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

& my_heap.py
& top_k.py
> chapter_searching
(R > chapter_sorting
‘ o > chapler,slack,and,queue
> OUTLINE
> TIMELINE

X Pman< I LOtests ®OAO WO GitGraph Ln118,Col 20 Spaces:4 UTF-8 LF (} Python 3.10.13 (base:conda) @ () Prettier [

0-3 HUTEEEGRHA]
HUTHE IS AIRTE TIEFZE A=
F— RAMRARGEE, 2 RN RAURIZET 2%k, WREREE, NIATPhE e,
B ekl MRS B, B0 GitHub &, REARE Git, 7ATDUEME DA R v e B 8 o :

git clone https://github.com/krahets/hello-algo.git

EIR, URtA] DATERE 0-4 Iz B, BiE “Download ZIP” #%8H Bz NEUFEUIEMRAR T, RIBTEA iR
HIET

O krahets | hello-algo

> Code ), n Security

# hello-algo Unpin Unwatch 312 ~ - | ¥ stared 5ik

main - | F7b >6 Go to file Add file <> Code ~

ocal
krahets i

B clone
github

HTTPS SSH  GitHub CLI

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

@
g
2
3

[ Open with GitHub Desktop

Open with Visual Studio

[ Download ZIP

Releases ‘&
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= 72 ZXWBH G W Q Q) o
Eﬂﬁlﬁﬁﬁgm Code Issues M Pull requests 10

Python C++ JV# Go Swift JS >
binary_tree_bfs.py

def level order(root: TreeNode | None) -> list[int]:
# ARSI, MAIRTR 5 krahets
queue: deque[TreeNode] = deque()
queue.append(root)
# Miatt—1 IR, BTFREFEHFT
res = []
while queue:
node: TreeNode = queue.popleft() # PABILIBA
res.append(node.val) # RiFTiAME s
if node.left is not None: 0 A 9
queue.append(node.left) # EFTHENK OIS |
if node.right is not None: ﬂmﬁﬂm;
queue.append(node.right) # HFTEAR
return res

chapter_tree

array_binary_tree.py

binary_search_tree.py
binary_tree.py
[ binary_tree_bfs.py

binary_tree_dfs.py

0-5 FErE L Bl 3 e ) JiA U I 58
PR T AHHUTRE S, #EMUESSR Python BsUBSIIBIEMEBIT (BR pythontutor HH) . A& 0-6

R, VRATDARSERE KRS S R O7 9 “HLEL B T” APk, B BRI TiaRs; thal DURGE “4
FREIE", DUETS Ear IR B SR,

ax 0 0®:

(2 o krah hello-als
% K Q Em (;T;;i' “wsn v
Hello |3 [-:- TET "] A%
HoE W >
P s eython 8.1 Prin output (drag lower right comerto resize)
2 mom wnEoH N res = (0] * (len(nums) B nums = [1.3.2. 5. 41
# FEBEPHAETRENT
b WIE MEEH >
g E . - for i in range(len(nums %%EF?
B EaE MASHE v resti] = nuns(i] Frames Objects 7
a1 e # BN REMNA Global frame fonction
4.2 @& 1 return res extend(nums, enlarg
P extend

""*Driver Code""" nums

p
44 WESER © e matn o ORI RIERIERE SRR
45 T omerma xtend /‘ 1]3]2]5|4 413 WARDER

& WEE BSHI > nums = [1, 3, 2, 5, 4]

B OBeE MEE > print ("8 nums =", nur nums e s e

Awon n > Y ErE G 3/"‘1‘325[0‘
res

& wem ? nums = extend(nums, 3) i3

B EOR @ > print (HBAKESBE 8

T R0E B > : —

L ENE HF >

e WRE B >

RN >

B wee wmsny > [<Prev] [Next>

@ EBBE T > Step 17 of 22

@ E6E MR 5 Visualized with pythontutor.com

BEXR

)& 2EBE

0-6 Python FXEHIRRMAHIT
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qniE 0-7 Fow, 48 EREHEE IR REAREC A s fam s, i RaEL TR MmN A, —J 7, RA] DAL
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Bl 31 smamos % %o it
Hello 3% BER
E®om wx > (LS DBk 311 EHEN: BES AL
E1E NARE B A GMEBIEENAIES S RESN, BRRNMADEE., 12 MR BRSO
R #28 SREHM > ———
& Bam R 1@ @) &2 2588
31 BRI 4
3.2 EFHiERm chenzhiweiS4czw 1 F 5 H
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5 ES ST
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T EI0E 8%
=l BNE AF
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FIRERSETT HII N A

BB —: WIS, ARRIEAAFTE H BRI, SR E/D 100 EEH, PGB FRAEEERE, #IUm]
RRE, “HISIES" ATRER — PR, HERD, ERRIEFK, TR PAZIE “CEmInE s 2k
HEEH, EEEET 3~5 MAVEER, StREHAREE D, HERAEEMRES 5 Rt GitHub
B,

BB —: IEEAGRMR. 2R, I DRSS EIASRCCE, RENESTE IR, DA
SR AREE AR, ERIET T, FTDAE SR AERS R RS, I, R, 2%,
BRI R 1 AT DATE A AL R

quiE 0-8 AR, AEWAETEME “FEE—", BERBIRE SRR B R B =12,


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

PR — PR — RER=
SR ERENFT {RF R EENRER

WA

EEGENFIE RIRRER RRRRIESR
EEEER

ERATEEIRR EEMBEE

FREL B 2 R Rl —iBRE MERNE, FRRR
TR RS IE I AR IR ERTENNMER

# 0-8 {HERIASE AR

0.3 /&

© AENEEZFREEEOEE, WRIRCAH &, AERERHBIRRRBEEEEN, &hiEE
AT PERy “RIE THEE" EH],

- ERFNAEZEQRRERE AT, EREERAEEIA =R, R TR 1,

- BRNERIEH T, EVRREREM AN EERER, A DUEFF S E R,

- HEBYE E R E RS AR, PIRUAE R, A TSN A E B R,

- BEYEERRRG AR, MU TIRRE R B AR S,

- AREHERRA AT EE RO P, BODRERE > = R RE R R,
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Abstract
—N/ DL RIS, BRI AR AE i, AR I A AR e,
QB GEURILSE, GERERMAIP AR, BN FO T i i LSS R T A TR
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1.1 BREZEERTE

ERMEER R EEER, REAMEHEEE, RMER L, SFF2EEERLAYMERSE, m2
R A S, TG AR TR B TS R R R R

TEIEXIRRHEAIR Z 0, B —EABNEEEEDS: WEKEANARDREG TRF2HEE, WEEFE
FEMSIA AR T, TSGR BRI H 7 ARKEE EE —H.

Bil—: &, i, SEETESE-EIE, iR oS T RIETHI, R REE
sl AP E RS r Y, 8 EIIRE 1-1 Fosry )y sUEEL,

1. BRI — PR EE, MRZENE TR E, REETR m.
2. HRTEPFE FRERS r L m 1%, FRDHERR ATy, ERRFE A DEIRFEE D,
3. NEEENER 1. FIPER 2., EERIIPHEE TR r WEHIER 1L,

FRERHEFEROAFHT

EFRER: HIEE—EHSETER r BF —HERE

EFHASR:

1. BHAFRAE—ERE, ¥REFSE n
2. B r 7 m %8, FiHEREFE8S

Step 1 Step 2
—HREER —HRAEER

EFRSR: EFRSR:

1. BHFRNGBIN—FRER, ¥REFER t 1. BHFARNGHINFRER, EREFHL p

2. B r fE t A08, FiHRREREESS 2. HR r £ p %8, FICHREIFEES
Step 3 Step 4

e
—¥EHE
EFHRSR:

1. HFFARGHIN—VERE, ¥REFER r
2. BRIEFES r NF, TRES

Step 5

i 1-1 &Rk
S/ NN HEGE, BRE EMREEAN “SoEs” WL EREEAAE, IR EET
R —EEHRFR [, EHEEERAE, TR DU bR il — R “—iEa”,

Bl REBRBERE, WAMESTIG, BRAHEBEM TR, RGNS, EHRAREME 1-2 Fr
Ro
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LRBEaE % R R IR Moy, MREIGIRGE Nk 1 R EAEE .
2. P —REE I, AEHFEORIEEAE, SRR 2 RERCERT,
3. NENEEWER 2., Bl sk IR A AP, HEETHSEMEH T,

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

1-2 BErHEp P ER

AR TEAE R AT R, e EE N RRRREER Mk w2 AR aGE S Rk
R AR AP R &

Pl=: B %F, BERFFHEBETIEE 7 69 JThRh, 4 TBERE 100 7T, RBEREHZHIRM 31 7.
GIR B AR SE AN 1-3 FrRrIEE,

AEEE L 31 st EE/NER, S 17T, 57t 10 7T, 20 g,
ferEEP R AR 20 7T, #ER 31 — 20 = 11 7T,
ERERAEEP E AR AR 10 7T, ®ER 11 — 10 = 1 75,
ERERANEEPELRRN 17T, #®Ek 1l —1 =07t

FRRE, 7TEA204+ 10+ 1 = 3175

ok wn e
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BiEtH 31 L2 11 = 1 =» 0

HEHB -20 -10 -1

 1-3 HEFEHRZEE
LS ERS, BV PER R ATE R RIS (ERTRERRIEEEN), S EE] 7 aITHHE TS
o CEFHEMEERIANAEE, BEEAE LR "8 WAL,

INEREE—IER, REVEPEUT, RPArARERRRABEARRE R, St BB E SR MIRESE B
EEHIF RS R R (AL IR, [FRs R USITA CPU F1 GPU BUTTHERE, B2k, BIMutaE
TGRSR R A b, DA S R SRR A R TR

Tip
GRIRIRET DRI, TR, BRI S SMSEE —HEE, sEEET TRE, AEFTIE
RGBS ARkt B T L 725 1) R

1.2 BRERMHE
1.2.1 BEEES

wmEE (algorithm) JB1EA IR N AR E MR — AT S B REP B, B RA LU,

- FERRARERT, 05T I En A\ e 2R
- BARTY, REMI7EAIRAER. IR M e,
- BLBEATWEH SR, EAHRREMARBITRET, fWHaaArE,

1.2.2 BHEEES

BRERE (data structure) ZHHMMEFERIVTN, HMEERNE, B ZHBEGRMERRIEE, R
AL R,
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- SRS HEED, DS AR,
- BRI REDUE, MEE RN, BT, MBR, EHE.
- RUEERIEREOREEE N, DUEEEIREHIT,

BRI E R — M e RE B R AN RARER T ISR, EEREAES — T R 2 . T AR

a5

- BEESERSMEURRES, TEERLETH RO PRI L ENERE, (HREYE TR DR,
- AR EEAL A, ROt T E R AGEE A, (RS E R R R S .

1.2.3 BRGIBRETEIENRE

GniE 1-4 FoR, BRI ETA S AR, BEASS, BEERBELL N =@/,

- BRETRREEIAE N, BRI RTAR A VAR RER, DUIREERIR T,
- EEIRS BRSNS, BRI S ERMAERE, SEERIEA REMIRRTE M,
- HETREE A DA AR R E DL, HBUTRERATREMERA, BHES BN E RS2 RSE.

BE—RIUREES

eSS L
BN ‘ RELE with
 —
input algorithm output
HEESE

data structure

RESERLHEEFNER
BN MR ERHRIES &

1-4 BRI BT BIARIR (R

BRSO ANE 1-5 FURIIPEAR, — &K, RTESFE TN, B RS

Fo BMLMEHRNE DD R0E, PR TR IR,
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B 1-5 PR

Wi R AT E R RN R 1-1 AR,

*® 1-1 R BRI L 2 PR

BRASMEEETL PR

LN =¢ RPFERAIFEA

BERH MAMSIEK, BRIER. R, #ERT755E
[LACRES TRRDE K AR BB — R B

i R TR

EfFRARE, EREMREREERREZNERGE SN, BRI, AEGDUIRHERZEEXESNE
B,

HIE B PR TG
FEEPERT R, FINEE R “ErREREEER" iR R, ST AR LeetCode i
RIREH, B RIS AR A T RE W 7 T R

1.3 &

- HRIEEHFEARPEEANE, WAREANI MR, BRE, ROCRENIARP2E T
ZHER, HURRRAETE R/ NFEE,
- BT TS AR 8, TS EEIAEE T 2 imia 2 A E B ATA A,
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- BEPEBE O RE R B AP RIAAER L, MAHEEERE S HE MU R,

- HWHENPBRAE EREBHEE, 5 PWRIE B AR RTFIERE,

- TEERRAE A PRI R 9 AR DR R o P RE A — A TR S BB B, T RS A 2 S SR AE AT fakh 7 S
757K

- ERHER B RN R A, BRI R BRI, MERA S B REA LW,

- FfFI AT DURFE R A BT B LE A DR RRE R, BRAARER, BRRE RS SRR B R A
R, PREREARH D BRI T IR,

1. Q&A

Q: TEZ—2fEmtathn, AL AW LIEPIEORHEERRBHE, W HEERSEEGESERET, B
EARATLA Y ; SR A ERERM TP RI R A PR TR E IR AR L ?

GRS AR TAERRELLER I “HE30" BURS, AREEMRERHEZEGZE "W,

TR 2 WA (N EMERR ) WERARENE LEHREFERE, ME2ARZEINRE, ERR
I REIRF RE S 1 HH R SO MBI B, (et LAFRU R E B, BB (e v, SrEESHNE T
pETbaw

- RTINS A SRR E RS, IR EEME R, BRIMTTREAERE TR E M T, BUT
NEWG, REEARSS, B ERIMRA M ERE,

- EARENEEEE, MG HE AT R EEREE R O(nlogn) ; MR ERERZ
[ o B RR . (BTN E25%) , AR ERM Wt v DURRCR B iy SR8 A, R R R e 25
O(nk), Hrk 2l EERHERTOCR, &8 HARISITIRMEEANERAMEE (AR, #
BREEIFE) o

fE LRI, KEMERHUESIREME), PN “EAZ” R, HENHEREE—TT
T AR R REA B ML, 59— 75 T R LA R RE R Rt 1. A\ BRI SE M, S8Rz, o #r
IR &R, LR R TR 1 B AR
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Abstract
P AT A T B A T P R S R,
EAFEIRAMAE R B2 RS P A S _EIRAIRER, SIREEHENER TR,
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2.1 EHEMETL

FEMREIRRGE R, BRI ARIESR DT v 8 i ) 5 A

1. IREUBIEMRE - [ RIATR E AT H 0 A\ FEIE Py T SRR 1S R4 ) IE AR
2. sREBRE: [F—ERERTREF A2 AERE, MR BRI ] RE AR TR,

Wt Ea, EREFIMRIRMERIATE T, BEIRMCROEN A EHEAES N EETEEE, CuE I HifE
HERE

- IR EEERTRERIE,
- ARERCR: ERAMG AR R R,

fifimn s <, WM EERSRE “BRE” MERIAREEEIE, AR RRNCR =R EE, F
HEER, FMA R SRR RE T, EmEEEE ARG LR B,

RERGHE AT R oy i EEHIEL PR LR

2.1.1 EZAR

(REF MBI A AR A MIEETE B, EMETREMRIRFE —ME, BUEREH IEMEBREIRIER, RER
Rk — 2t BN, JUTEmMEEER, B eMisiTR GRS, S
RES SR EL BRI, (HBAA BRI RIR .

—J5E, HEDAHEERMEAEREE TN R, AR B e B RARRRER L, N —EE R AR AT R =,
B EMEEASE 2% CPU LT, —EHEFERNLIEEREES, B ElE S eEi i LR &
Hf, Wt EEREARES LRSI ATRERA B, EREWE M T E A LT
W, #atFEIReR, mERAHRER.,

77, JRAeRENEAER eI, M AR RS, ARG RILARRINER, Fl, e
NERHEBUNG, HETR A FBITRH LR B &, MM AR RHERORR, ARARATeREHER. K
I, & TEEESIR RS, OISR AR, SRR R R R,

2.1.2 IPHEE

HR EFRAE A BRI RRRYE, R AT DA A% 68 — L5t H ARG T BRI AR, B G T R
&SR E S (asymptotic complexity analysis), FRBEHE D,

R HEIE S0 T BE St RSB TE R TR WU T P 75 OB P AN 23 P TR i N R R/ N TR R el v R A\ EOR)
R/NEBE, ERTEPI TR R 2 RN R 8IS, ISR AL O, BATA] DR 73 25 = (8 SR AP
e,

- CRERIANZERTEIRT 0 BIBERREMSE (time complexity) FIZRI%EHE (space complexity).

- “REE BRI NN IR A R e R TR B \ R i R BRI R

- CRERIFI S MR RS RN AT B R AR U TR R S A s R B, R R e
WER “ig”,

BEHERE St s il o EEREIIA Ty TR i, BEERAE DA A8 7
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- EIEFRERIUTEXE, B g,

- RENARIERERSE, AT ARE TR TR BT,

- ER] DIEBARERE MRERENCR, THREERERHE MHEETAREE.
Tip

GRERIRAT B AR SRR BN 2R, ZEIE 0, R EERE =G4,

HRHEIE 34T 2 AR S T — R SRR AT "R, (EFRAFT AT DA B U T A8 8 S il 7 B R T A 2
IR, B AR Z HRReR,

B R AECRS, BRPRE rIRELL R, SR AR, EmEE, ERE T AIREAK
T AR BIEMARINE. 2RI, B BRIMTE s EOR S M e R TR RO RERG IRy, S DR S B AT H T i
s I F 5

R LPTR, ERRIRER NS E ERS M BE RIE A, e BHEME R o o LD IR, DA RE S 52 K B
EICRERINEF 31 TS

2.2 EEEDE
EEE S, EERTEEERREN RN, R S ENR, FI, 75/ S R B A
RIS B, FRAFIEH T AR B B S TR,  FVMREEL A RRE s B, B,

2.2.1 #%

&R (iteration) & —MEEPITREER I HIAERE, IR, BNEENL —ERIRA FEEPITRHEE
FeaHS, EENSMER AR,

1. foriEBE

for JE[E 2 i RANEIERZ —, EEERERIE R BIREEH]
PURBRTIE for SMEEB 7TRM 1 + 2 4 - +n, KMGREFABEEY res siik, HFETERZ, Python
H range(a, b) ¥IERERE “ZPAART 1Y, HERGESRES a,a +1,...,0—1:

// === File: iteration.swift ===

/* for @E */
func forLoop(n: Int) -> Int {

var res = 0

// EEXM 1, 2, ..., n-1, n
foriin1 ... n{
res += i
}
return res
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I 2-1 2 %R E A TR [

=2l

i+

#
=1

i 2-1 KA PR A REAE

i=1
K
%

IHESRAT R SR BR A R B AR/ o IRE R, sREFR “SRERIRT, B L, RS2

igfiEl “HRPERMR”. BN A EE N —HiTEEA A

2. whilei@E

5 for JEFALL, while MR tHZ ~FEEINERAITE, £ while BEF, EASWAGREMRM, WRIK

AR, RIEERT, SRIBASHRERE,
THEFMA while BEREHRKM L +2 4+ -+ n:

/] === File: iteration.swift ===

/* while 1@ */

func whileLoop(n: Int) -> Int {
var res = 0
var i = 1 // #ia1IREEE
// EEXM 1, 2, ..., n-1, n
while 1 <= n {

res += i

4= 1 /) EHREER
}
return res

while JHE Lt for MR H S HE S, 76 while SR, FRATATDAB o R G (28 B 9 4R AL T BT 40
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BlanfE DA FRESIS Y, A58 ¢ i TR E T, BRI KT for JEREEH:
// === File: iteration.swift ===

/* while BE (WIREH) */

func whileLoopII(n: Int) -> Int {
var res = 0
var 1 = 1 // ¥iafi&eesn
// EEXRM 1, 4, 10, ...

while 1 <= n {

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

KA, for JMRERIREAISTEMERTE, white EIEMEETS, MiHHASRT AEBNANAE, BRI —EE
AR A R A 75 SR AR E o

3. EikaEE
FA AT DASE — {18220 P 4 Y S AR S — (I Pl 454, R TET DA for JEIRE 2451 :
/] === File: iteration.swift ===

/* EB for EE */
func nestedForLoop(n: Int) -> String {
var res = ""
// @B i=1, 2, ..., n-1, n
for iin 1 ... n {
// 8@ j=1,2, ..., n-1, n
for 3 in1 ... n{
res.append("(\(1), \(3)), ™)

}

return res

2-2 2 2 HLIR I ) A e R A [ o
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i 2-2  BEARIE Rl A A REAE

RSN, WU R RS n? BB, SR RTEEIAH TR IR AR AN n B “PITRRR

T ] DAAESTHTHE SRR, &R EGRAR — R “THE”, e ERREMER SR SRR TRy
BIR”, DAKHIME

2.2.2 E@

E@ (recursion) Jg—TE{EFIEHNG, ZiB I B B AMRRHE, €3 EUSREREE,

1. &: REURER AR 5, WEEEANENSCER 28, BREES] “KIERE",
2. 78 figgk “HAEMRET &, REFAIEREE AR BRI IR M, RS R,

MEERNAES, BEEABEEGS = %R,

1. RabAEE: FRDGEBR RS “E” 3 “E”,
2. JEEREN: B GE”, BRI E S, @A NSRRI 2
3. IBIIESR: HE W7, A5 E RTEE RS FOR A =k,

B DURAENES, BRI recur(n) , BEATRAZERL 1 + 2 + --- + n IEHE:
/] === File: recursion.swift ===

[* BT */
func recur(n: Int) -> Int {
/] #ELEEE
if n==1{
return 1
}
/] I EEEAY
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let res = recur(n: n - 1)
// T RELER

return n + res

2-3 JeoR 1 iR A AR B AR

AT ‘B Rt “@”
recur(n) return n + ((n=-1)+.+2+1)
| 4 ‘
recur(n-1) return (n-1) + ((n-2) +.+2+1)
recur(4) return 4 + (3+2+1j
recur(3) return 3 + (2+1j
} A
recur(2) EEE return 2 + (1)
} S —
recur(1) return 1

[ 2-3 SRR AR @ 2

HESRIEET S AR, ISR AT DS 2 RIA0AS R, eI 1 MRS A ]G A5 R TR B G i
iﬁo

<O “BTTW_E” HURIRRE, (CRIEMERPERRLG, ARANEEESRENGESER, EREF N,
- IR B BT MR, IR AR BN T, I8 A R R R A M R AT
PN AGRE T R e 2 BN TR, EEIEAERRHE L (BEAERZEE AR,

DL ERSRAIE R 20, 3R f(n) =142+ +n.

LR fERBEE SRR, 7 1 ERE 0, SREUTRRRE, BRI f(n) .
- ORI PSS TR f(n) = nt f(n—1), & GEEM) 58 F%, BRHEAESR f(1) =1
B,

1. PROEE

JETE R AR B B IRE, RN & 2ot BRI B X FCRC IS, AR (BB B, P AL 7k T At 3
o ISHFEEN T HRIAE R,

- BRI R AR S R MR R R, EERRERA FYR. FHIit,
TR S ELIEACSE MRE B Re b A
- RO R X AR RS MR DRI Y LI P I RT3 AR
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QN 2-4 FoR, EMIRAALIRIERT, FIRFAE n FERIREFGERE K, BEHRES n .

BiERE

FEERT, BEXES RFFRE R R A R, BIRAEE A] REEL R B i 8RR,

2. BiER

AT ‘& Rt “

&

recur(n)

!

recur(n-1)

!
|

recur(4)

!

recur(3)

|

recur(2) wERE
} I
recur(1)

2-4 R RN PR E

BEBESE, WREELEIR N TS — A TR, BIE% e n] DA s as o B e ae i L, (HEAE
RRCeE FEIERMEE, EREEN R ARIEER (tail recursion),

© HEEE: E R E bR R, REAESRITIENHES, RIERSHEERME L L

e

- IR R R e FOR A TR R R — (R, IERREHUR R R bR, ARSI THA
BAE, WILARSEZAR T LR LTS

DR 1+ 2 4 - 4 n 26, TIATATDUGFEEREER res RDLEASH, MmETEIREE:

// === File: recursion.swift ===

[* BIEE */

func tailRecur(n: Int, res: Int) -> Int {

/] LR H
if n==0 {
return res

}
// BEiEEEy
return tailRecur(n: n -

1, res: res + n)
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JEIRE B TIEREANE 2-5 FR. ¥ HLE @R IR, W B SRAERER TR R AN F Y,

- BB SRFIRERAE 7 FERETEITH, SRR EREEERIT ORI,
- IR SRARIERE BT RNEETEITH, “ET pEiE 1R R E,

AT 98" mLE “@”

recur(n, @) return N+ . +5+64+3+2+1

recur(n-1, n) l retTurn N+ . +5+4+3+2+1
l retTurn N+.+5+4+3+2+1

recur(3, n+...+l5+4) retTurn N+.+5+4+3+2+1

recur(z,n+...+l5+4+3) retTurn N+.+5+4+3+2+1

recur(l,n+...+l5+4+3+2) EREE retTurn N+.+5+4+3+2+1
} b |

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

2-5 RIREERE

Tip
FETERL, P2 SnE v B ELRE A I A SRF IRIE A AL, 14N, Python FERCA SRR IR &L,
FERIMERR R RIRE K, 528 AT RE €@ EIHE B B A7 A,

3. EO
HEEME “IME7 MHBAREEEMER, EEEE AR RS E MBS, EEEmSE, DL BB
A" 2,
Question
e —EERAEEZ0,1,1,2,3,5,8,13, ..., KRZEHNIHE n HEF
B ANEGINE n W8FA f(n), DEWESR,

 WEIRTRES TS F(1) = 0F1 £(2) =1,
- WEIRI AR AT ERSIOR, B f(n) = fin— 1)+ f(n—2),

TZ OB HE R FIEATIRAREAL 5 AT (8 B R 2 A& ARk, G AT HOEIRAR S, FFAY fib(n) BIRITSEIE ]
HRREHNHIE n (EE5T:
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// === File: recursion.swift ===

[* BRARRHE: &l */
func fib(n: Int) -> Int {
/] BRI f(1) = 0, f(2) = 1
ifn==1]| n==2{
return n - 1

}

// EEEL f(n) = f(n-1) + f(n-2)

let res = fib(n: n - 1) + fib(n: n - 2)
// REIEER f(n)

return res

B DL EAEHS, FMAER PR Y T R E R X, JE SR P — R A A Y I 53 3, AnTE 2-6
iR, BREABNEEFEIYNE, REKESE B80S n IEER (recursion tree),

f(n-2)

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

2-6 BB ELEA AR A

WAE FF, BT “RES A/ NFRE EEHR, BEAHEIRERES,
CREEEAER, M5 Iy, B, A, BhRERIEISE YT S o R R B R B e T s R
T,
C RSN EE, B KRS RS Y, B E MR, FATMAREEA e R
1753475
2.2.3 mEHL
MEEDL FINE, W 2-1 FR, OERFDEEEER, AGERIE A A AR,

% 2-1 JRAELEE R L
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IER TEE

BEY  HESER PRI B &

X

RPfIRR AR, el Ny B TR pR XTI 8 € 7 AE B B

OIEES  EE A EE RN EL RS S SR B TN AT B fuf F OR R A HE A M =

i

WA ERRMEEREEE, EXAREE. v EARTRES R, o B ova. [FEE, RS,

i de TH

Tip

NSRRI AR IN &, R DAERTSE “HER” EEIRAEAREE,

AR, IEAANEE BA (B NAERBE? DA ERRE 26, SKEBREEREE) " EEOET, EE%
B AL B R U LR B AR e ARCHORANIRAERY, ISR LAERHI SRR “Jo AR IR Rk ) 1,

FEL, PR R HEBIEET ISRIEEMTE CARRR TR B R DIRR.

LR BRI, RGEE TPINHER" b2 ax R o ORI HERIE, ARG A7 R SR IR R

B, 28 REIEFER,

2. 38 ERFSERETIDR MR, BRI EHAE TR RRRR, IR AT A TR,

RIt,  BRAT AT DA — i B HE AR U HE B 1T 2, TETAS IR (L 2Rk AU K

// === File: recursion.swift ===

/* FERIEREEIREE */
func forLoopRecur(n: Int) -> Int {

/] LR —ERETCAY b B SR AR R R G0 0L 2 2R

var stack: [Int] = []

var res = 0

/] B SEEE

for 1 in (1 ... n).reversed() {
/] @ NEEIRE R R
stack.append(i)

}

/] 18: R[EEER

while !stack.isEmpty {
/] FE@ “HERRE SR T
res += stack.removelast()

}

/] res = 1+2+3+...+n

return res
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B DL ERESHS, EERE DR, BAESEIER T, @EIRRNEEAERZHEIN ] A A
e, EA—EEFENRI, A LCNmEREE,

- ELRAVRESCHE AT RESEINEEDABEE, AR 2,
- BPRFEEERRE, BRI B RIAT 2% AT REE R IR

Mz, BERGRRBRBDUR R RIENTEE . ERERET BT, R RS AR R S R 5
OpIRP e

2.3 BFRIEHE

PUTIRE ] AT DL EL e AR S MU SRR RORCR . QSR IRMAB e TR — AR KIS BT IR ], TR AN 0
We?

1. MR T, SREEEREE. B, RARESE, BEREAGZEEAIEHITRE,
2. sHG SRR VEFT TR AT R, BIA0EIRE + RE 1 ns, RIERME » FE 10 ns, HIEIHEE
print() & 5ns &,

3. AR P ST RERE, A A IR ERTHUTIR SR, MG S TR,
fande LR, WABRAN S n

/] EEHTEET

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

print(0) // 5 ns

}

}

MR LT57%, I DUSSNE LR BU TR 2 (6n + 12) ns

141410+ (1+45) xn=6n+12

HEREE, SaHBARPITRERASBMABRE ., &%, RMAFERAMGRMNPUT P28, B
HREREESMEARR T2 BT, HR, BMRESENSEIRERRITRRE, SHETEMEEMN AR TR
ARSI

2.3.1 HEtERERiEE

R R e A At s A AT TR TN ], R TR A T IR TR 5 R R SR A 198 1R e 34

“IRFREIG R SIS Eee i %, FAME B — G TS DARERR, RERE AN ERI AN n, 5T = (EEE
A BFIC:
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/] EEE A NEEEME: B8

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

}

/] RWEE B MKREEME: AR
func algorithmB(n: Int) {
for _in 0 ..< n {
print(0)

}

/] EEE ¢ NEBEME: B8
func algorithmC(n: Int) {
for _ in 0 ..< 1_000_000 {
print(0)

2-7 Jeor 7 DA =T SR R A IR R R

- HETE A RA 1 ESIERE, EEEPUTRMANEE n 8RR, IR E SRR R R R 2
“HBRE”

- TEEIR B PHYSIENR(ETREIMME n X, HEEEPITRERES n HARERMEN R, EEIARRHEERE

- TEETR C HRYFIENRIERR ZEE 1000000 X, EEABITRIERE, (Heim SRR/ n R, Fit
C YRR EERD A AR, (5% “HBIRET,

WEE C - B
1000000

WEE B — R

R ERITRA 10
5 Aﬂﬁ
0

] 1 2 3 4 5 6 7 8 9

BNERAN
n

[l 2-7 JEEIE AL B C YRR R85

MBS EHEA R HE R IR AT TR ], IR R A R A TR LB R G ?



2w EREEDN www.hello-algo.com 30

- I RES A GG TRARCR, N, AR B (PUTIRH BN R, £ n > 1 RHEERX
ATENE, 7En > 1000000 REbE A c B8, HE E, HEMABRANn BIKR, HHES “HH
PE” FOBRIE—E N AR AT, BRI RESBNEER,

- PRI ROHER ) TR R, BER, HUT 2RISR IR AR S R IR T IR R A1 R S S
DRI A B R AR FEE S04 v, AP P DA BRI P A i R RS T IR AR R AR R “BRALIRRRED, AT
H“FHEBRERTIR IAET” S “RHREIRIFBESED, SR AR R R T,

- I A — 2 R, Ban, METEEE AT C RYRRIEREREARIR, (BB PRI TR 2 RITR
Ko [AIRE, @EEED 8 R ¢ &, EEmMABRR/N n BN, HRTE B BN HE X
Co BRILERTETL, TR HE DU R B s AR e B2, B A LR,
TR AT Ty R e AR IR RBCR i A R R T 1%

2.3.2 HXEHEER
BE— ARG n ER:

func algorithm(n: Int) {
var a =1 // +1
a=a+1// +1
a=a*2//+1
// EE n R
for _in 0 ..<n { // +1

print(0) // +1

}

AT E R R — R AN RN n R, 522 T(n), RIAERXR BRI

T(n)=3+2n

T(n) 22—, SEHPUTR R RES 2R, I e AR R 2 AR

A ARPERE R IR R0 O(n) , BEEBERRHRMAAR O 529 (big-O notation), FREX T'(n) Y
ik 5 (asymptotic upper bound),

IR REEE T AR EREHE “BERE T (n)” AOiNE R, EEAIHRNESR TR,
EiFawi U ot

FAEEEM ¢ FIEW ny , EEERFENR R > ny, 398 T(n) < c- f(n), QATRS f(n) &
HT T(n) —EWRE LR, 3% T(n) = O(f(n)) .

aniE 2-8 fivR, FHEMNE FAMESH—MEERX f(n), 58 n @RREERE, T(n) M f(n) IR
AUE-RAH, EARZE—EH BUH c FIEELG
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c-f(n)
T(n)

izt e

4._.——”‘*-”’—"——7

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

B no>n, B, %BEE c-f(n) 2 T(n),
Eitaz3% f(n) 2 T(n) W—EHMELR,
z24 T(n) = 0(f(n))

2-8 HEARHHE ER

2.3.3 #EGE

ML B R RBERIR A RE, TURIRERRR A2, REEE O, KM DUREIRERTTE, AN
HEE, ST DO s HEBER R,

WSER, W f(n) 215, TRIMERTESIEERE O(f(n)) . AEMAHENOE LR f(n) 18?7 48585
B RN, REHEWHE A,

1. -9 GsHRFHE

SHEFREES, BT LEIREIERIAT, R, BB LR e f(n) PREBIE ¢ FTMBUEER/D, BRI
2T (n) WIS REREL ORI DURNE, ARPRILIRI, A DRSS I DU s s,

L. 20 T (n) PR EOE, HaeMars n e, B ERRIEMEE A EL R 2,

2. HWEFTARE. BN, R 2n X, Sn + 1IRSE, #RRTDARILEL S n iR, %y n BT REE R RHEE
MERAETE,

3. JERE BRI RIE . AR SR A5 A A A P9 e R A B R o A, 5 — T (R 24 ] A
B 1. BNE 2. BT,

s — MRS, FRAMAT DU B3R B skt R E R :

func algorithm(n: Int) {
var a = 1 // +0 (15 1)
a=a+n//+0 (315 1)
/] +n (%15 2)
for _in 0 ..< (5*n+ 1) {
print(0)
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}
// +n*n (715 3)
for _in 0 ..< (2 * n) {
for _in 0 ..< (n + 1) {
print(0)
}

PARARRBR 7 A EIREITRTEIGEHER, W R % O(n?) .

T(n)=2n(n+1)+ (5n+1)+2 ekt ()
=224+ Tn+3
T(n)=n*+n fh%Er (0.0)

2. BT HEREHEESR

RIS T () s BE IR DUE ., 18R A TE n MRS K, e PR IER B T 8IE A, Hift
THASZ 2R AT DA

*® 2-2 R 7 Ly, HA—LEREaRAER & 1 5RiE “REBCERIBRBIIE T A, B n BN,
IS WG I R

R 2-2 AR RSB AR R

AR T (n) BRI O(f(n))

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

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

2.3.4 EREN

REABR AN n, H RRRREEREERINE 2-9 frs GEIRIERESRIERHED .

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
HHRE < B < GUPERE < SAEBEEE < FI5RE < FREE < RESRRE
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EBFE o(2n)
FEH5BE 0(n2) HHHH
FHEIRIERE 51EME o(n) g
T(n) i
HEME 0(logn) i
2=
#

B o(1)

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

[ 2-9 % AR R B Al

1. B O(1)

AR B R B N ERRV N o SR, RIRRE S n BB (T L
FERURER A, B RIFEE size WIREMRK, (H AR HEER N BORIR/ N n 060, DRI RIMERERE (2 O(1)

// === File: time_complexity.swift ===

[* BEPE */
func constant(n: Int) -> Int {
var count = 0
let size = 100_000
for _ in 0 ..< size {
count += 1
}

return count

2. 88 O(n)
ARVEFE IR E B E AR R AR RN n DAARTEAR A IG e o At R I8 T HH 7 B g el g o
/] === File: time_complexity.swift ===

[* BRIERE */

func linear(n: Int) -> Int {
var count = 0
for _in 0 ..<n {

count += 1
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}

return count

FERRSIRNE 7 S AS ER YR EIIR R ML 2 O(n) , Hr n 255 sl glss Ry R -

// === File: time_complexity.swift ===

[* #RIERE (ESARED)  *+/

func arrayTraversal(nums: [Int]) -> Int {

var count = 0
/] EEREEREY | REMIELL
for _ in nums {

count += 1

}

return count

EERERE, WA/ n TR A BRI AR RS, HLan(E s —ERplT, 288 n A g
BN, R 8RB, BSHRE n ZERR/N,

3. EAREO(n?)

75 RER IR ERCEAT B R AR/ n DO IS Ko P77 BEOE R HEBAE SLARE R, /i L R P i

R R A O(n) , RILARRBIN RS % O(n?) -

// === File: time_complexity.swift ===

[* FHBE */
func quadratic(n: Int) -> Int {
var count = 0
/] EBEREEER A/ n BFEHRRER
for _in 0 ..<n {
for _in 0 ..<n {
count += 1
}
}

return count

2-10 L T AEBIS, AR PE R R T = R
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EE n R
@E n /'A—'
1R E
BSROAESERT BEROMESRE B ROIRSRE
HHME 0(1) 1B o(n) EAB 0(n2)

(] RE—fEasmme

[ 2-10 HERE, ARVEREAIST 75 R B9 Rr I R

DA R 205, SMBEBEGT 0 — 1%, NEEE®RT — 1 n—2. .. 20 1%, FEAn/2 K,
WIS O((n — 1)n/2) = O(n?) :

// === File: time_complexity.swift ===

[* FHEE CEAHRE) */
func bubbleSort(nums: inout [Int]) -> Int {
var count = 0 // FtEiEs
/] MEE: REFFEER [0, 1]
for 1 in nums.indices.dropFirst().reversed() {
/] NEE: #RHFFEM [0, 1] PHEATERMEZEBNRGIRK
for 3 in 0 ..< 1 {
if nums[j] > nums[j + 1] {
[/ 33 nums[j] £ nums[j + 1]
let tmp = nums[j]
nums[j] = nums[j + 1]
nums[j + 1] = tmp
count += 3 // TTEXRREE 3 BETIRE

}

return count

4. $EBEEO(2")

VR TR BRI EOEN R AV T WIAAIRRES 1 IAMINE, ORI 2 fH, RWRIE
B2y A fH, DAUKENE, 2% n WwEHE 2" @A,
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& 2-11 FICA FRE SRR T 4R 0 iE e, RS O(27) . sER, WA n RO HmE, IR
B count FRIRAE S ZLIREL,

// === File: time_complexity.swift ===

[* HBEE (REER) */
func exponential(n: Int) -> Int {
var count = 0
var base =1
/] HEEH—92%", RES 1, 2, 4, 8, ..., 27(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

EiE EEH
BE—2/Z MREHE

;] 20

2 T
' .22
[ I l [ [ .L ,{ .{ .
O-0-0-0-0-0-0~0 2=

EHRIRIEARER (ANEIDMBIEENRSARED) FFRIE
20 + 21 + 22 +  + 201 = 2n-q IEHRE o(2)

\|
7t
=]
|

2-11 fEHPEHIRF R e

EEBEE LD, 8PS HE R IER R, Flande AR, HEE—n% =, &8 n Ro3%
21k

// === File: time_complexity.swift ===
[* 188 (REEIR) */

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



H2E HEESH www.hello-algo.com 37

return 1

}

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

TERRE RAERE, E8E8E (BhEE, BE) FEHEE R, BN RBUEERIIHE, B8R
FIREAZHY, JEH T A Bl A e B A T RS AR R

5. HHKE O(logn)

BB, BB R T SR BT, SMAERIUNS n, HREERGERE—F,
B U2 log, o, B 2™ BYRER K

[ 2-12 F1A FRERBSBURE T “SHRMIRE1 " 19IE2, FRIBIBRE% O(log,n) , i O(logn) ;
// === File: time_complexity.swift ===

[+ HEE (BEER) */
func logarithmic(n: Int) -> Int {
var count = 0
var n = n
while n > 1 {
n=n/2
count += 1
}

return count

BINEFIRES n SEEE 1 @

IR R SR e

©

EHEIRIEEY FIRERERE
log,n+1 HERE 0(logn)

~

[N]

[y

i 2-12  SHERFE AR A E
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BRLFSEAFRAAL, SRR BRI R N, PUNESBS R T — R %y log, n AUIEIERY :
// === File: time_complexity.swift ===

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

}

return logRecur(n: n / 2) + 1

B HBUREIR MRS EES, #BT “—0R2” N ELMET MERREE, eREE,
TEAEURT H WA AU B AR A IR A

O(logn) WIKECEZ/?
HEREARE, “— Ay m” BHERIRRIEREE O(log, n) o MZEEHEURIRAN, T UG HEA
AN ECHR, A PR R R A

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

WRREHR, JRE m 7] DAE AR B M I RTIE R, RIFRIMEE @SB m , 1FHERER
#% O(logn) o

6. #RMEHEM O(nlogn)
PO 5 BT ORI, FIREIE RS S 712 O(logn) F1 O(n) . ATHIE LI
/] === File: time_complexity.swift ===

[* ARMEHEIE +/
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 R AL 0T e TR — IR AR Sy o, B3R log, n + 18, [RILHE
HRHEE 2 O(nlogn) o
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EEAIRIEAEN
nx1z=n
Zx2=n
## log,n+1 B
%x[.:n

BRI (EARE
nx (log,n +1)

B RRAERE

0(nlogn)
P

i 2-13 ARk AR R

1R

&

[
=
n

=3

l

&

F i ETER R R EE R & O(nlogn) , BlanPuEHEy. SO0HER. HERHITE,

7. BEEEO(n!)

FESRFEEEEE B “2Hp” M, AE n MEAERNITE, KEARTRERHIITT R, 7TREER:

nl=nxn—1)x(n—2)x-x2x1

FESRIEH (AR BB, wlE 2-14 MCARREXIOR, $—EoRtn @, F-EoHtn — 1, Dt
JHHE, HEE n ERELR:

// === File: time_complexity.swift ===

[* BERRE (EEHTIR) */
func factorialRecur(n: Int) -> Int {
if n==20 {
return 1
}
var count = 0
/] % 1 E5EE n @
for _in 0 ..< n {
count += factorialRecur(n: n - 1)

}

return count
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2HFINSREY (AIRKENEREHE)

n x (n-1) x (n

-2) x .. x 2 x 1 =n!

EEN
HEHE

n(n-1)

n(n-1)(n-2)

n!

B RO
BESRFE O(n!)

M 2-14  FEIEFEHIIRE I

- = n

iz

AR, HAEn > 4RAE n! > 27, FTDARESREE LIS B RISER, 1 n SRR A AT,

2.3.5 RE. RE. FYSMEHRE

HETARIN EBCR R EIE R, i Sl A BRI i B Bk A — MR E S n BIMEES] nuns ,
Honuns FHIE 1 2 n BB, SEEBT BB X ECRIEF2REETELR, (5 ERIREDTER 1

HIZR51, Tl RT DATSH DU 455w

© Hooums = [?7, 7, ..., 1], HIEREITER 1N, FECBEEDMEY], EIRZERBEBEE O(n) .
- Hooums = [1, 2, 2, ..., BVEEMETRR LR, HERIEY 2 RENTEEGUET, ERmtERRHE

Mg Q1) .

“BeZE IR BRI NG LA, AR O GE9FoR, MHEM, “EHARNr R B R =g+ 52,
H Q slsRRR:
// === File: worst_best_time_complexity.swift ===
/* E£—EREY, TT=E {1, 2, ..., n }, [EFEEITEL */
func randomNumbers(n: Int) -> [Int] {

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

var nums = Array(1 ... n)

/] BEHITELRESITER
nums . shuffle()

return nums

}

/* EFAfEY] nums FRELFE 1 FRTEZRSI */
func findOne(nums: [Int]) -> Int {
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for 1 in nums.indices {
/] BcE 1 7EfESIEEEY, EIIREREERE 0(1)
/] BE 1 EEFIEEE, ERREREEME o(n)
if nums[i] == 1 {
return i
}
}

return -1

ERHRHINE, BIEERTPRDEHRERBERE, FAaEEEERIMERTAREES], rIREgHRK
—ERRRENE, MRERNEBGREEE LT, RSN T ~MEBeR L, ERMAT PIROL 6 A
\Zgic

1 IRRGIRT AB H, 522 s R R FEE R S CE R A P U B R BRI BERL M7, T8 L I B
AIREARVDN, MERREE B WUBEIEBHUTRER, M, PRI R R T AR B S RE b \ Okt
TRBATRCR, H O kR,

BIRER T RE, FRAMTAT DAR B A5 e A R o T AT I, BRAn BIORGI,  Er e A RS 4 T
ALEY, BT 1 HBEERRS | OMRERASR, AREERIAR) 208 B X B R Y RER — n /2
, FHIREEREE S O(n/2) = O(n) .

(ESTAR R E M BT, SRR AR R R A LU TR, R A IR HTE R T AR RS U2 )
B, TEEMEIENT, FRfE R 60 s R M A 2 I A RCR AR HIR E,

BB RS © Rk
ATREFI O TFSEEBAR L, BRI B 3 (0 P B s PAIE RO B, (M B8 1ol 3
FRMOE ARG, EABRILERIR, ZHREED “THRRRE O(n)” MR, #isHas
BER % O(n)

2.4 TMEHE

ERIEME (space complexity) MG & iE Ak A e IR A 2 M g 2 R SRR IR Y R 38, G e & B
IRFFEAREE AR R, R “PUTIRGR” Bz “(SRTRCIRs M,

2.4.1 EWHZMERSM

TEETAEHUTIERE b6 A BRI R S P R 2 05 DA P 287,

- WA AR IR A B R
- BB R EEREIAEPUTERET AR, Wk, WL TIEEEER,
- PR PR R TR A R
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—REIT, SHEERENSEEEE T ik s,
Wt a] DO — 2581 2% =8 77

- EEERL: R FERIRTERE AR R, B8 M

- MR PR GE AR R BRSO R, RAUAE RN AL bR SRR & R B T N — A HE AR
i, BRFGRIENE, SIS & PR

- IR AR R RIERIES, EERSEEE R A,

T —BAE R S PR Ry, SRIMDE R ST A RORE, HEB s Pt 20Rt =35y, Wi 2-15 R,

BEER T EMERENREE

A

PN EEERH M=
BWANER YiEER @

MR =

LM

[ 2-15 TSI I O AR BE 23 e

MRBEFE S

/* R */
class Node {
var val: Int

var next: Node?

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

[* BTL */

func function() -> Int {
/] HATELARE. ..
return 0

}

func algorithm(n: Int) -> Int { // BWIANEHR

let a =0 /] EEER (B8
var b = @ /] BEAR (25

let node = Node(x: 0) // EEER W)
let c = function() /] HEBETRE (YR L)
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return a + b + ¢ /] EHER

2.4.2 #WHEX

3 VAR P O HE SRS TR BN R AR BOIR), RIS SEat e “SRIEER” s AR,

i1 B R AN R 2, JRAMIE 38 BT E e 22 B A, IS 2 K 2 s IR i s 2 — TR R ZOK, FRff46
AMECRIEFT A AR TR R SR s i i s I FH A

BRI A, RETSHEMETN “RE" AMESE,

1. DURZERANRDRIZ5HE: B on < 10, ZHEMER O(1) ; BE n > 10 K, PALHIREES] nums {5
H O(n) =3/, HitEESEE#RES O(n) .

2. DABBIEBUT I ERCIR R 2o B, RAERUTRE 17280, 5 O(1) 22M; ERia Lk
nums I, G O(n) =M, EitEESHERES O(n) o

func algorithm(n: Int) {
let a =0 // 0(1)
let b = Array(repeating: 0, count: 10000) // 0(1)
if n > 10 {
let nums = Array(repeating: 0, count: n) // 0(n)
}

FERMEA, RBEEBS BN, BRI EE:

@discardableResult

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

}

/* EEMN=REEHRES o(1) */
func loop(n: Int) {
for _in 0 ..< n {

function()

}

[* EEM=FEEMES 0(n) */
func recur(n: Int) {
if n==1{
return

}
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recur(n: n - 1)

BRI5X Loop() Ml recur () MIRFRIEMEEERR 2 O(n) , (HZS R AF,

- R loop() TEIEREHIENY T n X function() , EHiimH AT function() ARSI [EINGRERR 1 HEBIE 23,
I EEREE T2 O(1) .
- EER recur () TERUTIBRE TG FERTELE n EARIREIN recur() , WEMiGEH O(n) KIHEBIEZSRH,

243 ERER

REAERIRNZ 0, 8 2-16 R T H RS HEMERE R (=) o

O(1) < O(logn) < O(n) < O(n?) < O(2")
RS < B < HIERE < TR < FR80E

BB 0(27)
EABE 0(n2) ;ﬁ
SRR R A/ M8 0(n) -
- H#PE 0(logn) gﬁ
/ <]
_ / Hem 0(1) #

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

BNBEERN
n

& 2-16 & RS HHE R A

1. B O(1)

R RN ECR B N R n SRR R, B VI

TEERNORE, EUERYIG e TS TS, EEA TR e, FiRe
SR, SRS O(1) :

/] === File: space_complexity.swift ===

[* B */

@discardableResult

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

[* HEPE +/
func constant(n: Int) {
/] BE. S8 MHER o(1) =M
let a =0
var b = 0
let nums = Array(repeating: 0, count: 10000)
let node = ListNode(x: 0)
/] EEFRNEEEA o(1) =M
for _in 0 ..< n {
let c =0
}
/] EEFRRIEE 0(1) =/H
for _in 0 ..<n {

function()

2. 4818 O(n)
BPERE S R T REE R n BUEHLAIREY], SR, HEB, (7555
/] === File: space_complexity.swift ===

[* ARMERE */
func linear(n: Int) {
/] RE# n BEFMEE o(n) =M
let nums = Array(repeating: 0, count: n)
/] RE# n MNBIMEA o(n) =M
let nodes = (0 ..< n).map { ListNode(x: $0) }
/] RE# n FMZERGA o(n) =M

let map = Dictionary(uniqueKeysWithValues: (0 ..< n).map { (%0, "\(50)") })

GnlE 2-17 foR, R RENEERE S n, BIFRIRELE n AR ER linear_recur() B, HH O(n) K/

FA) S A M 2 ] -
/] === File: space_complexity.swift ===

[* AR (BEER) */

func linearRecur(n: Int) {
print(" &l n = \(n)")
if n==1{
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return

}

linearRecur(n: n - 1)

I.E]-F “ﬁ” F-‘]J: u@”
linear_recur(n) return 0
linear_recur(n-1) return 0

" | r
linear_recur(2) return @

1 BEEE

RIER T
linear_recur(1) return 0
RURIEFFIARES n SREME
H#HER 0(n) KMEEIE=RE iR o(n)

2-17 3 bR X A ) S i s P M

3. EHKEO(n?)
SEFTREE RAERRIE, JTREER n BT RBIR:
// === File: space_complexity.swift ===

[* FHBE */
func quadratic(n: Int) {
/] Z#RFHER o(nr2) =R

let numList = Array(repeating: Array(repeating: 0, count: n), count: n)

GniE 2-18 R, s%BRAAGEERE R n, FEEEEME X PO T — @S, REZ2HIZ n. n— 1,
V201, HRER /2, HHAELE O(n?) 2H:

// === File: space_complexity.swift ===

[* FHEE (EEEIR) */

@discardableResult

func quadraticRecur(n: Int) -> Int {
if n<=0 {
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return 0
}
// BE%) nums REA n, n-1, ..., 2, 1
let nums = Array(repeating: 0, count: n)
print(" EE n = \(n) F8 nums EE = \(nums.count)")

return quadraticRecur(n: n - 1)

5 nums RE AT “B” Rt “@"

( n —— quadratic_recur(n) return @

n-1 —— quadratic_recur(n-1) return @
EORE : _?
" 1 1

2 ——+ quadratic_recur(2) EEEE return @
1 L lmi At 1

L 1 ———+ quadratic_recur(1) return @

EEERELRAPBRLT —ERES, BRES PREHE

1+2+ .+ (n-1) + n = n(n+1)/2 EHSB o(n2)

2-18 I bR A AR 141 77 P s R M

4. EERO(2")
SRR A TR, S 2-19 , UG 0 IR AR 2" — 1, A O(27) “3R:
// === File: space_complexity.swift ===

[* 1EEIPE (EIDW_JTH) */

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
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EEAEIRE LAY
Zﬂ
21
N\ N\
22 - Haa B
SN LN N TN
anl
i R E SRIEHE
20 + 21 4 22 4 ... 4 201 = 2naq EBME o(2")

2-19 i — oA A A RITE B S T M R

5. H#m O(logn)
BRI G, P& 0HER, WARESR n B, SRSy e B R E ) W, B
R 2 log n WIEIERS, #H O(logn) HEBIEZS[H,

BN BT 2 R, B —EIER® n , ERE log, n) +1, MIEEFHERES [log,,n|+1
, BEERES O(log,,n + 1) = O(logn) .

2.4.4 FEEEFRI SR
FAREI R, TR A SR R A R S R P RN 2 T A P R R R R 1B, RTIE BRI, [FIRE AR (L
T T T 2 P 0 PR D 1 DR

B AV i) B2 PR B 5 7 22 DASR T 2 B E E 2 AU, R 2R TIPSR RO R e 2 A A F T HB SR R U T
Ry “ DA HRIRER™; ez, RIREZ “ DURFR i,

JESEMAE BB BRI A B EIME T, ERZEIEN T, Rt EEE, Rt DI SRR 8
HREFHARK, ER, EERRRAIENT, SHlaMEmEhiEEZ,

2.5 I

1. EXERE
HRTRCRGTH

- IRE IR A S PR R i R SRR B 2 B i 8 T AP A
- AT DUEE E R E G ERRCR, (HEDIHRARRENRE, HEREREEEH,
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- WHERE A AT DATH PRE BRI R, oA A SRIE R A A TP, I HRES IR R IR A R E
FHERE T BIRR,

L ] 2

< I T P A M R SR DA B TR P B R R3S, mT DU MG A T B0, (A Rt E
NRTRESR,  ANAEH AR N el s R MR A AT, SRS R LT SRR B 55

- RERMEEEER R O FF90R, BIERMNA 5, RME n @aEmER, BERE T (n) 1
W RAR,

- EER R S WD, EeEHRERE, AEHETNL A,

- H R EEEEHESE O(1). O(logn). O(n). O(nlogn). O(n?). O(2™) 1 O(n!) %,

- R BEERR R E AR EE, W AR AR, IR E S R, R SFYRRE
MERE, BRI AT A, R 2l N\ R — e e 22 e B I 1 A R B SR (R I T

+ PRSI R A P S W SR TECE B R N TR TRICR, e BRI AT BRE R RE . BT
F5JURE T A6 A P T At i N R M DA SR S TR B

2 I RE

- SRR R VE R R CUAR R, PR M s SR P RO R A R I R B R Y R A0 3,

- EERPUTIERP IR SRR A ST BESME. W, EBEER T, @ASEA
NS EIEREEE R L, A7 S AT 25 A R, B S RIS s, EL PP = i R
B B X P R S AR

- FRfEE R RS A, RISEHE AR B 22 A\ BRI B ZZ S TR R T B2 R R

- H REEEEEREEHESE O(1). O(logn). O(n). O(n?) f10O(27) %,

2. Q&A

Q: RIEEMZ MBI R O(1) 152

FGm b, RIEERRAZHEEME A DURELE O(1) . NBRARZLEFRERGES (B0 Java, Python, C++,
Go. C# %) ASCRHBIRMALERE, FHEHZRH=MERER O(n) .

Q: BRIFURITS TRIE W flE AT s A et 1) 2 AR
Rz (function) A DABENZBIT, FrA28EDABAREIE, 757% (method) BL—{EPIERAME, wba{HiEsn
WEINE R, RESBE AR BITE L & BB R TR,
N DA RLAORE IR S 2 B AR A
- Crtm RERFAERAKGES, RAVMMFERRS, ArDULERI E3RIF AT DUZ 8 37 45 1 i
(struct) AMEEEYIFEFIFEEER!, Bl BAH BRI 09 R Ut B R HAAAE GE 5 PRy 75 %,
- Java il C# BYFERERGES, BRXWBH O5%) EREIELIEERR 0, BT AT
DURERR, B2 RS ERER L, ARERTARE R BITEER R,
- C++ #l Python BESZRiEF ARG (K30, BHrrEmiEaGgt Ok,
Q: [EfE “H RA S RIBEERIR" SR A2 A 2 R AR /N2
ANE, ZERRREEEERE, HRME R RS, AR M RIREE RN,
st n = 8, fRATREE B MRIARAE S K S EA b, 1SRN RIRARAE S — R B0, R
{48 ] R e 21— {452 B A R ) A I P
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FEEREF, RARMEF ARTERHE AR “HE0E” WREEZ /D, FrbA— Bk e AOEE n = 8
Z NI, BEH n = 8° MRUAER T, ERMREBOAETET,
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Abstract
Bkl as AN R — SRS E 2 AR PIHEZE,
EAERIE FHMTR AL TEEE, EEIAS AR AR,
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3.1 BRlEEsE

AR R IR, SRS AR, HEE, (TP, MEER, B HERE. [, EfMATDAE @A 1 Y
BRASHE" MIEAE T 0,

3.1.1 EIRAEIE. AFEERIERE

A RHER 1 RORC R Z WIRERBR . 7ERSIRISEAE RS, ERHEIR — 2 IEPHES, #E T ER
AURRPERA (R, TfER TR, BORMETHERA R RHES, Rt “fHoe” 8 R ZEIRAERGR; @6
FITRRIEREAR, Sl T HERER 4 RS BR R

GniE 3-1 Fow, HEEASHERI > “AUMET A0 CHRARMET MIRMH, ARIEASRLLRES, fREREEERR LR
ARUEHES; ARRIEASRERAIMA S, SARSRIERRS

- BAPERDRIAGHE: BEZI, SEAGERSI, HEE, (78], MERR, TRZMHERE—HREFRR.
- AESRYERRIANRE: B, MERA. [, BEER

FEARPE B R Sl R DA — 25 8170 2o R T A RN AR A5 1

- BHEARE: B ERE HERR, STRZMERE -BZMER.
- HIRARE: [, TRZMEZHZHRER,

SIEERSE AR E RS
w51 B & a
array tree P s
L] &) —ED)—ED—
linked list —
push I/I \
ey . graph o /
stack -
pop
e &
1751 MR
queue — heap ¥\
pop push

hash table value

nAR {k” L w}

3-1 #PEER GRS EAR ML RS A

3.1.2 ¥IBGEIE. EERSH

EHRAR PTG, IEAEEPEAROR R A e iR, [ 3-2 ROR T —EEH ARSIk, Hrh A
BT S — AL IR R S . BT A] DURFRE IR AR G — B ER Y Excel 3RA%,  Hrr 48 BELTTAR# AT DA
[l —E R NITE R
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FAE AR ARG B BATRORE. G 3-2 FoR, SHRMARIRR 2 I 2 A P A B8 BT 70
FeAw SR, FECREHERCIER S MEE AR AL, A T, BFER DR R R AR,

00 @1 02 @63 04 @5 06 07

0x0000

0x0010
0x0020 n

0x0030

0x0040

TSR SRRtEREL 0x0012 i%%llﬁﬁ

. BRSBTS 0x0024 , %ﬁllﬁ*ﬂn

M 3-2 FotEfelk. Aol aciefgizit

Tip
EfF IR, AFALIBRE LI Excel M2 —MEMLAVRELL, BRECIRRA TIEMEH LLREm, Wk
frhb=e i, FEISRE R, PRI, R Ry B R S,

LEREATA AR =GR, EAEMRC R AR U Ry, AE R R AR KRR 7 Rk
FERORHIRE B RS, AoleiR e R R, i, EEERATG A s iR R (A
EE R AR R RIS, QPR DGR BRI RE ISR S, AR AT IS I R RS 8 0 RE S0 6 17 72 70 IR
AL A N

aniE 3-3 Fir, PIBRASRE R 7 RORHESH S MEC ISP A ( 7 3, W REs s R (S o Eas
I GEAEERY), VSRR IRE T ORIAEIRE . ST, S EROE /05, WREY A R AR R R AR
2 ISR T3 T 2 B ) EL A AR

HATRET SRS T

fEEFETIRDERT M EEREN Eea el ER e R P

aaaan

R WEEME | s
B wemnmiemnemn peremEm | PUCEIEER
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3-3 AT B S R (7

ERHIIRE, i BRI RS, SASHRIeR —H A S BN, BN, ey 2] A
PEZIEE, Al DACESEAS ARSI, TR R 09 BB a] RE RN L S T8 RISt A 71

- FORBEFIRTEBL: HER, (7F). MERR. M R [, JERL SRE GEE > 3 RS 5
- LRGSR BB R, (7Y MR B R ESE

SAS RPEAT IR AR, 7] DIER ST S B R ST, Rt tfs “BiReERlaimg”, FSITErIn
B REARSE, KitthfE SRR, EETENZ, MAIE@ER IR ERRES L, 7
MM —ER “BEr",

Tip

QNSRPR R B E BE AR A TR, R N — &, RREREAHNA,

3.2 BFEHES

Eo T EM P RERIR, RMERESCT. B A, e, 3D BASREE, @EELEERRH
e E, EEMER S REARR AR,

HABPRIRE CPU nf LHFGEATERIR, AREIAHERW N, FEUEN R,

- EEPOUA byte, short. int, long.

