1)  O(n) o(1)
AL o) o) o(1)
s o(1)  O) o(1)
FOTLE O(n)  O(1) o(1)
WS O(@n?)  O(n+m)  On)
WiEzEGEMA  O(n?)  O(n+m) O(n+m)

MEEFR 9-2, PIPABEER (IGMER) RINRRCR S B RBERE. H%0R L, EREEM P RIELNERE
o, ARSI BORERRERIRT, ZRERE, AEEMARIL T “DAsRH R A, et Rk
BT “DARF Rl I,

9.3 EmER

MR “—X 2" IR, MENAEGESNERE, ATDUFRNMEERN “2N2” KR FHit, FTRTE
BRI — MBI, AR, DA Do PR i P ks s A — Fee Bl

PEIFORTER T I PR R R SC B 1. i 77 77 AT o s I ERBHIRER B,

9.3.1 "EftFiEHh

) REL it — R R S i i, IIEA T RIE, WG iMEEERIENT, FF—RRrsk
PoKke WNE 99 Fivm, M BT, BIue iz RIpra MRS, Raikh R — MR ATrE 2R
B, DAUHEHE, BERTA TS,
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©
©

B ERSER

0
(BFS)
@ s (@) wese,

HILRT. BREY KMIARINR

©
©

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.swift =
/* TERIER */

func graphBFS(graph: GraphAdjList, startVet: Vertex) -> [Vertex] {
[l TRIBHF
var res: [Vertex] = []
/] WBHEEES, BFIEREHIARETNR
var visited: Set<Vertex> = [startVet]
// BABURFSLEL BFS
var que: [Vertex] = [startVet]

while !que.isEmpty {
let vet = que.removeFirst() // BAETHmEBA
res.append(vet) // iEREipEIS
/] BHZINSBIFRE BEI =
for adjVet in graph.adjList[vet] 22 [] {
if visited.contains(adjVet) {
continue // BkiZEWIARIAITNR
¥
que.append(adjvet) // RAPARIFIEEITNR
visited.insert(adjVet) // #riciZIl=E#i410
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/] BRETRRIEHFS
return res

B SR, T BO ARIET 9-10 SRANTREERE,

M () s, AT

1. BEM=MNERHFF] res
2. REMREFE PEMRAIT
ABA que HIMA visited

e (E) B, AT

1. BERMNEDFS res
2. REMREFE PEM AT
ABA que HMA visited

o—0—90

T () s, FAGTUATHRIE
1. BEWMNEHFY res
2. RETNFTESETIRMT

ABA que FHMA visited

BAHFF res

BA%Y que

— —
HRA N

IREES visited
o )
EHFT) res

1) )

BAZY que

000

-— -—

HEA ABA

IBHRE visited

(o®@000 ]

EHFF res
(0000 ]
000

IEHIRE visited

(0000000 |
(e s )

(000000 ]
BAFY que
00

IFRE visited

(00000000 |
st 7|

T () K, FATIUTiRE

1. BEZMEMNERFT] res
2. RETUREIFAE SRETRHRIT
NBA que HMIA visited

A () HEK, AT

1. BZM=MNERFF] res
2. BEMREFEBEIRAIT
ABA que FHAIA visited

e () B, FATTUTHRE

1. BEMRMNEFHFT res
2. RBETARMFTE SHETRRAT
ABA que HMIA visited

o—0—0

T () A, FATUTHRIE
1. BEM=MNEFHFS res
2. RETIRNFRMETIRMT

ABA que HIA visited

BFEFF res
o J
BASY que
(-1:)
-— -—
H PN

WREERE visited

(000 |
[step 2|

BHFY res

(000 )

PAFI que

000

-— -—

HAA ZAUN

BEKSE visited

(o00000 |

BHEFF res
(00000 ]
000

BBES visited

(00000000 |
[step s

(0000000 |
BAFI que
20

WBES visited
(000000000

[ Step 8 ‘
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@\
4

T () B, AT
1. BERMNERHFS) res

2. REMREFE BEMRAIT
NBA que FHIA visited

) 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

9.3.2 REMKERH

EHFS res

BAZY que

HAA

IRFEES visite

= BAFI que A=,
« FREE, FERUBH

mA () HI, FATIUTIRE

1. BEARMNERFF res
2. RZMREFTE SPEMRAIT
ABA que HIA visited

HFHFF res

BAFI que

|

Y

HA

IEHES visited

Step 11

& 9-10 IRy AL cim 20 3%

EHFS res

BAZI que

HBA

WRERS visite

Step 10

INFIAEZE : TS ADIEBA R, R O(|V]) IiE); (EmpAME SRR, TR,
BRI BT 2 R, 6 O(2| E|) W) Stk O(|V] + | E]) B,

SWSAE: 1% res, ATHA visited, I que FRITIASRERZ N |V, 1 O(|V]) 5,

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
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@ @ ERRERTEH

(DFS)
| ta2 s (@) wis,
> N EEAER, BRSNS EE,
o @) 5 (9/ B34 - ISR
’ S

@ ©,1,2,5 4,6, 3

9-11 EIMIIRENSCiE

1. BETHm

XA SEFVRSKHR AT AT E R TIBIRIM, 51 EemAEE, fEREEnT, A
MFFEMEI— PRI ES visited RICKOWIIRIATIR, DOB % E R 15 R TH A,

// == File: graph_dfs.swift =

[* REMFTBHIHEIREL */
func dfs(graph: GraphAdjList, visited: inout Set<Vertex>, res: inout [Vertex], vet: Vertex) {
res.append(vet) // iBFiHATHR
visited.insert(vet) // #Ri2ZIN=EWIAIE
/] BEIZINRRFRE $BIETI S
for adjVet in graph.adjList[vet] ?2? [] {
if visited.contains(adjVvet) {
continuve // B EIFRIBITNS
¥
/] BVIiFEHET R
dfs(graph: graph, visited: &visited, res: &res, vet: adjVet)

}

[* REMRFTEH +/
/] ERPERRRTE, UERBIEETNAMFRE PET S
func graphDFS(graph: GraphAdjList, startVet: Vertex) -> [Vertex] {
/] TR RS
var res: [Vertex] = []
// BEEE, BTRERERBEENINR
var visited: Set<Vertex> = []

dfs(graph: graph, visited: &visited, res: &res, vet: startVet)
return res

IR 1 SRR A 9-12 R,

HELARER N NiHE, FoRITE T — DHHE 75K FH U
MR A L), FoRIBITTIECLIRE, [BIHE] T IR R B

N INRER R, EBCKIE 9-12 AWM SRR, ENPREEL (8E HEm MR B4 DFS g, s
BIATTIEINIT S AATR[E,
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© 00

BHFF res

@ J

TS visited

o )

HBHEBRES:

wiam= @)

BHFF res

(000 )

IFES visited

(00@ }

EHEER:

sarET () soomETn
s @)

EHFF res

(00000 |

TS visited

(00000 |

SBHERRER:

wmms (O sarEma
s (@)

BHFF res

(000000 |

IRRES visited

(000000 |

EHEER:

sarT () soomeTs
s @)

BAHFF res

(000000 |

ITRE visited

(000000 |

SR
s () sErESEmABEET
Azrsam, BaEms )
st - BeEmEms (O

BHFY res

1) J

BEEE visited

Ll )

BIREL:

s () samEms
sz @)

BHFS res

(0000 )

WRERE visited

(0000 |

SEHERER:

T () msmEmR
amsams @)

BHEFT res

(00000 |

REEE visited

(00000 |

LB ER:
1w () SFEHERAEE
RitssEmE, mrEms ©)

BHFS res

(000000

WRERE visited

(000000 |

e
s () wFssEmsEER
RikgossEE, EAEms E)

BHFY res

(0000000

BEEE visited

(0000000

AR

s () somEms
amsmms )
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EHF5 res

1\ 1\ EES visited
2 3 -
LM |

7 ‘ ¢ ELARER:
A ) wFaSEmASBEsin
Rt EsHEE, ERESR
ma () 5iktiEE, BRmER

Step 11

B 9-12  EIRIRRE AL el 20 3%

DREEDIL et 3 4 3 51 75 W —2

g, IREIL R NIRRT AR, AR, S EMR 75 AR R AR A
PA, BNARETRS RIS A DUERATEL, #BRIRE LI CiE.

DIE@En A, MR — 7 =6 “E R85 FE—H - W 2RINEERF. TP JEFRE
B, efER 7T =R/ ieied, ARmX=FH#E T HREMLITE,

2. ERESR

NI ZE: S TS 1k, R O(|V]) Wi; Frahiasyin 2k, H O(2|E|) Mi;
SIKEER O(|V| + |E|) B,

SR FI% res, IRTHES visited TUREUREEN |V, BIBREREAN [V], FLER O(|V])

2 [l

9.4 &G

1. ELEEH

- B TUSFAA, A AR — TS — 4RI R &

- METERIERR (BER) MniaXR ), MxXR (B) BAFE&NEHE, RimENER.

- ARERGLAEATTAYE, EEEPIERTURANE, ANERNE RIS ET R,

- AREEMEAM R IORE, 817 O KRR, EFTTRNERE, M 180 RN TR
[FIAINETCIN, ABEFERE R & SR EReR R, (B2 SR,

- AR MERORFORE, 50 DRERX NI ¢, HAEE TR IR BT, AR
R TAEIEREE AN AR, Bl THRZEREHERREDRIL, FI RRERER,

- YABEERFRVRERIT K, A] DURFH AR AL B BRI A R, TR THEIRICR,

- WRIRBBIAE T, AEEFHADLT DA AR, ARREERAEL T © DA R s E)”,

- BT RS EIISCRSE, W RMLs, HIPREREE 5,

- PR EIRT— AR, AR T U I 3 P B —FRE

- ERTERTE DR R EE NI, BERYKIERTT, @ EAEBAS S,

- ERRE G R M E SR, ol ] EN RN R, HE TR,
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2. Q&A

Q: HRERIE SRR FHIERIAFHI?

HFHER EARIBSRARNE XA —8: g “BiER—MaFy”, mhsaig ‘iR — s
17, PARZIEHRES: 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 — PR XREAMANTUR 2 R REF 1 2 5RI0 5, It
{NESZ S Ul A i FE

Q: AREEE RS XH RN 2 R?

FEAREEE S, MEADTRHR, B0 - PMRICEREE, whiFEaEmFEREZ NN, PoEhzE
HIRTA & 7 &

Q: TERBRESRH, “SRIUAHERFT A TR FITURIT 2 & A 2 K?

A DURAERF . (BAESEPR M, AIRER ZAL e SUNRHE?, HAMEIR TS ARy, BB IR T
MRS, XA T RIS “HAERRE” TR,



195

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 mi § 31 o
23 2 | 23 %8
i 15 15
: 12 12
T sl
= 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 j i m j
RIF=—SER:
WA i, 5 HUEBRAETER, RTR 1 HEEE N - (v ) /2
mERRAXE [1, j]
Step 1 Step 2

| o

| = anll
j

A
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
= 2l = aml
#l o 1 2 3 4 5 6 7 8 9 #l o0 1 2 3 4 5 6 7 8 9
Aoa A A
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
rn
#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 - EEFS|

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.swift =

[* ZHEH (WHAKE)  */
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func binarySearch(nums: [Int], target: Int) -> Int {
/] EeNAXE [0, n-11 , BF i, j #iERHEETR. Exx
var i = nums.startIndex
var j = nums.endIndex - 1
// &, HEEXENERBE (& 1 > j ASE)
while i <= j {
letm=1i+ (3 -1) /2 // HBHFHREKESI m
if nums[m] < target { // IIHERHAE target EXE [m+1l, j] A

i=m+1
} else if nums[m] > target { // UtiERIXEE target X8 [1, m-1]
j=m-1
} else { // #EIBWxE, REHZES|
return m
+
+
/] KixEIBtrE, RE -1
return -1

IESEZ4E R O(logn) = TE=AMEFRH, XIERG/N—%, FILHERIEN log, n .
SEHEAER O(1) : F66F i A1 j MBI,

10.1.1 RiERRFZ*

BT _ERBAXESN, HEMXERRIEHE AT XE, EXh[0,n), BELREERS, Haft
AMEAS. ERFR T, XH [i,j) 1Ei = j R,

BATAT AT % FoR L B A HEIDRE — B E
// == File: binary_search.swift =

/* ZHEKR (EARFXE) */
func binarySearchLCRO(nums: [Int], target: Int) -> Int {
/] Bt ERAEFXE [0, n) , Bl i, j H3EEEEETE. BxE +1
var i = nums.startIndex
var j = nums.endIndex
/] &, HEEXENERBE (8 i = j ASE)
while i < j {
letm=1+(j-1) /2 // HERIRSI m
if nums[m] < target { // WIERiXEA target EXIE [m+1, j)
i=m+1

} else if nums[m] > target { // ItiERIXEE target EXjE [1, m) H
j=m
} else { // #%EIB#rxE, REHZES|
return m
+
}
// FEEFIBtrmE, RE -1
return -1

NE 10-3 FIoR, EMRXEZROR N, Z0&EREERIGIL. TERSRERSEN X R & B FEL,

HIT KX FoRA AL SO SO AX R, RIE fEE 4 AfaEt § 25N X IR ARt X AR
Mo XFEEAA G, Bt —B@BCRH “WHAXE” 57,
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RE |

§§|“0123456789"“@123456789"10
i ERibREeEsss j i AKhReEsas riaRFE58T j
EFKE: WAXE [i, j] ERKiE: fRAFXE [1, j)
adkisst: i =0, j =n - 1 iatkigst: i =0, j = n
BEFEIESEM: i > 5 BEFERIESMF: i 2
GUKERE: i =m+ 1, § =m -1 BIRKEHRE: i =m+ 1, j=m

&10-3 FRPIX[AIE X

10.1.2 i=5RRE

o BEERAE I TR [R) 75 T A A BT B TERE

C BRI AR, TEAKEEE T, MBI RS 28 B B, B, SEdER N n = 220
I, SeMEAERAEEE 220 = 1048576 %AAIK, i /&I log, 220 = 20 418,

- ZOBERTCAEIN R, R T REMEESME RIS REDSE (FliamER), —aBEREnTEs
],

A, ZoESOHBEERTIAER, EEADITER,

- IOBEBRUER TAEREYE. AMABIETRE, N T ER B ET T, 50655 B
HF BN R EREERE N O(nlogn) , HHEMEBM —H&EREES, o TMEMATRNT R,
WA, FEETTRBATREMNE, NHEEREN O(n), WEIFE SR,

© ZOERPGER T, BT Rk ARESH) TR, MmAERERHHAITERERTT FHIRK
BRI, RIAIE G A B s T HER SRR EE

C NIRRT, AMEEIRVEREEME, ALRMEERT, FRAFE LRABHRE; ME_SERH, TE 1R
A, TIRBRIE, 1~ 3 RAIrRIE. 1 00I0E (TR, 3t 4~ 6 MEocife; B, SEIEE n BUh,
S BRI L = &R,

10.2 ZHEREAR

BRI TERERTER, A TRRIFZZRMEE, R B TR 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.swift =

/* ZHEHIENR (TEETR) */
func binarySearchInsertionSimple(nums: [Int], target: Int) -> Int {
[/ BN FIXE [0, n-1]
var i = nums.startIndex
var j = nums.endIndex - 1
while i <= j {
letm=1i+ (3 -1) /2 // ABHFIERSI
if nums[m] < target {
i=m+ 1 // target EKX[E [m+1, j] #
} else if nums[m] > target {
j=m-1 // target X [i, m-1] &
} else {
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return m // #¥ZF target , BREHEAS m
}
}
// KiEF| target , REHEAS i

return i

10.2.2 FEEETRENFER

Question
1E E—E AR -, MEHARRBESEE TR, ERAE,

BREATFAEZ A target , NI EKABBREIHE A — target BRG], MLIEME RN A
AL %) target,

A HZR Rt RAA SR AL, PiABRMNGEERBA PR A target RG], V1% EETE
10-5 FsHIP BRSEEL,

1. U7 &R, BEEE 1 target R5], KNk,
2. WNRSI kITG, M TatiEln, SEREIRAAIL target IRE],

target

e

k\ 4*\ -

1. EZHEHRIEE— 6
2. BAMEREIRLON 6

B10-5 ZeMEREETTRATHA SN

IR R, HHESEREER, FENRSREN O(n) . SBHAPFERZELEN target I, %
JTERCERR AL,

P BN R — o BN, A 10-6 FioR, BAMERRAZ, SRIUHEFRRII m, A target
Fl nums[m] BIR/DRER, 2 WA ILRIE DL,

- Y nums[m] < target B nums[m] > target i, WPHIAREIKE] target , [RIHRAHIE 8K

RgE/NX EHRE,  MTIEHREL « Al j 1) target 5EIA
- Y nums[m] = target B, BiRA/NT target MITREXE [i,m — 1] 1, FHIERH j=m — 1%k
/X R, MmERRER MV target BCESRIR,

TEAsERa, @ fRAR/AIORT target , jIEAIENNT target KT, KRS SUR2HA N,
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15} 15}
; 2 i | 12 i
| 10 | { 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
WAk i, j DIEABREETR. BTR 1. HEPE m= (i +3j) /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 1 = m 1
#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 i om j
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
60 {6 616 6 6
5 1 1 5 1 mi i
= 10 = o D
#l o 1 2 3 4 5 6 7 8 9 # o 1 2 3 4 5 6 7 8 9
A A A oA
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,
BREEANL, FATUHIRAT DA HIWT SRR, ROV IEP TG, mlise s i,
// == File: binary_search_insertion.swift =

[* ZHEREAR (FEEERR) */

func binarySearchInsertion(nums: [Int], target: Int) -> Int {
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// MENAXE [0, n-1]
var i = nums.startIndex
var j = nums.endIndex - 1
while i <= j {
letm=1i+ (3 -1) /2 // HEBHFERSI m
if nums[m] < target {
i=m+1 // target KX/ [m+1, j] &
} else if nums[m] > target {
i =m-1 // target EXjE [i, m-1] &
} else {
j=m-1// B8NMNF target MyTEEXIE [i, m-1] &
+
¥
[/ REFEANS i

return i

Tip

AR ER “KHAXE” Fik, A4ERREUBTER “EHET Gk
BHRE, o0& EstEsiett « 7 j oRiERER, Birrlfes —MEAERITR (Bl target ),
ATRER—ILREE (AT target HIJTHR),

FEAMTHIIEA o0, 46« M1 j BIZENEL HUCROERI B iR, W2, EMERRIKEIER, sUdiidia
FE 1,

10.3 —H&EHLR
10.3.1 EFRLLR

Question
HE—NKERN n WEFEH nuns , HHRIRERSES LR, EREBA T RA—NITE target
&5l GEAP A EZoTE, WRE -1,

M =B A RN E, MERENG (ERARAE— target, FIHEHGASAR LREERRA—
A~ target BIZ5I,

FEEN B RR R B AR IID SR, HER, BHPARETUE target, XMEILATRESHLAT
PIRRES SR

A RRIRG] B,
- Jt&E nums[i] 5 target THE,

B F| DA EFE N, BEREERE —1 BIRl, R RRR:
// = File: binary_search_edge.swift =

[* ZHEFRE— target */
func binarySearchLeftEdge(nums: [Int], target: Int) -> Int {
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// ENHTEH target BEAS
let i = binarySearchInsertion(nums: nums, target: target)
// F#EF target , &[E -1

if 1 = nums.endIndex || nums[i] != target {
return -1

}

// % target , REZE3G| i

return i

10.3.2 EHHBR

LB RA— target TB? B EEH TR EBRI, BHAE nuns[n] = target 1HM FRIHEE
WeiiRlE, RESTEIANG, A2 4BAILE ] LB 1TSE,

TNEFRA I BRI G R 7T

1. ERERENR
SEfR b, FATAT AR E R A TTENRECRERRG TR, BERFERN: BEREREEA A target ¥R
EHEH A —A target + 1,

e 10-7 iR, EEGERE, f8E ¢ fRARA— target + 1 (WRAFETE), 1 j FEM&EA—1 target,
RgE3R Il 5 BEAL,

target = 6
— (000000
j i i i
EERE—T
target+1
Fih
EHRRE— s
target target

B 10-7 Re&EHAID SN ERAEID R

THER, REEEARR ¢, BIETRERHER 1, MRS j

/!

[* ZHREHRREG— target x/
func binarySearchRightEdge(nums: [Int], target: Int) -> Int {
[l BUATHREELE— target + 1

File: binary_search_edge.swift =



BI10E MR www.hello-algo.com 205

let i = binarySearchInsertion(nums: nums, target: target + 1)
// j ERRAE— target , i IEREBEMNAT target BTE
let j =1i-1
// F*#E target , R[E -1
if § = -1 || nums[j] != target {
return -1

}
// #3 target , REZE3| j

return j

2. BUATHRR

TAVNE, HBAHAAHE target I, &Z 1M j 200HEAEDNKRT. /M target BITER,
Kt 4niE 10-8 FiR, AT DS — MR AFERITR, HTERARILS.

- BEHRE— target : AU AR target - 0.5, FRIREFEE 7.
- BEEA— target . ATDUELNEEK target + 0.5, FFIRMEEEE 5.

target = 6
nums
j i i i
=i i34
target - 0.5 target +0.5
Fh Fih
EHRRE— EREA—T
target target

B 10-8 REEFILF AL N ESITR

RISTERL R, DURMRASER,

- SAEBAANE/NEL, RERE RN O A PR A Do
- ROMIZTTIESIAN TN, R AR ER R R & target BONPEREEE (Python TEMEN) o

10.4 MFEMRIER

FEREET, BRSSO EDOR PR IARN AR, A8 — DR ANE
BRfigE,
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Question
BT —NEBEEA nums FT— DN HARITE target , BEEKRAHPER “M” KN target KRN ITE, IF
REIETEEH RS, REERE—MERIA,

10.4.1 &MEKR: LBERSE

FERERETEATRENA S, WE 10-9 FoR, BAUFE—NMZMER, SRR DN EEEHIRZ SN
target, HE, MREIEMIERS],

target = 13

ws - OO0

'E' 9 13 17
18 22
@ =

BRFFEES, HEIMA
target F94H SBR[

B 10-9 ZeMEBORMEMECZ I

RESAN AR
// == File: two_sum.swift =

[* FiE—: BIKE +/
func twoSumBruteForce(nums: [Int], target: Int) -> [Int] {
// WEEF, HEERER 0(n'2)
for i in nums.indices.dropLast() {
for j in nums.indices.dropFirst(i + 1) {
if nums[i] + nums[j] = target {
return [i, j]
¥
b
¥

return [0]

WP IR RS 240 O(n?) , ZEREAERN O(1), EABERR NIEFFEN,
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10.4.2 MRFEK: UFiEHRAYE

FREMEB—Na/mE, BEN DIV EHTTRNITRRKS . EEHEAH, SRIITIE 10-10 Frsrbik,
1. JIWECT target - nums[i]l BEERART, G2, WERRERXMNDMITRNIRII.

2. FHHEX nums [1] AR5 1 BSIIHERG TR 5,

target = 13 target = 13
nums = ‘ | ‘ nums = || 11] H
[ key TR key TR
map map =
vatue d =3l O db =l
EHEAE nums BHHAE nums
+ 13 - 2 = 11 FE map 13 - 7 = 6 FfE map R
« ¥TE 2 FhiE 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 A BAMG A FOR AR L A

SCERMAAS AN R AR, X R EIEIARIAT
// == File: two_sum.swift =

[* FEZ: HENEHER +/
func twoSumHashTable(nums: [Int], target: Int) -> [Int] {
/] HBIEAER, TEEREAN 0(n)
var dic: [Int: Int] = [:]
/] BEER, NEEHREA 0(n)
for i in nums.indices {
if let j = dic[target - nums[i]] {
return [j, il

+

dic[nums[i]] = i
}
return [0]

WA B A AR 2B O(n2) % O(n) , KIBRTHEITACR,

BT R — MM TR, FILRAEREN O(n) o REWI, 7 IR 2208 6 0 P,
e R A SR S
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10.5 SFHiREFEFEX

WERBZE (searching algorithm) FIT{ERUES (BIANELEH, HER, WEE) FFER—-Del—HileRiE s
(RRiNpIvE 8

FEREIRARIE LIRS 2 N DU,

- BIRSRRE R HbRe R, I, R RRTERETSE,
- FIHBIRAP G BIR SR REE, KRMBOTRER, =&k B A ISR
AHHF,

AHERI, XEERNHRHACAE TRV T A4, RIHIRREIN TRAPRUIF AL, AT, ]
FMEIRGIMATIN, EHraH IR,

10.5.1 |hHiEE

2R FE BRI N TR RE M BT R,

© CAMEERT EH T RAMBER SRR, EMNBUREHN TR, BATRITER, EEIEKE
HARTEREENA S —unlie A HE HAR TR M ik,

CTTEARSEERT 1 REMSER” R EFIR BRI RE, [TESE RN T AT IR 2
R, BT R DT R R RMNAET RUTEE, 18 —RIEEREL, R =AH
flbit, EEw D 7e B EHRLE

ZIERAVE R R R EEA ML, O BaBmisE B By MBS .

RN, MERBIEIN WIS N O(n) , Hrhn cREg, FIESEREERIIEI FIERER .