- TFEEUUR float. double, FHRAFRT/INEL

- TRl char , AUAFRRESEGE S TR, T IREERIERIE,

- AAMREIR] bool , FIRFR 27 B R HER,
LR RPN PA NI R e st Rk b, — B ARG RN 2 1 T, ERRKSEIRIEXRST,
1 fz7ed (byte) 8 fiyt (bit) AHMG
FEARE LAY I A B 3 [ B iR A S =S RN RTHE A Java Zfil,

- BRI byte f5F 1 AT = 8 AT, AIDAFETR 28 (A,

- BBAIRI int G 4 AITTA = 32 figE, ATDATER 232 fEET.
7 3-1 58T Java AR R RIRG A=, BUEE B TERE, RS MZES T, RECRMAD
A], TRERER] DA B &R AR R,

% 3-1 FEABRIAURBI (G 2 A0 G

AR FT9 (=M &/AME BKE THRH
=B byte 1f7cs —27 (—128) 27 —1(127)
short 2 fiosH —215 215 1 0

int 4fesl —231 231 —1 0
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bl FF fHZE R/ME RAE THRE
long 8 fiiyta —263 263 1 0

PR float 4fi# 1.175 x 10738 3.403 x 1038 0.0f
double 8t 2.225 x 107398 1.798 x 10308 0.0

FIT char 2furtd# 0 216 -1 0

itk bool 1fiocdH  false true false

FATERL, R 3-1 $HEHYR Java IEA BRI, SEEAGESHE S ANERAREEER, efMriEH
23 [ A O TR AR B AT RE & 6 P AN [l

- 1£ Python /1, BEEAIFI int A] DUBERA/D, HZBRA R HEIIEE; TREVEL float BEFEE 64 i
%A char BRI, BEAFITERERRES 1 HFE str,

- C I CH+ REAFRE EAGRIIBI R/, MK ERMEEZR, £ 3-1 %875 LP64 &R HER
AFE Linux Al macOS 7N Unix 64 MEHERF.

© FJT char FIK/NE CHl CH+ Wi 1 e, fERZEFEGES PRV E M ZIemis 7%, R
“FICHRAE” EEH,

- EMEFRORMREET 1M (058 D), EECRERE LTS 1 oo, BRNABNEHEW CPU
EE N 1 AT A/ NVE IR TR BT,

AR, FEAERIA G B RS A R E? RIMTAE, BRI AR ST B b B 17 R 75
Ko BAEERIEER "S5 Mk “ER,

RAEFOR “—HEEET, M E RGBS, 182 K 2 FEA R AR MRS A ] AR B A 6 BE R AN IR
JFRR, ERREERNARER int, /M float BZFIT char , HIBL “EPRIERE" MR,

HAgEhE, RARRPGIRAL 7 RORHN “P R, RS AR At ORI A7, Bl PO AR
i, WFTHMHRIRE RS (B3] REEF RN A REAB RS, 45 int, float, char, bool &%,

/] ERZBERERERIRAE LT

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 HFHRS*

Tip
TEAZS, EEEA * AR REE R, IRIRR R A RSURZI B RN, FTReBkE, e
A E IR RSO,


https://en.cppreference.com/w/cpp/language/types#Properties

B3 BRI www.hello-algo.com 56

3.3.1 [RiE., —HEM_HE

£ E—HiR RS H M IEE, A BEEAIRES Ron iy B BER L 8 —{E, $140 byte HYBUEHIE 2
[—128,127) . BERRHBRER, CRINTERRYRER, —fhE, e 8emmE.
BT IR, BBl O rIBREAER RN, SRR 2 B, Eess =
TEFro

- B RS ECT B EMHIFRRR R SR AR, Hrh 0 RoRIER, 1 FRRAE, HERFRTRE

FHIE,
© R IEEE B REAR], BB — R B RS PRI SR AL SN A LU
© O IEEE BRSSO AR R B 1

3-4 JEoR T RS, — w0 B B R R ik,

+0 +5 #F -0 -28

0000 0000 0000 0101 517 1000 0000 1001 1100
PRAFER{I S,
HHRFE IR

0000 0000 0000 0101 —Hs 1111 1111 1110 0011
E—HEaEREm 1

0000 0000 0000 0101 -t - 0000 0000 1110 0100

ESMERE. —HE8. —Hsas BHNERE. —Hl. —HNEEER

[ 3-4 RS, — B A A A L R

S (sign-magnitude) BESAREM, (E7FfE—Le(RIRIE, —77iE, EUBMINRSRAEERATIES, BInte
BETRE 1+ (—2), HEIETEE —3, EEAR RN,

1+ (—2)

— 0000 0001 + 1000 0010
= 1000 0011

— =3

2 TIRRICRTE, SHEMSINT —#E (1 scomplement), GNSRFMMICHRIEEHGR 2 —H%L, WAE—E
TR 1 4 (—2), BB R — g R e RS, HIrS8 e R —1 .,
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1+ (-2)

— 0000 0001 (J5H5) + 1000 0010 ()

= 0000 0001 (—#H%) + 1111 1101 (—H%0)
= 1111 1110 (—#i%R)

= 1000 0001 (J5H5)

— —1

S—77H, BFEREBEGA +0 A —0 R, R BT HE W E AR R 0 A ARES, ErT
REE WAL TR, CLANfEMRIEHIE D, WRRAESEFMAE, An]REEESCHEAR TS, iR
FREIEFMEFEFR, ARSI NBEIMOAERIE, 5] RE & G RAER R,

-+0 — 0000 0000
—0 — 1000 0000

HFE—, —MEmEELEAaTHRME, RLFEMSE—P5IANT Z#8 (2° scomplement), FfM5E
R —TNAaFNENE, —f8. mBEiiaiE:

—0 — 1000 0000 (J5H5)
= 1111 1111 (—HH#EY)
=1 0000 0000 (—fH&L)

TEA TR — BN L 1 &EA R, 1H byte MBIKRERA 8 7, KILEIAIZIE O (AT 1 GHiszE. I
siEs, AFH S 0000 0000, SUEFK _#BHR, EEWEE _MEBF R FE-A%F, EA
TR 2R,

BRI E—HEEE: byte BUBIREUEERZ [—128, 127], ZHARMN—EAE —128 ZUUASFRIME? &
MERR, B [—127, +127]) NERTEREEA BRI RS, — s —ahie, M ERAESR s AT
DA AHE R,

AT, KR 1000 0000 J& MBS, ©U A BRENRRS, RE s, R s 2
0000 0000 ., JEEARTFIEN, FAXEBRTNT 0, S0 HRIREE S, RS R
%1000 0000 183 —128 , B L, (—1) + (—127) £ % RIS Rte —128

(—127) + (—1)

— 1111 1111 (&#E) + 1000 0001 (J57E)

= 1000 0000 (—#fi#) + 1111 1110 (—#H%)
= 1000 0001 (%) + 1111 1111 (%)
= 1000 0000 (—Hi#)

— —128

IRATRECASHB T, EIRFrARIEMRINERES, ERE —EEEREE: sHREN R ER e i
MR RSEG Y, 182 R A MZRE AR HMER (FLansrik, PRIZAIRGE) K, MBI AR E
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B, HEAGETHATER, EREEER,

AR, B AEIRE A RN, B IR e AR RS S, MR RES B RE LAl
AR, BN, SHRIRIE o — b AT AR S EINTE o + (—b) 5 stRSRIERIBRIE AT IR 255t R 2
AR,

BIEFRAT AT DARRAS AT A E A B SR R BN R, RHRMRT DU R BR A SB B AR (AR R P IE
B BEINTE, AT ERERIPRIERE R A R B, i HLARZERE Al T 1 B T AR, @K
LT RERE G, TR TERROR,

CHEHEREHERE Y, FRERGRRMET ERNEE, Eaa R E IR AR,

3.3.2 FREBURES

AOHIIRATREG 3B int M float RIEMF, #B2 4 Ay, HAHE float FEUERIEIE KN int ? 18
FEHRER, HAIEHH float WEFT/NY, HUEFREZE NA$,

HEE L, ERM M float SR T ARIKIFRTT e 51 32 AT R AR 7 HIl 8% :
b31630b29 b2b1b0

4% IEEE 754 ¥2#E, 32-bit REW float H AN =AEEE 2 5K,

CORRRES 1516, A by, .
: *Eﬁ'fﬁ E: {ljj 8 'fj, %“?E b30b29 ces b23 o
: %@1ﬁ N . 'fljj 23 'fﬁ, %EI‘EE b22b21 bO o

THERIHIE Float BHIEEMYE R4 %:
val = (—1)bs1 x 2(bsob20-023)5 7127 5 (1 b0 by . by),
L] ISR A
val = (—1)% x 257127 x (1 + N)
Hrh A IHA B A R 2 -
s€{0,1}, E€{L1,2,..,254}

(14N) =(1+) by 27 C[1,2—27%]
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float REA 4 bytes = 32 bit

L S 158l E S8 N
DBBeB800C A
b31 b3 b,3b,s by
HRULERR, 5% 1R48 IEEE 754 154, ZnfISENSFS
5=0 val = (-1)Sx 267127 x (1 +N)

E
N

124
22+273 = 0.375

1x0.125x%x1.375
0.171875

& 3-5 IEEE 754 f22#E R float BIEHE R

BgeE 35, A ERAIERS=0, E=124, N=2"2+23=0.375, HIf:

val = (—1)° x 2124127 » (1 40.375) = 0.171875
BAEFRAM AT DA S 90IKIRIRE . Float 16777 VAL SHRME:, SFOLIRIREIIE AR int . ABELA L3EET,
Float MIZRIIEAIEM S 22547127 (2 — 2723) & 3.4 x 1038, JHTRRAEATASIE N E WL,

TR Float iR 1 HUIEFER, (HICEIFEHRRRYE VR, BRI int 25 32 TN ERET,
BB AR TS BIRAETE, TREEEL float MOBUEBLK, HHAAR M IE S < IR Z2(E i & bk
Ko

% 3-2 iR, AL E = O f1 E = 255 HARRE R, MR RE, MR, NaN 3,

* 32 EEAIEER

TEHOL E SEHIN =0 SEBIN £ 0 aHEAR

0 +0 URIF R (—1)% x 27126 x (0.N)
1,2,...,254  IFHI IERI (—1)8 x 2(E=127) » (1.N)
255 400 NaN

{EASFERIARZ, RIEAR R AR T T TR B BURS 1%, S/ NE AR 27120 ) BN 27126 x 2723

o

EEFEE double ERFHBHLUR float MIFRIRTTIE, TEMAMER,
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3.4 FitHwiS ™

FEEtEMT, FrAERHEE DRI B AR, FC char UGN, % 7R IT, BMFRZEE
—E TR, SESETION MRS MK ——HERR. AT TR R, sHREER DUERER
SERK I B T TR R,

3.4.1 ASCIl &

ASCI RS2 i R BN Z PR, H42f % American Standard Code for Information Interchange (3E[E
R AR S ) . BAEA 7 7 RIS (—EATHEIR 7 6) Ron—EF7T, RZREHFR 128 A
ANRFTC, WNE 3-6 fir, ASCII BEEAERE TR A/NE. BT 0~ 9, —LEASRERTak, DI —2E45sil
7T (ANBATRASEERTT)

il i FT a8 R e — i) FT s i) FT R i - FIT
'] 0000 0000 NUL BET 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001  SOH EE 34 0010 0010 C 66 0100 0010 B 98 0110 0010 b
2 0000 0010 STX IESChsS 35 0010 0011 L] 67 0100 0011 C 99 0110 0011 c
3 0000 0011 ETX EXkER 36 0010 0100 $ 68 0100 0100 D 100 0110 0100 d
& 0000 0100 EOT {SihE® 37 0010 0101 % 69 0100 0101 E 101 0110 o101 e
5 0000 0101 ENQ £33 38 0010 0110 & 70 0100 0110 F 102 0110 o110 f
6 0000 0110 ACK W EE5E 39 0010 0111 ' 71 0100 0111 G 103 0110 0111 g
7 0000 0111  BEL e 40 0010 1000 ( 72 0100 1000 H 104 0110 1000 h
8 0000 1000 BS BAE 41 0010 1001 ) 73 0100 1001 I 105 0110 1001 i
9 0000 1001 HT TRFRURTT 42 0010 1010 * 74 0100 1010 J 106 0110 1010 j
10 0000 1010  LF e 43 0010 1011 + 75 0100 1011 K 107 0110 1011 k
11 0000 1011 vT SHURT bhb 0010 1100 . 76 0100 1100 L 108 0110 1100 1
12 0000 1100 FF MEE 45 0010 1101 - 77 0100 1101 L 109 0110 1101 m
13 0000 1101 CR [SET 46 o00le 1110 . 78 0100 1110 N 110 o110 1110 n
14 0000 1110 S0 FHR 47 0010 1111 / 79 0100 1111 0 111 0110 1111 o
15 0000 1111 SI I54:: 1250 48 0011 0000 L] 80 0101 0000 P 112 0111 oeeo0 P
16 0001 0000 DLE  EE{RMES 49 0011 0001 1 81 0101 0001 Q 113 0111 0ol q
17 0001 0001 bC1 RS 50 0011 0010 2 82 0101 0010 R 114 0111 o010 r
18 0001 0010 Dc2 FEEEH2 51 0011 @011 3 83 0101 0011 5 115 0111 0011 s
19 o000l 0011  DC3 RS 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 0001 0100 DC& ERITH 53 0011 @101 5 85 0101 0101 u 117 0111 0101 u
21 0001 0101 NAK it g 54 0011 0110 6 86 0101 0110 v 118 0111 o110 v
22 000l 0110  SYN EHSH 55 0011 9111 7 87 0101 0111 W 119 0111 o111 W
23 0001 0111 ETB EREHR 56 0011 1000 8 88 0101 1000 X 120 0111 1000 x
24 0001 1000 CAN i} 57 0011 1001 9 89 0101 1001 Y 121 0111 1e01 vy
25 0001 1001  EM iR 58 0011 1010 z 90 0101 1010 z 122 0111 1010 z
26 0001 1010 suB T 59 0011 1011 H 91 0101 1011 [ 123 0111 1011 {
27 0001 1011 ESC (L) 60 0011 1100 < 92 0101 1100 \ 124 0111 1100 |
28 00l 1100  Fs RS 61 0011 1101 = 93 o101 1101 1 125 0111 1101 H
29 0001 1101 GS SRS 62 0011 1110 > 94 0101 1110 ~ 126 0111 1110 ~
30 0001 1110 RS SCERDPRIT 63 0011 1111 ? 95 0101 1111 - 127 0111 1111 DEL
31 o0l 1111 U R 64 0100 0000 a 96 0110 0000 :

32 0010 0000 sP =23

3-6 ASCII i

SR, ASCII BEfERES PRI, FEEFHEMMN 2ERIL, 4 T —EREM R R ZE S M EASCH F/FE, &
1£ ASCII /1y 7 (i EeiE FHERER 8 7, REFFRIR 256 M ARFRIFIT,

et R EE N, R T —HOE R AR E ) EASCIT R, B RN 128 M7 —5
ASCII 15, 1% 128 A7 IcEE AR, PUBENFEGRES TR,

3.4.2 GBK ¥f{&

BARNFEEB, EASCII BRI FF 25l S BUR R, HanBEwAia 8, JeH % /A
BETE, TEBEFGEMARR 1980 FRELE T GB2312 T4, HIGR T 6763 T, EANE 7 EFH
AR R T 2,

SRTT, GB2312 SEAIEFLAL Y F R A M T, GBK TAFRZETE GB2312 MM BRI RIN, BIUR T
21886 fEE¥ . £ GBK A9 /754, ASCIL FoLfE —EATAFRR, BT EAMEMITHER,
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3.4.3 Unicode &

W RN AP R, AT R IR REATE A R, TSR TR R, —JTmH, TR R
HERTREHES T, EAESESRE NEW LE. 5H—7im, F—EES A ESETFRERE, 0
SRR AR AN FE RS AEAREEE,  HIE & SR AR p & H B ELAS,

ARMERARIRT SN B AEAE : QSRHE IS — 8 R e B R T 4R, A% I S I D9 9 A 56 5 AT SRR B ik S
vh, SRl BARDRESEE S BRI AELISRTE v fEISRARARIEEE) R, —ERTM 2R T4 Unicode EET
4,

Unicode MIHsc &M 2y “Hi—i%7, Biah LAEAAN 100 2 BET T, BRI RIREE NN TFITMASR —
MrrrsRe, fRAt— B R FAF R AR BEANBUR A AEE 5507, T IR 2% A TS AR T8 AN ] T2 2 O LA )
o

H 1991 £ PAZK, Unicode REME7EHTVGE S B0, #2 2022 4£ 9 A, Unicode E&HLE 149186
T, EESHEESNTIT. FHEEERERYE, £ KN Unicode #REH, #AMTICMA 2 (it
4H, ATl 3 MocHESR 4 focsH,

Unicode B—MEEM 7114, AE LRGEMETITO —E4mE (RN “WE"), (HeMA e
i feig S oo @, WM AZERM: EZMERERN Unicode MERSRIN HBIFE —E 7, AT
fiEtroe? Bl e —ERER 2 AT, R eR—ME 2 Mot FoTiE R mE 1 Aoch
HIFIe?

BN DA BRI, — R ERRRIRIR YT SO ITE FoChf£¢ 25 RAMRS, W 3-7 FoR, “Hello” HHYEHET
TCfF 1 AocA, “TEENRT FEEHETITG A 2 Ao, FRAMATDUEE & ALE 0 4% “Hello HRE" FRIAT
AT TTHE ISR 2 VTR, BRI A DU 2 AT —E 5T, WEEEEENNE T,

T Unicode
H 00000000 01001000
e 00000000 01100101
REA 1 U EXFT
1 00000000 01101100 g
(H{IiE 0)

1 00000000 01101100
0 00000000 01101111
] 01111011 10010111 . _

- REA 2 NP XFT
iE 01101100 11010101

3-7 Unicode #m& R4
SR ASCIT HEE AL FRAFTRERH, SmiBoi e HFE 1 ook, B3R RS ER, SOz NS & 2
ASCII #wfi5 RUMIFE, JEFIRERCEE M, Hit, FMFE—FEE IR Unicode #nfls 71k,
3.4.4 UTF-8 4{Rt5

Hifi, UTF-8 T AR i &z Unicode 4l5 /5%, ©R—MnEEEN&EE, #/H 13 4 6T
AR E R —HFTT, WIEFETHEREMETSE, ASCII Fo R 1 Aycé, T FEFRIA IR REEE 2 AT,
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HRRAPSCF TR E 3 e, HAR—2E Ry ITRE 4 AT,
UTF-8 Hyw s RIS AHRE, 53 2% DA RiAE A

C BN RER LT IT, BEREAsER 0, HER 7 5%E & Unicode 535, HIFTEENE,
ASCII “#7tfE Unicode FRFEHMETE T 1 128 fEREES, tpt2s, UTF-8 %iflin] LAk %A ASCII
W5, ERREIRNTAT DA UTF-8 AT EAUAER) ASCII 5 X,

- BRREZR n At (Hhn > D, #EEMTHENE n AEBCER 1, Hn + 1 VB0ER
0; 788 —Mafcabs, REEATHR S 2 AEECE R 10 ; HERFTAALHINEFE 7T Unicode
F#ho

3-8 JER T “Hello EIR” BB UTF-8 #ifis, BISHEB, Wil n EBOER 1, BILRSA LIS
B AL 1 BB T TR RE S n o

B2 B R A AT @ 2 METRRE 2y 10 WE? BRI, 138 10 sesiC 2IRBarrrIfE . R ARst
Re—MEFFRI N CAHBRAMENT S T, ALoCAHBERRIY 10 RESE B R s B 525

ZFTCAE 10 HIERBRTT, BRI & E UTF-8 MEHRIT, AalsEa v rhRmmiise 10 . JEfFEssa] LU
[eaiEATE: R ehRmmase 10, SHZTITRIRER 1, B ASCII#. M ASCII i
e O, BURERT &,

FIT Unicode UTF-8

H 00000000 01001000 01001000
e 00000000 01100101 01100101
1 00000000 01101100 01101100
1 00000000 01101100 01101100
(+] 00000000 01101111 01101111
=) 01111011 10010111 11100111 10101110 10010111

& 01101100 11010101 11100110 10110011 10010101

BEE 3 RES 1 %E%fﬁﬁﬂ%ﬁ&’ﬂ%‘ 2 fi
RERFTRES 3 {itd ®ER 10

3-8 UTF-8 4§l

BRT UTE-8 Z4b, H RAARNS 75 R AL DU M,

- UTF-16 #ills: £/ 2 8 4 Ao ARFOR 85I, FraRT ASCIL Frohl i AR e, #H 2
Me AR, DB RFREME 4 AoTHRR, B 2 Mot FoT, UTE-16 4fE Unicode f§3Y
HE,

- UTF-32 %ills: SEFCEEM 4 7o, SRk UTF-32 btk UTF-8 #1 UTF-16 BEALHZSMH, KAl
BN ASCIL FrTfl L &S I,

RS R AESR, (HH UTF-8 R Itibi @, HaeER 1 0ood; [ UTF-16 4S5
egoeyon (Blinds) EEMER, WAeHs 2 ook, m UTF-8 AlaEw 2 3 fiycal.

WA fMESR, UTF-8 (MMt E, #FF2 LHMBEELSHT UTF-8,
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3.4.5 BEXBSHNF RS

BN DMERRZEIERGES, BRAPUTHR 7R UTF-16 s( UTF-32 @ FRAMG, fEFRMIET,
BATR] DU 7 ER B RIS AR, ISR B A DL MR,

- b UTF-16 Sli5H97 Bra] DURA 7 S TRataitl. UTFE-8 22—t Rawi5, ZARIKEISH ¢ 18
Fou, BMFERTBRIFRRAETDIE « f5oT, BRE O(n) WKH,

- FouEtE: BBEMEIRTEM, St UTE-16 ST HMRENRE O(1) Mg, (E2, &5 UTF-8
A TS 1) B ) R JEE R A A R A

- IR (£ UTF-16 SR 55 L, RZBTHIRE QNoHE. MR, A MRS ERZET, £
UTF-8 #fisH 7 b, MEATIS SR Rl R ZASMIA SR, DAMECRA & & A 500 UTF-8 4fis.

HFE L, BRGESH oGy Bt —EREBIEE, WAFZHEER,

- Java B9 String B4 A UTF-16 #fl, SEFITAGH 2 At ERAA Java s 5 aat 291, AM
RAy 16 A AFRRITA TREN FIT. A1, B2 —E AN EMRHAE, %K Unicode Hl#it#ES] T
8 16 iz, ARTPA Java HHIYFICHAErTREH — ¥t 16 MAUE (FBz “fREHE”) RoR

- JavaScript 1 TypeScript FJ= A UTF-16 #iSAYJH K B Java B, & 1995 4F Netscape A H]
B JavaScript @B F I, Unicode BENR IR T, ANRHEMSAH 16 MAAmISHLE ARRATA 1
Unicode FIT T,

- C# i UTF-16 #i5, FEERA.NET F2=2H Microsoft g&HHY, M Microsoft FIRZHffT (U
& Windows 1EER4E) #REEIZHEH UTF-16 il

A DA A2 3 CRE & BT R ARG, BTSSRI “REES” (977 R KRB 16 7 R R Unicode
FIL, e EMIERHZMER R, —J7m, WESESH,, —Eval s 2 focek 4 A7
JOH, MR T RMASHIESY, 55—y, FRE RS R ZRIME e, SiEe 7Rt ik
PERPREEHERE

HIR A BIRE, #8 AR e S 1R H T — AR RIS /7 %o

- Python H str f/ Unicode #fls, Wik H —MEENFHEIR, MENTITREBIAF R REK
) Unicode %5, &7z ASCIH Fot, Rz oA 1 Ao, tREF ol 7 ASCIT
#iE, HEMERAZLESYE (BMP) W, BBz 2 focd; aRABHE BMP T, Hi
HEFICE 4 fotas

-+ Go gBEE M string BURIFENER(EH UTF-8 4l Go 58 5 IBTEHL T rune B, ‘B HAFRREE Unicode
5 &,

- Rust sBS MY str Al string B FITE N EH# H UTF-8 #mfB, Rust 4L T char BRI, AR TR REE
Unicode fiBE,

TETERENE, DL RF BRSSP ET X, M H e S b il 7 s e A v 4
RAFREE, (e EmD, RNER G RmiES UTF-8 /85, DUER|IREMHEAEMEMS
Fﬁﬁék%o
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3.5 &g

1. ERNORE

- R ] DA R A R A A o AR I T 0 M, EIRAS NI T R T R 2 IR R R,
Y)IRAERERIAR T ERME SRR R P R T

- RIERAMEIEENE. BRI, BERMIRIREREE RSN 28t (], S
HI. HEE, (7)) FAEARE (B, [, HERE) Wik, HERRIET R REFR A S B RS R A AR
Bl AL,

- EREXHUTER, BRI A SRR, SEEIRRE S M A B ER R, EXEEE
e G AR LR = g

- VIPRAENS 2Ly LB SR (BB Mok (B ERYD . FrA B RS 2 Y], G
S ER BB E A S BT

- BHEME PR EAE R B O FEEEE byte. short. int. long, TFEHEX float. double, FJT char FIff
K bool o "EXAM Y E {1 # [l B R A F 25 I AR/ TR AR 7

- RIS, — BRI SRR B P AR IBE T =R TR, B2 R AT DA B, B RS A R
AR, HERA ZREFAIE,

- BB R R BN HEEN, EWEBEORT, sHEETDUS E BRI S BRI nE—
1=, AREABZER RIS B, I B AR IE AT E R E,

© TPREEROARASE 1 ALAFIRAL. 8 NAFREAIAD 23 ML BUNIAE R, HHIATETERSRUAL, A b A Y B
EEARREE, ERRE TR,

- ASCII @i R B8, RIEA 1 Aocs, sk 127 57T, GBK AR F A+
FRFER, U B 2T, Unicode BURTRME— 72BN FAF SR AR SE, ISRt B L& EE S
T, VMR AT TR 77 AN — S S BLIS R,

- UTF-8 BHEXZEINH Unicode #lls /712, WBHAMIEELT., BR2—EERNMIEE, BEARENHERE
M, BREET T EES SR, UTF-16 #1 UTF-32 BE R4S /15, ESmiEH xR, UTF-16
SIS E L UTF-8 /), Java F1 C# FFEGE S THRR(H A UTF-16 4mif,

2. Q&A

Q: AT EMERER AR S E B R AR EAR M RS A

MR 2, T 7RO E R, WIMTTREE A "R (RS “MERER" BEEEE): M
S ERfE R —ESEAS Y, ARSI R R —ERIER, SORTREREL A OB AARED.,

EREFRIMAEARE, MRERARERMED, Hrhe MmO TRt & —EE, WrIRet & — (ks s
—PRE. Bk, MERRATRERIR SRt B RAs N (Fy1), SEESERS)) MRS RIS ().

Q: char BB RERZ 1 fCaHE?

char BURI R [E HFEEE S SR VAR IS 77 15008, ilan, Java, JavaScript, TypeScript. C# #i#¢FH UTF-16
4mhs (1% Unicode WEEE), Rt char BUFIRES 2 f1oc4H,

Q: FAMF| EHRIVEREEA LR “FFRERER B0 BN AT DU T B A B SRE, 8
LERRIERR R “EhRET [,
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HEBTEE A I BB BRI ERHRE, HERESHIRR " (REARE) 1, @EENEESH R G
A D B BT s ERT R, EeEMivEEREEH, MREREBEH 7 E2 BN, i E L —
AT SE R IRHEA], - SIT 1 5 Bek 1) ) PN AR S E g B 1) v

Q: fERSEHEE (T BIRR, RIFEERRD, RAEEMZ “FFEERAHE E?

RS T, WMEAN LT (1770 Nona R, EETERERNEEEIZER. B, Java
A9 ArrayList RIRHIARRIER 25 10, 75h, HARMEHREBEEBN, AR “By" =5,

Q: JFHSHE BRI AR SRR 17, IR O A R “SER 1 AR, T A
JEIS L —AR AT DUEE “SEBURARIN 17 158, SR ENE?

T2 R 20 SR A A A EL R B R R R AOE AR, BT ER: Bsta +b=c,
ARBELATRE a 72 b 2 c (e, RABRE b2 a 2 ¢ FIHEL.

ME M n = 4 A RER ZEMHIE 0010, SRS EETEEREE ORBERAD, IEER
TEW el &N 17 155

0010 — 1101 — 1110
Mg, A —AEEIATZ2 001041110 = 10000, thgit/ds, —% 1110 2/5RE 0010 £/ 10000
1 “HIEL ISR LR “SelUREm 17 B LREHRE] 10000 RRREEEL,
AREE, —#% 1110 2 10000 B “HEC 22 /00e? FMRARRTDUH “JelUigin 17 [e:

1110 — 0001 — 0010
et JESH AR 2B E] 10000 B9 “HIBC, FIL “BEREE MBS R iR RS Al LU
RN GRBUREN 1) B,

B, BT AR B AR e 1110 RS, B “JEi 1 AU

1110 — 1101 — 0010

REREACE, “OEBURARIN 17 A USRI 1 IR IEmEIE R AR E] 10000 AURHE, EFREFEER.

AREEE, "W BEERERRE 1111 e (RAEE RIS + —f8 = 1111); ME B L
1S 2R R, w22 10000 BIHEG

EIRBAn = 4 25, FATH R AR B AL
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Abstract
BRI AERE R T L0 R — 38 R E RIS,
R (IR R RS AR HE A, I LY, SEAS RV > B R, JEARAVERE B AR A A 2~
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4.1 [E5)

5 (array) 2 —REARPEECRIGERE, HiFAHRIRIBIR TR SRR H T, WIS TRERS |+
(IR E R 2% T RIIZRE | (index), [ 4-1 7R T BEAI T 2R EAIGE777 70

fAfFiEs By E R ae = R R A

P2
element
FEZY
array
;ﬁgl e 1 2 3 4
index
scteRg (it

00 04 08 12 16
memory location

EEESEa

- pap sl Al DERTEE el

4-1 [sIE A7 753K

4.1.1 [FE5IERRE
1. #sakmrEs

PATR] AR RS A AR AR FTR LT 30 SEOIAAME. IR E. TERTEENHRERTEI T, K-
FEFGEE 5 S PESITTROIAA LR O

/] === File: array.swift ===
[* featiEs */

let arr = Array(repeating: 0, count: 5) // [0, O, 0, 0, O]
let nums = [1, 3, 2, 5, 4]

2. iFMITE
BT E M A EEN RS, EREWESIERY T EWEIRENIEERE R S, AE YRR

it (ETCRAEEmAIE) FIEETTRIIRG], BT DUERE 4-2 Frosi) XGRS 2ot RrRC iR A,
T EREFI %t R,
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FEz

TE®Sl o 1 2 3 &4

otEREME o0 04 08 12 16

TTRRE -4

RCERE - EYREERL + TRRE « TRERSI

(BrroE i) (iHHEBE)

Tl REFIRS| 3 EETRAVEIEE I
012 = 000 + & x 3

[ 4-2 FEFITCRARCRR AL R

BIERIE 4-2, BMRBESIEEITRIORG1% 0, BPFAERER, RAi 1A EEEER, B
HETEARNAEE, KIIAE LRSI WE R, HETROMIEHEER 0, BIERNRTIR0
EAT,

CEMBI TR B, RIFTAT DA O(1) R Py B RS e RS — (T 2,
// === File: array.swift ===

/* FEVEERRETTE */

func randomAccess(nums: [Int]) -> Int {
// TEER [0, nums.count) APREEHHEN—EEF
let randomIndex = nums.indices.randomElement()!
/] EBREIRE# TR
let randomNum = nums[randomIndex ]

return randomNum

3. fATE

M TRIEERE TR “BREN, EMZ MRS HEERERE R, WE 4-3 For, HRAEERS R
BA—ETR, RIFRERZTR BRI AITRERBE L, BRETRMESZRI.
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MFIRERTENE -
8000 Eﬂil%:r_cﬁﬂib it '
880800

nums[4] =m5[3]

:

HETTRIEA

E I [2]s5]5] 4]
HEBFIRE| 1 BIEATE 3 1 nums[37—= nums[2]
3E

N

nums[2] = nums[1]

(3 W1 ]s]2]5] ﬁ@ﬁiz’ﬁ 0 B

nums[1] = 3

:

4-3 [5IHE A TR

ERERNE, HRESINREZEEN, FtfMA—ETRee @S8R “BK" FFEHE
FIRERI R TT R EAE “ER3)” BT,

/] === File: array.swift ===

/* TEFEFIANZRS| index BRIEANITTE num */
func insert(nums: inout [Int], num: Int, index: Int) {
/] 1BF&35| index UNZENFABETERAEREEH—L
for 1 in nums.indices.dropFirst(index).reversed() {
nums[i] = nums[i - 1]
}
/] #& num BR4E index ERRYTTER
nums[index] = num

4. MiBRTE

IR, nfE 4-4 FOR, HRMERRS] ¢ BAITR, HIRELERG] ¢ ZBRITREAFTEE —NL,
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felipRTER

88000

nums[l] nums[2]

M TTERMER

il AT B —{i
TEREFIFMERZRS] 1 REITER *
nums nums[3]

nums[3] nums[4&]

seRMERR, EIERTRUER 1 ,
KETE 4 BESER, BENEEN

@l 4-4  FESIERT R RG]
R, MERTRTEEE, FERBRTREE “BER" T, RMEEREERBNE,
/] === File: array.swift ===

/* MIBRZES| index BEHITTE */
func remove(nums: inout [Int], index: Int) {
/] 1BFR35| index ZEBMFIATTREMRIBE—II
for 1 in nums.indices.dropFirst(index).dropLast() {
nums[i1] = nums[i + 1]

}

R, BEEIIIEASLMIERER(EA DA T Bk,
- IR RS BRSO AFOMBRA TR AR L 2 O(n) , Horb n 25 R,
- RIOTR: HRESIREARE, RILERAGTRRE, BHEYREREN TR EER,
- RCHERERER . T DAIan e — 8 L R ARSI, SRR —#R 7y, JERTERABRIRE, ERIARETT
REE “HEERT K, (HIERMEERE RS IR,
5. EHET
FERZERENGES T, BRI POZBR5EMS, tha] NERGE I E RS PR ETTER

// === File: array.swift ===

[* FEFAREF */

func traverse(nums: [Int]) {
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var count = 0

/] BEBZR5|IEAET

for 1 in nums.indices {
count += nums[i]

}

/] BEEEFEITER

for num in nums {
count += num

}

/] EREFERERSIMTER

for (1, num) in nums.enumerated() {
count += nums[1i]

count += num

6. BHRTE

FEREA &R E TR TR E A Y, SRR ER AU, A VLACRIE G RS,
(K 2 BB R AR MR R, P AR IR e 2y “ARIERERR,

// === File: array.swift ===

[* EREYHREHIEETE */
func find(nums: [Int], target: Int) -> Int {
for 1 in nums.indices {

if nums[i1] == target {

return i
}
}
return -1
}
7. IREME

MR R ER S, e DIORRE PES 2 RATRLIS RS S U2 rT R, TEmER 2 e iRy A &, Kit

FERZBREAGE ST, MR AT S,

QERBAMA R A RS, AR E TR, —E ERAY RS, SRR TR A1 e R e B fe A, JE2—

O(n) MHfE, TERFIRARIEN NEERERE, N5 FATR:
/] === File: array.swift ===

[* BEREFIRE */

]
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func extend(nums: [Int], enlarge: Int) -> [Int] {
/] B —EREREREZRRRES)
var res = Array(repeating: 0, count: nums.count + enlarge)
/] BRETRFRE TR EREHET!
for 1 in nums.indices {
res[i] = nums[i]
}
/] BREERENHRES]

return res

4.1.2 [EFIRBREREMRME

BBl A A R RE R R S I Y, HOTRAAIME, SERMENSEERNCBEN, RAATDAHIEEER
A AL RS R IR ERICR,

- BHRCRE: AR R TR R RCIRRE R, JHRRS N SR

- SCRERERGTIR RS REE O(1) R NFIRMEMIT R,

o PRSI EAHRESTERR, SHEMMEGRAE, EGTBCLE E R MR, TR i
BARARTHR SR R TR

S E IR, HAFEDA MRRMT.

- ABRABUNBRBCRIE: EiEFIrhr R 2, HARMBRR R EEBRENITER,
- RIEARIEE: EHETIALRREMERE T, AR IE G RHE RG], BSRA,
- ZEWRE . WERES IR NERE R, IEZ RIS REMRIRE T,

4.1.3 [E5IHEEIFER

bz — AR AL L AR, BURSEMESERIR F, a] AR E B SR ERE R A,

- R A SRBAVAEREM R — LR, IR AT DR A A7, 2R R —ERERE T2, RIS IEB
(et 51112 8

- RS YR I IS S ERARE AR, sy, S0Py, o sSiE R
Fei %] iEAT

- HER EREPUEE R —ET R R R, AT DA SR A R R RN E B T ITE]
ASCII SRS, FIAT DA 7ei ASCIL BB{EME 2R, BIERTRARAERS R EER B,

- AR MR REMN TR, R, SRR MRARIEBIES, SRR PRSI
R, PR A A A R ARt b s i o FH S A A

- BORIGOREEBL: Y] AR EERHER, (741, MR, MR, ESFERENE, B, [ERORS R R
20 =17 o =5
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4.2 fELLERY

LfEHEHETERRN A B, £ EEENREPUTIRET, RIS H ] RERE £ e
o FRAMKIE, 7 P Y RO R 2 P 0 ZE RS A, 17 B BB RS QIR OB P RE ST PR A A IR Ay e
RIS, RS ER IR ER TS M S R B A T

f85 RS (linked list) 2 —MARMEE RIS, HAPRSETTRAE ~E@RYIF, SEEEES 510" M
HAR, gl MR T N AR RCIER AL, B e ] DU E ARG R T —{E iR,

S G ER A e a2 M HTRE AT DA B (A TR R IR 25 R, B MR RC IR R o SRR

RFEERYNRER=HES8
it

linked list

— — — —> —> None

fem TMEEREAY
£ 518 (&%)
EPRG

node

BIERY s

EME | s
e EE | PRI

4-5 FEELHHIERIRHF 7K

BIERIE 4-5, SEESHRYIRHEREAZER (node) Wff. AR SMIHER: R “E” e[
—HiRR “5IH,

- PSS ERYIE E SRR A “THETRY, R (AR A R,
- RHEiEsfEARZE 27, BAE Java, C++ # Python H43BI#KEC A null. nullptr 1 None o
© {E£ C, C++, Go fll Rust FxXHRHEIEEES H, ik “SIH” BESgihs “f6iE,

AP REIE AR, SEASFRSIHITE ListNode BR 7 RIESH, EWHIMEF —ME5 M (60, HILAEMFREFR
BN, GRS LRSI S % i R R

[* HEAEERTIERLAER */
class ListNode {
var val: Int // BAZ4(E
var next: ListNode? // 8@ F—EIZAEYS| A

init(x: Int) { // EHETF
val = x

}
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4.2.1 SRESERIIERIEE
1. iEfLsEsEEs

HENTEEG RS 2, DRGSR, 8RR R RS R GR. WA,
T AT DATESH S AR 2 RO SR ERRE 4%, B 5| FIEA next MRIUKH IR A Bk,

// === File: linked_list.swift ===

[* WA EELEERY) 1 -> 3 > 2 -> 5 -> 4 %/
/] IR EEER

let n®@ = ListNode(x: 1)
let n1 = ListNode(x: 3)
let n2 = ListNode(x: 2)
let n3 = ListNode(x: 5)
let n4 = ListNode(x: 4)
/] EEERZ EM5| A
n0.next = nl

nl.next = n2

n2.next = n3

n3.next = n4

REE A7 R S — S, FRAn P nums B 5702 nums[0] A nums[1] 55, Tis4s 88 27102 B 2 (A N7 A ET EL 1
AR TR 55 1 S 6 B B Ve S ER A AR, Lban DA AR SIS Hh o Si4s BB A ] seESEAS B8 51 no

2. HENERRS

FESEAS R PR A ETR IR B 2. WIE 4-6 PR, (REIRIMABEARE A 8 8RS no A1 na 2 R HE A\ — (&l
Bip, WINESEEmMEERG I GEED Himl, RREERES O(1).

M2 T, FERSI A TTRIR R O(n) , ERERE FRIRCRBRR,

A ;
ne nl

P.next = ni
EI< P 5@ n1

B ./
FESUESEFIERSS no A1 n1 ZROIEAEE P 5 o

p

nd.next = P
B no i@ P

AA

no A nl
P
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// === File: linked_list.swift ===

[* TESEAEERYIBVERRE n0 ZRIENEIRE P */
func insert(n@: ListNode, P: ListNode) {

let n1 = nO.next

P.next = n1

nO.next = P
}
3. MIPRERRS

i 4-6 Gk ER AT GBGRBE

QniE 4-7 FoR, ESEAS ERS R IBRETR AR TG, NS MERas I (EED Bl
AR, BETEMPRRIEE TR P U026 1, ([HEER LES IS CREEGIHE P, EEWE

P CASAFHE N LA RS T

il
A BRTIRMRER P

// === File: linked_list.swift ===

nd.next = nl
B no Em@ nl

C}____{:%*W

A A

no nl
A

MFRserlk, B2 P (AR nl ,
BED#GRTICARENME P,
HIEIEMIEAER P BRI

I 4-7 S ER ARG

/* MIBRHEERTIRERE no ZRIBEERIRE */

func remove(n@: ListNode) {
if nO.next == nil {
return
}
// n®@ -> P ->nl
let P = nO.next
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let n1 = P?.next

n0.next = nl

4. FHRIERRS

TEREES P T RERCR RS, 41 - — ATk, FePIATLAE O(1) BER R PRI (ER L2, SlAs
HAIRIAG, BTN, AR ET, R DR, AR, e EIs |
IAEBEEIEEE | — 1 6, WIS O(n) .«

// === File: linked_list.swift ===

[* SHRESEEERTIFRS|ZA index BIEIRE */

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

Int) -> ListNode? {

AEREAG RS, EHHAES target HUEIRS, xR ERAS BT HIRS], B HERGR AR, &

return nil
}
head = head?.next
}
return head
}
5. EERS
WS AR
// === File: linked_list.swift ===

[* EREGERYIPENRES target WEEEIEY */
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
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4.2.2 [E% vs. &L R5

AR A-1 MRAE T TR RN SEAS B3 51 B 2 SRR 6 L TR FRR AP ER W AEAR B O 77 SRS, [R5 A
PR AR ERCR A 5 B A 37 AR RS

R 41 B GRS B SRR B

f51) Sk 1)
R TR Sy R
AREE  REATS TSR
R TR, EAEREEE RGeS
siER 01) O(n)
wE®  O(n) 0(1)
MigEE  O(n) 0(1)

4.2.3 HRigEHRTIER

Gnie 4-8 FioR, LRSS ER A I (A =,

- FREGRES A BRI AR A E GRS RS, B A GRS ER S RO ETRG L S E AT FE A T — HIRER 5 | T NIE
BRL, AT E R 5 DHENRG, KRR —(WETRRE D R HRG, EHTREEZE None o

- BUBSEASERS: QN RIS B gRA FR I R AR TR R SHETRS (F AR, ASE| (BRI atas &5,
TERTESEAS ERAI A, AR TRRETREHAR AT DAAR PR EE ARG,

- BRGEAS IRy B A GRS I, B A iEAE B AIRCER T RE T AT . BB RSERS BR Y R HTR T 3R
IR S TR RARENRS (T —(EEE) MATHRERS (L —(EEE) 51 GEED. AR B A R A,
B GEas AR S S B, AT DA R {E 77 a0 E A A e A, (EURH I th 75 A Y 5 2 A RE AR R A

[* ErigiERTIERLER */

class ListNode {
var val: Int // BiZ4(E
var next: ListNode? // IEMABUEIZEAYIS|F
var prev: ListNode? // f8ERIERENELAYIS|F

init(x: Int) { // EiEF
val = x

}
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B miEsERy)

singly linked 1ist

— — —a —_— —> None

IRFZ RS R T

circular linked list

(@Y & & W]

SRS ER

doubly linked list

— — — — —> None
None <— <~ - <~ <~

4-8 H RLIEAS BRI A

4.2.4 §E4EERY|HEIFER

Ba GRS R E T N EBIHER, (751, MERRM E S ERAER,

- HEEEUYTE: E AR AR RS A R AR —umE TIR, ERBIRR R SR L, BENEE,; B
TN BRVEAESEAS S — AT, MBRERIEAESRAS RSN S — (T, ERBINRHE R o, HHE
751,

- MERAR: BN RMIVERE RN TR R —, T R=T, I ERITTRA & 6 E — ekl
FR5IH,

- B AR FORIE A — AR 77 K, I ] A TECRG 0 B — (A ER S AR A, Sl RS R A
TEER AR AR Sk TE R AR e ) LA TR

B (g it FR 1 B HD A TR S PRI S — A0 12— R TR A 5t

- FRERDRMAINE: LANTEAL R, B P, FRMTESIHIERERRERS, 1SR OB TE IR P — (A s
A HRGHT 5 | AR E B, SRR B a5t fr

- BITESEN: EREBITEST, B RENNE BRI, B TR I A S A AT — (A
R — A H, BEasaas B 5 R R E SIS R S i B

- LRU #i5k: fEPREEIK (LRU) A%, RMFEREREFIL R D HRRER, PSR
HOERIMIPRERG, I IR o B [l ER S TR 3 5

BRIV HEAS B S H TR TR I BRI EE R TR HERR

- IEE A IREHERR TR . fEEERASD, R AR R AR R R R CPU iR AL, EF
LR PIEATINE, AR PO T —E R F, E R A SERE, CPU M UIRE| T~ — R 7. &
T 5 1 ] DUEIRER T S A B S A B B

- RORMRM: ERL R OER T, Wl e MRS R, e, R RRIEs T,
ERHA AT RE & 170 i AR E AT N — (BRI SAL B3 51, DA BB AR RN
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4.3 H7%

85 (list) 2—EMRIEREEMES, ERPTRIAEFES, FRTTRIMH. B i, MERFE
FPRE, BZAMEHFES EARRBIAIRHE, A2 A] DIE RS AS H 51| sl fis1 BB,

- SRASERSIRIA ABE—E RS, HSRTRE M SR E, i Bl IS EEHEE.
- AL RTRE M AN, HBREREARE, Rt REEE—EEE RERGIHIES,

BRI ES B, REAVENIEE OSSN ENERR 258 ERE e R %
i DEoR, M OB AW BRYIRE, HRER/D, RIRAREMEN MR, HREEXR, Al
EiE LIRS TR

FREDUILRTRE, TR DAEFHBIRERES (dynamic array) SREBIERS, BHEK T YIS IAERS, 3 H AP
ERERFUTEETIETHIRER,

B L, Sr2REGE S PRy R AR SR A2 SLR B SR RS BB, 1140 Python HEY ist . Java H1HY
ArrayList . C++ HHY vector Fl C# HHY List %, TE8E RARIUE R, FMAHE “8517 f1 “BhiRgmEz)” 151
F B FINE S,

4.3.1 BIERIRE

1. a5l

BMEHEMEH “MYaE” 1 “GUnE” EmEYIE T2

/] === File: list.swift ===

[* ¥IRERT */

/] EEE

let numsl: [Int] = []

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

2. shRRE
AR LSRRI, BRI MAAE O(1) REIN BiRIATSR R, AR IR,
/] === File: list.swift ===

/* shRTTE */
let num = nums[1] // sHZES| 1 BETH

/* B¥iTE */
nums[1] = 0 // #R3| 1 BHTEEHZ 0
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3. HAERBRTER

THEGRRES, BFITT LA dr i SR T R, 1RSI R EI TR ERE S O(1) , EHEAFRIMER
TERASCER Y ELESAAR, R O(n) .

/] === File: list.swift ===

[* BEBRTY */

nums.removeAll()

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

/* TERRHENTTER */
nums.insert(6, at: 3) // EZ5| 3 RIENEFE 6

/* MBRTTE */
nums.remove(at: 3) // MIFRZES| 3 BATE

4. EHHRY
SRS HE, RSN LURIEARE ER, A AT,
// === File: list.swift ===

[* BBRSIEFHRT */

var count = 0

for 1 in nums.indices {
count += nums[1i]

}
[* BREEFBYITE */
count = 0

for num in nums {

count += num

5. HHEH

KE—EBHTER S nums1 , BRI AT DUR D 2R A 51 R HR
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/] === File: list.swift ===

[* BHEMM@ERT */
let numsl = [6, 8, 7, 10, 9]
nums.append(contentsOf: nums1) // #%E%| nums1 $HHEZZE| nums 21

6. HFH5
SERERSIHERR 1R, FAME AT DAGE AR R EBITE BIARE R F B &R “TofEs” 1 SR MEL,
// === File: list.swift ===

/* HEFFERS */
nums.sort() // HIFE, SRFITERLNEIAHS

4.3.2 HBHITER

2 RAESNE T HEY, B4 Java, C++. Python %, TIMMEH LM, SESBNWEIE I
F, BIANOAA R, WAMSEEE, REEAEE A AER RIS T2,

7 VNGRS EA TR, e EH A RRs, Wi~ = ERwssEt.

- PARA R R ESEIEYIIIA AR, EAOREIT, FFIEE 10 (ERPIAE R,

© WG B B size, AURNECRABSIERTTREE, WHEFETTRBAMMPREREH, R
R, TR DUERERSIRRR, DANHIETR & T 2R A

- PRAHH: EEOTRNBSIARCN, AIFREETRS. SRR R EE RIS, A
E RIFAIETH TTRRSE RS, EARGIF, BAATHE BRI 2 AT 2 %

[/ === File: my_list.swift ===

[* EBSUEERI */

class MyList {
private var arr: [Int] // &% (#FS5I7TX)
private var _capacity: Int // BIIBE
private var _size: Int // BIRE (ERTEHE)
private let extendRatio: Int // EREFIESHIEE

[* BiEF */

init() {
_capacity = 10
_size = 0
extendRatio = 2

arr = Array(repeating: 0, count: _capacity)
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[* BEREIRE (BRITRHE) */
func size() -> Int {

_size

[* EBEEBEFIRE */
func capacity() -> Int {
_capacity

}

[* ShfEITTE */
func get(index: Int) -> Int {
/] RIMRBRAE@ER, TR
if index < 0 || index >= size() {
fatalError(" Z5[#HA")
}

return arr[index]

[* BHFTER */
func set(index: Int, num: Int) {
if index < 0 || index >= size() {
fatalError(" Z3[#HE")
}

arr[index] = num

[* TERERFIE TR */
func add(num: Int) {
/] TEHEBHEAER, BEESHE
if size() == capacity() {
extendCapacity()
}
arr[size()] = num
/] BFTEHE
_size += 1

}

[* FEPREHEATTER */
func insert(index: Int, num: Int) {
if index < 0 || index >= size() {
fatalError(" Z3EA")
}
/| TEHEBEAEMR, BZESHE
if size() == capacity() {
extendCapacity()
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}

/] ®ZF&35| index UKNZENTRIBEELE—II

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

}

arr[index] = num

/] ENTEHE

_size += 1

}

[* MIBRITE */
@discardableResult
func remove(index: Int) -> Int {
if index < 0 || index >= size() {
fatalError(" ZE5[#HA")
}
let num = arr[index]
/] BHEZ5| index ZEBHTHREMAIBE—II
for j in index ..< (size() - 1) {
arr[j] = arr[j + 1]
}
/] BFTEHE
_size -= 1
/] REMERE TR
return num

}

[* BIIER */
func extendCapacity() {

/] HE—ERERREY] extendRatio (ERVFMEY, MiigRMESEEEHES]

arr = arr + Array(repeating: 0, count: capacity() * (extendRatio -

/] EFETIEE
_capacity = arr.count

}
[* ISERTIERAET] </

func toArray() -> [Int] {

Array(arr.prefix(size()))

4.4 FCISRSERIREY *

TEARBERIRTM T, TR T SR SEAS 8 51E AR B B A ROk, BN RIRER T "k

I “HUEE” IR B SEE,
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HEE L, PBRASHEAEORRRE EPUE 7 R sUBC iSRRI B R0, T 2 s SR A N B B A RE

4.4.1 EEHFERE

AR O =R E . % (hard disk), 521888 (random-access memory, RAM), 1REX (cache
memory), & 4-2 J&/r T EMERH B AR S -H AR A G AIREER B,

® 42 EHEMARE A RE

TR e iR PREY

Mg REIGEFER, BRERRS HRR R ERTRTRORENIE R SHERAES, B> CPU
[E5 W eSS TEREFRA B AR TR R AL

Sk BERERAEESE BEREREEL BEREREEL

13

AR OBK, TB A B, GB # FEH /N, MB #5l

HE e, KEFIET MB/s Bk, %+ GB/s FEF R, 2 E GB/s

Eks B, ZEH%T/GB Wi, &+FEET/GB EHH, b8 CPU fTHEHE

T AT CURF T R 7 RSB R [ 4-9 FURH B EE A5, BERID & IS THIR AV /7 25 B AR e, &
BN ARG, SEREZEANBETAEEA, TR s FERER SN TAR R MAEE R D AU A R,

- PERRERCAWGL RS, B, RIRETRERHEETERGER, RERNEERAMEER, HX,
AL AR A AR 1%, SRS E RN EE TS .

- PURIR A RS R LGRS FEE L1, L2, L3 PR ARZS A, HYERFg% K, B CPU
bz IRV ER R & 0=, eSS g R E ik I, STRIMIERE S, EERN T, 2ER
AUPRERAS R R AR, TR A Z P B (P

CPU

L1 Cache
TREX L2 Cache

N B b |

{1314 HDD/SSD
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& 4-9 BT RS

Tip
FHEMERO G ISR RSE T, ARMA =E Z HR P, BEE, SRR
i L3RAHR, BRI A A SRR il < R i AT

RERAHE, BEREATIR RO R RRR], SefR ARl 47 B sV T v IE AR AR BRI RORL, i PRI R il
FEHTRINERATE S, DUHEERERBUTICR, =FHARE, B EEARR ST,

aniE 4-10 FoR, EREBUTR, BRMEERRR PP E IR, f#t CPU sHEMH, IR BAE(E CPU
—ik7r, EEBESHAERCEMRARER, 4 CPU Rt R, emBEE R HE I BUTRCR,
TR/ D S e AR A R

;. —>
;< < “—

|
|
2

IR 1REY FofeRE ek

CPU

[ 4-10 WERE, ACIRESANPREC R EORHUE

4.4.2 BRHEHERCISEEME

FERCIE RS AR T, ARS8 25 B B A B SRR,

—J5H, el AR, HRE—BGRRAREsS Mt s, R R e AE 5 P RE = 0t
A=z, FSIRTTREEHS, TR A 7 s A S R RS . (B, R EReRE
o SR, MHFTRE R MAEAR RIS, SR ESGTIIIRE, By A h SRR MYR
RIS A, M, SEESERSIDL “HiRE” ZBAOETEERIRR o iCmmE, SRt T ERIIEE TS,
S—75H, ERENBUTIR, BEE R PSR, R IR R R, A

TRBR AR R, PRSI H R S 7 77 3, B S ESELIREE A L. Mk, SEESSIRTER
TR, TEARERIRA BB IR e, EAZEBGEIRREE AL,

4.4.3 EREGIBRVIRENE

TREUHEAE S H AR B/ VARIEE, EeiEiieG 2, FRRTHRE HEHE EREENEM. B3R
R EAIR, HEERF—/ MR AER MR, HitE CPU Balwimf &R AR iR, il & %%
AREXKSH (cache miss), It CPU MEAEHEEIGRICIREE P RAFTTR &KL

BAR, “DREURaRTh” @D, CPU SIRRRHIZCR R, EsCREthatiaker, I CPU PRI &
HCE RHK EEBIRE 25 IREXE = (cache hit rate), TS fEFEIEIE & FH A B REXRCE,



H4E (YL ERY www.hello-algo.com 86

7 VBRI REERE mATRCR, PG R DL N B R A

- PRET: PREBUNZ BN TAH I AR, TR DADRBUAT A B, A ERR B R LA A (e, PR
BT RO (e A R

- THHUBEH: SEEEY & B STHAE R RS (BIER S, EE - RPERI ), AR E AN
BRI A BRI, fEMRT a2,

- IR WUR—EEERBEI R, 8B EhER R AT ARt . Ei, PRERERAR
FURE, MEBAHMHERER, DUHRSmHR,

- IR AR EBER PG, AR EEAARE AR Al REFF B, PRI IE — R, (&
TR E BIL T B R E R a2,

B L, BgRGEES RS EHR AR R AR, 2R8I DA &4 7T,

- PR SRS ERSTR AT RS M E 2, HEEhEMNERER R E D,

- PREUT: SRS S SIER BERCIR R AR, TRBUE AT B, ISR SRR LB 5 i
- PR PRSI LSRR B AR EOR RGN B AT FEIME”, RIS A 5 0 I N R
- IR PR A R RO IR S R, RN BRI A R SE A P RE R T

Mapam S, PREFIRA E iR, R ETERRIERCR L B R A, 1S SRR R TR
Ry, kPRSI A B R R 1 s A2 B

TEERRE, SRR A ERE M TG DL AR R EAs B 51, BRI AT PSR AR R A A,
JERR BB TR ARIRE . Bilan, FEAIFNGESS R ] IEET “HER™ BRER (P —EEgsring), Hef
SELEINEEZ 5=

- AEMERRRER, TR AR R A E B A HE R, R AR A T m AR ERCR R RE A
RUREST, MUBEER R ETR 2 RS il — e I RC i o

- ARBEREARE A, BIEMERE. HEBRITEIIR/ NG DGR, AREEE G HR 8 BB O HE R N5 0E,
AL RS RES I B R BRI R IR B AR Rk o, M ELIgE S 1 P i 2L RS MR 8H

4.5 I

1. ERNORE

- [EBIFISEAS YR R AR, D BIARERHE R B IR TP O R R A7 75 2K AT R
RIS . P ARG L LA AR

- FAISCRRE AT, SRR R D (EEAFMERTRBCRK, B LRR AR,

- BEASERSIEEEN S (B BB SRR AR, Hal B RA; (HEREHReR
%, (SHRLIERE R, W RASESS Ry R BI AR B s A eR o), BRIZSRAG RS, B dlas s,

- HSRRESRHEIERR TR A RS, EHARENEMYIEE, CRE 1 ESIRESS, Rk AT DA
G RERIE,

- BAIHBURIETE S TEAIE MY, EaTREEEGR iR s AR

- BT, BRI TR ERIERET, A AT A SRR R s RRCR, RS R S AR R IR A
F b SEANEETE

- PRIBGEE PREAT ., PRI DAS 2 [ D e P A B P B S S R M, 2% CPU SR B PIR B RLFI R,
B R SR T R,
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- HRMEES A E AP A R, R EOE T LA RS R, fERR ORISR, BRI RS K
R S M T

2. Q&A

Q: PHFIEAAIEHEE LAIEAA{EHERE [, BRI MR R S A E?
O AEHEE ERNMERE RSB A A A RO IR S R Y, ERHRERCR A —3, A, HEBFIMEREA
B BIVRES, 1EmER LT AN S,
1. ZPBCRTEERCRCR : HEBE — Iy RIS S, 2 ECHAniEes HEISEA; MR IREEAHE E R, nTDATE
PR EIEAL, EASWE, K, HERE AR R LS ERE,
2. K/NRR : HEBECIRHEAE B /)N, HEAERY RN SZ BRI A] LIRS, R I AR B IR & 1l 17 R LR,
3. WEIEME: HEE EAUREBIR RN AR AR i, AR ARSI R NeT ATER T IRE BN RE R E
Q: Fft A ERARILRIRI TR, AR R rh AR A SR A E AR We ?
L ER Y FHETEGAE K, SR RS | (FEAE) AR, & &G o] ARG A A FIZUBIRERL, F40 int. double,
string. object %,
RS, FEYTEANEEMERRBIR, ERAEE R AW EREES EICRE, fla, MA|ERA
& int 1 long WiFERL R, BETCZE 2 BIUGH 4 foocsHM 8 focsH, IHRERAGER L F ARG EIREE T,
g EE THE “TTERRE,

# RTIEEMUN = FBYEERUL (BxRcERuL) + tRZRE » THER5

Q: MERENES P18, BETEH P.next #% %y None JE?

MEX P.next AT DA, 1EazidshBYINAEER, CHERESZIRHECEAGET P T, SEKEHE, P
CAIETEAS R FI P IER T, HEIRFERG p 45 mIMERET A & ez i Al Bh v A AR R

EERESMEERTE (08D WAEE, FERARIER, HERBEAERR ERNMAT, TEEERR
FEE, BRAEME S, EEEMNEW, MR, MEMERE R AR ERE L, BT E B RELR
E NGy A

Q: TEHEAS HR A A AFMBRIRER RS 2 O(1) o (B2 AR E O(n) MR ERTE,
FA TR EAZ O(n) WE?

MFRSEEHITER, BMERTR, REERERER O(n) . A, SEEHRFI O(1) HMArES T DIEH
i _EASEIREEL, BN, BBrafrslEa s iR EB, BMEE (A e Ba fa iRy, R
B, U AN BMEREREER O(1) o
Q: [E “HEASHRAE REH 77T, REORIR A ERHEER A — SRR AL NG R AR E A
fili—-0eg?
Zon B E RN ROR, ERRRHEERERREIUET 20T,

- ANFEIRLAR ER B (E S B2 2 SRR,  EEAN int. long. double MIBIIEPIIFSE,

- TR FH A RIS 2 R/ MIRIRFIT B F P ESRE R At S A s BRI T, K22 %% 8 yTiHEl 4 Ryt
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Q: TEHFIK I R EIEAIZIA 2 O(1) 2
T TR RS R, ISR ST, A A R BT, AL ARSI
TEMBEE, SRR EE On) .

Q: “HRFIMYH BIAR AR R T IR BTN, (LT AR S T A IR, I A 2 R R SR S
RSB AR, BT, AT 0T RS

EMAEHEIRE EEAMT SRR T, PIEERE - EaRE, BMIA-EREMEES; 55—
JiH, Xy T PIIEEERA, ARG RUA-EERE, A x1.5,. B, gHBRE A, FifiE
HANRESE I E M,

Q: f£ Python ##J4afk n = [1, 2, 3]11%, 18 3 I CRAIMALZMER), (20 n = [2, 1, 3] G#H
EMEETRN id WA, MmEoBIER 0 FRIHERE. EETRIMIERE, HRE n 22 EEs0E?

RUMHE B F T E R A BB SIS n = [n1, n2, n3, n4, n5], EFIEI NIE 5 EEEY LB FER
TSR, AR, %€ —EBPIRG], FIMMBARTUIE O(1) R N EETR OISR AhE, (e 25
AOERE, TSR 2 s AR R RIS, TARERRA B

BlFF 2555 A, Python VBRI, BHIPMENAZETAL, MBS,
b, FRA BB RS R AR R B A R — M id, Sif HOG S A RC iR A ik S EE A

Q: C++ STL #HAY std: : list CAAHEH T EAGA RS, BIHE - EHEES LANEBEERERNE, 2
R 2 A T ERRIENE?

—J5H, WEEE S AR EREEE, W E R A [ RY, ERAmEER,

- SRR ARSECEFEMEEIMNIEE (—ERRT—ETE, —EARE TR, FibA
std::list @HE L std: :vector BEALFHZER,
PRECR LT : B RIS EAEZ A, R std: : list BB 2K, —ME M R, std: :vector
FILRE & 4T
BT, AL Y RE N B A E, BT e HEGE S RN stack
queue , TMIFHEASHS,
Q: #fEres = [[0]] * n BT —E =], HbG—F [o] EEBILHIE?
ANEEAH, RS, FrER (o] B LEEFR—EYHSIH. MRFBMEXEF—FETE, G5
FrE ST EE & e 2 i,
AR AR A R AR R E [0] BRRMESLAY, RIDAEH res = [[0] for
PIRBEUERIGAL T n EIZ0T [0] BRFIMILE,
Q: #HfEres = [0] * n AT —EHBS, HipG—(E%E 0 FZ2BILAINE?
TEaZBAF, FrERE 0 #2F—EW s H. E—HE A Python ¥/NEE GEHE 2 -5 5] 256) HRAH TR
B, PMESKICYIEER, 1M R0EE,
AR e MM E—EY 4, (BIRMMRRT BB SR BETE, ERREA Python HEEUZE “ANA]
B, ERMEMSEICER, IR ERUIMRAS —@EWHEN5IH, mARREREEAY,

SR, EERAITTRE AW B (BIAnES, e ERIBIESE), BUOETTR & BRI A S,
BBV A7/ S pve S gsa sy B ik -

in range(n)] REIH, BFEFX
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Abstract
HeBONFEIBSES, TGS HEK
P o3 AR R e AN 18 RIS N\ S HH Y R B 1R
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5.1 &

W& (stack) 2—HEDEMEE AR HIBEATR M RHERE,

BATR] DA HE B L 2 S B RO — B 7, WSRABEH R 7, AIFREIoR Emp 8 T RaxesE, M
TR R AR TR (W, 7o, WIS, IS 2] 7 i E R,

e 5-1 FoR, FRPHEHERETRA TR 2y “HEBTH”, JRERESy “HEMR”, KT SR 2 e T £
TERME “NHER”, MHFRHEBTETTRAGRIEME “HHER",

i NEE NHEE iR HEE
stack push(5) push(4) pop() pop()

- S i/

R

5-1 HEBAYE AR HAER

5.1.1 ST BIRE

MBI E FRE R 5-1 R, BB AL FEERERGEHNERGES KT, Eik, TRIMAE R
push(). pop(). peek() fins4zfl,

*® 5-1 HEBRIBRIERCR

kR B ST A
push() TCEANME FEEHBE) O(1)
pop()  HEMBTETTEH M O(1)
peek() HIMIHEBTHTER 0(1)

WHEAEY, BT IERE AR RGE S WA, AT, LA S al el A SR AHEERER, 8
IRFERAMT AT A%t S 1 “FA” B “SRAS RS EEHEBAR G, SRR FCREE L 20 e R SR 1
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// === File: stack.swift ===

[* VIR HESE *
/] Swift BENZEIEEER], aTLUE Array EfEHEERER
var stack: [Int] = []

[* TTRENER *
stack.append(1)
stack.append(3)
stack.append(2)
stack.append(5)
stack.append(4)

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

[* TTEREMHEER </

let pop = stack.removelLast()

[* EEUERNRE */

let size = stack.count

[* HEREAT */

let isEmpty = stack.isEmpty

5.1.2 HEMNEIR

5 TR EHER R TIG], BMARE A BB (RN

HEBROE e AR AR, AR X RE AR HE B TET I BMIBR TR, SR, RIS Ak R AT n] DATEAE R AL
EHIEFIMERTTER, RIOEHER ] DA 2y — RS2 BRI RS sREd A5 R o, Hfuatar, FRATATLL “HEH fes sk
S ER A ER 0 SERR TR R, (BN S HE R AR,

1. BitiEisRyINER

(o BEAS B S B BB IRy, AP R DURF S A5 ER 2 SRR RG AR A HE B TH, R EREI R HER IR,

GniE 5-2 R, BN AHERRIE, MR TR CRE NGRS BB, IS ARSI A A BT,
T tHHE B R, SR ISR ARG s S 83 51 M PR B ]
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.
A*ll ]mmn

push(4)

TRERR

a‘

- | (2]
n EERRRRRSRT] a ERRREEGET
a HIMRRAME o a HibRBEHEE
B @
J:3
| Step 1 | . Step 2 |
i
pop() BT
men ()

g EERREELRT] @

HVRR AR @

\", ren (@)

[ Step 3

[l 5-2 7RGk ER 2| B E B P N A AR R

DA 2 B RS A5 H 51 B B R ) s B A S

// === File: linkedlist_stac

[* BERiEERIIBIREE «
class LinkedListStack {
private var _peek: ListN

private var _size: Int /

init() {
_size =0

[* EEUEENRE */
func size() -> Int {

_size

[* FIEEEEERT */
func isEmpty() -> Bool {

size() ==

[* NHEE */
func push(num: Int) {

k.swift ===

ode? // IGERERRA(FARMEETE
| EENRE

TRERY
R

:

-
{

HEERs &
A B 5ITRED
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let node = ListNode(x: num)
node.next = _peek
_peek = node

_size += 1

[* WS */

@discardableResult

func pop() -> Int {
let num = peek()

_peek = _peek?.next
_size -= 1
return num

[* EhREMEERTEITE */
func peek() -> Int {
if isEmpty() {
fatalError(" HEEBAZT"
}

return _peek!.val

/* 1% List B{k%A Array MR[E] */
func toArray() -> [Int] {
var node = _peek
var res = Array(repeating: 0, count: size())
for 1 in res.indices.reversed() {
res[i] = node!.val
node = node?.next

}

return res

2. BREIINER

(56 P B2 BB A I, AT R AR RS ) FE AR A E 2 HER TH, QNI 5-3 AR,  AHHE/BR B tHHE B IR AE 70 I I 1E
FF R BRI TR B MIBR TR, KRS O(1) .
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EETR

Aﬂll Imﬂl
g EEERZRES R g
RIMRRAEDR n
a8 uxz [H)
[ Step 1 ‘ o
Step 3 J

r FEIRISREE

( Step 2

i
pop()

EERRZET
HMRTRER

[-[-]-]-]

MEREEZIR TR

TR &
RRE FHEmIE

EERRZMS]
RIMRRRER

R l!

Wl 5-3 AR BeA) B E A AR 1 A SR H AR

IR AHE B 7T 3R AT RE G TRIFRE g fn, (RIS AT DARE FH BN RERES, S Mt S 28 11T PR B8 i A T

PAR 2 il 2 -

File: array_stack.swift

I ===

[* BRRfEYERAES +/
class ArrayStack {

private var stack: [Int]

init() {
/] ¥IELERT (BhRERES)
stack = []

}

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

}

[* FIEMEBRBETAT */
func isEmpty() -> Bool {
stack.isEmpty

}

[* NHEE */
func push(num: Int) {
stack.append(num)
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}

[* S +/
@discardableResult
func pop() -> Int {
if isEmpty() {
fatalError(" HEAZT")
}

return stack.removelast()

3

[* ShREMEBTETE */
func peek() -> Int {
if isEmpty() {
fatalError(" fEEAZT")
}

return stack.last!

}

/* #& List 8 Array IHR[E */
func toArray() -> [Int] {

stack

3

5.1.3 MESERYEL

SRR

PR B B SR B T P YA TR, MRS BRSO SR BB ), (G Cil 7 BB A E SR tE, Bt
— A EHE

BT

TERLTARRF A BB rD, N\ HEM AN R (R B 7L TR SE 0 BE A A A RO R R T, RO TRGF R PREUA 1,
R . AT, SR AHEBIRHE L S A &, SR ias], SRS BR RN 16 e
#0(n) .

TERRGEAE R AN BB, JRAS R AIE R BIS, AAAE LIRS A RBOR AT, (E2, A
AR ETRER G R BB, RILRCREEEAR 8, MRAHETREA SR HEYE, A
JER] DA B BR, fEmie iR,

ik LR, B HER S HE B IR R TR R A RIAIR, (140 int B double , FRIFATATS i AN A

- SLRESIE BRI IR A RCR G, (HARIEA R SRRE, NI FReRE R,
- RIS B S B B ) B T DA it B AR E A RR R B,

Py &
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YRR ESIR, REGRHBFIDE “WIaAR", ZARAREEHERTXR; MH, HAMHNE R 2R
SERER (Bl 2 %) ETHRAN, WARNARDATREELERFER, Eitt, ZHRESIE SR Al RS
—ERE IR

SRIM,  FARGEAS A S BT RL TR RO MA (715 AR, IR BLdss e S e R0 PR 0 22 BRI SBHEER
A b, FRNRERG B E R E R N AR, RS AR IUE T T,

0

5.1.4 HERHMBIFER

- RIS PRRIB LA, WEPRREE SRR, EIRMBRRCTAEE, BT S E A E
TINHER, SRR POE B RIBRIE M E] b — (M H, RIBRIFER LREIUTHHESR, WRER
RF SCHRFIRIB AT AT, IR JER o 2 o 8 A AR 5 B R

- PECRCIRRIE B, ORI R, RATER G TEHE R T — A e, AR R B R SCE R
FEMRE PR 3N, 1A R IE SRS B & R ErsIT AHEB R, T b [0 R B R & R B T B R 1

5.2 1751

1751 (queue) 2 —REHEMGE AJCHIRRAIRISRIE B RIS, BAESR, (TOIBHR T HEKELS, BRI A ANE
IMAATHIREER,  TALE 72 SR AT #fE B o

aniE 5-4 R, MAFHTHIEERE S “THIE", RERA TR, RTRIMASIRRERERS “A5”7,
THER 721 & TCR AR ERE Ry A7,

751 Ha 3l
queue pop() pop()
1750E [ /f
51 |
A5 T /
TR f
N7 A7

push(5) push(4)

5-4 fTAIRISE NJE AR
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5.2.1 {FHIERIRE

(THIH RARIEINR 5-2 FR. TETRNR, ARERGES ARG H TR, FE R 5
HEBMIRIR 5 R4,

R 5-2 ATHHRIERER

TiEA R IR
push() TCEAF, R TRFE=rFE  O(1)
pop()  fTAIE LRI 0(1)
peek() HIMUTHIETTR O(1)

ST DAECH TR o P B 1 5
// === File: queue.swift ===

[* ¥IEATS */
/] swift RENERTIEER], FAILUE Array E1FTFIZRER
var queue: [Int] = []

[* TTENG */

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

[* HETHIETER */

let peek = queue.first!

/* TEHF */
/] BARZEES], ELt removeFirst MIEHEEZS 0(n)

let pool = queue.removeFirst()

[* EEUTIINRE */

let size = queue.count

/* HIEHTYIREART */

let isEmpty = queue.isEmpty
5.2.2 {FHIER

7 VEBUTY, BMTE BRI, A DE—umironR, WAES —ImMERITER, SRS
BER,
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1. BitiiEsyINER

qniE 5-5 Fiw, RIFTRT ARG SEAS RS “BRERRE” 0 “REERRE” 2RIz THIE” 1 MTHIRT, BUE(TA
FERERTHTHEENRS, (750 (4 n] M EREfE

HeEnE 4

FHE RIS
_ N5 .
- L @? pus‘h(lo) O ?/\
i | a SP == G?
@  eexmmssen (] @ ERrmenssn -
o HINETAHT 1 o HIMERBET /1\
i | row (@) o
53R RER !D
Step 1 Step 2
e
pop() PIFRERENES
5 T g?
- ] EERRRMmEST l@
o HIMRBBITT |
o
n \ 4
R @b
{ Step 3

@ 5-5 BERGHaSE Ry EITHI NG S 3E
DA 2 F B4 R B B U T R R U -
// === File: linkedlist_queue.swift ===

[* BERIEERFIBRNTYI */

class LinkedListQueue {
private var front: ListNode? // FBERZL
private var rear: ListNode? // EEi%L

private var _size: Int

init() {

_size = 0

[* BEUTHINERE */
func size() -> Int {
_size

}

[* HEHTIIRERE */
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func isEmpty() -> Bool {
size() == 0

[* NI */
func push(num: Int) {
/] FEEEELEFIE num
let node = ListNode(x: num)
/] MRTHIRT, AISHE, EERERTERZER
if front == nil {
front = node

rear = node

}
/] MRITFHIRRE, AEZEREEE EERE
else {
rear?.next = node
rear = node
}
_size += 1
}
[* HF */
@discardableResult

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

return num

[* SFRETHIE TR */
func peek() -> Int {
if isEmpty() {
fatalError(" {THIAZE")
}

return front!.val

[* HESEAEERTIEMA Array ITIRE] */
func toArray() -> [Int] {
var node = front
var res = Array(repeating: 0, count: size())
for 1 in res.indices {
res[i] = node!.val

node = node?.next
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return res

2. BiEIINER

TERRZ R TR MR & O(n) , SRR SHRIERCRBAR, R, T DR DL RS20 77
RS b g (il

AT AT AGE ] — 852 8 Front FRIAMTHI ETLRAIR S, W AEE —(H 28 size HNEBITIIRE, E&E
rear = front + size, EEAAXEREA rear faFUTHIEITTR IR T —EN B,

BRI, FAIP S e R AR % [front, rear - 1], SAEHR(ERVEEL T IEWE 5-6 i,

- NP R ATRIRESS rear RIIE, W stize M 1,
- HFRAE: HTHE front BN 1, W size B 1.

AIDAEE], NSRS BRI S T T — R, RREERES R O(1) .

front $EMIFFIETR 1. 5HRE#EE rear
rear EEFFIETE + 1 2. BITHRMIEE rear &

rear = front + size

AF

17508 push(4)

5 T FoIRE FEIRE
ERRGRES ERRRRES
HIMRBRITTI HORRBIT

A5 T rear > rear >

155 -
Step 1 . Step 2

3
pop()

RERREET
HIPRREBITT

Step 3

5-6 FLRMESIE BTN AS S RAE

IRA]RE & #E B —ERRE: EARENE T ASIRIHSIRERES, front Ml rear HRIEMIGRE), & EMEIRER])E
TR RAE TN AB SRS T o By TRRTRILRTRE,  FRAFT AT DARFRSIAE 2 AR BRI,

BIREEMS, AT front 2L rear 7ERUE MY FEARIRY, B[RS BHETAEGE T, ISR IR
AILUEE “HUERERMET AREB, EXEN IR
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// === File: array_queue.swift ===

[* BRIREEHIEIRNTSY */

class ArrayQueue {
private var nums: [Int] // FRfEETYITZRAIES
private var front: Int // {THIEEIE, ERTIIETER
private var _size: Int // {THIEE

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

_size =0

/* EEUTTINAE */
func capacity() -> Int {

nums.count

/* EEUTIINRE */
func size() -> Int {

_size

[* HETYIREART */
func isEmpty() -> Bool {
size() ==

[* N */
func push(num: Int) {
if size() == capacity() {
print(" {THIEM")
return
}
/] StEITYIEIER, EERTIIERS] + 1
/] BEBEEMR(EEIR rear HIAMEYEEPEEIZIZEED
let rear = (front + size()) % capacity()
/] #& nun FOIEE(THIE

nums[rear] = num

_size += 1
}
[* B */
@discardableResult

func pop() -> Int {
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let num = peek()

/] T EERRESE—, FH@ESR, AR[EIZfESFES
front = (front + 1) % capacity()

_size -= 1

return num

}

[* RREUTHIE TR */
func peek() -> Int {
if isEmpty() {
fatalError(" {T5I&="
}

return nums[front]

}

/* R[B! */
func toArray() -> [Int] {
/] EERERRESENNERIITE
(front ..< front + size()).map { nums[$0 % capacity()] }

A EEBATANIRBARIRYE: RIS, AT, T M ARERER, TP AT DA RS 25 Bl RE e
I, fEmis I NEA WS, A REREE ] IS S BT EEL,

WREE B LA s B B — 5, AT EOR,
5.2.3 {THI8EFER
- WEETHL, BEYE FE, TEISIAGIGIN, RGNS E SRR YT T, E8 - —1
[, GERR N G AR R ET B, B OR R A AR AT 7 T I e

© OB, R EER UAIRET IRERIS R, BIINENRERIEF T, BB TS,
(THIEIGLE S 5 AT DUE RO R AR B IE

5.3 €mr(T5!

FEfTHIR, FEREMEREEE TR e E R A HTE TR, WiE 5-7 R, #@fFS (double-ended queue) 2
T E BB, AR ST TR A B PR R
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Smfrsl

deque

fr5IE

3l T l A5l

i | |

1F5IR

5.3.1 S£RTHIERIEE

FHIENTI fFFIELT
push_first(1) pop_first()

(-] [~]-] - fom
8000 - g

=9\ Edl)==tat ]
push_last(4) pop_last()

5-7 BETHIRIIERIE

B2 A H FHRIEANSR 5-3 FR,  BARRY77 IR R T AR (6 AT AR 255 5 A

% 5-3 BETHIRIERER

Tk

push_last()
pop_first()

pop_last()

ik IRF I A
push_first() MFCEFMEMTFIE  O(1)
TR ETFE  O(1)
MER(THIE TT R 0(1)
MERTH TR o(1)
peek_first() ®iffTHIEITE O(l)
sIfTYIRICR 0(1)

peek_last()

IR, FRAITRT DAEREE AR S RE = T BB A5 -

// === File: deque.swift ===

[* IR ERITS] */

/] swift RENENEETTIER, FJLUE Array EFERITTIRER

var deque: [Int] = []

[* TTENF */
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deque.append(2) // FEE(TFIE
deque.append(5)

deque.append(4)

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

[* hfTE */
let peekFirst = deque.first! // {THIETE
let peekLast = deque.last! // 1THIETE

[* TTEEY */

/] EF Array B popFirst BUEHES 0o(n)

let popFirst = deque.removeFirst() // {THIETELT
let popLast = deque.removelLast() // {THIETEH7T

[* BEREBTIINRE */

let size = deque.count

[* FIEFERTIIRERT */
let isEmpty = deque.isEmpty

5.3.2 £RTHIER*

(T HIR BT YR, A] DOSEERGERS FR 2 sl A1 1 2 I R A

1. BREmigERinER

IR b —Hi 7, A I S Al ER S AR E BT A, K2 e ] AT (e PREA SR CBE A% F)

FITE RGBT BT ETR: CEHBASIERE)

BN ETHIT S, SRR AT ASIFI SR, aats, Brfrd|REZ 85 —EEmsIsm

AR, Zuitt, FRMERA “SBrsdsiers)” 125 a2 R ERHAE .

QniE 5-8 Ao, TR R ra S A 51 B SR B RGBS AR 2 B E T SR S E AN TR B, RIS B B P S

AR GRS A ZhRE

75
ol | #3m ]
31 A3l N
> ERERRRS ST )
= HOMRRALAIFT] i
175 T - l 1F5IR =4:01
A5 3

73R
Step 1 Step 2

{FFIRNT
push_last (&)

- |

EERREEREERT

TEEE 4
AR ERAERTI R

mns

tl
11

i
R °
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TR 1
i e
1FHIENT IR HE]
push_first(1) HRERR @ pop_last()
a ?\ﬁ
a EERREEMEERT e a EERREEREERT
n HIMRRAHRRETT] a WIrRBRAYATT
i
R
| Step 3 Step 4

PFIEHF

pop_first() IBRFREIRS
wons (@)
B =ExmEnamesn ©

a HIMRR ARSI

R @

[ Step 5

B 5-8 FjRisS B o BB AT HI R AZ B 1A
BB NR:
// === File: linkedlist_deque.swift ===

[* ErIEERTIERE */

class ListNode {
var val: Int // BAZ4(&E
var next: ListNode? // B4£ENZLS|F
weak var prev: ListNode? // BiIEREAZLS|FA

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

[* BEREnEERBRRNERTY */

class LinkedListDeque {
private var front: ListNode? // EBENZL front
private var rear: ListNode? // EHIZ rear
private var _size: Int // EEITIMNERE

init() {
_size =0

PR

_4

©-0

«
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/* ERERTINRE */
func size() -> Int {

_size

[* HIETERTIIRERT */
func isEmpty() -> Bool {

size() ==

[* NFHRIE */
private func push(num: Int, isFront: Bool) {
let node = ListNode(val: num)
/] EigsEEYAS, 8BS front A rear #FFSME node
if isEmpty() {
front = node
rear = node
}
/] ATFIBNTIR(E
else if isFront {
/] & node ¥IGZEHELLERTIZRED
front?.prev = node
node.next = front
front = node // BFTEEEIEY

}
RGNS
else {
/] #& node ¥Ti%ZEHEAEBTIEER
rear?.next = node
node.prev = rear
rear = node // EEEIE
}

_size += 1 /| BHFITIIRE

[* ATFIENT */
func pushFirst(num: Int) {

push(num: num, isFront: true)

[* ATFIEBNT */
func pushLast(num: Int) {

push(num: num, isFront: false)

[* HFHRE */

private func pop(isFront: Bool) -> Int {
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if isEmpty() {
fatalError(" EmTHIAT")
}
let val: Int
/] T5EHFRME
if isFront {
val = front!.val // BiFEEEIR(E
/] MIERERERRG
let fNext = front?.next
if fNext != nil {
fNext?.prev = nil

front?.next = nil

}
front = fNext // EFEEEIEL
}
/] 1THIR LRI
else {
val = rear!.val // BEEHHE
/] MIEREERRE
let rPrev = rear?.prev
if rPrev != nil {
rPrev?.next = nil
rear?.prev = nil
}
rear = rPrev // EEHEL
}
_size -= 1 /] BFITIIRE
return val

[* THIEHS */
func popFirst() -> Int {

pop(isFront: true)

[* ATHIELS */
func popLast() -> Int {
pop(isFront: false)

[* SHEMTIETER */
func peekFirst() -> Int {
if isEmpty() {
fatalError(" EmETHIAET")
}

return front!.val
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[* SHETYIETTER */
func peekLast() -> Int {

if isEmpty() {
fatalError(" ERTHIAZ")

}

return rear!.val
}
/* REIFES|ERRFIED */

func toArray() -> [Int] {

var node = front
var res = Array(repeating: 0, count: size())
for 1 in res.indices {

res[i] = node!.val

node = node?.next

}

return res

2. BEIINER

qniE 5-9 FoR, BELREAIEEUTHIRAML, Bl ] DA I ER T RS AR B e 751

front $EMIFFIETR
rear ISAFFIRTER + 1

rear = front + size

{FHIRNT
1758 push_last(4)
ﬁzgﬂg 1 l ﬁ?ﬁ front > a FHIRE
size = 3
ERRRREERS) )
] HMRRARAIT B8 a
1751 l 175
A3 HE rear »
175 .
Step 1 J Step 2
1.1 front BFE 1
2. MITRAIEE front &
3.1 size A8 1
1FHIENT fFHIRHF]
push_first(1) pop_last()
front >
1
n TFHIRE .
a size = 5
n EERGR R DEES a
a HIMRRARAETT] a
Step 3 Step 4

1. stERIER rear
2. BTTHRMIEE rear &
3.4 size B8 1

front > 1FHIRE
size = 4

EERRRCEET
WhRRHRETT]

rear >

1.1 size BiF 1

front »

fFHIRE

size = 4
ERERRZEERET
HWIrRRARATT]
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1.# front B 1
2.4 size BH 1

fFHIEHEI
pop_first()

front » a IRE

size 3
EERRRIEES]
a HIMRR AR a

Step 5

5-9 FRMEHSIEEEE A7 K AB SR E
FEATHIREBRELRE b, ERII “rHIE A" 1 THIRHA [Tk

// === File: array_deque.swift ===

[* BERIREEFIERNERITY] */

class ArrayDeque {
private var nums: [Int] // FREEER(THITEIET
private var front: Int // {THIEEIE, BRTIIETE
private var _size: Int // ERITHIEE

[* BEBTF */

init(capacity: Int) {
nums = Array(repeating: 0, count: capacity)
front = 0

_size = 0

[* ERERTINEE */
func capacity() -> Int {
nums.count

}

[* ERERTINRE */
func size() -> Int {

_size

[* FIEERTIIRE AT */
func isEmpty() -> Bool {

size() ==

[* SHEIRESIZRS] */

private func index(i: Int) -> Int {



F5E HUBETY www.hello-algo.com 110

/] BBBEMRFEIREYHEEE
/] & 1 HBEyIEEME, EIFIZEER
/] B 1 BBEYEER, EEES
(1 + capacity()) % capacity()

[* ATFIBENT */
func pushFirst(num: Int) {
if size() == capacity() {
print(" ERTFHIER")
return
}
/] fFHEEER A B E— 1
[/ EBEERREEIR front EiBFEYEZRER[LIFIEEP
front = index(i: front - 1)
/] #& nun FOEZE(THIE
nums[front] = num

_size += 1

[* ATFIBNF */
func pushLast(num: Int) {
if size() == capacity() {
print(" ERTHIER")
return
}
/] sTETFIEHER, BEafryERsl + 1
let rear = index(i: front + size())
/] #& nun FOIEZE(THIRE
nums[rear] = num

_size += 1

[* FHIEWS */

func popFirst() -> Int {
let num = peekFirst()
/] fFHEEEREEE—(
front = index(i: front + 1)
_size -= 1

return num

[* fTFIRES */

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

return num
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}

[* PRETHIE TR */
func peekFirst() -> Int {
if isEmpty() {
fatalError (" ERATHIARZE")
}

return nums[front]

}

[* hRETYIRBITE */
func peekLast() -> Int {
if isEmpty() {
fatalError(" #MATHIR=")
}
/] BRI EREERSI
let last = index(i: front + size() - 1)
return nums|[last]

}

/* REIFEFIRRFIED */
func toArray() -> [Int] {
/] EERERRESENNRIITE
(front ..< front + size()).map { nums[index(i: $0)] }

5.3.3 EmT7IER

ey A HEE Yo @, Rt en UEBUE WA NTE NG, RN AL s B B,

TAMFIE, RESHY “BEE” DhReE R B AR E T R RENARIE push FIHEBE T, RIZEE pop B
B, 2R, HEEIRAEIRIIIRG], WEnE s GIREHEEEr 8 (B earfes 50 22), EHEEBIR
i 50 , AT EARIK ((7218) PUTHERERE, (HHEBEGRTEBIAIIRE, By e il
FUAEACHER, FETER, “RENT ABODERI OSBRI SE AR, FUR B AT 5 RE S N EE T B
Bl — SRS N

5.4 I

1. ERSEIEE

- HEBRJE DRI C AR R AR R RS, n] I Y S AR A AR E B,
- AERFRIRCRTTTH, HARRRHY BB BRI PIRER, BERARETD, BIRAHEBIREIR A
EEHNE O(n) . MELZT, HEMAGLS Ry B EA E A TRE R R,



5w HEBEYTY www.hello-algo.com 112

- AERERCRTTH, HEBAEY EB A REE R E RN T REIRE, HFREEENE, SRS HRTS
INEWIEG el aal Elbive NSNS

- ATAR TG E A S R R R R A, [RIAR AT DAOZ 8 P 51 e S ER I ACE B, AE IR R RCR R 23
RCRHEIEL b, 751 B Al S AR HE B RO A5 SR AR L

- BTy AR EEEERNTY, ERFTEmmE T TR AT AR,

2. Q&A

Q: BIEIRHIATERIR BB [h) S B Y B ?

BIBEERAUATERIBIREAE L2 “HB” AURSEL, R af —EH Himiy, 2 Hm oy s aE,
P RERIB LI, % I GICH B TR, (B A8 ] DU B B — e R MRAE, EEE "8
151” =HIARE,

Q: FEHHMEERIR, AT ZREMHHE R R

SRR R EE AR, AATRERREGCIEE, S 2RATEMEI, Java Ml python TFif = A HE)
B3 [t PRI TR T ENRAGLIERE, 72 C M G AR E T B GLIRH,

Q: BrfryR e mEHEEBTHRE 7 i, ERIMRRTE?

BTyt G R HE BT SR S e (A HE B PHE T, ERBIRZRHEE + (TSI HEEE, [KIaT AR B
BETHIRFTAEM, M H NS,

Q: i (undo) MIRHMEN (redo) HEZUNMAEIIK?
(EFI P MBI, S/ A RTIATRLEN, HES B PR SCHIGH.
1. FEMERERT 5, RS ERERASEE A, MEsHEE B,

2. ERPHUT “HEH" R, EHER A o HERIT TR, MR R AR B
3. HRPHUT “RAEET Ky, (CHER B rROE I RORRIIRME, A HBAMER A,
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F6E HER

helle=algo.com

Abstract
TERT B RS HERNE—REENEEEHE,
MRBEAMIFHERESE, Cma] DAPEERE H A E
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6.1 HER

&R (hashtable), XMEEPIR, EEBEH key BYE value ZAVEIE, BE&MATREN, B
5, BMERERDEA—EH ey, AIRTDE O(1) RN EECEEAIE value o

i 6-1 FR, #5E n A4, SESBARE a7 M RS mIEER. RUOBRMAEER ‘WA —E
258, IREIEERTER” FE#IIEE, R DA E 6-1 FRATHER RACEE,

MER
hash table
85 key s | | |
ez value

BA—ES5 key, EHHMEMESE value
BARRPEMIRENRREEER 0(1)

6-1 MERBIIMRIR

PREEZRASN, FERGEAS R tha] I A INRE, EMARERB R 6-1 Fr,

- OBRCER: (EREOTRIIY RS (GRS MR, A O(1) KR,
- A RS GEESERS) REUFE, RLFEETGHEPNATCR, 8 O(n) K,
- WMBRCE: FELEMIITR, FHARES] (RSB PR, EH O(n) RiHE,

* 6-1 TLREIRHLL

PeHZl SEAGERY MEER

#mEE O(n) Om)  O(1)
FtE O(1) O(1)  O(1)
Mgk O(n) Om)  O(1)

BIsREE B, TEMEERE TN A SR SRR O(1) , IR

6.1.1 MERTHIRE

MERARAVE RAR(EES: OIiaf, el BrgsEsmnmiRe (s s, REREEIT:
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// === File: hash_map.swift ===

[* FRHER */
var map: [Int: String] = [:]

[* FBIRIE */
/] TEREERPATIEEES (key, value)

map[12836] = " /\BR"
map[15937] = " /\I@"
map[16750] = " /NE"
map[13276] = " /J\E"
map[10583] = " /NEE"

[* EHIRIE */
[/ EFERTEANE key , 2EIE value
let name = map[15937]!

/* MIBRIRIE */
/] EHERTHFREEE (key, value)
map.removeValue(forKey: 10583)

MR RA MR ANERT: EFES, ERENUERE, ~HIREIEaT:

// === File: hash_map.swift ===

[* EFMRER */

/] TEHBEE Key->Value

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

}

/| EBYEEFHR Key

for key in map.keys {
print(key)

}

/] BEEHE Value

for value in map.values {

print(value)

6.1.2 HERGEER

T EEREEEN, EH MR EBER R, EREERT, TR A (8 23 0078 7518

(bucket), FHEMATfFEF—EHES, K, EFRIEHLZIRE key BERIM, MAEMHER value .

HREE, QT ELRR key SEAZEHERIANE? 1SR ZEEMZR (hash function) BB, HEZEKNHICER 2K —E
TR N\ 23 T 2 — (R Nt S . fERER R, MASHRIA key, Hithz=RHZAER (5
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H3), WIS, WA ey, TRIMATDUBIBEEERRTE key FHIERIBLEEHE RIS IGHZ B,
WA key , HEASIIAYA BRI R,

L BBSHEREHE hash() # 5 EIHEE(.

2. WHMVEITEHTCRE (WS capacity HUBL, FETTASHU key BHEAIMIZIZD] index o

index = hash(key) % capacity

batx, FMIREATCARIA index TEMER R A RIFIBIEAIMG, FEMER value .

%A FE capacity = 100, FEETHEEE hash(key) = key, SISHEZEMR IS key % 100 . [E 6-2 DA key 22
SRA0 value PS4 A0, JE/R T HEER 0 TAEFRIE,

B key =5 (517 B value

key value

37 15937 | “/hig"

ERE '
— 50 —{REFETARINN S VI i
W key % 100 ) -

— 7 + s —— 8
m_/ 83 10583

. "' l I. “.
J

“per

(SERENREE—ERES)

6-2 FEFER A TAEEHE
PANAEAISEHL T — [ EEER, Hd, AP key F value BHEERL—EMEA Pair , DAFRREEES,
// === File: array_hash_map.swift ===

[* BR{EH */
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 {
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lhs.key == rhs.key && lhs.val == rhs.val

[* BEREYIBRNMER */
class ArrayHashMap {

private var buckets: [Pair?]

init() {
/] FELEES, B 100 {EHF
buckets = Array(repeating: nil, count: 100)

[* HRRT */
private func hashFunc(key: Int) -> Int {
let index = key % 100

return index

[* EERIE */

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

return pair?.val

[* STHBIRIE */

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

buckets[index] = pair

[* MIBRIRIE */

func remove(key: Int) {
let index = hashFunc(key: key)
/] BE# nil , KRMIER

buckets[index] = nil

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

/* EEFREHE */
func keySet() -> [Int] {
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buckets.compactMap { $07.key }
}

/* EEFREE */

func valueSet() -> [String] {
buckets.compactMap { $07.val }

}

[* FIENHERR */
func print() {
for pair in pairSet() {
swift.print("\(pair.key) -> \(pair.val)")
}

6.1.3 HEEHREER

WA EF, MREKXHERREITE key MAHEN A2 MBI RES A 2R 5 R0 23, T A=
AR RN I =M, ik, Bl b—@ e “SMEim A BHEM RS 5D

BN EIRRBIRATRER RN, B key RAAAHIFIRE, HEZR A HASR O, B, &EH25E5

12836 F1 20336 FYMIMEEEARE, FAMSH:

12836 % 100 = 36
20336 % 100 = 36

aniE 6-3 Fir, WA SR TR ks, SRR AR, BMRIEHE 2 (8 A SR —# A E DU

23R EZ (hash collision),

A key #F3l
R
N
= N

/ BB N
@/ key % 100 )

76

83

fE
key

12836

15937

16750

13276

10583

s
- .

5

value

“hs

“ g

“hEr

“hsE”

“hmer

Wil value

— 3

—
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6-3 HERERTRB

BHE, WERER n R, 2 key HBCEIR —MEAHHAUMR IR, 2D, Kk, B
B ERA R AR DD MR

anE 6-4 Fir, HEARTHEYE (136, A) F (236, D) LML, WARERIHEK,
MRRER - 100 MERIRE 2 f WRREE - 200
MEEL key % 100 » imE key %200
] key value #5| key value
=
° 36
36
136
50
150
83
183

[ 6-4 MEREE

RS, MRREATEATERESE R RIER SRR, AFHFER; I BRRMERRA &R
capacity i, AT EIE MR AARER SR RES M E, 1EE P8 7 EEEErsEtH
s, i, MAGESEE GHE EMRIREERSE, PEAEEA,

&#HEATF (load factor) EHERERIT—HEZMS, HERHMRERITRUERDMSE, MREEMRE
REBRERRE, WHERAMERRIEARBIIECE. FIU7E Java b, EESE 8B 0.75 K, REEAGHRE
RIEEZEFITH 2 %

6.2 HEER

E—ffRE], @D MR AU 2 S R E R, R R BRSO AR, B,
A H 2R, WMHSHBEPERARN, AR ZEB B ER RS
HERER GEBEMAIRINR, REMERRRIATANE. & 7T RRZEE, SEESMRERR, MW
ETHRERIEE, BEEERNRS L. BTEHREHEZEEER, ERERKR, RAMRREAHRZEE TR
AR B R ERHR, 2 THRTIRCR, TR DASR A DA T 5l

1. R RMERREORIAENS, AR nT DU tHBURE R W 5 IE 3 LA

2. {EAELERE, BVEMEAE R EER, A PUTIHRARIE,

MERR RGN R TE T HAAE “SEAhE™ F1 “BARBCEIE,
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6.2.1 sETUAohE

TE AR R, AN ERER T —(EREE, 3k (separate chaining) % B8 TC R B2 HE A5 ER A,
HESEE B A A ER S B RG, %F Fir 28 AE ER A SE BT A (E [F) — SEAS AR SR, [ 6-5 Jom 17— Ml s A
HEAERERAIBI T

#=5| =51 fBEE BT (mEABRER)

. | ooloe—oo
SERMFEEF—EESESR, ’ n n n
HAasmEERTR o o n
HEET key % 100 - -
?ﬁﬁiﬁ[:ﬁlﬁﬁ‘g key " = En
BREEREER

6-5 SEAHEFERR

B sl A L B BT RER R AR E T TR 4 T UK,

- BEICER: WA key , KBMERERNXGEMR|, HIn]F5GEAS RIS, REERHEAS RSB
key PAZERH H AR (E YT

- WICE: ECIEE MR R T s A HR I SH RS, MR EIRS GR(EY) g R HsT,

- MHIBRICER : ARIRE R bR A5 SR TS Al e A7 ST, 338 Wiy Aty 3 71| A ) EL AR R LGt LR

s ANLHE A7 £ DA RIR

- MHARERIRER SRS ERS IR S HRGEEE, E M LR B IR B R e
- ERRBCRREG: R %I EAREE R B B Y R A R TR

DA RECHSAG H TS U R R R B B, TR R

- FEAES (BEMES) AR, EmEeEig, FEmaE T, MiRg () 52,
TpfEtiEr 2 — A5,
- TFERGSMEREA A BEORETEE 2 5, RIMGEERBETIFEN 2 £

// === File: hash_map_chaining.swift ===

[* SESUAIUERERR */

class HashMapChaining {
var size: Int // BEHHE
var capacity: Int // HERBE
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var loadThres: Double // fEEIERHIE HEAFEHE
var extendRatio: Int // IBE(ZE
var buckets: [[Pair]] // #&FE%I

[* BIEF */

init() {
size = 0
capacity = 4
loadThres = 2.0 / 3.0
extendRatio = 2

buckets = Array(repeating: [], count: capacity)

[* FEERT +/
func hashFunc(key: Int) -> Int {
key % capacity

[* BEEF */
func loadFactor() -> Double {
Double(size) / Double(capacity)

[* EHIRIE */
func get(key: Int) -> String? {
let index = hashFunc(key: key)
let bucket = buckets[index]
/] EHIE, EXE key , BIREIHE val
for pair in bucket {
if pair.key == key {

return pair.val

}
/] BFREE key , BIR[E nil

return nil

[* FIBIRIE */
func put(key: Int, val: String) {
/] EEBETBEMRER, JITHES
if loadFactor() > loadThres {
extend()
}
let index = hashFunc(key: key)
let bucket = buckets[index]
/] EHE, EBEHETE key , BIEHHME val MiR[E

for pair in bucket {
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if pair.key == key {
pair.val = val

return

}

/] EEZ key , AiSRELHMEEREE
let pair = Pair(key: key, val: val)
buckets[index].append(pair)

size += 1

[* MIBRIRIE */
func remove(key: Int) {
let index = hashFunc(key: key)
let bucket = buckets[index]
/] EHR, WHRiiREES
for (pairIndex, pair) in bucket.enumerated() {
if pair.key == key {
buckets[index].remove(at: pairIndex)
size -= 1
break

[* BEMER */
func extend() {
/] BERHBER
let bucketsTmp = buckets
/] PIBHBEARRETMER
capacity *= extendRatio
buckets = Array(repeating: [], count: capacity)
size = 0
/] BREHFERRERREZRHEER
for bucket in bucketsTmp {
for pair in bucket {

put(key: pair.key, val: pair.val)

/* FIENFEER */
func print() {
for bucket in buckets {
let res = bucket.map { "\($0.key) -> \(%0.val)" }

Swift.print(res)
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EFTERENE, EHESHIIRRER, &SR O(n) RE, IR BUFGESS RS “AVL 87 o “40%
B, et &R R R R LS O(logn) o

6.2.2 FELE

BIMGELL (open addressing) A5 NEEAMIERIGERS, TiR2BEE “SUURH sErMEEsS, wllsR3
TAFEAEIRTES . AR 2 A,

T AR 200, AR BRICE N A R TR,

1. GERE

ARMER AR B E P R AV S AGEI TR, HaR(Er7 iR @ MR R A A AN A,

- AR BEERERAGEMRS, SRBEMNCATR, ACERMERRGNES PRERES
1), BEELRIIZH, MHTRmARLF,

- AEDTER: HRBMEER, MEAMERDRARETRMER, BERKEIBETR, &E value H
Al AERIBEISA, S EETTRAEREES, IR[E None .

6-6 fon T BBCESE (BRUERE) MERRAISEE M, MRIRHHEZE RN, SRMAHFR key #R & #CE
BREHFEIAIA, THEBSIERE, CFMBURIREE N LA Z TR,

#=5| (s3]
00 <
BARELE 01
SEE, $ES 1 02
76 <
EET key % 100 77
ERAAERE key .
BREEEHR

& 6-6 BHBCENE (RRIEIRE) MERRAGE(EE )M

R0, SPERER S AL “REBIR”, AR, YRGS B, G BRI
REATREVERUR, (EMiE— P ez BRRERAE R, WACEIRERE, ST ESIRIEBCR AL,
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EREENZE, WIPIARRERBOENERE IO ERMERITER, S22 R R MERT R & 725 N 2 A —E 25
None , T EMITERKF, MIERESZSHEIRE, FILAEZTEN 2 NRTREEER IR, &R
RERRFISLLICRAFLE, WE 6-7 R,

=3l e 7]

00 <
01

02

76 <
fpRTTE Z#&

MEEEHTEZ THTRT

77

78

6-7 AERACE AL MR TR E ) A

B T fRUGZRE, FRAM AT DAER I MIBs (lazy deletion) #H]: B AREREMMEEPBERITE, mAHH—M
8 TOMBSTONE RIS, TE3%HEHI T, None 1 TOMBSTONE #RfUFRZSME, #inl DUM B IES, H AR
2, SRR TOMBSTONE W EZAESE ER, NAH 2 NolREEfEEiEE,

SR, PNIER T RE & MR R R AAREIRIL, 1S2 A2 BHR BRI EET & 2 A —(EMBRIRRD, B+ TOMBSTONE
HUsgin, ekt Egm, KA IERETRET Pk 218 TomBSTONE A REFRE| HF LR,

ik, FREA EPERA RIS EI 0 E 8 TomBSTONE RUR S|, RS SFH BT 2R BLe% TOMBSTONE 28 fifis
Ho SR R E SRERSHTETTERR, STREWBE MR E GRAGE) HITrm, 7Tt
i ELERCR,

PATAEAHS EEL 7 — (i SR BARCEIE GRIERE) MERR. 2 T ENse s tE MR R A=, &
MAFHERREE—E “BPRE”, ERusk| ks, (B2 E .

// === File: hash_map_open_addressing.swift ===

/* BIMUENLEER */
class HashMapOpenAddressing {
var size: Int // BEEHEE
var capacity: Int // HERBE
var loadThres: Double // FEEBEARMNEHEFRIE
var extendRatio: Int // EEZEX
var buckets: [Pair?] // 1@BE%l
var TOMBSTONE: Pair // fHIBRIZ5E

[* BIEF */
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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")

[* HEERT +/
func hashFunc(key: Int) -> Int {
key % capacity

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

[* 1T key HEMEERS| */
func findBucket(key: Int) -> Int {
var index = hashFunc(key: key)
var firstTombstone = -1
/] BMRE, SBII=HEBEH
while buckets[index] != nil {
/] EBEEF key , REIHEMNERSI
if buckets[index]!.key == key {
/] BEzmdE T RRER, AR ERBESEZRSIE
if firstTombstone != -1 {
buckets[firstTombstone] = buckets[index]
buckets[index] = TOMBSTONE
return firstTombstone // REIFBENRHFERS]
}
return index // R[EIFFZE5|
}
/] EEBEIREERRMES
if firstTombstone == -1 && buckets[index] == TOMBSTONE {
firstTombstone = index
}
/] stERERS], HiEEERRREEESR

index = (index + 1) % capacity

}
/] & key FFTE, BREFTIERERIZRS]
return firstTombstone == -1 ? index : firstTombstone

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

/] BE key HENFERSI

let index = findBucket(key: key)

/] ERERES, BIRERE val

if buckets[index] != nil, buckets[index] != TOMBSTONE {
return buckets[index]!.val

}

/] EREHREFE, BIRE null

return nil

[* FIBIRIE */
func put(key: Int, val: String) {
/] EEBETBERER, JITHES
if loadFactor() > loadThres {
extend()
}
/] 8 key HERBESI
let index = findBucket(key: key)
/] EXFRES, IEE val TiRE
if buckets[index] !'= nil, buckets[index] != TOMBSTONE {
buckets[index]!.val = val
return
}
/] BREHRTEFE, AEZEER
buckets[index] = Pair(key: key, val: val)

size += 1

[* MIBRIRLE */
func remove(key: Int) {
/] 8 key HENBESI
let index = findBucket(key: key)
/] BXRERES, ARRRELEERE
if buckets[index] != nil, buckets[index] != TOMBSTONE {
buckets[index] = TOMBSTONE
size -= 1

[* BERMER */

func extend() {
/] BEFR#ER
let bucketsTmp = buckets
/] VBB RENIHEER
capacity *= extendRatio

buckets = Array(repeating: nil, count: capacity)
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size = 0
/] BRESHEMERRETHMER
for pair in bucketsTmp {
if let pair, pair != TOMBSTONE {
put(key: pair.key, val: pair.val)
}

}

[* FIENFEER */
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)")

}

2. FEFHFR

IR B AR PEIR A A, AR RPN IR RS —, E IR, T RN B B —{E E]

TR, TEPNE “RRIRER 7" B8, B11,4,9,... %,
TR EEA DU EE,

- CFITRES AR BT TR EERE, E AR AR IR R R
- PRGOS KRR R S B, A B E R S E N A

SR, P75 R AZ 52 £/,
- BRTFAEREHR, AL B HAN B E A B A

© HRCEAREER, CFARRRTREA SRR IERER R, ERRE IR R A2, Rt aTEE

£ 3P S

3. BRHEE

B2 EE, SUGREIEEHZSERERR [ (2). fo(z). fy(@). .. TR,
CHRATER: EREER ) (r) MBUER, BIER fo(v), DULEEHE, EREHEISMEHATE.

- Ao EMFEREREIEY METEH, EEHEIEETTRRRM; FERE A EE A R

BRI, RIERETAFEZTR, ARE None o
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BURVEREMILL, ZIXBERTEA D EARSE, H2 MR R G AREIMIE R,

Tip
R, BABCEat RYERE. PRI ORER) MERREGFE “NEERMPRTR" AR,

6.2.3 EXFESHEHEE
HAEREGE S R TR RER REBIRNG, SR s] v,

- Python $RHIFIBCENE, 781 dict i H A REEBOE TR,

- Java fRAHEENA L, B JDK 1.8 PAZK, & HashMap WIS R EIES 64 HElAEB YR EES] 8 R, Sk
FRA G R R KL DR TH & RS RE

-+ Go RASEANNE, Go MU AR ZFF 8 M EY, HiARAHA RO, ERAME2
IRf, EHUT—IRRRIE B AR, DIRECRRLAE,

6.3 MiEEEE

TP B4 T RER AR A AR MR R R BT 7, R G 2 B oT kg 2 sl sk, e RELRRE
ME ] DAPE B L 5N IE 3 AR, TR R R 3

NS E SRR S, MRRAEEI G 2R S, WiE 6-8 FvR, BIRGEXAAEERR, FARND T #
EHE S P ER AR, ERREEANER, REBI NG REREREERIE — D, RREEREER
= O(n)

fET kiR

BREFER:
BEHFY S HESERES
ERIERE 0(1)

.se eoe eon
[y
&

mEER:
BENSEDMHETEERT
BFREME 0(n)

i 6-8 HMERERARAERILERZER

BB IR R, REER R RN R PR, JEat RERE, HHMEDIR ERE:
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index = hash(key) % capacity

B LR, EHERRER capacity BIER, MEREEIA hash() DUE YHihE, EMDUE T HEE £
BRI HE DL

EEWE, 2T RRRREREER, RMEEFERNEPERREEE hash() MG L,

6.3.1 MREEZNER

& TEB BRUET WRERRERAER, MEREETAE R DU TR R,

- WeEtt: BRMHRREA, EREEIREGR EEMFRE L SR REM R RZ TR,
- BeRm: RHEREZERSREEZ ST, AR, MERRE R,
- A EREETAE SR ER S o MR R, DB, HERER AR,

BRR L, MREEEERR A RN EBMRR, BB AR,

- HEHSGRAE: 2 T OREMEHIFE RN Y E, REUEEAGERMHEENENISCRN, M2 R
RE, EMPEAEER, ROGH0ARNEBRERRE, RREMEORREETIR, WRWE
DLEC, JREEE MR 2 IERE,

- BRIEREERRE . ERMENX DT A] DLRH R R B H — R A 30T P DA s R AR IR Y
EORIAHER(E, I SRR AR EDET L, WIRWEILAE, AR R 2 e,

BN RAHB BN, 2 7RI (A R A i 0 e TAE, MR TR A SR %
2R,

- FRPE: SR R (B S HE BRI\ R (T
- PUREREYE: EEMEHEIMNEAR RS, EE MR EM R,
- DO - A B N R B R HAS R TEAIAEE (L

AHTER, “BA T BCPiRERETE” R EENLRIREE, WS A e pUREE Y, BN, fERERE
WA key &, HEREN key % 100 A] DUEAYTF M E . AMaMEEEEZRBNEE, raRMHS
() key AR HETARIR],  RIHFRAT AT AR 5 MR (A e AT Y key ,  IETI BRI TS,

6.3.2 MmEFEZENRE

MR EAN R G AR E L ERT 2 R RAEMAE, RMBINEEZR ARG R, BFBaERGE—&
i B AR TR,

o IR EHE R EET TR ASCIL BEIEEATARAN, HHSRIARANE 2 A (E,

- RIEMER: FIRISRIARI BN, oA — 8RB, K287 ITh) ASCIT i EEEIHEZET,

- BRI R ORI R E T RE A B B RS AR E,

- TR KA IO ASCIT IS SAEE —EERES, RIREEZ AT & B R EE T R,
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// === File: simple_hash.swift ===

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

}

return hash

[* FEHE */
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

/* ERFEHEE */
func xorHash(key: String) -> Int {
var hash = 0
let MODULUS = 1_000_000_007
for ¢ in key {
for scalar in c.unicodeScalars {

hash #= Int(scalar.value)

}
return hash & MODULUS

[* TEERHEE */

func rotHash(key: String) -> Int {
var hash = 0
let MODULUS = 1_000_000_007
for ¢ in key {

for scalar in c.unicodeScalars {

hash = ((hash << 4) ~ (hash >> 28) ~ Int(scalar.value)) % MODULUS



How MER www.hello-algo.com 131

return hash

B, SRR RE —PEREREE 1000000007 BUE, DARECRHEZ(ELE SEEE P, E
FEBHZE, R EEsRR T H B, sE S S BIRA S B ? R —EHBRIRHE,

Je RS SERIREBE B, f DU R HbREEMER AR 2 St (R 25 B BN B B 7 (7 AR A4
B, ATDAJR/D R USSR VR T A AR AT IMERRK,  fRETmie R 1 2%

BEG T, BERIRMNERESEO ERE, en] DI 3 BERBR, AREERTA AT DAL 3 FERRAY key & & #HIRE] O,
3. 6 & =fEHEEE,

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, ... }

WG key T4 R B S ZHYIBE R, ARESREAE R & HITR YR, 7EminEMEE R, BifE,
R 5% modulus B A BB 13, HIR key M modulus Z IANFEEALEL, Kt REEER S E S 0E
R

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,... }

ERRHIRE, WIRAEHILREE key BREWLII S MR, HRENEEEBEE SBIEARBIERATLL, EMAaEm
HES S MRIRERE, THE key BIMATFERADEMIMER;, B SBIEER S HBIRETREZ,

MME <z, FMEE R AR, 3 G EEER esR, PUERTRENPREHIMAEN, fErRE
FIRRIRR R,

6.3.3 ERMEEEE

AEEEHE, DA AR SRR IR LR ST, MR R RIE R ARG B, BN, B
AN el R s, DR ANTR MR A L 5 M vk TR 15 o Y A AH RIELIE AN RT3 B, 35 W] RE & s
RER, q5NHHE 2 e,

EERA, FMEE G/ S E MR EE L, flan MD5, SHA-1. SHA-2 fl SHA-3 %, BMa] DUHTE
& FE A N\ RS 2R R R AR (E,

E—E AL AR, MERERR R AT B R AL RERE R, — BT N B R THE R ETRRIREE,
R N BMEE IBOTR SRR IR 2 2 ERE, R 6-2 R TEE BB i ARz
Hix,

- MDS5 fl SHA-1 E2RPURIIBE, Rite Mt e 2 EHE,
- SHA-2 R¥IHH) SHA-256 B Z ERTRHEHEIR L —, IRHBISENHISERRA], KR HESHZ
BT L
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-+ SHA-3 MH# SHA-2 BB EAR, SHENCRE S, (HHEAHEHEZEE A SHA-2 &5,

*®6-2 W RAMEREER

MD5 SHA-1 SHA-2 SHA-3

e 1992 1995 2002 2008

5]

WHE 128 bit 160 bit 256/512 bit 224/256/384/512

B bit

MEEE % L1 EZ R/ R/

%

we% R, CHRshuE ik, B¥RI%R & =

* 53

JE EWEM, ARG ES Bzl EEEZ RS, BEsg  THRENR SHA2
= e

6.3.4 ER4EIENEEE

BATRITE, HERRE key ATDUREEEL, /NEELTHFERAR, 2GS EE & HEEER R AR AR
MR, FIRGIEMAERTIIMRS], DA Python %, FMa] DARENY hash() BRzUAREH AR ERRLA
AHERE

- BRI M E R R ER AR S,

- TR T RO R ERH R A, A RSB RETE R BT,

- TCHARERER B H AP T RETHEE, RARFSEEREASER, S2EIHE-RE,
- P RORERER N HEC RO A K, BB E SRR TR, A EBE N N AL R,

Tip
AR, AR S RN ER R R R E TR 75 A AR,

// === File: built_in_hash.swift ===

let num = 3
let hashNum = num.hashValue
/] FBE 3 HHMEE(ES 9047044699613009734

let bol = true
let hashBol = bol.hashValue
/] TME true HIEEE(ES -4431640247352757451

let dec = 3.14159
let hashDec = dec.hashValue
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/] 'NER 3.14159 BUMEE({EZ -2465384235396674631

let str = "Hello EEE"
let hashStr = str.hashValue
/] FH “Hello EEZEX" HIHEEZS -7850626797806988787

let arr = [AnyHashable(12836), AnyHashable(" /I\F&")]
let hashTup = arr.hashValue
// BEFI [AnyHashable(12836), AnyHashable(" /N\I&")] HOF#E{EZA -2308633508154532996

let obj = ListNode(x: 0)
let hashObj = obj.hashValue
/] EREEYIF utils.ListNode HYBER({EZ -2434780518035996159

ERFZEAGET T, RAATEYIA 2R RN key o RUNFRIGIFERS] (BHRERES]) (F% key , &
SININ A AR, ERRERENRE 2K, TSR ERRRTERFEILH value T,

MR EE Y (LLangias B SIERG) AU BB EUR 21, HERrIHERR. TR AP R
SRR E RN, BIEEMIAERI N A SR A T ML, (HERRCIREE AR, MERETRR AR,

AORIIRATRESEBIE AR R T IECR, @R ER AR, 8% Python HESERIRRL
i, ARG Ly BRI —IARERAEE (salt) fH. EREMIEA] IARPS Ik HashDoS K%, {27k
AR 2 2,

6.4 /&S

1. ERNORE

. B key , MEEREESITE O(1) BRINENE value , WCRIEH T,

- R ARERIR IR, FOMREE, MR RE TR,

- HEEEIIY key B ZIFIZRE] RETIHRIE BT AEEY value ,

- AR key FTAEEACB SR TUR (SRR MUBIRI RS | MR At LG, SRR BISA 2ok
B,

- ERERARR, MOAERIMRIT, I T DB B A R AR R 5, BN A
1, MR AR EIBSR A,

- R TR AR T R BRI DR, R TS SRR, BB A A
oL,

- SRR BB AT R B B RS, ST ST R e R — (A A, AT, GRS
B TR R, A LABIBIE 5 F S B9 B 2 AT SRR AR,

- BB S R AE R, SRS RET SR, REREMRILR, BARELR
e, 2 URHEE I 2 (AR SO (TR, MBI R S AT, (S R S 7 345
5,

- RIS R T R E R L, BIA, Java B Hashmap S FISESRAIEE, T Python # pict 5
FARECE L
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- (EREERY, BRIMAERREEEE AT, SN, EEIESTh, MREERE
JEEZ B PR A S R RUE,

C MEEEEIREE A RER AR, DU KRR A (I D 0, DR E S,

- W RRREAE B ARE MD5, SHA-1, SHA-2 fil SHA-3 25, MD5 # FAARERRE o238, SHA-2 %
PR 22 22 F B ik

- BERESETGAERI RN AR AL, FHREITREMERPIINES, BEERT, REAA
YR R HEE,

2. Q&A

Q: MEERIRF MBI N2 O(n) ?

EERER IR ER, RRENREEREERLE O(n) . EMERAREHMS L, ARFRE R
AR, ERLBCOTR, REEHRER O(1) . MEAEGES WEMRRRR, WHER AR R R
O(l) o

Q: HftEMIAMZEER f(x) = x We? BRMAGHERT,

£ f(x) = x MEREEGUR, SETREEME—IMRT], SRS E, R, A8 R 6
] (AR, FIHMEZRERIRE P ETRBEYHR R, RaEE, MERRE B —ERR
AR RE 2 T — R N s, R A O(1) &R,

Q: MBERIKEEBURMS, SEAERS], ok, HE2M B D efE mle?
B, MERERIRASCRES, EEMEYEREIRT ., MREAMHE IR E,

HiR, HBERPE SR PR RERCREE S 1o Q1R —E T RERES 75 AH [ AR ] 4 E 2 T~ {8 P Pei 271 e g A s
SIEH, JREER LR RE R, EREAMZERNGI AT, RHEEHEENEBUEE R,

1%, AR R TR T S, BT ERR e, TRVHRILE Siisc o 51 S AT St e P 25 dhy
1k, BRI O(n) HRIER,

Q: ZIRMEAANGEEFEMBRITRAVERIETE? A 2 CIHERAY 2 FE RE FF E IS ?

ZUCHER ZBACE LR — M, BRBCEHETREA AN REERMIPRT R ARG, TEEIBTMER, Rl EmpR
AU T RT DARHREE . B e sRim AR AR, I H OB @ iR s R AL 2 CMPRAO G IRy, %A E AT DA
BHTCRMEM, ERMBEREARFT MR RAIRF A, RECRAEMEE RIS R R,

Q: AftEAR EMRES, EHMITRAIRH RS HBTHERERE?

A5 A IR 2 0 A 12 R SR B S AR AT B (B, 328 key ANILRD, EUICRAMHEER, B, SIERE
RO CRUE NP RARRE N, E BRSNS E S s R Ry 1k

Q: AT BRI A REH AR R ER?

MR R AR — DT R B YR n B (RER), EwmEREEIIRG RN, £RER, MR

JE n SRR, T key BHERIR S [tBATREFRAESEML, JRICTEER —MEMRIZ M8 key , TESRBIRPIREG WAL
(D, TE BB E I 4R .
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Abstract
SRR FMAEM ), RIREK, 7Rk,
TABMER TERIMEIEEEEE,
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7.1 =i

—sofit (binary tree) J2—RHARARMERERIAEME, AR "ML B RAT ZMIIRERGFR, #RT 0%
=7 W iaEE, BSESSERYIEL, —UTEEARITRHER, SEHRUSE, RS G TR
ElLiEE

[* ZITiEiEREER */

class TreeNode {
var val: Int // BiE4(E
var left: TreeNode? // EFEIZASIA
var right: TreeNode? // HFEIE:ES|A

init(x: Int) {
val = x

}

FEHEEAEMMES I (81, 2 RsAEFEE (left-child node) Fl1HEF&iB (right-child node), %%,
iRB IS M E T E B R EIES (parent node) . 4 E — M TR EIEEIRE, RIS 5% 6 Bh A0 /2 1 H B N H
DA EBETE AR RE A% B A 748 (left subtree), [RIBEAIISAFM (right subtree),

fEukEh, BRIEEEGSE, FAbPTA @R a S FERRIES I, aniE 7-1 For, WERAE “HiRG 2”7 AR
iR, AIEEFERGIG FETR AR “HTRE 47 F0 “HiRG 57, TR “HIRG 4 S DUNEIRTE A,
AFEHE “HiR 5 MH DU ERTE AR

=i SLENRE

binary tree

\
E;;ly wﬁﬁ

¥ aFHE

ANV
ivivi

B 7-1 RHEIES, THiE, 7

7.1.1 —iEE RS

—TuR A FRIATRE AN 7-2 .
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- 1REAEL (root node): MR I CHITEEROEIES, 1RE XEIE,

- EEE (leafnode): A FHIBEAIEIRL, HM{EFERELIFEA None o

-+ 38 (edge): HARMEEHEARE, BIEIESIH (8D,

- HESFTERIE (level): ETHERIERS, REBFIEREL 1,

- HIEKMIE (degree): HIENMTHEIEEMVEE, EJoBid, ENBUEEERZ 0. 1. 2.
- ZIUBINEE (height) : AR SRS 2 R 5 Hi B AT AB B B R,

- HIESHIRE (depth): (AR EBL 2% 6 BE P4 B I8 1Y Bl

- HIBSIEE (height) : (RE R 6 B B 1Y 5E 5 B 2 5% 60 L P A B 1B I B

IREDRE

- 1 T~
SN N A

Y AN

¥

it
1]
Y

R

7-2 IR R RE

Tip
FATERL, RIS ST M R TR KErNEBRNEE", (B8 EM TRE e HE
Fay RBRERAEE", EEEEN Y, SEMRERTEEN 1,

7.1.2 ZniEAIRE

1. #sat=oi

HlgEGE R YIERL, EeVIta iRy, RBMEESIH (B,
// === File: binary_tree.swift ===

/] #aibeEnEs

let n1 = TreeNode(x: 1)

let n2 = TreeNode(x: 2)

let n3 = TreeNode(x: 3)
let n4 = TreeNode(x: 4)
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let n5 = TreeNode(x: 5)
/] BEERZENSIA (51%)

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

n2.right = n5

2. {ENERMIBRERRS

Byl R SRR, (E TR P A\ BN ER R ] DOZIB BB AR EH, [E 7-3 %t T — &R,

L PN TR BN RS
(:::) nl.left = P nl.left = n2
A P.left = n2

7-3  AETrhs e A\ B R 6 A

// === File: binary_tree.swift ===

let P = TreeNode(x: 0)

/] & nl -> n2 HPREIBANER P
nl.left = P

P.left = n2

/] MIBRERRL P

nl.left = n2

Tip

TEERAE, FAGTRA]RE & TR A AN, IR AR B R R IR R A
FTE 7. B, EJokd, MARMBRER 2 —ERER SR, UEIAERERIEE,
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7.1.3 ER_TEEE
1. EEZE
N 7-4 fiir, 527t (perfect binary tree) FTf 8 HOETBE BT HE o2 R HEN, 165226 —okirh, SEERBLARE

B0, HBATEEHBIES 2 HHOEES b, AESAEE 20 — 1, LEEENIEHERGR, K
BT B AR RRATIRE 2 RELE

Tip
FRTERL, TEFRSCHEBEA, 5838 TR i 1RE 2 — ol

SER i
perfect binary tree

(hiia R —Toh)

PR R RO ERREER AR A

& 7-4 523 okt

2. B2 H

aniE 7-5 iR, se2 =7k (complete binary tree) A RIEE N EIBARPHEN, ARCEHEHREREAH
o mEIER, SEEITRHLE—IRsER T ITR,

ST

complete binary tree

REEHRELIRT, EtEERR SN



BT7E M www.hello-algo.com 140

7-5 SEeJuhd

3. S

GnlE 7-6 AR, Sem_schd (full binary tree) FRTIEENEEZ AN, HERATH HiRGET A R E 1 HikG,

// \\ ]
full binary tree

FREENRERIER 0 =X 2

& 7-6  Seim okt

4. FH—oiE

GnlEl 7-7 FoR, T okt (balanced binary tree) HHETRENRLH /L T RIAIG T RIHY R 2 ZRVEEHEAE
1,

d=-1
O =T
d= 1/ d= 1/ \ balanced binary tree
d d-= d=
’ ’ ’ RO EFHBE - STHEE - d
/ \ Al oot a e RS ERmE [d] < 1
d=0 d=0

7-7 P ook

7.1.4 —THErEEk

7-8 R T e ERAR AL R EIR (LA M, B TRV B R ECOE NN, R “ER Tkt MiEAT
A HRE R — IR, —ITEHRLRy “SEASEAT,
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- SERTITRHEEENN, AIDAEr B I Toie” MBS
- SlESERSIRIE 5 —E, A TEBREEE R AR, RRTEREERLE O(n) .