10.5.2 BiERMEE

HIENAE RN ABIRRR AR (GINERE) RICE R, A s ot e i B iR,

- T EWT NSRRI ERERR, COEHTEE,
- CIRTRERT MARRRRHEREIE EAREEEE O B E X R, AT SE IR R,
- R ERPERIRESH (BN SARERR) T AT RUESR PRIEHERR T L, ATE AL HARTTER,

SRR R, IR A TIAE] O (logn) #5 O(1) .
ST, (P LETERECERE B SR TR B, B, — 5 SR A AL (THEFE, TAT5 EHRIH
BT BB NIRRT, e R At B AN T 2 P44,

Tip
HIENAERERF PR ESREE, RERAT AR EBIRG P IERR Bk,
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10.5.3 EFAHEIEN

BERNN n W—HEHE, BATATDAERLMEER, &R WER BHRERFZAMTTIENHERER
TLR. B NITTER TR ERANE 10-11 Fis,

ZM4E% o(n) RHBER 0(1) W\ key & value
- e REE R 7!'9 2 8
oeCoooan e
spaoggaon |7 LI3E4IRL L]
53k 3 pak s €45

ZHEHR 0(logn) WEH 0(logn)
- XR¥EFEHG
EHEFT R

o]1]2]3]«]s]e]7]a]o] e

S~ N

RIESIER F g ERX )

B10-11 AR

ERTURTT IR B ERBCR SRR 10-1 B,

R 10-1 EREFBERX T

LRMHER THER AR AR
EHITR O(n) O(logn) O(logn) O(1)
BATR 0(1) O(n) O(logn) 0(1)
THERTCER O(n) O(n) O(logn) 0(1)
Livlesls)| O(1) O(1) O(n) O(n)
HE b / H7 O(nlogn) ## O(nlogn) R O(n)
YRR SHT T g A TeF?

RREIRANEREIOIRE, RIEREZOR, BUREW 5 iR,
&RIHER
- BTG, FTEAUEMTEIR TS EIRCE, RN MXTEE S —REBUE, T2 HAh =077 R EE A B
AR T FE e M HE AR AN TRDE 2B K
- TG TARREUINEEE, BRI A E A ROR RN,
- ERTEIRERORE &R, EOZTT AN TR B E AT TR ME
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IR

- OIEATAREIERNIEN, BRRMEE, BRENREREN O(logn) .
- BdERATRES R, BEONTE RS RS AR 2
- NEMT IR R, RON4ET R AT R,

IS A AR

- EENEREREE SRR SR, FENRERER O(1) .

- NEAHEAFBIRSGEEERI R, RO RICTR4ET B H P,

- NI RS A R A BRI AR A s, BAARORIIPERES L

- PEAEEEREERIEN, KOG RF LTINS FREA D o, Mt R iy&E 1l

[\
HEo

- ERTEREYE, RO RAERNE R B ER.

- EETREYEA PRI E AR R

- TERPSHENT SRR, AR AT RE AR, NRIEAESEE O(n) .

- B AVL TR, WA THRIERILE O(logn) HeR FREIETT, (A4 -8R /E 8 &
ST

10.6 /&

1. EREH

O ERREEE A, B IERES R R TR, TERRABIEE Y, AL
38 PR T RO S T R ST B 44,

- R RIEI B RSO (R, RPHEZOE T TRARIRER, | BRI e R
SEF AN, HREMEMAEL, A SRR, BRI ZE O(n) B,

CIRFAR, WA S RE TEIEZOE, AR R bR A H AR, R
%, INAEZRERIE Ologn) B% O(1), (EIEH BB HINGRLA,

- SRR, TR RORUEL, MR, RURE A R R ST R, MRS
SERHEZTIE,

- RMHYRER T VS EHORIE; A E RS TR, R R HOE TR A
SRR LI AT R IR RR ;2 HOE T S WU I S A MR A B A R

T A R A R R BT IR, LSS 25 O(n) 1% O(1) .
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F115E HF

Abstract
He it an —HORHRELZ AR P RO BETA AR, (HFRATTRE DATE SR 77 U R 5 A AR
o BN, RE 2T RHA, HramIRiIEr TEIRNFIEER,
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11.1 HIF®EE

HFE% (sorting algorithm) HITX —HEHRIZRKHE N EITHS . HFEREET 2N, KGR
HdfEid H RE B E SRt E R, AR,

e 11-1 Ao, HEr REETHROBERER R A DU RS, TR PR E TS, HE AT RN AT AR R 5k
B, WEEFR/AN, FAF ASCIL RBJIfT 8 E & A,

BRBRBFANEFER
20800800 (o]s]2]s]«]s]e]/]
RRTFHEHFTRES
CICDEIEDED = CHEDECIED
HRERAEXHANHFEFH S

G00A00G OoGcocDd

B 11-1 BESEERAI AL =51

11.1.1 N EE

BT BT EHER RN R EAERER, HEEAERERERD (NRIEMEFREEITE /N, X
FTREGEEMIEN, BITNREETNNEE,

P AR, Rt S T R A AR R RSB, IS BhERAN B, T NAE.
BEBNT, FRHHEREIERs @R D, BITHEE M E R,

ettt BREHFAESHTE, S CEEREHE IR A & 4K ZE,

REHF 22 H R 2B, RIRBNTE — MEEEAEERIRK, 6B 15 2 519524/
FS, EIXRMEN T, ERREHRTRES B0 ABIE A ks

# BMASIERRRY R HIFITS

# (name, age)

('A*, 19)
('B', 18)
('cr, 21)
('n*, 19)
('E', 23)

# BRISERIEREHFEZRERHFIIR,
# £58ch ('D', 19) 1 ('A', 19) HUHEMMIENRT,
# WNSIEREZHIFEREL

('B', 18)

('n', 19)
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(A", 19)
('e', 21)
("E', 23)

FUENTE: BERHERERA M A SR T AR E SR AR, RBERARRRER, BIENHF
SRR B I TR 52 2% 3 (L TP XI N TR B R

REET IR EFHRHHEIFRBTEIEER (<0 =, >) RAWTTRIMSRE, MR,
MIGRANHEAEN O(nlogn) . MIFLLIRHFE A LEIZHERT, NEERENE O(n), EHEHME
LERS R e

11.1.2 B EHIFERZE

IBATHR, e, FRE. EIERL EHITELF. B2, IS MIEMAREBIFRA L ERTERHERIHEE RE, B, 1E
PP IR, R R AR EE R RO R R SRR OE

R, BATRILFRIZES B RIE, HET BRIP4 & D7 BRI ROE T 04

11.2 #&FHF

EEHF (selection sort) AYTAEFEHEHER S THE—MER, SRMARHF XEIERR/DITTR, KHK
FEH P XRARE,

EEHRI RN n, ERHPRRTERENE 11-2 or.

L VRIS T, FrEeEAr, BRHE (R3D XA [0,n — 1],
2. JEEUXE [0,n — 1] HiERANER, BHSERG! 0 ATz, elE, el 1 MeiReHy.
3. EHUXIH [1,n — 1] shii s, KHSRS| 1 ARTRERH, ElE, B 2 HoReHr.
4. DAUHSRHE, &80 n — 1 RIERS R, B n — 1 MREHT.
5. PORII—NLRDERRATCR, AT, HIEBEHER 2.
s @ nums n@
% 1ws % 108
B, EERITE nuns(k] SBIRHAFIE, SARIEE nuns[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.swift =

[* EEHE */
func selectionSort(nums: inout [Int]) {
[/ SMEFF: RKHFEXER [1, n-1]
for i in nums.indices.dropLast() {
[/ REF: HREERHFXEANGRITER
var k = i
for j in nums.indices.dropFirst(i + 1) {
if nums[j] < nums[k] {
k = j // BFERNTENERES|
¥
¥
/] Bizm/ N TRSRFEFXEINE N TERRIR

nums.swapAt(i, k)

11.2.1 BHiESE

- MBERIEN O(n?). ENERHY: IMBEFRE n — 15, F—IRIFRIEKEY n, BE—®
FIARHEREI IR 2, BISEAMEFR A BIEIS n, no— 1. ... 3. 2 BPUFEEF, SRy Unt2)

- MR O(1), BRHLHE: H65H§ B 5 AR RO NN,

- RREEHY: QI 11-3 B, 0% nuns [1] 4 ATREVCSHEE 5 HARSNERID, SEHNRR
WP 5 2

KHFEE

oo @

MITHE—RERE

FHIFRE

TRRE—RRERE,
PR 4 BERUERETHME

11-3 EEHEAERE R B

11.3 BiaHiF

B8HF (bubble sort) JEILIESIM AL S SHAHARTCR LI F . XML EG IR T2 AR — 4%,
54 B
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i 11-4 foR, B RE AT DRI TR A BRI B B e T G AT, MRIR EEE AT R R
AN, WER ETER > AR A BERE, RRRITTR SRS EI AR B .

nuns °g°9°o nuns oaageo

RHEmRm—H e

TEANSEREFRIELL
MEEGBRHESTR:

v HRE > Gk

nums - DX TEE

| Step 1 Step 2

MEZGBHESTE: MEEGEHESTE:

© AR > AATR v EATR > BlTR

o XN TR o R NTR
Step 3 Step 4

nuns 060000 nums g°g°é°

NEZEEFHESTE: MNEELBHENTR:
v EATER < AlnER v EARR > BlnE
. BRAT - TERATTR

| Step 5 Step 6

KIE %

{1

8 n-1 AREAHE |

BHTERSE,
RARERTHKE

Step 7

11-4  FHTCER R ERAU E

11.3.1 E&EniE

REAHNKE N n, EiEPE2EINE 11-5 frr.

LB, Mo AmRMT B, REENERITRE IR IETAE,

2. TR, MR n — 1 ATRIT "B, #8 ROrRMEIETAIE,

3. DU, Z2idn — 148 “Bil0” J5, #in — 1 KROCRMPEHEIERAE.
4. PG —PReERRITR, AR, EIEHH K.
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“BikE  KHIFEE
B9rTE

nums nna [o, 5]

miTE 1 ®ER.

paonan -

MITE 2 BEER

HITE 3 ®EER

GLE0 ) I

[0, 3]

WITE « ®EA

0800

HiT# 5 ®EE

088000

FTRHFE (RR—MaRTAHF)

[o, 1]

[0, o]

K 11-5 Bifriite

AREE AN
// == File: bubble_sort.swift =

/* BHE */
func bubbleSort(nums: inout [Int]) {
/] 9MEIR: REEFEXEN [0, il
for i in nums.indices.dropFirst().reversed() {
/] REF: BREFXE [0, i] PHRATERREZXENRGIH
for j in 0 ..< i {
if nums[j] > nums[j + 1] {
// X% nums[j] 5 nums[j + 1]
nums.swapAt(j, j + 1)

11.3.2 B MK

BATRI, MRHEAE “BiR” PERA PTG EE, WHBEHE Sk, ATERRESR, Fit, [T
DA AN —RaBAL Flag RETTZXAMELL, — B HIIAZRLR[EL,

Gt A, IR 2 I 2R R T IN B 2R 05 O(n?) 5 B4 ARSI, ATkE)]
SBERTEZE O(n) .

// == File: bubble_sort.swift =

/*x BiEHE (REML) =/
func bubbleSortWithFlag(nums: inout [Int]) {
[/ SMER: RKHFEXER [0, il

for i in nums.indices.dropFirst().reversed() {
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var flag = false // #IAHAIRSAL
for j in 0 ..< i {
if nums[j] > nums[j + 1] {
// %t nums[j] 5 nums[j + 1]
nums.swapAt(j, j + 1)
flag = true // BRXIETHR

IF

¥

if Iflag { // 8 “BR” RXARMEATE, BiEBd
break

¥

11.3.3 EEiS4

- OMREZEN O(n?). EIENHDY: &5 “EIE BHIRAKERK I n — 1. n—2, ... 2 1,
BRI (n— 1)n/2. ESIN Flag (AL, SR EEZERIAS O(n) .

- BSRSEREN O(1). FHHERE: $55F 0 F1 j HRTRROO MBS,

- REHbY: BTE B BT R A,

11.4 ENHF

BAHF (insertion sort) Z—RMAIRATHEFRIL, R LIRS Fo) 8 —aI I R IEFEA L,

B, BAMERHEF XENERE—MRETR, FiZorRSHANCHF X RETRZE AN, I
ZICREAZEMAA E,

B 11-6 R T 8AHIE A TTR AR, BHEEITTERDY base , FANFEHMERRTIZ] base ZRINE
TLRAEREE A, AR base IESA HIRZR5

=%

aooaan -

nums[5] = nums[4]

¥k 3 AR nums I N
. N FRTRER
SR BN aesn | BB EBE
N

nums[&] = nums[3]

N
EEEERE

nums[3] = base

zenes | 200008

B 11-6 RGN SRAE
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11.4.1 EERIE

ENHERF RV RR RN E 11-7 FR,

L WIS, B 1 MR HT.

2. JEBCBERIES 2 N ICRIEN base , KHMAZIEMAES, AR 2 ATReH.

3. JEHUE 3 NTRIEN base , KrHIBHAZIEMMES, AR 3 MR cH.

4. DUHEHE, fEf/e—ferh, JEEEE — IR base , KHEHMAZEMALES, FifixicHy.

BHIFEE

[e, o]
[0, 1]
[o, 2]
[e, 3]
[0, 4]

[e, 51

K 11-7 fEAHEP TR
NIRRT

// == File: insertion_sort.swift =

/* HNHE +/
func insertionSort(nums: inout [Int]) {
// MERF: BHFEXER [0, 1-1]
for i in nums.indices.dropFirst() {
let base = nums[i]
var j =1 -1
/] REF: B base HEAFIEBHFXIE [0, i-1] FWIERALE
while j >= 0, nums[j] > base {
nums[j + 1] = nums[j] // ¥ nums[j] mABHN—L
j-=1
+
nums[j + 1] = base // & base WEZIEH(E

11.4.2 HiESHE

- WRERER O(n?), HIERHT: fEREHNT, BUREAREIBIFER/E L — 1. n— 2, ...
2. 1R, RAEE (n— 1)n/2, WILNHEEZRES O(n?) . EBSIEFEAREN, BARERARML
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ke HEABHTEEAFN, BAHTRIIRENAERE O(n) .
- EMERERN O(1), T 1554 0 j SR FEEOV MRS L,
- R ERAREIRES, BRONSRTRBAZIEFLRAAM, SIBEENRIT,

11.4.3 {HENHIFBLE

FBAHEF IR R 2R O(n?) , TEATEREY: S PO F N R E 2% N O(nlogn) . REMAHER
AURTRIE 26 s, (HAEBURRBVMITEOL T, dAHDEEE E ik,

XAEEC S RMEE A 0 EERAE A EIERM, PudFiX O(nlogn) MWAERE TET 2AK
WEHEF L%, R & E 2 TR, MIAESAREEVINE, n? F nlog n MAUEIERNE, SAER
i ESHIN, SRR SATTREEERESIRE RN

Khr b, WEHEES (Bl Java) RINEHFFEECRA THEAHF, REERN: XTREH, RAET
IHERISHIHE R, PInDuEHT, TR, ERERRAHR.

EOREHT, EEHE T RS A HE T I R 2 O(n?) , {BAESZRRIGIH,  HNHEFF MR 5
Fe T HiH R mERy, FEAUTERE,

- BIEHEE R T TR, WEME—DNIRNE R, N 3 N EITRME; MAHFEETTRMES
B, R 1AEITERE, B, BIEHE R RO R R L .

OEFHEF LS R RN REREES O(n?) . WRGE A A NS, BAHDTIE ik
B RCRE R,

- MEREHEE AT, TTEMAT 2R,

11.5 HiEHIF

PERHEF (quick sort) JE—RiE T iaRISIHEFBIL, 1BITERK, NMA 2.

PRIEHE R ORMER “THIERI D", HEMRE: GRS PEDNTTREN BT, Bra /TR
AITCRBBHAEM, AR TEBEBETTRBEHAM, ARG, HXIRREmE 11-8 Frr.
L R R mTC R O, RGNS 1 71§ 2 HEA S AR,

2. WEMES, EERPER 1 (G) 2RISEE - DHEESR (N KR, REHEXm IR,
3. TEMAITH R 2., HE 1M jMHIBNELL, &EREEEERER AT L

Step 1 B Step 2 BER
left ght left ght
v v
ums n ums n
A A A
i j i b

rrrrrrr

# MERARE NI FRERRTER

# WERGRE AT REMNTE

nums[left] AEEH

i+=1

# TR nums[i], nums[j] = nums[j], nums[i]
# BREHRERTRANSRLE nums[i], nums[left] = nums[left], nums[i]
# EEEESHFRS|

return i

# B nums[left] HEEHR

# WNERERE NN FRERNTR

# WERERE AT REMATR

# KW TR

# BREBRERTFHRANSRE
# EERESERS|
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FNE

Step 3 F-3574 | step 4 =35
) left right : left right
v v
ol [ [ [ ][]
A A
i b
def partition(nums, left, right): def partition(nums, left, right):
[ HERIS"
i, j = left, right # B nums[left] REEH i, j = left, right # LU nums[left] REEH
while i < j: while i < j:
while i < j and nums[3] > nums[leftl:  # MAEEAREMIFRRBHTR while i < j and nums[3] > nums[leftl:  # MEEEREMNFRERNTER
3= 1
while i < j and nums[i] < nums[leftl:  # WEBAREMATERMENTE while i < j and nums[i] < nums[leftl:  # WEBEREIATRRMITE
i+=1 i+=1
nums[i], nums[j] = nums[j], nums[i] # REXTENTR nums[i], nums[j] = nums[j], nums[i] # THXBANTTER
nums[i], nums[left] = nums[left], nums[i] # BRERTRERFRANSFE nums[i], nums[left] = nums[left], nums[i] # BREBTRERFHRANSRE
return i # EEAERNFRS| return i # EERRERS|
Step 5 E%:5d Step 6 %54
: left right : left right

v v
nums annnaa
X4

i3]

def partition(nums, left, right):
BRI
i, j = left, right
while i < j:

while i < j and nums[j] > nums[left]:

# B nums[left] JEMEH

# WEREREMINTFRERNTE

nums

B
j
i

def partition(nums, left, right):
IR
i, j = left, right
while i < j:
while i < j and nums[j] > nums[left]:

# B nums[left] JEMEM

# WEBEREMINTFEERTR

j-=1 j =1
while i < j and nums[i] < nums[left]: # NEREREMATRESHTE while i < j and nums[i] < nums[left]: # WERGREMATRREENTR
i+=1 i+=1
nums[i], nums[j] = nums[j], nums[i] # P DTH nums[i], nums[j] = nums[j], nums[i] # SHBXFDTTR
nums[i], nums[left] = nums[left], nums[i] # BRERTRERFRANS FLE nums[i], nums[left] = nums[left], nums[i] # BEENMSRERFRANSIRE
return i # EEEEBAFRS| return i # EEEREERERS|
[ Step 7 ] E %504 Step 8
left right left EEH right

def partition(nums, left, right):

nums

def partition(nums, left, right):
MRS

emERA
i, j = left, right # B nuns[left] SR i, j = left, right # B nums[left] HEMMK
while i < j: while i < j:

# NEREREMINTFRERMTR

while i < j and nums[3] > nums[left]:

51

while i < j and nums[i] < nums[left]:

i+=1

# WERERE M\ FRERNTR

# NEBGHREMATRERNTE

while i < j and nums[j] > nums[left]:
j-=1
while i < j and nums[i] < nums[left]:

i+=1
nums[i], nums[3] = nums[j], nums[il

# WERERE AT REHETR

# ZWXFTTR

nums[il, nums[j] = nums[3j1, nums[i] # T DTE
nums[i], nums[left] = nums[left], nums[i] # BRENSRERFRANSRE nums[i], nums[left] = nums[left], nums[i] # BEEYSERERFHRANSIRE
return i # EEEEBRARS| return i # EEEESRRS|
Step 9

nums

HFHE

‘WIS TRE, WRMTRG
EFSAARTER < BEN < EFREERTE

B 11-8 MHR) o558

LRI G, RS =5 8, Bl A8, B “Er8AEETRE <&
R < HTFEAERITR". B, BN TRATBIZND A THR .

PR HER 1 7 6 R
M1 0 B SR U R — DB AR A HE 7 TR T R D B B I HE e 1]
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// = File: quick_sort.swift =

/* HEXID */
func partition(nums: inout [Int], left: Int, right: Int) -> Int {
// L nums[left] FEEHK
var i = left
var j = right
while i < j {
while i < j, nums[j] >= nums[left] {
j -=1 // NarERaMNTFEERNTR
+
while i < j, nums[i] <= nums[left] {
i+=1 // WNEEAREMNKTFEERNTER
+
nums.swapAt(i, j) // IRXFEITE
+
nums.swapAt(i, left) // REEHHMERFHAND RLE
return i // REIEEHNES]

11.5.1 EEnig

PRIgHE R VR TTRRANE 11-9 AR,

L B, MEEHPIT R XD, SEIRHER I TN T8,
2. G, MNEFEAMG TR IRITIT “THERID7,
3. FRELEIH, EEFRAKEN 1N, Wimses NSl HE T

|
- 00000

FEE3

B0 CEEE

RIS

B - Bae T W

#IAEFHA CBRATRE - EETREKEN 1 N

BPRJSER A

0:
TR THERI2
00 : 800

22)h3813 23213 #5813

K 11-9 Pkt

// == File: quick_sort.swift =

[* RIEHFE */
func quickSort(nums: inout [Int], left: Int, right: Int) {
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/] FEHAKERN 1 LIS
if left >= right {
return
}
[/ EEXI5D
let pivot = partition(nums: &nums, left: left, right: right)
[l BFEFEHA. ATFEHAE
quickSort(nums: &nums, left: left, right: pivot - 1)
quickSort(nums: &nums, left: pivot + 1, right: right)

11.5.2 EEiS4

- NREZREN O(nlogn). AEAWERNHEF: EVER T, WEIDHNEIHEEN logn , BEHH
BB n, BIAEH O(nlogn) WiFl, fEREENT, SHIEERIM R n K]
SHREER O n — 1WA TEA, EENEE0AE n, SEPNERECYn, BAER O(n?)
TR

- BEERER O(n). RHHDT : EMABHZE2EFIERT, BRREBEITRE n, £H O(n) ik
iz al, Her B E R A R B TRY, RIGBIAINMEE.,

- ARl . EHENONRE P, BERRTRES P EHETTRIA M,

11.5.3 fREHFAHTAR

MEFR ERLRER th, PRIEHEFERCRITENIZAA —ERIH, REREHFRFINEERES “FHHHE
B A “HEHERT M), EDE R POEHEERIRCR E S, EEATRE,

- HBURENE U BERIRMIE: BAVGREEFNRENEERE N O(n?) , WHIDFHHIFRE, BEE4R
ZHEIBOUR, POEHTEELE O(nlogn) MITTRISE & FiB1T,

©OBRAHEMRCRS: EHRTIHERIRIEN, REAPREBED FRAMBRIZRSE, BRI RIRREK
o Mg “HEHEF” XRBEFBEPRIFITER, M=z —Rt,

- BRERERRBUN: £ ER=REETD, PuRHEE R, WE, RERENEBERD, X5
SEAHERT e BT E R RS

11.5.4 B EHMRK

PeidtHb A 2k A\ RN RBSCR AT REREIS, 28— PHSmBl ¥, R ABEHZE2RFEN, BTHRINERE
BRAITCRIEN TR, IBAE e iln, BBt E e ectim, SEE TEARE I n — 1,
AFEAHKEN O, B RE, SRR ERE D FEARNKEN 0, 2IERIEKRR,
BN “EiHR" AL BN,

N T RERGRIX GO, AT DAL SR 53 rh B O ORI fiIan,  FAITR] DABEH LI — 1
TLRIENELNERL, AT, A AE, FIRENERAFARRIEMER, BERIA TR,

REEERZ, WEIESEEERIZE “REYLEC . I RIATE S O R 1A — DR B AR,
IR PO HEF IR TSR ATRES L
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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
R,

RERSAN T
// = File: quick_sort.swift =

[* EER=MEETENREL +/
func medianThree(nums: [Int], left: Int, mid: Int, right: Int) -> Int {

let T = nums[left]
let m = nums[mid]
let r = nums[right]

if (L<=m&&m<=7r) [| (r<=mé&&m<=1) {
return mid // m £ 1T # r Zia

¥

if (m<=18&& L<=1r) || (r<=18&& 1 <=m) {
return left // L& m # r Zjd

¥

return right

h

[* HEXS (ZEENHE) «/
func partitionMedian(nums: inout [Int], left: Int, right: Int) -> Int {
/] EB=NMEETTERRAIEL
let med = medianThree(nums: nums, left: left, mid: left + (right - left) / 2, right: right)
/] BRIHIRE AR TR
nums.swapAt(left, med)
return partition(nums: &nums, left: left, right: right)

11.5.5 #B)ITFEMRKL

TESEERA T, POEHbPalRE S M E . e A FRE AR NG, RIRATHFEHREN m
FRMH TR R P A Ky O BAEFREAMKE N m — 1 G 8, XEWES— 2% AR
FIRREALRAE RN (B> —AeR), BRI EERBE 0 — 1, INFRZESH O(n) KNS,

N T BRI RR, TR0 EG IR e iR, PP TAEI K, DO T3
RN, TR TR KBRS n/2 , BRI AR BT A log n , MTFHRESS
% A AL 2 O(logn) o ARRSIT FFTR:

// == File: quick_sort.swift =

/*x RERHE GRITREMML) */
func quickSortTailCall(nums: inout [Int], left: Int, right: Int) {
var left = left
var right = right
[l FEAEKERN 1 BELE
while left < right {
/] HEXSRE
let pivot = partition(nums: &nums, left: left, right: right)
/] WD FEARRIGRA NI TIRIEHE
if (pivot - left) < (right - pivot) {
quickSortTailCall(nums: &nums, left: left, right: pivot - 1) // @#3FHFEAEFEHA
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left = pivot + 1 // FERFXHFXEA [pivot + 1, right]
} else {
quickSortTailCall(nums: &nums, left: pivot + 1, right: right) // #)3HEAFEHA

right = pivot - 1 // RKRFXHFXEHN [left, pivot - 1]
}
}
].