4
N 9
[\ )\ /
4
M b, SBALAE
sl iR

[ 7-8 TR A B AL Bl i 2= A
R 7-1 R, (EREGHENREEMT, —IuMREEREER, MR SEFEIIAESNR]ME,

R 7-1 IR BRI R AN

SER I SRS
51 AR ERE R AR 1
FE A h B 28 1
Ry D R B R AR | h+1

HIRGARES n IOIATSE logy(n+1)—1 n—1

7.2 ZiiEiEss

TEVTHAS R AR, KR — TR BEAS ARSI RO BRGNS, I HOE R 77 sUR B B R (e T e R, AR
i, e —EEEAR RSN, IS ESE SR eSSl B S SEANERE, TR SRR E L,

el RIES R EIEE R ES . BiEES. PRESBEE %,
7.2.1 BIFED

GnlE 7-9 FiR, BREF (level-ordertraversal) fETHERFIRARZE LR — oo, WAEE—EIZRIEERIGH
JNE 7 7 i
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B EAYE FEREEBSES (breadth-first traversal), tEEEBELIES (breadth-first search, BFS),
AT “—E—ERMERE" 1 ER

BRFET (BR7E @ R

1, 2, 3, 4, 5,6, 7

79 IR e

1. BERBER

B ERE R RED) TH” AEBL (TS “SoE” A, R A G B
AORERN, ME EIRA SRR B, EEREET:

// === File: binary_tree_bfs.swift ===

[* BFE */
func levelOrder(root: TreeNode) -> [Int] {
/] RLTHI, INAREGRS
var queue: [TreeNode] = [root]
/] Mak—ESR, BREFEERRFS!
var list: [Int] = []
while !queue.isEmpty {
let node = queue.removeFirst() // %Ik
list.append(node.val) // E71ZEIEHE
if let left = node.left {
queue.append(left) // EFEIZENT!
}
if let right = node.right {
queue.append(right) // BFEIZENTI

}
}
return list
}
2. BHEDN

RIS O(n) © FrAEEER—X, 8 O(n) K, Hrbn AEREE,
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- GSTBARIE S O(n) « EREWHT, W~ o, ESHERRE 26, (5919 52 R 7
(n -+ 1)/2 fEH%, 58 O(n) ZH.

7.2.2 mifF. HFF. &FEH

HE#, fiF. FRREFEHEE RN RESRLES (depth-first traversal), HFHRERLIESE (depth-first
search, DFS), THH 7 —fE “JoERHRE, HOWEE” 1E 7

7-10 &R T ¥ ek T IR BB R AR, SR A G R S TR TR SbE B —
e, EREERAERE=(aE, »hBERFEEN. TRERNREET.

def dfs(root):
TR R EE e
A if root is None: return
k @ BHMAETFH
dfs(root.left)

@ ENRAETFIH, ENERIEFiE
dfs(root.right)

O EETFHRBMEHM, HED

REMSEL

HFED (@ BURIHE)
1, 2, 4, 5, 3, 6, 7
PREEN (£ @ EREEH)
4, 2, 5,1, 6, 3, 7
BEED (5 @ BURIHE)
4, 5, 2,6, 7, 3,1

[ 7-10 —JoEsERIETT. TP RFEN

1. EXEER
IR B = BN IR B
// === File: binary_tree_dfs.swift ===

/* BIFFRER */
func preOrder(root: TreeNode?) {
guard let root = root else {
return
}
/] SFFEBEIER: RER -> AFH -> GFE
1list.append(root.val)
preOrder(root: root.left)
preOrder(root: root.right)
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[* HEESS */
func inOrder(root: TreeNode?) {
guard let root = root else {
return
}
/] SFREBEIER: EFE -> REF -> GFE
inOrder(root: root.left)
1list.append(root.val)
inOrder(root: root.right)

}

|* B */
func postOrder(root: TreeNode?) {
guard let root = root else {
return
}
/] SFREBEIER. EFE -> 5FE -> REF
postOrder(root: root.left)
postOrder(root: root.right)
list.append(root.val)

Tip
RE RIS WA DA ER, A BRI rl LB T

7-11 JeoR T R R IR, HAlpz “IE” f1 W” mEEEaEs L.

1. “B” FoRBRGTTi%, BB T — R,
2. 7 FoReFORME, ARERTEHIR OS2 HR,

,ﬁii\ ‘i
4(//} B BIRER L X\\\\ B ARER
P Y . i@: BEE p i BEEH

7N
\ \ RS (5 © M) Q / \ HRED (@ MU

1 1, 2
y/ % AR\ /A 7 W - \ A
606 600

Step 1 Step 2
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Step 3

s

4

B g
@: EEEH

WIFFES (F @ Rk
1, 2, &

B: B
a: ke

BIFEN (7 @ misRiEn)
1,2, 4,5

B mTRE
@: @ LEH

WIFFES (5 @ R
1,2, 4,5,3

B TR
| B EE

HIFED (£ © Rkt
1,2, 4,5, 3,6

Step 11

iB&: TR
@: @ e

HIFFER (F @ miAREE)
1, 2, &4

B TR
@: @ EEH

HIFER (7 @ MR
1,2, 4,5

B AR
&: mLE

WIFFES (7F @ iR
1,2,4,5 3,6

i#: AR
@: @ EE

BIFFER (£ @ manfiEnt)
1,2, 4,5,3,6,7

s 0

B: @B
@: ) EE

HIFFER (7 @ BRI
1, 2, 4, 5, 3,6, 7

7-11 AP ERT HIEE E AR
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2. EHESH

- BRI 2 O(n) © FTEMEREII R, @ O(n) B,
- SHBIRIE S O(n) « (EREWIR, BBHEL AR, EEREES 0, RS O(n) 1
Iz,

7.3 ZrifEYIRT

TESESEERYIFRIR T, U R IT 2 iR TreeNode , Hilh < MIEBIEEAHEAL, b —&iM4 T 45 H%
TR MU S TR AR

AREE, FeAFMIRETS FIPEAI AR —oekifle? A58 HEhl,

7.3.1 RRFTETHE
S — A RH], 58—t o, BMAAITE SRR E FET N EF A — Ry, Bl
{18 & BLER B E M — P A 225 |

IRVERE e A RO, AP AT DR R ER R R 5 | Bl F HiRE R 5 | IR “HI A" HIEEENRS 2y 0,
WIEZERR 2 FEBE RS2 20 + 1, AFHEIBRSIZ 20 + 2, 8 7-12 R T A EHRER 5 | 2 B R
o

SN e
PUPL L L v

AFERAERS]: 2i+2

7 8 9 10 11 12 13 14
RS Fm Z ol

ARGERS| © 12 3 456 7 8 91011121314
BRFETFY
@ 7-12 SE3E ol IREA =R

B A A OHTEREEES RFI PR E RGN (e . 4R R EE —E RS, FRME T DOEE B
ARFHENLE (G) THEiR,
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7.3.2 RREEZHE

e IR — AR, 1E TP g 8 FTERT 2 None o HIRE P78 7 FIME AL 21845 None ,  [A]
IR A M A IR % S A HE T None FUBCERAN ML EL, T REWRE AL 2R U &SREARAT & 52 L i

Fl,

aniE 7-13 AR, M —fRAESEE Tk, RIRMSIRORTTIAC AR

ZFF (FE5)) A —thRRL ok

@5 0 1 2 3 456 7 89

Lz 2 gt 12]3 1461780 12[15]

8 7-13  J& R e 51 2 A R mT RE

P 1RO IEIRE,  FRAPTAT DA BB AERE AL 9 e S UM R W A None o 411 7-14 DR, SHUEHIR, &
R A P8It A] DAME—FoR —Teh 1o aRBIFEEEan T

[* ZCEBETIRT </

// R Int? "I , BATLUER nil RAZE=AIL
let tree: [Int?] = [1, 2, 3, 4, nil, 6, 7, 8, 9, nil, nil, 12, nil, nil, 15]

EREFT

@@

9 10 11 12 13 14

2T (FEY!) RIME—SERmIE — oA

fEFIFSI 012 3 456 7 8 91011121314

8880 guoo
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& 7-14 AEERR ST R

EFSANE, eeuBHERIE S MM R, mE7EE —TTHIIER, None HHBIfERIRE HEA
AR, HBERTA None —3& tHBUERE L Fi IR RS,

ERRE SRR 2 IR, Al DIEISREFRTH None , AERT5(E, [E 7-15 &5 17— (K7

EEEHFT (FE)

ERTEITH
BRI fRETF =L

EBEEDGFS (FE5)

8880808000

7-15 524 JuRIRYMEES|RIR

AT B T —RRER S oA ook, 004G DU SRR

- OREHLHETES, EHERME, £ () THIRL KHEIE,
- R ER. R BEES. ERERT.

// === File: array_binary_tree.swift ===

/* FEFRR TR ZIoiigas) */
class ArrayBinaryTree {

private var tree: [Int?]

[* BiEF */
init(arr: [Int?]) {
tree = arr

}

[* EFIBE */
func size() -> Int {

tree.count

}

[* BEERS|A 1 ERSAE */
func val(i: Int) -> Int? {
/] BESER, BLERE null , RKREML
if 1 <0 || 1>=size() {
return nil

}
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return tree[i]

/* EEES|A 1 BN ETFEMINERS] */
func left(i: Int) -> Int {
2 *1+1

/* EEYES|A 1 EENA FEIRIIERS| */
func right(i: Int) -> Int {
2 * 1+ 2

/* EEFE5|A 1 BEIRERENERS| */
func parent(i: Int) -> Int {
i-1)/2

|+ BRED */
func levelOrder() -> [Int] {
var res: [Int] = []
/| BiEERET!
for 1 in 0 ..< size() {
if let val = val(i: 1) {

res.append(val)

}

return res

[* REBSFEETS */
private func dfs(i: Int, order: String, res: inout [Int]) {
/] ER=AL, BlRE]
guard let val = val(i: 1) else {
return
}
/] BiFESR
if order == "pre" {
res.append(val)
}
dfs(i: left(i: 1), order: order, res: &res)
/| RFEH
if order == "in" {
res.append(val)
}
dfs(i: right(i: 1), order: order, res: &res)

/] BFET
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if order == "post" {
res.append(val)
}
}

[* BIFERR */

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

3

[+ HEEES */

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

}

[* BEES */
func postOrder() -> [Int] {
var res: [Int] = []
dfs(i: 0, order: "post", res: &res)

return res

7.3.3 BEER{FERY

TR RS FR R EA DL R

- SRR R S T, BPPRIBCAAY, T B R A R

- ATEGHEAER, EREE s,
- JURFRER T TR

SR, BB FOR thr L fRIR

- DBk R RO LR S R, R ANE & (7 BOR EB RO

- HETH RS TR ZOE I S A\ B PR AR BB, R,

- E TR EAE KR None R, AL ST HTETR R L EREMIR, SRR,

7.4 —igsE

anE 7-16 Fis, —icigEt (binary search tree) & DA R &
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1. BHARENSS, 7= TRh A EhBE < MREZIME < & T AT a EhiEs(E.
2. [EEHIBAE, AR orilat, RREBGRRIRMF 1. .

ZiRe

binary search tree

@ 7-16 —origsst

7.4.1 i S

A — e S R8s A —{E%E R BinarySearchTree , Wi B & — AL E S8 root , faFISHAVHR HiEY,

1. EHENE

457 BASEEESE num , AT DURIE o S B PEBE AR AR, WilE 7-17 o, JMES —EEE cur, /20T
IR ETES root %, & LLGHTENE cur.val Fl num Z [EATK/NETR,

© ficur.val < num, SRBAEAEEIEGTE cur AR, REEIT cur = cur.right,
- ficur.val > num, FRPAEEEEIEE cur AETEIR, FIEEIT cur = cur.left,
© fcur.val = num, FRPAERE|H NS, kR RE R EIRZETE,
FEZTTIS SR EZ IS E R
o -]
N .

()}

/N /N EVAN
VIVive Vivive

Step 1 Step 2
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et Lo M) a0

Step 3 Step 4

7-17 i s A HTRRA

—onidE B SRR B O SRR TR 8, AR B ERHERR AT IR B % 2 T
AUERE, B ook, A O(logn) R, REFRRZEEM T :

// === File: binary_search_tree.swift ===

[* EHEEL */
func search(num: Int) -> TreeNode? {
var cur = root
/] BEEH, HBEMRENN
while cur != nil {
// BEIZEEEE cur NAEFEF
if cur!.val < num {
cur = cur?.right
}
/] BIZEIEETE cur BV FHEA
else if cur!.val > num {

cur = cur?.left

}
/] HREBIRERL, BiHIEE
else {
break
}
}
/] BREIBIZRER
return cur
}
2. {ENERRG

HE—EFHEATCE nun, & TR IS E T < IREE < AT 1EE, BmAREREOE
7-18 v,

1. AARAGE: BAERREMHEC, ORI, REERTHEMERN nun FAV/NERIEE R TS, B
OB EERG CERIZE None ) IRpBkH I,
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2. TERZNL TR NGRS AU LEIRS nun , L ERT B None HIMLHL

E-rgsEmE DY @

fE 7-18 A& —Jui s i AHIRG

fEREARE B, TEER DT HH

v S A SRR R, SAER R, Wi, GHREMATRERPEREE, MIAPITH
A, HIER[E,
-y T EBIAETES, TR EREBNENRS pre (7 LI ERIENRG, ISPRAEAETE None IR, TR A
JEEFLAQENRG, 1ETm S A R AR

// === File: binary_search_tree.swift ===

[* HRNEARL */
func insert(num: Int) {
/] EfRE, BIMRAiRER,
if root == nil {
root = TreeNode(x: num)
return
}
var cur = root
var pre: TreeNode?
/] BEEH, HBEMRENN
while cur != nil {
/] HREIEEER, HiERE
if cur!.val == num {
return
}
pre = cur

/] NGB cur MAEFREHR
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if cur!.val < num {

cur = cur?.right

}
/] ENUEBEE cur WEFET
else {
cur = cur?.left
}

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

}

[}

BRI, FAHEER O(logn) R,

3. MiIBRERES

JelE e R AR R EARENRS, FEASENER, BUEAEREC, RMTERBEMRREERR, —rs
B e TR < ARERG < AT RMEERTI L, B, FFRER B RERE T8, 20, 12 =

MEIEDL, HUTHIEAIMPRETE R,
GnlE 7-19 Fow, EFMMERENRSAYE R O Ky, FonaxHidb 2 SR, D ERmER,

E-eshnRDE ©

00000000

cur
v EiRE cur BY 2. EHEMER cur BIAT

e THIEHE - 0 #1T pre.left = None

@ 7-19 fE—eisfrhmipRERs (2% 0)

aniE 7-20 AR, ERHMBRETEIAOE 2y 1 IRe, IFEIIBR N B 2 H SRS R A
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E-RamnRDE ©

1. ZHRHMPREES cur

v Hi%S cur 09
FHRHYE = 1

2. # cur BRAHTHS
1T pre.left = cur.right

@ 7-20 £ ciE=mrhmBREE B4 1)

ERHMPRETRAIRE S 2 Ky, MR ERMPRE,

E-esmErmREl (O

1. EWEREREDE cur

l Step 1 ‘

1. EWSRHIIRER cur

v EiR cur WFHEME - 2

2. MIRRERRS cur HAR=YH:
(1) & cur ERFEDHHRRBIE nex
(2) FEZTHRTRERFREE nex

Step 3 |

T (0 P — (TR Rk R, PR R T st
ETR < ARETE < AT BIME,  RIkiE (8 T DURAS 7RG B R el 1 B K

(R AR TR R/ NG (PP B R R — 6,

1. BREFMEREESE “HPERI A" R —(E R,
2. tmp AOEFE ZERFIEREIREAOME, 16 FE R POgE B M BRERTRS tmp o

HIfHBREERAR a0 & 7-21 PR,
A4 tmp o

EoEaETIsEs 0

1. EWEHEREHRE cur
v g cur MFHIRHE - 2

2. MFRESES cur BR=D:
(1) & cur ERFEHNRBE nex

Step 2

Step &

1. EHFEBIBRER cur
v HiE cur WFHEHE - 2

2. MFREDES cur RR=Y:

(1) &H cur EPFEDHRBEDE nex
(2) HEZFTHTETHEREDE nex

(3) #6HEH%: nex EFRAHEES cur

00000

7-21 tEuiaEh PR (% 2)
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TR O(logn) Kif, Hrb&#AMEREHRTE O(logn) KM, EEHF ERZEHR
FE O(logn) Wi, REIFEHEELT:

// === File: binary_search_tree.swift ===

/* MIBREARL */
func remove(num: Int) {
/] BRRE, BEREINHRE
if root == nil {
return
}
var cur = root

var pre: TreeNode?

/] BEZEH, SREMRERYY

while cur != nil {
/] HREGRIFRETRS, BiiEE
if cur!.val == num {
break
}
pre = cur

/] SHBRESRETE cur MIEFEH
if cur!.val < num {

cur = cur?.right

}
/] SMHBREIRETE cur M FHEAR
else {
cur = cur?.left
}
}
/] BEGRIFRER, RIEEHRE
if cur == nil {
return
}

/] FHEIBEEIE = 0 or 1

if cur?.left == nil || cur?.right == nil {
/] EFEFHE =0 / 1 K, child = null / ZFEIRS
let child = cur?.left ?? cur?.right

// MBREREL cur

if cur !== root {
if pre?.left === cur {
pre?.left = child
} else {
pre?.right = child
}
} else {

/] ERFREIRAIRETR,, BIEMIEEIRETR,
root = child
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}

}

/] FERRAEAE = 2

else {
/] EBERHEEHAFR cur BT—EERS
var tmp = cur?.right
while tmp?.left != nil {

tmp = tmp?.left

}
/] TEEMPRER tmp
remove(num: tmp!.val)
/] B tmp BE cur
cur?.val = tmp!.val

4. PEFEHEF
GniE 7-22 pR, —ooRh R ESTEE O — IR — A7 RESIIER, Mo oiESENE LT <R
FiRG < HFHIEE BRNER,

BREREE TS ET R, RRGEIER N —ER/NER, S —EEENE: o
BB RERIRF DR THR .

R ESHFFAEE, JME TSP ERAFERMET O(n) R, SZEETEINIHTRIE,
FEH =R

RSB PFESBFTI

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

TR

FR R RERRES
EiRTE @ BEARENR

7-22 iR EE R P
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7.4.2 i SEpNE
5 —HHERL, TR A R Py e — ot SR8 RE T, BIRE 72, oSS TEER ERI IR R S
EHERE, BEEEHSMMEE, REESHETYE, [REEEMRERGR T, Ao sBiag

R,

R 7-2 [H B SR R RCRE L

Py T

##HeE  O(n) O(logn)
AR O(1) O(logn)
fEREE  O(n) O(logn)

FEHARTEIT, —IoiEfE P 1Y, BHAT DAE log n il 8 Y 2 s (R R HiT

SR, A0 SRR E — e st o AN e AR ERRS, AT REE B IeRhB L2 [ 7-23 FisRIsEAs fR%, 38
IRF SRR R AR IR R At 8RB ML 2 O(n) o

N 5
[\ /

b 4 BRI ST BH

& 7-23 —rci=ahElk

743 Sty RER

- RERETZHRG], BEESEIER. A MERERE,
- AR R R RTAR R B R
- HRGEFERR, DR HARIRE,
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7.5 AVL i *

£ “Toria” EEPRIFER], EZRMATMIRERER, —ocisfn R RiE Ry, EiEEE
PR, FrARERRFEEER R O(logn) H1& O(n)

GniE 7-24 Fiow, KOBMIRIHERERGHRCE, SR T8 SR R il #3 51,

[\ / /

MEREDES 5 MIERERR: 3

[\ [\ /

i o EiE=sTh EEEY

7-24  AVL RH7EMHERERL R 3% 4B L

PG, fEE 7-25 FURR5E3E oot il A M A SRR, SR EEE MR, AR R e
1o

[\ [\ [\

WA 2 AR 1

/ /

1314 Bty
TECTH Tl T Tl

7-25 AVL RHfER A\ FidhiR 3 4B

1962 £ G. M. Adelson-Velsky #1 E. M. Landis 7E i X “An algorithm for the organization of
information” 2 T AVL 8, SSCHEEAIRNER T — RYIRME, MERIERFERTEFIMERETRE, AVL SR
IR, TEMIEIS SRR R RS (RRTE O(logn) $Nl, #ATEERR, 16T S0H SOl T & i e
(U5, AVL BIREGaRERFF @R B RHRERLRE, BA RV A EE,
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7.5.1 AVL % RH#E

AVL ffibe —ooidsty, Pl ook, FRmCEmBE T aEE, RtE -Erg sy

(balanced binary search tree),

1. BMEE

K

HIR AVL RAAHRR R R IR =, RIS 25 B AT height SEEL:

/* AVL FEIERELEER] */
class TreeNode {
var val: Int // EfZH(E
var height: Int // EiE=E
var left: TreeNode? // A FERZL
var right: TreeNode? // HFHEIZL

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

“HIR ST BRI AR RIS EERA R, RIATAGEAT BT BE, FERAIEENR, R
A2 O, TZSHIBAIEER —1 o TPz w8 TR, 7l FH 8 B 58 7 6 B v

// === File: avl_tree.swift ===

[* EREEEE */

func height(node: TreeNode?) -> Int {
/] ZHEEES -1, EHEEES 0
node?.height ?? -1

[* EHEREE */
func updateHeight(node: TreeNode?) {
/] BHEEEREESFEEE + 1
node?.height = max(height(node: node?.left), height(node: node?.right)) + 1

2. HIREFEEF

HiRSAI AT (balance factor) EF A IR RIS EIREG FRIISE, FRIRSREZHRE T E 1
75 0 o FAMRIEATE IR T K 7RIS REETI AR 3, 77 fERSIE :
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// === File: avl_tree.swift ===

[* BEEEHET */
func balanceFactor(node: TreeNode?) -> Int {
/] EERTERAFS 0
guard let node = node else { return 0 }
/] BiETERET = 2FEEE - EFEEE
return height(node: node.left) - height(node: node.right)

Tip
BT A f , HI—RR AVL BIRER SRS PR EmeE -1 < f <1,

7.5.2 AVL fthess

AVL BHRURFREFERY “He” 1%0F, CREMEANTE TR ES SRR S, BLHHRE T IRE
i, Hfoaha, HEERMEBERECRRY “ —UoilaR” MTEE, WAERERIEHIEES P T,

TRl K A EHE > 1 OETRRE 2 “RHTHTRT, MURETRAIT IR, DEEHRIE IR AR
TENE. SR e, JefeeR e, AT AE e R,

1. Bk

aniE 7-26 AR, iR R PR T IERETEE, o EEAMHIRE “HiRG 37, BB DA%
FIRL 2 MR ENRG A T, ASRXEEEAC S node , HZETHIBNRLSy child, BUT “fle” #fE, ElGheR, 76
PRIV, A HAROR R e s BRIt E,

RAERGNFEE
ode HIREIESEES node
HAETFHERA child

Step 1 ‘

\ “EhE RERE:

©

a
node

1. Bl child %RE, #& node MGHEH

Step 3 \

Step 2

‘B HRERE:
1. Bl child %A, # node mANEH
2. A child #{CLAT node BYMIE

AiESEmE, AFHEMRETE

Step 4
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B 7-26 AERIED R

WiE 7-27 FioR, SR child B4 88 (504 grand_child ) B, FEALGHETH —4: 1% grand_child
{E 2 node FETHi B,

xuon: () e ()
oL f P
o o

o

/ grand:child /

7-27 f grand_child M4 HERR(E

‘Mt 2R, B EREESSBKE RS EN, B NAR:
/] === File: avl_tree.swift ===

[* GHER(E */

func rightRotate(node: TreeNode?) -> TreeNode? {
let child = node?.left
let grandChild = child?.right
/] LA child AEE, #& node MGHEE
child?.right = node
node?.left = grandChild
/] EFEERSE
updateHeight(node: node)
updateHeight(node: child)
/] REEEEF R RIARERS

return child

2. khE

MRS, GISRZ I IR iRy "R, RITREHITIE 7-28 FoRi) “ZehE” 1#(F.
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@ 7-28 JelietlE

FH, ol 7-29 AR, EEiES child B A FHiRG (G074 grand_child ) K, FREIELEFHE—F: ¥
grand_child % node HY45 ik,

\
\ ) )

7-29 A grand_child M/ HERE

AT DABIE, A ReRe ek e e LR B, EM o IR MR B R DL R B, FEBRE
M, BOIRTRA R EREXBHRIER left B2 right, AFATER right RS left, RIRMSE]
FENERE B IS :

// === File: avl_tree.swift ===

[* FEHERIE */

func leftRotate(node: TreeNode?) -> TreeNode? {
let child = node?.right
let grandChild = child?.left
// LA child A&IFEL, #& node M/Thess
child?.left = node
node?.right = grandChild
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/] EFERSE
updateHeight(node: node)
updateHeight(node: child)
/] R[EIFEEEFRBIRERRS

return child

3. EEhEEARE

EHAE 7-30 R EES 3, (H 0 A AL HEEA HEAR A TR A S, R RS child BT “AEHE,
¥ node $UT “HlE”,

H child #iT @ # node #fT
EhE Al

@ 7-30 JCiEhEk e

4. FHBEEIHE

aniE 7-31 AR, BN ERKE ITRIRIBREE D, TESLH child $UT “HE7, ¥ node $UT “FEHE

@ 7-31 SefhER e
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5. NedSR0EE

I 7-32 Feon A PUREAR T T B IR GIREAE, oAl SR e, Seeieghahe. Jorek/iche. 7ohe

WA,

oA hE
#&ahE

FahE
&ihe

Al

7-32 AVL SR YR HEEE

GUNARFR, BT A B S 1 R - ] - DA R e v — (R - B RGP M ER A IE 198, i SR 1 e RG

J& TR E 7-32 F N WEREE T

*® 7-3 DUREHEEIAE DB R

KETERGHPHIR 7 FHIBSACFEIE T EERAREE TR
> 1 (Efmki) >0 filie

> 1 (i) <0 JeleeR A e

< —1 (ffwt) <0 FEle

< —1 (ffwt) >0 Jetiliets e

R TRERER, TR S —E 3 A TiaMeR, HMeEE SR DUE e, K

RS E YR, A2 X5 R
/] === File: avl_tree.swift ===

[* BATHEEMRIE, R TFRERRETSE */
func rotate(node: TreeNode?) -> TreeNode? {
// TEBNERZL node HYFfEAF
let balanceFactor = balanceFactor(node: node)

/] At
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if balanceFactor > 1 {
if self.balanceFactor(node: node?.left) >= 0 {
/| e
return rightRotate(node: node)
} else {
/] FEIEERGRE
node?.left = leftRotate(node: node?.left)

return rightRotate(node: node)

}
/] GEfmE
if balanceFactor < -1 {
if self.balanceFactor(node: node?.right) <= 0 {
/] Ehe
return leftRotate(node: node)
} else {
/] FaEREELR
node?.right = rightRotate(node: node?.right)
return leftRotate(node: node)

}
/] T, HEARE, RO

return node

7.5.3 AVL & ABigE

1. HENERS

AVL SRR ARV E I e s 88 LR, WE—RIELITER, £ AVL bl ABIRGR, fEaxaishz]
ARETRABE S L ATRE & B — AP MR, Bk, PTG, AR ERIThemiRee,

Fif Rt R P, A2 AN AR :

// === File: avl_tree.swift ===

[* HENERE */
func insert(val: Int) {

root = insertHelper(node: root, val: val)

[* EEENERE (EBIEE)  */

func insertHelper(node: TreeNode?, val: Int) -> TreeNode? {
var node = node
if node == nil {

return TreeNode(x: val)
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[* 1. BREBEANIELENEGR */

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 // EREIFAAIEN, HEOR[E
}
updateHeight(node: node) // EHEIZSE
[* 2. BUTHEEHR(E, & TFRIEMIIETE «/
node = rotate(node: node)
/] R[EFEHIIRETR

return node

2. fHPRERES

KU, £ oS BRI MERETR 7T AR AT b, TR

PRSI R AR

/] === File: avl_tree.swift ===
/* MIBREARL */

func remove(val: Int) {

root = removeHelper(node: root, val: val)

[* ECRIERERR: (EEBFSE)  */

MIKETH

func removeHelper(node: TreeNode?, val: Int) -> TreeNode? {

var node = node

if node == nil {
return nil

}

[* 1. BHERRLLRMIER */

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

/] FEARLEIE = 0 , HIEMIFR node R[]

if child == nil {

return nil

HUTHEEERAE, EATE RETHEIRGTRIE -,
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/| FEIBEE = 1 , HIEMPBR node
else {
node = child

}
} else {
/] FERREE = 2 , B EESRN MEERMIER, IRZEREIRERIER
var temp = node?.right
while temp?.left != nil {
temp = temp?.left
}
node?.right = removeHelper(node: node?.right, val: temp!.val)
node?.val = temp!.val
}
}
updateHeight(node: node) // EFffIZEE
[* 2. BATHREHR(E, EXFRIENMETE */
node = rotate(node: node)
/] REIFIE IR ERRS

return node

3. EMENRS

AVL BRI ER A s R e S o s — 2, AN EEIR,

7.5.4 AVL fsisaBIFEF

- AR RTEOR, AR e, (RIS N R

- HRHERERERRT RS

- ALBRRBHR — R R oo S, HEUR AVL 8, ALBRIRCFE R E SRR, R MMBRETRS
PR BB TR /D,  ERE A IR B P R B

7.6 NG

1. EB4[OIEE

- ook ARSI R RIS, BB R RREEE. SE TR ERG B S —IEE DA R (E S
2 WAl E = B W T I SR S

- BPATITRITPROSLE RS, HAE () FHIR N DUNE R IR & 2R e (F) TR,

- ICEIRIRIBAINEE CUARIRENRG, TEENRG. . E. 8. SEMRESE,

- TCKERIRTARML,  ERG T ETRE N R ¢ B A ER A R T TR

- WRZITERRIE SR I, SEe ol SEm TN ook, SE3E Tk R SR AR YR
&, TSR IR MR IR ZERRE,
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- TERAT DARRSIEOR, 7 0 A BRI 2 R AR, AR AL B B T
245 | A R AR BT B A,

L IERIE R R R R T, CREE T MR R R, ERE
B TFISRE L,

C MR, . BREET B EE, T T oS, mREE WESTR, B
R AT,

- CIE R R TR AR SR, B, AR R R R R R 2 O (logn)
B IR EHR L AR RIS IR E T HLE O(n) .

C AVL B, R TE TCAE, E  ERR L 1 R AR IR G0 B By S s T

- AVL BHONERURE IR AN, b, JCAIERAIE ANEM AT AR, AVL Bie
FERE TR THERR I, (A T R (P 0,

2. Q&A

Q: BNHA AR T, KR ERRERGRE A 0 152

B, HZym RS TR “RIBE R,

Q: TR ABLMER — i —E R G 7EK, EHM “—ERME" faftEe? o] DB B IR T
RN A IR TS ?

FEociE AR, MPRERERIEEy =R DUEE, Hrh ORI T 208 T 2 8D BRIV E R B,
Q: #&f1E DFS Eai —JchitAaT. . R=FEIHF, 2hlETEHE?

SN A P E R AL, B, . T ERTR =R ITRER TR, BAFTRT DARE R e S 2 —ERr

TENEFPHIEF SR FIAE T, RN £ FHRE < REME < GFHR™E, Kit
TMTHEEI “E — R — 67 ESEIEFERR, il DUIERS A PRI,

Q: HHEfRIE 2RI HiBS node. child. grand_child ZEIMIRBAR, 8 node A EELFT node 2 AR
AFEBHEEE? AletFREN R T?

FAM 7 AR B R M R B S E R, A TEEAE right_rotate(root) AN E FRIIUIMREI RS, HEK
return child JR[O]Es 2 & 1 TR IR B RG, I AOAR B G AN EL AL B B AR B TE sz R ZUR MR SE ALY, AN
J& A e B A e e [

Q: 7 C++ 1, AW E| %] private fl public H, BHHAETELZ EWE? &M EEEF height() EKFHI
updateHeight() P4 BILAE public F private HlE?

FEEFENME AR, QR EREENNETEH, IR Et A private o Hl40, F 2 850
updateHeight() B A EFEMN, BHEMA. MEREEH—2, T height() MBI EE, BN
vector.size(), [RIHERERK public PAEFH,

Q: wnfmie—#HEm N E R — R oo = IRETENER B N REE?

), RO AR SR bulld_tree() 77k A, ERRERIHESE, RMEF S
A ANE R, ARIETRITRIEARER, FREMAREG T8, ISRRINAT DU R PR T
Mo

Q: 1t Java iy, FHEILES T EHM equals() /77L?
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£ Java i, BIREAERIA], == ARSI LR EEERER G, BIRSARA, WAERT SRR TR
2 NGl

< == FRIEEWEEECE SR @, Ele MR A A B 2 A A,
-+ equals(): FAZRELEMEMHIM{ER BHE,

Ry, GSRESLE, FRAMEZEH equals() » A, 1E® String a = "hi"; String b = "hi"; #JEEMLH
THREFEAE TR EEE, efMfsmE @Y, FEReT A a == b 2RELE M 7= E N A

Q: B ENFIRIRE A, (IR 2h 152
B, B h = 2 i Tok, HEEEsn =7, AREEHSEE4 =2" = (n+1)/2,
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Abstract
HEREL G R Lk, EERR, TERRRA,
JRE R L UG IR BE T, T e e PN LL R A2 i S B N R
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8.1 iR

A (heap) 22— CREMRIFAIERICH, TEa]RmERI, E 8-1 Frr.

- \EHFE (min heap): EEHIEME < HTHIZEHOME,
- KIEMERE (max heap): LEHIENE > Hr#E0E,

N N
/NN SN SN

L] L))

£ ‘B2 B 2 ‘"ems” B
EEERNE <« HFEHRNE EEHINE = HFEHENE
INERR KIBER
min heap max heap

& 8-1 /NEHEFEHL A THHERS

HERAME 2 e 2 TR —ERs ], B DURReE.

- TG ETR SRR T, ELAE A R E A
- B TR RARERRERE Sy “HERRTE”, SRR RS A ERRE S MR,
- BRORTEMERE CNEHERD), HEMTEOTER OREED ERZRKR D) 1,

8.1.1 HIRRVE BIR(E

TERRHAE, F2RAESIRERNREETT (priority queue), JER IRV, ERLHEGHE

FelE R HER T4,

B L, HERGEE R EBIBETS, RIRHERRIE R TR BV IINES HFIR B3, E6E R f
HFE, FMATLAS “EIETH” f “HER” B EREREER, BRI, REHWE ALY, 5

“i&*ﬁlﬁf”o
HERRRO R I HRIE AR 8-1, J5 IR T BIREAE 3 \aE = A E

£ 81 HRIHEINE
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Tk ik I P R P22
push() JEEAMERE O(logn)
pop() HERETE T 2R i HERR O(logn)
peek() AIFHERETEICR CRTAK / /NTEHERE 2 Bl 2 e K [ /IMED 0(1)
size() SERURERAI TR R o(1)
isEmpty() HIETHERDR 5 24 O(1)

FEERERT, AT AE R AR E S TR R HERDE R (BB 8IEAD

FCUAHE PR “TENEIRHFN” 1 “REREVINHES”, AT LUE IR SE — 1B flag BUEPX Comparator
BB UNTEHERE" B CRTEMERE” R, RIS IR

// === File: heap.swift ===

[* VIR LHETRE */
// Swift B Heap EBIFERZIFRAERMER/HERE, HEES|N swift-collections
var heap = Heap<Int>()

[* TTENERR */
heap.insert(1)
heap.insert(3)
heap.insert(2)
heap.1insert(5)
heap.1insert(4)

[* EBUERRIETTR */

var peek = heap.max()!

[* HRIETTRMMR */

peek = heap.removeMax() // 5
peek = heap.removeMax() // 4
peek = heap.removeMax() // 3
peek = heap.removeMax() // 2
peek = heap.removeMax() // 1

[* EBUEREAR/N *+/

let size = heap.count

[* FIEMERET AT */
let isEmpty = heap.1isEmpty

[* BINBYAEER */
let heap2 = Heap([1, 3, 2, 5, 4])
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8.1.2 MEMNER

PXEHRIZARTERER, 75 S MRS NERERE, RFTRATE A EREH e T (B, & > & HR5
<)o RRELERAIFE A DL TE B

1. BRNAEFRRT
“TOTH” EHEEE, sEe T IiHEEE G HESIRER, BRHERIE R — e e ek, BRI e
BUAR ik A7 HERS o

BRI, STRAKREME, RIMGRERE T RIME, @WTEEERR AR
AREBL,

WA 8-2 iR, MEEsli, HATFEMMNESIA2 -1, ATHMNEIA 2+ 2, QEMORIS
(i—1)/2 (AR, HRIMAR, Fora iR Es AT,

HERRERE S ERAMIEEE (KBRETE)
“HE B—1R T2k’ 8 ‘B RT "2

#l o 1 2 3 4 5 6 7 8 9 10 11

= 300080080000

(i-1)/2 i 2i+1 2i+2
~ A - _;,,::'1/7_, .
EF AF
SLERES -6t -
FEBES | HRERGREIR

8-2 HEREMIFR LGS
SRR AT WA REHS IR, 77 R T
// === File: my_heap.swift ===

/* EEVAEFERREAIZRS| */
func left(i: Int) -> Int {
2 *1+1

}

[* EERAFEHRNERS| */
func right(i: Int) -> Int {
2* 1+ 2
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}
[* EEYREIRERIZRS| */
func parent(i: Int) -> Int {

(1 -1)/ 2/ ATER
}

2. HRPERIETE

HERETEC R B4 T HUARE RS, that2 B ARy EET=:
// === File: my_heap.swift ===

[* FHREETER */

func peek() -> Int {

maxHeap[0]
}

3. TENER

METCR val,, BIME o RS BHERUR, Bl 212, MR val AlREAIRHEREHHAITR, HEREA LR
FIRECHRBE, IR SIS G A SR SRR AR 1L L2 N i8S, IS ER IR 28781 (heapify),

RS, RREHPITHER L, W0E 8-3 FvR, FRAMELE il A HiiR B A ERBEA(E, AR
NEBGEER, R e, RIRESTHITIHIR G, WREHRBEMERPISEHR, HEEaREmR=0E

B IR SR B BN A5 TR

N N

/\ /\ R @) N /\
LS [

TR
s _-T
EH&RT

Step 1

i @) Nem

1. RER 7 FEEHERE

Step 2
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o8 @) e

1. 1GEE 7 PSR
2. WEETREITERWK (Sift Up)

8 @) N

1. EEEE 7 SEEMRME
2. REERETERK (Sift Up)

v EiB 5 < HE 7 v EBE 5 < EARS 7
o SHATEIR
3| (000000000000 step 4
ks @ Nem e @ g

1. HEE 7 FMEEHRE
2. WEETREITEREWK (Sift Up)

1. S 7 SMEEMBR
2. REERETHERL (Sift Up)

v HE 6 < HE 7 v HE 6 < Hil 7
- AR
[step s | 0000000 sten s |
% @ e 8 @ e

1. fSEES 7 PSSR
2. REZEBETERL (Sift Up)

1. feEEs 7 FMEEMRBR
2. REERETHML (Sift Up)
v HiEE 9 > HiES 7

v iR 9 > HiRs 7
~ FEITRR

=7 (000000000000 (s

% @ Mg

1. GEE 7 MEEHRER
2. WEEBEETERL (Sift Up)
TR, ATERNIEEERIEE

Step 9 ‘

e 8-3 JLR AR ER

IR 0, QIR O(logn) o HILATA], HERCERERERREERZ 4 O(logn) , JLRAHE
BRI B & O (logn) o FRWSA RAR:

// === File: my_heap.swift ===

[* TTERENHERR */
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func push(val: Int) {
/] FIEENEL
maxHeap.append(val)
/] RERETEHFEL
siftUp(i: size() - 1)
}

[* TEERRL 1 BAtR, WREIEHERK */
func siftUp(i: Int) {
var 1 = 1
while true {
/] TEENERRL 1 BUKEIE
let p = parent(i: 1)
/] B “HIBIRERY o “EiRMEAREN K, ARHEEL
if p < 0 || maxHeap[i] <= maxHeap[p] {
break
}
/] BB ERRG
swap(i: i1, j: p)
/] BE M EERY
i=p

4, MBRATETRELER

HERRTE LR 2 I rRUARENRS, RIASETTR, (ERBMTEREE RSP MERE TR, AR ok A R
ARSI AR, SRS R R OE T RGN, & TEREBOITTRRSIEE), HFR
FICAU N B

1. SHRMERETE R BHERA RO TR R AR BN R Bl A5 S ) o
2. ZHRGERIR, FHERERICHRSIRINER GER, ROz, KIER EMERE2EFEARRHERTETR) .
3. TEMREIRRALG, RIHRCITHERIL,

QniE 8-4 Fw, “UETHENEHERIL” HFRIE T B “TERRETHMERAIL” MG, FRAFIASHR & G (B o 8 1

FBGIREAS S
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SERIATR IR

ERIETREER

1. EEATRIVERET R
2. BHERHERETE

ERRTR R

1. BHRETRRMRETERS

2. BHEFNMERTR

3. WEERETHEEL (Sift Down)
v fEENEE 5, 8, 7, Hil 8 Bk
- SRS 5 EE 8

ERIETRLER

1. REFERTREASFERTRZSR
2. BHENMERETER
3. WRERETERK (Sift Down)

v EEDEE 5, 6, 7 W, HiR 7 ®A
- SIAERR 5 SIERS 7

ERRTR R

1. RERRTRERRTRRR

2. BHENMEREETR

3. WAERETHEEL (Sift Down)
v JEENEE 5, 3, 6 , Hil 6 BKA
-~ SHAENEE 5 RENE 6

< G/ N Y B

SERIATR IR

1. ERIATREERRTRRR

Step 2 |

ERTRTREER

1. BEERETREEERTRRINR

2. BHEFMERRTR

3. WEEEETERK (Sift Down)
~ EHiRS 5, 8, 7, iR 8 BA

Step 4 J

SERIATREER

1. RERRTRESRRTRTSR

2. RHEFRSRRTR

3. RIHERETHHL (Sift Down)
~ 7EERBS 5, 6, 7 , Eik 7 |’A

Step 6 |

ERTRTREER

1. RERRTRIVERRTRTR

2. WHENERETE

3. WEERETERK (Sift Down)
 {EHi8 5, 3, 6 W, HIE 6 WA

Step 8 J

SERIATREER

1. MERIATREERRTRZR
2. BHENNEREETE
3. WEEEETEMML (Sift Down)

ERTERE, ATUERMESIEER

Step 10 |
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i 8-4 HERHTEITR HIHER D BR

BUTE AERURIFIADL, HRTUERHERR BRI 2 O(logn) . FURSAT FATR:
// === File: my_heap.swift ===

[* TTEREMR */
func pop() -> Int {
/] FI=ERIE
if isEmpty() {
fatalError(" HEAZT")
}
/] BIHMRER R R ERER CHMETREETR)
swap(i: 0, j: size() - 1)
/] MIBRERES
let val = maxHeap.remove(at: size() - 1)
/] RIEERHEREL
siftDown(i: 0)
/] BREETEIETTER

return val

[* TEERRE 1 BAtR, WIRERMERL */
func siftDown(i: Int) {
var 1 = i
while true {
/] FIERERRL 1, 1, r RERAER, 525 na
let 1 = left(i: 1)
let r = right(i: 1)
var ma = i

if 1 < size(), maxHeap[l] > maxHeap[ma] {

ma = 1
}
if r < size(), maxHeap[r] > maxHeap[ma] {
ma =r
}
/] EEiR 1 RAWERS| 1, r @R, REAEREERK, B
if ma == 1 {
break
}

/] RIamEngh
swap(i: 1, j: ma)
/] EER T HEREL

i=ma
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8.1.3 fFEMNE RER

- BSETA: HERDEE (E A E BB TR E R R A, SIS BRI R RS 25 O(log n)
, THEHERERRER O(n) , BERIERAER &R

- HEREEY: S R, MR DU e M@ — R, RRABTH T TR R R, (EmfS ]
HRPER, A, FINEE & EH R NEBMEEr, SR "R B,

- JENUERRR) ke 15 AR, RNt SRR, BIAEERRE T 10 AR
FIVE R TR A, SEEGH AT 10 AURIASE,

8.2 EIETRIR(F

FEFLEEIT, TR EEH —E RSN ATA TR AN E —EA, JSEERERE S AR,

8.2.1 FEBAINEIRIZ(FER
BMTE LA iR, REGEF Y, B RETTRIT “AHERERIE", BILR TSy SHERER 2
i, FBRITRPUT WREE" HEREL,

BE TR, HEREIRERMN—, HRETRZ R THE AR BOIHIE T, FtHERE “A L
(1N =3 8

ST EWER S 1, EIHTE A \HERUR IR O(log n2) IRERS, KL% B HERT MR IS RIS 2 O (n log n)

o

8.2.2 FAEMERUER

B b, RATA] DB — A 2% AR HERE T IR, SR,

L. iSRS A TCR IR BBt SERA D, R HERE RO P B RIS 2T A2
2. IR ERdERE (B ERifEIRE), RUCEHHEESEMRT “TETHE AR

TE MR — M ERIR, DARZENRS 2 AR BB R — 8 SRR HERE . 2 I E, Rt
= “ENIMLE” M,

ZFr AR R e, 2R IS RRRES CRAE B ATHTR . TR R CASR SIAN THEM, ISR L E ATEn RS
ARAREI,

ERRANE, HRERRRA FHE, RILEMRRMEGTAN FHEM, JEMERTL. IR REIITR,
R AR EEFRG R AR R — (ARG AR, BT CRRMAEI & S P THER (L :

/] === File: my_heap.swift ===
[* BT, IRIB@MNSETIEER */

intt(nums: [Int]) {
/] &EBYITTRRE N ENFTIE IR
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maxHeap = nums

/] EBRWPREEERE LISV Bt PR B IR,

for 1 in (0 ... parent(i: size() - 1)).reversed() {
siftDown(i: 1)

}

8.2.3 EHES

R, TR SRS — AR A R A,
- R TR 2 0, BISEEEOR S (n + 1)/2, Hrb / BFTFRR, FERERERTL
HOBR 2 (n — 1)/2
TR R AR A R B, RIS RO T log n .
W5 ERFE T, AT SRR R 2 O(nlogn) o (RGN TEAS T AL, 2RI
7% ) — TR BB B £ R T ST L

TN ATAMACES T 2 MR 3R 2% 7RG RE, (it — (ARG R 2 n o WS h 1Y "985
TOR”, RSN G R B R R R IE R

WEEE EEmNYE
(EMEfRiERAE RS
[ — 20
/ \ 1
h-1 2
SN N |
e Ty y—— 2
SV
e =3 - 23
1 2h-1
GFIR, EHMEES 0) . 2h

8-5 eI _ITRINISIE FiREE

GniE 8-5 Fr, HEG “fETHERHER” MRS N R E S E R EERE, MsZiEREER “HiRs
T, I, AR DAS AT IR < EIRG ST SR, 19 2IFTA SRS HERTLIE AR B AAI,

T(h) =2°h 42 (h — 1) + 22(h — 2) + - + 2" x 1

il b TR P2 BE I, Jol% T (h) LA 2, 153):
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T(h)=2h+2Yh—1)+2%(h—2) +--+2"1 x1
2T(h) =2'h +22(h — 1) +23(h —2) + -+ 2" x 1
SR, AR 2T(h) BELER T(h), A1
2T(h) —T(h) =T(h) = —2°h + 21 +22 4 ... 4- 20—1 4 2h
B b, BB T(h) 2—EFLES, ATERMERARMAN, S2IRREEREES:
1—2"
T(h) = — b
_ 2h+1 —h )
_ O(Qh)
M—b, RIS h 5% TR n = 20T — 1 BEMMES O(2") = O(n) . DAL

R, WA RS HERI R BE S O(n) , JER &R

8.3 Top-k %8

Question
B —ERE A n EFEY] nums , 55IR AR R KT K BT,

BN, M A WS LR E R, B AERCR E R TR

8.3.1 FHiE—: EiH#EFE

By DOEATIE 8-6 AR k Bi7ER, S BIERIMAEECE 1. 2, ... K RIICR, KEEEER O(nk) .
WA IRFGEAR k< n B8R, WA kB n lEna, HIFREEEEmR O(n?), JEHFER,
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k=3

nums 7 naa EHEBRARE

N\

\‘-77—.;

BoBRIE 2 ARE
\\\

aﬂ HZBIIIE 3 ARE

8-6 EFITIHEAN k HILR

Tip

Hk=nlk, KMIUSEIZRBIERFY, WRSER “EEFT R

8.3.2 FiEZ: HiIF

aniE 8-7 FivR, BT LSS nuns JETTHER?, FHIREIRAIEN K ECR, FEERER O(nlogn) .

BROR, woiik R ERUER T, HARFRTHKHERE kTR, AT EHE HEATER,

k =3
— @008

HEFEITHF
HEEEO
RESA k BxH

0o

8-7 iy & KM k fETR

8.3.3 FiE=. iR

AR DAFE R HERS SN = RO TR Top-k FIE, iRl 8-8 .
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Hw e

k=3

~ @0000

A
i

1. a0 k ETENER

~: (2008
.

i

1. 0 k ERENER

~: (@008
.

i

1. 80 k ETENER

2. @5 kel {EFTRFAGHIE
v EHITR > BHEETR
o ERIRT R R

l Step 5

k=3

s (@0000
:

1. HA0 k ETENER

2. @8 k+l {EFTRFGYIE
v BHITR < EERTR

| Step 7

e —fE/NESERT, HHERTETCR RN,
S REBIRIRG Kk AETCR AR AR,
5 k + 1 AR,

HEATTRANNMEREEICR, HGHERTE TR B, WA EATCR AR,

ERITERR, HERP RO RO k TR,

] @

o ZRER
2 L EFIRT

heap

SRR @
o 0

o ZRHERT
¥ K EFIRT

v (EDEDED

SRR @
o

4 ZRERR
| S

ERR @
o o0

SRR
EHIRT

\::*ﬂ

k=3

~: (32008
.

i

1. #a0 k @BTRNER

Step 2

k=3

— ([@0000
:

i

.

. AT k ETENER
. W k+1 ETERBEHE
v HERITER > BMETR

~

Step 4

k=3

~: (2008
.

i

1. #880 k ETENER

2. 1% kel fEFTEFAMGHIE

v EETER > EEETR

- ERIRTR LR
RERITRNER

Step 6

k=3

~: (@008
.

i

1. 180 k ETENER

2. % k+l fEFTRFAGHIE
v BEITR < EERTR
o BB

Step 8

AT @
o

4 2@ ZRMET

PR
heap 1,7 l

e @

\ R
3 PR SR

v (@00

#AE @
o o

ZRHRT
EHIRT

4 nm

BB @
o 0

= o
EFIRT

v OO

$uem
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b2 L]

[\

nums

E#h5eRk, iRE heap BPaE]
ZERE
BT

b2 ]

heap ‘

Step 9

8-8 EAMERES R AR k HTHR
RS
/] === File: top_k.swift ===

[* BEREREAEYIRRAN k BxE */
func topKHeap(nums: [Int], k: Int) -> [Int] {
/] ¥E—ENENERE, WAaE k ExRERR
var heap = Heap(nums.prefix(k))
/] 1% k+1 ETERE, REEERENRES k
for 1 in nums.indices.dropFirst(k) {
/] BEERITEANEEETER, AERETTREERE. EFniNER
if nums[1] > heap.min()! {
_ = heap.removeMin()

heap.insert(nums[i])

}

return heap.unordered

HUEBUT T n B AHERIRI MRS, ORISR RIS b, USRI 5 O(nlogk) « HOTEIERIR
B, M kBN, RIS O(n) 5 3k BOKKE, ISR R &8 O(nlogn) .

SAh, ITIEEAR R R RHR RS R ERETINAEDRRE, TR AT DA AR R T R, 1EIm &
Bl RH K EoTRAENE T,

8.4 /&S

1. ERNORE

HERZ —RRIER TR, RRIRBALIR A AT 70 2 RTEHERENUNEHERE, R () TEMERERVHERTE TR 2 i
KON H,
B THIRE SR B A WA EIEIRF RIS, 385 R AR E B,



B8 E MEfH www.hello-algo.com 186

R R K L R R (045 . ST AMERS O(logn). HEREIEIEE iR O(log n) il
DiFHERTETEE O(1) %,

- sed TR A RIFOR, [T R R 17 MR

C HER R PSR VR, 1 ) SRR R b & P 1,

- n AT R R R R R AT DU L O(n) , JER L

. Top-k ARG, o DA R R AR O, IR 2 O(nlog k) o

2. Q&A

Q: HRIAIRER “HERE” BECTRRERER “HERT 2R —(EMESNE?

W AR —EES, FUEREE “HERET, stREARS R PR R B R R o ) — ), R
FESUTIRE AT DME R 2R 7 k. REICAT DARE SR — & B AHERERC IR AR, TR (7 AN P 0 Be 51 S5 4 A 9
BB AERER, BRI SRR, DBk M EEC R, AR
BTN, fAAE AR & RS IR AN B Fa AR R
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Abstract
TEAmRIES, MG —EEEE, #EEEA RS HEE,
BRI, #R7EIERE RIAERS E - B N ERRFYENGD,
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9.1 [E

(graph) B—MEARIEERIAGHE, HTERE (vertex) FIiE (edge) M. F(MAILAFE G MR RS —
AHTER: V I —#i8 B RREG. DUVRBIRR T —EEE 5 [ETER 7 s rE,

vV =1{1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5), (4,5)}
G={V,E}

NGRS THRGE (RS, ANBE (FEARS ARSI GERD), BlFmta] DA% 5 (F — R e skt & S R A
AU RIS, Qi 9-1 Fos, AHEBIRGRPERAR GESSHSD) RsriaRR (B, MisEiR (8) KB bEE,

y
| /\ I
! / \\ ‘\\\\\‘////
: -

s3] ﬁ B

(1R (S332M1E) (HEEIRE)

ENEEEHERS, FAMtiRAEH

[ 9-1 HEAGERS, K, [E < FRIBR

9.1.1 EYERBRIEATEE

Rgg RS EA M, "5AERE (undirected graph) fIEME (directed graph), 4NME 9-2 AR,

- TESEEE T, BFORMIER R g EARRR, BIANRIEE QQ HHY “4F ABIR”.
- tEAmES, BEEAME, A — B A« B RS RE BN, FlanmieielE -
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FREE BHE
(B m) (BHAHM)

& 9-2 5[] [ Hil 4 ] ]

RIEFTA THEL R 788, 745 4&E @B (connected graph) AI3EE&E (disconnected graph), 4f&E 9-3 flf
o

- BREDEE, CRMETERHE, ATDAREH AR TR TERS.
- BRAEEEE, LT, B0 ETEREIRENE,

N

EiBE IEEEE
(FrETRA B EE) (FETRRAAE)

9-3  Ja i f Bl | i [

BAVERT DAZIB WY “REE” S2E, CMISEIANE 9-4 FRiUBEE (weighted graph). BIANTE (EHZENE)
HEFE, REGREHLREER MR R R < MR “BE ", SRR A n] DU A R E AR R,

@“@ .

SRAEE BiEE
(FrEB%E) (BERAEERT)




IO www.hello-algo.com 190

9-4 5 Hek [ LA [

I S A A 0 5 AR B AR RE

- #BiE (adjacency): EWIHBGZ ARSI, ROISTITERS “MHE", 12 9-4 i, THE 1 RUAFIETHRS
FTERG 2, 3. 5

- BBf® (path): {ETHES A 2ITHE: B KOBRNERRAIFIIBREZTE A 2 B B “BRIE", 1EMH 9-4 1, 1BFF
H1 1-5-2-4 J2THRG 1 2ITHRG 4 59— REETE,

- E (degree): —fATHMHEENNEH. HINAFIE, NE (in-degree) Fonf 2/ MRIETEFZIAE, HE
(out-degree) Fnf 2/ MRIEIEAIER TG,

9.1.2 EIMRT

W ) P AR 7 NELAE “HRHERE R A MR, DU A f e [ A T ER B

1. HpiEsERE
R E TR R & n, ARIZERERE (adjacency matrix) HF—{E n x n K/NHEERFRE, 8—17 ) 1R
F—ETEES, MEREOTENRERE, H 180 BRmIETER 2 RS E S,

W 9-5 Fim, SRS M, THEEERGIS V , IR M[i, j] = 1 oRIE Vi) 21 V()]
YRR, B2 M, j] = 0 FrmTas> i,

TRRsERTI

#E o0 1 2 3 &4

0 @ 1 1 0

\ 101 a 1 0 o

‘ ‘ / 2 1 @ 11
— 3 1 o0 1 B 1

HBiEAE R

graph adjacency matrix

9-5 [ AUMS A PR

HREE LR DU R,

- TEMEEE D, THRSNRESL B B, CERP R A AOTRIA B
- BRIErE, WETT NS, R R S A AR TR
R EERATTRIE 1A 0 B iR, RInT R AHERE,
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(RIS R R B, Bl A ECHE SR AT 2 DUEGE, DRI A B R RO R, SRR
it O(1) . 4RTH, KEREROZSRINEEERES O(n?) | SehB(G B,

2. #pER

AR (adjacency list) (] n (ESEASBRSAEIRIE, SALH DI ETREFRORTHRL, 58 4 (85 AS ER o E I THRS 4
, HAPAE 7 RZTER R T A AR TR, (B X TERAR IR A TR o 8] 9-6 Jeeom 17—l {5 A 12 R A 1 ) [ ) /s
1l

IRR  ERIRRSRENFTEIRR

N\ >

R
graph adjaceney list
9-6 ERARERLR

MR AR BRGNS, TR AROE /A n? , NIbEEINE SR, A, EMERPREE
IR SEAL R A RIS, R LR RO AU e

BUSRIE 9-6 , MBHRATHIBUMER RPNy “GEsUONE” JEFAMCL,  DXIREERAP el CLER VBB 75 T2 SR B AL 3K
B, L E ARSI R, AT DA R 2%y AVL BHalAL R, MR RBIREERE O(n) R s
O(logn) ; &R DUEGESE ERFIEHR 2 MEE R, TEMFRRERERS O(1) .