11.6 FAHHIF

JAFHHE (merge sort) B —FETIBRIEIHITEZE, CWEE 11-10 Rl “Xin” 1 “G37 M.

L RIorRiBe: RN S A U TT, KRB A HE e ] R A K 2 O HE e 1) R
2. BB HTFBARKEN 1 INEIERY, THASH, R A2aM MR E PR S H N — P
KGR, HEE4R,

bl 7121

) WA
KRN

SHHER

B 11-10 VPRI 5 &I B

11.6.1 EEiniE

N 1111 Fow, “XI BB TR R B2 M s 0 o3 A 25

1 HEEHD A mid, B0 A TEE (XA [left, mid] ) FMEFHH (XA [mid + 1, right]
)o
2. BARITHER 1., EETFEAXRERKEN 1 &L,

BB WERETMR E FRANEG FEHEH N DA, FEEENE, NKEN 1 FHRETT
wmaHt, SHMERPREN FEHBRAE T,
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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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VIR JusIaE T8, BEIA TR, RELEEEHF.

PAFEHEF B2 B0 DA RARBS AR, 16T, nums NRFEFFIXEA [left, right], T tmp AYXTA X (A
[0, right - left].

// == File: merge_sort.swift =

/* BHEFHANMEGFEHRE «/
func merge(nums: inout [Int], left: Int, mid: Int, right: Int) {
// EFHAXER [left, mid], AFHAXEHN [mid+l, right]
/] BIE—DNIEETERE tmp , BFERESHEHNER
var tmp = Array(repeating: 0, count: right - left + 1)
/] B A FERAA FEARERIRZERS|
var i = left, j =mid + 1, k = 0
/] BEGFEAEAEETERN, H#ITHERHFR/NNTRERIRIGETEAF
while i <= mid, j <= right {
if nums[i] <= nums[j] {
tmp[k] = nums[il]
i+=1
} else {
tmp k]
j+=1

nums[j]

¥
k += 1
+
/] BEFHANAFHAENRRITREHTIGEEEF
while i <= mid {
tmp[k] = nums[i]
i+=1
k += 1
}
while j <= right {
tmp[k] = nums[j]
j+=1
k += 1
}
/] BIEEEEE tmp FRUTTEERIEFELE nuns BIRTRZX|E]
for k in tmp.indices {
nums[left + k] = tmp[k]
¥
}

/* VAHHERE +/
func mergeSort(nums: inout [Int], left: Int, right: Int) {
/] EIEEH
if left >= right { // EHFEEKERN 1 LR
return
+
/] RIS MER
let mid = left + (right - left) / 2 // HEBHS
mergeSort(nums: &nums, left: left, right: mid) // ®VIEFEA
mergeSort(nums: &nums, left: mid + 1, right: right) // @#FAFEHA
!l EFMER
merge(nums: &nums, left: left, mid: mid, right: right)
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11.6.2 HixisiE

- MREZRERN O(nlogn). EEEMHIT: KA 4E/EN logn MBI, SEAIIRERR
Hn, FIAERFIEZEN O(nlogn) .

- SEEZRIEEN O(n). FEHHEY: HIAREEN logn , M O(log n) KNGS, AIHRIER
TR, [ O(n) A/NUBINIAL

- REEHY: AR, MR R,

11.6.3 §ERHIF

NTHER, AR T R R R B0, WP BERHIP RSB MEREMILE O(1) .

- RSrBBE: ATDUER “GER” B BT SRSEEIRERI > TAE, A K6 A AR ],
- AIFRTBL: fEBER, TREMERERUCRS I (i) BIRISCEL, RILEFHER CRMDEE ik
REHN-PRAFHER) THOIEBIMES,

HAASCIANT LR 2%, AR IRE 7] DA R S BRI T2 5

11.7 fHiE

Tip
PERATIHG, TEWREFE “HE BT,

e (heap sort) J2— M THERHRSSH SRR @ RHE P B, BOTAT DA EEAT R “H iR iE”
TLRHHERIE" KPR,

L. RIS/, MR NT R AT HETR,
2. AWTRAT HHERRME, RUUCSRHHETR, RIRIREIMNEIRHF P,

PALTTIRBIRAIAT, ERFFEME— MMk R HAITTER, HEGRTE M, bR, WANER
— RS AL SE BT o

11.7.1 EERiE

REAHRIKEN n, HEHFFROTRRINE 11-12 FoR.

L ABEHFFRNLRTIE, 5ERUE, RATTRATHETL,

2. BHEWOTR (B—iER) SHETER (BE—1MIER) . elciys, HrIRER 1, BT
REEML,

3. MWHETRTTEFFR, MIRBNERHITHEIRIE (sift down). SERUMELSE, HERIMERSENES.,

4. TEMNAITES 2. PN 3. Do 1B n — 1 32)5, BIRTSEREi k.

Tip
KPRk, JTREOHERIEHHEEE 2. PN 3. P, REZ TPt RIPE,
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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. MNBABFHEE

2. EFMEPRIVBATR
(1) ZEEMTRSHETR
(2) MIREREH#THN

1. MINBURF R

2. BIFRMEFRBATR

(1) HBETRTRSHERTR

(2) MNTREFRFTHEW

3. FR—ADTEREARE, HFTR

Step 11 \ Step 12

B 11-12 Hefpr i gg

FERRSEI, BAMEA TS “HE” SRR sift_down () BR%, ESTERAZE, HTHER
KESFEERBEEATTEMIR/D, HEBRMNFES sift_down () BERIM—MKESH n, HTHEEHN

ST, A RATR:

// == File: heap_sort.swift

/[* HHKER n , MNTR 1 FFE, MINEREL +/
func siftDown(nums: inout [Int], n: Int, i:
var i = i
while true {
// FERR i, 1, r FERAKHTR, I8 ma
let 1 =2%x1i+1
let r =2 %31+ 2
var ma i
if 1 < n, nums[l] > nums[mal {
ma 1

Int) {

I >

+

if r < n, nums[r] > nums[mal {
ma = r

r

/] BYE i BAHES 1, r @57, WERMEEY, Bk

if ma = i {
break

+

/] REET R

nums.swapAt(i, ma)

/] TEIRE T

i=ma
I3

/* EHEFE */
func heapSort(nums: inout [Int]) {
[/ EMERIE: EARHT SLIMIEMPIET R
for i in stride(from: nums.count / 2 - 1, through: 0, by: -1) {
siftDown(nums: &nums, n: nums.count, i: i)
+
[/ MWERRERATE, BF n-1 ®
for i in nums.indices.dropFirst().reversed() {
/] BT RERAEHTR (RIREBTERSERTR)
nums.swapAt(0, i)
/] VIRT SRS, MNINERHTHK
siftDown(nums: &nums, n: i, i: 0)
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11.7.2 Hiki$E

- WHEERERN O(nlogn). IEAENHET: EHERIEGH O(n) ME, MHEHSREURATTRINEE
2R O(logn) , HEHR N — 145,

- BEERER O(L), EHHbY: JUNMEEFERME O(1) 20, TTRMMEIREE R R -
TR,

- AREHT : 1R HETTOT R AR RN, M T RN AL E AR R AR,

11.8 HHiF

AR LR SR E R T “B T R IR, B8N EEETTR AR R MR H P HIER
NS RETHEER O(nlogn) . # K, BATRERNUM “GELCRHIFEIE", ©NIRIN 2 AT DUS
LR

#@HF (bucket sort) J27MVATREGHY—NIRIN H, B8 R E S BAR/NMIUF I, BN — D
TEVOH], RRUE PSRRI IS R5, EBIRNERDBIAITHTY  REHLIR I/ T SR &
¥

11.8.1 EEinig

FE-MKERN n B, HTREEE [0, 1) NI REL. MHFRmRmE 11-13 AR,

L. #IaE kM, 8 n IR ECE] kM,
2. MM APITHY OXERAGEE S FINEHFEED .
3. TZHRAE A NEIRRII R S FF45 R

R4 N —
el (0.9 [ 0.5 [ 0.c2 [ 0.09 [ 0.57 [ @.43 [ 0.91 [0.75 [0.15] 0.27 QP 7 MELE S bc
e [l — S ETIR EAES
] HEMED5
buckets WS HE
HFEE [0.2; 0.4) [0.4, 0.6) [0.q, 0.8)
' ERENIRE
EHER
HERMAE

11-13 AHHEFE LR
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AV RN
// == File: bucket_sort.swift =

/* WEHE */
func bucketSort(nums: inout [Double]) {
/]l e k = n/2 M@, RS MESE 2 NTER
let k = nums.count / 2
var buckets = (0 ..< k).map { _ in [Double]l() }
/] 1. BERTEDRRIEZMEPR
for num in nums {
/] WANBIESEER [0, 1), A num * k BREIFIZESISEE [0, k-1]
let i = Int(num * Double(k))
// ¥ num FONEAE i
buckets[i].append(num)
}.
/] 2. JIENMERITHF
for i in buckets.indices {
/] EREREHFRE, BWAIUSRREMHIFERE
buckets[i].sort()
}.
/] 3. BHEEHE
var i = nums.startIndex
for bucket in buckets {
for num in bucket {
nums[i] = num
i+4+=1

11.8.2 HiEiHE

MHERPIE ) T AL BAA BARKRRTEER, Blan, S ABdEREE 100 AR, HTERERE, RENFILE R
PEMEFTARAE, LR, A DRRFEERE 2K 1000 M, SR A MR THE, RIERaR G,

- WNREREN O(n + k)« RTRES MAN T2, BAFEIRNRICREEN 7 o By
ARG O(F log 7) WE, MHFEATERER O(nlog 7) Nl 2k & LEEORR, IhE A
JEWEEIT O(n) o BHFERNFEWAFTERMTE, 1£% O(n + k) NR., EREGR T, rai
FEB MRS — M, BHEFIZAIER O(n?) I,

- BMERERN O(n + k). BT FEMED kMRS n NTTRNEVNE L,

- MR RS BUR THEF A TR IR ST,

11.8.3 YNAISCINFEIY 5 L

WiHEP B R E A RIS ERTDUAE] O(n) , REETROCRIINNMEEIE D, FoOShrEdEEarg
550, BN, BATEECR = BRI B RZ TS TEEFEI S EE] 10 M, ER RIS 1A,
T 100 JTeAYAER 2, @& T 1000 JTTAYAER D FERMEXEPFIRIZ N 10 4, S MIMPR RS SEZEER
FEH K.

NSEBFE L, AT PASEIRE — A RE Y o 5Lk, R o 21 3 Miirh, srlicseteln, PR mdh
BRI N 3 W, HEFHRPRCRBERRBHISE,
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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,



F1E HF www.hello-algo.com 234

11.9.1 {EEASEI

FREBE MR B8 —DREN n % nuns , HAPETTREZ “AE008EC7, THHPRORIARR
FRUNE 11-16 Fim,

1. WA, HRHHEPRRERET, I m, REEIE—NMKER m + 1 WEBIEEH counter

2. 6B counter Gtil nums AL BLIXEL, Hr counter[num] XNV ECF num FIHBLIREL. Siit
FIERE R, JFEES nums GEMSRTEEN num), E5%F counter[num] 0 1 BIA],

3. BT counter IBANRIIRZRAF, RN FABZCEH)TH 7. B K, &I counter
FRAE S EC B BN DR B nums BITA,

HHIFBAE nums

308 00 O

) < WA nuns HHATEHRFOHIURE
N8 . e counter[num] £3% num AIHIREL
#E BB e 1 2 4

[ counter , FEHF
RBHIURBIAN nums BRAE]

3
S counter

LR nums

K 11-16 i+

SN RRR:
// == File: counting_sort.swift =

/* IHEHE */
// fERELI, TEBTHFEXR
func countingSortNaive(nums: inout [Int]) {
/1. FiHHERAITE n
let m = nums.max()!
/] 2. FIFESHFHILIRER
// counter[num] X5k num BIEINKER
var counter = Array(repeating: 0, count: m + 1)
for num in nums {
counter[num] += 1

+
// 3. B counter , BFERTHEENREEAE nums
var i = 0

for num in 0 ..< m + 1 {
for _ in 0 ..< counter[num] {
nums[i] = num
i+=1
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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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num num
v v
ma e (00000080 ma e (S E000080
LRMA res HLRYA res
HF num HF num
wan e (@EOOO wen e (@EOOE
(counter) (counter)
FIFFER nums FESANTTR num , SRHAT: EIFFEFA nums FESNTE num , SHRHT:
1. & num A res WF5| prefix[num] - 1 & 1. 3§ num I\ res BI%3| prefix[num] - 1 &
. 2. SHIEM prefix[num] BR 1 , MBI TRKE num W3] 2. SHIEM prefix[num] BE 1 , MESTRKE num BZ3|
Step 5 l Step 6

= - 000000000 = (000000000
s - (0000000000 as - (0000000000

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

WIS prefix Bun BISEA prefix unn
(counter) (counter)
HREHREHIE, HRRRIITRER LR res ERBA nuns EIF]

Y res HHREHFNER

| Step 7 Step 8

B 11-17 iR

T EHE 7RSS AT R AR :
// == File: counting_sort.swift =

/% THEHERE +/
[/ TELI, AHENR, FERREHR
func countingSort(nums: inout [Int]) {
/] 1. FiHEARAITE n
let m = nums.max()!
/] 2. FIFBHFHILIREL
// counter[num] XF& num BYHILREL
var counter = Array(repeating: 0, count: m + 1)
for num in nums {
counter[num] += 1
+
// 3. X counter BIRIZRF, B “HIURE #ifth “BRsI”
// B0 counter[num]l-1 2 num 7£ res FRE—XHEIMZES]
for i in 0 ..< m {
counter[i + 1] += counter[i]
+
// 4. BIFER nums , BRTREBENGEREAE res
/] B EA res BFIERER
var res = Array(repeating: 0, count: nums.count)
for i in nums.indices.reversed() {
let num = nums[i]
res[counter[num] - 1] = num // ¥ num HWEIFNZES|L
counter[num] -= 1 // SEIEMBER 1 , BEITXIHE nun HIZR5|
+
/] ERERHA res BEREEAE nums
for i in nums.indices {
nums[i] = res[i]
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11.9.3 EiEis4

- INMEZRER O(n +m). IEAENHT © W& nums AT counter , #HEFHLMERE, —%
BT n > m, NEEXREET On),

- BSAEZER O(n +m). M H81 T KES 510 n f1m FI%EH res F counter

- FEHbT: BT res HHEEFTEMNITZ WAL 19, FIEFIED nuns AT DA AHETT
S AN E, MmscEf ey, Kbk, EFEN nums ] IS RNEFRHEFSSER, HEER
SEARRRE M,

11.9.4 BiRE
BEGXE, RS EIEEEFIERIGE, (OSSR AT DA S R HE . AT, (S
AT B AR T H%

PR SUB TSR, AR TR AR, X LR DU O IR S, I
(RO R R R AN TR 2 IR AN E R, B, X TE S TS o, mLe a8
B, RN IERL, HEFr SRS R B 25,

RIS T RO RO BTG EEMONB, T, 75 SRR m REEAK, A2 5 i 258,
M n < m i, HEHEFER O(m) Wi, THEE O(nlog n) MY EILEEE,

11.10 E#HEF

E—lAET U, SIS TEER n BOCEEIRTEE m BN, BIRRIIFREN n = 100 M
BHATHY, Mi¥S R4 8 MHT, XEWETIRE m = 10% %K, MAHEHRFREI RN
fr3Al, TGRS AT DA SR

BEHHF (radixsort) HIROLEES TG —2, HWERGIHH MO A, FEEEF A
TSN ENERRR, RO T, MR 2 REHHER AR,

11.10.1 E&iEiE

DREES RN, R RIRRAES 1467, mehn2ss 8 A, FEEHIFRFEE 11-18 Frr.

L et k =1,
2. WESHE kAT HEBENTT. R, BIERIRIESE kA WNEIRHET
3R kML, RIFIREEE 2. REUER, HBIPTEEHETE eSS 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

CALbHE, HiF

HFSE 8 fi

B 3~7 11 HHHFER

B2 G2 38 O RERV

T

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.swift =

/* 3REX7TE num BIE k fiI, HA exp = 107 (k-1) */

func digit(num: Int, exp: Int) -> Int {

[l ZEXN exp MHdE k AILBERELRESHITRRINAGITE
(num / exp) % 10

F

[* iTEHEE (R nums 8 Kk HF)  */

func countingSortDigit(nums: inout [Int], exp: Int) {

// PEENMSEER 0~9 , REERKERN 10 BEEHA
var counter = Array(repeating: 0, count: 10)
[l Fit 0~9 FEHFHHIUREL

for i in nums.indices {

let d = digit(num: nums[i], exp: exp) // 3REX nums[i] % k fi, iEA d
counter[d] += 1 // %it¥FE d BIHIRER

F

/] REIEM, & “QINE ik BRI
..< 10 {

for i in 1

counter[i] += counter[i - 1]

I
// BIFER, RIERRSITER, BETHREN res

var res = Array(repeating: 0, count: nums.count)
for i in nums.indices.reversed() {

let d = digit(num: nums[il, exp: exp)
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let j = counter[d] - 1 // FREX d 7E#HPNES] ]
res[j] = nums[i] // ¥BHEITHRENES| j
counter[d] -= 1 // ¥ d HEER 1

}

/] FEREREBEEFEHAE nums

for i in nums.indices {
nums[i] = res[i]

}

}.

/* BEEHHRE +/
func radixSort(nums: inout [Int]) {
/] FREEANRATER, BTFHIMRAALE
var m = Int.min
for num in nums {
if num > m {
m = num
+
}
/] ZEMEAEISAARE &R

for exp in sequence(first: 1, next: { m >= ($0 * 10) ? $0 % 10 :

[ FEATENSE k HITIHEEE

// k=1 ->exp =1

// k=2 ->exp =10

// BNl exp = 107(k-1)
countingSortDigit(nums: &nums, exp: exp)

It 2 NEARNIT 4 HER?

FEESHIHF R, E—RHr ST RIEER, 20k, RSB —HHFLI R a < b,
M _RHFPER a > b, LB AIEREBIE 8 R, B TRFIEMALLEHE TR

i, RIERIZISEHRF AL L,

11.10.2 EHxi5

T TR, BT IE T EUEYO B RRRIG U, HRTSEE B0 ] DAFR A S b3 =X, HA
BORRERL K, BN, T2 ONE & (R EE0F, ROV HAE kK, ATRESEURFIE 2% O(nk) > O(n?)

o

- RREZER O(nk). TEEDERHEF: BREREN n. BN d Rl AR b, WIXE Rk
FTHEHEFER O(n + d) W, HFFTE k S8 O((n + d)k) I, BHERT, d ik HHE

b, B 20T O(n) .

- BEERER O(n+ d). EEHHEE: SHHEHEFHER, BEEHrFEEDKE n # d (%A res

1l counter ,

- REHbE . L EGEERER, BEEHPT R, S ARER, HEEHR R ORI S SRR

HraiRe
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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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F£128F #74

Abstract
MEHOR 2R, B — IR &S E o E R,
DMEZRT = PERNFEL: NERME, —UEAHEE 2
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12.1 #aEE
9378 (divide and conquer), 2FR3MIG2, & —MAEF EE HH WHYE LRI, /Ma@EwEETEAH, &
8“7 M98 MNP,

L g3 (RUITEED : BVTHCRE R RIS o D2 1o, B R ENE RN T FEN 2R L,
2. 16 (BIHHED : NEAIRER/DTREITR, MRETHCR 1 AT S, I B 5 A

HfiE.
niE 12-1 Fow, “VAFEHERET B TESRIS AN 2 —,

L g3 @A R (RMED K R F8d (7)), E8FHARR TR (Bh TR,
2. 16 WEETHR AP (FRERR) #ETEH, NmEEERREEE (R .

rooa (RIS
B)

BMFiERE

- A (EHEH
B)

B 12-1 JAFHP R R SRS

12.1.1 fATHIERSEIRER

—ANRBREIE S ERA DA, 8 R A% LN L HITREE,

L. FVEIRTCA R [ RI R AT DA RS /)N, RO TR0, DARZRERS DA A1 77 s A st T8 o
2. FIJSURMNIN: FREZ WA ES, DAMKE, A DRSO,
3. FRERMMTAETF: R R & 7 RS K,

BAR, VAHHE R DAL =AW,

L. MUSITCA R B R (RAED I A 78 (D,
2. FRISURMNIE): DR DU THE R (7RI A] DU HE TSR .
3. FREMMTUEH: WNEF R (FREE aJEHF N —DMERSAE (RREERR
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12.1.2 @I EIRAME
SYEAMU] DU RO RO, AT DA EIEReR, TR AT, PudiHi. VAR, e
FHB TR, B, BAHFEE, LR IR T 99450,

M2, BAIREELN: Mt2smian] DRIP RS, HORZZHR2? SaiE, KRRE A2
T, BTN R T RIS IO SR AR, X L RIRCR N 2 LU B R ORI RS R S 2
XA R A] AR EECE A AT TSP 75 TR I 18,

1. BFHEMRK

DL “EHEE i, FALE KRN n BT O(n?) MTAL BISBATHIRE 122 iR,
BEM A NP TAEL, RIS TEE O(n) M, HFESNTRATE O((n/2)?) HH, &R
FREATE O(n) W, MARFIEREN:

2

O(n + (g)2 X24n)= O(% + 2n)

FEEEEEEE FEEEEREE
by

o(n)

BiasF BigHF BiadF
o(n?) 0((n/2)2) 0((n/2)?)

DEEEEEEE

Bfx o(n2) Bk o(n2/2 +2n)

B 12-2 KBt Em B iEHT
FRR, BATHELATAERX, BB 739375 BRI 5 e 5

2
n2>n—+2n
2
2
5 N
—— =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,

L HRIERIXE [i, j] PR m, R EHRR— SR,
2. BRI N —F I F R, AIRED f(i,m — 1) 8 f(m + 1,j) .
3. TEINES 1. BANEE 2. &, HEHE target X AN ZIIR[E],

B 12-4 JoR THEREA A 0 EHOTR 6 B iaiE i,

A

2 .
f(o, 3) an 12 15 23 26 31 35]
" W

(2, 3) [1 3 nn 12 15 23 26 31 35]
A

m

\ 4

BEREBTE 6 MW&KS|A 2

B 12-4 —ERIIEERE

ESHREH, AT EITFEL dfs O FKRMIE £(i, ) -

// == File: binary_search_recur.swift =

[* ZHEHK: \E F(L, §) %/
func dfs(nums: [Int], target: Int, i: Int, j: Int) -> Int {
// BXEAZE, KFLBirxx, MWRE -1
if i>3 {
return -1
}
[/ TEHRSRES m
letm=(i+3) /2
if nums[m] < target {
/] BVIAFEE f(m+1, F)
return dfs(nums: nums, target: target, i: m + 1, j: j)
} else if nums[m] > target {
/] EVIAFEE F(i, m-1)
return dfs(nums: nums, target: target, i: i, j: m - 1)
} else {
/] #EIBtrm®R, REIHZERS|

return m
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hy

[* ZREK */
func binarySearch(nums: [Int], target: Int) -> Int {
// KRR £(0, n-1)
dfs(nums: nums, target: target, i: nums.startIndex, j: nums.endIndex - 1)

h

12.3 9 -Xiin)E

Question
i — MR XA RT S preorder AIH S inorder , 15 MHATEE R, IR[E] AR
Mo BIZ=XWAREEEENT R (WE 12-5 FirR),

BiFFER
/ \ BEE-Rin preorder
HhFiEmn
inorder

B 12-5 Fs = R R BIEE

1. HERRE RS AR

JRAEUE A M preorder 1 inorder M XM, E— AR ERIT,

- WS RAS i MHARIA I, BRATTRTDURE I BTR3NS M e Fp . ARG 1,
=58 OIHAHARTT S TN TR (D, AR IR A DA LRI 771%, HHK
DNENFR (FRED, BERXFENFR-E (R Lk,

- FRSURBNIH: RGN, ENZRA 2%, AR, BITRFRE
PR 3 P AT P i P PR 5 2 TR B AR e A5 TR TR B

- FREREAAETE: — BRI TE TG TR (PRI, BATHEAT DR EMNBEREIRYT & L,
2 A AT

2. MRS Fiv

ARAE LA B3, IXIE AT DAGE A i skoR I, (B i3 preorder AP inorder X3/
TR TR E?

HHEE X, preorder F1 inorder #BA] AR A ="NEE5
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CORIFES: [ RER | EFW | BFR ], BIE 125N L 3 1 91217 ],
oS [ EFW | BTR | AFR ], BIE1R2S5MM L9 131127 ],
DA EEEEE B, AT DS E 12-6 Fsr2 BRIG R RI D455,

1. BiFIBAE TR 3 AR AE,

2. BRI 3/ inorder FIRSG], FIHIZZRSIFK inorder XN [ 9 | 3 | 227 1,

3. MR¥E inorder MIRIDEER, SSETRAG THET SEESHIN 13, MmAlEE preorder XI5
RAL31912171,

HRERAMATR

HiFFi#EFH preorder

HEHRRT ARG

@ @ HEER  inorder p—
: : ' 3SR
EFnE
184 % \

AiFFER  preorder nnn

12-6 1Al e i DA P i A I 7 g

3. EFTERAFHEE
RIELA BRI 7575, BROTELASEMRT R, £ A FWATE preorder fl inorder HIRESIXE, AT
HRXEERG (XA, BAIFEME LR,

- B4 ETR AR T SSLE preorder YRS IE N 7,
- BRY R IRR T SSAE inorder IR GIIE N Mo
- Y FIRAE inorder RS IXEITEA [1, 7] .

W 12-1 fiR, @ DL EZR B EIA] RRHRT S AE preorder IR SG], DA FHLE inorder AR T|X
(518

R 12-1 AR SR AR LE A Pt DO A e T R 2R 5 |

R FAE preorder Y| FHE inorder FRRYZR S| XH]
i i [l,7]
TR 1+ 1 [l,m —1]
Tt i1+ 1+ (m—1) [m+1,7]

HIERE, AFMIRTERIIPN (m — 1) &0 iy s’ @R 12-7 B,
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@ L2 ST11,
preorder an...
A A A

@ @ i i+l i+1+(m-1)
E=st 17

inord(:" naa

o O v

B 12-7 MR AR TRIIIRG X RN

4, REB%EM

A TRAEW m IR, AU — A7 hmap SREGEEE inorder F TR R R TR :
// == File: build_tree.swift =

/* TIREZXM: 298 */
func dfs(preorder: [Int], inorderMap: [Int: Int], i: Int, 1: Int, r: Int) -> TreeNode? {
[/ FRX[ERTRELE
ifr-1<0 {
return nil

}

[/ MBEIET =R

let root = TreeNode(x: preorder[i])

// BB m, M9 ERFH

let m = inorderMap[preorder[i]]!

/] Fia: AT

root.left = dfs(preorder: preorder, inorderMap: inorderMap, i: i + 1, 1: 1, r: m - 1)

// FiERR: WEAFH

root.right = dfs(preorder: preorder, inorderMap: inorderMap, i: i + 1 +m - 1, 1: m + 1,
< r:or)

/] REMRT =

return root

}

/* MEBEZXH %/
func buildTree(preorder: [Int], inorder: [Int]) -> TreeNode? {
/] MBLRER, 7% inorder TEINZRGIAIMEY
let inorderMap = inorder.enumerated().reduce(into: [:]) { $0[$1.element] = $1.offset }
return dfs(preorder: preorder, inorderMap: inorderMap, i: inorder.startIndex, 1:
< inorder.startIndex, r: inorder.endIndex - 1)

12-8 J&/R T A — W AE IR, BT RURIER N 7 AR, miEsL (5IR) 2IER
B 7 BRI,
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-]
v 00008 9

preoraer (3 @2 (1 (7 @
inorder (B3 (1 (217

preorder aa
inorder na /
o o

= ]
Step 3 Step 4
° °
= =
Step 5 Step 6

@ inorder

/ 3 9 2 1 u preorder
D O
@ 9 3 1 2 n inorder O

st

=0

[ Step 9

K 12-8 M = XRAEI1E R
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BBV RE MR ET T preorder FIHFET inorder (IRIE5RA1E 12-9 Fir,

oo (O OO@
e OOOOEB

é 0eg -
0 ::000 -

® 9gsmn.

2 =0

12-9  FMEHRBHHRIRID SR

R SRR n, WIARE— TR (BUT— MRS dfs ) ) I O(1) iriEl, PRI E PRI )5 5
JEHR O(n)

575 K7 inorder TTREFIRS MM, BEEREN O(n) . EREHER T, BI-XRIBHOVEERN,
JAREEXS n, EH O(n) KBRS E, FEAERERER O(n) o

12.4 NiBIEIRER

FEVAFFHEFP R I SR AR, BATIHR R e T A o - RIS A S [ — A - [RD, SR e £ 1)
A, BATIR AR 70 i SR

Question

LE MR, DA BRI C, BIGKRET, HF A LEE n NES, BN LRI FZEMNNEIK
BN FHES . FRATTAESS R EAEIX n DEBBERT ¢ |, HRFENNEETFAZE (WE 12-10
FirR). TERENEFRIIS RS, FHEESF LT,

L RS HRBEN—HRAE T TR, M5 —HRAE T TR
2. BIHRER S — PR,
3. /NEIELANZIN T REEZ b,
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a_L L

Y #HEESM A BHE C
A B C

B 12-10 JUEEREURA

BAEREDN @ RDUERE RSN f(d) . Bl f(3) R34 3 DEF A BEhE ¢ DTSSR,

1. ZEELFHER

Qi 12-11 fizR, AT f(1), B RE—DEER, BROTREERZM A B3I ¢ B,

~L1l 1l4

R £(1) WPR:
HFGEZM A BEHE C BIF

@ f(1)

| Step 1 Step 2

B 12-11 AUBDN 1 YA A

Qi 12-12 fows, N TR f(2), RREEMAEEN, BT ENRWEDERERREZ |, B

B R5eIEEN,

1. e EE/NEFMNABEB,
2. BEREFEMABZEC,
3. &K/ NNAZMNBBEEC,



B128E iR www.hello-algo.com 254

=11 Lil

R £(2) SR
A f(2) 1. BOESRM A BEHE B
Step 1 ‘ Step 2 ]
A B C A B [
fBR £(2) WSR: R £(2) SR
1. FDEEM A BEHE B 1. FNERM A BEHE B
2. BAESM A BEHE C 2. BAERM A BEHZE C
3. BIESM B BEHE C
Step 3 Step 4

B 12-12 BUEDN 2 B[l fig

fRRORIFIEE f(2) B FEnT S BMABIERAEE B M ARSSE ., Hdr, CHAOVERME. B FRONZRMEL

2. Fin@shE

T f(3), YA =EEN, R EMMERT L%,

FOYEAT f(1) F0 f(2) BIf, FrUARRATATAMIA M ERE, B A BERIIPABEEREE—-ARIE, $0T7E 12-13
FREI R, XA =N RS IRt A BB C T

1. £ B NEAE, ¢ A%MHE, HHRNESMNABEB,
2. ¥ A HPEERF— DR A BEEESIZ C,
3. & C HEFE. ARZMWHE, BRMESEMNBRBREC,

a | | L4l

A B c A B c
R £(3) WPR:
i £(3) 1. FAEDEEM A BHE 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.swift =

/* BEh—1EE */
func move(src: inout [Int], tar: inout [Int]) {
// M src TiHEH—IEE
let pan = src.poplLast()!
// BEEBRN tar TP
tar.append(pan)
}

[* KEEEER f(1) =/
func dfs(i: Int, src: inout [Int], buf: inout [Int], tar: inout [Int]) {
// & src RFT—PEE, WEEEEZE tar

if 1i =1 {
move(src: &src, tar: &tar)
return

+

// FiERE £(i-1) : ¥ src INEP i-1 NEFEMEEY tar #BE buf
dfs(i: i - 1, src: &src, buf: &tar, tar: &buf)
// FiEE £(1) : ¥ src ME—1PEEHEE tar
move(src: &src, tar: &tar)
// FiE@ £(i-1) : ¥ buf & i-1 NEEMEB) src #BE tar
dfs(i: i - 1, src: &buf, buf: &src, tar: &tar)

}

[* REEGEER */
func solveHanota(A: inout [Int], B: inout [Int], C: inout [Int]) {
let n = A.count
/] FIREZPEHFFINE
// ¥ src TRZp n PNEREREE) B %3 C
dfs(i: n, src: &A, buf: &B, tar: &C)

aniE 12-15 Fw, POESETRETE R — RSN n BRI, ST RRE—DF R, M —NFER dfs()
R, PERRIERED O(27), TBHEREN O(n) .

12-15 DUESE 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.swift =
/* BiFEEH: BlE— x/

func preOrder(root: TreeNode?) {
guard let root = root else {

return

¥

if root.val = 7 {
/] iBFfE
res.append(root)

}.

preOrder(root: root.left)
preOrder(root: root.right)

BB =X,
FIEREHN 7 HTHS

AIFFEH
 @SFTR

13-1 1Rl R A

13.1.1 =iH5ELR

ZFR PR Z ML, REOVZRIR R RN 2R 27 5 “RHR” KRN, HRIAERRY
BRI N IRS TR RS T BT IR G 2 R S5 AR AR, B AOH E— PRk, R E Z AR,
ZIAH AR AT REAIE R
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AT —, iR REAR K “ZRX7, B S E0R AR A return MIFR “MNRY,
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.swift =
/* BiFEHh: BlE= «/

func preOrder(root: TreeNode?) {
guard let root = root else {

return
k¥
// =i

path.append(root)
if root.val = 7 {
/] IBRAE
res.append(path)
¥
preOrder(root: root.left)
preOrder(root: root.right)
// [Eh&
path.removelast()

TR “ZRA” rh, FADE R YT SR path RICHREEAZ; WfE “FHR” A, FATFHZERIZT M
path afit, PAREARZIX ZATHARE,

WERIE 13-2 Fonfid e, AT AR M ILRBE ) “HilE” 5 “WH”, WMNRET ¥,

iy Fa
4 \ RN 1 )
‘///ﬁll\\\\ Sl IR, BHRS ;;;/Q:Z\\\ i BTG, ERRES

EiB: RERE, RHRE EiR: RERT, HHERE

o 4 path = [1] ¥ ) A
/ \ / \ / /\ / \ BEITIR 7, WBBEFMELR
N p /e res = [] p . ‘/,’ \‘ -t
Step 1 Step 2

/72 @ \
el ) < )

Q &5k SRIBEFH, BIRS Q #id: BITEFH, ERRE
EBE: RERS, EHEE L3 CEESS, (2
Ny A\

\G\X‘ path = [1, 7, 4] /a\ path = [1, 7]

'O/\/ ) /\o/ res = [[1, 71] (5) \é res = [[1, 7]]

Step 3 Step 4
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13.1.2 B9

2R [ I D OE 1 — DB N, AR AT “BIE

£id: BIWH, BRRE
EB: ERE, RBRE
path = [1, 7, 5]

res = [[1, 7]]

£id: BIEH, BRRS
ElE: RERT, REEE
path = [1, 3]

res = [[1, 7]]

20 BIEH, BRRE
ELE: RERE, RHEE]
path = [1, 3]

res = [[1, 7]]

‘ Step 11 |

Step 10

Sid: BINBH, BRRE
ELR: RERES, REEE
path = []

res = [[1, 7], [1, 3, 7]]

K 13-2 ZiL5[ER

i BIEH, EFRRS
EB: RERS, RKHEE
path = [1]

res = [[1, 7]]

S BITEFH, BHRE
EHE: RERES, RECEE
path = [1, 3, 6]

res = [[1, 7]]

ik BITEFH, BRE

EB: RERE, RHEE

path = [1, 3, 7]

BETR 7, WEBEFRNELER
res = [[1, 7], [1, 3, 7]]

il =

FE R ERATEE D 7 BT, IR BT REIX ST SRR, FFERBRTP AR ESEN 31
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NT RN AR, BANHERMBIEARE: EERERES, FH82EN 3 WA, WHRAHEE, T
MEHLR, B NATR:

// == File: preorder_traversal_iii_compact.swift =

/> HiFF&ER: GlE= x/
func preOrder(root: TreeNode?) {
/l B
guard let root = root, root.val != 3 else {
return
¥
!l =i
path.append(root)
if root.val = 7 {
/] ERAR
res.append(path)
I
preOrder(root: root.left)
preOrder(root: root.right)
// ELE
path.removelLast()

“BIR” R MNERERIAIE, WE 13-3 R, EEZRERET, Bl 9T 7R LSRR R
X, WRFZIERIIZER, MIMiEE TR,

B @RER 3 MHRNREHRE

BRI SRR A TR AR R )
MinferHERME

.............

13-3 HRARLIRAAFBIEL

13.1.3 EZKES

TR, BNZLHEN “20, FOR, 3987 ATMAHEZRIERHSK, TR Ry P,
FEDAUTHEZRARS T, state FORMEIAILATIRA, choices IR AIIAZAS T Al DA HI AI%ERE :

/> EIMEEEZS x/
func backtrack(state: inout State, choices: [Choice], res: inout [State]) {
/] ¥R T AR
if isSolution(state: state) {
/] iBFRfE
recordSolution(state: state, res: &res)
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/] TBHREIEE
return
}
/] BHAFEERE
for choice in choices {
/] B FIENEERRT G
if isValid(state: state, choice: choice) {
/] =i MEEE, EIRS
makeChoice(state: &state, choice: choice)
backtrack(state: &state, choices: choices, res: &res)
/] [EhR: HEEERE, MERZEIRES
undoChoice(state: &state, choice: choice)

BETRoK, BANTETEZRNAERMBRFIE =, IRE state N AUEFHIKIR, 8 choices MY M AEF
TRAG TR, 5E res BIEEEYIFR:

// == File: preorder_traversal_iii_template.swift =

/* FIETHFIRESEE R «/

func isSolution(state: [TreeNode]) -> Bool {
Istate.isEmpty && state.last!.val = 7

F

/* 1IBRfE */
func recordSolution(state: [TreeNodel, res: inout [[TreeNodel]) {
res.append(state)

}

/* FIMTEHFIRE T, HERRTEE */
func isValid(state: [TreeNode], choice: TreeNode?) -> Bool {
choice != nil && choice!.val != 3

I
[* BHRE «/

func makeChoice(state: inout [TreeNode], choice: TreeNode) {
state.append(choice)

I
[* MERE «/

func undoChoice(state: inout [TreeNode], choice: TreeNode) {
state.removelLast()
}

/> EIEE: GlE= «/
func backtrack(state: inout [TreeNode], choices: [TreeNode], res: inout [[TreeNode]l]) {
/] WEERTNMR
if isSolution(state: state) {
recordSolution(state: state, res: &res)
+
/] BHAFEEE
for choice in choices {
/] Bt REEEERET
if isValid(state: state, choice: choice) {
/] EiE MEERE, FIRE
makeChoice(state: &state, choice: choice)
/] HITTFRIEE
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backtrack(state: &state, choices: [choice.left, choice.right].compactMap { $0 },

< res: &res)
// [ELR: #EEEE, MEEZARE
undoChoice(state: &state, choice: choice)

RAERUR, BAHEIREUED 7 B9 RUGROZREHER, LT R Ik 2 Ja 9 return AR, & 13-4
XL T REEUMER return IEATAVIE R,

*Y return #IE& return
iERBRIRE, FHEYS4SIER IDRBEFEE, HEHER

K 13-4 RESMER return S RIS RN L

LR TR0 G AR SR, T R AR 2R AR Sl AR BASIB IR, (HiEA s Lr, hil, %
e 9 o) B ] PAFE i 2R B, BT FARIE B AR Bk E X state 1 choices , FFSEEMMEZEHI&NTT
ERIAT,

13.1.4 FRARIE

N E BT EIA NS, BAVEES— PRI E HAERS X, FExRBIE =45 1 BRG], a1k
13-1 FfiRe

% 13-1 H R EHEIEATE

i Y =

fi#2 (solution) fRZMCHERERMFIIER, AJREA DD RIVREIT R T B LR R AR R

AR AR R BRI T T &, EEAH BEREPREST A3
(constraint) FEIR;
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i Y =

K& (state) REFRABERE - NZIREY, OFECLMMN YaTC R SR, B path 175513
prin e

E=25 ZIR MR T IR R B AR, A BIATRAE (G) 71, B9 path

(attempt) kR, BERURE, KREZA VR AW SHMEZ SN T

EIpES [EIRHEIBEIA M R LR A MERVIRSE, BEHATHEM  SEEM AL SRR, BEIEN 3 1

(backtracking) HiFUEERE, [EIF] E—IRES RN IR, HEORE

153 SRR ARYE IR PRI A R SR A e R YRR HIBRMEY 3 B9 RN, MR Pakauig R

(pruning) BRIZITTIR, PITRRERACR

Tip
AR, SSRGS RIEARY, E2i6, B, shS, sOEFERIETEHEY K.

13.1.5 i 5RRYE

EIIAEARR E R — R EMRICERETE, EERE fl et T REEIRAI B 00, XM IER
R ETREARBIFT A Rl REAYMRR 7 &, M HASHEEIRIRET, BEERENRE,

SR, FEACER RIS Bl & 2% )iy, [l ks s ReR n e AR SZ .

- W (IR R e P RS R A RITRE, IR IR 2% B AT DUR SR B =l 3l
- 2] ERAR R THRERA L AT (BIanEs e, A T3R8, SRR, =56
FORARERZIFRAK,

RIMEELRIE, Dl AT Y SR S e 5 R ) SR 24 G o DU B AR R TT 8. XTI R (R, Hh T Ie i ponul i
SRR A A R AR, DRI RO i AT RE ISR TIR T, TERXAMEIE T, SREUR MR ReR,
H OLHTCR I T I E WA,

- OBPRL RIS E ST A MRAIREAR, AT A I AR A

© EEAER: ERRYEP I LRIEEE G THE, AR EA AT RE A R IR,

13.1.6 [G]¥AHEY (5

[l SRR T TR ORVE 2 AR IR, £ 3R 2 RN 4 & (LA Al
R IXERER) AR RE R R E SRR RTT %o

- EfIRE: AE-NRG, REHFTERTRERHIA S

© TERMAE: BE-NRAM DN, KERSHAEN BT 15,

- DOEEERL: 450 = HUAE TR — RSN RIRY RIS, ZORE A B S R 3h 2 55 — IR T,
BRHRER S — N EE, BARERRRERAE DR B,

LT R ML X2 H AR R S A LR
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- n2iE fEn x n IRE ERE n NEE, EREMEARD,
C Bl E9 x 9 MIRHIEAR T 1~ 9, fERET. YIRS 3 x 3 TR AEE,
- EEGRE: AE—-NEmE, AROHBESERNENEES, EEHBTEEE AR,

HEMALmE: XK EPREAE— S 2 A R R R R SR A AR AT

- O-1HERE: S —Aai—NEE, MR ENNENER, ERETEEFERGIN, %
B IR S AME R R,

- RATREIAE: £DNEF, N DR, IRATE EA SR IR R N, SRR,

- ERRHIAE: BE—DEAE, KBRS TR, BFERREEN DR Z REEIHE,

HER, STirE2HG RS, FBASRRIEIRTTER,

+ 0-1 Gl i 6 BN SRR, DOSE S m BRI,
- IRATRIE D EAAR NP-Hard A, 8 A B BB RIA S,
- KUV EE R — DA, aTH SUORTESE B A NRTR R,

13.2 £Hin)E

EHES SR AR R — DRI, BRI SRS TE —MRE A — PSR BERT, X
HHATCRIIFTH ATRERTHES

R 13-2 528 T LRGSR, G AR S A HES
®13-2 EHFIRHA

PN e FR A HEA

[1] [1]

[1,2] [1,2],[2,1]

[1,2,3] 11,2,3],[1,3,2],[2,1,3],[2,3,1],[3,1,2], 3,2, 1]

13.2.1 THETENER

Question

A DREEEEH, HP A EEESETR, REFTHTRERIHE,

MIEELIN R, BATTA] DA RSN PR GUR — RINEFRINEE R RIS [1,2,3], W
RILAVeER 1, M3, BJEiEst2, MPSHS (1,3,2] . ENRFRREE — M, Z/eakekstilH
i+,

MBI R, RIEERE choices BEIABATHATATTE, KA state BEE HATCHILEERITT
Ro WHER, BTMCRRARPIER IR, KL state PINFTECRABM Z2ME I,

G 13-5 For,  FATTA] DORHE O R T R — BRI VAR, MBI RS RTIRAS state o MRTTA
T, S —RIEREEIAMT R, T R R — MRS
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BRIk

B13-5 HR3IRE IR

1. ES%EEIEK
AT RGN TCERBEFE IR, BIAFESIA—NA/REEA selected , H selected[i] For
choices[i] B&EEHIERE, HETELI L NEIRIRIE,

- EfHI%ERE choicel[i] J5, FA1miHs selected[i] MRME N True, RFEEHHERE,
- IBPIIEFRYIER choices B, BRdATE EBOEREI i, BIBTAL,

G 13-6 R, RIS —HeERE 1, 4005 3, =ikl 2, WIREAS “HIHRITR 103,
TEH=48CR 1 HIICR 3 03

:

&EnEN 1, 2, 3

Wt 2
o HEEHEENTER 1
BIRERE 3 FFEETERN 2, 3
.01 ;1 09__
HERERE 2

B EHEENTE 1, 3
FFREETER 2

13-6  EHHBTETRA

W 13-6 KB, ZIRRIERAERERA M O(n™) BAE O(nl) o
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2. KEBsEm

BB MEEZE, AR DAIEREZRARIE i “TRES” T, N TR, BATA ARSI
ZERIEH DR, TRKENEITLE backtrack () BRI :
// == File: permutations_i.swift =

/* EIREIE: 285 T +/

func backtrack(state: inout [Int], choices: [Int], selected: inout [Booll, res: inout [[Intl])

-
{
/] BREKEFTTEHEN, ERi#
if state.count = choices.count {
res.append(state)
return
¥

/] BHAFEEE
for (i, choice) in choices.enumerated() {
/] B FARAFEEERTR
if lselected[i] {
/] Ei: MEERE, FIIRE
selected[i] = true
state.append(choice)
/] #HITTF—RIEE
backtrack(state: &state, choices: choices, selected: &selected, res: &res)
// [ELR: HEEEE, MEEZAIRE
selected[i] = false
state.removelast()

hy

/*x 2H5 T +/
func permutationsI(nums: [Int]) -> [[Int]] {
var state: [Int] = []
var selected = Array(repeating: false, count: nums.count)
var res: [[Int]] = []
backtrack(state: &state, choices: nums, selected: &selected, res: &res)
return res

13.2.2 FEHEFTRIER

Question

AR, BAPaTRER S HE R, IREATE A EERH,

B NEE N [1,1,2] 0 AT HEXSRAEE TR L, RIOBE A 1iIEH 1,
i 13-7 R, BT IRAEREIHSIE — R EE R,
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BRIk

BIERE

_—

BAEIR A EE S

K 13-7 EEHA

M2 RBREERIHAIE? RERH, FEME—MERES, ERXNHISERITRE, ARMIXAEHC
U huHE, PUONEREEHIIRHER T A BE, MSGERTRADFIAEE, Xk ] DO — IR RIARCR

1. BEFTREK

WUESIE 13-8 , (ESR 40P, JEF 1 sl TSN, (EXPIANERE S R R HE R RN, Hit
I IZIE 1 87KL,

FIBE, (EE—HRUERE 2 25, B 1R 1 AR EE S, IR e 1 87k,
MARBLEE, B HAR AR —REED, RIS M HSFRT R BHERE—IX,

E—iRE
o B
o=
BRIRE
.ﬁ%§§W1
QR#EE—R

BRERE

K 13-8 EHEHFITIR
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2. KEBsEm

£ L — B R b, A5 EBES - HIERETIFTE — MEH%ES duplicated, HITICRIZHLHES
ZHEHTR, R EE TR

// == File: permutations_ii.swift

/* EIEE:. 2H% 11 %/
func backtrack(state: inout [Int], choices: [Int], selected: inout [Booll, res: inout [[Intl])
o

/] BREKEFTTEHEN, ERi#

if state.count = choices.count {
res.append(state)
return

¥

/] BHAFEEE
var duplicated: Set<Int> = []
for (i, choice) in choices.enumerated() {
/] Bt ARTEEEETRE B FAFEEREESETER
if !selected[i], !duplicated.contains(choice) {
/] Ei: MHEE, FIRES
duplicated.insert(choice) // iBFREFELHITEE
selected[i] = true
state.append(choice)
/] T RIEE
backtrack(state: &state, choices: choices, selected: &selected, res: &res)
// [ELR: HEEEE, MEEZ RS
selected[i] = false
state.removelLast()

i

/*x £H5 IT %/
func permutationsII(nums: [Int]) -> [[Int]] {
var state: [Int] = []
var selected = Array(repeating: false, count: nums.count)
var res: [[Int]] = []
backtrack(state: &state, choices: nums, selected: &selected, res: &res)
return res

[T PP 2 FEL AR, W ANTEEI nl B0 (098); 1EI0RESRI, TS HIKREN n 15,
W O(n) WL EEMESEZIER O(nln) .