9.1.3 EMVEREHR
% 9-1 FR, SF2BIE RS AT DA E A, A P Rt ] DASY AL 22 B 2 R R

®9-1 BIEAETH A E

HE & f = AR
HEEE RE KRR TEELT RCHERS

HhSRARES U it ] e BRE I SRS
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ENCES

9.2 EIRVEREEF

HE 2
B 2RENEAIIIEM

I &t R
ITREYIER

W SRR E T 0 2 3 187 AOTRCERIE “THRE” AURRME. /£ “HPREEM" A1 “MRR” WERRTIAT, '

B G,

9.2.1 ERHMIEEMENEIR

A — (TR R 2y n AOSEMIE], Rl AR BB 7 5NNl 9-7 P,
- WIERINRRIE . B MR B AR E AR RIRT, (A O(1) Refl. T d i 2 e, R 7

i SE T P 18 75 T

©OBTETERE: FERREERRR AT T4, i 0 BIET, [ O(n) R,

- RRTEEE: FEAREEE R bR TS, MR TSI RN, BRI (n — 1) fE
“Ffe LRSBY, FETEA O(n2) I,
C Wt A n (ETEES, WA RS n TEBEERY] vertices , M O(n) BERT; WML n x n K
AN R AR adiMat , BEFE O(n?) KR,

TRBsERT
=3l
)
EE— MaE
\\\\\\\ .
////// 2
.\ 3
4
E
Step 1
TRRGERT
=3l
0
1\ MigkE EH-
\ )
/ 2
3
4

Step 3

s r © R © ©

S kB & o ©

s & r & r B

S & r & e =~

B R e R e N

b S ke R
S kB B o ©

HpiEAERE ]

Step 2

bR e ke
b e ks koW
s kr r o e

ez ]

Step 4

TS
%3l

[}

s @)

\ 1
/ 2
3

4

TS

=3l

. 0

s @

1

2

3

o A

\ 4
5

S Rk B R e ©

®© o r B o o ©

S o B o B &

® o o rB o o =~

T N
B e ke kW

ABIEIERE

R N N T
®© kB & B o kB W

AbiErERE

S B B e o &

s s r B o & =

A
s o e o o|s u {§
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)

a
s b kb s » F)Cg

clnlo nle v@
D
P
)
4
slel s oo - ©

TRRsERT

@—{\/\ msT: ©)
NS
o

] SBiENERE

=3l

r W N ks
s s r» r e o
“ N
s & r k@ o
-

‘ Step 5

[ 9-7 MBREFEFHAUHIGa . SEMNE. G MTERS
DA T2 JR 22 R e R s i ) B B S -
// === File: graph_adjacency_matrix.swift ===

[* BERIMREREEIRNERBELER */
class GraphAdjMat {

private var vertices: [Int] // TBEAERF!, ;TREMRE “TERHE”, TolMFR “TBRAZRS|”

private var adjMat: [[Int]] // #BZEFEME, 175IZR5|EHE “TBEES|”

[* EHETF */
init(vertices: [Int], edges: [[Int]]) {
self.vertices = []
adjMat = []
/] FIEIERS
for val in vertices {
addVertex(val: val)
}
/] FigE
/] AR, edges TTRRRKRIEIZES|, BIEHFE vertices TTHERSI
for e in edges {
addEdge(i: e[0], j: e[1])

}

[* JEENTERLEE */
func size() -> Int {

vertices.count

[* FIEIREL */

func addVertex(val: Int) {
let n = size()
/] EIERLEFIR G IERLAYE
vertices.append(val)

/] TERBIEFERERETIE—1T
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let newRow = Array(repeating: 0, count: n)

adjMat.append(newRow)

/] TEABEFREE TS —7

for 1 in adjMat.indices {
adjMat[i].append(0)

[* MFBRIERE */

func removeVertex(index: Int) {

}

if index >= size() {

fatalError(" ®5")
}
/] TEIEEAEBHIPEERZRE] index BYTEEL
vertices.remove(at: index)
/] TERBEEFERERRRIPRZRS] index BITT
adjMat.remove(at: index)
/] TEAFERERERRIFRZRE] index BY5
for 1 in adjMat.indices {

adjMat[i].remove(at: index)

[* g */
/] B8 1, j HE vertices TTRZERS|
func addEdge(i: Int, j: Int) {

}

/] FR5|EREIEERE

1Fi<0 (] j<0|]i>size() || j>=size() || == {

fatalError(" #HR")
}

/] EEEET, MEEERNEEAEERE, BURE (1, ) == (4, U

adjMat[i][]] = 1
adjMat[j][1] = 1

[* MBRZ */
/] B8 1, j HE vertices TRZERS|
func removeEdge(i: Int, j: Int) {

/] R5|EREAEFRE

ifi<0|] jJ<o]|]i>=size() || j>=size() [| 1 ==3{

fatalError(" #HR")
}
adjMat[i][]]
adjMat[j]I[1]

/* BUENZREERERE */
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func print() {
Swift.print(" JERKES] = ", terminator: "")
Swift.print(vertices)
Swift.print(" #PiEiERE =")
PrintUtil.printMatrix(matrix: adjMat)

9.2.2 ERNMERIEHR

AT [ Y TR R . BRIy m, RUIRTIRIRIE 9-8 AR T TR BB S 1,

OB (ETHEREEGEAS RS R ERTDB RIR], EH O(1) Wil H 22 Mer e, AR 2w
AIE 7T T

- RIS TETERGEER S Y b A NERTEEIR, A O(m) R, 7EfEmRE b, 52w R B
875 TET R i

©OBTTERG: FEMREER Y — (A RS, MORORTIE TR R SEAL ER Y BEERRS, (A O(1) R,

- WHBRTERS: FRESIRREMER, MERCESEEERNER, A O(n +m) R,

- VIR e R ST n (HTEESFD 2m K8, R O(n + m) R,

ES SEEMERETATEN T NSRS
o-0-0 . 0-0-0
® ) = = = /1) O PN o
@—(3/\ Mt 0-0-0 f‘ @ ,\ w2 00 @ 0-0
| e 0-0-0-0 J 0 )-0-0-0-0
o P P W, W, ) = / W,
oo ©-0-0-0 o0 0-0-0
0—-0-0 0-0
& HER [} AhER
Step 1 Step 2

TR REIRRRENFTE TR Taks  BERIAREEMPTATRR
W - )
-0

@ 0:?\/ wiEes @)

0-0-0-0

0-0-0-0 €
D—0-0-0

VW, W, = 2) .
0-0-0 oo

4 N al & a = =
B R ] mER

Step 3 Step 4
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RE  SRERMAENFATRY

— \\\\\ msER ©) I
\’/ | o

o] R

Step 5

# 9-8 MPRARAIKIIAIL, HEMHIE. HEMH TERS

AN R R E s, BLeE 9-8, BRI LT AR,

7 175 I B ERTECR:, DA AR AHS, TRMER S5 (M) ARAEHEAH S,
EFMER R AR AR R, key ZTHBGBIIE, value A2 HESAAPRETEES RS (BlALH ),

5N, BFERRER P E Ver tex FRIAFORTER:, ERMAIIREAIZ: QREEEIERE —FE, FHAIRGIH
W ANRITERS, AR MRS 1% « RITERS, HITHERRRIEMRER, MATA AN RS2 1, X
IR TIANR A THREEZME—RY Vertex BIIH, MHFRE: —THRG AR MUEAL B HARTERS 17,

// === File: graph_adjacency_list.swift ===

[* BRIMEREBRNERELER +/

class GraphAdjList {
/] #BEER, key: TERL, value: ZIBRLHIPREAFIZIER,
public private(set) var adjList: [Vertex: [Vertex]]

[* BiEF */
public init(edges: [[Vertex]]) {
adjlList = [:]

/] FEFRETRRANE

for edge in edges {
addVertex(vet: edge[0])
addVertex(vet: edge[1])
addEdge(vetl: edge[0], vet2: edge[1])

}

[* EEIRRHE */
public func size() -> Int {
adjList.count

}

[+ B */
public func addEdge(vetil: Vertex, vet2: Vertex) {
if adjList[vetl] == nil || adjList[vet2] == nil || vetl == vet2 {
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fatalError(" 2E#ER")
}
/] FRIGIE vetl - vet2
adjList[vet1]?.append(vet2)
adjList[vet2]?.append(vetl)

[* MIBRE */
public func removeEdge(vetl: Vertex, vet2: Vertex) {
if adjList[vetl] == nil || adjList[vet2] == nil || vetl == vet2 {
fatalError(" ZE(#E:%")
}
/] BIBRIZ vetl - vet2
adjList[vet1]?.removeAll { $0 == vet2 }
adjList[vet2]?.removeAll { $0 == vetl }

[* HIGIREL */
public func addVertex(vet: Vertex) {
if adjList[vet] != nil {
return
}
/] TEAMERETIE — (A BT
adjList[vet] = []

/* MIBRIERE */
public func removeVertex(vet: Vertex) {
if adjList[vet] == nil {
fatalError(" 28#E:R")
}
/] TERERPMIBRIER vet HFERISEERT
adjList.removeValue(forKey: vet)
/] EFEMIERAVEEE RS, MERFAEEE vet B2
for key in adjList.keys {
adjList[key]?.removeAll { $0 == vet }

[* FIEN#PIER */
public func print() {
Swift.print(" #ER =")
for (vertex, list) in adjList {
let list = list.map { $0.val }
Swift.print("\(vertex.val): \(list),")
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9.2.3 XM=EHLL
ZyIE P2 n (ETEEGF m B8, 38 9-2 B Eb T TR PR R R R R R A R

R 9-2 ARFEFEREELALE R B L

ERPETERE  RRER GERSES)) R (R

HERESE  O1)  O(m) on)
e o1) o) 0(1)
b o)  O(m) on)
s om)  0(1) on)
iR TEL2G O(n?*)  O(n+m) O(n)
AEEEEGEE On?)  O(n+m) O(n +m)

BIRE 9-2, LUPMEER (MEER) WRRHIRCRE SR RE, HERE L, EREE R R 8eRE
i, ARSI ESRE BRI ERIRT, ARG 2KE, MEAEMEREEL 7 " DS AR, sl R
BT “DARpfa e AR,

9.3 EMIE:H

BHMORAZE “—82” NBIR, mEMNAAESREHE, fJDFNMERR “2H2” BR, B, PR
ERE VR A — R B, BAPR, RFIE ahifRrE i e 9 s e — RERE Bl

V| RS e L M PR R R TR AR E BUE A 13 E . B RIE 75 Nt ] > R Wit BB ESN IR EEEET,
9.3.1 FEERBKED
BRRE e Wt — R SO G, PR IAEE 3, AR EeRi PR L R TS, 3k — g sk

sk, WilE 9-9 R, W/ BATHEGHEE, BEIUERXIERMFTEMEIRE, RRED N —EIERAATE#
PRTERG, DUCSEE, HEATETHR M e,
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©
o

Q
@ s (@) B,

IR, fEE RIS RIRR

ErEE®5%ES (BFS)

©
©

EFHFTIE

@ e, 1, 3,2, 4,6,5,7,8

-
©

9-9 [l H R BRI ER

1. RBEEER
BFS i@ H#EBNTHIAREE], B TR, (THIEA “SeAkt” MPEE, E8 BFS 1Y “HigfoE” ryfE
R T

1. #ETEIRTER startvet IMAZIFI, A GHROERE,
2. fEIEE R EHEIE I, S THIE TR RS, SRR TER AT A #EZ THRE A S 51 EE
3. JEEWER 2., BRIFTH ARG EREAEH,

7 7 DI IEEAGERI TR, TR EREB —EMERE S visited AFLERIPLLHIRE T,

Tip
MRS A ] ABE— 1T key MAMERE value IUHEER, ERIDIE O(1) ReREIEMEE NIEETT key
ASE M &L B, AR key HOME—E, MERESEFEHNERREFS R,

/| === File: graph_bfs.swift ===

[* BEBKES */
/] ER#ERRRTE, UEREEUETE RRAIFTA A EIER,
func graphBFS(graph: GraphAdjList, startVet: Vertex) -> [Vertex] {
/] TEREEERFES
var res: [Vertex] = []
/] MEES, ARTHRERARIBRYIERS
var visited: Set<Vertex> = [startVet]
/] THIRARELR BFS
var que: [Vertex] = [startVet]
/] VATERL vet AicE:, EEEZERTHABIES
while !que.isEmpty {
let vet = que.removeFirst() // {THIETBRLH X
res.append(vet) // sCikshREITEES
/] EFZIERENFRE AP IETRR,
for adjvet in graph.adjList[vet] ?? [] {
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if visited.contains(adjVet) {

continue // BRIBEWHEIBITEERY

}

que.append(adjvet) // BAFIGKRHRIAITEE,
visited.insert(adjvet) //

}

/] REERETFT

return res

s () 5, WRTATIRE

1. REIARMAESFY] res
2. REIRRHIFI AN ETRRT
A%l que IHN visited

g () 5, WRTATIRE

1. WEEEMNESFT res
2. HEIREHATE NIRRT
A%l que IHIN visited

RAC ik [RGB AR R

FEFUREAH R, AR R 9-10 AMTRE R,

FEHHFY res
751 que
17 AF

HRES visited
e
Step 1 ]

EHFFI res

HF

WBEA visited

(0o@000

EHFSI res

(0000

175 que

000

-—

£

BRIRE visited

(0000000

s () w5, BRTUTHRE

1. BZIBREMNESFT res
2. IR ARETRR AT
A7 que A visited

T () W5, BETUTIRE

1. BEBEMNESFT res
2. IETRRHIFIE MR ETRRAT
A% que M visited

Tt () 5, BRTUTIRIE

1. HERMMAESFT res
2. EEIARHIFTE MIEREERIT
A%l que AN visited

EHFF res
° J
1750 que
(L)
- -

HEES visited
(000
Step 2 |

EHFT res

(000

1751 que

000

-—

w5

BEBEL visited

(000000

AF

=D
EWFF res
(00000 )
155 que
000

BERES visited

(00000000 |

Step 6 J
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o Vi TEBFT r TERFT r
] L\ [@o@@@@ J {@O @ )00 |
—0—© #51 que 51 que
%F_j /f o0 | JH% 20
o000 an o o o

mn () w5, BRTLUTIE

1. RETRRIMANEDFS res
2. HEIBEHATE NIRRT
A%l que IHIN visited

28!
ma () w5, WRTLUTIRE

1. RETERMANEDFS res
2. HETRESHFTE NIRRT
A%l que AN visited

HERE visited

(00000000 |
[ Step 7 |

EFT res

(00000000 |

175 que

()
- -
MEES visited
(000000000 |
[ Step 9 ‘
~ {75 que HZ,
o FiRR[E], FERER

BREE visited
(000000000

‘ Step 8 |

ms () w51, BRTUTIME

1. BZREMANESFT res
2. RETARHFTEMIETREERIT
A%l que IHN visited

EHFT res

1551 que

| . —
F— 5 A3l

HEES visited
(000000000

‘ Step 10

ms () w51, BTUTIRME

1. WZBEMAERFT res
2. RETAMHPTEERERIT
A%l que IHAN visited

FEHHFY res
(000000000)
{751 que

= S

RES visited
(000000000 |

{ Step 11 ‘

9-10 [H AL ITERT P BR

JEEE B R SR R M —?
NN, RS R R “HNESOE” WINEREAERT, M2 a0 ] R TERS 0 A N Fe s
{EEATAL. DA 9-10 26, THEG 1. 3 RUFGRHIER A DASKiR, THRG 2, 4. 6 RIFGRIER Al DUERSR

*ﬁo

2. EHMEDH

BERIBEREIE : T TR G SR, 5 O(|V|) RS, (E7E Db R E AR, R A,
LTS @ 2 2k, M O(2|E|) R, 4 O(|V| + |E|) B,

SIS £ res

BEIES visited , (75 que ITEEMURIRZ % V],

i/ O(|V]) ZH.



B www.hello-algo.com 202

9.3.2 FEBLAED

W iR — e E SR, MR aE BRI ED T, WE 9-11 FoR, e A TERHEE, S5
B RTTER RS A TR, EEDESIRERIRM, AESUESSENNRM, DU, EETrATERER <
o

1

11 10
0 @ @ EARE@AED (DFS)

2 3

| wifo wmss (@) i,

e ° 5 é EFFEAEE, BENEAEE,

( }—:_{xj Bl - BERRES
7

8

EHFTIE

@ 0,1, 2,5, 4, 6, 3

& 9-11 [EIREEICAER
1. BEGZER

el EFISRUEEIRMET AEEARRIEE ENERAE, MEEECETEL, ERERENT, K
bR ZFRE — AR RS visited RALIROAHAIFIRTERS, DUk 5 155 I TERS

// === File: graph_dfs.swift ===

[* REBFTEFHBRI */
func dfs(graph: GraphAdjList, visited: inout Set<Vertex>, res: inout [Vertex], vet: Vertex) {
res.append(vet) // sCiksHREGIEEL
visited.insert(vet) // 1Z:C0s%IBELE AR
/] EFZIERENFRE AP IETRR,
for adjVet in graph.adjList[vet] ?? [] {
if visited.contains(adjvet) {
continue // BKIBE#AMAVIESR:
}
/] TEREHRE AR TERS
dfs(graph: graph, visited: &visited, res: &res, vet: adjVet)

}

[* REBSTES */

/] ER#ERRRTE, UEREEUEE RRAIFTA AEIRR,

func graphDFS(graph: GraphAdjList, startVet: Vertex) -> [Vertex] {
/] TERERRFS!

var res: [Vertex] = []
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/] HEES, BREHEREENIRR,

var visited: Set<Vertex> = []

dfs(graph: graph, visited: &visited, res: &res, vet: startVet)

return res

IR S E R TR TA TR AN E 9-12 FR,

© EURSMURI IEHE, FORBHRC T — (BT AR 75 7 A T TE R
- HRAMRR PRI, FORMEE T ECAORE, BRI T BRI T RN E,

7 T INEREEME, R 9-12 BAR S

R Y5 TR IR BRR,  fATRF IR [

00 ©
@ 0 ©o
°

(st s |

FEHHFY res

e

RIS visited

o )

TBAEPEER:

s ()

FEMIFSI res

(000 ]

MEESE visited

(000 ]

TBHEREEG:

rewmes () pompszmns
e @)

FEHHFY res
00000
BRIRE visited

(00000 |

IBHEIEER :
rewns (O pospszrmns
wevmms @)

P
%DL

0—0
© ©
o—©

Step 2 |

Step 4 |
1
@
4
PG
© 0-0

Step 6 |

A, TERGHREE (B R T B(E DFS @, i

EHFT res

o0

BRES visited

(00 )

AR
rewmns () osmizTns
mevmmEs @)

EWFF res

0000 J

HRES visited

(o000 |

SBAREER

v () sompzmes
ewmmEs )

EHFT res

00000

BRES visited

(00000 |

IR
wx ) wrsmEEREEG
Ritwossas, Em=ms )
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IS res
: 000000 |
0 ) O .
\ /—®—'\ y HRES visited
2 3
| (ooceee |
P
© 09
! BiEmR:
(5 ) w6 pompszmns
ez )
| Step 7 |
FEDFFI res
oo [0eo©00
Y N ~N
( /—()—@ HWRES visited
2 B 3
-~ |oeee00 |
y W) y
© 0.0
! [8 ERERL:
*a e e
L) RicgosaE, Enzmk )
sutesse - asEm=Rs (O
| Step 9

¢
p

@%%?H
’ 9
0—©

o0

Step 11

Step 8

1
0o—0©
12 4 9
_ 5
0.0
7 8
(]

Step 10

TEWFT res
(0000000
MEES visited

(0000000

R
w6 wrEmEEREEHn
Bitgsnan, Enzrs ()
mg () mittsmn, mRmEs

& 9-12 ERE MBI ER D5

EFT res
(000000 |
HEES visited
(000000 |
[EIHPEER :

wxs () wramEmEaEnY
mitesisam, mnzmEs ©)

EHFT res

(0000000

BERES visited

0000000

anEE:
rewmns () osizrns
aesmres ©)

W B CERNFHE S —?

SRS E AR, IREESTE R FPARINE AR ME— [, A ETERS, SerEMRE T iR R AR AT
PA, BIABHETERSHINER v DUERATEL, #BRIREEIED.,
DI ER 2B, “R— £ = H" “E£—-R =6 £ —H - R 2HEENF. Pr RFE
&1, MR T =HGERBILIER, RIME =& &N IREEIET.

2. EHESH

INFRIBIREEE . TEERES @B 1k, (R O(|V|) Refd; PR @ el @skaiid 2 8,/ O(2|E|) R,

w s O(|V| + | E|) s,

SSRIBRIE: 5 res, MEAHEE visited HEWRE S S V], BEEEEAS V], ERMEH O(|V])

aliie
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9.4 IS

1. ERNORE

- B HTERSFNSAR, A DAFOR 2 —MHTERG A — SIS MR 5

- MHEGRARMER R GRESERSD) FoiaRfR (8, MG (8 BAE&IEERE, K ER,

- BREEEAT AN, HEEE PR ER TR A, AR RS SRR,

PR R ORE, BT B RETER, EEOTRERE, M 180 FoRmiETEE
MAIZeES, MEFERERG A SR IE LR R e, B HERZ,

- WA A 2 RS FR A AR, 5F G MESEAS A ST IETERS ¢, HrpfEF 1Rk TER R AT AR TE R
H R A RS A P s E A B e ], (E TR BOE RS ER S AR IS, (RIS SR B

- ERERTPASEASERYIA R, AT DA HER AR SRR, MR AR,

- PEEER AR A AT, MSEREREREET T DA MR R, RCEEAREEE T DARFR R

- BRI EE E RS, WSS, HOEAR AR,

- R A — AR, e R R R A E AT Y — R B

- R EEEE R ML MR, RIS, EEETIE,

- ERREESER R EESERIR, R AER RIS K, HREREE AR ED,

2. Q&A

Q: FIERERBTHRMFIIRRIBFHI?

HERER ARG S IRARNERA 0 g "SR —EEFy”, mhsaivg “BRISE —ETER
17, PARZ%EhIFE: In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.

FEARSCH, BREHHE 2 — R, AR —EER 7S, I8 7R R 2 M ETER 2 TR A 2 R HAR, It
IRF BRI AR S — IR 1S

Q: dFEhEE R & & H A ET FIHR?

FEAREE E P, R IETERG A, BO0E (ATERMEIRNE, R TR0 E T R 2 AR,  DUERFE
AT EIE 7 &

Q: 7EMRESRH, “BLZIHRMIEAAT A THR" FITHBGIEY 2 &5 A ZK?

A URERER, (BAEEPREM, AIREmRZgiafae SRR, HAEIRTER R A, BB IR TE
BEERUNINERFSE, EHRE B PIEEH WA S ER(E” ATER,



206

F10E s

Abstract
HEE—GARNE R, BRMEEFHEEREMENESE A, XaErn] DAPEEE B2,
EEGZBZIRY, F—RIREA ] GES 2| —ER G RN EZR,
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10.1 —HiEs

—9#8 (binary search) BN GRS AHE S AR, ENHERNERE, S —F s
filE, EEKFERTTRSIE AT Rk,

Question

M —ERE R n RIS nums , TTRIZIEDEIRIINERFHES AR, sHENRETTR target 1E
ZHBIF RS, HEPIAEEZITR, ARE —1 . /~EIE 10-1 Fir.

35
31
26
23

15
12

ERERERTRET]

nums

BANEFET] nums , EHERTE target = 6

10-1 =S RHIEOR

nlE 10-2 R, FMewbtattc = 0f j = n — 1, iR ETERMEITR, AEESEMH
0,n — 1] GEER, HERFRHEE, HOZBREES,

AR, MEEHITA R,
L GtERERT I m = [(i +j)/2], | | Fomm FEEE S,
2. HIEf nums[m] F target HYAR/NBAMR, 732 LPATS =FEEN,
1. & nums[m] < target ¥, #PH target fEIEM [m 4+ 1, 5] H, EHHITi =m+ 1,
2. Hnums[m] > target I, #AH target 7EMER [i,m — 1] H, WHHUTj=m — 1,
3. & nums[m] = target I, FRAAKE target, AIMIR[FIZRS]I m .

AR S HE TR, EaEMER R N e, HRERE -1,

wEi1 3

w1 3
#® 0 1 2 3 4 5 6 7 8 9
N N A

® 0 1 2 3 4 5 6 7 8 9
j j
EE=5188:
Mk i, j HREAETIETR. BTR 1. SEFE m = (i +j) /2
MERTHER [1, j]

Step 1 Step 2
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H
B
o
==
o

i ; 6
— ~® i1 3
= S o = m T
#=El oo 1 2 4 5 6 7 8 9 # oo 1 2 4 5 6 7 8 9
A AA A
i iom iom j
EER=2E8: EE=-5Hes:
1. HEHE = (i +3) /2 1. HEFRm = (1 +35) /2
2. ~ nums[m] > target
Step 3 ST j o= mo- 1 MNEBER Step 4
- - qy 13
= anl = sl
®l 0 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
Aoaa Aoa
m i j im j
EE-ER: EE=EE:
1. BEHREE = (i +3) /2 1. EHEE m = (3 +3) /2
2. = nums[m] < target
Step 5 LSBT L= mo+ 1 SNMEBER Step 6
wiseill
ey Nl
#w o0 1 2 3 4 5 6 7 8 9
m
EE—SHEE:
1. SESE m = (i +3j) /2
2. = nums[m] == target
Step 7 « EEIFRS| m

10-2 Zorisms

EFEREACE, B j &R tnt 2UAI, BBk + 5 nTREEDEI int RUGIAGIUERIE, 7 7 ik s R BB,

BRI AR m = i + (j — 1) /2] Aatsirms,
BRI FHTR:

// === File: binary_search.swift ===

[* ZHEs (ERAER) */
func binarySearch(nums: [Int], target: Int) -> Int {
/] YR ERAERA [0, n-1]1 , BI 1, j 2RHEREYIETER. BnR
var i1 = nums.startIndex
var j = nums.endIndex - 1
/] BB, EESERASEEE (B 1> j BAD)
while 1 <= j {
letm=1+(j-1)/ 2/ stEPFEES n
if nums[m] < target { // LtIBEMERAA target FEER [m+1, j] A

i=m+1
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} else if nums[m] > target { // WIERERA target EEM [1, m-1] F

j=m-1
} else { // #EIEZETR, REHZRS|
return m
}
}
/] RIZKFBEERER, RE -1
return -1

BERIBERRIE 2 O(logn) = fE—4NEIEH, RGN —F, FIDEERES log, n .
SIS 2 O(1) © 3508 1 j (WO /INas,

10.1.1 ERERTAEZ

BT _LREPAERESY, WRMOEMZTER LA BHE, €55 [0,n), HERREERS, H1BR
NIEHS, FEZRRT, B [i,)) i = j A=,

FfMa] AR BB A A HEFEIDIREN — o = A
// === File: binary_search.swift ===

[* ZniEs (CERGHER) */
func binarySearchLCRO(nums: [Int], target: Int) -> Int {
/] YaABRERER [0, n) , Bl 1, j SFEAEEIIERTE. B +1
var 1 = nums.startIndex
var j = nums.endIndex
[/ BB, ESERATRRE (B 1 = ] KAT)
while 1 < j {
letm=1+(j-1)/ 2/ stBPHR3m
if nums[m] < target { // ItIBEWRERAE target EER [m+1, j) B

i=m+1
} else if nums[m] > target { // ILIEREREA target EEME [1, m) F
j=m
} else { // HEIBERTR, REIHEEKS|
return m
}
}
/] KXEFIBEETR, RE -1
return -1

qniE 10-3 AR, fEMERMFRT, oSS EBERGAM, RS R R R A AR,

MR “EPAER” RN E AR AEEOE R AAPAIRRE, RIZE@REEE ¢ FIHEEE J A6/ R AR 1 tU2 B
Mo JEHEEAA S, It —REaieR i “SEPHRE" RS,
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TE |
%3 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 10

i EGERNEsES j i EaEReEs8H KERFE88E  j

ERERN: @HERM [1, j] HEEMN: CHEREEM [1, j)
Miatkisi®E: i =0, j =n - 1 Mafkigi®: 1 = 0, j = n
EEEIERESF: 1 > ) TEERIERRAF: 1 2 j
SENERMEME: i =m+ 1, j=m- 1 MNERHRE: i =m+ 1, j =m

& 10-3 phfElE R e

10.1.2 EELE{EIRE

oy R AR IR TR A3 P T AT A AT B RKRE

: _éﬁ% R R ACR B0 FERRERHR T, SHIRE IR S R L RS B30, B0, RN = 220
, BMEATE 220 = 1048576 #ERE, i M 9SE log, 220 = 20 #HiEHE,
. géﬂﬁ P HERRSN S [ BN T ZRE SN MR SRR (Blaniizas#), o EmEe
e

R, s ARERRA AR, EEATRE,

- Do EERNERER. HWMABRHER, & THEH o RamErTETHY, SAMEK. KAk
PR RE B 2 O(nlogn) , A& S E S, BVAEHATRIER,
ARSI P, FERTRMAZREME, MHEERER O(n), WRIEESER,

- ZofEsEEARES, o Me RN QRESD) SIFTR, MERSS TRk
AORCRIGAI,  PRIMEANIES &5 1B P A S £ 71 e B R ER 1 ER B S RS

- NERET, SUEERSEEER, A EMERT, FRAE 1 OHERE, mE_ O ESF, {FEIR
A LIRBRIA. 1~ 3 UCHIETHRE, 1 ik (BTR), 3k 4 ~ 6 fEBITiRlE; Bk, EERE n BUNF,
S R AT 2 A i 2 SRS

10.2 Z“HHESEAE

s AMER NS AR, Ea AR SR, s B ETRIEA G E,



H10E M= www.hello-algo.com 211

10.2.1 EHETEMNER

Question

HE—MHEES n A TS nums F1—{EICE target , FFINFEHEEEILE, BiF target A
H nums H, i fRFEEA P, EEPIHEAFETLE target, AIFEAZIEAET, ERMEHEAZ target
TEREFHR RS, REIanE 10-4 Fis,

nums

BAR ffiA target

nums

BMABEFEY| nuns , BIETE target = 6
Al target BUBARES|R 2

10-4 a4l NERBE R

GRERAR A E—#i0 i SRR CHS,  RIFRZE R DA mi(E R,
P —: EMEYITHHE target I, HABMIRIEGZZITTRNRI?

R HZR A target I AZIMHEITTRIAEIE, EREREFHHAN target B T 5K target (U E, thpid
#t, WSS target I, HABMIRTIHIEZ target KT,

Pl BN AIETE target I, flARZIMETTRAIRG]?

P ESERE: E nuns[m] < target I i B2E), ERIRETEIR ¢ FEAIRNFR target FITTREE
i, FH, f5IR J BETERVNRER target FITTRFET,

Rt = &SRR —E A ¢ FBAE KRR target BIICE, j IEAIERE/NA target FITE, HIFERYIALE
target I, HiAEKTI A i, EABW FPoR:

// === File: binary_search_insertion.swift ===

[* ZHEBEAE (BERTR) */
func binarySearchInsertionSimple(nums: [Int], target: Int) -> Int {
/] MRLERRERM [0, n-1]
var i1 = nums.startIndex
var j = nums.endIndex - 1
while 1 <= j {
letm=1+(j-1)/ 2/ stEPFEES n
if nums[m] < target {

i{=m+ 1 // target TE&ER [m+1, j]
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} else if nums[m] > target {
j=m-1// target EEM [, m-1] &
} else {
return m // %% target , REHEAEL m
}
}
/] R¥ZF target , REHEND 1

return i

10.2.2 FEEERTENESR

Question

fE b—RERERE |, BUEMSIn e S EETTR, HERAE,

LR ETE 2 A target , HIREIE S AR B H A —{E target FIZRS, MiMIAME LRI
IESy 3 -2 target,

 HEZRG HETRIEAE IR R, AR R A ARSI target RS, #1253 EIZIBE 10-5
BRI BRE B

1. YT =, BETE—E target WERS|, LAk,
2. RS k Bth, MEETHEMEER, EHRIIRLIBN target KERE],

target

— OB

X ,.‘*\ Py

1. RS ESHEE—E 6
2. BRMENIREEN 6

10-5 #RMEE A EETTRAIRAR,

HEATREEARTTFY, (ESLEL IR, LRI O(n) o MMBIF RS TN target ¥, #07
AR

BUE IR SRR, W 10-6 R, BMTRERRE, SREHTFHES m, FAR target
il nums [n] B9R/0IR, 4920 FAGRRISIL,

- & nums[m] < target B{ nums[m] > target I, PRI EIRE| target , FULERFEE =004
/N R, PEmEFEE « Il j 1) target SEIA,
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# nums[m] == target Ff, FRAA/INA target MTRIEEM [i,m — 1] W, WA j = m — 1 K4

/NERRE, PEMPEFRER § MVIVIR target TR I,
TEE5ERE, @ fRAIR/ACIBH target , j FEMAIEHE/NA target FITTE,

} 12
i 10
6 6 6 6 6
; 3
o
L.
#l o 1 2 3 4 5 6 7 8 9
A A
1 j

Mt 1, § HREARFIETE. BuE
MERTHAEHN [1, j]

Step 1
15
12
10
6 6 6 6 6
o3 U
. %
St BN |
®l o 1 2 3 4 5 6 7 8 9
A Aoa
i i om
EE=51E%:
1. stEBE m = (i + j) /2
2. = nums[m] == target
Step 3 “ BT 5 = m - 1 BMEBER
15
12
10
is 616 6 6
== 1 i [
#@ o 1 2 3 4 5 6 7 8 9
AoA A
m i j
EE=51E%:
1. #AEHRE m = (1 +3j) /2
2. ~ nums[m] < target
Step 5 S BET 1= mo+ 1 MINRBER
15
12 []
10
6 6 6 6
3 4 5 6 7 8 9
A oA
j im
EE=518%:
1. MEEE m o= (+§) /2
2. ~ nums[m] == target
Step 7 S 8T j = m - 1 SINEBER

5}

Step 2

Step 4

Step 6

Step 8

| 6 6 6 6 6
3
1
i m
3 4 5 6
A

#l o0 1 2
i m
WE=5e8:
1. HETEE N = i+ )

-0 @B

sim | 1
L.

#3l o 2 3 4 5 6
A
i j

EE—3ES:
1. HEFE m = (1 + j)

6

i6 616 6

3 |

e | |
3 4 5

N

#l o 1 2

A

6
im j

EE=EE:

1. HEHE m = (i + j)

6
3
& 1 [
2

#l o 1

12
10
7 8
/2
12
10
7 8
/2
12
10
7 8
/2
12
10
7 8

10-6 s EE TR AT B

BRI TFEREE, HBT9 3 nums[m] > target F nums[m] == target HJHR{EMEE], R AT PAE B,

RIEELRIE, FRAWHER AT DARE B 5k A CRas e, TRl 2 HORERE SN ner,  m] S sE 4

HBtRS] @ SR A AR,
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// === File: binary_search_insertion.swift ===

[* ZHESEAE (FEEERTR) */
func binarySearchInsertion(nums: [Int], target: Int) -> Int {
/] A ERER [0, n-1]
var i1 = nums.startIndex
var j = nums.endIndex - 1
while 1 <= j {
letm=1+(j-1) /2 // ABERERS n
if nums[m] < target {
i=m+1// target EER [m+1, j] &
} else if nums[m] > target {
j=m-1// target EER [1, m-1] &
} else {
j=m-1// BN target WTHEEERM [1, m-1] F
}
}
/] REFENES 1

return i

Tip
AEHREHEE R “BPAEMT Rk, AEBEE T IBITEE LA Bik,

RHAE, ZofsEERURRTEE « M j alRce s AR, HiEATsER AR TR (Pl target ),
rTRER —ETTREE (FIU/NR target KITTER),

FEANETRTEE — o, 4815 M1 j FBENELFRCROE M B, B, EfE2 ikEIE R, sz
FEfEILE,

10.3 —HiESER
10.3.1 EHEER

Question
e —ERERA n WAFEY] nuns , HPrfREERSEEITE, IR EIMESH A —ETE target [
R5l, HHEYIPAEEZTE, ARE -1,

AR SRR Tk, S50 « e A —H target , RULERHHABAE LR 7E& R A —M
target M£sl,

FREEEEAH AN RXERER OB R, HER, MY TREAEE target , EREENATREESR LA TR
FAS R,
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FRABIZRG| ¢ B,
JGZ nums[1] B target AHEE,

EHIBF| DA EWAEER, ERIRE —1 Binl, Xm0 R:
// === File: binary_search_edge.swift ===

[* ZHHESRE—E target */

func binarySearchLeftEdge(nums: [Int], target: Int) -> Int {
/] HFEBNEH target BUENE
let 1 = binarySearchInsertion(nums: nums, target: target)

/] FHEF target , iX[E -1

if 1 == nums.endIndex || nums[i] != target {
return -1

}

/] % target , REZESG| 1

return i

10.3.2 EHHEF

ARG &R A —1E target WB? HEEMN TN EBERAENE, BIRLE nums[m] == target [ NHFEIRZEIL
fatRlE, FENIBTEIL AN, ARERAIEES ] DABITEL

TNTHTEAM A 48 W B ARG Y 7T

1. EREHEER

B E, MDA HE#RRATCENRARERNRA TR, B85S FaHEAG M target L AHE
sh i e —1 target + 1,

g 10-7 i, BRAERIE, $86E ¢ faIa /A —18 target + 1 (WRAELE), T j f8IMEA —1E target ,
PR 5 Bin],

target = 6
nums
j i j i
EHRAE—E
target +1
FH
EHRA—E EHRG—E

target target
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fEl 10-7 A48 T A s /o i i
PR, IRMEIIAARGR «, RHLFRERFHR 1, EmES ;5 :
// === File: binary_search_edge.swift ===

/* ZniESRE—E target */
func binarySearchRightEdge(nums: [Int], target: Int) -> Int {
/] BAEARE—E target + 1
let 1 = binarySearchInsertion(nums: nums, target: target + 1)

/] i EERRE—E target , 1 IEHEEMEAKR target HNTH

let j=1-1

[/ KRIKE target , R[E -1

if j == -1 || nums[j] != target {
return -1

}

/] % target , REZ3]| j

return j

2. BUREATR

BMENE, EMEFIARE target B, &4 M j GoaltEmE AR, /MR target FITE,
(Rl GniE 10-8 Frow, M A] DARSE — @A TAEAER TR, HRERAAER,

B — M target : A DAL 2550 target - 0.5, WIR[AERE 7,
EFfAA — M target : A DAL ZAEE target + 0.5, WIR[EFEEE 5,

target = 6
wes [CJEIQEEF@EIEE]
; ;i
=W B
target-0.5 target +0.5
FH FH
ElsiE—E EHRE—(E
target target

10-8 AR A E L AT R

AW AR, DU mEESTER,



H10E M= www.hello-algo.com 217

- AE PRSI AL SN, IS TREIREE TR ZE R O A0 R R EEAH S AT
- WZEZITESIN TN, TR EE R AL target M2 REEURA (Python HEZHILEN)

10.4 FERIELERER

TR SRR, BRI AT AR PE AL S 0 2 M T A S R PR TR R R TR BE . TR B — (e SR
AEIMIRER S

Question
4578 —EEE ] nums F1—{E HAZJT2R target , sufERFAIE2R “F1” % target FIMIEITER, Wik
EIEMPEEFIRS ], R EEE—EFEEAT,

10.4.1 4314EH: LSRRGSR

EREEESTA RIS, WE 10-9 Fw, FMBHR— Mg ERE, 75 b A B A 2 6 A
target, fisxe, HIREIEMIRS,

target = 13
nums =
9 13 17
18 22
26

ESFIEHES, SEINA
target BWAASEREE

B 10-9 4R Al
FEFUEA R ATR:
/] === File: two_sum.swift ===
[* BiE— BHFIE */
func twoSumBruteForce(nums: [Int], target: Int) -> [Int] {

/] MELEE, RREEHEES 0(n2)

for 1 in nums.indices.dropLast() {
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for j in nums.indices.dropFirst(i + 1) {
if nums[1] + nums[j] == target {
return [1, j]

}

}
return [0]

T IR R 2 O(n?) , RIS 2 O(1) , fERERHR RIERFERS,

10.4.2 FiEEH: LIS RHRESRE

B AR AR, SER 0 B R STRNTR RG], WEGERFES, SAITE 10-10 FinrIPER,

1. HBTECF target - nums[i] BEEMZEET, 2, MERRFEEMEITRIRI,
2. FEEEE¥ nums[1] FIZRG] UBTHERER R,

target = 13 target = 13
w - QOO0 w - D000
A A
i i
nan key TR nan - key TR
P value %3 P value =3
FEZHES) nums EZES] nums
“ 13 - 2 = 11 K7 map © 13 - 7 = 6 FE map R
o HTTE 2 HiE map o TE 7 FigE map

Step 1 Step 2

target = 13

s - (@OOO
:
i

[ . 3 } -
map =
value 1 =3l

EES) nums ,

© 13 - 11 = 2 7€ map
- ~ EETRMEERS [0, 2]
Step 3

@ 10-10 BIHER R KM B

BB NR, #FREEEE AT
/] === File: two_sum.swift ===

[* FEZ EHBNEEAER +/
func twoSumHashTable(nums: [Int], target: Int) -> [Int] {
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/] EBNMEER, THIEMEES o(n)
var dic: [Int: Int] = [:]
/] EEEE, KEEMES 0(n)
for 1 in nums.indices {
if let j = dic[target - nums[i]] {

return [j, i]

}

dic[nums[i]] = 1
}
return [0]

W77 B R A AR R AL O(n?) BEE O(n) , KIBIRFHHITIER,

HIA T B4 — RS R R, B BEEMRES O(n) o MEWIL, 3207 IRRPR IR 22358 & 11,
Pt e R A E I i L

10.5 ERRESEREZ

SEEL (searching algorithm) HRTEE RSN (B, GELSEs, BiekE) PR —HNE
REERHITE,

AR REE TR 7 2% DU,

- BB GERSRAGE A HETER, BIAnNRES, SERSESI, A I B E R
- PRI AR R s RORM S A el al, WO RER, fl—nEa, MREmn —olas
A,
ANEEEH, JELERRRGET CAE AT R AR A AR, SRR R AR AL, A, K
MRS ATIA, ERFERESERL

10.5.1 #HiES

218 8E 8 E R GRS EETTRACE M BT,

© RIS B ESIRISEAS R SE AR RSN, EICE RIS —ImbAYs, BERIFDTR, HE
3| HETTREENE S — R A I E TR 21k,

- CREERSEST M REEEE” RERIR R MEER RS, B SIEIA R 16 e
=, BRI S I ETR, IR SR ERiE, g R EOESIE, F M E
(S, EEDERI TR MEE RS,

RS ERREE HIEATEL, SRR E PR B RS MR RS
SRI, MMAESIARIRREE 2 O(n) , Hrbn 2tREE, FIEEREBRARIEN NUREEZE,
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10.5.2 BEfEES

HiEEE A GRS ERE (GGl RetEdsats, 1EmEsdutEs BETR.

“Tois” MRERRE R EEB R, EEHRE,
- RERERT MR R S R B AR A s E B, (e E B R,
- YRR ERPE RIS (Bl T B LR (E A PRIEHERRETR, e A HAR TR,

BRI AA R ER R AR, INHIBGRERNES) O(logn) #E O(1) .

SR, MEANE S EIATE R B AT R, fla, — s REFECHEIETHY, MEEHRn
R BRI R BRSO A, ARG L R R th R AR NI IR R 2 1 B 8

Tip
B s RIA T O A AR R, BRI R E BRSOk R HEDT R,

10.5.3 $#EH{75HEN

MERN n —HER, WIS, —ola, BE#H, BRERESE A EREE
TER. AT AR AR ENE 10-11 iR,

B8 o(n) MEEM 0(1) @\ key T value
key 15 3
ael il L GO €
REEHFET
—5i%8 0(logn) fH#Z: 0(logn)
E ST

EHEARERS
QBBE0En

RBER AR R MESER

@ 10-11 Z =R

IR TTIR A B ERCR ELRF AN SR 10-1 AR,

*10-1 EHBEAEIRICRA L
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s s &R MR A

AFTTR O(n) O(logn) O(logn) 0(1)

AATTR 0(1) O(n) O(logn) 0(1)

MERTTZ= O(n) O(n) O(logn) 0(1)

BRI O(1) O(1) O(n) O(n)

= eSSiVatl / e O(nlogn) #t O(nlogn) R O(n)

EREG AT Iy =152 =152 ey

EaERARERBR RN BRI R, ESMEEER, Bl E# EE R E,
=

BTG, BZAETEORITHRE IR, (RUNRFETR L KGR, IR HA =177 TRA R TR R B
AORe A LR P HE 2 IR DB R

- EARHEREVNTER, BTN R SRR RRCR .

- EARERERURRR SRR, WA AT EREI T TR MERE

e

C EARKE RIS, BCRRIUEE, RERHEEHEE R O(logn) o
- ERHERRERR, K% 7 RS T B A A RO TR R S R
- NERREEEME RIS R, KA A SRR,

HEZ A

- TEEBERMEEE R RS, PR REREES O(1) .
- NEATREAFENSERE ARG R, NARREAEEER I E I,
- SR R FONHE R 0 R PR O (O P s, B ORI RLRE S (LR
C RNEEEREERIEN, AR RE RN AR TR IR D E SR, fEmeft R AR
AE.
oG]
- EARERER, R R RS IR R 0 AU AR Y,
- EETREMEEA AR E AR,
- ERHEUMINERE BT, TOTES B RTREEL R, MEERESEE O(n) .

- A AVL SisAr R, RISIERERLE O(logn) FCE FRBEHUT, (AAEER A5 /E & 18 mEE
SRS,

10.6 /h&E

- SoESAEERE R, BRI ER GRS R AOE TER, BERMABREF, H#
108 P A ReE 71 i B A P 27 B ) A A
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- BRIESERE GRS RACE A E R, AR SE RS RIS RS, R R S IR B
AR E A, RS M, RCERERLE TR, (BRI O(n) B,

- MERAR, MIEWN oS ERERIERTTE, AER BRI R ol 7 BT R, TR
e, KEEMERDE O(logn) £ O(1) , HI@HFHEHEEINE R,

- EBE, RMTEAEREER, EaMREER, WA R ERRETRE O, EmEEs
ST,

- MR EEANNUSSREERIER, o ESEARNAR, HIPRER, MR ERE AN B R
SREOR e H AR 0 R A AR, R i R TR A R NE e A SRS R s B RE R

- FMER AR AR I AR — R T MR R TIR R B SRG, ATREIRFRTEARETE O(n) B O(1) o
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F11E #HF

Abstract
HEFP R an — R AL ARk e RO BE TR SR RL, ERAM AR DABE Sy 7y PR B iR R
e e N, BEREMN Y, HiralmBfMER T 'R SRR,
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11.1 HIFRHZ

HiFEEE (sorting algorithm) AIRS —HERHZ IR EIEFEITHY, HFEEEAERZIEN, B
ARrFERNER REHIPCE SRUt &R, o rHIERE,

GniE 11-1 R, HEFEEIRP R R AT DU BB, TRRGEL sl BRSE, HE ROHIETR I AT AR SRR 5K
ROE, R/, T ASCII SIER B H 2 #AAI,

BRBFXNHFEY

RIRFHAFHFFS

BRIEEESERAAFF S

Ml 11-1 BRI AIFDH B R AR B

11.1.1 HELHEE

BETReR . BRI RIAM R R R AL, HARRHR(ERERD (R P Ay BOEEE/N) o
BRREREEN, PUTHRBEILAEE,

APE: B, RMHEEREE Y ERRFEB Y, EAREBREIMNEBI S, (M A iR
i, WHBILN, Rt ErHRER D, SUTIER R EDR,

Rt BEHRFAZSHFR, METRERSTAHENER AL,

TEH B 2 S R BB, REFRM A —ERE PR RMARAS, 58 1 51 2 50 A2 4
ik, EIEMEBIT, IFREHFATREEEM AR A PR

# BANEREIRBHEHFITRY
# (name, age)
('A', 19)
('B', 18)
('c', 21)
'D', 19)
E', 23)

# BREPIFBEEHFEREFRERTFRT,
# #GRP ('D', 19) M ('A', 19) BAEH{IENRE,
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# BMANERHRERZHIFHEE R
('B', 18)
('D', 19)
('A', 19)
('c', 21)
('E', 23)

EUBRETE: £ EREHE R AR B SR D RO M D B, S s BRI, R
S A I M 5 R T R R M

RERIE: ERESWHFRBLEEE T (<. = >) JCHBCEIMEIER, R ),
SRR IR R 2 O (nlogn) o MIAEHCBHER A FLBOEE T, HERIMMEATE O(n) , (HEGEMIH
FEBE,

11.1.2 BEHIEEE X

AT, EHh, B, HEE, @G, BR, 1255 IEMARREIEA D EITERERNHEFEELE, R,
TEEEHE R EE R, TR B A& R R BRI 7 SR AR R E

R, BMigttm s S EE s, WA LIRS A S B A8 HE 7 18 A A B BB T 0 #T .

11.2 FZEHF

BIEHE (selection sort) HYLAERERAER M : FAM—EERE, SEICRHEF EEDERER/NITTER, KFHEK
FIEH P EFERARE,

RFEPINRER n, SR EERRENE 11-2 FiR,

. FIGIREER, FTETCRAMT, BIARHET (R5D B [0,n — 1],

CEEUER [0, — 1) B NTR, HHERS| 0 BRITRHR, sEkiz, IR 1 ETTRCHT.
IR [1,n — 1] PRR/NVTER, KHEBERS| 1 RITRSHR, 5EiE, I 2 ETRCHT.
. DARSEHE, #6080 — 1 SRR, MSIET n — 1 R e,

. ERE TR ERRATTR, AT, RIS e,

a A~ W N

FHFERM FAFERM

s D nums nm

i ok
# 1 WS %1 WEm
EMRHFER, EER/TE nuns[k] EHFRAFER, BER/NTE nuns[k]
ZR/eR nums[k] FRAFEMEMETE nums[i]

Step 1 Step 2
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KHFER

nums

% 2 mEE
EWRHFER, BBR/)TR nums[k]

Step 3 ] step 4 |
SHFER
- 990008
R .
i K

# 3 mEE
EWHRHFER, BBR)TE nums[k]

Step 6

Step 5 ]

KHFER

nums

B 4 WRE
EWHRHFER, FBR)TE nums[k]

Step 8

[ster 7]

RHFER

nums

# 5 WEE:
EHRHFER, FBR)TR nums[k]

[ Step 9 ] Step 10

KHFER

~ 0080

SERHF (RF—ETRRARF)

Step 11

RAFERN

B 2 WmEE
EHRAFERY, BBRTE nums[k]
TR nuns[k] FRAFEMEETR nums[i]

RHFER

- G080a8

B 3 WmEE
EHRAFERY, BBRTTE nums[k]
ZBTTR nuns[k] FRAFEMEETR nuns[i]

FHFER

—
nums .B Aj
-~

B 4 WEE
EHKRAFER, BEER/NTR nuns[k]
TR nuns[k] FRAFEMEETR nuns[i]

KHFER

I
- 000808

B 5 WmEE
EHRAFERY, BBRTE nums[k]
BTR nuns[k] FRAFEMEETR nums[i]

B 11-2 EEH DR

FEREESH, MM b ARECERARHE B N A RN TR
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// === File: selection_sort.swift ===

[* BEEHE +/
func selectionSort(nums: inout [Int]) {
/] SMEE: REFEESZ [1, n-1]
for 1 in nums.indices.dropLast() {
/] WEE: HERHFFERNNRNTE
var k = 1
for j in nums.indices.dropFirst(i + 1) {
if nums[j] < nums[k] {
k =j // cE&/NTENERSI
}
}
/] BEENTREREFEEBNEETERSR

nums.swapAt(i, k)

11.2.1 EEZESH

BERIBEEIE 2 O (n2), EEEREHDY: SDEREE n — 18, F—ROREFEBEES n, RE
AR RS 2, ESRINEESHES n, n— 1, ... 3. 28NEE, Ry U0t
- SIS 2y O(1), JHRHERE: $5HE G A 68RO MRS,
- AFRSEHPY: I 11-3 FOR, T0% nuns[1] T AENAR IR B SR TE AN A0, SRTE A
WELF 95

FHAFER

oo
PITE—WRE

FHFER

B0 0o
TRE—RERL,
METE 4 BAESIERET S

11-3 EEHFARRE R
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11.3 @%HiF

#BAHF (bubble sort) JZ @AM LR ESHRMR TR EBHT, IS IEBFEMRSIE R TH 2ITHR — 4%,

A5 2 1R

GRlE 11-4 FoR, B iREREA] DI TSR S e A msde : 1My | B e mBR A G B, MR EEBAH#TTER KR
N, AR ETER > AR SRR, ERISERIR, BORHITTR GBI Y R A .

ums °0°0°0

HEEEFIARME—H R
TEANTEEBBRIELL

~ DEEDEE

l Step 1 J

nums 09\0090

WEEEEHEMTE:
v EBTR > GETR
o ZEMIETE

Step 3

nuns 060°°0

WEEREHEMTE:
v EBTE < AETER
o ST

l Step 5 J

Step 7

11.3.1 BEZRE

nuns 9¢°9°°

WEEEEHEMTR:
v EBTE > AETR
o RIMEMBETE

Step 2

nuns Qeoaeo

WEZEEHEMTR:
v EBTER > BETR
- RHEMETE

Step 4

eaoeéb

WEEEEHEMTR:
v EBTE > AERTR
o RIMEMBETE

Step 6

IKIE IKE
nums oeoooe

WM n-1 EREERE

EHTERE,
BARERT HAE

11-4 FIHTTERZREREREER i

RESIRER n, (EIRHFEIDERANE 11-5 AR,
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1 B, ¥ n E7TRHUT “BilT, IFRSINERA TR IR IR E,

2. BN, BFEERn — 1 ETRPT “Eil”, FE IOTRRM BN E,
3. DAMCEHE, &l n — 1 “Hil2” &, Ain — 1 KECERARPE IR IEMA E,

4. fERIR—ETRSERR/IVLR, AT, HILESIHT 2K,

ug H:'.Zkﬁ”
BT

s [HEEEEE
#wiTE 1 BEA
EEEZEEZA 5

BITHE 2 WEAE

0 0

WiTE 3 ®wER

- 800 El

BiTE 4 WEE

- Oo8aoa

BiTE 5 WEE

- 088000

TRAF (Rig—ExRREHF)

11-5 JRHEF R
RBIFE RS T
// === File: bubble_sort.swift ===

[* BEREE */
func bubbleSort(nums: inout [Int]) {
/] MEE: RKFEES [0, 1]
for 1 in nums.indices.dropFirst().reversed() {
/] WEE: ERHFER [0, 1] PHRATERREZEBNRAH
for 3 in 0 ..< 1 {
if nums[j] > nums[j + 1] {
// 33H2 nums[3] E2 nums[j + 1]
nums.swapAt(j, j + 1)

11.3.2 MERENL

kHIFER

[o,

[01

[ep

[o,

[01

[ey

5]

4]

3]

2]

1]

o]

B, RER “BiR” PRAEPUTEMZGRRIE, RS CAEERHF, ATERREER, FHit, [T

DA AN —EREREAL flag ARESRISAEIGED, — BBz RNREL,
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KOBEAEAL, IR B R R A A TR R 00 % O(n?) ; (HEBAMSSE RGP, Al

SRR E O(n) o
/] === File: bubble_sort.swift ===

[* BAEE (RSEmEL) */
func bubbleSortWithFlag(nums: inout [Int]) {
/] SMEE: REFEES [0, 1]
for 1 in nums.indices.dropFirst().reversed() {
var flag = false // ¥R IZESE(L
for 3 in 0 ..< 1 {
if nums[j] > nums[j + 1] {
[/ 3 nums[j] B2 nums[j + 1]
nums.swapAt(j, j + 1)
flag = true // FBEHATE

}

}

if Iflag { // lt¥s “B8" RXMERITE, EEBEH
break

}

11.3.3 EEZFH

- IR O(n?). EUEMEHEY: S BN ESESIERKRE n — 1 n—2 ...
Y% (n — 1)n/2 . ESIN flag AL, BHERRIEEETTIES O(n) .
-SSR 2y O(1), HEHPR: F5I G R AR RO/ NGRS R,

- REHER: HRTE “BIRT FPIBEIESE TR AR,

11.4 {HENHF

N (insertion sort) & —EfHELAYHEF IR, B /5 H B )R i — R @ AR E B AL,

\1,

B, BPEARH P EEEE - ERETR, ot REEANEHT R TERE — A/, I

ZICRIEAEEREIALE,

11-6 J&/R T BEFIIH A TTRAVIRIERRE, RAEIETCER S base , FAMFHFEREHIERT1E base ZMHIFIETT

RGN, AR base B HIERS
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nums[5] = nums[4]

& 3 EAE nums I N
. SRR
EHFERSERIE BEBH—{ ) 2 )2

nums[4] = nums[3]

BRTER [
wEEREs| |\

11-6  BEIRIRANIRME

11.4.1 EBEZRIE
SN 1R AR AN 11-7 FoR.

1. VGIRRET, FESIRYES 1 TR sedE .

2. BEEHFINIES 2 [EITRER base , AFHAMAZEREAER, PEFIRGN 2 ok CHbT.

3. BEHEE 3 (HITRIER base , FFHMATIEMIER, PEFIREG 3 R CHbT.

4. DULKEIE, 7ERB—RT, EEURIE —EICRIER base , I HMARIEMAER, FifixRICHT.

EHFER

[0, o]
[o, 1]
[0, 2]
[0, 3]
[o, 4]

[0, 51

11-7 f@AHEF AR

N/ ES N U
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// === File: insertion_sort.swift ===

[* FANHEF */
func insertionSort(nums: inout [Int]) {
/] SMNEE!:. EHFERR [0, 1-1]
for 1 in nums.indices.dropFirst() {
let base = nums[1i]
var j =1 -1
/] WIEE: & base HWAFIEHFEM [0, i-1] PHERUE
while j >= 0, nums[j] > base {
nums[j + 1] = nums[j] // #& nums[j] EHEBEI—I
j-=1
}
nums[j + 1] = base // #§ base MREZIEREAIE

11.4.2 BEEZFH

- WERIBERE 2 O(n?). BEMEHDY: {ERZEMNF, SUEABRESIFEEE n — 1. n—2. ..
2. 1R, KFHEEI (n — 1)n/2, FIREIES O(n?) , EBSIERFYRE, AREaRIK
Il B NBESISE AT, A SRR R O(n) .

- SRS O(1). Bk $5I 6 F j MERIR O MRS,

C RBEHDY: EEREEET, BT RE SRS TEOEN, AaSEEEFIET.,

11.4.3 {EHENHIFHES

ANHEF R 2 O(n?) , TiFMEIRERE Y PodHeF IR R 2 O(nlogn) o REEAHER
AOiRe R EMERE B8, HAERDRHRBUMOTEDLT, idAHEmEE E ik,

X 01 45 i BRAR ML A RN — 0P S 108 Y IR R A R L, PRIEHEIE 8 O(n log n) BOTR BRI R 7316
RESHOHE PR, S S BUTE R, MiEERHREBUINRE, n? 1 nlogn MUBUEHLESEE, #H
JEAMG AT, AP R BTSRRI PROE MR

HFEE, FF2ERGES (B Java) RINEHFFEAEM THEARY, RBUSES: SRR, SRR
SHARMHIH A, FlntkiEdtr; BiRERs, ERERBEARER.

BESRIETRHE R, B IEHE R RS A F R R 2 O(n?) , (EAEERR RN, AT I SR
FH RN IERHE AR IR, T EAIRER,

- RHF RN TR E T, RERE AR, P 3 (BT, MAHE R TR EE
Bl, {475 1 EEITRME FHitt, WRHDF IR RS E R Ll AHE 5,

OREHUF AT R RS O(n?) o WURESE ML AFINEOR!, FAHDT @ L%
PR T .

- BRI AEE, EERERRZ T,



11 =

11.5 HiEHIF

HEre

www.hello-algo.com 233

REHE B RN M IGRIS P ERE, JUTERL, BRI,

PIEHE R ORI “THIE 2", HEER: BRI ETTRE R R, AFFTH /IR
RUTTRBEIHAR], MAREEERE TR RGN, BREAGR, THICE 2R RrEaE 11-8 For.

1. JERPEY iR Ao TR A BT, WAL RIEEAR L R0 5 2 BldE ) s R e i
2. woE—EEE, EmHER L G) 2hlE RS EHEREER () KR, RBHBEHETR.
3. T ER 2., HE UM §ANBRHELIE, AR RO S W 1 P 7 AR

(quick sort)

Step 1 BEY Step 2 BEH
left right left right
v v

-« (OE088

i

def partition(nums, left, right):

x
bl

nums

def partition(nums, left, right):

CERIS e
i, j = left, right # Bl nums[left] AEae i, j = left, right # B nums[left] ZERsy
while i < j: while i < j:
while i < j and nums[j] >= nums[left]: # #EEAREEMCEEBOTE while i < j and nums[j] >= nums[left]: # HHEMAREERELEBNTE
j-=1 j-=1
while i < j and nums[i] <= nums[left]: # WEEGREEANEEHNTE while i < j and nums[i] <= nums[left]: # ftEBEREEANREEHNTR
i4=1 i=1
nums[i], nums[j] = nums[j], nums[i] # REMETTR nums[i], nums[j] = nums[3], nums[i] # IERETE
nums[i], nums[left] = nums[left], nums[i]  # HERBHEMFRIINS R nums[i], nums[left] = nums[left], nums[i] # HERBEMERMFMIINIFR
return i # EEERHNRS| return i # EEEREHHRS|
Step 3 BEY Step 4 B
left right right

def partition(nums, left, right):

left
v

gn-nag

rtition(nums, left, right):

AR BTSSP
i, j = left, right # Bl nums[left] AEAEH j = left, right # L nums[left] ZAZasy
while i < j: while i < j:
while i < j and nums[j] >= nums[left]: # #EEAREEIMCELBNTE while i < j and nums[j] >= nums[left]: # HHEMAREENRELEHBNTE
j =1 j-=1
while i < j and nums[i] <= nums[left]: # WEMAREBEAREEHNTE while i < j and nums[i] <= nums[left]: # HWEMEREEANREEHNTER
i+4=1 i4=1
nums[i], nums[j] = nums[j], nums[i] # REMETR nums[i], nums[j] = nums[j], nums[i] # ZEmETE
nums[i], nums[left] = nums[left], nums[i] # WEEHZMERFEIINSRE nums[i], nums[left] = nums[left], nums[i] # WEEBRERFMIINS R
return i # EEEEHNRS| return i # EEBEHHRS|
Step 5 BEM Step 6 BEy
left right left right
v
- ~ @00080
‘ A
i g b
i

def partition(nums, left, right):

def partition(nums, left, right):

"UREEIS Bt
i, j = left, right # Bl nums[left] AE¥EH i, j = left, right # B nums[left] AEERH
while i < j: while i < j:
while i < j and nums[j] >= nums[left]: # #EMAREENEERNTE while i < j and nums[j] >= nums[left]: # #AEMEREENEEBNTE
j-=1 j-=1
while i < j and nums[i] <= nums[left]: # #EMEHREEAREERNTE while i < j and nums[i] <= nums[left]: # #AMEREEAREEHNTE
i4=1 i4=1
nums[i], nums[j] = nums[j], nums[i] # SEMIETER nums[i], nums[3] = nums[j], nums[i] # SHMEMIETE
nums[i], nums[left] = nums[left], nums[i] # KEFHREMFEIINSFES nums[i], nums[left] = nums[left], nums[i] # KEFFATHFEIING TR
return i # EEEEHNRS| return i # EEEEHMNRT|
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Step 7 BEY Step 8
left right left BEH

right

- (3000808 ~ns E@EHEE
A . T o—

J J
1 1
def partition(nums, left, right): def partition(nums, left, right):
"rUEEIS "I EREIS
i, j = left, right # 5L nums[left] HEREH i, j = left, right
while i < j: while i < j:
while i < j and nums[3] >= nums[left]: # #AMARHENBEBNTHR while i < j and nums[3] >= nums[left]:
5= 51
while i < j and nums[i] <= nums[left]: # WEMGREEAREBEHRNTE while i < j and nums[i] <= nums[left]:
i+=1 i+=1
nums[i], nums[j] = nums[j], nums[i] # SEEMIETE nums[i], nums(3] = nums[j], nums[i]
nums[i], nums[left] = nums[left], nums[i] # KEEHTHREMFEIINSRE nums[i], nums[left] = nums[left], nums[i]
return i # EEEEHARS| return i
Step 9
‘ BEY
v
- (080008
EFES HFES

“HRBIS SRR, MR
EFESIERTR < BEY < AFEIIERTR

11-8 MHEE|5 D5

# B nums[left] ZEREH

# WERAREENNERRNTR
# WEREREEAREERNTR
# ZERETE

# REEHCTREMTEIINI RS
# BEEEHHRS|

WSLEI D SE Rkt JRESIRE R =8 TR, BEEL AT, Hile “ETREYERITR < &

g < A THESUERITR". B, B TARIATEIEHE T EETHER .

PRI HER 1 7 6 R
VST 8 ) B R R — (AR R 21 ) e 1 2 P M o P 271 PR 7 T

// === File: quick_sort.swift ===

[* HE&S */
func partition(nums: inout [Int], left: Int, right: Int) -> Int {
/] BL nums[left] BEZEEEL
var 1 = left
var j = right
while 1 < j {
while 1 < j, nums[j] >= nums[left] {
j -=1 /] RERAEREENCEEHNTE
}
while 1 < j, nums[i] <= nums[left] {
1 += 1 /) REBAKRBEEAREEHNTER
}
nums.swapAt(i, j) // 3REMETE
}
nums.swapAt(i, left) // BEEHMEMFRETIND AT
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return i // REIEZEEHHZRS]

11.5.1 BEZRIE

PRIgHE R R B A AN E 11-9 FR.

1. B, BEEBIBIT R “THIE7, SRR L T SR A R,

2. 1%, BT RESIRG T REA D BEEST I E T,

3. FHERE, EETFHEYIRER 1REL, R E S HE

A
-« @O0000

FRGEE

BiE - BEE

BB F 5 REETEE -

vl THEEEI5

wigE [ b mibmE

B0:000
Y &)
0a:

11-9 ‘PLdifEF e

// === File: quick_sort.swift ===

[* REHE */
func quickSort(nums: inout [Int], left: Int, right: Int) {
/] FEIIRER 1 B&IEEE
if left >= right {
return
}
/] HEESD
let pivot = partition(nums: &nums, left: left, right: right)
/] BEEEFES. HFET
quickSort(nums: &nums, left: left, right: pivot - 1)
quickSort(nums: &nums, left: pivot + 1, right: right)

@ FRESIBAT “THEE5”
BEETFEIIRED 1 FHEL
BIEJ SER RS HEF
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11.5.2 EEZIFH

- EHBEEZ O(nlogn). FHEREHT: EFIEHT, WHEESINEEES S logn , BEHH
HEEE A N, SR O(nlogn) Kiflt, ERZEMN T, SRESE S RESITERE 2 n (IBESIE]
DEARESR M n — 1 NWMEFEY], HREHEEEEED n, SREPERES n, AR O(’nz)
IR

- BHEEEES O(n). KT : E#A Y E2EFER T, ERRZEERE n, HH O(n) #
B, HEFIRE RS FEITHY, RFEBNEHINES,

- AgEEHT  EEEEISNRE D, EERETREEHCEIEHE TR,

11.5.3 REHIFAMHER

s ERiREE t, PORHFERCR T HEZEA —EHESS, @8 PR PR R E R S ok
BP0 R CHEREHERST M), (EXE R PasHE R RIReR Em, EEA U TREL,

- HBURZERE DU RIME: SRR R ERIERE S O(n?) , WHAHITIRE, BEEA
ZEUBEN T, POEHNTEELE O(nlogn) R R FET,

- PREERIRCR S FEPUTIESRBIBRERE, RO A EAE 7RSI BONE PR, AR T 2R A R
mo MR “HEREHEE” A ET LT HITR, Rmi=iE Rt

- BREREBURRUD . £ DR=EEERES, PulHT AL RE, SSHRERER AR RD, G
AT L kT E AR AL,

11.5.4 BEHREWL

PoidiHb A 2ol A\ TR ISCR AT RERRIS, 28— (Ehism Bl -, IR ARSI 2 e 2R, B/
RACITCRIE R RIS, RN 8 e iR, BRI E A v, EEE TRSIRE S n — 1,
AFEAIRER 0, WHEE RE, Sl aE B2 8E —Er B RER 0, IERIEKRRL, s
BTy “HRHEE" AL OB,

TR IS EE L, AT DU AR Sed) oy v R BL R BB IBGR G . BN, TR AT DAREHOE R —
ETCERIE AR, AT, WERIESUNE, SRENESI BRI, BeRMAATRIAE.,
FREEENE, BAESERARE "R, RIS MR RE BT IR —ER 2 R R R B,
TR PO HE 7 IR TSR AT RES L.

7 VE—DUGE, BT DERS IR = Ee0ETR GEEAMAIRE, B, PRICR), WhikiE =afxiE
TURIIP B2, SRR, BER “BEAANMEAKKR” BIMRIERIETE T, ER, BATEA LA
BEHCE 2 RIEITE, DUk — IR m AN RR R, AR A, MREERESLE O(n?) R
RFEAR,

RIS :
// === File: quick_sort.swift ===

[* BEEN =B TR AIER */
func medianThree(nums: [Int], left: Int, mid: Int, right: Int) -> Int {
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let 1 = nums[left]

let m = nums[mid]

let r = nums[right]

if (L<=m8&m<=r) || (r<=mg& m<=1) {
returnmid // m £ 1L # r ZMH

}

if (m<=18& 1l <=7r) || (r<=18& 1 <=m) {
return left // L & m # r ZMH

}

return right

}

[* HESS (ZEEFRE) */
func partitionMedian(nums: inout [Int], left: Int, right: Int) -> Int {
/] ER={EEET R IE
let med = medianThree(nums: nums, left: left, mid: left + (right - left) / 2, right: right)
/] BHRUEIREES R A
nums.swapAt(left, med)

return partition(nums: &nums, left: left, right: right)

11.5.5 BEOR{EL

AT, PudHbE el e B2, D2 eA v ARSI 26, SOREH R FREYHRE R m,
i e o BRI A AR R JE 2 O AU FRIFIRIRE 2 m — 1 B TR, BRI 5 — iR rEy ja >
AIRERAAERE /N (B —ETR), BESNSEEES n— 1, HRFEGH O(n) R/NEIHEBIEZS
FEﬁo

BT BB B, B DA R ST SE RS, LB TR R, (BN 7 Biig
REATIEIE, FBE TSI R R Gl /2 , (R AR ORI B R log n , TR
SRS E AL O(log n) o FESCEEAT RFTT:

// === File: quick_sort.swift ===

[* REHE (BEEREK) */
func quickSortTailCall(nums: inout [Int], left: Int, right: Int) {
var left = left
var right = right
/] FEIRER 1 B4&IE
while left < right {
/] HEEDIRE
let pivot = partition(nums: &nums, left: left, right: right)
/] EWEFEF R EEAAE NI TRE
if (pivot - left) < (right - pivot) {
quickSortTailCall(nums: &nums, left: left, right: pivot - 1) // IEEHIFALFES
left = pivot + 1 // REFFRHFERZA [pivot + 1, right]
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} else {
quickSortTailCall(nums: &nums, left: pivot + 1, right: right) // IEEHFAFES

right = pivot - 1 // FFERHFERES [left, pivot - 1]

11.6 &HHIF

BHHE (merge sort) 2 — RN ZMARISIUHFEAE, WEE 11-10 Foriy “Eln” f1 “G07 FEEL.

1. B PEE:: IZEE B S e R R 7 B, 1R B8 ) HE e ] L 45 2 R 21 ) HE e
2. AR BT RER 1 IRKIEE 7y, FMGEH, R A mIEEIERIE R I & OF 25— (EE

RIVE TSI, HEEH,

PEEEEEEE

B PEE

... SR
R

SRR

M 11-10 &R RIS B & fF B

11.6.1 EBEZXER
WE 11-11 FioR, “S1PEER” 1ETE 2 IR B HIAS R S48 A BT 50 2 0 A1 1 R 37

1. sHEEFHEE mid , EEE S A REY]) (ER [left, mid] ) FA FES (&R [mid + 1, right] ),
2. REHITHEE 1., BEETRY|EBRES 1 KK,

“EORER” TR THM e T SR 1 S S O 2 — A RS, REERERR, RRER 1 TS5
waatr, SOREERPRIRE T EATER A PR,
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BERIS wENS - =
‘\ . IEEEE ’ . EERE
( i { fJ1=C30
EWaH ‘ EHAH t
Step 1 | Step 2
BERIS - 5
‘\ 7 . EEEE . EEEE
" 3125003 fJ120503
EE <‘
Step 3 [ Step 4
[ i) R
eI fJ1=C30

[ step 9 | [Step 19]

11-11 AprHER R

BIREH, SOt R TR R E § REE E 2 — B,
- Rk SRR TR, FHEEG R, REEFREIR.
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AP JCRE AT, RS TS, BARER S O

E0HHEF B A B TR, #ER, nums RSO % [left, right], 1M tmp HY¥FEIE R 4
[0, right - left],

// === File: merge_sort.swift ===

[* BHEFEFINEGFES] */
func merge(nums: inout [Int], left: Int, mid: Int, right: Int) {
/] EFESEMBA [left, mid], HFMEFIERS [nid+1, right]
/] BI—ERREEY tmp , ARTFHREHEBER
var tmp = Array(repeating: 0, count: right - left + 1)
/] IR FREFIF G F Y RS
var 1 = left, j=mid + 1, k = 0
/] EEAFEFEEEITERER, ETHEIRENRITRER T ERRES
while 1 <= mid, j <= right {

if nums[i] <= nums[j] {

tmp[k] = nums[1]
i+=1

} else {
tmp[k] = nums[j]
j+=1

}

k += 1

}
/] HEEFREFIEFEY AR R T R AR EI B S R
while 1 <= mid {
tmp[k] = nums[1]
1+=1
k += 1
}
while j <= right {
tmp[k] = nums[j]
j+=1
k += 1
}
/] HEEREEMES tmp FRRYTTREHERMES] nuns AYEFEZR
for k in tmp.indices {
nums[left + k] = tmp[k]

[* atfHE */

func mergeSort(nums: inout [Int], left: Int, right: Int) {
/] # LR
if left >= right { // EFEIIRES 1 K& ILEE

return
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/] B3P

let mid = left + (right - left) / 2 // stEHEE

mergeSort(nums: &nums, left: left, right: mid) // IEiE/AEF[E7
mergeSort(nums: &nums, left: mid + 1, right: right) // IEEHGF[ET
/] EHPEER

merge(nums: &nums, left: left, mid: mid, right: right)

11.6.2 EEZIFH

- REHEBEREEZ O(nlogn). FEEEREHDT: 815 ELEE R logn MIREE, A& 0FRARIEEE
Zn, FEIAARREEHEES O(nlogn) .

- BEBHES O(n). EEMHY : BEIREA logn, H O(logn) K/NUHEBIEZSE, & HHE(E
T EFED BB MES BB, A O(n) K/NIERSMSTHL,

- Ry EEnaRT, METRNRTIRRIASE,

11.6.3 f#ERTIHF
SSRGS RS, A ORI E A B G RS, DSBS F AT (L2 T A d b
k5 0(1).,

- HoyREEL: ATDARER “IEAT B BRI AR EBISEAS B S E o> TAE, 1A 2500 e
- ADREBL: fESEAS RS, ERATE IR ERSEES N (e HRTEE, RS0 GREmEREE
Fratal RSN S 0 2 — R A FPsf FR1)) IR RSN A RS

HEaEBANE LR i, A MR o] IR ERIE T 28,

11.7 MiEHIF

Tip
BIREAHIRG, FERECROERSE “HERE “HH,

HFEHF (heap sort) J2 —FEELAHERE KRG EBLR MR P RE, BRI DI CARSE R R A
BRAE” R TR HHERERIE" EBMEREHT,

1. 8 ARSI/ NS, MR/ VTR HERTH,
2. REFIT HHERERRE, MRRECIRHMERDTR, HIRIS RN EIRHEF R,

PAETTIRREPRRIAT, (HFREREB— RSNSOI TR, RS, EERET, TMEEEH
— AR E B T X
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11.7.1 BEERIE
BGIRE S n, HEREHFImFRE 11-12 FiR.

L. B ABEEINENKTHHERE, SeliiR, mATTRANHERTH,

2. IFHERETEOCR (BB —EcR) BHEREROTR (RE—ETR) . 7RG, HENRER L, B
Her R @& 1,

3. VEHERETH R, TETHR R THRELIRIE (sift down), SERUMEREILIZ, HERRUMEEIS I,

4. EERITE 2. PHE 3. P, WE n — 1 iR, RIS,

Tip
HEE L, TREMEEREPLAEE 2. PHE 3. P, REZ T E#EHTRIPER,

A A
/Zoi ég} SR j\) @) S
1. EWAREEDIMERER 1. BRI
00 (-] \@\

@ 2. B RREATE
(1) SRR RN EETE

BN REHET
SRENER EAFER
EROSIRT i S
nums an nums EE
ERAR BRETR I
Step 1 | | Step 2

[ 1]
SR QJX E B
) \ 1. BARSHRIER 1. BABFIRAE
@ @ @ 2. EEEEERRRATE @ @ @ 2. B RREATE
(1) SR AU 3 (1) SHERRTRRUERETA
HTEMEN SHFER ) BEERETERL SHTEMEN SHFER
- 000000
[ Step 3 ‘ Step 4

@j\
&) P @{\ ) e

/Z\ 1. EINREEDIEER 1. BINFEDIAERIER

@ @ @ 2. EEHAERRBATE @ @ @ 2. BT RRBATE

(1) RERATREBRTER (1) R REBERR TR
EMNERER SHFER (2) REZEETHEREL ERMNENER BSHFER

Step 5 | Step 6
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@
© o
0060

ERANERER BSHFERN

~: (00000

l Step 7 ‘
5\) Q
o @

000

HANERER CHFER
w (00008

| Step 9

-]
o o
000

$EW§MEH Em&ﬁm
— 00000

[ step 11 \

SERHF

1. ENREDIE R

2. CBEHEPRRRATR
(1) HERRTRIBEARTR
(2) WREFREITHERL

SR

1. WAREDIGEER

2. EESERPREURATR
(1) ZERATRERETE
(2) REBERETERL

SERHF

1. ENREDIEERER

2. EEEEREPRRRATR
(1) HERRTRIBEARTR
(2) WREFREITHERL

_4

o
e o
0060

ERNENER SHFERM

nums  ([ERERE a

Step 8

®
\;//

e o
000

ERNERER ERFER

~ (00000

Step 10
EHFEN
w B00000
Step 12 |

11-12 HfEHER P BR

SETRHIF

1. BNREDIAERIER
2. EEPERPRIBATR
(1) ERRTRIBERRTR

R

1. ENFEDIEER
2. EEGERPRIGATE
(1) ERBTRIVERETER

SETRHIF

1. BNREDIAERIER

2. EEPERPRIBATR

(1) ERRTRIVERRTR
(2) WIREREITERNL

3. Ff—ETHRRARE, HFTR

R ER S, MR 78 " FEH R AR THERAEREL sift_down() B, HFERNZE, H
MR R SR E R B R TTR MRV, IR E4G sift_down() BRFUHTYE —EREZZS 8 n, W
TEHERRE AT AR, P TATR:

// === File: heap_sort.swift

[* HRORER n , LER 1 FHis, RIEERERK */

func siftDown(nums: inout [Int], n: Int, i: Int) {

var 1 = 1

while true {

/] FIERERRE L, 1, r PERAHERS, A na

let 1=2*1+1
letr=2*1+2

var ma = i

if 1T < n, nums[1l] > nums[ma] {
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ma = 1
}
if r <n, nums[r] > nums[ma] {
ma = r
}
/] B 1 RARERS 1, r @R, SEREERLK, Bi
if ma==1{
break
}

/] RIameEnEh
nums.swapAt(i, ma)
/] BE R THREY

i =ma
}

[* IR */
func heapSort(nums: inout [Int]) {
/] EETERIE: WRRPRIEEIRL ANV E PR B IR,
for 1 in stride(from: nums.count / 2 - 1, through: 0, by: -1) {
siftDown(nums: &nums, n: nums.count, i: i)

}

/] VEHFEPRIREATE, BB n-1 &

for 1 in nums.indices.dropFirst().reversed() {
/] BIMRER R R ERER IMETREETR)
nums . swapAt(0, i)
/] VIAREARS AR, EIEERETHRAWL

siftDown(nums: &nums, n: i, i: 0)

11.7.2 EEZFH

- RHERES O(nlogn), IEHBEHNT : EHERERIEGERH O(n) R, T IRBURATTR IR
MR 2 O(logn) , HEE n — 1 #,

- BHEEREES O(1). FieHbY : REEEEEEH O(1) M, TTRAHRMER IR EEZ LR 51
T,

- AFRTEHT  TESHHRETE T RO RN, S T RS A E AR R (L,

11.8 1@HiF

AR AR SRR Y R LA HE PR, EMEE BOTR MR A/ NREBIHEF . EHER T
FOEIR RE M IR O(nlogn) o HEFAK, BIVEHRS &M “ELbBrseing”, ermmm e
JE AT DUE SRR ERE
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@ (bucket sort) 2 IEHRIGH —EMAER, EEEBE —EEA R/ MEFIIM, SFEHEE— 688
PREE, KERPFI RIS ER T R, EEMNEOBTHEE; BEHRMRIER ST B RS
{7i8

11.8.1 EEERIE

FRE—ERER n WY, HTRZHE [0,1) WAIREE. FHFRmRE 11-13 iR,

1. WAL K fEmE, & n ETRoBCE] & @R,
2. BEfE T BIBITHY CERRARERE S I NEHFED,
3. TZHRARIE/ NEIRRINERS & B R

iidbinlBl (05T .55 [o.2 [0.09]0.57[0.4] 0.51 [0.75 .15 ] .37 J R M eS
T _— ' S EREIHFEAIHEF
.
bl sl HEERST
uckets 4=
ITHRF
BFEE m,@m [mﬁnA) [mﬁmﬁ) [méaﬁ) [@4Lm
’ / RIS
\ ’ " BHHER

A A

Y ¥ ! :
gronasdoll 0 5] o550 57 Jo.c3]0.s5 057 075 0.52 091 0.56]

11-13 M EEERE
PR AR:
/] === File: bucket_sort.swift ===

[* 1EHEE */
func bucketSort(nums: inout [Double]) {
/] #EEK k = n/2 fEHE, FREERSERIE 2 BxE
let k = nums.count / 2
var buckets = (0 ..< k).map { _ in [Double]() }
/] 1. #EYTRDEEEERFH
for num in nums {
/] MANEEEER [0, 1), £A num * k HIRBEIZRS|EE [0, k-1]
let 1 = Int(num * Double(k))
/] #& num FRIZHERE 1
buckets[1].append(num)
}
/] 2. HEERRITHRE
for 1 in buckets.indices {

/] ERNEHFRI, WaIERRE MR EEA
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buckets[i].sort()

}
/] 3. EHREHER
var i1 = nums.startIndex
for bucket in buckets {
for num in bucket {
nums[i] = num

i+=1

11.8.2 EEZIFH

WAHE R B R R B B ARRRT R, B, SRS 100 BEDTR, HRSHIRG, Rttt —
RYERAFTHE R BERE, AT DAKFERT K 1000 fEfE, AR AIEHEHEMETHER, RIBRHERE 0

- IHBGRIEZ O(n + k) © RROCRIESERMN P20, IREFEMNRTTREES T o BRiF
BEREH O(F log ) W, MHEFEATERMER O(nlog ) Wifdl, HEAIEUR b LB, MR
JERERR O(n) o AOHERIFFREETIAMMITR, L& O(n + k) K, E&EBT, g
R ELE— (R, BHEFZAER O(n?) Kk,

- BHEERES O(n + k). AEEMHET . FEEFED) k EAFAAE: n TR,

M R S RE BRI HE P RN TR VR R SR E.

11.8.3 WMAIERFEYHED

WHERP (IR R AR LB S AT DUER] O(n) , BASETERRSCRII MBI MD, KA B pEarg
B oR. B, FRFEESREE - RIRTH S I E RS EE -2 0 ECE 10 fEf, (ER L ERS 0 AL,
IR 100 JTHYAER 2, @R 1000 TR Do i ER IR EFEI#E 3% 10 1, SEmHrm s SE 2 m g
FEH R,

Ry BB IS, BT DAERE — R BI o AR, A EORDIE RS o 3 3 fE R, SPRCSERR, PHIERE S
W2 RIRARATN 7 2y 3 MM, EEFTARPRTRBERABIE.,
GniE 11-14 FoR, SEJTIEAE BREY —HRIEEE, SR EMNNESTRETY., BR, ATEE
Wl RHE > 2% 3 (A, EARE ) 7y AT IRR R R R 3R 1S
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BmEE
HEHBR4ER
RRE — g5x 20% 15% -
EREM BEM&LL
HREM — b 100-500 >500 <1e 18%
_ 10-20 13%
3 : C 20-35 12%
18% 35% 12% 35-50 10%
. 50-100 12%
<10 ~10750~._ 50-100 100-500  20%
~ | S~
oy (4> e >500 15%
13% 12% 10%
10-20 20-35 35-50

11-14  JEEE) 534

QSRR AR o A (EUAR AR 24, BT DURRBE ORI o iiist s IR IE AR (RS 70 8. (ES RV,
BRI A —E RS, R DARGRE RN B ER ) A R R T L

aniE 11-15 AR, BB S ERSARTE L& i, JEAkmln] DA BE s e (RS I ), (R Ao P25 23 iC
FBEE

WREE

0.4

0.1 ¥

+oo iR

‘ ﬁ@ﬁﬁ@ﬁ

{EHiReEE <3 3~10 10~25 25~80 80~200 >200
11-15 ARIEMEER 717 ) 53

11.9 =HEHIF

stEHEF (counting sort) IEIBMAHTREEAEH Y, 1EH BRI,
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11.9.1 fHEEIR

ek E —E BRI T 45 —ERE A n B nuns , EAPR TR R “AEEET SHEHEFREEER
FRANE 11-16 Fimo

1. EFHFY], FREEPRAET, b m, REET—EREA m + 1 B counter o

2. #EB) counter #Hint nums AL HNBLIREL, HH counter[num] BEELT num FIHIBRIREL, #EMTTTA
REGEE, HFEET nums GREFTEFS num), SIS counter[num] #1 1 BIA],

3. HIJA counter MAMRIIRARER, FHHERMEBZCKHNTH T, # TR, FMES counter
FRAE S B BB N BRI E N nums BITA],

FHFEES nums 1 nnnnnn &

FEFH nums WHFEBFRIHITIRE

v \';:}1» . a counter[num] £F& num AIHIRRE
=5l (BF) o 1 2 4

H#ME5 counter
E#H counter , BEHF

‘ _ WFALBURBIAN nuns BIE]

EREY nums

11-16 #HEEHEFRE

AW MR
// === File: counting_sort.swift ===

[* stEEE */
/] BEER, EERRHEEYH
func countingSortNaive(nums: inout [Int]) {
/] 1. BEtREFIRATTE n
let m = nums.max()!
/] 2. SETREFHHIRRE
// counter[num] 3R num BYHIRREL
var counter = Array(repeating: 0, count: m + 1)
for num in nums {

counter[num] += 1

}
/] 3. %EFH counter , FEITHRIEBNEFERES nums
var 1 =0

for num in 0 ..<m+ 1 {
for _ in 0 ..< counter[num] {

nums[i] = num
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v P EBCHE e S HE e 1) i
MR AR, BTa] DU EH B RIS counter RYRHERS I 2—(EM, Hstst g
AIBFEE S ETT R LS BRI, AE L, ST B R R R —E%Rs il

11.9.2 RTEER

AOIEEE TRERI T, MR ABRDEME, LD ER 3. ST, R ANERLER S, B
M s (ER CHRIR R B8 B TH T, m bidEE L RGeS D ESHF 4R

ARG A REAS B R HE 45 SR ? M & Je51 5 counter Y “RIARAN", AR, &5 1 BRI
prefix[1] F FEAIET 1 (B CE 2!

prefix[i] = Z counter[j]
7=0
WIS AW ETE, prefix[num] - 1 {XFICE num FEESHBIS res hiR iR — R INBIM RG], EHEEH
IEHRAGE, FREERFRMSE TR IEZ L R RS A A B, 22k, BB E 7 RS nuns [
FEITE num, EFIERPRHITLA IS,

1. # num IEA#H) res BRG] prefix[num] - 1 J&,
2. DRI prefix[num] B/ 1, MR NXHE num FES|,

EFTERAR, Y res R HEF I RIAR, BERMEH res BEEFMY nums BIH], [& 11-17 R 7528895
B,

[REES) nums [REZ) nums

HEREY] res [m

BFEm 0 1 2 3 4 BF um 0 1 2 3 &
o o (@EDOE wan eris @OOOD
- (counter) —
FE# nums WA EEBFHIHIRK 5t counter MAIGH, 2% prefix
counter[num] & num AIHBRH prefix[num] - 1 €% num 7 res PRE—RHENES|

Step 1 Step 2
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num num
v v
= e (0000800 = e (OEB000000

SERMET) res RS res

BF num HBF num
B prefix unn B prefix
(counter) (counter)
FIFFED nuns FRSMETR nun , SHRHT: BIFEDS nuns PRSETRE nun , SHIIT:
1. # num A res W%5| prefix[num] - 1 & 1. # num N res WF3| prefix[num] - 1 &
2. QHIMEH prefix[num] BE 1 , #MEHTRKE nun K73 2. FHIRA prefix[num] B 1 , #WEHTRKE num BWFE3|
[ step 3 | [Stepl. ]
num num
v v
= (000000080
HREZ) res «nms res (OIS [2]2] T¢]
HF num HF num
B prefix BB prefix
(counter) (counter)
EIFFEDS nuns FRISETR num , SHRHT: BIFEDS nuns FRSETR nun , SHIIT:
1. # num A res WF3| prefix[num] - 1 & 1. # num BN res 5| prefix[num] - 1 &
— 2. QA prefix[num] BE 1 , #WEHTREE nun BFR3| — 2. LB prefix[num] BE 1 , #MEHTREE nun HHR3|
| Step 5 ‘ Step 6 ‘
- (000000000
KEREY res ERET) res
BEmm 0 1 2 3 4 HFoum 0 1 2 3 4
wes wertx (DDOO0 was werix (DDOO0
(counter) (counter)
HRERIGEDIBE, HIRREIITRED PR res EREY] nums EIA]

B res FRREEHFIAR

- e

11-17 &8RP

At BB SN R R

// === File: counting_sort.swift ===

[* stEEE */
/] TEER, THEYE, LEEREHRF
func countingSort(nums: inout [Int]) {
/] 1. SEtREFIRATTER n
let m = nums.max()!
/] 2. GETREFHHIRRE
// counter[num] KT num AYHIRREK
var counter = Array(repeating: 0, count: m + 1)
for num in nums {

counter[num] += 1
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/] 3. K counter RVREIZM, #& “HIRRE S\ihsn “BR57
// B counter[num]-1 @ num £ res HHE—RHIRNES|
for 1 in 0 ..<m {
counter[i1 + 1] += counter[i]
}
/] 4. BIFEFH nums , HRETRENGERES res
/] ¥IEEES res FARGCEREER
var res = Array(repeating: 0, count: nums.count)
for 1 in nums.indices.reversed() {
let num = nums[i]
res[counter[num] - 1] = num // #& num REZIEHEZRSIE
counter[num] -= 1 // LEIZMBRE 1 , BRITRHE num BHZES|
}
/| BRERREY res BERERES nums
for 1 in nums.indices {
nums[1] = res[1i]

}

11.9.3 EBEZIFH

- BFRIEEES O(n +m). IEABEREHET : W XGER nums FIZER counter , ABHFIARIERIR, —RH
RN > m, FEEERE-R On) .

- BEEREER O(n + m). AT #B) T RE2 A2 n F1 m KIS res F1 counter .

- REHET: BRI res HIARTTEMIET 2 “EERAE” B, FHEFES nuns A DUBHR ST
K MEWESNE, mERRCH T, B L, EFES nuns WA] DUSRIEMNHET R, ([HAER
EARRE N,

11.9.4 {BEMR1E

EREE, mUreaEsredEFIEESY, (S5 aSHEUEAT AEH EHEE, AW, R
(AT BT BB MR N S 2 AR

EHBHEY FUB R R, RS A EL A R IR, A (R e R ] DA A R, i L
TEIEOBRR P RRE S E T 2 > RIS KNG, BIan, B G S BBy Bz, m] DUSEAA AT B
M E—EE s, M A ER, HF s R mE 2,

SHCHE I PR R R IR R R B S, et 1E FIRTREIF m REERK, SHIES A B2 a2,
B < mB, FHEHRER O(m) K, ATREE O(nlog n) MHEF BERIE G,

11.10 E&HiF

AR T R, SRR R n SO EEREE m BN, BEERMTREE n = 100 [
SRETHER, TISESRE—(H 8 MMy, EEUEREE m = 10° JEE A, A EEFEES A R
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TS, mAEH ] DO IS A D
HEHF (radixsort) AUZLEAHEEHEHIE — 2, hEBREHEBCRER T, fEIHEE L, SEHFA

MBS AL MRRERER, RO —ADETHY, RS EIRARIHF &R,

11.10.1 EBEZRE

DAESRE R 0], BB IRIOORS 16, mahr@ss 8 i, EBHFRRRME 11-18 Frr.

1. ¥R k =1,
2. BHESRAVE k ACPUT “RHEEETT. SRR, BRIERIERS kAR NEIRHER .
3.0 kHIN 1, MRIREER 2. 4ESUEIR, ERIFTEMEHEP SRR AR,

TEEE IS EB., BNl dEAHIRE S o, BERHEE kA gy, , FTDMERRIREHRAR:

BN nums
etk k = 1

o oHEE LM o

HFE 2 fi

10546151
35663510
42865989
34862445
81883077
88906420
72429244
30524779
82060337
63832996

35663510

88906420
10546151

34862445

63832996
81883077
82060337

42865989
30524779

35663519
88906429
82060337

34862445

81883677
305247179
42865989

63832995

»

DAtessdE, HF

HFE 8 i

B 3~7 1M BHHFER

I 11-18 HEH R ERE

x
Ty, = LWJ mod d

10546151

;®524779
34862445
42865989
63832996
72429244
81883077

82060337
88906420

Het |a] FRENFEE o 0 NEEE, i mod d Fn¥ d B (AR, ¥HRESE R, d =10 H k € [1, §]

o

teoh, B2/ MER B E BEE AR S, (2 AT DARIREC TS k ADEfTHEY

// === File: radix_sort.swift ===

/* ¥EBYITE num B9 k i, EF exp = 107(k-1) */

func digit(num: Int, exp: Int) -> Int {

/] BN exp MIE k AILLBEELREEHITRENRAHE
(num / exp) % 10
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/* stEHE (BB nums 35 k (IHEE) */
func countingSortDigit(nums: inout [Int], exp: Int) {

/] THEMFINMUEER 0~9 , AtFEERER 10 BIHET

var counter = Array(repeating: 0, count: 10)

/] st 0~9 BEFRIHITREL

for 1 in nums.indices {
let d = digit(num: nums[i], exp: exp) // #EEX nums[i] % k {i, 52% d
counter[d] += 1 // HEtEF d FWHIRRE

}

/] KEEA, A& “HIRE s “EHIRS)

for i in 1 ..< 10 {
counter[i1] += counter[i - 1]

}

/] BFES, RIBRNGER, EETHREN res

var res = Array(repeating: 0, count: nums.count)

for 1 in nums.indices.reversed() {
let d = digit(num: nums[i], exp: exp)
let j = counter[d] - 1 // ¥EBY d 1EREFIFMIZES] j
res[j] = nums[i] // BHEFITHERENES| j
counter[d] -= 1 // #§ d BNEER 1

}

/] ERERBERMESY nums

for 1 in nums.indices {

nums[i] = res[1i]

[* BEHHEF */
func radixSort(nums: inout [Int]) {
/] EEETNERATTER, ARFIETRAME
var m = Int.min
for num in nums {
if num > m {
m = num
}
}
/] EBRMEAIZSANERFES
for exp in sequence(first: 1, next: { m >= ($0 * 10) ? $0 * 10 : nil }) {
/] HESITTENE k RITEHEHE
// k=1->exp =1
/] k=2 ->exp =10
// B exp = 10~(k-1)

countingSortDigit(nums: &nums, exp: exp)
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ST EGE AR B4R THER?

RN, Bty S EEN - WHEERAR BOIAGER, MRS —WmHira R a <D,
e AR a > b, AREESE —EmAas FUR RS — @ rVAE R, BRI S AL B ST R
i, PRIIERZSEHE A L,

11.10.2 EEESNE

MR G e, LB I R B E SR RIS DL, (R AT ROR ] DAFOR s e AR 2, HLAE
BORRE K, I, TREORE S (ST, R ANk Bk, ATREEEIRIIEAEE O(nk) > O(n?)

o

- IEBGRES O(nk). EREEHT: RERER n. RS dIERHL RARMES E, RIS

BUTEHHE R O(n + d) W, HERERTE & G O((n + d)k) Wi, @HERTE, d Ak 4
gy, BRI A O(n) .

- EHBRES O(n + d). ERMHDY : EEHEEFHER, SE8HTREREDRER n fl d D res

F1 counter o

- REHEE: Bt Ry, REcEE T, EstEdiE A RER, REHREARES SRR

P &R,

11.11 &

1. ERNORE

- IR AR TR AR E BT, B HTY —EARRE A A E B AR M, B A] DU IR HE

F B SRR B EE AL O (m)

- AR SRR R E N TREA R CH T R ER A E, Emsedby. MR

RFFEREE 2 O(n?) , (HERSTTERMEREE/D, RIAE/ NERHR I HE AT 25 -k B Sz,

- POEHEE RN S B EE R . EIERE D, A RTRER RIS R 22 A AT, EEIR R

MESIE O(n?) o FIAF LB NE ke i L ] DAR SRS L IHER, R EIE /5 1] A 2K
s D IRNE TR, A% M R AR E] O(logn) o

- At EREE S A ERE B, SRIHEEER 7oA tREg, EE O, e bR EE N i B

5, ZEEHEE R O(n) ; SRTHER S4S ER 2 B9 FIATRERE ] DU AL O(1) o

- MHER RS =R BRI, MNHEE I SAAR, BRI TR, EHRNERRRRK

WML, AHE R O B S 72 R BRI T2 70 B

- AHEEHE R R AR, EEE st s E R B IRERE BT st E RN ER R R

BRHHEE A RS, A B 2R E R REH R 5 IE R

- HEHDTEER A H T AR EBE Y, KBRS FROR 2 [ A B
- REROAREL, B EIRE AR, BASRCR, T, DU BEE R, 2R, RN

HAERHEENTEEE R, A M ERIRRE M F R R A A I LE 0k F, EERERS, JIMH
BHYRE R R AR R Sl A H P A,

- [ 11-19 BT ERHAFEEIRARCR, . it R B E e,
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R SRR R

se  ws  me  ge | BEE  em  sEme  siue

mEAS O o o) o) | dEE  FH FSEm  bE

ig(if)ﬁ o AKHE o(n) o(n?) o(n?) o(1) e it =hilis Lhig
A Om) o  om) o) | @R FH  GEE LB

BOE#F  Onlogn) Ofmiogn) O(d)  Ofogn) | 3ilE i  FEEE  HL#

é’;ﬁfg’i . @HH#EF  O(logn) O(mlgn) O(nlogn)  OM) | ME  HEM HEEE  E#
MHHF  Onign) O(iogn) O(nlogn)  O(1) | #EE Bk HE&EE LR

BAF | On+k On+k  OM) On+k | ME  HEM  EEEE  HHR

BONF . W On+m) On+m) Onsm) Onem) | WE  HEE FEEE  FER
EMHF  Onk) Ok Omk  Om+b) | ME  FEE  FEEE R

il
FHFED, kK AEHE
= i ® ‘ HEE, n ARNEE
EBHFR, k BRALH, JES b EOH

11-19 HEpEEEELE

2. Q&A

Q: HEFpEAEIARRE AT BN R 2L

EHREF, BMETREENY AR EE e TH R, B, 24AE0aMaEmmEEE, RMmEEEH—
2 aHE 7 : SeieiiEiETHET, 1520 (A, 180) (B, 185) (C, 170) (D, 170) ; F¥ & EETHF. H
RHEFEEEAEE, R gES3) (b, 170) (C, 170) (A, 180) (B, 185),

A DAEEEE, 24 D M C A E IR TR, AN EREWEEE T, miE2RMAREERN,

Q: M@l “WEHEAER W “AFEAGER” HNIEF ] DA HNE?

AT, EERMUAR TR AR, WHSE “CHEELAER” B “NCEEEERT, Bt aELRER,
FAM A AT — R A

ME L& 5) partition() BIREBE—HEAH nums[left] l nums[i] » ZEARACHUE, REEEEUFIBRYITEAS <= 2
HEEL JEARECR R — 2 AZ WA nums[left] >= nums[i] RMSHBRNE, ERGERFRMSe “WEAEEAER”, ARERWIR
PEAZ LR K TR, HIEAE 1 == j RFSkHIERE, SR THE nums[j] == nums[i] > nums[left],
TR, MRFRIE — 0 SR E g 0 — LR B R e R R R A Ao v, BRI ) 7
BEG 7, ATk (e, 0, 0, 0, 1], WHRL “WEREGER", HEH5 &M% (1, 0, 0, 0, 0], &
{845 52 AN IE R,

HRAEE T, WRBRMEE nuns[right] ZEHEE, BB EGRIER, HWENE “MEAFHER,

Q: FREIEEREN, At EEEN YRR E R EAEE logn ?

A R 2 AT AIR B A E /7 VAR BRI T 3 o0 BAM AT e B 27 31 0 22 P AT - R 37, 7 B2 0 A e
Ri%, W RIEEP 7R E R R AR YR ER—Yf, RRREEN, —BEA—PRE, AER&INER
IREEFRSE logn o

Bl RGO PEHE R, FAMA P RE Sl R K Ei K, mEBR IS n. n—1, ..., 2, 1, IE
TERE 2 n o RBIREERELAT DO RS G H IR,
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Q: HEHFIHATA TTRA SRS, POdHE R R R 2 O(n?) W52 s el i B AR (L% i ?

. BIRNEREEDL, AT A REIE B S #] R A > 2 =8y ANRL SRR RIRE R, EH IR
B NAFURIR IR ER Y. FERZITIE S, EATTR EMHFRIRES], (2T o BT 2 aHE T,

Q: HHHER IR AR R I 2o T BE 2 O(n?) 2

BEWIT, FrEEEMS SR — R, GRRPHRA 0 O(n?) WEkACH FEt T2, RIRR A
Rk O(n?)
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F12E 94

Abstract
MR E IR, B IR TS B A,
STHEZER T —HAEENEE: MHEME, —VEAEEM,
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H128 MG
12.1 98EEx
533 (divide and conquer), RFESAY, B HE{Ew ET H A R IR LR, /@ EEEE,
AHE 97 1 987 WAL,

L g1 GEUSRRBL) : R i1 i T o 8t 2 P I B 22 Al P, L SR B /N 7 PR IRR A U
2. 16 (GOREED . REAWR R/ T FIERLG, FORZETEHS T FRERMEIT S 08, TEmmmEE b

HIfiE,
i 12-1 For, “GHHEET 2RI IAER 2 —.

L. gr: RIS (R 817> Rl 7 (s (R, E2IFEAHRFE—ETR 7).,
2. i WERETEEFHE TR (FRERR) ETa0f, EmEeE RS (REERR o

EEEEEEE

s 5 (BISIRERR)

BNTHE

- (BOHREER)

12-1 AR IE SR

12.1.1 N{EIHIERS A R9-E

— AR S & (A TAREDR, JEHE AT DAS 3 DU AR A B iR

1. PR LAS R TSR] DA MR SR /N, FEACURY IR, DARCRESE DAAH TR 75 OB I e T #1 79
2. VRIERENIN: TRIEZHRAESR, HARE, o] DESZER,
3. PRI AEDE: JRFER SR S O FER RS,

R, A0 I R DAL = EH Bk i

1. R PR R s (D #3107 il s (7D,
2. FRIERBNIN: SEFFEEE AT DR HE THE R (7 IR AT DUBAZE TSR IE) .
3. FHERRT A DE: mfEA s (FRER) ATDAE B A —MEH s (EFEERI .
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12.1.2 B BRIEANE

SHGAMEN] DA RO R DR RIA R, TR R HERIRARR, A, T, SO,
HERHE PR, B, MAHEFER, SU2REASEMER 17060,

AR, FITALEIER: Rt DARRTHERIARCR, HRRE R (& ? fatas, MARRMEDMAZ
TR, BER T, # T RIS OF % R ERERE, ISP AIRCR T B L B R R DR R AR B
fen? S M TR AT ARV E R AN TR R 75 T A

1. BEHEREN

DL YRR 2, EREE BRI n (MBI O(n2) Wi, [RaRiiiEE 12-2 Forir s, 14
BESEr R B 5 2 T8, BUBIS T O(n) BERT, HERFMH TRSITRE O((n/2)2) BRI, & OFmifH
FRSTETE O(n) W, AR 2

2

O(n + (%)2 X2+ n) = 0(% +2n)

DEEoEEEE DEEEDEEE
s

AEHE
0(n?)

DEEEEERE

4888 o(n2) 4888 o(n2/2 +2n)

@ 12-2 & S RTZHIER T
IR, BRI AER, BN %8 70 sl s =R AR

2

n2>%+2n
2
nZ—%—2n>0
nin—4) >0

BEWER n > AR, BIRMOREBEED, HIRReREZER. TR, #0RARREREE TR
il O(n?) , FUBKEMEE I H BOES/N T,
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DA, WERBAHE ¥ RSB E e bR 1 7 2 il - BiEs, 2 I R — (BT R 1L E e ?
EREERER LR “GOHETT, REEREEZS O(nlogn) .

A, WIRBAM L e a3, RS E 0 2 kT REEIE? ISR AT IR,
EAFFEAH R, B LR DUES O(n + k) -

2. FTHERMER
TR, SN TR AR SR, KL TR, WAL, R R AR
HIRERTHERERE, AR SR BN A TR EE T

WATRAENIE S Z BRI BREHICHAR, BRG] DR EHE 208 1 FE, EmsenothfHaHE
G, EmE > AR TR

FRANTERE 12-3 Rl “WHER" o, BRI ERP I P ECEISEART, RIRTRE AT A AR A HE R85 0 L
FIREEHRETT, EREREEIHER

{/@/ \\% |

12-3 P HI TR R

12.1.3 S8ERER
— 75T, A3VATT DA AR 22 A% e B i R

- SIREOEEE: IR E SRR R 7y, MR BRI A L R, AR SR
R B RO R

- RBEWERIL: B0 Karatsuba HEE, EiFRBEEGRIE D R 72 288y N BHISRIERTINE,

- JERSRTL: BN Strassen TR, EHFRHMEMERIE MR A 2 18/ NE BRI,

- ISR - T IE R R] DOZ BRI ARR, ISR R A SRS A

- ORMEREE: ARSI, QRATE AT RN R AR, RS M R A, SRR
Wi B R AR e R A, FEBh & OFHE R TSR
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i, SHATEEEIENERAS RN R B SRR B,

- Zorfis oS E PRSI REIRS IR 0 AWy, IARARIE B ARE B A R TR E LA R,
DROAEHERRIR—F15 ], A2 SRR R TAH R = 0 81

- AP AHBRECAE, AEEE,

- PgHEE . PREHE R RE R AR, SRR ) R W E S, —{E RS TR EE R DN,
7SR ER LA R, FENS M RR AT RIS 2 1%0E, EE TR TR,

- MR MR A BARR R B R BB 2 EA, RRBEEERMNETTRETHY, REFSER
TERMIXE, M2 —EH R,

~ﬁ flan oo, AVL . ALRE5. B AL B+ i, ©MAVER. FARIMPRS SRIEER AT DA 2%

THERMEHIEM
- MERE: HERR RERPIRISE R TUCH, HARERRE, Al MERFIMERRIL, EER LARRE T oARNE
A,

C OMEEA: MENERRA A ERIERI NG, (BRI RERIER T ek, fln, sEa
b rR R RS A ER A & BB S ALRE,  DARTT ERRCR,

AIDEH, it “HYAIEE” fEEIAEA, RS SRR T,

12.2 SA1ESHEK

BMCAERE, B EETR MR,

L RBANE: UEEEHVOREHEE, BT S O(n).
- PR TR R R e, IR AT EE] O(logn) BE O(1) .,

B L, RIS O(logn) S-SR TSR G RIR BN, fan — 08 S A8,

- oSN E - PEERE ERYTH R BETTR) 2N —E/NEE FERAIN— R BT
), JEEEfE— R R s3SI TR Ak,

- BRMIEEBENNRE, £ TES, AVL B MEEEEREET, SERENRBEREZES
O(logn) -

oS A AR IR,

- PER PR o iSRRI I PR (TERRS A T AR s T (TERRAIA —F i T &
i), BB L T RN H TR AR E R,

- PRIERENR): EooEsd, U T HEE, EAZHEM T RERE A,

- FRFENEAS O —oa 5EEm A TTR, HAREG FRENET S0 &7 RE
TSFRRTRIRE,  Ji TRt & (R IR Z TR

MRRESITETHE R RR, AH ERE AR LS LR —EEE, moraiEa s n DUHERR %
H,

1. BRgaBER"sEs

FEZHiESF, o @sFRERNERE 020 BB, BERMERDE (BE) KEBE,
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Question

M ERER n FARFES] nums , HAFTATTRAZME K, FEEH#ITR target o

BEAMARE, BMIHGRER (i, 1] B TR £, 5) .
DUETFEIRE £(0,n — 1) Zitash, B8l U /e,

1. SRS (1, j] NP5 m , RIBTHRR— S,
2. EMESRAEFSE NP RIS, ATREA f(i,m — 1) s f(im+1,7).
3. JEREE 1. DI 2. &, HEIKF target sE M A2 RHR (A,

12-4 o 7RSI Z iS00 6 B iRk,

¥ on
(o, 3) 12 15 23 26 31 35|
S
f(2, 3) [1 00 2EEEE 35]
.

m

\ 4

BIEGRETE 6 MFKSIA 2

12-4 Z =056 1882
BB, BMEE—MEEER dfs() HRBEME f(d, ) :
// === File: binary_search_recur.swift ===

[* ZH¥s: BE f(L, j) */
func dfs(nums: [Int], target: Int, i: Int, j: Int) -> Int {
/] BEEERE, AREBETE, AIRE -1
if i >3 {
return -1
}
/] StEHRERS] n
letm=(1+3) /2
if nums[m] < target {
/] BEFREE f(m+l, j)
return dfs(nums: nums, target: target, i: m + 1, j: j)
} else if nums[m] > target {

/] EEFREE f(i, m-1)
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return dfs(nums: nums, target: target, i1: i, j: m - 1)

} else {
/] #HEBBxER, REHRS|
return m

}

}

[* ZniEs +/
func binarySearch(nums: [Int], target: Int) -> Int {
/] KERMEIRE f(0, n-1)

dfs(nums: nums, target: target, i: nums.startIndex, j: nums.endIndex - 1)

12.3 B2 ciEhRE

Question
5T — R U ER preorder MAFFAESH inorder , FEfCAHRERE oo, IR[E —JoRIAIMR Hi
B, B IJoeHR EEEENEE (WE 12-5 Fim),

B ER
/ \ EiE il preorder
hEFED
inorder

Ml 12-5 A TRt iREIE R

1. HERRBRSERE

JR I E R A 1E preorder F1 inorder A —JTh, 2 —{EURIK) 2 ERIE,

- BEN DA R GETRRIAIETIA, FRAFTRT DA IR FTREE o0 Ry w8 i R e TR, MRS T,
I E—PHE: WIAICRERRG, TSR ER T (FRE), WIODRATAEM DA L8757, A5 HE
DREN TR (FRE), BERERRNFHE (1) Rk,

- PRPERBNIR): 2T BRE REEMH RN, B MRA%, e TRk, JIMATRE
PR AE A AR P E Al R B AL T R B AR e A5 TR R B

- FRERIATLAEE: — BRI T ARG TR (FRIERIM, TR DU e MIEE 2R -,
12 R R
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2. WNEEIS FE

WRIELA BI04, TSIE-E AT PAEAI IR R, (HAMZRE T E i preorder FIH)FE ) inorder AR 7372 ¥
R - Rlg?

RIEEF, preorder Al inorder #HRA] DAE S 2 =MEE6 57,

- HiFERN: [ REDES | AFE | AFE 1, FlWE 1250BEEL 3191217 1.
- HhEER [ EFE | RERRS | AFE ], GlE 125BEEL 9 131127 1,

DA B ER 2B, Ffa] DOZIBE 12-6 A2 BRIG 28] 7045 R,

1. HiFERRNEITE 3 Z2IRESRYE,

2. EFIRETES 3 7E inorder FIIRS], FIHZESIOE inorder #0&[ 913 | 127 ],

3. R inorder MEID4EE, SISAE TBIFIA TR EIEBYEBE 2R A 1 3, 1Emal#% preorder #1534
(31912171,

BT RARER

AifFESS  preorder

(:> RS
@ @ HFEER  inorder n EFHE

: ( 3 {EENRs
EF#RE
1 {EERS

HiFED  preorder nna

12-6  FERTF AEFFI L& ] o7

3. BEREnisRrHER

FRIE DA LB 751k, BRIMESSARER, /78, 4 7BI1E preorder il inorder VRS, M4 11
RBLEERT (SR, T 2#E B R E et s,

- ERTERRERESTE preorder YR GIFIAY € o
- FERTSIRETESTE inorder HIRFIFEEA m
- FERIBIE inorder FINERSIEMEA [, 7] o

W 12-1 firr, BB DL ESBSEEN ] RN HIBTE preorder S|, AN TRITE inorder IR G| &,

& 12-1 AREERTRHERTFE R ER R RS
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HRETELAE preorder ARSI FHTE inorder TRV S| & R
H A i [l,7]
T i+1 [l,m —1]
ESRR ] i+ 14+ (m—1) [m+1,7]

FEIER, ATERERRSIPN (m — ) MERE “FrFEnEmiee”, E@samE 12-7 B,

o M ED)
prﬁ:::der n
A A A

@ @ i i+l i+1+(m-1)
HRFERS

in::der aa

o o v s

[ 12-7 MREFEGIIZEA FRIIR S| 8RR

4. EXBER
B THRFER m HORCE, TP — (RS 2 hnap ACRZMIB tnorder H1TREIZE| 1B
/] === File: build_tree.swift ===

[* BRI 9% */
func dfs(preorder: [Int], inorderMap: [Int: Int], i: Int, 1l: Int, r: Int) -> TreeNode? {
/] FRlRBRATEALE
ifr-1<0¢{
return nil
}
/] FIRARERR,
let root = TreeNode(x: preorder[i])
/] E# n, WD ELGTFE
let m = inorderMap[preorder[i]]!
/] FREE: BELFE
root.left = dfs(preorder: preorder, inorderMap: inorderMap, i{: 1 + 1, 1: 1, r:m - 1)

/| FREE: BEATH

root.right = dfs(preorder: preorder, inorderMap: inorderMap, i: 1{ + 1 +m - 1, l: m+ 1, r: r)

[/ REIREIRE

return root
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[* WBEZIT */
func buildTree(preorder: [Int], inorder: [Int]) -> TreeNode? {
/] ¥IEHEER, #1F inorder JTREIZES|IHIEML
let inorderMap = inorder.enumerated().reduce(into: [:]) { $0[S$1.element] = $1.offset }
return dfs(preorder: preorder, inorderMap: inorderMap, i: inorder.startIndex, l: inorder.startIndex,

< r: inorder.endIndex - 1)

12-8 o TR TRIREIEERE, HEEHERER T B AEREPEYN, Mg (G BIER
BT AR AL,

— )
- @OOOD O

preorder 3“2 17
inorcer ({3 (127

=a =
Step 1 Step 2
wreorer (E)EE)EDED
wnorcer (EJENEDEDED /
3 9 B preorder
@ inorder
= —
Step 3 Step 4

/ 3 9 n preorder

9 3 a inorder

B D &

[ Step 5 | [ step 6

/ / 3 9 PSWAl preorder
- )

/ @ 9 3 B inorder
3 9 2 1 n preorder
0. g EERRE) i © o

ECIR (s
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Step 9

12-8 M —ITERIEIEE R

B3 K X N R AT E F7 preorder FIFFFEAERT inorder HIEI 245 R AN 12-9 AR,

preorder an
inorder nn

preorder 392 1 7
inorder°3 12 [7

preorder | 3 9 | 2 n7
inorder | 9 3“2 7

39 2 lnpreorder
9 3 1 2“ inorder

[ 12-9 IR B AT 7 AR

SR 2 n , WIG LA — A (BT —EEE R dfs()) FE O(1) . [REARIN R B
B2y O(n) .

MERRSHTE inorder TLRFIRS VB, BHBEMEZS O(n) . FEREBIT, BITITRIBM 2SI,
EEREEER n, A O(n) BRI, FIREMsiEELR O(n)

12.4 FANIERE

FEE OFHE R AR T, AP o PR 08 7 P B AR 25 S R — - - PRI, RT3 AT N S ]
AR AR 70 AR
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Question

STE SRR, RLA AL BRI C, EIHIRRETS, BT A REE n MEE, EMIE LR M NEIRN
NEFHEZ, FMANER - EHIE n EEBEEIET ¢ b, WRFFEMIEENEF A~ (QE 12-10 Fr
). TEREIEMEREREY, FEEF AL

1. ERHRER AR FTHR RS, 5 — AR THEIA.
2. BIRARERSE)—{H[E o
3. /NEEE AR ZIM N KB Fo

AL

Y wEaEslt A SHE C
A B C

12-10 (A NIERTRE R

TR BUBR, o WO IERTERCAE f(0) o Blan f(3) RFEK 3 HEVRIE A BEIZE ¢ BRI EERHTE,

1. EEEFER

quiE 12-11 fow, $HRRE f (1), BERA —MEERE, BRIV EERER A BEIE c B,

0 B B

A B (4 A B C

BR £(1) PR
HERERY A BBHE C BT

R (1)

l Step 1 Step 2

12-11 BBz 1 AR R
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WNTE 12-12 R, SHRRIRE £(2), HECAIEENS, HORERANR NEE KT b, TR )
B ACSRFEN,

L. Joff EHEE/NEERTE A FEE B,
2. FHRERIEIERNE AR
3. BB/ NEHEIE B BB

=1 L4l

R £(2) SR
miE f(2) 1. #NERYE A BBHE B
Step 1 \ Step 2
A B (4 A B C
iR £(2) WER: R £(2) R
1. #NEESE A BBHE B 1. #NERHE A BBHE B
2. AESKE A BHE C 2. KESYE A BHE C
—— 3. KERY B BBHZE C
Step 3 Step 4

M 12-12 Ry 2 BRI AR
fRIRRTE f(2) BBREA]ARAE A AFPMEEVIEREDh s TE A BB c. Hrb, CMBRHEIEM. B MAKEN,

2. FRESHE

BRI f(3), BVEA=(HERR, SRR T —L,

RZCH f(1)F1f(2) B, BATRIMTAT (e G/ R, 1 A TEERI a0 A 1 — a5, ST 12-13
PRGBS = (BB IEF e A BE ¢ 7

1. £ B A HEM. c A&EL, HHERBIEABES,
2. 1% A FPFRIERI—E BB A ERBEEZE .,
3. & AHBEEHAE, A ZaRmER, FMEEREBRBEC,

A B

R £(3) WPR:
& f(3) 1. WERER A BHE B

Step 1 Step 2
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lal L la

A B c

A B c
iR £(3) WER:

1. BWEEEYE A BBHE B
2. RER—EERYE A BHE C

@R £(3) WPR:
1. RW{EEZEYE A BHE B
2. BRGF—EERY A BHE C

—— 3. RWmEEZYE B BHE C
l Step 3 Step 4

12-13  Fisizy 3 HIRTRE M
WAE LF, BAVFERE f(3) 8155 Zmifd 7R f(2) M—MFRE f(1) . e RNE =8B 1%,
JR BN < S 2R, ISR SR, T HA AT DLE B

bt TRATATARES B 12-14 R RV DY S RIS 4IRS -SSR £ (n) 815 i 7138 f (n—1)
R TR F(1), MR R RS = 8 7R,

1. ¥ n— 1 HEBES CICABESB,
2. FER 1 (EERME A BERERE C,
3. n— 1 HERE AEBREC,

EHSSAIE TR f(n — 1), WRUGBRIRRD REHRENY, AEESRNTIE £(1) . mf(1) 1
BTN, HF— BB,

FHE f(n-1): # n-1 EESBK A BEBIZ B

FRE f(n): #§ n EEMSHE A BBE C - 4 -
FRE £(1): 1F 1 EEKE A BHE C

.—J—.‘.—

) 4
FRIE f(n-1): # n-1 EESY B BHE C

M 12-14 DRI P9 B4 T RE AN o3 T SR
3. BERBER

ERERXES, RMES—EIRERR dfs(i, src, buf, tar), BRITERZEIIA src THERRY ¢ (@B FE B 5%
E4E buf BENE B tar -
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// === File: hanota.swift ===

[* BE—(EEE */
func move(src: inout [Int], tar: inout [Int]) {
/] % src TEEFZH—EEE
let pan = src.poplLast()!
/] EEBEMN tar TEEP
tar.append(pan)

[* REBRINIERIRE (1) */
func dfs(i: Int, src: inout [Int], buf: inout [Int], tar: inout [Int]) {
/] & src RFT—EERE, MIEZEHBE tar
if 1 ==1 {
move(src: &src, tar: &tar)
return
}
/] FEIRE f(i-1) : #& src JBE 1-1 EEEFER) tar #BE buf
dfs(i: 1 - 1, src: &src, buf: &tar, tar: &buf)
/] FREE f(1) : # src FEF—EEREE tar
move(src: &src, tar: &tar)
/] FREIRE f(i-1) : #§ buf TBEF i-1 EESEFEE) src #E tar
dfs(i: 1 - 1, src: &buf, buf: &src, tar: &tar)

/* REBFIPIERIE */
func solveHanota(A: inout [Int], B: inout [Int], C: inout [Int]) {
let n = A.count
/] BFIEEEEFIER
/] #& src TBEB n {EEEEFER) B 5% C
dfs(i: n, src: &A, buf: &B, tar: &C)

QN 12-15 AR, (Al NSERTETE R 2 n BRI, RHE AR 7 RHE, e —ER R dfs()

B, BRREERES O(27), SHEREL On) .
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@ 12-15 A1 935 R R A 0 e s

Quote

P IERETR B — 8 G E R EE, £ EERN—ESFEE, SGEME=ReRNEatET, D64
TERNA—HE B, BEMTAEEEER, MEEERE — [ ERYOEMRENIR—Z], B
JLIG 87N § T

SRIM, BN PSR E—k, SEHTEARLY 204 ~ 1.84 x 1010 ¥, &% 5850 f&ifE, iwisid
& T HER T E R AEN, PO, MEEEERRER, RMEZATRER O TR HIFHK,

12.5 /haE

- AR RREEREGEREE, Wi @) fE (G0 mEREE, JEELRNIEEE,

- HERRSRIGEEARER IR MERG M, FREZ SR, THRERES SO,

- AP R IGRESHY SR, ORI e 1 0 25 <F R B E 81, 3 (E TR A
wE A, 1EmsEsiET.

- SIADIERESER AT DR THERIERRCR, — 75, oAk THRERE; H—Jm, 2aRE R
ARG TRE,

- oIaRER] DURIRET 2 IR, MR B RN RHE A B R IA R, R ] R B,

- MHEBRR NS, AEEMSICRE R, MEERES O(logn) MIESEE B 2R HERKE
B,

© RS IRRIGE S — U, AU S T REARET S0P ER, TMTR] DOE @ E R
THAEH — g,

- FEMEEE TR, AR (R AT DAE Oy AR s TG R (R, JEAT DAOEEEH
TR E RN R R A R R 5 | [ PR AR B B

- AEFINIERED, —ERIE S n AREER] DAE o> 2 MRS 2 n — 1 B R — BTy 1 95
o TRNERFfRDRIE =8 7R, JRRFERE SRR,
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$F 135 [o]i

Abstract
BMaFER=E PR RE, fErERER L rT s is s R,
EIWAR D =Rk MEE S E B GR, NETER, RIRENEAEHNE M,
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13.1 [EIEE L

[O¥EE % (backtracking algorithm) J&—fHi%E il 53 2R AR TR RS RE Y 1%, BRI O EAR R —(E R 4GHR 28
a2, BOHESFETRENMIRTE, EIB%|EMNMRRG S, ERIRFIMECEER TE rTREnEE
HREEIRIR B A 1k

[ ERIE SR REE R AGEfRSE. £ “Took” mEEit, RMRERTE. REREFE
SHET BN B S, BT, BRI A AR B A — [ R RE, BT W AR O] T R T AR SR,

ol —
ME MR, fESRCERATEES T RERS, SRR,

BRIE, TAMATETSRE, AHETERTERAER SRS T, HE, HIRZERREMASRES] res
ZH, HHEEREBLNE 13-1 F1 DA RS TR

// === File: preorder_traversal_i_compact.swift ===
/* BiFFE:R: BIE— */

func preOrder(root: TreeNode?) {

guard let root = root else {

return

}

if root.val == 7 {
/| CEkfE
res.append(root)

}

preOrder(root: root.left)
preOrder(root: root.right)

HIFFER_ToH,
WrEHk(ER 7 HIERE

Al E A
£ @ FRHEE

[ 13-1 FERTFED PR RER



13 % [E www.hello-algo.com 275

13.1.1 E:x{8[O)R

Z R DARR 2 Z5 IR TR, SN 2 2 AR SR S IR G ER L “EaL” B R RSRIG, ETERIATE
AR B B SR B SR AR T I B TR BT R R AR RO, B RGN b — PR, RAIF AR
ARAE, & A AT RERIEEE,

BRPIE—, FiHEESBEAR R “El”, MR REEREOREICHIFR return HIFOR “[HIR",
ERRANE, PHEIEAMEERRSEGRN, ZRs R, BRIMBFRE MR,

ol —
FE TR IR RATA AR 7 BORTES, SR AR RS L AR S

TEBIE—FE RS EERE 1, FRIMTEFED) — (8 5% path sCis DB A EBIER L, EFFHEMER 7 AOHTRIR,
RIEH path WHTHELL RS res o ERTTEMRIR, res HREEFRINZITE IR, RN THR:

// === File: preorder_traversal_1iil_compact.swift ===

[* BIFEER: GIEZ */
func preOrder(root: TreeNode?) {
guard let root = root else {
return
}
/] ER
path.append(root)
if root.val == 7 {
/] SCEXfR
res.append(path)
}
preOrder(root: root.left)
preOrder(root: root.right)
// [EE

path.removelLast()

R “Eal” w, BMEIEFERTERHTIEE path ARELEREEE; WAE “[MFNR” A, FRIMFEEAZEH B
path F5EH, PAREEARKE s Z ATHIRE.