BARIBITREA n, M O(n) fiizH, selected ffiH O(n) =2, F—NZI&ZHEE n 4> duplicated
, A O(n?) z=ifl, WEREZER O(n?) .,

3. TMEIRIRILL

EFE, B selected Al duplicated #FH TBIK:, HIHHEM ERARRF,

HARRIE: BNMERIEF G 1 selected . BICFAZYATPRSHEZLEITLER, HIEHRE
AN TTRTE state PEE I,
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- M EWE: S (BMERIR backtrack D #EE— duplicated . BICEAEIEA
Bl (for fEHF) AR T E2EMNERS, HIEHBHEHS TEREERE—IX,
&l 13-9 &R T BT S AR RGE L, TR, MR AR R — NG, MR s 3 2
8N A R — MRS,

o 5o
C;P._Q\\ 2
BER— <
BTN (1, 1, 21 [1, 2, 1] [2, 1, 11 nEKF= §

K 13-9 MRBIRI R AFAPE VE

13.3 FEMin)E=H

13.3.1 TEETENER

Question

HE—DIEBEEEA nuns F1— 1 HFRIEEEEL target , EHRHFTARTRENA S, HHRHAGHRITE
ST target ., HEFALEE LR, BNILRADBIERZ R, HUNRERRENXLEHE, 5
KA UEEIHS,

fian, WMAGES {3,4,5} FIERELY, @M {3,3,3},{4,5} o WEERLATIMA,

AR TR DR R,
- FERRATERIE, e {4,5) F {5, 4) BR—AFE,

1. BELHYTIRE
KT LHEA A, FATa] DHE R4 BSOS AR B — RPNERRLE R, FHAEEFI RS B TR
M7, BILEMET target B, FUEFEICRELEEYIR,

M5 2HAI B FEEE, ARSIl DIBCBROGER, FILTCAfEE selected f/RIIFRKIDFR
TR CPOER, AT PO 2HEAI I T MEE R, 912515 2R s -
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// == File: subset_sum_i_naive.swift =

/x> EEE: FEM I +/
func backtrack(state: inout [Int], target: Int, total: Int, choices: [Int], res: inout
o [[Intl]) {
/] FEMZETF target B, IZRMF
if total = target {
res.append(state)
return
+
/] BHEEIEE
for i in choices.indices {
// BNy BEFEMBE target , MBI ZIEEF
if total + choices[i] > target {
continue
¥
[/ EiRt: MEiEE, FHTEN total
state.append(choices[i])
/] T —RIEE
backtrack(state: &state, target: target, total: total + choices[i], choices: choices,
< res: &res)
/] [EhR: HEEERE, MEIZFRRE
state.removelLast()

}

/* KEBFEM I (BEEEFE) */
func subsetSumINaive(nums: [Int], target: Int) -> [[Int]] {
var state: [Int] = []1 // K& (FH)
let total = 0 // F&H
var res: [[Int]] = [1 // &RIIR (FEIIXR)
backtrack(state: &state, target: target, total: total, choices: nums, res: &res)
return res

ML A B (3,4, 5] MEARTR 9, WHLEE0N (3,3, 3], [4,5], [5,4] o BRI T AR
9 W¥aE, EHPAEREIN T (4,5 M1 [5,4]

KR EOVE R R X IR, SRR MERENF, & 13-10 foR, Joik 4 J5ik 5 576iE 5
JGiE 4 AR, XA — DT,
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choices = FoRH
target =
BRI
JTEM >9
B +5

B

B 13-10 FHIERGEFETE,

NTEREETE, —REEN SRR RIIRE TR E, EXDTTERERRIE, APTH R,

- AT ERRZ, THRES target BN, EREESERBNEE FE.
- HETR (D) RFEAFFEREN, TEHIPEE, BHRSAEP R ITRRR,

2. EEFEH

BATE BAEE RSB PEE BT R E, WEE 13-11, EEFREE AR T RN AR,
Ban LA B oL,

L YGRS TR IR 3 4 I, 2AREESEXM N TRNAAFE, 128 [3,4,...].
2. ZJa, HERIERE AN, WIETRMIZBE 3, BV AR FE (4,3, . ] M8 1. SPER
My eEs,

FEERIEY, G ZENERRREMNEEIGHER N2, FIEEEAR 2 B,

1. FIFEERE S5, T (3,5, ... ]

2. WIPHHIERE AT 5, AERTHE (4,5, ...].

3. EE RS, WP RMIENEL 3R A, FENTE (5,3, . R (5,4, ... ] 55 1. BRI 2. Hoh
HRHY T H5e 2 E A,
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choices = a

B Bt 3
BEEEFE

FE O [3,3,.] [3,4,.] [3,5,.]

i

~ ~— ~ -

ERFE ESTFE ERTHE

13-11 ARLESNF SR ES 75

R, BN (11, 0y, .., 2], RIRBTREEFFIIN [z, 2, .o 2, ], MR
FEWL ) < iy < < iy, , FIREAIIERTIIR2EREL, BTk,

3. HEEm

WP, AR start, FITHRBHRIA, MRS o, )5, W& F4ME3 i IF
SN, IXRERORTT ORI iy < iy < - <., ATHRIE 75—,

BRI Ah, BABEXEREST T LA I,

EIF RN, JeBEE nums HEF, 7EIRBIIFTEIREE, Y EME target I E S RIGIAE,
HEBRTEELR, EFEM—eiid target
BEILEMAR total , WIALE target EPITIRIZCRGEH CEM, Y target T 0 BICRE,

// == File: subset_sum_i.swift =

/* EIMEE: FEM I +/
func backtrack(state: inout [Int], target: Int, choices: [Int], start: Int, res: inout
- [[Int]]) {
/] FEMEFET target B, IERfR
if target = 0 {
res.append(state)
return
+
/] BIFREIEE
// BT M start FURIER, BREREE FE
for i in choices.indices.dropFirst(start) {
// Bity—. BEFEMET target , MIEFZLEREF
/] XRREAFHECHRF, EUTREKR, FEMN—EEE target
if target - choices[i] < 0 {
break
+
/] Ei: MEE, F target, start
state.append(choices[i])



13 E [E www.hello-algo.com

275

/] HT TR

backtrack(state: &state, target: target - choices[i], choices: choices, start: i, res:

< &res)
[/ [EHR: HEEEE, MEEZERIRE

state.removelast()
}

/* REBFEM I */
func subsetSumI(nums: [Int], target: Int) -> [[Int]] {
var state: [Int] = [1 // KE (FH)
let nums = nums.sorted() // X nums #HITHIFE
let start = 0 // BFHiCiHE=
var res: [[Int]] = [1 // &RIITR (F&EIIKR)
backtrack(state: &state, target: target, choices: nums, start: start, res: &res)
return res

Pl 13-12 A A L [3, 4, 5] FERES O $ AL L (A RO AR L,

M target
choices = a FroaMEE
target =
BIERE
Jo
E=REEE

TEATE 3 RS FC
i target EETE

13-12 FERH T [HHHd R

13.3.2 FEEETENRER

Question

B — D IEEEEEEH nums FI— D EARIEREE target , IERIATAATRERVAE S, [EEFHETRITE
ST target . G BANRERSEE LR, M URARBIER R, 1EDFIFRE R AR EH

&, VRPN ESEEHS,

HILCT R, AR A B TR S AR, XS THIKME, FIla, Aeker [4,4,5) MEfRes

9, MPERTEIHHE RS [4,5],[4,5], HITEETE,
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EIX AR S R R R IE R P B IR, 1E 13-13 Ff, SR =ik, HAmNEN
, SUAEMANEEERD, MmbES7E; [, FRNmDS 4 B AEE TR,

choices = B

(4,6,.] [&,4,.]

—_—
1313 #1470 £ SFHIES 74

1. HFTRE

DRI, BATHR LRGBS R b HREOERE IR, LISy TR EHT
[, RIHMSETTREEAHRE, XERE RS, HAATRGHAEDITRMAS, MR e ek
FId, FItEERE SR,

SRR, ABRE A B R N RESESE K, SEisfE, BAIEA] DI R start Kil 2 1Z20H:
SfHOERE ¢, 5, BE T HNRI G+ LHRmAERD . XERERPRER 754, thibif BT
ESS

2. K85

// == File: subset_sum_ii.swift =

/* BIEE: F&EM 1T x/
func backtrack(state: inout [Int], target: Int, choices: [Int], start: Int, res: inout
o [[Int]D) {
/| FEMNETF target B, iTRE
if target = 0 {
res.append(state)
return
}
/] BHEEERE
// BT M start FURER, BREREEFE
// BEif=: M start FiRiER, B#REEXEFER—TTE
for i in choices.indices.dropFirst(start) {
/] BE—: HEFEMET target , WEZEERREF
[/ XRENBACHRF, EOTEREAR, FEM—EEE target
if target - choices[i] < 0 {
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break
+
// BRI MRZTRSEDTRERBEE, RAZERSIES, BT
if i > start, choices[i] = choices[i - 1] {
continue
¥

/] =il HEE, 3 target, start

state.append(choices[i])

/] BT REE

backtrack(state: &state, target: target - choices[i], choices: choices, start: i + 1,
< res: &res)

// ELR: #EEE, MEIZFNRE

state.removelast()
}

/* REBFEM II +/
func subsetSumII(nums: [Int], target: Int) -> [[Int]] {
var state: [Int] = []1 // K& (F&H)
let nums = nums.sorted() // X nums #HITHIFE
let start = 0 // EHiCIES
var res: [[Int]] = [1 // &RIITR (FEIIKR)
backtrack(state: &state, target: target, choices: nums, start: start, res: &res)
return res

% 13-14 &R T8¢ [4, 4, 5] MIEFRTCR 9 (EMIERE, HESTOMETEERE, IR ER S GRS
&, HRERENUREE, DSBS R TR,

choices =
target = i

oo [ i

e e
F AR K& ¥ FH

Bi=
| BRERL

3“%40 [4,5] EETH

k=
THRIFER

He— SR AT

TTRMFEE
8t target

13-14 F£F0 1T [Ed A%
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13.4 n E/5ir

Question
AR EFRZAEFN, 2ER UK EHESEL—1T. —Fls— &R LT, 47%E n MERFI—1
n X n ARNHE FEMEBRTE 25 2 BJCZE BT R T %

g 13-15 fiw, M n = 40, HEADURBIRAME, WEEISNAESR, nx n KNOIBEIEE n? M

T, A T TERIERE choices . R INIE RIERIISRREAR, HERSERWHIZR L, 2SR
IRAS state,

W W

W W

— —

13-15 4 BJE RIS

B 13-16 J&oR T ARB =N BAREARELER 1T, W5, F—FXMkt, HEESERNRZ, X
L TR AL\ MO faZk [ iR,

TRER—RHAEL BRERERAEARET

& I ! |
X X : i
a8 : o
apam o= A Sl i
FREER—1T — % SRS X i i
- [ i ——
-"- ! s
x| x| % W ok
|

FHETER—F1 *ﬁEEFE];EHﬁEJ:
K 13-16 n EJERIAL RIS

1. ZF{THERR

REEEMEERNTEE Y n, RERMNEZES—MEe: ST AR Al -4 55,
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W, BT DURBORITIHE RN : WNE—1TITE, E8THE - MEE, EERE T4,
B 13-17 Ais i 4 2R FEEZITHRER R, ZEERT], & 13-17 (VT 78 —ATHHP —MERD L,
F EHAA G R ATRAN R R 77 SRR AT T BIAL

W [ W T 9] ]|
HWEH 117 } — : o | l
(588) /\. (%) (&)
W W W w
BE® 2 17 @ L
_ W W ¥ ¥
BEE 3 7 | i
¥ | 8] (& (W]
|
HE® 4 & IEE QUSE puE '
W W W w
] W] W 3]

13-17 BTICE SN

MARBEE, BTREREGES 3B, s 7 R—THIZ N 2RHNITHER D >

2. FISHALERE

AT RRANZIR, BATRT DA —MREN n FA/REEE cols iLkE SR EH Eh. ERIVERE
i1, BANEE cols KEA LRI TEIE:, FHAERMBIHNEEH cols FIIRE,

Tip
TEER, EMERA T A, HPTRIIMNEEITNEM, SIR5INERGHE,

A, GUARIALFERT f LRI TRME? WA P RS T IIATHIREIN (row, col) , IEEFERE ISR X ALk,
BATRIZXS AL LTS BATRS BSIR S [EAESE, WENAL LA R T row — col MEE H,
WEREW, R METIRE row, — coly = rowy — coly , MEMT—EMER—ZIXN AL E, FIAX
U, BATATCAME BN 13-18 FivRAIEkA diagsl ISR E &I N ALk L 2EH RIS,

A, SOk LA row 4 col RIEEM, FAIFEFARATCAEBIEEH diags2 RAPRIN f£k4)
*
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BREMBLR
RERER

Goon)

cols

BRIREHER

B 13-18  ALHEBILRFIN LI

3. %M

HER, n 4EHFEF row — col MEREE [—n+ 1,n — 1], row + col WFuREIZ [0,2n — 2], FArPAZEX
FERFIUON F LR AT 2n — 1, BIEEH diagsl Ml diags2 MUREHIN 2n — 1,

// == File: n_queens.swift =

/x> EEE: n BiF %/
func backtrack(row: Int, n: Int, state: inout [[Stringl], res: inout [[[String]]], cols: inout
< [Bool], diagsl: inout [Booll, diags2: inout [Bool]) {

// HHRETFRETTR, iERi#

if row = n {
res.append(state)
return

}

// BHFES
for col in @ ..< n {
/] IEIZEFRNEE X BEFIRT L%
let diagl = row - col + n - 1
let diag2 = row + col
/] Bt ARAFZEFEY. EXAL. RNBXLEEER
if !cols[col] && !diagsl[diagl] && !diags2[diag2] {
/] Ei5: BEERREEZEF
state[row][col] = "Q"
cols[col] = true

diagsi[diagl] = true
diags2[diag2] = true
/] BMET—1T

backtrack(row: row + 1, n: n, state: &state, res: &res, cols: &cols, diagsl:
< &diagsl, diags2: &diags2)

// [ELR: Bz FMENT(IL

state[row][col] = "#"

cols[col] = false

diagsl[diagl] = false



13 [E www.hello-algo.com 281

diags2[diag2] = false
b

h

/* R n BFE x/

func nQueens(n: Int) -> [[[String]l]] {
/] #iEME nxn K/NEVAEER, Hep 'Q RARER, '#' ART
var state = Array(repeating: Array(repeating: "#", count: n), count: n)
var cols = Array(repeating: false, count: n) // iERIIETEER
var diagsl = Array(repeating: false, count: 2 * n - 1) // ERFNALLERETEER
var diags2 = Array(repeating: false, count: 2 * n - 1) // EBRANALXLIETEER
var res: [[[String]]l] = []

backtrack(row: 0, n: n, state: &state, res: &res, cols: &cols, diagsl: &diagsl, diags2:
< &diags2)

return res

BATIE n Ik, FBIESNAR, WANETERE—ATHIE n. n—1, ... 20 1DEE, 8 O(n!) N
o MicsRMnt, FEEHIMER state HIRINE res , EHHRMEMHA O(n?) W, Fit, SO
JO(n!-n?) . FhR b, AR ALRL IR ALRERS KR MEZRAE N, NS RBER AT DL

B,

B4 state il O(n?) =0, 40 cols. diagsl fil diags2 Esfif] O(n) 2. HRABIARE I n, #
i O(n) teifizsiel, Fit, “MERER O(n?),

13.5 Ih&E

1. ESEH

- IR TUR 5 28R, I RS R T IR ROl 7 ok SHRAT & SRR, fEIERIERE A, 1B
RIS, E RS R e 5E UG5 Ho

- PERAE RS RIS RN, Bl R R R Z AR ME R, BRI
LREIFRITE DU, IR E— P a0iEse, IBEZEZATHIRE, ksl hiss, 25 mREm
NI TR RS

- [ERENE A S 2 N R, TR TSR R, SR AT DARATAT SR AN AR RS, K
IEIRTHERR,

- (IR 3 S A] T AR R R (R AR 2 (A8, S AR IR R SR AT DA BRI SR R, B
T AERR T = R A IR TR

- 2RI S EERATE RS ITTRIATE FTRERHS, BAME — M RIC RGN TR R S POEE,
SIPE E R — TR R0 3, RN ITRABOEE X,

- AEEHPIEET, EREATPHFEREE TR, WRAERSHIESHY, RNTELRMHEFTRES
ferh HREBOERE—IR, XIEWEBI— D Iam S8R5 R L,

- TEMPIER H bR ESE R G PRIV EAMER TS T8, £REAXOTRNF, MEREES
WP P REER, A EE TR, BAERWRTRRESEETHE, HRE P EERIERE K
WA, MITRE S T AR R D SO TEIRL
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- NTFEMAE, SHTRHEETTRETAERERES, BROFHEHCH IR ESR, i A ErEAT
TLRETAHFSIBIAR, MRS TR HBEpOEH —IX,

- n BERMESEIERE n NEERER n x n RSBE ERTTE, ZRTE 25 MM RICEBE
Jio BIATHR AT, SIZIHR, FXAEMIOT ALLIH, NilRITLR, BATRRAITK
BHRES, RIEB1THRE 2R,

- HILFHIS FALRETRAAE BT SR, X FAILTR, BATHA—MERIER T ARG A ER, M
fTERIEFHIMF RS G5, NTRALLE, BOUMEBIMN MR HIIERZ T, RN Ak LB GfFE
25, MERAETHREAER - (BD) MAL BRI F e ToIRT A,

2. Q&A

Q: EEREAIEITHIKR?
BHERE, B “RIARNT, mEHERRE - TR

- IRERIEEE TR, A, EREHNNA R —, BEIATEER RN,
- BEAREAARELT TR R, FHTRRE, [ SIS GRIZiE)) SR

il
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Abstract
NS NCI N ARG V(5
SRR /N B AR SRR BN A 2R, — 2020 5 | SBAT T8 (Al o [l R A8
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14.1 ¥iREhEIEY

shSME (dynamic programming) 2 —PMEZEREIAERX, ER— N RN —RIVE N T FE, 7
AT PSR R R B TR, TTRIEER T RRCR

AT, BN DRMFIBAT, eantierg s, WEHPUSNESTRE, 525 T
B BN S S

JerEEh
BE—DIE n RO, (REEPRTDLE 1 e 2 B, iERA 2/ 0875 58] ARSI RETH?

i 14-1 FoR, X1 3 Birkksd, HHF 3wy 5a] DUEEIRET,

.

TetsE 3 pisdts 3 MpE:
0515253 , 0523 , 05133

14-1 TeZIZ 3 Firid 7y s

AT B AR K77 RECR, BATInT DA R Ik 75 2 A al REME. BRI, KIEMEE SO — 12
FIERRHI R MM A, R b 1 e 2 [, S BNARERR RN R T R AR 1, i e
THURR I R H BT AL, AN R AR :

// == File: climbing_stairs_backtrack.swift =

/* B =/
func backtrack(choices: [Int], state: Int, n: Int, res: inout [Int]) {
/] HIEEIZE n MBY, HEHK=EM 1
if state = n {
res[0] += 1
}.
/] BHEEERE
for choice in choices {
/] Bt AARUEEEE n M
if state + choice > n {
continue
+
/] EZi: MEEE, FIRES
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backtrack(choices: choices, state: state + choice, n: n, res: &res)
// [EhE

h

/* Jet&kts: Bl </
func climbingStairsBacktrack(n: Int) -> Int {
let choices = [1, 2] // ®l&EZEALENR 1 Mgk 2 B
let state = 0 // ME 0 MHFFMAENIE
var res: [Int] = []
res.append(0) // fEMA res[0] iERAHE#H=
backtrack(choices: choices, state: state, n: n, res: &res)
return res[0]

14.1.1 /i*—: BhHiExE
[ B 0 o R o (R B THR AR, TR S RIRSE (E— R YIRS, @ R ey, 18R
AT RERIAR.

FATTAT LAZ2 I RT3 53 AR ) E 0 AT I SE R, IRTERNSE 4 B3t dpli] RT R, 4 dpli] sUZRERE, H
Tl A

dpli — 1],dpli — 2], ..., dp|2], dp[1]

TR HAE B 1 e 2 B, RIS FRATTUGAESS @ Brasis B, b —4enTREvhtE5s ¢ — 1 Hess « — 2B
b HANEDL, BATHAEME ¢ — 1 BTEEE ¢ — 2 BIEmE ¢ B

A R 5 — D E RIS TR ¢ — 1 Briyy RBOM LIRSS ¢ — 2 Bt 75 REORE TSI ¢ By
F8, ~H:

dpli] = dp[i — 1] + dp[i — 2]

XERE LR, A0 T M2 R ERMERR, RG] P 7 RIS R, 15 14-2
JeoR TIZIB R R
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dp[5] =dp[3] +dp[4] =8

dpl4] =5

dp[3]=3

|

EEM# n = 1 2 3 4 5 6
HEE dpln] = 1 2 3 5 8 13

B 14-2 TG REBEBHERR

Tl 1T AR A R AFE R IR R, DA dpln] JAas, HEIAHE— Ao BB N B il
BRI, EEFAE/N TS dp(1] W dp[2) B, Hr, BN TRENRECHN, 0 dpl] = 1.
dp[2] = 2, FFRMEE 1. 2MHFE 1. 2 MTE,

MEELARAAD, ERIbRE RS TIREL R, (HE &
// == File: climbing_stairs_dfs.swift =

/* R «/
func dfs(i: Int) -> Int {
// B%1 dp[1] # dpl[2] , REZ
ifi=111 1=2{
return i
}
// dp[i]l = dp[i-1] + dp[i-2]
let count = dfs(i: i - 1) + dfs(i: 1 - 2)
return count

b

/> ets: R +/

func climbingStairsDFS(n: Int) -> Int {
dfs(i: n)

¥

Bl 14-3 [ T &R ANEAN . N TR dp[n] , HEEAMEEREN n, NREREREN O2"). 1§
e TR R, RENMA—DHERE n, WXFEABRKIEFRFZH,
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dp[9]

dMé] dp[71]

dp[7] dp[6] dpl6] dp[5]

dp[6] dp[5] dp[5] dp[4] dp[5] dp[&] dp[4] dp[3]

EREMBNEINEFEARER FiRl™
SHEEEREREEM 0(2")

14-3  TErEAs XS B3 B

WUEEE 14-3 | SESORII R At i “HA TR SEAN, Bl dp[9] ¥ dp[8) F1 dp[7], dpls]
WA dp[7) 71 dpl6], WEEEE TG dp[7] .

DA, FRIEFAEESENIES 7R, FFIMMES R, B0 HE SIS EIX B+
Al L

14.1.2 FE=: idlziigs

NTRIVERNCR, B EFARNES 7 AR R, Ovitt, BATHEH— N mem RiCREN
TR, FERRERET R ES T RS,

1 YRS dpli] I, TATHICTEE nen[1], DA S,
0. MERFEEI dpli] B, FTHERTEHEM mem[i] PARHRGSE, MR 5 1% T,

(AT NP
// == File: climbing_stairs_dfs_mem.swift =

/* BIZIIER +/
func dfs(i: Int, mem: inout [Int]) -> Int {
// B dp[1] # dpl[2] , REZ
ifi=111=2H{
return i
+
// BEEIER dpli] , NEFREZ
if mem[i] != -1 {
return mem[i]
+
// dp[il = dp[i-1] + dp[i-2]
let count = dfs(i: i - 1, mem: &mem) + dfs(i: i - 2, mem: &mem)
// 1B dplil
mem[i] = count
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return count

hy

[* [CHtE: 1IBIZIEER */

func climbingStairsDFSMem(n: Int) -> Int {
// mem[i] iERMEEE i MNAREE, -1 KKRELER
var mem = Array(repeating: -1, count: n + 1)
return dfs(i: n, mem: &mem)

WEEE 14-4 , edidi G, A RS ERRETHRE X, NREREREE O(n), XZE—1E
KHY KEK,

HH
" § nEER, o
BiEEE

,///\\\\ Bl g RS ENEEZER o(n)

ERFBEESFRERBHITE—R

Bl 14-4  ICIZAIEZRNS L33 VA4

14.1.3 &= &R

IR R “TRIE” 197515 BATNERE RV JHs, i@ THRHET R o BN+
i, BEEMREMNRNFRE (MR, 25, EEEHREE 7 B, FE R s i

S5ZMR, shBMRZ—fM “WEED W75k Wb FRBRET, EAEERFRENEg, &
E=XE 2y Tbail ) s

BT SRS, R R TRERENERIEI, TAEREA, £ H, TAI9ak—
MNECEH dp SRAFIE T IRIEERTRE, B2 T 5IEIZ R EEE mem AHRIHYIC SR -

// == File: climbing_stairs_dp.swift =

/% e shSHR) «/
func climbingStairsDP(n: Int) -> Int {
ifn=1 1] n=2{
return n
¥
// el dp R, BFEMEFIRBAIAE
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var dp = Array(repeating: 0, count: n + 1)
/] RS g/ N FIaBig

dp[1] =1

dpl[2] = 2

/] REEH: MNBUNFIREUE D KRR K F 0]
for i in 3 ... n {

dp[i] = dp[i - 1] + dp[i - 2]
+

return dpln]

B 14-5 B4 1 DA RIS TSR,

= i g e o e

MR
dpl1] = 1, dp[2] = 2

WERBIRE:
dp[n] = dp[n-1] + dp[n-2]

MANEREF S, #ITRERE, ZLEBFREIEL

B 14-5 TeHERRISN SIS R

SREE R, SRR RE” BRI REORERREERT B, B IR B — > A A
NN R LR, AN, TEREAE Rl AR E SN H AT FE RN EL @ o

FRAEDA L, BT DA A IR 3 AT,
L dp B dp &, dp[i] For IR | KR T AR,

RN TR RIS (35 1 I 2 RE) FOuamss.
- AT dpli] = dpli — 1] + dpli — 2] URBHEBHIE,

14.1.4 SiEfi

MOMERERTRER I 7, MT dpli] 5 dpli — 1] M dpli — 2] K, FIRATICHERH —8E dp kA7
FEFTAT ¥ MBI, T TR N R RAIRTERT AT, AR IR

// == File: climbing_stairs_dp.swift =

[* ettsn: =EMLSRITISL «/
func climbingStairsDPComp(n: Int) -> Int {
ifn=11 n=2{
return n

}
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var a = 1
var b = 2
for _in 3 ... n {
(a, b) = (b, a + b)
¥
return b

WG AR, T4 TR dp IR, AR A O(n) B2 O(1)

RIS, HEPIRSEEN G AT ER MRS E R, KNBATAT AR RELEAINE, Ed “FRdE”
KITEANAEAS I, XA RIEBE R “RaER” R R,

14.2 EhaSFELR il

15 Lk, FRA12S) T ShAS IR R BT T B R AT, SKhR L, TS e — R
FOSLIEIER:, fE50IA, ShASHIRD. [EHFR A AR,

- MARIRIEAHCRE JF W 3 O 22 MR B 7 R, B/ TR, AR RS I R
fie, BRASENR AEHI AR
- BIASHKIHEA AR TIE VA o g, ES5ERIRNEZXANE, ShASMRIARE 7 RIEUR A B AR, £
MR R IRV 2 S T R
- AR 2R o5 2 AT ATRERTME, FFIEI BIRGE AN AR 0 3 R MR — &
FIRFAIRRI K, FATTAT AR NRFP R Z ATHI 7 R 1 — D T [l
SKhR L, BRI AR R, EMNMUESES TR, A BINRRHE: RILT40, T
JERIES

14.2.1 RAFEN

AT TERE RS A RS Rk s, (2 EINE & R TSR,
MeRsRs MG
BE— RS, IREHTIDLE 1 NEE 2 W, B —BAkRE LERE — N ERUE, RRIREIZEM
PR IR, BE— M IEEEA cost , Hth cost[i] FR1ES i NEMEEN HAIRM,
cost[0] JHE GEGES) . EHHERDTEN 2R RERIATIEE?

GHE 14-6 FoR, A% 10 20 3HMERM25008 10 10, 1, WAtETERIZE 3 Brivs MUl 2,
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HEM%E n = 0 1 2 3
it cost[n]

]
)
)
=
(]
)

Tetss 3 piktsdts 3 MAR:
0515253 , 05253 , 05133
H 013 NHE&D, &IENA 2

14-6 TEZNZE 3 s/ M

1 dpli] JTESIE § RIS A0, ET i BTRATRE i — L sk i — 2Bk, (I dp[i] HATAES
F dpli — 1] + cost[i] 5t dpli — 2] + cost[i] o BT RATRERD AT, Tl IRIZERETE NI

dpli] = min(dp[i — 1], dp[i — 2]) + cost]i]

IXFEAT LAS | AR LT A5 5 S0 Tt ) B DL AR DA ) e DL AR S 1SR )

RTIREARAMTFEEH . BAINEN TR dp[i — 1] #1 dpli — 2] R BRI —1, A
EATR R dpli] BRI,

Mz, E—TRITEREREE H A A RO T4a0E? BRI EARNE KT 286, B2 — M-, HinR
H—RhEE: ORBRATTREER", BAOTRINELI, SRS BBUIEREFE60N, R raiiizBitkR
T B MBEARTGTEREEFETE n — LHAE n — 2 MR REE M, PR, &IEFEanMeerK
PR RS, EARFEAP SRR S

HHRAR AR TR, DU HIAIRA dp[1] = cost[1] A1 dp[2] = cost[2)], FellTkaT USEIEAHIRIRT:
// == File: min_cost_climbing_stairs_dp.swift =

[* TSR BhSHR */
func minCostClimbingStairsDP(cost: [Int]) -> Int {
let n = cost.count - 1
ifn=11 n=2{
return cost[n]
}
[/ Wk dp R, BFEETFIRIBAVE
var dp = Array(repeating: 0, count: n + 1)
/] ERE: TR/ FlalBRviE
dp[1] = cost[1]
dp[2] = cost[2]
[l REEE: NBNFIRBZR D KR A T8
for i in 3 ... n {
dpl[i] = min(dp[i - 1], dp[i - 2]) + cost[il]
¥
return dp[n]
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& 14-7 JoR 1 DA RS RIBIASALRIE R

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]
aiR:
dp[1] = cost[1] , dp[2] = cost[2]
REHEBAE:

dp[i] = min(dp[i-1], dp[i-2]) + cost[i]

B 14-7  eHERR R/ MUK R

BT TR, 5 AR, SRR AN O(n) 1% O(1)
// == File: min_cost_climbing_stairs_dp.swift =

/* [EERERIMLN: TR UEHIIESIIK] */
func minCostClimbingStairsDPComp(cost: [Int]) -> Int {
let n = cost.count - 1
ifn=11 n=2{
return cost[n]

+
var (a, b) = (cost[1], cost[2])
for i in 3 ... n {
(a, b) = (b, min(a, b) + cost[i])
+
return b

14.2.2 TREME
TC TG R R N SRR A SRR M B R SR M > —, HE SR A — AR, ElARRER
LURAGE X, iSiE ZLTRE RS,

DUTRREER RN B, ki e, ERERHINE ¢ + TRRE ¢ + 2, 25 Rigk 1 gk 2 5, it
IXPRIE RS, RANTCHE BIRAS ¢ ZRIHPIRE, ENTIRES @ FIARKRIA I,

SR, AR BATILA MRS AN — TR, RO —FE 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

e, JEE dpln, 1] + dpln, 2] BIAT, W2 RRRIEEIE n i R
// == File: climbing_stairs_constraint_dp.swift =

[* HERCHERS: shSME */
func climbingStairsConstraintDP(n: Int) -> Int {
ifn=11 n= 2
return 1

¥

[l Wk dp *x/, BFEETFIRBAE

var dp = Array(repeating: Array(repeating: 0, count: 3), count: n + 1)
/] ¥EIRES: Fuge/ )\ FIa AR R

dp[1][1] =1
dpl[1][2] =0
dp[2]1[1] = ©
dp[2][2] =1
/] REEE: MNBR/NFRRZ D KRR A F a3
for i in 3 ... n {
dp[il[1] = dpl[i - 11[2]
dp[il[2] = dp[i - 2]1[1] + dp[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
AIBkER, X TIXZERIE, SASHRIAEEAE DA,

Kk b, F2ERNHSMARE (BIEIRITREFED e Et. M xR, HANEE EEE
FIEAMTTIE, BlanE AR, BEER, st I, AER BRI R 1S 2 a] AR R iR (LR
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14.3 mhEMRIAES B

EWTIAE TSNS FERY EEARFE, 5 TR RTINS A AR,

L. Gl — Al EUR A 2 8 SRR Al ?
2. RIESEMKNPEIZMATEAT, BSR4

14.3.1 [aIREFIET

BEPRS, RN MEEESES T WE, RIETEH, HRETERNE, B eidiIEs HaismRIRE,
SRIM,  FRATARE A TR REA F B SR X e, (R FRAT T SIBE 60, SR )i 7508 5 T )
W (%) Mok,

TGS PR DL D BUE F . “OGRHBRY” | SX M) ETA] DA AT S5 ARk HiA, o — 1 R
— PR, B RERAE DRI,

HAgTEL, ARSI RS, I B REE — RINRET AR, AR BRI e R, 8
AT DAGE A (1R AR R

FEMECEA B, SR RENE A — 22 NI,

- MEEERK (M) 8 () FRitbmbit,
- IERIRSEER R — IR, YRR SRR, I H— DRSS HABRINSFEISHER R,

MR, AFfE—L “RRoTI,

- IR EARZ AT E Al RERIARR TR, T E R R LR,
- ERA A EIHPH S RIRHE, &EREIEARIZ DT,

QIR — IR R SRR, FEEAARONIER “maut”, FAIHA] DURIR B R — P EhSIKIRE, FF1E
R EHRIEE,

14.3.2 [RIERBSE
SNSRI B R AR 2 DR (R R A R A FE TS PR, (EIE R EIE DA TR iR RsR, & SURE, &7
dp &, HEFIREEBTE, WEBRENE,
NT BB B RS, BAMEH— MR “ e NgER™ k2,
Question
HE—Dn x m N _4EME grid , MASTRIEDNRITTEEE— DN EREEE, FORIZEATEIRT,

Plas NDAZE Ef BoTheonidin e, BIRIARER ReRE ARSI —8, BEEENEG Mg, 1HRE
MEE EAEIE N AR N AR,

B 14-10 fon 17—, 28 MRS R IR/ NS AR RIN 13 6
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1 5

- K
o -
-
435“

220

B/NBEEAIA 13
WHREFEAN 1925253325152

B 14-10 e/ NEERURBIESE

B BHERRIYSR, @SOS, Wmifdal dp %

AR — R AR AR A Y RITAR 1 R E — 8, YR FRIITHIRS N [4, 5], WA FekmfG E
—HhE, RIIEN [P+ 1,518 [, 5+ 1] Fik, REMEEATRIIFMIIRGINDNER, 120 [7,7] .

A 1, J] MROTFIER: W [0, 0] #35 [4, 5] KNSR, W8 dpli, 7] -
e, BATHEETHE 14-11 FoRi0 4 dp 560, HR SRR grid R,

j j+1
1 3 1 5 dple,0] dp[e,1] dp[0,2] dplo,3]
i 2 2 5 2 dpl1,0] dpl[1,1] dpl[1,2] dpl1,3]
i+1 5 3I_: 1 dpl2,0] dpl[2,1] dpl[2,2] dpl2,3]
4 3 5 2 dp[3,0] dpl[3,1]1 dpl[3,2] dpl3,3]
grid dp &
SRRE. AAAATEHE Fing: MEEREI[L, j] NsEE
REEX: 175IF5] [4, ] dp ®&: RF5 grid HHREIERE

K 14-11 KESENS dp &
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Note

BNASHURIFN B AR AT DAREIR R —DNRSR A, MRS H A JURZE B, BN Y & IR MR
ERfALRE, HESTEBNGEE, BEARESH F—MRE,

BRSNS L —DF R, FATSE = dp ZREMIE TR, RSN AR
& dp B —DEE, NATTEER, dp RBRSH T RIBR R 8,

B R AT, S IR R

FTIRES [i, 5], BRI [ — 1, 5] BT [i,j — 1] Mk, EHREIE e h: 5k
[i, ] BB NES R 1, § — 1) BB NIRRT [i — 1, j] BB AN RIS MR — N,

WRHE LA E oA, RIHEHIE 14-12 FroRppRESE R 7T 1

dpli, j] = min(dpli — 1, ], dp[i, 5 — 1]) + grid]i, j]

1 3 1 5 dple,0] dpl[o,1] dp[o,2] dple,3]
2 2 4 I 2 dp[1,0] dpl[1,1] dp[1,2] dp[1,3]
5 3 2 1 dp[2,0] dp[2,1] dp[2,2] dp[2,3]
— —>
4 3 5 2 dp[3,0] dp[3,1] dp[3,2] dpl3,3]
grid dp &
RARBEE:

dp[i, j] =min(dp[i-1, j1, dp[i, j-11) + grid[i, j]

K 14-12 ®IETERSIREHZ TR

Note

FRYETE A dp 22, BE RS 78S R,  HHIE I [ B U RA 38 i (0] @ ) B (LA
7%, BRI FE4,

—HRAHRE TR TE54, sal DA e RIS R T,

B WA RIS

ARG, AAEETRARES RREMNHAIRIESER, AEEVIFIERGEMNE_ BIBRIRSRR, BILETT
i = 0 MEF j = 0 BIAFEM,

i 14-13 FoR, BTSRRI TR LTS AR, R B I R EEA R e R, SMIE
NI4T, PEINET 551
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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 JH5RE SIS

Note

R SFHAESNSHIXIF T RItaMe dp %, TERZREFH TR,

RSB B2 08 BARUEAE T3 Y 5 R B ARRS,  FITE B ARER I B /)N [ N B 2 7 it
HEHIK,

RIE LB, BAICL A IERES Hah SIS, 2810 ¥ (A1 o3 fif 2 — AT AT AR, (R4
“BIER — IR — ST BN SRR AT & B ARSI

1. Fit—: BhER

WIRZS [1, 7] TR, RSN ENGRA [ — 1, 7] A1 [3, 5 — 1], BIRAUEL R,

- BIABEC RAE 4, ] .

- JRIEHE: M [0, 0] F (¢, 5] M/ NERIRA dpld, J]

- BIE&ME: M0 =0 H j = 0/, RERA grid]0,0] .

COBE M0 < OB < O RGBS, HRHRERN +oo, RERANT,

SEEEE AR
// == File: min_path_sum.swift =

/* RNEBEMN: BHER x/
func minPathSumDFS(grid: [[Int]], i: Int, j: Int) -> Int {
[/ BRELRAETE, WELEEER
ifi=0, j=0¢{
return grid[0]1[0]
}
[/ BITHESIER, MRE] +o i
ifi<o |l j<od{
return .max
+
// TEMELERAE (i-1, ) M (1, j-1) BsDEBRERAH
let up = minPathSumDFS(grid: grid, i: i - 1, j: J)
let left = minPathSumDFS(grid: grid, i: i, j: j - 1)
// BREIMELEAE (1, j) HRDEEALN
return min(left, up) + grid[i]l[j]
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B 14-14 Z5H 7 PA dp[2, 1) ARTT RN, Hbh @S @S mi, HER IS MK grid FRST
R EREE 2 o

MR LR, ERESTREREED: SRR PN LA BRI — Mo,

Bk R5IEA

dplo,1] dpl1,0]

0/ 9 9
o %7 Y

dp[0,1] dplo,2

: : : EEFIEIA:
do = dp[1,0] dp[1,1] dp[1,2] dpl1,3] dpl[i+1, j1 A dpli, j+11 & dpli, j]
P dp[2,0] dp[2,1] dpl[2,2] dpl2,3]
dp[3,0] dp[3,1] dp[3,2] dp[3,3]

14-14 RIEREBIR

FAMIRSEA A FRIEGWNAER, WEEAERGE MAERTEm +n — 28, FIURENREREN
O2m*™), Hrfrn M m A0S EIATERIFIE, EER, XM SORE RIRE AL SRR, 4
FIAPIASID SN RN —Rdse, RIESKRRAs R E R DL,

2. FiEZ: iIiER

BATSIA—FIRIAE grid MHERSTHIIEIZEER mem , A FIERE N TIRBMNE, FHEESTFREETE
i

// == File: min_path_sum.swift =

/* BNERFERN: IBIZWIER +/
func minPathSumDFSMem(grid: [[Int]], mem: inout [[Int]l], i: Int, j: Int) -> Int {
/] BERELARETE, WEIHEER
ifi=0,3j=04
return grid[0]1[0]
¥
[/ BITHESIER, MRE] +o i
ifi<o |l j<o0{
return .max
+
/| BEEBILRE, NWEERE
if mem[i][j] != -1 {
return mem[i][j]
¥
/] EIBH BB E TR RN EAN
let up = minPathSumDFSMem(grid: grid, mem: &mem, i: i - 1, j: j)
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let left = minPathSumDFSMem(grid: grid, mem: &mem, i: i, j: j - 1)
// BRHFREELEAR (1, j) HRDNEEALN

mem[i][j] = min(left, up) + grid[il[j]

return mem[i][]j]

N 14-15 Frow, fESIAICIZG, FVE RN T E—R, RGNS R E B T RS S, BIX
RS O(nm) o

i 2RIiER dpl2,0] EUE s 2
T e

&l 14-15 CZLIEERIE TR

3. FE=: mhEMK

BT RSB, RS SRR
// == File: min_path_sum.swift =

/* BNERFEFN: AKX */
func minPathSumDP(grid: [[Int]]) -> Int {
let n = grid.count
let m = grid[0].count
[l %k dp *=
var dp = Array(repeating: Array(repeating: 0, count: m), count: n)
dp[01[0] = grid[B][0]
[ REE%: 817
for j in 1 ..< m {
dp[B]1[j] = dp[BI[F - 1] + grid[0][]]

}

/] RE®E%: 85

for i in 1 ..< n {

, dp[i][@] = dp[i - 11[0] + grid[i][0]

/] REEE. HRTHH

for i in 1 ..< n
for j in 1 ..

dp[il[7]

m {
min(dp[i][j - 11, dpl[i - 11[31) + grid[il[j]

n N~

+
return dpln - 1]1[m - 1]
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& 14-16 J&/R T B/ NSRBI HAA R, Himli 7RAME, BENEERER O(nm) .
Bl dp KA noxom, HEBRIERER O(nm) .

Step 1

Step 3

Step 5

Step 7

Step 9

8 1 5 o o 0 o
2 4 2 [) o 0 )
3 2 1 o o 0 o
3 5 2 o o 0 o
grid dp ®
etk dp &
3 1 5 1 4 5 10
2 4 2 3 »i 0 o
3 2 1 8 o 0 o
8 5 2 12 o 0 o
grid dp &

RERE
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j]

3 1 5 1 4 5 10
2 4 2 3 ] 9 &>11
3 2 1 8 o 0 o
3 5 2 12 o 0 o
grid dp ®
REEE

dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j1

3 1 5 1 4 5 10
2 4 2 3 5 9 11
3 2 1 8 8 =—>10 o
= 5 2 12 ] 0 o
grid dp ®
KBS

dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j]

3 1 5 1 4 5 10
2 4 2 3 5 9 ag
B 2 i 8 8 10 i
Bl 5 2 120—)}1 0 o
grid dp ®
RERH

dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]

Step 2

Step 4

Step 6

Step 8

Step 10

5] 1 5 il 4 5 10
2 4 2 3 o o 0
] 2 1 8 o ] 0
3 5 2 12 o ] 0
grid dp ®
MeaiETT dplo, j1=dplo, j-11 + gridli, j]
MakEs| dpli, 0] =dpli-1, 0] + grid[i, j]
) 1 5] 1 4 5} 10
2 4 2 3 5e>9 0
3 2 1 8 o o 0
3 5 2 12 o o 0
grid dp &
K&
dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j1
3 1 5 1 4 5 10
2 4 2 = | 5 9 11
3} 2 1 8e>38 o 0
3 5 2 12 o o 0
grid dp &
bt
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j1
3 1 5 1 4 5 10
2 4 2 3 5 9 11
3 2 1 8 8 100—>11
3 5 2 12 o o 0
grid dp ®
RERH
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j1
] 1 5] 1 4 5 10
2 4 2 i 5 9 11
3 2 1 8 8 10 11
3 5 2 12 11e>15 0
grid dp ®
REFH

dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j]
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5 3 2 1 8 8 10 11 5 3 2 il 8 8 10 il

4 B] 5 2 12 11 15¢->13 &4 3 5 2 12 11 15 13

RERA
dpli, j1=min(dp[i-1, j1, dp[i, j-11) + grid[i, j] EEIR/\BEMNA 13
Step 11 Step 12

14-16 /NSRBI R

4. Fjalkt

H T8 MRS ELOM BIAs a2, R LR — T8RS dp &,
BER, KA dp REERR—ITHRE, A DARATCIER AT wIa L S 7RSS, MEEREH TN ER T :
// == File: min_path_sum.swift =

/* BNERFEAN: TEMRICERIEHSIK +/
func minPathSumDPComp(grid: [[Int]]) -> Int {
let n = grid.count
let m = grid[0].count
// %tk dp iR
var dp = Array(repeating: 0, count: m)
[l KEEH%: 817
dp[6] = grid[0][0]
for j in 1 ..< m {
dp[j] = dp[j - 1] + grid[0][]]
¥
/] KEE%: HRT
for 1 in 1 ..< n {
[l KEE%: B
dp[0] = dp[0] + grid[i][0]
/] &% HR5
for j in 1 ..< m {
dp[j]l = min(dp[j - 11, dp[j1) + grid[il[j]
¥
¥
return dp[m - 1]

14.4 0-1 HEln)RA

HHE R~ NMEFFREISMIINTTEE, 2SR ERE LR REE R, HEGRZZR, g 0-1
HEAE, 2eRErE, 2EEEREF,

FEARTI, FATeRR MR WA 0-1 5 Bl AL,
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Question
BE n AN, B AENERR wgt[i — 1], MER valli — 1], M—DEEN cap W&, &
MR EREERE—R, FIfEREE A E R A H &K E,

MEE 14-17 , TGRS ¢ N 1 FFETHEL, BEARSIM 0 FFETHEL, RIS ¢ XM E R wgt[i — 1] Al
B valli — 1] .

w"s BE fi{E
i wgt[i-1] valli-1] TasE
1 10 50 ¢ cap = >0
2 20 120 ) |~
3 30 150 s “
4 40 210 ¥
5 50 240 »

=mAME: 270

BRAR: B @& BT
HEE 50 HEEE

& 14-17 0-1 HRAREIESE

BATATLAKE 0-1 B ELMAEE— D n SRUSRARIIERE, X T MESE RBARBNRRRE, it
T[] R R SRS
IR B2k ig “TERE T WA R NRERAY IR ANE”, FEIHEARMRZ — A 2SR A,
B BERRNIUER, @&30RE, MmifRsl dp %
MNTEMRRY, FRAEE, SEARAE; BAEHE, TEAERRBD, HEAEREE: LT
s M ERE e, 129 [i, ],
R[4, ] NRFREA: § i AMEES RN ¢ RS EPrERHTE, i dpli, c] .
fERMRNI2 dp[n, cap], REFE—DMRSHA (n+1) X (cap + 1) =4k dp &,
B RINERIET &, WmiESHIRERE TR
YBA MBI @ WPRIG, FIRIZRT 0 — 1 NSRRI 7R, A58 DA R RS,
© BIBANIG BEARAE, RSB [i—1,c].
C AT HEERRED wet[i — 1], PMEEIN valli — 1], REEBMR [i — 1, c —wgt[i —1]] .

EIRATEBA TR T AR R T BRPHE dp(i, ¢] TN « HURAPIE @ Pifhys Eii
{E SRR —A,  HI AT S SRR T

—_—

dpli, c] = max(dp[i — 1,¢|,dpli — 1, ¢ — wgt|i — 1]] + val[i — 1))
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FEEENE, EYimER wet[i — 1] BERREOAR ¢, WHBBERBAL .
W= WA ARFRRE LRI
LIRS AR 0 WERARNMEN 0, BIES dpli, 0] fIE1T dpl0, c] #ET 0,

SRS [1, ] M EFTHIIRAS [i — 1, ¢] R EATHIES [i — 1, ¢ — wgt[i — 1]] 65Tk, BN F 208
RIERAB A dp EA],

WRIELA_ BT, BATHE DARIZN LB R, ICIER, alSMRIRTE,

1. Fit—: BhER

ERAHEUSUTER,

L RABE KA [,

-l TR dpli, o] .

SRR YRGS = 0 I ERAREN 0 W, KILBIBHEEAEO .
BB FRMATRE R SRR, AR R .

// == File: knapsack.swift =

/* 0-1 B8 EHER «/
func knapsackDFS(wgt: [Int], val: [Int], i: Int, c: Int) -> Int {
/] EEREEYRIASELHREE, NRENE 0
ifi=01]l c=0{
return 0
}
/] ERIEERE, WREEEFHAEE
if wgt[i - 1] > ¢ {
return knapsackDFS(wgt: wgt, val: val, i: i - 1, c: c)
}
/] HTEFRBNFBANYGE 1 RANE
let no = knapsackDFS(wgt: wgt, val: val, i: i - 1, c: c)
let yes = knapsackDFS(wgt: wgt, val: val, i: i - 1, ¢: ¢ - wgt[i - 1]) + vall[i - 1]
/] REIFwEMHEREPNEERB—
return max(no, yes)

anE 14-18 i, T B E ST A RIERNEMRIER S, RIRNREEREN O2") .

BB, BZKNEAFEES FA-, FlUdp[l, 10] &, m47ake. SRERKRK, THEM
HENYIWRZN, EETREHEERSRIEEZ,

|
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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.swift =

/% 0-1 &8 BIZHIEE «/
func knapsackDFSMem(wgt: [Int], val: [Int], mem: inout [[Int]], i: Int, c: Int) -> Int {
/| EEREMEYRASELHREE, NRENE 0
ifi=01| c=0{
return 0
}
/| BEEBIER, NEERE
if mem[i][c] '= -1 {
return mem[i][c]
¥
/] ERIEERE, WREREFHANE
if wgt[i - 1] > ¢ {
return knapsackDFSMem(wgt: wgt, val: val, mem: &mem, i: i - 1, c: c)
}
[/ TBERBANBANY@E 1 BRANE
let no = knapsackDFSMem(wgt: wgt, val: val, mem: &mem, i: i - 1, c: c)
let yes = knapsackDFSMem(wgt: wgt, val: val, mem: &mem, i: i - 1, c: ¢ - wgt[i - 1]) +
< vall[i - 1]
/] BRFREIFMHSGEFNEEARNI—D
mem[i][c] = max(no, yes)
return mem[i][c]

B 14-19 R T EICICARR P IR AER R 0 3
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MRES YaEE
dp[3,30]

EEBRNIG 3

Bk #REIER dp[2,10] Bk WRER > HE%EE

% of

?ﬁ REHAME 2

dpl[1,10]

& BERANYSR 1
o = %
YIRS i 1 2 3 HEESE cap = 30

MRERE wgt[i]l 10 20 20
YEfE  vallil 60 110 120

K 14-19 0-1 B RMEAICIZAE R I

3. HE=: oMK

BIASHRRISE B B REIRASHBHIET dp RO, R NAoR:
// == File: knapsack.swift =

/* 0-1 B8 ohSME «/

func knapsackDP(wgt: [Int], val: [Int], cap: Int) -> Int {
let n = wgt.count
[l Mk dp *

var dp = Array(repeating: Array(repeating: 0, count: cap + 1), count: n + 1)
/] REHE
for iin1 ... n{
for ¢ in 1 ... cap {
if wgt[i - 1] > ¢ {
/| EBIEERE, WHEYm 1
dp[illc] = dp[i - 11[c]
} else {
/] BEFNEYR 1 X EENRAE
dpl[illc] = max(dp[i - 21[c], dp[i - 21][c - wgt[i - 1]] + vall[i - 1])

h

return dplnllcap]

Qe 14-20 AR, WRIE AR RIS AREA A dp RAAJUE, BT O(n X cap) o
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- [ ] U “ - a B “
EE wgt i val 0 1 2 3 4 EE wgt ffE val el oo 1 2 3 4
wgt[i-11 val[i-1] [} [} ] 0 [} wgt[i-1] val[i-1] [} 0 [} [} [} ]
e 55T
1 5 (] ) 1 5 ("] 1
2 11 * [} 2 11 * 2 ]
3 15 - 0 3 15 o 3 )
RS
VEBE n = EEEE cap = 4

Step 1

MEWRTH (n+1) x (cap+1) B dp %EFE

d‘p[i, c] = max( dp[i - 1, ¢] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

Step 2
a & B @& a & & &
EE wgt HfE val 0 1 2 3 4 EE wgt i val e e 1 2 3 4
wgt[i-1] val[i-1] 0 [ L] ) 0 wgt[i-1] val[i-1] 0 ) 0 [] [] ]
+5°0 | _ +55
1 5 () 0 5 05 1 5 o 0 5 5
2 11 ¥ 0 2 11 ¥ 2 ]
3 15 (% 0 3 15 (3 3 )
®: #:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]1] + val[i-1] )
| Step 3 Step &
o - [} [ ] ﬂ - [} ] ﬂ
EE wgt i{E val 0 1 2 3 4 BE wgt i val el oo i 2 3 4
wgt[i-11 vall[i-1] 0 0 [) L] 0 wgt[i-1] val[i-1] 0 0 0 0 [) 0
5N —
1 5 ('] 0 5 5 5 1 5 ] 1 [} ? 5 5 5
2 11 * ) 2 11 * 2 0 5
3 15 (% [] 3 15 (3 3 )
K& RER
#: #:
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
[ Step 5 J Step 6
- ] Il U - [} ] ﬂ
EE wgt i val 0 1 2 3 4 EE wgt ffE val el oo 1 2 3 4
wgt[i-1] val[i-1] ) ) [} 0 0 wgt[i-1] valli-1] 0 [} ) ) 0 [}
1 5 (] 0 5 5 5 5 1 5 ] 1 [} 5 5 5 5
N R M T
2 11 ) 5 11 2 11 2 [} 5 1 16
3 15 - 0 3 15 o 3 )
gﬁﬁ RER
A{p[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) d‘p[i, c] = max( dp[i - 1, ¢] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
[ Step 7 ‘ Step 8
- a @& n - a = "]
BEBE wgt fifE val 0 1 2 3 4 EE wgt fifH val el oo 1 2 3 4
wgt[i-1] valli-1] ) 0 0 0 0 wgt[i-1] valli-1] 0 0 0 ) 0 o
1 5 () 0 5 5.5 5 1 5 o 0 5 5 5 5
x T .
2 1 0 5 1 16 16 2 1 2 0 g 1 16 16
3 15 - 0 3 15 (% 3 0 5
. -

dpli, c] = max( dpli - 1, c] , dpli - 1, c - wgt[i-1]] + val[i-1] )

[ step 9 :

dpli, c] = max( dpli - 1, 1 , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

Step 10
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a - - ] ﬂ
EE wgt ME val el oo 1 2 3 A
wgt[i-1] val[i-1] 0 ) ) [} [} )
1 5 (] 1 ) 5 5 5 5
2 1 * 2 ) 5 ill 16 16
3 15 - 3 0 5 11
REF
B
dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
Step 11
«a & & @
EE wgt fifH val e e 1 2 3 “
wgt[i-1] val[i-1] 0 0 0 0 [ 0
1 5 1 0 5 5 5 5
2 1 * 2 [) 5 -\\Q 16
+15 !
3 15 @ 3 ) 5 1 16 20
Xk*ﬁ
dp[1 cl = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 13

K 14-20 0-1%

4, =SiEfkitk

BT MNRSE R S H E—1TRORAE 3, [RULFRATT AT DUE AN SRR, =R REM O(n?