B 13-2 Fonridis, BT DUFESUMENR RS “RilE” Bl “WES”, WiERIE L A,

/\ “\ Wl BOE, EARE / W BOES, BRRE
EhB: tRzikeE, &EEE EL8: trRimikiE, RRmE
path = [1] V(/\) path = [1, 7]
/ \ / \ / \ / \ BRI 7, AR EAR
r res = [] res = [[1, 7]]

Step 1 Step 2
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BEl: BOE, B
EB: tRfEiRAE, RRE
path = [1, 7, 4]

res = [[1, 7]]

BE: BOEN, BRI
EB: RERAE, RRE
path = [1, 7, 5]

res = [[1, 7]]

EEl: BOES, FEARE
ELB: ke, &sUEE
path = [1, 3]

res = [[1, 7]]

BWH: BOES, EARE
ElB: tREiRAE, &R
path = [1, 3]

res = [[1, 7]]

Step 10 ‘

path = []

B BOEY, BMRE
ELE: RERAE, REE]

res = [[1, 7], [1, 3, 7]]

EE: EOED, EMRE
EB: RERE, KRR
path = [1, 7]

res = [[1, 7]]

EE: BEES, EMRG
EHB: 1RERE, KRR
path = [1]

res = [[1, 7]]

B BEEY, BARE
EB: WREIRAE, RURE
path = [1, 3, 6]

res = [[1, 7]]

B BEED, EMRE

EB: tRiERAE, &ERE

path = [1, 3, 7]

BIIEE 7, AR AR
res = [[1, 7], [1, 3, 7]]
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13.1.2 B
0 14 T 9 B 0 & — Ml 2 MBI SR G, SR @ B TR Bk,

il =
TR R RATEE R 7 AVEIRS, FEHIREIRERZNE LRSS, R A SIS 31
HiiBh

7 VIR DA SRR, TG EHNOIEER . A SRR, FBEIER 3 iR, NIEANRE, A
s, BEXRBINIIR:

// === File: preorder_traversal_1iii_compact.swift ===

/* BIFEE: BIE= */
func preOrder(root: TreeNode?) {
/] BIt%
guard let root = root, root.val != 3 else {
return
}
/] ER
path.append(root)
if root.val == 7 {
/] SCEkfR
res.append(path)
}
preOrder(root: root.left)
preOrder(root: root.right)
// [EE

path.removelLast()

“BIR” R EARRTER G, i 13-3 R, fEfsEiEh, i 9IRS TR SSRGS
X, BRFFZEERROER, Cmidem a0,

Bk BEES 3 MERSANHRALEE

HRAE#RENERENESTH
HMmEAESNE

13-3 MRIBAYAIEIFBIRL
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13.1.3 tEZIENXB

TR, BMEFEM “Ea, FNR, 3987 TR, R asriE T,
FEAHERAEIEH, state FoRHERIE RN, choices FoRE ARAE T A] DA H AR :

[* EHREIAER */

func backtrack(state: inout State, choices: [Choice], res: inout [State]) {

/] FIETRS AR
if isSolution(state: state) {
/| SCEkfE
recordSolution(state: state, res: &res)
/] ABlEEES
return
}
/] ESHFRAEE
for choice in choices {
/] Bk FIENEERES&E
if isValid(state: state, choice: choice) {
/] Eml: MHBEE, B
makeChoice(state: &state, choice: choice)
backtrack(state: &state, choices: choices, res: &res)
/] EIE: HEHERE, MEEZAiRIRRE

undoChoice(state: &state, choice: choice)

A, BMEFPAEZRE AR MERBIE = K& state ZEIRGEAFEE,

HIEEATG TEiRG, 455 res BESIEHF:
// === File: preorder_traversal_iii_template.swift ===

[* FIETERIREEE M */
func isSolution(state: [TreeNode]) -> Bool {
Istate.isEmpty && state.last!.val == 7

[* SRR */
func recordSolution(state: [TreeNode], res: inout [[TreeNode]]) {

res.append(state)

[* FIEEERIRRET, RBERTEE */
func isValid(state: [TreeNode], choice: TreeNode?) -> Bool {

choice != nil && choice!.val != 3

JE1E cholces A E HIHI B L F
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/* EHARRE */
func makeChoice(state: inout [TreeNode], choice: TreeNode) {

state.append(choice)

[* VRIEHRRAE */
func undoChoice(state: inout [TreeNode], choice: TreeNode) {

state.removelLast()

[* EEEE: fIE= */
func backtrack(state: inout [TreeNode], choices: [TreeNode], res: inout [[TreeNode]]) {
/] BERTSAR
if isSolution(state: state) {
recordSolution(state: state, res: &res)
}
/] EFFREEE
for choice in choices {
/] Bk BEEEREAE
if isValid(state: state, choice: choice) {
/] ER: MHHEE, SHAAKRE
makeChoice(state: &state, choice: choice)
/] ETT—wmEEE
backtrack(state: &state, choices: [choice.left, choilce.right].compactMap { $0 }, res: &res)
/] ELR: #iEEE, WMIERIZATRIARRE

undoChoice(state: &state, choice: choice)

RIEEE, HMERINES 7 WERRIEZESE S, KT 212 return sEAIMER, [# 13-4
BT R EUNER return sEA VIS SIEHE,
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RHmE L
@iEs |

1% return fB% return
SCEkREIRE, THRESKES SCEkR R ARE], BEES
13-4 FREFEMIER return A48 @2 S L
FEEEER AT B s RFE IS B B, SR B BIAEZR AR IS B R ARG R, (@AM E L, B L,

TP [ ] DA SR TR D, TR R AR R BB R B E % state Ml choices , S EEBIMEZNH#fE
JiiERIA],

13.1.4 E AW

2 7 B AT TR B AR, FRAMARAS — T e E R AR S R, I IR GIRE =45 R,
Nk 13-1 Firro

R 13-1 H AR EE R AR

#iil TR plE=

fig (solution)  fRZMEHERERMIIIESR, FREA e  RETREEIERG 7 2 2 RAIR R AL

Ol KHRIEI R R R R A TR, BHH RSP RUSHE 3
(constraint) Ji: 1253

K& (state)  IREEFORMIEMERE—FZIMEN, CACEMHA  ECHRMAHEREEE, B path HiH]

e e
B BRI SR RS EIERE, AfEl BEmsAL (G) THis, KSR path,
(attempt) HIEEE, THRGE, MEERG AR FIE B ER S A T
[EIEE: EREFBE AN ARG HIARERE, WEsTmiy  EOBEEE, SRR, BREA 31
(backtracking) RS, 5] E—@EikEE g R RGRE
1753 BURCR R R R A R IR MR e R R s BIBREA 3 NEER, R RFEREES

(pruning) FRAERYTTI%, PR E SRR
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Tip
IRE, . REESEMERIEAIN, 1E16. B, BhfERE], SEHRIETEHEY K.

13.1.5 BELEEMRE

[l A AE F R — R e S, T R T AT RN T R E SR B AR R, EAE T
B TE RS R BT AT REMIMRTR T, T BfE SRR RHRIE R, BAEREINE,

SRIT, TEBRFEAFUREt 2 W R RS, o OO S P AR A T T el DA 52,

- WERE [P SR R EE AR R S R AT RE,  IRe AL T DUSE S5 R sl R SR
- 2 R TR G EATARE (BIANESTE, R BIR B ESs), BIRERAR, =M
TR ATRE B IS RA,

RIEEGnt, IR AT R e 1 PRI A A U AR TT R BINIGLERIRE, e R TE
MRLEIEE R ] A A AR, (R R 6 ZH S AT Rl RERIEIEE T AE R, (EIERETETL T, BRsR il iR
B, KRR R T IEA WA,

- BB RIS E N G A RS, T AR R IRe R 2

- ERNE S ERESBREPTI RIS EHE, Tt RE AT REAEE A RUR IR

13.1.6 [E¥AHB(GIE

[ e 7 ] TR R A s TR, &SR e PR A S B EE L TR
R SRR H RN R R R RO TT 2,

- 2HIRE: A —ERs, KEHFrARTRERHIPIE S,

- TERMEE: SE - ERSMN—EEEN, KERSHAENREEN &,

- INSERE: A SRR TR RIIDUNRFER B, ERAE T BRI — AL TS BN E 5 — IRAE T,
AR —EENRE, HAGERBERRBAENEE -,

HIT TR SRR R E SR EREI T 5 SRR A A

- n2iE f£n x n R ERE BRE, #REMEANE,
C B £ 9 x 9 MAHIEAR 1~ 9, #EEET. BHIRNEE 3 X 3 FREBTRETARER,
- ERE G A E, D RBREAS E R A ETER S O, (SR TER A A,

A R SRR AR — (AR & 2 A P PR B i S 2 IR P RO B A

- 0-1HUME: fE YR —EEE, SEmME - ERNEENER, ERETEARRGIN, =
Y S A EECR,
- RATRIMRE: fE—EE N, E ARG, SiRATE B R T — RIR AR, SREIERR .
- ERKEIE: S MERErE, PREIRORRISE e T, B P T W TE R PR 18 A,
LR, BIRFF A G BRI, R R ERITT %,

- 0-1 HHUMEE B EIRER, DOEEIE SRR RRCR,
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- BRATR R R A0 NP-Hard I, W AREA B E R ENSRHERIEF,
- KB E G P — (AR, A] A RS O A BRI

13.2 £H5IR=E

EHA R PERAR —E A E N, ERERRERE RS W — TR FERT, X
HHARTTRIIFTA ATRERIHES .

R 13-2 HIB T RAERBIE R, SIS A RRSIRIS R AT A HES

* 13-2 HHIRA

i A\ e1) P HEZ

1] [1]

[1,2] [1,2],[2,1]

[1,2,3] [1,2,3],[1,3,2],]2,1,3],[2,3,1],[3,1,2],[3,2,1]

13.2.1 EHEETENER

Question
g N\ —(EEc S, RPN S EETE, REIFTE R RERHEY,

TEEIERIAR f R, FRATAT AR RS B A A SR — RTNE AR B A% (1,2, 3],
MRTMEE 1, MRS, RIBEE 2, AUESH[1,3,2] . EIRFRHEE—MERE, BEHER
HnER,

TEmEXERI A ER, REEE cholces BEIAMYITHIFIATLR, IRE state BHZEHATCHIEERTT
Ro iHER, BETTRRFFPOERE IR, KL state PINFTHCRAEZZME 1,

aniE 13-5 AR, BATA] DURHE S8R B K — PRI RS, Rrh AR EnRECRE RTIRRE state . TEARENELF
4, OB —EERRINDEREME, SEEEMBEEE S,
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choices = state =

F—mRE

FEEE

BomRE

13-5 HEFI AR

1. EEEIFNR

% BT E REnEE IR, TMHE E S | A — B MBS selected , HAH selected[1] IR choices[1]
EECHIEE, WEHREEIR D FEIRERE,

- TEMHIEEE chotce[1] 18, FRAMAF selected[1] IRMEA True , AR ECTHOERE,
- EFIEEAS choices I, BRBFTH EHOBIERIEIRS, BI8IHL,

aniE 13-6 Fow, BRI — s 1, B oW 3, M ofmiEf 2, NRWEES “WIIHRITR 1 17
X, 1EH =3 HEITR 1 MTER 3D,

&0

,L AkTER 1, 2, 3

B 1 @ ) a_ |
5 o
AR’

o TR EHEENTER 1

HIRRIE 3 FgrEETRS 2, 3
BE o
e

HoERIE 2

HRERREFENTTE 1, 3
HeFEETTES 2

& 13-6 2HEH BT RHA

A 13-6 3890, SUHREIHE SR ME O(n™) WNE O(n))
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2. BERRER

B LR IR, BIMRIAT DAEREZR R AR i “eIHE” T, 2 7 AR, B ERE
BUEZRFE IS RIS, 2R e MR backtrack() HzlH:

// === File: permutations_1i.swift ===

[* EEEE: 285 1 *+/
func backtrack(state: inout [Int], choices: [Int], selected: inout [Bool], res: inout [[Int]]) {
/] ERERESFNITRHUER, CiRME
if state.count == choices.count {
res.append(state)
return
}
/] EFFEEE
for (1, choice) in choices.enumerated() {
/] R AARFEREETR
if !selected[i] {
/] ER: MHHEE, SRS
selected[i] = true
state.append(choice)
/] EITF—EEE
backtrack(state: &state, choices: choices, selected: &selected, res: &res)
/] EIE: HEHERE, MIEEZAiRIRRE
selected[1] = false

state.removelast()

}

[* 285 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 EEBETENENR

Question

A\ EER RS, PP RER S HBOTR, IR EIATE AEERHES,

IR RS2 [1,1,2) 0 %7 B WEEMTE 1, RIHSE 1% 1,
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aniE 13-7 FoR, BT ERAREHSIE — 2 EER,

choices = state =

E—imiEE

EowmEE

BowmRE

B HS)

13-7 E=EHEH

AR REREEATHESINE? e, H R —ERERR S, EREHPARETRE, RSN
SeEE, B2 EREBHIR IS0 SR A R, RERPERTRAEBT RS, IEHEAT DO — PR THEE TR NCR,

1. HSTEER
BRI 138, TES R, JEIE 1 SRR T RSN, EEmEBEES TERNFEHTIRERN, Kit
pEAm 1 3k,

FIFE, 7E55—WBIE 2 2%, S mEEdhm 11 heEtErs s, Fib s i 1 85,
TEAE LF, RMNEHEREE—RRED, 5382 MHAS0C R AP0RE X,

S—imEE

EowmEE

.ﬁﬁ§§W1
QEEEE—R

13-8 EAEHAIEIK;
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2. BERRER

£ b —ERIRE RSO EERRE b, B A — B E B AMER SR S duplicated, AIRRCER&ZHG - EAS
EalBrrTR, WHEEITRIE:

// === File: permutations_ii.swift ===

[* EEEE: 285 11 */
func backtrack(state: inout [Int], choices: [Int], selected: inout [Bool], res: inout [[Int]]) {
/] ERERESFNITRHUER, CiRME
if state.count == choices.count {
res.append(state)
return
}
/] ESHFRAEE
var duplicated: Set<Int> = []
for (1, choice) in choices.enumerated() {
/] ER: FAFEREETRE B TATEREERSE TR
if !selected[i], !duplicated.contains(choice) {
/] ER: MHHEE, SHAAKRE
duplicated.insert(choice) // :C#RIEBHNTEE
selected[i] = true
state.append(choice)
/] EITF—EEE
backtrack(state: &state, choices: choices, selected: &selected, res: &res)
/] IR HEHEE, MERZaaiRE
selected[i1] = false

state.removelast()

}

[* 245 11 %/
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

TR M AR, B n ETRE n! MHS (BE3R) ; fERCiRAS R, FEBRERES n H
g, MM O(n) Wi, FULREBREEZ O(nin) o

BRIBEEREZ n, 1 O(n) HEBIEZSMH, selected 1 O(n) 2, F—KZIHRZ A n f# duplicated
, W O(n?) =/, WILSHEBHES O(n?) .
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3. MTEERELL

FEIERE, #EIR selected 1 duplicated EFFHRBIAL, (HME B H AR,

- EEHEENE: BEMSEfET HA —E selected . TRV ERREHEEMLTTE, HIEHZ
B FETCETE state HEE B,

- WHELERE: SimEE (BT backtrack BRN) #EE—1# duplicated . B ECERHYE1E AR
EF (for fE) FffteoRCoEEE, HIEARRBMESETEAPEE X,

13-9 Jeor 7 mIE BT R R PR A SRR, TERE, R PAORR IR BB OR — (A0, TEARBIRE B SR ARG ARSI |
A 25 el A B — B HER

e 5o
CS_Q\B\ 2
HEEE— 3<
BHHTIS [1, 1, 21 [1, 2, 1] [2, 1, 1] Lo T

13-9  PEBIBiGR AF £F FH i

13.3 FEMME

13.3.1 EEERENER

Question

a8 —EIEEE B nums F1— 1 BAZIEEEEY target , sERHIFTARTRERVAH S, MEISMHEHHITEM
ER target . #EMSIEEK TR, SEFTRTUBIERZ R, sERSEREELSHE, BlH
NEGSEEES,

B, WA {3,4,5) BRSO, itk {3,3,3}, {4,5) . FEEELFHE,

ARSI T AR R DB,
C FERESTEIY, A {4,5) F1 {5,4) BRI —ETE,
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1. 2T 2HTIRE

UL 2R, AT DA R OB ER R — RV EEN AR, WEEEAREPEREN TR
7, EITEMEFR target I, SO FHEICHRESER BT,

st EHAIFEARAE, ASHEE PR e DR UGEIR, KR selected fitRERFIAELHIT
REMOHOEE, M EHPIRE ST/ MK, W52 RS

// === File: subset_sum_i_naive.swift ===

[* EEEE: FEM I +/
func backtrack(state: inout [Int], target: Int, total: Int, choices: [Int], res: inout [[Int]]) {
/] FEMZER target BF, CiRfE
if total == target {
res.append(state)
return
}
/] EFFREEE
for 1 in choices.indices {
/] Bt%: BFEMEBIB target , BIBhBZIERE
if total + choilces[i] > target {
continue
}
/] ER: WMHEE, EHTEN total
state.append(choices[1i])
/] ETT—wEEE
backtrack(state: &state, target: target, total: total + choices[i], choices: choices, res: &res)
/] EIR: HEHEE, MERZ ke

state.removelast()

}

[* RBFEM 1 (BEEEFE) */
func subsetSumINaive(nums: [Int], target: Int) -> [[Int]] {
var state: [Int] = [] // #RR& (F5)
let total = 0 // FE&EM
var res: [[Int]] = [] // &R&BH (F&ER5)
backtrack(state: &state, target: target, total: total, choices: nums, res: &res)

return res

L EAR A I ARRS] (3,4, 5] MIEATR 9, WMbiAHRA [3,3,3],[4,5], [5,4] » MESRRIFRM 7 FHifi
2 9 W8R, (HH BB 4 (4,5 M1 [5,4] .

SRR RSB BRI R, AR EENEY, WE 13-10 R, Jof 4 1238 5 BUTE S
1% 4 BAF S, (HEER 75,
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choices = FoEM
target =
L8053
JTEM >9
EowEE +5

BEEE

@ 13-10 T4 s EIR BTk,

&7 APREE TR, AR BRI R, (IS IRBCRIRAK, AR R A,

- EHPTERERZ, THREE target PR, #EaSEE&ELARIERTE,
- TR (MA)) RIRFEEAEFFER, TREICHEERS, R R ET TR R,

2. EETFEY

BAE BB ZR B T R, BIRE 13-11, BHE TR TEDURFEINER R T R R EA R,
Ban LA B,

1. EE RS RTIEE 3 R4, SERASEMETRNTE TR, 5 (3,4, ...
2. 2f%, WM AR, BUE HRIGEPOR 3, NAZREELNTE (4,3, ... M 1. BPER
) THE5 R
(EEEET, 5 E RS R AR, A5 SRR,
1. RIATBRIEIE 3 F1 5, ARTFHE[3,5, ... .
2. WINTBIEIE AR 5, ARTE[4,5,...].

3. EHWEE S, W HRIEEPNE 3R 4, WATE (5,3, (5,4, .. B 1. HRE 2. Hop
R THE 52 2 T,
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choices =

Bk 2hiA 3
WMEBETE

i A 3,4
B EETE

F&=  [3,3,.] [3,4,.] [3,5,.] 3 [4,4,.] [4,5,.] 3 4 [5,5,.]

BRTH BEETH EETE

1311 ARFEEIE S8 B T
HREAR, BEMAME] [1), 2y, ..., 7,], FOBBRAPORIBEINS [, 2, , .. 0, |, WS
T i) < iy < < i, FREEGEPHIGEERFSI @RES, WEHITE,

3. EABER

REBIZITE, BMOIAEEE start , FINERETRRIGR, BMHER v, &, SF TR @ Btk
o R BRI i) <y <o <4y, , ETIERE TRE—

Britbz4b, FADEEFEEEEST 7 DU mrER AL,

TERARCE S0, SCiFES nums HEP, 7EERTATA R, B FHEAEME target I ERATRIBIE, K%
RIBRITRER, HTEM—TEIE target,
HRTCRNEE total , EBAE target EHUTIRTIARBRILERM, E target FFR 0 FFaCHRF

// === File: subset_sum_i.swift ===

[* EIREE: F&EM I */
func backtrack(state: inout [Int], target: Int, choices: [Int], start: Int, res: inout [[Int]]) {
/] FEMZER target B, :CiRfR
if target == 0 {
res.append(state)
return
}
/] EFFREEE
/] B ¢ start FAE, BREMNEEFE
for 1 in choices.indices.dropFirst(start) {
/] B—: EFEMBIE target , AIEZERIEE
/] ERAREFEHRE, BETEEKR, FEMN—EBB target

if target - choices[i] < 0 {
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break
}
/] ER: MHHEE, T target, start
state.append(choices[1])
/] EITT—EmEE
backtrack(state: &state, target: target - choices[i], choices: choices, start: i, res: &res)
/] ELE: HEHEE, MERZaaIRE

state.removelast()

}

[* REBFERM 1 */
func subsetSumI(nums: [Int], target: Int) -> [[Int]] {
var state: [Int] = [] // #KR& (F&)
let nums = nums.sorted() // ¥ nums EITHEIF
let start = 0 // FEHECIAZA
var res: [[Int]] = [] // &RBF (FEF5))
backtrack(state: &state, target: target, choilces: nums, start: start, res: &res)

return res

Il 13-12 FioR 25 [3, 4, 5] R EEIEE O A AR RS2 1R B i A

# target
choices = a BLfRE T~
target =
BERIE
E=RE

#Bid target BETE

13-12 550 1 [EiEFE
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13.3.2 EEERTENFR

Question

45 7E —E IEZEBHA nums F1—{E HSLEEE 8 target , sEEKHIATAMTRENAH S, MHSHEEHHITTEM
FIR target o HEMFINRER SEHBOTE, BROTENPOERE R, ARSI RRENELEAS,
YR AECSEEAA,

FELHS LR, AR ARSI LS TMEER, IS A TRIORIEL, I, &gl (4,4, 5] fH DT &
0, HIBERAIMHEES [4,5],[4,5), HBTERTE

i s R T M PR A ST R P 2 OO, TEE 13-13 , S —dRdth = (EEE, HAmEEr s
4, GEAMFERNESY, Wb EE TS, FHE, B momE 4 hgEtEErE.

13-13 MHFREHRRIEE 75

1. BETERH

DRI, AR RIS TR b L REORIE IR, HEU By fikEs 2 EHF
[, BRIHAHSETTRECEARE, SRS SRS, HEIDTREHEETTRASE, AR ECEEE
i, RtEEPNEE TR,

BRIERIIRE, ASERUE REIARSIT R L REPORIE — K, SRR, A DA start AMERZER: &
[ v, 1R, B N —EIER51 1+ 1 BGMARER, ERBIRERFREE T4, Ak EERETER,

2. BERXBER

// === File: subset_sum_ii.swift ===

/* EIESE: FEM 11 %/
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func backtrack(state: inout [Int], target: Int, choices: [Int], start: Int, res: inout [[Int]]) {
/] FEMER target BF, :CRAR
if target == 0 {
res.append(state)
return
}
/] EFFEEE
/] B ¢ start BHIAERN, BREMEEFE
/] BIR=: ¢ start FHYRERS, BEREEEER—TTER
for 1 in choilces.indices.dropFirst(start) {
/] Bitx—: BEFENEBIE target , BIEEERIEE
/] ERAAESEHRE, BETREX, FEMN—EBB target
if target - choices[i] < 0 {

break
}
/] B NRZTREEETRERES, RPZESNREER, BERE
if 1 > start, choices[i] == choices[1 - 1] {
continue
}

/] El: MHHEE, FH target, start

state.append(choices[1])

/] ET T —mEEE

backtrack(state: &state, target: target - choices[i], choices: choices, start: 1 + 1, res: &res)
/] EIR: HEHEE, MEDZ ke

state.removelast()

[* KREEFEM 11 */
func subsetSumII(nums: [Int], target: Int) -> [[Int]] {
var state: [Int] = [] // #RRE (F£)
let nums = nums.sorted() // ¥ nums EITHEIF
let start = 0 // EHICIAE,
var res: [[Int]] = [] // &RBY (FES5)
backtrack(state: &state, target: target, choilces: nums, start: start, res: &res)

return res

13-14 J&oR THH51 [4, 4, 5] FIHEICER 9 EIERE, IS VIEITRIRIE, IR ER B s R
fhe, MfRR(EESIERE, DSREIIEIRIER WA TR,
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choices =
target = T

B EE BHm
ER—HoEET
& ERBREE—R & KX H
-0f ; Jom
& | BRER
(X;?o [4,5] EATE
HE=
- FasrES
TEEATEE WANE
i target

[ 13-14 FEF0 11 [ERE

13.4 n 258

Question
IR R AR, 250 ISR FEE—1T. —FIs— R4 LT, S7E n @ 25—
n x n K/, FHEGIE 25 2 MEEHE LR NRITT 2.

i 13-15 FR, & n = 4 B, Ha]DUREImMER, REEERNMEE, n X n A/NIERILE n? @
¥, SH TITEIEEE choices . fERMEINE 2EHNEAEH, HUSIREIE RNETHsE L, SMERZI 1 BUERE
EAREE state

| |

€
€

€
I

| |

13-15 4 2J5RIERfE

13-16 JEoR 7 AR = AR IEF: 200 RIGARAER—17. W5, F—kEE M B ERERNE, B
FaRRIY Ty EE A\ FIRE AR/ WA,
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FREERA—AHANL BRERE LR
e

x| x| X - YK

et —i7 o Yoo o W

~ //
x| x | x 7! AT
< | A B
/ S A .
| S| s
] —

FRER—F  FREF—THEML

13-16 n BJ5MIEL R

1. FTHRERER

SEHEEARITER S 0, RIRMESEE— @ SURSTH R B s —ME 55,
W, WA ARPORITIE SRS : 8175, ARTHE -MEE, HEERR 1TAW,

13-17 fliny 4 2IEHENZTREBR, ZEERS], H 13-17 #5178 —TrHB— @273,
Al ELREANI RS S SRR SR A TR 75 SRAHEAT T 39K

\

3
i
|

L3

BEE 117 =t —_t S

(&88) /\ (&88) (&88)

W W (W | |M] |

REE 2 5 % . F %] W]

I /

| W - v . w ¥ W ¥
BESE 3 & w1 M vl

\

lE\_" - v . ’:! . Y
BEE 4 & | ¥ X X

'] W W v

O

B 13-17 BITE KIE

EAE L&, BITBCERIGES] v ITEIfER, et 7R —ATHE M 2SS 3
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2. FUSHBEERK

2 IR, BATa] AR — (R % n (RS cols FilirE—FIRGH 25, ERRIERE
i, TINEE cols ¥ OH 2/FAIFIEITEIR, M AE R HBIREEHT cols HIIRRE,

Tip
FRTER, FEMAUERSAINAE B, HAPTRSIE LM, SRS IEAZGEM,

AREE,  ffe] e S A AR AT SRIE? sBUIR ILIEAS FHIIT ARG % (row, col) , e R AR B4R,
MR BGZ I AR LA FITRSESI RS [EAHEE, WMENMAS LA row — col ZMHElE,
st s, WRMERFHE row; — coly = rowy — coly , AIEM—EBRIER—FFEMAE L, FIHZ
R, AT DAREBhIE 13-18 FRAURESI diagsl sidR R B LEGH E)G,

IR, KB BRI E row + col BRI, MR AT DARE B diags2 AREEEIE fARAY
ﬁio

cols
IR ERER

& 13-18 JEERAIKT AR BRAT R

3. EABER

FETER, n HEABEF row — col MEIER [—n+ 1,n — 1], row + col MEER [0,2n — 2], FILAEH
FERRIIRCE AR BEER A 2n — 1, BIFEYI] diags1 #1 diags2 WEREH A 2n — 1,

// === File: n_queens.swift ===

[* EEEE n BF */
func backtrack(row: Int, n: Int, state: inout [[String]], res: inout [[[String]]], cols: inout [Bool],
< diagsl: inout [Bool], diags2: inout [Bool]) {

/] EMETFRIAITR, kAR
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if row == n {
res.append(state)
return
}
/| EHFRET
for col in 0 ..< n {
/] stEZETFHENIHAENRE ARG
let diagl = row - col + n - 1
let diag2 = row + col
/] BEIRR: RAFZEFRES. EHAL. REARLEEER
if !cols[col] && !diagsi[diagl] && !diags2[diag2] {
/] ER: BESKEETZETF
state[row][col] = "Q"
cols[col] = true
diagsi[diagl] = true
diags2[diag2] = true
/] MET—1T
backtrack(row: row + 1, n: n, state: &state, res: &res, cols: &cols, diagsl: &diagsl, diags2:
< &diags2)
/] EL: HZA&FIMERZAL
state[row]|[col] = "#"
cols[col] = false
diagsi[diagl] = false
diags2[diag2] = false

/* Kfg n BiF */

func nQueens(n: Int) -> [[[String]]] {
/] #Iat nxn K/NRUREER, Hep 'Q' AREG, '#' AKRT
var state = Array(repeating: Array(repeating: "#", count: n), count: n)
var cols = Array(repeating: false, count: n) // CHRVIESHEER
var diagsl = Array(repeating: false, count: 2 * n - 1) // SCHRTHAKRLEETEER
var diags2 = Array(repeating: false, count: 2 * n - 1) // SCHEAHABRLERETEER
var res: [[[String]]] = []

backtrack(row: 0, n: n, state: &state, res: &res, cols: &cols, diagsl: &diagsl, diags2: &diags2)

return res

BATIE n R, FEINKR, ARETERET2IE n. n— 1. ..o 20 1IEEE, EH O(n!) K
il B ECORMENE, FRSIMEBUAEE state MHTIGME res, MEBHRIEGEF O(n?) IR, R, AOREIFRIMINEIE 2
O(n!-n?), B L, RBEMGLRNHEER RIS MES S, RMiSS8eeEamn LR
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[ state i O(n?) 23/, B3 cols. diagsi il diags2 ¥fiifl O(n) %M, MAEERES n,
O(n) Heig=si, Nt SHBEHES O(n?) .

13.5 /i

1. ERSEIEE

- BIERIAAE R SR, B R A TIRE B S RS AT SRR, iR, J8E
MR RAFRI AR SR, EEIKEITE MEER IR AR,

- [ RAR M S A A B SR EDR M E A ). EEER T s R E R SRR, BRI
RATRIEAFRIIEDIR, HIHEGH L —DREE, REIZZATRUREE, WARSTE AR, EaliENR2
AIE 77 TETAH S f A

- [l R L 2 AEA AR, BT AR BB TR R, SIRAT DUR AT AL E A 237, K
IETETHE =R,

- [l ST S B AT R R R = R R AN A SR R TR, AH A A R RE R R T DA [ SRR g, H
LA ERCR B m s R B A RIS,

- PSS ST RS TTRIITA ATRERIHES ], FRAMRE D) — (B IS A G B E T R 2 5 IR,
PR TR S0 3, ERETTR A POEE X,

- AEEHPIRES, WRESPFEREETR, ARGERGHBEEEHY, RMTREORHETRER
i L REOEIE IR, JEE R AR R SR E DL,

- TEMEEN HEREATESTENS BEENTE TR, £86RNESTRIER, MigsEEg
AT IEP ISR, EAEE TR, BMERMRTRERREITHER, e MBI~ T — Wi
FERTECAARS, TEMR A i T SR 27 SOEITIIRL

- BRTEMEE, YRS TR GELEERRS, ARSI CHERRTE R, EEAETE A
TEREEHEEBIA, MRS TR LT R RER0EH —IX,

- n BEMESESENE n E2EHER n x n RSP ERTRE, ZRITE 25 MM 2 HHE RS
Tio AFIERIKIRIEIFAITAHR, SIS, TEASMUCE AR, RIMEITAR, TIMERRIAT
BHREE, RS TE 25,

- HURIHNTE A AR AR BE BT AL BIRPIETER, BAIA A — AR s — SR S A 25, e
TRERRIRS TR E AT, BIRBAGRAIR, FMFEmMEESA s Hlaiskaz . XA RO
2J5; WRERSERERIRE—E @) B BT THIRS IR,

2. Q&A

Q: EEEERAR B HBE R ?
RERZAE, IR R TEEIARNGT, THEEE AR M TR,

- [ RS R EREE EEL, A, ERRERNER SR —, BREEE SR ET RN,
- OB T TR RO, WARIERE, [, BhfeE GERELER)
o
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F145 FrERE

Abstract
NES YT ARG VNN 5
B REFR ST/ N AR R R KRR E R, — 45 [HBAME M R =
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14.1 {iREHREIREY

#AEHRE| (dynamic programming) & —EEZEAEHBEZLH N, TR —ERES A — RV NYTFRIE, i
BB FRERN AR R EEE R, AR R R,

EAMH, B —ELHMAENTF, SAHENRN OIS, BREhaSNES FRE, FPEn
B (R AL B RE AR B A

e Eh
ME—EIE n FEROMEE, UREEPRTDLE 1 BEelE 2 B8, SERA 2/ D75 58] DITEEHE TH?

GniE 14-1 Fow, SR 3 BEEES, St 3 1877 Sn] DUEEIHTH,

BIEES n = 0 1 2 3 4 5 6

TetsE 3 BEgRsts 3 A
0>1>223 , 05233 , 0>1->3

14-1 |5 3 FEAY 7T REER

AR B KA REE, BT DAE EIEE DIk s SR alRErE. RS, RIEME R S —E%
PRI FRAEME: (CHh g, SIS L 1 PR 2 B, ESNEMHIRUR T REEN 1, EREE
THERIR R B R, RESCHBAN RRR:

// === File: climbing_stairs_backtrack.swift ===

[* B */
func backtrack(choices: [Int], state: Int, n: Int, res: inout [Int]) {
/] BIER|%E n MEEF, HEHEM 1
if state == n {
res[0] += 1
}
/] EFFEEE
for choice in choices {
/] BEIRR: RAFFHESE n

if state + choilce > n {
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continue

}
/] EFl: MHEE, EikRE
backtrack(choices: choices, state: state + choice, n: n, res: &res)

/] Eh&
}

[* TetEts: B +/
func climbingStairsBacktrack(n: Int) -> Int {
let choices = [1, 2] // EIEEMLENE 1 PEER 2 P&
let state = 0 // 5 o FERHIRNIE
var res: [Int] = []
res.append(0) // fEF res[0] FEEERFHRH=
backtrack(choices: choices, state: state, n: n, res: &res)

return res[0]

14.1.1 FiZ*—: #Bhigs
[ T T o W AN B G H R R E A TR AR, TR AS SRR B E— RV R EE, EARIRMER:, =
Fit G ] RERfiE,

Tl AR S LRI B S RO F S W R, SRTESI2E § Wb dpld] FE77 %, FI0BE dpli] SRR, X
TR A

dpli — 1],dpli — 2], ..., dp|2], dp[1]

AR RE b 1 BEER 2 B, DRIE RIS AESS o BEERE L, b —dm - aTRESS(E58 © — 1 FEEEE « — 2 [
b HATEE, BRAMILRETEE ¢ — 1 BEEEE ¢ — 2 PEEMIES | B,

H (B TS ) — (A R S MBS « — 1 BERT RBUM_LeEISE ¢ — 2 BE977 REORF RIS ¢ P77
F8, ~E:

dpli] = dpli — 1] + dp[i — 2]

IERMRE ECREBIRE R, 2508 7 M 2 A R R R, IR M n] DU 7 SR R 2, [ 14-2
JeoR T Rz HER R
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dp[5] =dp[3] +dp[4] =8

dpl4] =5

dp[3] =3

BRES 0 = 1 2 3 4 5 6
HEE dp[n] = 1 2 3 + 3 8 13
NI

14-2 75 REEIEHERF

BT AT AR A TSI R IR, DA dp(n] 2t MR MG — 2 RS RE 37 A9 2 G N 2/
R, EEEGERNTRE dp[1] F1 dp[2] BHRE, Hrb, R TREKREC AN, B dp[l] = 1.
dp[2] = 2, FFMEFE 1. 2 WA 1. 2 HTE,

B DU NARS, TR EAR S L R IR B e =, (AR
// === File: climbing_stairs_dfs.swift ===

[* B8 */
func dfs(i: Int) -> Int {
// BX0 dp[1] #0 dp[2] , iR[ElZ
ifi==1] 1==2{
return i
}
// dp[i] = dp[i-1] + dp[i-2]
let count = dfs(i: 1 - 1) + dfs(i: 1 - 2)
return count

}

[* ety 13 */

func climbingStairsDFS(n: Int) -> Int {
dfs(i: n)

}

[l 14-3 JEA T RIS RIIEEE, BRI dpln] , HIEEBIERES n, FBEGERES O(27) ., 14
WO BRI, AR —MH LR n, B B RS 2,
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dp[9]

dp[é] dpl7]

dpl7] dp[6] dpl6] dp[5]

dp[6] dp[5] dp[5] dp[4] dp[5] dp[4] dpl4] dp[3]

ERERNEDEEEARESR THE
THERRERERIEEME 02")

14-3  TEAE Aot S EE 0% 300

2 14-3, SRUREIORSRBERILE B TRIE S0, G dp[0] WHMRZ dp[S] A1 dp[7], dp[8]
ez dp[7) B dpl6], MBS FIE dp[7] .

DA, FREPEESENIES FHE, FrRREEED. B0 EE IR E RS L EEN T
il Lo

14.1.2 AiE=: seiEkigs

R T IRTHEERACR, BMH B N EE 7R R, 2k, FE S —{EREES] mem AL
I8l ¥ PRI, RS @ AR P EEAR 1 FRE BT R

1. EERE dpld] B, FRPREHIRE mem[1], DAMEZ B,
2. BHRTEEA dpli] By, FRMUER] ERE mem[1] FIEEAS R, (Eik o BB % TR,

FEAXHEA N AR
// === File: climbing_stairs_dfs_mem.swift ===

[* ERAEE */
func dfs(i: Int, mem: inout [Int]) -> Int {
// B50 dp[1] #0 dp[2] , REZ
ifi==1] 1==2{
return i
}
/] EfFTERE dp[i] , BIEZEREZ
if mem[i] != -1 {
return mem[1i]

}
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// dp[i] = dp[i-1] + dp[i-2]

let count = dfs(i: 1 - 1, mem: &mem) + dfs(i: 1 - 2, mem: &mem)
// #C#% dp[i]

mem[i1] = count

return count

}

[* ety RigkiE=s *+/

func climbingStairsDFSMem(n: Int) -> Int {
/] mem[i] SCERMCEIE 1 MEMVSZAEE, -1 KREER
var mem = Array(repeating: -1, count: n + 1)

return dfs(i: n, mem: &mem)

=2

BigeiE 14-4 , SBRRCERE, P EBFRERREHR R, KRSERERERE On), B82—
ERHIARE,

=

i
.. Q R/,
g EEE

,///\\\\ iR a R MERES 0(n)

BERFEERFHRERBHREAE—R

$
Qo
v

Ml 14-4 FCIE L% o 60T

14.1.3 FiEx=: EIREIRA

SR TREEN ML MRS GRETEYD BHGS, WRE A T R o R 20 N
M, EEMOCANE/NTRE GEHED, 2%, BBEgEE N TSR, RS R R,
B2 Hk, BIERENE M “RKRE” W R/ TFRENMEG, ERHAERE X FRIENR, E
153 [ S RE A R

HRBIERE A S EERE, FtATEAEEERESR, AR, £ TR, HMst
— &3 dp Afit {7 v FIRERIME, Bt T B iRt S T S mem AHIRIAURCER1E A :
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// === File: climbing_stairs_dp.swift ===

/* Tegts: BRERE */

func climbingStairsDP(n: Int) -> Int {

ifn==1]| n==2{
return n

}

/] Matk dp &, BRHEFFEENE

var dp = Array(repeating: 0, count: n + 1)

/] P9EIRRE: TERE/\FRIERR

dp[1] =1
dp[2] =2

/] REEERS: B\ FRIERS RBRATFEE

for i in 3 ... n {

dp[i] = dp[i - 1] + dp[i - 2]

}
return dp[n]

14-5 &85 7 DA EFR BRI TR AR,

e e i

5 55 6 g G s

WMEaARAE:
dpl1] = 1, dpl[2] = 2

RIS 58!
dp[n] = dp[n-1] + dp[n-2]

AIGIRRERRYS, EITHRREEE, FEERRBRAL

14-5 EMEERRIEN B E R

B[l RTE — b, BIREAEILEER] IR MESARFTRME R ARAR E B, SR MBI — {8+l
DARAHME R ISR M i (B, 14, TERERRRA R AR B 35 2 B BT AE AR AR B 4 o

MRIELA_ENE, AT AT DARRAS H B R8T 3 R R T

. YSBESI dp B2 dp F, dpli] FRIRE  BHEE T-RAREROE,
- YN TRIBIE IR (55 1 FERIS 2 FEHEEE) FRAVT084RRE,
- YREAS dpli] = dpli — 1] + dpli — 2] BARESE AR,
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14.1.4 FRHREWR

AOREIE ATREREBL T, R dpli] R dp[i — 1) M dpli — 2] AR, BLIRMMEZEAEH —MERES] dp 2K G
AR TRV, ST BRI ANERT T, S N R:

// === File: climbing_stairs_dp.swift ===

[* Tefgts: TRREMEBHNINRERE */
func climbingStairsDPComp(n: Int) -> Int {
ifn==11]] n==2{
return n

}
var a = 1
var b = 2
for _in 3 ... n {
(a, b) = (b, a +b)
}

return b

Bl RS, HRE X TS dp AR, EEEERER O(n) BE O(1) .

FEBREREIFET, ERTREEEERATT A REREER, SR U R LEAGIRGE, ZE R
AREIE LIRS SRS MR 2y “RENEE R R “TREEE,

14.2 shEEHREIRERE

£ b—#irh, FMEE T ENRERERAMAEE 1 R o R AOR R R, ERR b, 7R R AR
AT RG, TE2MTG. BOREAREE. (Rl i HEE R AN

M TRTE SRR O [ R 70 2% 2 (B B B FRRE, EER/DFRE, AR R WS o7 RE
IR, ERAASEIR I E R R,

- BRE RIS R TIRE i, (EEUMEERIAN EEEAIE, BRERE AT R A AR,
TE 7 @A & BT 2 B AR R

- [ RAE B SR DR Fh S B A R RER AR, MBS SRR R AL 05, SRR —
RYNRAS B, BATR] DURFRHIETR A BR - AT 7 S VF— (8 il

HFE L, EhREMEI HAOR iR ELHAE, EMMERSERTHE, BEADINRRM: RE TR
IR

14.2.1 REBFEE

TATE MBI RE RS (EkEh, (2 BN & R B 1 T Al
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€t e/ ML

s AR, REEPRTDALE 1 REsE 2 B8, & —FEMel BEAS A —EAE R, RRIRMEZ =
PR B A, A —EIF BB cost, HP cost[i]| RRfESE ¢ MERETEAT HIRIE,
cost[0] i GEIARD . sstHER > FEN 2 MUEA BERNETEES?

GnlE 14-6 FoR, A% 1. 20 3 BERIARE D AIZ 1. 10, 1, RIfEHmMEsIss 3 B/ MRUER 2.

ERMES n = 0 1 2 3
A8 cost[n] = 0 1 10 1

TELESE 3 PEBHEE 3 BEhHs:
0515253 , 03253 , 05153
Her 0+>1-3 (NESRD, B/PUES 2

14-6 EFI% 3 FERTER/MRUE

#E dpli] BTEEIE | RS A0, A BEATARE i — 1 MR i — 2 s, (I dpli] HATAE:
R dpli — 1]+ cost[i] 5t dpli — 2] + cost[i] » 2T WATRERAD KA, FREZORIERIE i NG — 1

dpli] = min(dp[i — 1], dp[i — 2]) + cost]i]

e A | R T S e TR IR B e 7P BN R 1,
ARREEESR LA L TA5HE: BPTHERE TRIERAEAR dpli — 1) A0 dpli — 2] rhbR BRI — 1,
TR I dp|i] HO BB,

AR, bR AR A RETFRMEIE? BRI EER KT REE, BOU2 —EatEEE, HR
TR ORBRATTRYE", FAMRIMNEIEE, MR BB N, (HR e aREBL K
T B BRRTEBESFNRE n — 1S n — 2 R ERBEZM, LG, &RETEBNRRET
RS, EARMETEE AR SR,

FRIRIRAEEES TR, DURWIEIREE dp[1] = cost[1] FI dp[2] = cost[2], FelMakal LIEEIBE B
s

// === File: min_cost_climbing_stairs_dp.swift ===

[* TetEthe/ MUE: EHRERREI +/
func minCostClimbingStairsDP(cost: [Int]) -> Int {
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let n = cost.count - 1
ifn==1]] n==2{
return cost[n]
}
/] Wak dp &R, BRHEFFREERERE
var dp = Array(repeating: 0, count: n + 1)
/] WARRE: TR &/ FRIERAE
dp[1] = cost[1]
dp[2] = cost[2]
/] REEERS: REBUNFRIEZRSD KRR A FREIE
for i in 3 ... n {
dp[i] = min(dp[i1 - 1], dp[i - 2]) + cost[1]
}
return dp[n]

@ 14-7 R 7 DA ERE S B RE AR A B AR,

cost[1] cost[3] cost[5] cost[7] cost[9]

mﬁ?“————”/: mﬁ?“*———"/: min
cost[2] cost[4] cost[6] cost[8]
YAHRRE
dp[1] = cost[1] , dp[2] = cost[2]
AR 52

dp[i] = min(dp[i-1], dp[i-2]1) + cost[i]

14-7 ety MUERNE SR EDERE
AR DUEI TS MR, KRR TAE, SESMEERER O(n) BE O(1) -
// === File: min_cost_climbing_stairs_dp.swift ===

[* ez MUE: TEREMENEERE] */
func minCostClimbingStairsDPComp(cost: [Int]) -> Int {
let n = cost.count - 1
ifn==1]| n==2{
return cost[n]

}
var (a, b) = (cost[1], cost[2])
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for i1 in 3 ... n {

(a, b) = (b, min(a, b) + cost[i])
}
return b

14.2.2 #\EMHE
TEAB N BB BI RS G SRR R B —, HER A B MR, SrRRERN
BB ATIRAEAT B, i B 22 A R T A R B e

DATEHEER R 21, %57 iRRE @, EEBRiRiE i + 1L FIRE 7 + 2, 2AIBERk 1 gk 2 5, 1Efft
TS PRI, RIMEZEE IR « ZATHUIRGE, EMEHRE ¢ IR ARE,

SR, AR BAIAG MEAEAS R B — (EAV AR, RIUA 4K T

AR TE Rt
ME—EEE n BEROMES, IREEDATDLL 1 FEeEE 2 B, (HAGEMSTRTRDE 1 BE, S5fa 2 %

ADATEZIHETH?

GniE 14-8 Ffow, e L3 3 MEER 2 Min {77758, HAdag =k 1 BEI77 SRR RIRIE, Rt pdE R,

HRTREEEmEE 1 g,
RAAE 051253 #HEE I

H

BIFES n = 0 1 2 3 4 5 6

TELSE 3 PEBBHE 2 EHs:
05253 , 05153

14-8 THAVRIERIES 3 FERY T RER

R, U R L R AR, BB SRR 2 B SRR, TSR R TR
fE CEERIPTTEMSBERERO BSriod, BRI MRS (LSRR AR,

RS, I P A ke, MR AE RS 7 AR dpli] = dpli — 1] + dpli — 2] AT, HB
dpli — 1] RFEARGEE 118, EEFESTHS “EREBE 1B EA0" 7, M5 T HEAR, RMgA
HEHS dpli — 1] EREEA dpli] .
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i, BMFEEBERREER: RE [0, j] FAORES « BIEH E—impk T 5 B, Hbje {1,2} . Wik
ERARME D T LBk T 1 R 2 BE, FRFAT DA 7 & Ak 2 A i 2 .,

M EWRBRT 1 RER, b b RRIURERIERE 2 B, B dp[i, 1] FURERE dpli — 1, 2] EEE.
M WK T 2 B, b - RRTRIERE 1 RESRBE 2 1%, B dpli, 2] ATOARE dpli — 2, 1] 8 dpli — 2, 2]
BB,

aniE 14-9 FR, TERXEFR N, dpli, j] FoRIREE [0, j] BB R HRREER 722

dpli, 1] = dpli — 1, 2]
dpli, 2] = dpli — 2,1] + dp[i — 2, 2]

TREEFAMERDE 1 P
EETES

dpli-1,1]
dpli-1,2] @
dp[i-2,1]

[ 14-9 HEAIH N HEHERF

dp[i,1] dpl[i,2]

84, &M dpln, 1] + dpln, 2] BIFT, Wi RIfRERIESIE n Wy R
// === File: climbing_stairs_constraint_dp.swift ===

[* FBHRICHEYS . BIRERE */
func climbingStairsConstraintDP(n: Int) -> Int {
ifn==1]] n==2{
return 1
}
/] Wak dp R, FAREFTFREBENRE
var dp = Array(repeating: Array(repeating: 0, count: 3), count: n + 1)
/] ARG TR &/ FREERTAR
dp[1][1] =
dp[1][2]
dp[2][1]
dp[2][2] =
/] REEERE: RREBUNFRIBEZES KRR AFRI=E
for 1 in 3 ... n {
dp[i][1] = dp[i - 1][2]
dp[i][2] = dp[t - 2][1] + dp[i - 2][2]

1
0
0
1
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}
return dp[n][1] + dp[n][2]

£ REHARGIT, BRERZHEATH —ERE, R OB @ AR 2., (E 15 RS i 2
R, A, HEFEARAARREBER AR,

JT€ et B it~ R

ME—EXA n BERMES, (REPRIDLE 1 FEEE 2 B8, BUE BRI BN, REATTES 2
R Lk ERERsEY), 2 P A AR A SR FRREISS 24 BE b BN, ATMER O BIBEEI TE 2, 3L, Mz
RALAREBREIZS 4. 6 FE L, FRfA 2/ D) S n] DUREIIETH?

FEIE AR, TIRBRERACHIE RFTH IR, K25 — KBk ET & 1 8 m A PES L se i, AR BARA
AOBkER, BHISHRIRE, BhREREE A DA,

HEE L, FP @RS REMME (BIANRTRFEED AN ER0, BIEEMEE, I i
(AT, BlanmeE (g, BETEETR, SR BEE, WEMEA RN N2 R A9l s i (A

14.3 EHREREIARERRR

AR T BN RE R PR A T B, AT AR R PR {1 B A B P A R

L. qnfar B —fE R AN 2 B e AL TR ?
2. RipEhEREIREZIEMEANT, ERPERE(E?

14.3.1 RIREFIER

RRRACESE, AR — (PR S A TR, Bl TR, RS IRR R, IR B & B AR A R AR
SR, BRI RNA T B R B E e v, R FRAFIE R RO, el MR & E & (A )
W 5 Mk

T8 D] AR A R e DRI SRR R AT DARE I R AR R, Horh i — R RS AR
—EERK, B IR ERR RS,

HATESEE, WNEREE S IR TR RS, I HEER —RVIREELR, AR E RN e IR, @
AT DA P (B A A R
TEUCHERE |, BhRERIEIREIE A — LB “InorIE”,

- MEEERKR (N 8&2 (D) FRERHHR,
- FRERRRERES B — 8 R, ZHERRRRE AR, i H — iR A8 A [ AR R A7 LB HERR 1R

M, thiFfE—2& “JorIE",

- RN EARE R T A AT RERUARIR T 2., AR R
- FERA A HBEHY M SRR, 7R AR 267 %,
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QSR R R IR R AR, i B BB “InoyIE”, FIMREAT DA e 2 — (EEh R R, (e

14.3.2 REKRBEPR
B e A R TR R R R M BRSBTS R], (R8O EE DA R AP BR . BRI, EFIRRE, s
dp &, HEAREEE TR, WeE RIS,
7 TR R RN REA B, T — SR “ R/ NRAEAN” AR,
Question
SHE—MEH n X m B 4K grid , MR EEEEITRE S —EIFa Y, RRZEITHIRE,

Meas N DAZE b BT it indl, SRAEER FeE MG E—8, HEEENEL TAEITK, sFRE
e EAEIG NARR NE ISR,

14-10 JoR 7 — {5, #57C S A/ NS AN 2% 13 6

TR

1 3 1 5 3 1 5
2 2 4 2 4 2
5 3 2 1 5

4 3 5 2 4 3 5

RGNS 13
HESERRES 122329392212

14-10 fe/NEAEFIRBIE AL

B0 BERRNYOR, CRINE, EmER dp #

ARG OV R AR BIAG T R ok 25, MRS TITRIRE 1% [i, 4], RIFT Fekrfs &
Ik, BIIER [+ 1,5 [0, 5+ 1], E, REEE SRR WEEY, 25 [0, 4] .

RAE [4, ] BHRER T RIAES: AtE4aS: [0, 0] B [i, 5] OB NESESR, fRe s dpli, 7]«
Ft, BPREE T 14-11 FORi0 4 dp M, HRSTSE AN grid HIF.
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i+
1 3 1 5 dp[0,0] dp[o,1] dpl0,2]  dple,3]
i 2 2 4 2 dp[1,0] dp[1,1] dp[1,2] dp[1,3]
—
i+l 5 31 2 1 dpl2,0] dp[2,1] dp[2,2] dpl2,3]
4 3 5 2 dp[3,0] dp[3,1] dp[3,2] dp[3,3]
grid dp &
SRAE: naERTEE FRIE: WAL (1, j] BS/EEEM
MEEER: 75IR5 [1, j] dp ®: R~ grid HRBVERE

@ 14-11 ARfeEFE dp &

Note

By RE R BN B IE AR 7] AR IR 2 — B SR P2, miikRe i DR BN AL, EIEE S A R
ERATASE, HESTEMNEM, eSS N —EikeE,

BEREACH E—E P&, FMETE M dp ZARGEENE TRIERNR, ARER &1 728
& dp RIN—EHEE, EARE LE, dp REARENFRIERNRE . M5,

B PR AN, MmN E RS )

SRREE [i, 5], CREER BT [i — 1, j] FIESHT (i, — 1] BT, FRE T s
[i, 7] HOB NS ERIER [3, § — 1] 90 NS ESRIBR [i — 1, 5] BB IR R i MBS — B

IRIELA L2 #r, FIHEHIE 14-12 FosaOiR B TR :

dpli, j] = min(dpli — 1, 7], dpli, 7 — 1]) + grid[i, j]

1 3 1 5 dple,e] dple,1] dpl0,2] dple,3]
2 2 AI 2 dpl1,0] dpl1,1]1 dpl[1,2] dp[1,3]
5 3 2 1 dpl2,0] dpl2,1] dp[2,2] dp[2,3]
— o—
4 3 5 2 dp[3,e] dp[3,1] dp[3,2] dp[3,3]
grid dp &
KRB 1R

dpl[i, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j]
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14-12 B TAEREELIREEIS T

Note

RIBERGH dp %, BEEFEENFREENRGR, HOHEIE T R B R AN 15 5 5 RE Y i g
H771%, BIEE T4,

— BB T BB 145, whal DAGEH AR E AR R 77 2,

B MRS SRR R RS

FEATER, FRAEEATARRE A REIEH /B ATIRE SR, SR AE E HIATIRE X RETEH IR AUIRREIS AR, HILEAT
i = 0 MIES j = 0218 7RI,

qniE 14-13 R,  HREHERS T2 TRk R A, PRI (68 A R A e i R,
EERIAT, WNEREET%5,

dp[0,0] dpl[e,1] dp[0,2] dp[0,3] dp[e,0] dp[e,1] dpl[e,2] dp[0,3]

dp[1,0] dp[1,1] dp[1,2] dp[1,3] dp[1,0] dp[1,1] dp[1,2] dp[1,3]
— — —

NN NR R

dp[2,0] dp[2,1] dp[2,2]  dpl[2,3] dp[2,0] dp[2,1] dpl[2,2] dp[2,3]
S S S

R R R

dp[3,0] dp[3,1] dp[3,2] dpl3,3] dp[3,0] dp[3,1] dpl[3,2] dp[3,3]
— = =
BRES: MRtkETET REERBIFF: EFEHERE

14-13 B AR ELIR B IE

Note

B SR e BB RS R wIUG1E dp &, EE=F R,

AR BEHAS IE 7 1% O B BAR S AE st B RO ARV ARIRE, P E EAREA R B8 /)1 [ RE A R B A 4 (L
FrE AR,

RIELL B4, FMEAER DIEE S BB RS, AT o e — I THE RA B4, RItig i
‘BN - RS — SIS ANER EB IR S B MR,

1. BFE—: Bhigs

FEUREE [i, ] BUGIES, RETMRAE/NGIREE [ — 1, j] A1 [i, ) — 1], IBEEREEL FEE,

- JBIES: HREE [4, 5] .

- JRIHE: 1[0, 0] 2[4, 5] BB/ dpli, 7]

- BIEEME: H i =0 H j = 0K, REMRE grid]0,0] .

©OBE H 0 < Ol < O RGBS, HRHRERE 400, REAAIT,
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BRI
// === File: min_path_sum.swift ===

[* RERER: BHES +/
func minPathSumDFS(grid: [[Int]], 1: Int, j: Int) -> Int {
/] BERELAETE, KIS
ifi==0, j==0{
return grid[0][0]
}
/] BITHIRSIER, BIRE +- K&
ifi<0|] j<o0({
return .max

}

/] STERALAE (-1, §) # (1, j-1) HNE/NEERE
let up = minPathSumDFS(grid: grid, i: 1 - 1, j: j)
let left = minPathSumDFS(grid: grid, i: i, j: j - 1)
[/ RETAE EARE (1, j) NsRNRERE

return min(left, up) + grid[i][j]

14-14 &3 T DA dp[2, 1] ZAREEAGRER, Hr & — sl e, HEE R orid )RS
BERTSEIE 2

WAE LE, ERERTHENERZ: SRR PG LA BNEE RO,

Bk B

dpl0,1] dpl[1,0] dp[1,0]

oo-x" \T?o ‘\,?o

dp[e,0] dpl[e,1] dp[e,2] dple,3] EEFEEEE:

dp[1,0] dp[1,1] dp[1,2] dp[1,3] dp[i+1, j]1 # dp[i, j+1]1 #R&k# dpli, j]
dp[2,0] dp[2,1] dp[2,2] dp[2,3]

dp[3,0] dp[3,1] dp[3,2] dpl3,3]

dp &

14-14 277185 E 0k

BHEREE A A NRIAA SR, 4 EAERIE TRBRTEE m +n — 2%, FiIRZERHEHEES
O2™*™) . LR, BREEET RS EEILASIERNEDR, EEDEMEIS R R T —EDEE, Hit
HEFREREE D&,
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2.

HiEZ: siEtiEs

M5 I MEFIARS grid AHFERSTHIRCIR RS mem , FITARCER A 1 FIRERIME, A% B+ RIEEIT IR :

/1

/*

func minPathSumDFSMem(grid: [[Int]], mem: inout [[Int]], i: Int, j: Int) -> Int {

=== File: min_path_sum.swift ===

RN ELESs +/

/] ERELAETE, BKiEES
ifi==0, j==0{
return grid[0][0]
}
[/ BIFTFIRSIER, BRE +- &
ifi<0|] j<o0{
return .max
}
/| BEEARS, HEEBED
if mem[1][§] != -1 {
return mem[i][j]
}
[/ BN BB TRNR/NERERE

let up = minPathSumDFSMem(grid: grid, mem: &mem, i: 1 - 1, j: j)

let left = minPathSumDFSMem(grid: grid, mem: &mem, i: i1, j: j -
/] EEIREIE EAR (1, j) BsNEREAE
mem[1][j] = min(left, up) + grid[i][]]

return mem[1][j]

aniE 14-15 Fw, fESIAGCEIR, FTE FRIERMBAFEEE—R, Bk R E Bk e sa s, [
RS O(nm) o

dplo,1]

& 14-15

dp[2,1]

RO = R A

B RWE[RF
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3. FE=: BERA
FRRAREBHE R E s, R R R:
// === File: min_path_sum.swift ===

[* ER/NBRISAN: BNREARE +/

func minPathSumDP(grid: [[Int]]) -> Int {
let n = grid.count
let m = grid[0].count
/] Wk dp R

var dp = Array(repeating: Array(repeating: 0, count: m), count:

dp[o][e] = grid[e][0]
/] KREEE: BT
for 3 in1 ..<m{
dp[0][]j] = dp[O][j - 1] + grid[6][]]
}
/] REEE: 7Y
for i{in 1 ..<n {
dp[i][e] = dp[t - 1][0] + grid[i][0]

}
/] IREEEERS: HERITAIS
for i{in 1 ..<n {
for 3 in1 ..<m{
dp[i][j] = min(dp[i][] - 11, dp[i - 11[31) + grid[i][]j]
}
}

return dp[n - 1][m - 1]

[ 14-16 J&R 1 B/ NSIEFIIR EMAIEAE, HAER 1R a4ats, RLRERHBEES O(nm) .

W5 dp K/NE T x m, EIRZE IR 2 O(nm) .