= O(n) .

BB, BATRES (UH — M LIS RILLlE? IS RIHI,
M, STHREE o T, IZEE AR ¢ — 1 TR,

HURSREGE AR, I spiE dpli, 5] B, %177 dpli — 1,1]

IR, R

o, MRS S EMAIRSHR SR,
QSRR P, WARE RS

) - - (] ﬂ
EE wgt iE val e oo 1 2 3 4
wgt[i-1] valli-1] 0 0 [} [ 0 0
D e
2 11 * 2 [}
3 15 - 3 0

sen—rsrna o - ((DEDEDEDED

WA 1= 2 #f, 5K dp RERENR 1 = 1 WFTEMRE

Step 1

- = ] U
EE wgt i val N 0 1 2 3 4
wgt[i-1] valli-1] ] [} [) [} [} ]
1 5 (] 1 [} 5 5 5 5
2 11 * 2 05 11 16 16
s
3 15 o 3 ) 5 11 16
i
#:
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 12
a a & &
EE wgt fifH val el o ; 2 3 4
wgt[i-1] val[i-1] ) [) 0 0 [} [
1 5 o ] 5 5 5 5
2 11 * 2 ] 5 1 16 16
3 15 @ 3 [ 5 1 16 20

EENFIEMRBAE SRRANE 20

Step 14

SREARIER IS R Ub R S

~dpli — 1, — 1] ETREE.

[, IR AT DUEREE T,
K 14-21 AR TERADEEH TN ¢ = LATHIRER ¢ = 217, 1

- = ] n
EE wgt fifH val e 0 1 2 3 4
wgt[i-1] valli-1] ] ] ] [} [} ]
1 5 ("] 1 5
2 1 * 2 ] A
3 15 - 3 [)

sen—ruina o - ((DEDEDEDED

BFERE 1 = 2 17, MTRERB

Step 2

)

FARSERZHIE LT7ak BT IR 5%

s

R 1E e it P AE] e g P A DXl
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EE wgt A val

wgt[i-1] val[i-1]

« BN
+
/- KL

o
o
o
]
o

sen—rsrma o - ((DEDEDEDED

) BFBHE i = 2 17, HTRERE BIFERE i = 2 17, #TREEB
Step 3 Step 4
€ - a B ] - a B [ ]
BEE wgt fifH val el oo 1 2 3 4 EE wgt M val el oo 1 2 3 4
wgt[i-1] valli-1] 0 0 ) 0 0 0 wgt[i-1] val[i-1] ) 0 0 0 [) 0
1 5 o [ 5 5 5 5 1 5 o 0 5 5 5 5
2 11 * 2 [} 5 1 16 16 2 11 ¥ 2 [) 5 1 16 16
3 15 (% 3 0 3 15 - 3 )
san—rurma o - ((DEDEDEDED sen—rurma o - (D EDEDED
) BIFERHE 1 = 2 17, #TRERE STRERE, #A dp RENHE 1 = 2 WAER
| Step 5 Step 6

EE wgt ffE val

i

c

wgt[i-1] valli-1]

@ +ts

0
1
2
3

N s |~ | B
v
o o|n|B

o
)
o
o

sen—raina o - ((DEDEIEDED

K 14-21 0-1 HRAZFELERSIESMRNE R

TERRSSIA, FAMCTEEAE dp FUSE—4E ¢ EREMBR, B ARG ERSE O8] 53 7 BT AT -
// == File: knapsack.swift =

/* 0-1 B8 TELMEHNEEMR +/
func knapsackDPComp(wgt: [Int], val: [Int], cap: Int) -> Int {
let n = wgt.count
[l etk dp *=
var dp = Array(repeating: 0, count: cap + 1)
/] REE®
for 1 in 1 ... n {
!/l BFEH
for ¢ in (1 ... cap).reversed() {
if wgt[i - 1] <= ¢ {
/] FEFEYIR 1 XFMHARNRAE
dplc] = max(dplcl, dplc - wgt[i - 2]] + valli - 1])

+
+
return dplcap]

14.5 2B 8n)

TEATH, BAVeRBAS —NE NSRRI 228, B T7ReEr—RG: TRk,
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14.5.1 258

Question
BE n M, B AENERR wet[i — 1] WMER valli — 1], M—DEEN cap WEH, &
APrihn] URAGERIR, [F{ERRE S BE R TRERAY MR RIME, ~EANE 14-22 FiR,

we EE -
i wgtli-1] valli-1] cap = 50
1 10 50 o 1 —

2 20 120 : x2 /“
3 30 150 B

4 40 210 *

5 50 240 (>

=AMNE: 290

BRAR: B—1 O AFET . KSR
HEA 50 HEEE

14-22 seeB W REE R EEHE

1. Zh&MRBER

Se T WA 0-1 F R MIEAEFARRL, DXL T A~ BRAIP S EER AL

- AEO-1 HEMES, SRR A, RIS AEEE, HEEMAETQ — 1 MsHEes
- fEEEHERET, SMYRREERE TR, BRI AT EIE, Tnl PG @ A PdhrbiEe.

d

TESERH WIRERE T, K3 (i, ¢] B IHFEDL,

RO G 5 0-1 SR, B [ — 1,
BN 5 01 WRAERR, #EE [i,c — wgtli — 1]

MR RS TR :
dpli, c] = max(dp[i — 1, c|,dp[i, ¢ — wgt[i — 1]] + val]i — 1])

2. RS

X EEIERE H AR, RAESERTHE N G — 130 1, HREE 80
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// == File: unbounded_knapsack.swift =

/* TEEE: hESMK +/
func unboundedKnapsackDP(wgt: [Int], val: [Int], cap: Int) -> Int {
let n = wgt.count
// #%ak dp &
var dp = Array(repeating: Array(repeating: 0, count: cap + 1), count: n + 1)
/] REE
for 1 in 1 ... n {
for ¢ in 1 ... cap {
if wgt[i - 1] > ¢ {
/| EEIEERE, WFREMSE 1
dp[illc] = dpl[i - 11[c]
} else {
[/l RENEYGE 1 XA RNRAE
dp[illc] = max(dp[i - 1]1[c], dp[illc - wgt[i - 1]] + valli - 11)

}
}
}
return dp[n]l[cap]
}
3. FiaElfi

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,

; « 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 - ] [ ] Hl‘ - ] ] llﬂ
EE wgt M val RG] 1 2 3 4 EE wgt fHE val e e 1 2 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
ER wgt i val \i cl o 1 2 3 4 EE wgt i val e e ; 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.swift =

/* TEHE: TELUENEIEIR +/
func unboundedKnapsackDPComp(wgt: [Int], val: [Int], cap: Int) -> Int {
let n = wgt.count
// Wk dp R
var dp = Array(repeating: 0, count: cap + 1)
/] REE%
for 1 in 1 ... n {
for c in 1 ... cap {
if wot[i - 1] > ¢ {
/| EBRIEERE, WREMH 1
dplc] = dplc]
} else {
[/l REMEYM 1 XA RNRAE
dplc] = max(dpl[c], dplc - wgt[i - 1]] + vall[i - 1])

¥
+
return dplcap]

14.5.2 TR0

HHRFEUE RSB, HAEREZAR, Hlan kit m &,

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.swift =

[* FEE: ohEHR +/
func coinChangeDP(coins: [Int], amt: Int) -> Int {
let n = coins.count
let MAX = amt + 1
/] #EE dp &
var dp = Array(repeating: Array(repeating: 0, count: amt + 1), count: n + 1)
[l KEEE: B17EY
for a in 1 ... amt {
dp[O0][a] = MAX

+
/] REE%. ER1TH5
for idin1 ... n{
for a in 1 ... amt {
if coins[i - 1] > a {
/] EBIBrEE, WAEER 1
dp[illal = dp[i - 11[a]
} else {
/] FEFERETR 1 XFMARNRIME
dp[ill[al = min(dp[i - 2][a], dp[il[a - coins[i - 11] + 1)
}
+
+

return dp[n][amt] !'= MAX ? dp[n][amt] : -1

B 14-25 Jeon 1 FESURAIEI SIS, Msees tnmaE AL,

8 & & & s & & 8
®E i e e 1 2 3 4 W®s [ T2 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 @ - 0
3 5 @ 3 3 5 @ 3 0
Wh#E n =3 BiFEE amt = 4 WH#HE n =3 EfFES  amt = 4
MEERTA (n+1) x (amt+1) 80 dp %6 MR nax = amt + 1. BFIH o0

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 )



F14E S

www.hello-algo.com

316

EfE

coins[i-1]

1
2
5

5 & & ¢

N ) 1 2 3 4
[) 1) MAX MAX MAX MAX

1 ) 1 2 3 4

2 1) 1 1 2 2

i

3 ) 1 1 2 2

5 & 6 6
wS mfE el e 1 2 3 4 wS

i coins[i-1] 0 0 MAX  MAX  MAX  MAX i

1 1 @ ! 0 1 2 3 4 1

2 2 @ 2|0 1 1 o 2

3 5 @ - 0 1 1 2 3
REF R
: b

dpli, al = min( dpli - 1, al , dp[i, a - coins[i-11] + 1 )

Step 13

3. TaElfkt

Step 14
s & & &
EfE \i\a ) 1 2 3 4
coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 @ : 0 1 2 3 4
2 @ 0 1 1 2 2
5 @ 3 0 1 1 2 2

Step 15

14-25 FER LR ARSI AR

EEIRHERSTNROEDSE 2

TR SR A B AL T S 52 21 B A — 2K

// == File: coin_change.swift =

[* TR TEMLEIEIESIK «/

func coinChangeDPComp(coins: [Int], amt: Int) -> Int {
let n = coins.count
let MAX = amt + 1

// a1 dp &

var dp = Array(repeating: MAX, count: amt + 1)

dp[0] =0
/] KEEH
for i in 1
for a in 1

n {
amt {

if coins[i - 1] > a {
/] EBIBIrEE, NAEEm i
dplal = dplal

} else

{

[/ REMEET 1 XS ERRIME

dpla]l = min(dp[al, dpl[a - coins[i - 1]] + 1)

+
}
return dp[amt]

I= MAX ? dpl[amt]

5 =dl

dpli, al = min( dpli - 1, al ,

dpl[i, a - coins[i-1]] + 1 )
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14.5.3 FERIRE)EE 1

Question
Y57 n FPEETR, 58 ¢ RREEMIEEN coins[i — 1], BEARESEN amt , SMEET A AESIER, W
ZERSHREm A S5, REIAE 14-26 Fir.

RS HfE
i coins[i-1] BirEE
amt = 5
1 1
2 2 $
3 5 (5)

EHHAGHE: 4
EhAEHER: + + + +

14-26  FER i m 1T FplEdE

1. =h&MRBER

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%,

SRTIRASHIH SRR T AN 2 AT 55 3% 24 AR X AR OUREVAH SRR, IRSHEB TN

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.swift

[* TR IT: oS +/
func coinChangeIIDP(coins: [Int], amt: Int) -> Int {
let n = coins.count

/l #3atk dp &

var dp = Array(repeating: Array(repeating: 0, count: amt + 1), count: n + 1)
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/] Mk ES)

for i in 0 ... n {
dp[il[0] = 1
+
/] REEH
for i din1 ... n{
for a in 1 ... amt {
if coins[i - 1] > a {
/] BBIBErEE, WAEER 1
dp[il[al = dp[i - 1][al
} else {
/] REMEEH 1 X GERZH
dp[ill[a]l = dp[i - 11[al + dpl[ill[a - coins[i - 1]]
}
+
+
return dp[n][amt]
}
3. FiaElki

AL AR T AR, R 4 FERTAT -
// == File: coin_change_ii.swift =

[* TR I1: TEMLWEIEIESIR] +/
func coinChangeIIDPComp(coins: [Int], amt: Int) -> Int {
let n = coins.count
[l %k dp *=
var dp = Array(repeating: 0, count: amt + 1)
dp[0] =1
[l REEH
for i in 1 ... n {
for a in 1 ... amt {
if coins[i - 1] > a {
// EBIBEIrEE, WAEES 1
dplal = dplal
} else {
/] FEFERETR 1 XFMHAEERZM
dplal = dpl[a] + dp[a - coins[i - 1]]

by

}
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[lhj] = 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. XESE

// == File: edit_distance.swift =

/* YRIBEEES: ThSHIR +/
func editDistanceDP(s: String, t: String) -> Int {
let n = s.utf8CString.count
let m = t.utf8CString.count
var dp = Array(repeating: Array(repeating: 0, count: m + 1), count: n + 1)

/] REH%: BTEY!

for 1 in 1 ... n {
dp[il[6] = i

¥

for j in 1 ... m {
dp[0]1[j] = 3

¥

/] REEE: ERTH5

for i in 1 ... n {
for j in 1 ... m {

if s.utf8CString[i - 1] = t.utf8CString[]j - 1] {
/] EWFFHEE, WEEEILRFR
dp[il[j] = dp[i - 1]1[F - 1]
} else {
[/l =RVREDE = A BB BIRX=MRENRVRELE + 1
dp[il[3] = min(min(dp[il[j - 11, dpl[i - 11[31), dpl[i - 11[F - 1]) + 1

}
}.
return dp[n][m]

GniE 14-30 A, gwiE RS MRS AR R 5 W EEE R 2R, & T DAE (RS — D 4R A
*5'30



F14E FEHK

www.hello-algo.com

s |

Step 7

[ Step 9 l

h J
0
0 :
8 :
[
s = “bag"”
n=3

t = “pack”
m=4

MEWRTA (n+1) x (m+1) B dp R

(p Q0]

RER

4pli, 31 = min( dpl3,

wase
4pli, 31 = min( dpli,

dpli, 31 = min( dpli,

4pli, 31 = min( dpl3,

o 1 2 3 4

e 1 2 3 &4

j-11 , dpli-1, 31 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dp[i-1, j-1]1 ) + 1

ooan

MeateETT dple, j1=3 « &F dpli, 01=1

Step 2 |
~J
0
0 -
B :
[ < S
wase
pli, 31 = min( dpli,
[ Step & ]

Rt
dpli, 31 = min( dpli,

e oslic1]=tli-1] = ‘a’

[ step s |
jj
o
0 -
B :
[ < NS
it
dpli, 31 = min( dpli,
[Step 10]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

« dpli, 31 = dpli-1, j-11

j-11 , dpli-1, jl , dpli-1, j-1] ) + 1
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; -

SNle 12 3 4 SNle 12 3 4
o |0 1 2 3 4 e o 1 2 3 4
u 1|1 1 2 3 4 n 11 01 2 3 4
a 2 2 2 1 2 3 a 2 2 2 1 2 3

+1 +1

B 3 |3 3 B 3 |3 3 2

#: #:
dp[i, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-1] ) + 1 dp[i, j] = min( dpli, j-11 , dp[i-1, j] , dp[i-1, j-1] ) + 1
|Step 11 Step 12
ooan ooan
i:\j e 1 2 3 4 i:\{ e 1 2 3 4
[) ) 1 2 3 4 o o 1 2 3 4
n 1 1 1 2 3 4 u 1 1 1 2 3 4
a 2 |2 2 1 2 3 u 2 |2 2 1 2 3
+1 +
B 3 |3 3 2 2 B 3|3 3 2 2 3
REH g&ﬁ
dpli, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-11 ) + 1 dp[i, j] = min( dp[i, j-1] , dpli-1, j1 , dpli-1, j-1] ) + 1
Step 13 Step 14

ooan

i{“ 12 3 4

o e 1 2 3 4

[ 5 I IE U G T
a 2 2 2 1 2 3
B s 3 2 2 3

BEIRDREIES K 3

Step 15

K 14-30 ZmHEEES SIS RE

3. FaEfiik

BT dpli, 7] B A7 dpli — 1, 7). 77 dpli,j — 1], % E77 dpli — 1,5 — 1] SRR, TERRH
SESTE b dpli — 1,5 — 1], BIRFBFHTEENTIEE dpli, j — 1], PRSI T,

ik, FATTAT DA — ANV & Leftup SREFA LTI dpli — 1,5 — 1], MR FTE R LT H#
R RTR LS e e E WEAEE, AIER RS, A NTR:

// == File: edit_distance.swift =

/* YRIBEEE: TEMLIWEMIEHESIX +/
func editDistanceDPComp(s: String, t: String) -> Int {
let n s.utf8CString.count
let m = t.utf8CString.count
var dp = Array(repeating: 0, count: m + 1)
[/ REE%: 817
for j in1 ... m{
dpl3l =3
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hy

}
/] REE%: HRT
for iin 1 ... n{

!l RKEE%: B

var leftup = dp[0] // &7 dpli-1, j-1]

dp[0] = i
/] RKEEH%: HRY
for j in 1 ... m {

let temp = dpl[j]

if s.utf8CString[i - 1] = t.utf8CString[j - 1] {
/] ERFFHEE, NEZKIILRFR
dp[j] = leftup

} else {
/] RVRETSE = A RibR. BIRX=MEENRVREETER + 1
dpl[j] = min(min(dp[j - 11, dp[j]1), leftup) + 1

}

leftup = temp // EFAT—®E dpl[i-1, j-1]

+
}

return dp[m]

14.7 &

1. EREH

- BIASHKIS FEE T R, JREE A iE T SR R EE TR, SRS RECR,
- ABENRIATE S, FrAshSHRIREER AT AR (B2 EATRAE, (EEIM KRR

HE TR, PR @5 ISR, AT RERTA TR R 7 SRR, AT ERIEE S T
AT H—IR,

© IR MR RAE A AEE, TS 2 M AEh SRR — R AR E TR S, H

gnlA “HEHERET —F. BT SRS IURBREL REORE, FIHIRATAT DAHPR dp RET—D4EE, N
TR AR 23 1R B 2%

© TRE R AE R R RTE R, EE, SIS [h BA AR,

- ISR =R R, RILTEE. ToERUE.

- USRI R AR A B A AT DA T R B LA AT oK, e B R L7454,

© EEBIEEN T NIRE, HRRARASZIKEAX, MEEREHNHEIRESTEX, F2HA ML

A BRI, TCiRE SR PRI R

GRENDE:D

- BERERRMNESMARE —, A6 01 HH, we2ii, BEEUHFLM,
© O-1 BHEEPIREE SCNHT  MIREREN c NFEFRRAME. RESRAT UM T ERAR

R, AMREIRL TN, RIS, EEed, BTN IRESREUE L7y e ETe
A, HIETFRZEE PRI, w5 b7 IR 5.

- SR PR AR S R BECER IO RS, HIERRA T MBS S 0-1 BEMEAR, BT

IRESHUE - T FIEZE DT BARAS, e =S [RIL A P R 2 3 i o

- TERGURAEUR SE 2 WA — MR, BMR TRORT MEZNR RN MR, EIIRASE

BorifEri max() ROy min() o MIBSR “RiEid” HHARINER “WBF” B ERSE, KIS
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Fl amt + 1 KFoR “TRBEH EFREHT (R0,
- RS AR “RBETEOR” Ok BEMAIARIR”, AR TR min() 0
SRR

Zh R 2 124 )

- ZifHEEE (Levenshtein BEE) M THEMNDFATERZHAHEE, HE SO MN—DFrFE 25—
FIYRR R DD E, mEIRIERARTI, MR, i,

- G B B A IR S MK s BIRT 0 DR EBON ¢ BIRET § D FRTR R D HRES . 5
sli] # tlg] Ny, BA=RERE: A0, MR, B, e0IAHERATRER R, I En] DRt st
TFEE GRS R, Wi s[i] = t[j] I, T/ Y w1,

- AEGREIEE D, WESMEUEIE E75. IEATT. A ETTRVIRE, RIS A5 5 s i Tk
P TIRS R, itk, FRAMAA —DEEEFL LIRS, WS 5582w RS HTH
O, A AR AU R A T IR T
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F158F AN

el

Abstract
) H 2%6A%E KPHEE 8, BZIESR B 8 KR KT EE,
FUL RIS — R R BERE D, BP FRREER.
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15.1 JOEZX

ROEZE (greedy algorithm) 22— WLAIARRACIL MR RTR, HEA AR AL WA N RRITEL,  #
R ATE R R LAIESE, HSUOt it BB ILATRR, DIIERG 2R, OO IRREE HEiK,
FEVF KRB E & 2RI
FOLRIEISASMKIER A TR e, ez B E— SR A, HanEs iR a5 e, =
TAEREEA AL,
- BN SRYE Z BT ERIR A IRAOR B & S RIR, I IS 27 1A RS 2 24 A1 [ LA e
- ROLREARFBELRRE, T —BAnithiET ou0Ess, AW NRETEE, B2 R,
BAVREL G TR THERORIEN TIERM, XEMOSE “BeEme” =Y hagd, H
B EFH AR,

Question
57 n MR, 58 0 RPEEMITEIEN coins[i — 1], BN amt , ST AESIER, [
REMS I H BRI MEE, MRITEEH EFRER, NWIRE —1,

AR ZOL RSN 15-1 FioR. 28 HFREA, BSUOMNESE AT HERRE eriEm, THigaaix
S, BEREL BRSOV,

B 15-1 TRk 00 R

SEEHES AT R R
// == File: coin_change_greedy.swift =

[* BRI D */
func coinChangeGreedy(coins: [Int], amt: Int) -> Int {
// 1&i& coins FIRERE

var i = coins.count - 1
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var count = 0
var amt = amt

[/ EIRHFTROERE, BRXERKREH
while amt > 0 {
/] BEUNFBERIEARREERVET
while i > 0 && coins[i] > amt {
i-=1
¥
/] %E$E coins[il]
amt -= coins[i]
count += 1
}
/] BEFRFZEBIAITAESR, WRE -1
return amt = 0 ? count : -1

IRATRER A H LR &I : So clean | BULBIEMUHA TR RURR T 2 ER L AL,

15.1.1 FOFEZENRSS5RBRE

TORIEAIUR B, JUmn, i HIBH PR R, 0L LR H, e mR/NEEH min(coins) ,
W ZIE B Z P8R amt/ min(coins) X, WEEZEN O(amt/ min(coins)) o XHIESRIFEZER
IR ZE O(n X amt) /N7 —NEED,
SRM, WA A, RORIEHFAREIRBIRIMM. 1 15-2 240 TIARA,
- 1E# coins = [1,5, 10,20, 50,100]: EZEHHAE T, SEER amt , SUOFEIEER DELEIRM
fiEt.
- Bl coins = [1,20,50]: & amt = 60, ZWOHEEHEEE 50 + 1 x 10 Kysisd s, it 11
R, HEESHI AT DAREIR AL 20 + 20 + 20, YR 3 M,
- &Pl coins = [1,49,50]: 8% amt = 98, DUOLEIEHAERE] 50 + 1 x 48 WSS, it 49
Mg, (BRI ARSI 49 + 49, XFF 2 Mg,

WhAE BiREE BOHERRNER EhSARIRIR SR
(REpRmIARR) (2RRIAAE)

(1) 60 +@x10 x3
@ 98 +@x48 xz

B 15-2 SULRERICIAIRH R AL ARA R B

W, N TEFEAEAE, SORRICRRIEKE 2RI, HHERIEHER ENR, EEES
SNSRI

—RIEOL, SULREIRRTE AL DL 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,

HE E= il A{EHE
vall[i-1] IRIBEHHE

i wgtli-1] valli-1] wetli-1] MESBHEHEE

2 20 120 6 2

4 40 210 5.25 ¥ P

1 10 50 5 ) RECERBUMEE SRR
3 30 150 5 Y

5 50 240 4.8 7

B 15-5 380 B s 0 R

2. fREEEH

BATEL 7 — e Ttem, DUMERY)SALIAAANEATH Y . 1EMETO00ERE, SR ECHRBEH
FIR Al

// == File: fractional_knapsack.swift =

/* Y& */

class Item {
var w: Int // ¥YIREE
var v: Int // ¥imME

init(w: Int, v: Int) {
self.w = w
self.v = v

}

/% DEEE: A */
func fractionalKnapsack(wgt: [Int], val: [Int], cap: Int) -> Double {
// CIEYMEYIR, EEFmINEY: EE. NE
var items = zip(wgt, val).map { Item(w: $0, v: $1) }
[/ EREBMMNE item.v / item.w MBEEUREITHIF
items.sort { -(Double($0.v) / Double($0.w)) < -(Double($1.v) / Double($1.w)) }
/] ERBCNERE
var res = 0.0
var cap = cap
for item in items {
if item.w <= cap {
/| BERRBERE, WEHFYRENEHES
res += Double(item.v)
cap -= item.w
} else {
/] BRRBEARRE, WEHIYGRN—FoEHE
res += Double(item.v) / Double(item.w) * Double(cap)
/| BERREE, HILBHER
break
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}.

return res

WEHE BRI E R EEE N O(logn) , ZREREEEN O(logn) £ O(n) , BIRTHREESH
BRI,

BRHbr28h, TERERT, FEEHEMMIIR, FRRBERER O(n), Hibhn Ya.
H TR T —1 Ttem X R5IR, BMEHERIEN O(n) o

3. IEffM4IERR

RARAER, Bl v Z2RAHMER &SI, ERHEEERGRAMEDN res , EZBH LS @
WENE U A EBAEREY R, OV EENYS v . HTY © B MMERS, RIS
WIGRUENME—EKRT res . X4 res RERIMWFE, BHRILGEPLHAREDN © .

AR A, BAIRA] DA ERPE, BMEZ, MG EE RIS R BIERE, X
B 00 SR 2 B R

QniE 15-6 FoR, QNSRS S EE BRI SR E 70 BB 1F — ok —HERIR AR, W 380 B A L
o “SRAEA FRAEHIX AT A B R, 1K EERT DAR BIERAT I LAl R A 50 O SRS A 25

MR GNME
5.25 5 5
* ¢ @ -
YRES
40 10 30
50
B “asE

15-6 s BOE SRS LT #oR
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Question

WMA—TDEA ht , HPRNESPNTRRR-NEERRNGEE, SHPREENNER, DREllz
] 23 B AT AZH R — A

DERNARET @A R (), HosEhEERRRRE, 52N RS R |
2%

TBIEREHPIEEREM DR, ESEHRNESRNERREAR, RERKAER, ~OIA1E 15-7 Fir,

R

e B N W N ®

S
[y
[\
w
=
(5]
[=)]
~

15-7 BRARAEFEHREESE

AHEEEPFERE R, FABRRE A RRERRS], Eh (4, ] .
MR, ARS T RERMGEE, Hrh@hEiove, %ERMBRINEEHERS 22, RARN capli, j]

| WA AR
capli, j] = min(ht[i], ht[j]) x (j — 1)

WHALKER n, AR AE0R (RS0 02 = 20l A mreisist, ST B9k

&, MTRERANR, HEEREN O(n?).

1. HOEIHRE

A B RIS, W 15-8 Fir, BUAI— AR [i, 5], JORERE1i < j B ht[i] < ht[j]
,H KRG, KA
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S B N W N
————] < e
———— <\l

i RN, § AR
YEIARE cap = min(3, 4) x (7-0) = 21

15-8 WIsIRAS

aniE 15-9 R, FBERERHRHR j R ¢ SR, WA RN,

XRRNERINM § 5, HEE j—i §E2/h; MeElERoE, FitsERErZ G IrosiER) 5L
N (BENEH 5 BONRERD o

8

7

6

5 . .
. | ;
3

2

: |

0 1 2 3 4 5 6 7

BRBEER, BE—ER
LRIAE cap = min(3, 3) x (6-0) = 18
B 15-9 [MNBESHEARGEHIRGS

i, ARG MANBERR  , AAREEAFRER, FNEREE —EZ/, HEElfEIER
BNIERIREN ¢ FIRES K)o BIUNTER 15-10 1, BalEia HfRE R,
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i
A
8
7
6
5 :
4
3
2
1
']
(7] 1 2 3 4 5 6 7

MABEHEER, BEAEEEA
WHIRE cap = min(8, 4) x(7-1) = 24

B 15-10 MR EERERIRES

UL AT A AL N WIRG LT, (EELS SIS, N I SRR LTG5, B
s,

[ 15-11 JER T A0 SR TId A

GRS, J5EF R j 4SRRI,

PR RORAH AR capli, 1], IFERRAR R,

Heet § FIBR j BORGEE, FEREETRUIA PR E—Hs.

TS 2. BRI 3. %5, AR 0 Fj HIBINLSR,

sl S

8 8
, , ‘
‘ { ; .
5 J 5 i
4 A - ’
3 ER 3
2 2
1 1
0 [
] 1 2 3 4 5 6 7 ° 1 2 3 4 5 6 7
MACHESH i, 5, EENTIKATS, FREAE res - o UREE cap = min(ht[il, ht[5]) = (j-i) = 21
l Step 1 Step 2 BABE res = max(cap, res) = 21
i i
v
8 8
7 7
5 2 5
ER 4 4 | | 3
3 ER 3
2 2
1 L |
0 0 |
o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
LABR cap = min(ht[il, ht[51) « (5-1) = 24 UMER cap = min(htlil, ht[5]1) x (j-i) = 15
Step 3 RABE res = max(cap, res) = 24 Step & BABE res - max(cap, res) = 24
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i i
v . v .
8 7 8 7
w7 HR 7
6 6
5 5
4 4
3 3
2 2
1 1
o 0
[ 1 2 3 4 5 6 7 [} 1 2 3 4 5 6 7
YEIBE cap = min(ht[il, ht[j1) x (j-i) = 28 YFIBE cap = min(ht[i], ht[j1) x (j-i) = 21
l Step 5 BABE res = max(cap, res) = 28 Step 6 BABE res = max(cap, res) = 28
i i
v v
8 8
7 7 .
s } ’ g
5 R s
4 . 4
3 2 3
a2 2
1 | 1
] o
o 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
UFIAE cap = min(ht[i], ht[j1) = (j-i) = & YEIBE cap = min(ht[il, ht[j1) x (j-i) = 5
listep . . |ABE res = max(cap, res) = 28 Step 8 BABE res = max(cap, res) = 28
ij
v
8
7
6
5
4
3
2
1
[}
0 1 2 3 4 5 6 7
w8 1 5 5 188,

Step 9 . BRHBLET, EEIRARE 28

B 15-11 RARAEERB LR

2. XE5sEH

RIIERRZ n e, FERHERER O(n) .
Wi, jv res ERBEERNOESMER, FtEREREN O(1) .

// = File: max_capacity.swift =

/* RRBE. AL */
func maxCapacity(ht: [Int]) -> Int {
[/ M i, j, EEDFIEERR
var i = ht.startIndex, j = ht.endIndex - 1
/] TIBRKEERN 0
var res = 0
/] ERBLNERE, BEEMRESE
while i < j {
/] BRRARE
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let cap = min(Cht[il, ht[j]) * (5 - i)
res = max(res, cap)

/] ARBHER
if ht[i] < ht[3] {

i+=1
} else {
j-=1
¥
¥
return res
¥
3. IEf#{43IERR

ZFRU DT R, REVERIODIEERT S “Bod” —2RE,

FEEAEIRTS capli, ] F, @ ARIR. § KM, & DI RN « mWBEa—i, SS8E 15-12 FRrpIRESs
W BEE”, XEWAE Z R ICRRIEX RS A R RN,

CCLp[i,i-l— 1],cap[i,i + 2]7 ,C&p[i,j— 2],cap[i,j— 1]

cap[eo,

caplo,

6]

3]

\ 4
—

caplo, 5]

capl[o, 2]

15-12 sl FERHEERIRES

caplo, 4]

MERADL, IR IR RS AR KR j mNBSNFTE RS, AimRMNIELIEANBERIR—E S

SEERL/N, RN, WEEAIRESHTTRER RO, B ENAF 23 Rt

DAL AR, BalEmRARiEe “2e” 1, SORIZA,
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15.4 mAY)5 Fefin)d

Question
HE—DNERE n , KEIIDAEDWANEREM, KU EMAEBRENRHNERZZ D, WA
15-13 Ffirro

HWAEER n , R max(ngxnyxngx..x Ny % Np_q X Ny)

15-13 R Y172 AR Al L

BORBATRE n U153 m DRI T, HAss « MRFIE A n, , HI

m

=1
AR B AR RIS A B T s, H
max(H n;)
i=1

BATFREREZNR: VIHBE m MiZZR, 80 n, MizzEz/h?

1. FOHBRIAE

MRAEEE, WAEREEEERFUEELEMNIRMAE R, B n haE— T 2, MENIRFEED 2(n —2)
o TMTRFZFRIG n FEELEL:

2(n—2)>n
2n—nm—4>0
n >4
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E 15-14 R, Hn > 40, P10 2 JERMSER, REIIRTHT 4 BFPEBHERN %S

LRI —: WRVINDTTRFEE > 4 AT, BAEHBIZRARSY) 7T, RARYIITTR AN 1, 2,
3 EX=RAF,

N
=
=
1
N

Y24 b, 1BE 2(n-2) 2 n
AESENDHRIANEE 1, 2, 3 BF

Kl 15-14 Y17 SRR
B RREHEMA R T RRMEN, £ 1. 20 3IX=ARTH, BA1ERZEN, WAL X (n—1) < nfEK
32, BArH 1 Rimie SECRFE/ .
WE15-15 R, Mn=68K, H3x3>2x2x2, XEKEYH 3 YT 2 Bk,
DRI EUI AR, BRERNFERD 2. FRN=A 2 BB IEIARA 3, MRS E KR

Mo

HEFEEZA 2 B, ROZEOMETAED 3

K 15-15 ®&ILYI2 R+

Zi ERTR, FIHERLE DUR 2O0 R,
L WARS N, NHAWHYIHET 3, EEREON0. 1. 2,
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2. AREOVO I, Ak n & 3 IREEL BT,
3. HREOY 2 1, My, RE,
4, MREH IR, HT2Xx2>1x3, HLMERE—3EHN2,

2. KE5sEH

i 15-16 AR, BACABEL IR Y] 88y, ] AR MEPRI2FASE] 3 M o, HEEIZES
FIRED, WA

n=3a+b

R, T 0 < 3 BRI, WA 1, REN L X (n—1).
// == File: max_product_cutting.swift =

[* RAYIDTEMR: Ly +/
func maxProductCutting(n: Int) -> Int {
// E n <=3 B, OS5 H— 1
if n <=3 {
return 1 * (n - 1)

+
/] BROHTISH 3, a A 3 BN, b AR
leta=n/3
let b=n%3
if b =1 A
/] ER¥A 1 H, 3 1 % 3 BkH 2 x 2
return pow(3, a - 1) * 2 * 2
+
if b = 2 A
/] EREHN 2 B, MR
return pow(3, a) * 2
+

/] ER¥T 0 B, FigabE

return pow(3, a)

¥ b at3

n=3xa+b

15-16 Hw AV AR RTTTA
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o} TR 52 A FE R TGt i S IR RSB TL. DA Python Jufl, & FIRYR R EECE =#,

- IBELF xx FIEEEL pow () WINEEZEEH O(log a) o
- B math.pow() MESEA CIESER pow() B%, HHUTIFREGE, NRAEREN O(1).

A o M b FERAFEEOONIESNERE, FRERERER O(1) .

3. IEt#14IERA

HEARIEE, Rt n > 4 BB

L R < 3 RIERMRTIDTTRPFE > 4 WETF o, Ba—En] DUFHASRIS 0 2(x — 2) ,
MIMIRIFER (BAHE) BRI, RS5RIETE.

2. Ui uE 1 BRRIMVIDTTRAPFE-IET 1, Bae—Erl LEFH AR PEFH, DA
PRERIFM, XS5BT E,

3. VInTiRmBUEMA 2 1 REERMVIDTRPUE=D 2, Ia—Er AN 3, FRAHER,
XGRETE,

15.5 /&

1. EREH

- LB T TSR AL, HUE R A PRI B R R, DR A
BARAR,

C RLEESERH N NI RUOEEE, SEEOEOR IR R R — BRI TR, B
BB,

RO, ARSI, M TEANR, 200N A 5 AR,

CEBESBUAE S, TR RS, 0T REREIR A K TR SR A A TR
R, LA RER SRR,

OB SO R B R AR SO R AR T4, UL R 2 5000 I
O R

TR A, SOOI R, AR, AL, B e,

RIRSLFBEEA N W, BE SO, ERMEET, e, B SO RO IR,
EREER G A,

-SRI 0-1 SEAER b, AVEEEIR AR5, BT HA SO R, SO SIS
M T LA P B S HE A,

- R REEAI ISR, WA RS O(n?) . WHEH 205N, SRENEIERE, [
S ZE RS O(n)

- ERARTATRIAE R, BTSRRI A SOOI > 4 WK RS 5, B T
N3, RIEFASTEE, NRERERRTREESIE, & O(1) % O(logn) .
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16.1 (RIZIFIRRE

16.1.1 ®E IDE

HeF IR, B8 VS Code 1ENAHIERIT R (IDE), Vil VS Code F M, HIEERIERGHEAH
MIRAHR VS Code 3T REFIZSE,

a % O 0% i

Visual Studio Code  Docs  Updates + Download

Code editing.
Redefined.

Download Mac Universal | .,
Stable Build

mac0s Universal
Windows x64 User Installer

Linux x64

. & C *
master G014 » ) B CA2 Sonces? UTFE UF
Other downloads or cpen on web
0
T#i VS Code 85
IntelliSense Run and Deblg BONCN Git Extensions

16-1 MWER T~# VS Code

VS Code IR REASRS, KR ZEHREESHIZTHIEIK, LA Python M, 2% “Python
Extension Pack” #" B2 J5, BIA[H#EAT Python fXESVEIR, 230 3UIE 16-2 FliR.


https://code.visualstudio.com/
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Python Extension Pack vi.7.0
Don Jayamanne 7,005,466 % % % % ¥ (16)
Popular Visual Studio Code extensions for Python
Disable v Uninstall |~

This extension is enabled globa

DETAILS

Extension Pack (7)

REHRNT

A B P O AT autoDocstring - Python Docstring Ger

doc

! Install

|
j—ﬁf*?ﬁ% ython Docstring Gen...
@ Python
P

3

Jinja

Python Extension Pack

Install

= ] Python Extended 12M k4

16-2 %% VS Code ¥ B f

16.1.2 REESIFIR
1. Python ifi§
1. F#EFF%% Miniconda3, % Python 3.10 BEEHHRA,

2. £ VS Code idifERi 7182 python, %24 Python Extension Pack
3. (A1) fE@S T8I pip install black, ZEMmHEERTH,

2. C/C++IfiB

1. Windows R&FEELE MinGW (HLEZGE); MacOS B Clang, Toii#dk,

2. £ VS Code @RI R c+ , %% C/C++ Extension Pack

3. ([ &) FTJF Settings T i, 1% % Clang_format_fallback Style fRFSA% Lk, RE N
{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach }.

3. Java ifig

1. R#EF%% Open] DK (FRATEHE > JDK 9),
2. 1£ VS Code WHHFTI IR java, &2 Extension Pack for Java .


https://docs.conda.io/en/latest/miniconda.html
https://sourceforge.net/projects/mingw-w64/files/
https://blog.csdn.net/qq_33698226/article/details/129031241
https://jdk.java.net/18/
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4, C#iIfiE
1. FEFFZEE Net 8.0,

2. £ VS Code iR 71822 C# Dev Kit, %% C# DevKit (FlEZY,
3. WAl A Visual Studio (ZZAE#FE),

5. GoIfig

1. F#EHHLEE g0,
2. £ VS Code idfFfi 718K go, %2 Go,

3. ZFERE ctrl + Shift + PPRHHASEE, A go, 1%#E Go: Install/Update Tools, &HBAIE

FH22 2 R/IAT,

6. Swift Ifi%

1. FHEHFZEE Swift,
2. £ VS Code @RI R swift , 223 Swift for Visual Studio Code .

7. JavaScript g

1. F#EIFFZE Node js o
2. (A[i%) 1 VS Code WA 4R Prettier , MRS IULTH,

8. TypeScript IFix
1. [A] JavaScript SRR 2251,

2. &% TypeScript Execute (tsx) o
3. £ VS Code WyidifFHiA R typescript , &3 Pretty TypeScript Errors o

9. Dartifis

].. —Fﬁﬁﬁg Dart o
2. 1£ VS Code Wt HiipH ¥R dart , %2 Dart,

10. Rust Ifi8

L. FEFFLEE Rust,
2. 1£ VS Code R EE rust , 4 rust-analyzer o


https://dotnet.microsoft.com/en-us/download
https://code.visualstudio.com/docs/csharp/get-started
https://learn.microsoft.com/zh-cn/visualstudio/install/install-visual-studio?view=vs-2022
https://go.dev/dl/
https://www.swift.org/download/
https://marketplace.visualstudio.com/items?itemName=sswg.swift-lang
https://nodejs.org/en/
https://github.com/privatenumber/tsx?tab=readme-ov-file#global-installation
https://marketplace.visualstudio.com/items?itemName=yoavbls.pretty-ts-errors
https://dart.dev/get-dart
https://marketplace.visualstudio.com/items?itemName=Dart-Code.dart-code
https://www.rust-lang.org/tools/install
https://marketplace.visualstudio.com/items?itemName=rust-lang.rust-analyzer
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16.2 —iES 58k

HTEERIAR, HHXERFAE—BERMER, W, RELITER, BERRM. WEHK, X
FEL, A TEWEA TS AN GBS R, BB TBIE, DA IR E LB > B,

Fi 5260 A1 GitHub ID $$EAR B, MU PDF M 30T 3 TRR,  DUBSHIBA T IR X A TE
FAZE TR

JFIREE Sy
205 T AP R ENRI A TR BRI TR AR, PR ST IR 3 A 7T
MEATHRA A, WREIERIR RIS =8 H EE LN,

1. AEMA

e 16-3 iR, SATUERA EAEH “gmERERT. R DEZIE DU N P BRIESCOR B,

1. i “wBERR, WSBE “FE Fork e WIPR, ERRIZEE,

2. 1B Markdown JEXXFNZ, HENARMNIERYE, HRERRHRIE N5 —,

3. TETHIFEE BBORH, RERT “Propose file change” %%, TUHIBkE: /G, it “Create pull
request” %R RIA] &R HIEUE K,

o, o oe
Fudfi wello Bz % o Qoam L Ristiiiotts
Hollo W3k 31 HURLEM ‘ ‘ s
®Hom wE > ' o OEES ) a1 mmem: sesm
EERE R e > 312 MR S5O
8 Wom mRESE > ERMESIOERA. EE K. Wl SRR, B . B, TIIELUAZRGH R
e T
31 HUBESI S
2 WANERE 311 iBIEAN KSR
33 WEHE - Si
a - 7 B . RIET, BT IR TIEmiEHEE
. BHIERR; THERHD, SRS FRRANT), RNEAESERZPNTRERR; ENGTR
36 TR, RIRT BROAGRR.
B H4n mEsER >
& msw ML N 0B 31 B, SEMEEMATR AR A AN TR, SMAMILIEN, EEEENAR L2
= o E il; AEEIEEHNER, 244 i,
@ men nam ) GIET); AEAEEIIIAR, BRI
Aw7E B > - WIS B, R 5 DIL BEE.
A omem > - MG 1 . B, R
G Hom & >
= H08 B% > Erre T AR
] ENW >
- W2E 3% > L] ]
1 HIBE @H > . - JUN N
B E1am pEm s - P
@ His®W AL s .
@ ®ieE MR > = /|
B a H—

& 16-3 DU gm AL T

R TEEERE BN, FEEIHE [ssue BUFICH SREARIE, BAI2REREHIFEIRE R


https://github.com/krahets/hello-algo/graphs/contributors
https://github.com/krahets/hello-algo/issues
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2. RELIE

MREE GBS S5 HITRETE, fEAEBIEREMREE S, T RCENESE, IAFELAT Pull
Request TIEfifE,

. SR GitHub , KRB G F Fork 2D AKS T,

. AR Fork FEMTT, M git clone AR vafE £ A M,

- AEARHGEITNACIE, FHE TR, RuE RS E R,

. B AR CE R Commit, A5 Push FifE G,

. RIFTCEMTL, i “Create pull request” FZH1EIAT & EHBUE XK,

g W N -

3. Docker ZE
1£ hello-algo MRH®F, $UTLAT Docker A, BIRI{E http://localhost:8000 jRIATIH :

docker-compose up -d

{5 FH AR i < R RT R AR -

docker-compose down

16.3 ARiFFE
22 16-1 HIH T Brh I R EAIE, (HEE R L,
- EBOTAZIAR I, DAE SOk,

- B ATAAE AR SOEEAR AR SR BIIMTE AN

% 16-1 BURSHS5RIANEZE AR

English faT RS L {ENSED
algorithm =RFS CCRES
data structure HEaig BRLEig
code (E RS
file XA RES
function PR PR
method VERES T3tk
variable Iy SR

asymptotic complexity analysis ~ #NEE AT BOLEREE T
time complexity N 1) 52 2% P IRF M P


https://github.com/krahets/hello-algo
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English

space complexity
loop

iteration

recursion

tail recursion
recursion tree

big-O notation
asymptotic upper bound
sign-magnitude

1’ s complement

2’ s complement
array

index

linked list

linked list node, list node
head node

tail node

list

dynamic array

hard disk
random-access memory (RAM)
cache memory
cache miss

cache hit rate

stack

top of the stack
bottom of the stack
queue
double-ended queue
front of the queue
rear of the queue
hash table

hash set

bucket

hash function

fa R rsg

23[R AR
TEER

AR

19

J2 i)

e RUSE
KOs
i SR
JiihG

ST

EART

el

EGl|

R
R
SR

JE T AN
HllZ
ASEA
%

el

17
ZAFARA
RAranhR
(53

AL

3]

BAZ|
WEIRAF

E U

R
ol

ES M

U]

JEIEE

KO iR
Pl st
J5HES

—HiE
L

feiz7]

K5l
SRS
ST RS ET R
SR
JEER

2l
BREES
T

LR

PREX

PRECAR A
PREX AR R
HE
HEAR TH
HEB
741
Eafrs
THE
151
MR
MRRS
i
E5i3C BN

I
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English

hash collision

load factor

separate chaining
open addressing
linear probing

lazy deletion

binary tree

tree node

left-child node
right-child node
parent node

left subtree

right subtree

root node

leaf node

edge

level

degree

height

depth

perfect binary tree
complete binary tree
full binary tree
balanced binary tree
binary search tree
AVL tree

red-black tree
level-order traversal
breadth-first traversal
depth-first traversal
binary search tree
balanced binary search tree
balance factor

heap

max heap

fa R rsg

IS
AT
Bl CHiE
FSHE
LRI
LGS
XM
TR R
FEF R
LA
AR
e
LSRR
R R
9 AR

i

=

i

i

IR

SEFE X
RN
SEI X
-1 — X
X AR
AVL f#f
A2y i)
=30
IR S T
IR ARS8 3
XIS R
A A ER
A T
He

PNt

E U

MR E R
A#EA T
A AL
FHCE L
BRIERE
HEIER

— ek

HRETR
TR
s

JE

B

R

SE3E Tk
SE4 Tk
SEi ek
S s
IS
AVL #f
AL

& e s

JEE i B S AE ¥
IREE B SeE
it
S e
FE T
HERH

K TEHERA
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English

min heap

priority queue
heapify

top-k problem
graph

vertex

undirected graph
directed graph
connected graph
disconnected graph
weighted graph
adjacency

path

in-degree
out-degree
adjacency matrix
adjacency list
breadth-first search
depth-first search
binary search
searching algorithm
sorting algorithm
selection sort
bubble sort
insertion sort
quick sort

merge sort

heap sort

bucket sort
counting sort

radix sort

divide and conquer

hanota problem

fa R rsg

/INTHE
HRSERAF
HEfE
Top-k [Al&
]

Telal
Alal
s
R
AIE
Bz

12

NE

HiFE
RRHRIERE
RWHER
AR
R EER
TR
BREX
sk
R
SRk (352
AT
PRiEHE R
3 HER
HEHR?

LiTiEé 35
T
E e
PaRl=
DU P P

backtracking algorithm IR RES

constraint

AN

E U

/INTEHERE
sl
HEREIL
Top-k [i&
THRS

3 1 ]

A 1 ]
JeEL A [

A i [
AHERE
skE

B

NE

HiE
AR
HhER
gl T
“ns

L SRS
HEP AL
BEHE
HERZRE FB
AT
StSEEag
At
HEREHE?
WY
g /€ 352
23 GE g
PaR(E]
RIS R
[ e 5 1%
R
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English

solution

state

pruning

permutations problem
subset-sum problem
n-queens problem
dynamic programming
initial state
state-transition equation
knapsack problem

edit distance problem

greedy algorithm

fa R rsg

fiRt

TN

L1157

2 HE 7]
FHEAN A

n BJEFM
BHZSHK
IR
RSB
A
YL S )
TLE

E U

figt
N
L1153
EHIRE
THRAEME

n 2JEHE
BRERH
HIhARAE

AR REHER 7R
TS

H9rt 8 I A T R
B

55y
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