1 3 1 B 0 o 0 0 1
2 2 4 2 0 o 0 0 2
5 3 2 1 0 0 0 ) 5
4 3 5 2 [} 0 o o 4
grid dp ®
Wiatk dp &

Step 1 Step 2

n)

1 5 i 4 5
4 2 3 0 o
2 1 8 o o
5 2 2 o o
grid dp ®

MaiETT dple, jl=dple, j-1] + grid[i, j]
WbaET dpli, 0] = dpli-1, 0] + grid[i, j1

10
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s

1 3 1
2 2 4
3 3 2
&4 3 5
grid

RREEE

dpli, j1=min(dpli-1, 1, dpli, j-11) +grid[i, j]

1 3 1
2 2 4
5 3 2
&4 3 5
grid

RS

1 4 5 10

3 ""i ) 0

8 [ o 0

12 o o 0
dp ®

1 4 5 10

3 5] 9e>11

dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j]

1|3 1
2 2 4
5 | 3
4 3 8

grid

RS

dpli, j1=min(dp[i-1, j1, dpli, j-11) + gridli, j]

1|3 1
2 2 4
5 | 3 [ 2
4 3 5

grid

KRB

dpli, j1=min(dpli-1, j1, dpli, j-11) +gridli, j]

1 3 1
2 2 4
5 3 2
&4 3 5
grid

AR

8 o o 0
12 o o 0
dp &

1 4 5 10
3 5 9 11
8 8 «—>10 [
12 [ 1) 0
dp &

1 4 5 10
< 5 9 11
8 8 10 11
lZO—P;E o 0
dp ®
1 4 5 10
3 5} 9 ail
8 8 10 11

12 11 15e>13

dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j1

1 3 1 1 4 5 10
2 2 4 3 5 »i 0
3 3 2 8 0 0 o
4 3 5 12 o 0 0
grid dp &
IRAEES
dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j1
1 3 1 1 4 5 10
2 2 4 3 5 9 1
5 3 2 8 o—»i 0 0
4 3 5 12 o 0 0
grid dp ®
KRGS
dpli, j1=min(dpli-1, j1, dp[i, j-11) +grid[i, j]
Step 6
1 3 1 1 4 5 10
2 2 4 3 5 9 11
5 3 2 8 8  10e>11
4 3 5 12 0 0 o
grid dp ®
RREES
dpli, j1=min(dp[i-1, j1, dp[i, j-11) + grid[i, j1
1 3 1 1 4 5 10
2 2 4 3 5 9 1
3 3 2 8 8 10 il
4 3 5 12 | 11e»15 0o
grid dp &
IRAEETS
dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j1
[Step 10]
1 3 1 1 4 5 10
2 2 4 3 5 9 1
5 3 2 8 8 10 11
4 3 5 12 | 11 | 15 (S
grid dp ®

/N S AN BN RE R i 2

BEREEM% 13
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4. TRERER

R B S R B8 B AOks 7GR, IR AT AR —E R TSR E B dp &,
AR, EAS dp HEEFRoR —1THORE, FrUATRMEEAIR AT ESIRRE, MR IEER BT EN e

// === File: min_path_sum.swift ===

[* BRI TRIRENENEIRERE */
func minPathSumDPComp(grid: [[Int]]) -> Int {
let n = grid.count
let m = grid[0].count
/] ak dp &
var dp = Array(repeating: 0, count: m)
/] KREEE: BT
dp[0] = grid[e][0]
for 3 in1 ..<m{
dp[j] = dp[j - 1] + grid[e][]]

}
/] KRBT HERTT
for i{in 1 ..<n {

/] REEEE: HY
dp[0] = dp[0] + grid[i][0]
/] REEEE . HERT
for j in1 ..<m{
dp[j] = min(dp[]j - 1], dp[j]) + grid[i][]j]

}
return dp[m - 1]

14.4 0-1 5 EIfgzE

HEMER EEFrrEEREAMEE, ZEEREPRTE RMEE, HAEARZ%M, Flio-1
HHME, TettiE ZEEUMES,

TEAHH, FAMSes R e RAY 0-1 F R,
Question

47E n EME, B BRI ER % wetli — 1), EES valli — 1], M—EERS cap ST, &
[ SRR, PIER S WA R FREBO R A,

BgE 14-17, HRAYISEE o 1 1 BRGGETEL, FRFIRS IR O BHtaETEL, [RILY)a: « BIEE & wgt[i — 1] A1
{EfE valli — 1] .
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WK EE H{E

i wgt[i-1] val[i-1] EanE
1 10 50 ™) cap = 50
2 20 120 Vo~
3 30 150 s — “
4 40 210 ¥
5 50 240 (Y

=mAEE: 270

RESE K . 8 BAEE
#{EFH 50 HEAE

14-17 0-1 HHAREIEFR
BFATLARE 0-1 B EEEEE—EH n WIRRHRNER, BN EPREE AR RRERE, it
[ R T e TR AR
AR H AR R “EREE BAR FRERAYMIRAREE", FILBRERZ — B e &,
B0 BHERBRNYOR, CRINE, EmER dp %

EAEEYR AR, RS, SRARTE; MANE, SOARM/D . HILrTHREER: S
WK AR C, ®8 .

ARAE [4, c] BB FRIEZ: i ¢ EYEER R ¢ TP mEBREE, 2% dpli, c.
FERfERZ dp[n, cap], RHFE—ERS% (n+ 1) X (cap + 1) K4 dp %,
B PR AR, W SR B 5 R

ERRM Y& ¢ TR, FIBRRAT ¢ — 1 A5 TR T RIRE, Ao % DL R RS i,

CORBONIE i SRR, MRS [ —1,d).
OB AR wot[i — 1], BN valli — 1], WSS [ — 1, ¢ — wgtli — 1]] .

ERRAT IR T AR R BT AR BOREUE dp(d, o] SRR ¢ FURAPIS ¢ WRT R e
(B RAAIR N, Fh b RIS IR RE RS T 7 -

dpli, c] = max(dp[i — 1,¢|,dpli — 1, ¢ — wgt]i — 1]] + val[i — 1))

FENRWR, EENRER wgtli — 1] BUEGETOAR o, IRAERERIA S,
F s HEE S PERIR R
B EA R O BRI O, BT dpli, 0] RIEAT dpl0, ] 85K 0.,

BATREE [i, c] L TOIRRE [i — 1, c] A LITHOIRAE [i — 1, ¢ — wot[i — 1]) EESTIAS, LA MEE
FEIE P E 918 dp RENET,

RIELL L2, BIAHE T ARG ES R NS, IRz, BREwE,

44
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1. FiE—: BhiEs

FEABEUSUTEER,

RS ARE [0, c]

BMUA: TRIERNRE dpli, ] .

RALMREIE: EY ST ¢ = 0 U URERA RS O K, AKLEENHREFEE O .
Bk FEAYGERBL T ORERA R, RIHRREEENIAE .

// === File: knapsack.swift ===

/* 0-1 BE: BHESs +/
func knapsackDFS(wgt: [Int], val: [Int], i: Int, c: Int) -> Int {
/] EEETFBEYMEEEERGFEE, BIREEE o
ifi==01]] c==0 {
return 0

}
/] EBEEERE, IREEERHRAE
if wgt[i - 1] > c {
return knapsackDFS(wgt: wgt, val: val, i: 1 - 1, c: c)
}
/] SEFBANNBANYE 1 IRKEE
let no = knapsackDFS(wgt: wgt, val: val, i: 1 - 1, c: ¢)
let yes = knapsackDFS(wgt: wgt, val: val, i: 1 - 1, c: c - wgt[i - 1]) + val[i - 1]
/] BEIWELEREEEANI—E

return max(no, yes)

aniE 14-18 AR, HURMEEY) AT & A NRANEMIFE S0 3, FILRREREZ O(27) o

BIgORER, APBEHEHPFERBTRE, FlWdp[l, 10] %, MEYRRLZ, SEARDKR, THEHHA
HENY R, HETRENBESGREEZ,

MRiER YEEE
dp[3,30]

BERNDSE 3

HaE

i
<
F
Bo
ek
o
v
T
L]

dp[1,-10]

BEBRANDSE 1

dp[e,10] | dple,0] | dp[o,10] | dple,0]

o = *
YImERaR i 1 2 3 HEaBEE cap = 30
PRESE wgt[i]l 10 20 20
aEE vallil 60 110 120
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@ 14-18 0-1 & EHIER SRR

2. BT wigkigs

7 7 OB T R G — IR, BAMEEDRR Y mem ARECH TRIERME, Hr mem[1][c] ¥E dpli, c]

o]

SN, WIS TRIGR, k2 O(n x cap) . BUBAAREMIT:
/] === File: knapsack.swift ===

/* 0-1 BE: EIRKES *+/
func knapsackDFSMem(wgt: [Int], val: [Int], mem: inout [[Int]], i: Int, c: Int) -> Int {
/] EEERFEYRNEEERGEE, MREEE o
ifi==0]] c==0 {
return 0
}
/] HEBTE, BEERE
if mem[i1][c] != -1 {
return mem[i][c]
}
/] EEBBEESE, MREEETHRAEE
if wgt[i - 1] > c {
return knapsackDFSMem(wgt: wgt, val: val, mem: &mem, i: 1 - 1, c: )
}
/] SEFBANNBANYE 1 IRKEE
let no = knapsackDFSMem(wgt: wgt, val: val, mem: &mem, i: 1 - 1, c: c)
let yes = knapsackDFSMem(wgt: wgt, val: val, mem: &mem, i1: 1 - 1, c: ¢ - wgt[i - 1]) + val[i - 1]
/] FESRILREIMET =P EEE AR —E
mem[1][c] = max(no, yes)

return mem[1][c]

14-19 J&oR TAERC IR AR 2 rh g fRif T 2290 52,
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Mok SaEE
dp[3,30]

REBRNYG 3

dpl2,30] e L Rl dp(2,10]

7 of

%‘ EEHAYS 2

dpl1,30] dpl[1,10]

& BEBRNIS 1
o = *

YImERsR i 1 2 3 HEAESE cap = 30
MREE wgt[i]l 10 20 20
YEEE vallil 60 110 120

@ 14-19 0-1 & A REP RIS S0E s

3. FiE=: $HEERE
DREATBIENTE LR (e RS R dp KRR, RXTAFATR:
// === File: knapsack.swift ===

/* 0-1 HE: BERE +/
func knapsackDP(wgt: [Int], val: [Int], cap: Int) -> Int {
let n = wgt.count
/] #Ek dp &R
var dp = Array(repeating: Array(repeating: 0, count: cap + 1), count: n + 1)
/] RREEETE
for iin 1 ... n {
for cin 1 ... cap {
if wat[i - 1] > c {
/] EBAEERE, ITEYM 1
dp[i][c] = dp[tl - 1][c]
} else {
/] FEEYR { EMEARNBRAME
dp[i][c] = max(dp[1 - 1][c], dp[i - 1][c - wgt[i - 1]] + val[i - 1])

}
return dp[n][cap]

UNTE 14-20 FTT, IR A2 RO B B3] dp A/NSE, B O(n X cap) o

ik WRERE > HA%E
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o - L] I i
EE wgt (HfE val el oo 1 2 3 4
wgt[i-1] val[i-1] [} ) 0 [} 0 0
1 s @ 1o
2 1 * 2 0
3 15 - 3 0
MEHE n =3 HWEEE cap = 4

MAURTR (n+1) x (cap+1) M dp %HEE

Step 1
) - a @ n
EE wgt {H{H val N e 1 2 3 4
wgt[i-1] val[i-1] 0 0 [) 0 0
5N
1 5 @ 1| o 5
2 11 ¥ 2 0
3 15 (2 3 []
KRB

dpli, c] = max( dp[i - 1, c] , dpli

1, ¢ - wgt[i-1]] + vall[i-1] )

l Step 3 ]

- = @& @& B
EE wgt {H{E val e e 1 2 3 4
wgt[i-11 val[i-1] [} [} [} ] [)
+5N0 )
1 5 [} 1 ) 5 5 5

2 11 % 2 [}

3 15 (O 3 []

MG

dpli, c] = max( dp[i - 1, c] , dpli

1, ¢ - wgt[i-1]1] + val[i-1] )

[ Step 5
o - ] [ ] ﬂ
EE wgt fH{E val el e 1 2 3 A
wgt[i-1] valli-1] ) [} [} ] ) [}
1 5 (] 1 0 5 ? 5 5
11
2 11 * 2 o 5 Tm
3 15 - 3 [}
GRS

dp[i, c] = max( dp[i - 1, c] , dp[i

1, ¢ - wgt[i-1]] + val[i-1] )

Step 7

-~ a = @ @
EE wgt H{H val | e 1 2 3 4
wgt[i-1] val[i-1] 0 [} [} ] 0 0
1 5 ¢ 0 5 5 5 5
N T
2 11 2 [} 5 11 16 16

3 15 (2 3 []

KRGS

dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

l Step 9 ]

- = Ill “
EE wgt {H{E val SCl e 1 2 3 4
wgt[i-1] val[i-1] 0 0 0 0 0
+550
1 5 ] 1
2 11 * 2 )
3 15 - 3 0
ARAEES

dpli, c] = max( dp[i - 1, c] , dpli

-1, ¢ - wgt[i-1]] + val[i-1] )

Step 2
- a @ n
EE wgt (A val o 1 2 3 4
wgt[i-1] vall[i-1] 0 0 0 [) [) 0
5N
1 5 o 0 5 5 5
2 11 ’ 2 [
3 15 (% 3 [
KRGS

dpli, c¢] = max( dp[i - 1, c] , dpl[i

-1, ¢ - wgt[i-1]] + valli-1] )

Step 4
- - ] “
ER wgt {H{E val e e i 2 3 4
wgt[i-1] valli-1] [ ] [} [} 0 ]
1 5 [} 1 ) 5 5 5 5
¥
2 11 * 2 [} 5
3 15 - 3 )
KRGS

dpl[i, c] = max( dp[i - 1, ] , dpli

-1, ¢ - wgt[i-1]] + val[i-1] )

Step 6

- ] ] u
EE wgt {H{E val e e 1 2 3 4
wgt[i-1] valli-1] ] ] [} [} [} ]
1 5 ] 1 ) 5 5 5 5

% T

2 11 : 2 [] 5 11 16

3 15 - 3 0
iRREETS

dpl[i, c] = max( dp[i - 1, c] , dpli

-1, ¢ - wgt[i-1]] + val[i-1] )

Step 8

- a B “
EE wgt (HE val e 1 2 3 4
wgt[i-11 val[i-1] ) 0 0 0 [} ]
1 5 o 0 5 5 5 5
2 11 * 2 0 ? 1 16 16

3 15 - 3 ) 5

AR

dpl[i, c] = max( dp[i - 1, ] , dpli

Step 10

-1, ¢ - wgt[i-1]] + vall[i-1] )
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a) - a & @B
EE wgt {HfE val el oo 1 2 3 4
wgt[i-1] valli-1] ) ) 0 [} 0 )
1 5 (] 1 ) 5 5 5 5
2 1 * 2 0 5 1l1 16 16
3 15 - 3 [} 5 11
KRGS
dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
Step 11
«a & & &
- .
EE wgt (H{H val e oo 1 2 3 “
wgt[i-1] val[i-1] 0 0 0 0 0 0
1 5 () 1 [} 5 5 5 5
2 11 ¥ 2 [) 511 16 16
W5
3 15 (2 3 [] 5 11 16 20
KRB
dp[i, ¢] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 13

4. TRERER

- ] ] U
B ~C
EE wgt {H{E val \ 0 1 2 3 4
wgt[i-1] valli-1] [} [ 0 [} 0 [
1 5 ] 1 ) 5 5 5 5
2 11 * 2 ] 5 1 16 16
TE—
3 15 - 3 0 5 11 16

HRREES

dpli, c] = max( dp[i - 1, c] , dpl

i-1, ¢ - wgt[i-1]] + val[i-1] )

Step 12
«a a & &
EE wegt {H{H val el 1 2 3 4
wgt[i-1] valli-1] 0 0 0 0 0
1 5 o [ 5 5 5 5
2 11 ¥ 2 ) 5 1 16 16
3 15 - 3 ) 5 11 16 20
EEHFENRBNSBNRAMEE 20
Step 14

14-20 0-1 i HEfSERENEFREEE

FE A AR RE R LB, E—ATROARREA B, IR T LASE FA i 8 e 51 e B i, S RO 4 O (n?)

= O(n) .

0, BMRESEM — (A E B S R R VE? B AT, RHEARREHER H Ik 177 e BT RIRS ¥
R, R E—ERES, ERGERSE « 17, ZMEYIRERTNIARE « — LITHIRE,

GRERBUE S ER, AREERIS dpli, j) W, 72175 dpli —1,1] ~dpli — 1, j — 1] {EFTREC &S0
2, HEREEA G M RIR R EAE AE R
GUSRERIR LR, NI G LR, IREERS il DUEMEST,

14-21 fon T TEBAREA NAEEE ¢ = 1 ATEHREL « = 2 1TH0EME, S58%5 I ERn ey EFrE G,

BE wgt (HE val \i\ c

wgt[i-1] val[i-1] [
1 5 [} 1
2 11 ¥ 2
3 15 (3 3

« EAEE
- )
- e

(]
4
0
5

s IEHEY

s s

ues—-mwaes o - ([ IEDEEDEDE

£ Q= 2 8, @50 dp
Step 1

PREFINR 1 = 1 WFFENR

a & & &
EE wgt {H{E val \N o 1 2 3 4
wgt[i-11 val[i-1] 0 [ [} [} 0 ]
1 5 () 1 5
2 11 ¥ 2 [) 31
3 15 - 3 )

aen—mwams o - |{[E)EEDEDEDED

BFESHE i = 2 7, ETREEB

Step 2
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- a @& “
EE wgt H{E val e e 1 2 3 4
wgt[i-1] val[i-1] ) [} [} [ [ [}
1 5 (] 1 0 55 5 5
2 1 * 2 0 *
3 15 - 3 0
wsn-aniss o - (DD EREDED
BIFESRE i = 2 17, ETREEE
Step 3 Step 4
€ - a @ n
EE wgt {H{H val A 1 2 3 4
wgt[i-1] val[i-1] 0 0 0 0 0 0
1 5 ¢ [} 5 5 5 5
2 1 LY s . s
3 15 (2 3 []
awn-assen o - ((DEDEDEDED
BIFESE i = 2 17, EITREES

l Step 5 Step 6

- ] ] n
EE wgt {H{E val el e 1 2 3 4
wgt[i-11 valli-1] [ [ [} [} [} ]
1 5 (] 1 5 5 5
3 15 - 3 [
uen—muaes o - |[F)IEDED EDED
BFEHE i = 2 7, ETREEB
a @& @ n
ER wgt {H{E val Sl e 1 B 3 4
wgt[i-1] vall[i-1] [ 0 0 0 [} 0
1 s @ 1 0 5 5 5 5
2 11 ¥ 2 [} 5 1 16 16
3 15 - 3 [

aen—mwams o - ([T IEDEDEDED

TREDSR, M dp MENRE 1 = 2 WFTER

[ 14-21 0-1 B EAZ MR AR IBIEREERE

RIS EBI, TIMETRIES dp BISE—AE ¢ ERMIBR, i HAT Py Rl 58 e 2 8 FeE ai ET Al -

/1 ===

File: knapsack.swift

/* 0-1 HE: TRREWERNERERE /

func knapsackDPComp(wgt: [Int], val: [Int], cap: Int) -> Int {

let n = wgt.count

/] ¥iaMk dp &R

var dp = Array(repeating: 0, count: cap + 1)

/] REEE

for i in 1 ...
/] BFESR

for c in (1 ...

n {

cap).reversed() {

if wgt[i - 1] <= c {

/] FENEYGR  EMERENRKE

dp[c] = max(dp[c], dp[c - wgt[1 - 1]] + val[i -
}

}
return dp[cap]

14.5 25 a8

1D

TEAEH, MRS —EE LS . 2ofa, AREen—mERG: T8k
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14.5.1 =25 8ME

Question
SB7E n EYE, B EYSNERS wgt[i — 1], EER valli — 1], M—EFES cap WE, &
e el AR BHERR, FIEMRE S OAE FREAYME R EE, ~EaE 14-22 Fis,

e 5B {HE SasE
i wgt[i-1] val[i-1] cap = 50
1 10 50 o 1 —

2 20 120 & x2 = m
3 30 150 ™Y

4 40 210 ¥

5 50 240 (3

RAEE: 290

BBAE: K—E O 1mE. . BASE
HiLA 50 TEAE

14-22 sEeTEHRERREER

1. BEREITER

e ERHERN 0-1 H ERTEARFARLL,  EHEAE R AN BRI S8 R

- fE0-1 RS, SEYREAE M, FEs AT R, HREET  — 1 @Y ahrEiE,
- fEEEEUEET, SEY)S SRR, RIS AT RRE, il BT I,

TESE 2 ERERIRE T, IR [i, c] BB 2 M RE T L.

C RO i BLO-1 BRI, WRE (- 1,d.
BN 50-1 HEEARR, I [ic —wgt[i — 1]].

TETMIR BT RS 7 e 2y -
dpli, c] = max(dp[i — 1, c|, dpli, c — wgt[i — 1]] + val]i — 1])

2. ERBER

HtemEE H RS, IREES A B — 1 8%, HiRee—8C
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// === File: unbounded_knapsack.swift ===

[* TREE: FEERE +/
func unboundedKnapsackDP(wgt: [Int], val: [Int], cap: Int) -> Int {
let n = wgt.count
/] #Ek dp &
var dp = Array(repeating: Array(repeating: 0, count: cap + 1), count: n + 1)
/] RREEETS
for iin 1 ... n {
for cin 1 ... cap {
if wat[i - 1] > c {
/| EBAEERE, IFTEYm 1
dp[i][c] = dp[i - 1][c]
} else {
/] FEEYR { EMEARNIRAE
dp[i][c] = max(dp[i - 1][c], dp[il[c - wgt[i - 1]] + val[i - 1])

}
return dp[n][cap]

3. TRERER

F A B AT AR RE R A A A _EaB AR R AR I AR A, DRl b2 Pl iR A IR JE R B dp P —1TIBATIE A
%O

EEERINERF B 0-1 B RIEAF I, FEFEBIIE 14-23 ACHLE M+ AR,

) - - [ ] “ - = ] n
EE wgt {H{E val el o 1 2 3 4 EE wgt (H{E val e e 1 2 3 4
wgt[i-11 valli-1] [} [} [} ] ] [} wgt[i-11 valli-1] ] ] [} [} [} ]
1 5 (] 1 1 5 ] 1 ) 5 10 15 20
2 11 * 2 [} 2 11 ¥ 2 ] 5
3 15 (3 3 0 3 15 - 3 0

uen—mums o - ([ EEDEDEDED wem—muses o - |([EHEEDEDEDED

Eh 1= 2 #, BY dp PREEFENR 1 = 1 WAENR ERFERSE 1 = 2 17, ETRESES
Step 1 Step 2
) - a = u - a B U
BE wgt (AE val el oo 1 2 3 4 B8 wgt (A val el e 1 2 3 4
wgt[i-1] valli-1] ) [) [} ] [ ) wge[i-11 val[i-1] ] [ ) [} [} ]
1 5 (] 1 0 5 10 [EECHEPY) 1 5 (] 1 ) 5 10 15 [eD)
2 1 * 2 [) 5 11 2 1 * 2 ] 5 11 16
L
3 15 w» 3 o ¥ 3 15 ®© 3 ) 1
— o ] ] ) Y ] )
EFEHE 1 = 2 17, ETREES EFEHE 1 = 2 17, ETREES

| Step 3 Step 4
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) - [ ] ' ] ﬂ - [ ] " ] U
EE wgt (HE val \N 0 1 2 3 4 EE wgt {H{E val N 0 1 2 3 4
wgt[i-1] valli-1] o | o o 0 o o wgt[i-1] val[i-1] 0 o o o 0 0
1 5 (] 1 5 10 15 20 1 5 (] 1 ) 5 10 15 20
2 1 * 2 0 2 1 * 2
3 15 - 3 ) 1 3 15 - 3 )
wen-uxcen » - D EDEIEIED aen-acn o - (D EDEIEIED
EFEHE 1 = 2 17, ETHREESB SEREN®, 5 dp FEFEHNRE 1 = 2 NFENR
Step 5 Step 6

14-23 R MUREET BREA BN B

RS E LR B, TSRS dp AYSE —HEMBR :
// === File: unbounded_knapsack.swift ===

[* T2HE: THREMENERRRE */
func unboundedKnapsackDPComp(wgt: [Int], val: [Int], cap: Int) -> Int {
let n = wgt.count
/] 3afk dp &
var dp = Array(repeating: 0, count: cap + 1)
/] RREEETZ
fori{in1 ... n {
for cin 1 ... cap {
if wat[i - 1] > c {
/| EEEEERE, AIfTEYR 1
dp[c] = dp[c]
} else {
/] REFEYG 1 EWERENERAE
dp[c] = max(dp[c], dp[c - wgt[i1 - 1]] + val[i - 1])

}
return dp[cap]

14.5.2 FERINRIE

HHEER - KEBE BRI, HREEREEME, fnFeirii i,

Question
SB7E n REREYE, S8 0 FEREVEINTEES coins[i — 1), BAESEEA amt , FREREH ] DLE SRR, [
Refiz B SRR R/ DR, WRERZEH RS, ABRE -1, REGNE 14-24 Fios,
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iRER mfE
i coins[i-1] BiE&E
1 1 1 amt = 11
~ =
2 2 $
3 5 @ <2 —

BUBEHE: 3
sEEsEs: @+ ©+©

lE 14-24 FTEESCHREERROIE R

1. BREREITER

TR B RS2 T BN —REREDL, W B DU B S AN B,
- WIERER DAHE R, YT BE R, “PaERT B HEREET, HUART HE "HER

@”
s o

- RECEHEMNR, BeT EMRERERAMY)EE, TR 2R/ MU,
- EEEUMERR NEET BRI, TRORER Ry BRI BESRE

- MEEIRIIUSE, ERORE, WmE dp %
URAE [i, o] BIERO TRIE S i ¢ REREWSAESI TR o IR DRETARR,
—# dp FHORSTS (n+ 1) x (amt + 1) .
B PN TSN, TR R AR R
ARRABL 5 4 (AR REARS 77 R (7 1E A B 22,
- RBEERIME, EEEOEE T max() Eeks min() .

B4 dpli, al o

- EREC TR ER AR W EE, R e R T -1 RiA],

dpli,a] = min(dp[i — 1, al, dp[i,a — coins[i — 1]] + 1)

= MBI B IE

&
HERSHER 0K, BHENROEEEES 0, MESIFE dpli,0] #%R 0.

BRSO, MHARIMERE > O WHESH, BUEISE, REREER 72D min() HXREHRR AL
BRI, FRME R oo RETREM, BILEITHNE dpl0, a] #FBEFR 400,



914 % EhREHE www.hello-algo.com

331

2. BERRER

REYRERGE S WARRAE 400 8H, HEEMAEA int WEKERRE, MiEX BB REH

FITRERRY +1 18R En] RESE A AL,

i, FMRAET amt + 1 RERERR, H2EH amt (IESEBERZ S amt . &EIRENET, A&

dp[n, amt] BEFR amt + 1, FHRANRE —1, RERMEEZEH EESEE, 200 R:

// === File: coin_change.swift ===

[* S BRERE *+/
func coinChangeDP(coins: [Int], amt: Int) -> Int {
let n = coins.count
let MAX = amt + 1
/] #MEk dp &R
var dp = Array(repeating: Array(repeating: 0, count: amt + 1), count: n + 1)
/] REEHZ: 517875
for ain 1 ... amt {
dp[0][a] = MAX

}
/] IREEEERS . HERITAIT!
foriin1 ... n{
forain1 ... amt {
if coins[i - 1] > a {
/] EEEEIREEE, AIREEE 1
dp[i][a] = dp[i - 1][a]
} else {
/] TENEEE 1 EmESENE/ME
dp[i][a] = min(dp[i - 1][a], dp[i][a - coilns[il - 1]] + 1)
}
}
}

return dp[n][amt] != MAX ? dp[n][amt] : -1

[ 14-25 o 7 ZERSCIRAENERTENERE, FIsEen WREIEF ML

5 & 6 6 i 4 & 6
W% EE tele 1 2 3 s®  EE Tale 1 2 s
i coins[i-1] 0 i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ 1 1 @ 1|0
2 2 @ : 2 2 @ - )
3 5 @ - 3 5 @ - 0
WHESE n =3 EfESE amt = 4 WHES n =3 EifEE amt = 4
MEKRTS (n+1) x (amt+1) 8 dp %EFE MAKETS MAX = amt + 1 . EIIA 0

Step 1 Step 2
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5 & 6 6 5 & 6 6
=R EfE el e 1 2 3 4 & EfE 0 1 2 3 4
i coins[i-1] [ ] m[\x MAX  MAX  MAX i coins[i-1] 0 MAX M?X MAX  MAX
1 1 ©® 1|0 1 1 1 (1) o 1 2
2 2 @ 2| o™ 2 2 (2) 0 =
3 5 @ 3 0 3 5 @ 0
HRAEES KRGS
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1) dp[i, al] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1 )
[ Step 3 Step 4
s & & 6 6 8 & & 8
R [ el e 1 2 3 4 KRR 18 0 1 2 3 4
i coins[i-1] [ 0 MAX  MAX u?x MAX i coins[i-1] ) MAX  MAX  MAX  MAX
1 1 @ ! [} 1 2 3 1 1 (1) ) 1 2 3 4
2 2 @ 2| o . 2 2 2) 0 "
3 5 @ - [} 3 5 (5) )
KRGS RS
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1) dpli, a] = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1)
l 83D O J ( Step 6
5 & 6 6 5 & 6 6
=R [} e e 1 2 3 4 (L EE 0 1 2 3 4
i coins[i-1] 0 ) MAX  MAX  MAX  MAX i coins[i-1] 0 MAX  MAX  MAX  MAX
1 1 @ : ) } 2 3 4 1 1 (1) 0 1 2 3 4
2 2 @ - ) 1 2 2 () [) 1 1
3 5 @ | o 3 5 ) 0
ARG RREES
dpli, a] = min( dpli - 1, al , dpl[i, a - coins[i-1]] + 1) dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1)
Step 7 Step 8
5 & & 6 8 & & ¢
E i Nale 1 2 3 4 R EfE 0 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX i coins[i-1] 0 MAX  MAX  MAX  MAX
1 1 @ 1 0 1 2 ? 4 1 1 @ 0 1 2 3 4
2 2 @ 2 0 1 1 2 2 2 @ 0 1 1 2 i
3 5 @ 3 0 A 3 5 @ 0 1
RS RAEESTS
dp[i, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1) dpli, a] = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1)
l Step 9 Step 10
& & 6 6 6 & 6 6
R EfE el e 1 2 3 4 R EE 0 1 2 3 4
i coins[i-1] 0 ) MAX  MAX  MAX  MAX i coins[i-1] ) MAX  MAX  MAX  MAX
1 1 @ 0 1 2 3 4 1 1 (1) 0 1 2 3 4
2 2 @ 2| o 5 I 2 2 () N ¢
3 5 @ - ) 1 3 5 (5} 0 1 1
ARREES RAEETS
dpl[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1) dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
Step 11 Step 12
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s & & 8 s & & 8
=R EfE el e 1 2 3 4 (o EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX i coins[i-1] [ 0 MAX  MAX  MAX  MAX
1 1 @ ) 1 2 3 4 1 1 @ ! 0 1 2 3 4
2 2 @ : ) 1 1 % 2 2 2 e : 0 1 1 2 ?
3 5 @ - 0 1 1 2 3 5 @ - 0 1 12 2
HRAEETS HRAGETS
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1) dp[i, al] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )

Step 13

3. TRREN

Step 14
5 & & 6
EfE \i\a ) 1 2 3 4
coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 @ : [} 1 2 3 4
2 @ > [} 1 1 2 2
5 @ 3 0 1 1 2 2

Step 15

BEEHEREENROESHE 2

14-25 ZEESTHRRERBE R E L

TR TR 2 M R LA R T S s 2 TR — 3

I ===

File: coin_change.swift

[* R TRRECENSERE */
func coinChangeDPComp(coins: [Int], amt: Int) -> Int {

let n = coilns.count
let MAX = amt + 1
/] ¥ dp &

var dp = Array(repeating: MAX, count: amt + 1)

dp[0] = 0
/] IREEEETE
for i in 1 ...

n {

forain1 ...

amt {

if coins[i - 1] > a {
/| EBBEIREE,
dp[a] = dp[a]

BIREERHE 1

} else {

/] FETEEE  EmEAsENE/IME

dp[a] = min(dp[a], dp[a - coins[i1 - 1]] + 1)
}
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return dp[amt] != MAX ? dp[amt] : -1

14.5.3 EERXIGMAE N

Question
40 n RS, SR 0 RERESINTEE S coinsli — 1], HAESEA amt , SEMEE AT DIEEER, B
ZHHESHEMN SR, REINE 14-26 Fr.

imeR EfE
i coins[i-1] BiE®E
amt = 5
1 1
2 2 g
3 5 @
EIHHEHE: 4
EREE LR + + + +
+ + +
+ +
@

14-26 FESSTIARNE 11 7R BE R

1. EhREAREIER

MR E—, AEEERREEEHE, Rtk TREES: 6 EERREHAZRLEE o MESBER. mdp

RIRERST 2 (n 4+ 1) X (amt + 1) B9 HEXE,

B AR B A AH & BRSNS E AR BUR E AT S DR SR A S iR 2. KBRS TR 2
dpli,a] = dpli — 1,a] + dpli, a — coins[i — 1]]

HHESER 0 I, MUEBEMESET RN B, FILER eSS dpli, 0] Muiaksy 1. B

REIEIRE, MABRAER > 0 WEESHE, FILETA dpl0, a] #FR 0,

2. ERRER
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// === File: coin_change_ii.swift ===

[* BRI 11: FHRERE */
func coinChangeIIDP(coins: [Int], amt: Int) -> Int {

let n = coins.count

/] 9at dp &

var dp = Array(repeating: Array(repeating: 0, count: amt + 1), count:

/] MEEE

for i{tin 0 ... n {

dp[i][e] =1
}
/] HRREEETS
for iin 1 ... n {
for ain 1 ... amt {
if coins[i - 1] > a {
/] EEBEIEEEE, AITEEE 1
dp[i][a] = dp[tl - 1][a]
} else {
/] ENEERE 1 EmEREZH
dp[i][a] = dp[i - 1][a] + dp[i][a - coins[i -
}
}
}

return dp[n][amt]

3. FHREK

2 E AR IR 7T T, T BREE A 2 R AT -
// === File: coin_change_1ii.swift ===

[* TEREH 11 THSRENRSIERKRE +/
func coinChangeIIDPComp(coins: [Int], amt: Int) -> Int {
let n = coins.count
/] #Ek dp &
var dp = Array(repeating: 0, count: amt + 1)
dp[o] =1
/] HRREEETS
for iin 1 ... n {
for ain 1 ... amt {
if coins[i - 1] > a {
/] EBBEIEEEE, AITEEE 1
dp[a] = dp[a]
} else {

1]1]
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/] REFEEE 1 EMESRZHM
dp[a] = dp[a] + dp[a - coilns[i - 1]]

}

}
return dp[amt]

14.6 mEERERHRIRE

AREREEREE, A Levenshtein BERE, Hamifa— & 2 f IAHEMGRA &/ MBRREL, @HEFAREETRRMEAR
AE 5 i L R 1 A7 TR DA

Question
NP E T s f1 t, IREEE s A ¢ AR IR/ D HREED 8L
VRA] DATE— {7 Ep FhifEA T = RAm iR E . A —E5oT. MBR—EToT. o sttsE—E5T,

GniE 14-27 R, % kitten EHRZ sitting FREAEE 3 20, TUAh 2 UURRIRIEEL 1 OHTHEIRIE; 1 hello B
iz algo T 3 47, HUAE 2 HRIRAERD 1 IRIMBRERIE,

Rl < [i]t]t]e]n] s - (8000
]gu [galﬁrzg Wlﬂ%] 1&;&1@;&
880080800 00080

- (088086800 - (3880

14-27 #4wiEERRER) R B R}

i AR AT DR A RN DRI iR RE, 5 eh BRI RS, — DR (RGN ) BRI —
%,

QniE 14-28 FR, TEARBRFHRIEAIEDCT, SEHEASA URE HFF 258, SsEE—EReE, SRk
FHIE hello HHAZ] algo A FF L MH AT REAYER L,

TERA MR, AR EER R hello MEIRS algo ~ MIHYRAIRTE,
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s =

ﬁeg%a/\
o /\

t =

14-28  FEFATR AR i i P Af )

1. BREREITER

B0 BERRNYOR, CRINE, EmER dp #
iR T s BT — R,

TR AR R EIEAER, IS REORNGD, R AR TR, 3 s W £ ORESRIS n
film, % AR IE sln — 1) F1 tm — 1] .

- % s[n — 1) B t[m — 1] MR, RPIATABOBT, EREE s[n — 2] F1tm — 2] .
C % s — 1) 1 t[m — 1] KR, RFMFEEE s 7RG GEA. MER. B0, (7 BRI
SR, AETTAT BB T, % R MR,

BELER, TIVEFH s PETOE - RUSE G, S s ¢ PRI RHITR LA L,
R, RAEAEAGEE s FI £ R0 | A j BT, i (i) .

REE i, 7] EHRERO TR 0§ s MO ¢ M7 C s ¢ AT § T CRT TR DS W,
ik, BEERTS i+ 1) x (j+ 1) =% dp %,
S PRINEREE TR, R AR s R

FETEE dpli, j], HHEERORMMEFERNERTTA st — 1 M t[j — 1], rHREARERCE S 2
14-29 AR =FE1H D,

1. 15 s[i — 1) 2% [j — 1], BUEIER TR dpli, j — 1] .
2. WIBR s[i — 1], HIRIB TRIE dpli — 1, 4] .
3.0 s[i — 1] By t[j — 1], BURIBRTRIE dpli — 1,5 — 1],
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EREHN o
00000 anogn -
(c[od]e] (c[o]d[E
dpli, 5-1]
Ab:
- - (BB0C 000 0080 -
- 0000 G000 (cJola]e
dpl[i, jl dp[i-1, j]
%« BinA e
(b]oJo]e]
(cJofd]e] (c[o]d[E
dpli-1, j-1]

[E 14-29 #miigEh Rk RE RS

FRARLA LS, FTIHRE TA5HE: dpli, j) RS REER dpli, 5 — 1), dpli— 1, 4] dpli—1,j—1]
SHFIE RS, FI ARG L, BRI TR

dp[27.7] = mln(dp[l,j - 1],dp[l - L]Ldp[l - 17.7 - 1]) +1

g

TR, 8 slo— 1) At[j — 1] MIFER, MERsmiEEaivoc, SR FRREEE s

P R AR RSN

BRI AR A, SRR 0, B dp[0, 0] = 0. % s A2 ¢ RAZR, RSB HER t 1R,
BIRAT dpl0, j] = jo B s RAaE t A2k, R OMEBEWER s (R, BIE5 dpli,0] =i.
BEIRE B TR, W dpli, ] BBTE77. b7, e b iR, DRI i o T A A dp R,

2. BEXRER

// === File: edit_distance.swift ===

[* YmEEREEE: BIRERRE */

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)

/] REEEE: BTET
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for i in 1 ...

n {

dp[i][e] = 1

}

for j in1 ...
dp[o][]]

m {
j

}
/] IREEEERS . HERTHIT!
n {
for 3 in1 ... m{
if s.utf8CString[i - 1] == t.utf8CString[j
/] EMFTEE, AEZBBIWFIT
dp[i][]J] = dp[t - 1][] - 1]
} else {
/] RVERESE = A RkR. BME=ERENSDHEESEH + 1
dp[i][j] = min(min(dp[i][] - 11, dp[i - 11[31), dp[i - 1][]

for i in 1 ...

- 11 {

-1]) +1

}
return dp[n][m]

Qnie 14-30 Fom, A B i e ] L )R B A O e B v U PR B AL, #R AT DA VRIS — {18l — A A 0

o

o080 o860
Eﬂ 1 2 3 4 ED 1 2 3 4
L [ 0 1 2 3 4
u 1 n 1 1
a 2 a 2 2
a 3 B 3 3
s = “bag” t = “pack”
n=3 m= 4

MeatEsT dple, j1=3 . &% dpli, 0] =i
MEURTS (n+1) x (m+1) B dp &

Step 1 Step 2
aoaon coaa
SNle 12 3 4 SNle 1 2 3 4
o | 1 2 3 4 o |0 1 2 3 4
+1 +1
u 101 1 n 1|1 1 2
CIREE RN
IR IR
ARG KRGS
dpli, j1 = min( dp[i, j-11 , dpl[i-1, jl , dpli-1, j-11 ) + 1 dpli, j1 = minC dp[i, j-11 , dpli-1, j1 , dpli-1, j-1] ) + 1
l Step 3 Step 4
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ooon

TRAEETS

dpl[i, j] = min( dpli,

RREES

dpl[i, j] = min( dpli,

s

KRGS

dpli, j] = min( dp[i,

En

RREES

dpli, j1 = min( dpli,

HRREES

dpli, j1 = min( dpli,

[ step 13 |

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpli-1,

i1 , dpli-1, j-1]1 ) + 1

i1, dpli-1, j-1] ) + 1

31, dpli-1, j-11 ) + 1

i1, dpli-1, j-1]1 ) + 1

31, dpli-1, j-1] ) + 1

RREES:

dpl[i, j1 = min( dp[i,

e

RS

= s[i-1]=t[i-1]=‘a’

[Step 8 ]

RS

dpli, j1 = min( dpli,

s

KRGS

dpli, j] = min( dpli,

[step 12 |
R
o
(5 Y
8 :
[ <
RREES
dpli, j]1 = min( dpli,
[Step 14]

j-11 , dpli-1, j1 , dpli-1, j-1] ) + 1

~ dpli, j] = dpli-1, j-1]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, 31, dpli-1, j-1] ) + 1

j-11 , dpli-1, j1 , dpli-1, j-1] ) + 1
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_ oooeo

IO

) ] 1 2 3 4

n 1 1 1 2 3 4

a 2 2 2 1 2 3

n 3 3 3 2 2 3
EERVRES Y 3

Step 15

B 14-30 & i Bk ) B REFR B R A

3. TRERER

B dpli, ] Br B 77 dpli — 1, ). %75 dpli, j — 1], % L75 dpli — 1,5 — 1) SRS, TERED
GELIC LT dpli — 1,5 — 1], BB IREEEATNE dpli,j — 1), TSI R,

#sitt, FRAMTRT DA — 828 Leftup RE/7 /2 LATIAR dpli — 1,5 — 1], 7€M AT 8275/ LTI
R B e e WREA R, AIERIERER . RS N RrR:

// === File: edit_distance.swift ===

[* 4mEEREEE: TRIREMENERERE */
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)
/] HKREEFE: BT
for jin1 ... m{
dp[i] =3
}
/] WREEERS: HERT
for iin1 ... n {
/] HRREEERE: B
var leftup = dp[0] // E7F dp[i-1, j-1]

dp[0] = 1
/] RREEERS: HERD
for 3 in1 ... m{

let temp = dp[j]
if s.utf8CString[i - 1] == t.utf8CString[j - 1] {
/] EMFTEE, AEZBBIEWFIT
dp[j] = leftup
} else {
/] RVRESE = B Mk BRE=ERENRDRESE + 1
dp[j] = min(min(dp[j - 1], dp[j]), leftup) + 1
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leftup = temp // BFAT—8E dp[i-1, j-1]
}

}
return dp[m]

14.7 IMG

- BIRERIE B TN, MDEIB AT TR AR R, e RRR,

- ABEIRERATE T, FrABIESEIREART DAR [ (B ) EITRME, EREE T EERER
HE M, YR BT AGRAES, TR RS R 7 R, e ORaE A T
A ABEH R IR,

- relEfe R R TH S RANEE AU, B 2 SR B e R 2 — R B THANE R, A
GnlR “HEEARMT —hK HREATIRE AR L I IR, R IR AT ATHER dp RAT—(EHERE,
T R AR R

- THED R EEHEERER, Foih, SIEEE. B REAARRTEE,

- BIREREIEA KR R R, R TR, SR

- ARIR R A AR (B R] DAE 7 B A R RS 2R, RIE s B A B 145

- ERBUEREEN —EAR G, HARR IR A BELIREARE, EE BRI ARG, frEHaRE
LT BA SRR, S O A Bl RE A A PR SR i

R

- HUMERRIANEERERE —, Bf 0-1 5., 22T, 2EFUFEME,

- 0-1 BUAREE RS « EYISERES c WEEPRRAEE, RIENRAE MBS QR
R, AREIRE M, WEEKEERTRE, EEMRES, BRSEREREE ERE BTy
RUIRRE, KT EEIFES B, % EITiREREE,

- e W RER AR S SR R IR, IR A IR AL S 0-1 B EMEAR, HiR
ARREMRHIEIE BT FIEZETT HIREE, R TE 2 A A P I IE P AE A

- FBEGREER 2T BRI A, Ik “RRT [EEE AKX RN EEEE, FitikEE
Bo7ifErh i max() KA min() . fEER “NEE” HEARINER “BiF” B EESE, KIE
M amt + 1 3R “HEREH HERE" VRS,

- BRI TR BRI EGRT MR “RENAH AR, IREERS AR min() X
RIERF

ot A 1

. GEREEME (Levenshtein BEME) FHRMGE R MifE 8 2 MIOAIRUE, FoEst kit — a5 —(E5 e
ofs/ AR B, SRR LRI, MIRR, RS

G R R B 3 20 s (O 6 ATk ¢ ORI R R RS,
s[i] # tlj] e, EUESREUGE: B, TRR. B SIS RIS TR, SR DA R
TFAERESHEER IR ERS TR, T s[i] = t[j] ¥, SRR,

- {EAREEEER, MREEREEIE By, EA7T. 2 EOTHOIRGE, IR LA e B D
EREMEEAT IR REIIRS, Zoitt, TPVRIF — (AR A2 b7 IRAE, ETL S5 se 4 0 P RE S5 TR 1
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W, A AR R RIETIE R AE .
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Abstract
] H 2 eHE KR, ReZDEK B & R R KAl HE.
EHRIEE —Imin B EED, BPERREER,
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15.1 E¥EHEZE

BEEEL (greedy algorithm) E—fEE AR R MENEER, HEAREER R EN S ETR R
B, ERIEISRERTE AR ENES, BIE2sthi b ISR R ENTR, DARES 2R ER, S8R
R EH N, Eir2 BRER A EIZNER-.
BARTE RIE AN R R BT T R R LR, M Z B — L 2 B,  PLanE o i 8 s e
BT AE A,
- BRI SRR B A B AT DR E R AR SR, 3 fof P 25 7 Rl ) A AR A il 1 R Y A
- BEEEEAGHEEIBENIREK, MRt T EAEE, N NEEEE, 2R,

TMCEBHIE “FERor” MR e A RIAR TR, SEE AT "EanuiE” EMHh e,
EVRE B

Question
40 n RS SR 0 REREMSINTEE S coinsli — 1], BHFESEA amt , SRR AT DISEEIER, M
Refiz B SRER R/ DR R, WK BAESRE, ABRE -1,

AREPREX AT B AR AN E 15-1 R #4608 BARERE, BIMTEEHNEREA KR Lo ey, AEnkE 2%
SER, BEERHBESES L,

BiEEE BEER: ARREFANERBLRGRSHENEE
131
’
31 SN g
A 4
1 g
1%
’
l — P
=
¥ (1)
0
15-1 EETIRAEAERNE
B A F AR
// === File: coin_change_greedy.swift ===

[* BERM: §F +/
func coinChangeGreedy(coins: [Int], amt: Int) -> Int {

/] 1’5 coins RFIERE
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var i1 = coins.count - 1
var count = 0
var amt = amt
/] EEETEEEE, BRERREEHE
while amt > 0 {
/] RN BEREGERIERE TRV

while 1 > 0 && coins[i] > amt {

i-=1

}

/] E#E coins[i]

amt -= coins[1i]

count += 1
}
/] BERLEETAZE, BRE -1
return amt == 0 ? count : -1

TRATRE & A H 3 IR : So clean | EAEHRIAME A HTRENHERIARIR T T8 CTIRE,

15.1.1 BREREZNERERYE

BT TA AR R, TSR, i D@ e e, 7600 EAR S b, SRR sy NEE 4 min(coins)
, HIEAEEIR R 2 8 amt/ min(coins) R, FEEREZR O(amt/ min(coins)) . JEHLEIRERHIHEIRE
MR O(n x amt) /N T —{EEEA,

SRIM, BRI A &, SRR AR, B 15-2 B T mERG,

- IE coins = [1,5,10,20,50,100]: {EMEWHEET, HAEMLE amt, BEAEEEHA RS
B,

- Bl coins = [1,20,50]: fR&& amt = 60, EHHEIENEERE] 50 + 1 x 10 W s, Hat
11 s, (HB)RERIHEIAT UREIR AR 20 4+ 20 + 20, £/ 3 HAE,

- Rl coins = [1,49,50]: fR&& amt = 98, EAEEEEHAEE] 50 + 1 x 48 Wi E, et
49 BenEtE, (HENREHIEI R ARSI AR 49 + 49, #F 2 K.

WS BiR&E RREREIRESR BRERRESRE
(Bt R ER2) (SIRERBAR)

(D) 60 +@x1@ x 3
@ 98 +@x48 xZ

15-2 BRI R R AR B
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WatEd, BRTECREE, AR EREAREIE 2 @R, I B A REKEAFE ZNR, e
6 & FH BN B AR B R

—REIL S, EARERIARE B DA A,
1. nJDMRGEIRE R B B RIAEIE R MET R R EEE, R CHELE, B E =,

2. WIDARBNE RIS BHR: B RIAEIEERT NIRRT R, BIRNR S EE R AR, SHesitRE
AR IREE, BE DAL SRR ER BN A2 A ANEE R,

15.1.2 S¥EFEIFH
HARERIEAR T, BRI REE S A AR AEE? siE s, SEAEAEN SR Fo] MREB RS &
1BfR?
MEGAENEFR S|, SREE LG EETZ], H R R E A AR E
- BNRENE . A ERETEEEEGKT] DER B RERR, EEEEA R ES R R E .
- RETAENE: RRENREEE S TREN R E
BRETEMBOSE “BIERE] ZHPaE, BEAEER, HEFENE, —EMENRE FERBTA
RABE, {EA5PAT] 8 B S AETE AR R,

BT T ERFT AR R E BT, R CRRE R, HEE R 2R, Saik
BRI AR S 3

BIanFEEIRiTE, TMEEARRES A ZHER G, BEANERMEEE TS, BRI WIRM:
TR AT G PF A RE R AH & il DA SRR OR M2 TR X RE IS RE B R BRG] AR AR tH — (B AR W R Y
B, EE DA R AT B

Quote

H—FaasCa T —18 O(n®) WM AR, PRSI —ERE AR & e 35 P A A5 T B TR R
HHE B B RER R

Pearson, D. A polynomial-time algorithm for the change-making problem([J]. Operations
Research Letters, 2005, 33(3): 231-234.

15.1.3 SR ERIRESE

BHARERIfHRITAE R ] 2 2 AR =2,

1. P8 sHr: fist B iR R, EiRNEER, REMEEMARIEIFE, &P EmnE) e
AT M.

2. Wifd SRR FEE AN IR — D it AR, IS RIS RESIE o — DU R RIAR, I A& AR
TREE(E A,

3. IEREVERN: B R EEREE R A BRI E AR T A, ISR REFRE A BB, B
QNERAN IR SR TR

HEE BRI 2 SRR O B, (BB AR A REMEA A 5, TEAPUREE,
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ISR BRI 22 R, BN 2 B A, SRS L EGERE, FRAFIEIE — SO B B
ERURERS o TSR —LEAMERE, SRR AT REAR R IR, SRR DU AR H =5 Bl A\ R ae bl
HEIREESN T,

- HE AR A BRI, ERRMIMERG ORGSR AT, RAT
REFEBLHR MR BIETRIER, ERHRaat R RIS U2 "B B 1, BRI Z il
o (1SR SR

7RG IEMENE, FRFERZE S RMOET BB E, N 2 R R U AN .

SR, IEREMEEMRAIREAR B F, WA, TFDEE &R m el fE TR uBERE,
— B SR E AR R

15.1.4 SRR ZHEGIE

EHBIRE H RN B E B E MR B T MR s R, DURAIER T — 28 g e AR Rk
ﬁ:ﬁ% o

- BTN EREEREHES T, A ERAE N SRR B,

- IPEHERRRE . BRI LSS, AR BN LT, REY R SR REZ MRS, W
REFREE AL RN R e FAOIERS, A AR R TA L n] DS 2 i B

- BRI T AR ERE R, (RIEEREE Y, SRRERENERRER, H
RAEERAR WRGUEREREM RS (EE /=R YR, B ERE LR NS
Bl g 3

- REEHERRE T - AHREERE R RS, (RATDOET 2R EE, (HIRIREARR AR, AREEEH
ZHIARERE, BRI,

- EREHE: EXEMEE AN ERE RGN AR, BEMEEREN, SIOERHBUR
R RHIM AR S0, RESIINERSMIVTFERERE WBRE) &/,

- Dijkstra {35 ©RR MR E TRTER 2 H AR THRGAY SRR A R A B2 R,

15.2 FEEaME

Question

B n @IS, B EYSNERS wgt[i — 1], BER valli — 1], M—EEES cap WEH, &
EY) i R REEE — R, (HA] DUEREI—k sy, [RFEMRPEEENE R LIS, MERES AR
THEUPYRRBREE, REIE 15-3 Fis,
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WKk EE H{E

i wgt[i-1] val[i-1]

1 10 50 ‘ TJ&)\EE ﬁﬂg%
cap = 50

2 20 120 2 20 \

3 30 150 @ u

4 40 210 * 30—

5 50 240 (Y

BAEME: 120 + (30/40)x210 = 277.5

BE5%E: HBE - M 30 58 ¥ maEa
H{5F 50 WARE

& 15-3 7080 BRI RBIE R

EEWHEEN 0-1 B UM EIEFAAN, RENSENYG AR c, BERRRETEERTH
RRMEE,

RNRBSER, AR UEEY A — 8. Qi 15-4 R, BT LAt S & U)oy, g E R
EEBIAE T A EEE

1. G, TR R RS valli — 1] /wgtli — 1], WA GEME,
2. MRS i, ER w, B EMIIEES w x valli — 1) /wgt]i — 1],

Wi EE fmE  EBfEE

val[i-1]
i wgt[i-1] val[i-1] .
wgt[i-1]
1 10 50 5 ) B BRI Hanmn
BENER EB{ifHEE Hn{EE
2 20 120 6 _ alli-1]
v -
3 30 150 > < " : wgt[i-1] ) u
4 40 210 5.25 %
5 50 240 4.8 -

15-4 Pyl fe AR 8 N HYEE

BRAEUNY RAREE, A8 RRERCRAER FRPINEE, Bt s E 15-5 FRrI a2k
HJ%O

L. #A5¥) hhia IR B EE R = B &I THER
2. FEFATEY)EL, e AR R B A AR S P
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3. AR EUARAR, RIEEHE YA — R

R E HE BfUEE

valli-1] IRIRE(EE

01}

i wgt[i-1] valli-1] wgtli-1] #*SIEHF

2 20 120 6 2

4 40 210 5.5 % pa—
1 10 50 5 ) '
3 30 150 5 2

5 50 240 4.8 >

& 15-5 73 80H HRE R B RS

2. EXRER

BERREURETSHYR

BTN T — P R Ttem , DAEASY) SRR BLA BUEEITH Y, WENEITEAEEE, B ucmkpid

AR 5] g :
// === File: fractional_knapsack.swift ===

[* & */

class Item {
var w: Int // Y)mEE
var v: Int // ¥YIREE

init(w: Int, v: Int) {
self.w =w

self.v = v

[* PEER: 88 +/

func fractionalKnapsack(wgt: [Int], val: [Int], cap: Int) -> Double {
/] Bi¥mey, aamEBEt. 25, BE
var items = zip(wgt, val).map { Item(w: $0, v: S$1) }
/] FEBEBEABEE item.v / item.w REIRETHF

items.sort { -(Double($0.v) / Double($0.w)) < -(Double($1.v) / Double($1.w)) }

/] DEEEEE
var res = 0.0
var cap = cap
for item in items {
if item.w <= cap {
/| ERHEERE, IKENYnBERESE
res += Double(item.v)
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cap -= item.w

} else {
/| BERGFEETE, REMYaN—HDRESE
res += Double(item.v) / Double(item.w) * Double(cap)
/] BERGAIE, HLtPHiRE
break

}

}

return res

BRibF 25N, TERERI Y, REEHREVREBS, FULRHEBEEEZ O(n) , Hibn 2P,
HIRFIAGIL T — 18 Ttem ¥oFFERSI, RIBEARBERIES O(n) .

3. IEHEt4SEEA

RHR R, R v REMEEREOYM, EHEEEARGRKREES res, HEZMHALEY)H
T

BERHE U EHECERREREY N, WERASBEMEENYN v . RV © FEACEERS, RIS
BIBRIREE—TE RN res . 18l res REEHEPE, SWRERHLHEB SN © .
B A A b, BRI e] DR EIR PG, TS 2, BRI ORI Ah A B R,
B AR TR R AR

qniE 15-6 Ffow, AN SR R BRI S B B E 70 I 1 — R Ak I RO R B A Ak, R0 850 T ) o
7y “SRAEA R ) B A RO HIAR o IS IR L mT AT BRI TE 2%l P B A B AR SR O A 5

I

it

MmBEE
5.25 5 5
* ¢ & ®
YREE
40 10 30
50
W sazs

15-6 7 EE FENRTRR
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15.3 RAZ=ME

Question
A\ —EEA] bt , HPRSETTEAR—EEERERNEE, FPIFRREEmERR, AR EMz
1A 2 i) A] ASH R — B85
B AERFRSEMSEENFE (M), HivsEHBEARRIE, E =M ERRREREZ2R S|
Z%

SAAE A IR E AR, (SRR A REREAR, RERKE R, REIAE 15-7 Fimr,

R

S B N W B U N

RABES (5-1)x7=28

15-7 BRARARFERREIE R

AT EREARE R, RIAERIRE 2 BRI AR5 ], 5% [4, ] o

HEER, ARSNEERUGE, e hEiive, SERmbaiRmEsRs 22, AR capli, j]
, FIATEEHE A

capli, ] = min(ht[d], ht[5]) x (j =)

AR S 0, WERRISIA TR (R % C2 = "L, gvnkehn, Sl USSSATAIR
f, WTIRIBRAAR, FREIES O(n?).,

S BEE E  RCRIRL, W 15-8 R, BRI —EIRGE [1, 7], HUMERS1i < j B ht[i] < htlj]
B BSERR. § A ER.
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K

S B N W U 0N
pE——— < e
———— <\

i 2R, § ARIR

EHAE cap = min(3, 4) x (7-0) = 21

15-8 WJGAHREE

QniE 15-9 Fow, FHBLRHRERAR J§ rEmR @ 50k, MIAR 8N

RN EBERN j 18, "E j— 1 §E8/); MeERERRE, FitsERTRERE (28R 5L
/N (BENMER § AT o

8

7

6

5- .
| ;
3

2
1EEEEER
: |

e 1 2 3 4 5 6 7

HRBERER, BE—ER
ZEHAE cap = min(3, 3) x (6-0) = 18
159 MNBEIRAREZIIRGE

B, BMARBEERR o, AATREEAREER, HAMARTEE T/, HEElReEgER B
BYRAVEN ¢ TREEEER) . BIANTERE 15-10 H, BEEREEEER,
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i
8
7
6
. j
4
3
2
1
[*]
0 1 2 3 4 5 6 7

FPBENER, BERHEEX

EAIAE cap = min(8, 4) x (7-1) = 24

15-10 AN EREHIZ AR GE

P I AT AR R S A SRS . RDAG ML ER, B P asmivh, Rl PR B AT, EEW
TEIEAHIE,

[ 15-11 R T S,
PHGIRIET, $51 5 1 § 255,

SR TR BB capli, /], W ERR AR,
FLBOAR i TR j (7, AR RSB — .
JEREEGTE 2. SR 3. %, B F j HERSAS,

N

8 8
7 7
5 2 5 i
, - |
3 iR 3
2 2
1 1
0 )

[} 1 2 3 4 5 6 7 ° 1 2 3 4 5 6 7

MBIGHERR 1, 5 , EEHTIEGITS, BREAME res = 0 EHEE cap = min(ht[il, ht[j]) x (j-1) = 21

Step 1 Step 2 BABE res = max(cap, res) = 21
> i
v
8 8
7 7
5 3 5 .
R 4 R ;

3 |3
2 2
1 1
4 )

[) 1 2 3 4 5 6 7 [) 1 2 3 4 5 6 7

MHIBE cap = min(ht[il, ht[5]) x (5-i) = 24 %MBE cap = min(ht[il, ht[31) x (j-i) = 15

Step 3 BABE res = max(cap, res) = 24 Step 4 BRABE res = max(cap, res) = 24
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iz

S Bk N W s O O N ®

l Step 5 J

iz

S B N W s O O N ®

l Step 7 J

< H

<.

o 1 2 3 4 5 6

EHiA®E cap = min(ht[il, ht[j])  (j-i) = 28

BABE res = max(cap, res) = 28

<.

0 1 2 3 4 5 6

EAIAE cap = min(ht[il, ht[j]1) x (j-i) = 4
BABE res = max(cap, res) = 28

S B N W s O O N ®

Step 9

it

Step 6

iR

Step 8

< b

8 v

7

6

5

4

3

2

1

0
[ 1 2 3 4 5 6 7
EHIAR cap = min(ht[il, ht[j1) x (j-i) = 21
B|ABE res = max(cap, res) = 28

i
v

8

7 s

6 v

5

4

3

2

1

0
o 1 2 3 4 5 6 7
EAEE cap = min(ht[il, ht[j]) x (j-i) = 5
RABE res = max(cap, res) = 28

i i R j EE,
- BHHAREE, EERARE 28

15-11 ARAEREEZERE

2. BXABER

FEAHSEE RS ndh, FULRHEBEEZ O(n) .
B j. res (EREEBOUNMIBESNEM, FtEHEEREES O(1) .

/] === File:

[* RABE:

max_capacity.swift ===

B +/

func maxCapacity(ht: [Int]) -> Int {

/] et

i, 3, EEDTIETIMR

var 1 = ht.startIndex, j = ht.endIndex - 1

/] s

RBES 0

var res =

/] BE&

HEEE, EEWIREE
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while 1 < j {
/] E¥mABE
let cap = min(ht[1], ht[j]) * (§ - 1)
res = max(res, cap)
/] ERNFEEIFER
if ht[i] < ht[j] {

i+=1
} else {
j-=1
}
}
return res
}
3. IEFE1%:EEA

ZFrLAEAE L s R IR, BN A mHI AR S Pha” —&iRE,

FLANTEARRE capli, j] &, @ AR, j 2R, A EBHIEER « MBI —i%, @5%0E 15-12 Forik
FEME “BRid”, JEREIRE 2 R IETAERR IS IR A RO

capli, i+ 1], capli,i + 2|, ..., capli, j — 2|, capli, j — 1]

| [ |
e F=F
- QR i f
| I | | | | | |
UL |_IIIIII|
capleo, 7] cap[1, 7]
BEiBAYRRE
| | |
| | |
L] | | l'
| | | | | |
CUbrrt ! ettt ! ettt
caplo, 6] caple, 5] caplo, 4]

caplo, 3] caplo, 2] caple, 1]

i 15-12 PSR AR RE

Blsasl, S pE AR B EEE LU AR § BB AR, AR CEHNE R
EEaES/N, WlEd, weaniREE A RERRER, PHECMA SRR R,

DA b, MEEMRARIER “ 2" B, BRIEEA,
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15.4 mAY)5 FiRRHEE

Question
SHE IR n, FHEY)2 A2 OMEEZRBAIH, KU ERMAEBRENFRERKZZ/D, WE
15-13 ffirro

BAEH n , K max(ng xng x Nz x.xNy_5 % Ny_g XNy)

15-13  f ARV SeAA I FHIREE 3%

B BAME o V)0 2% m (EEEEA 7, HrpsE ¢ N Fad 2 n, , B
n= Z n;
i=1

AER) HR RIS A BN TR AR, H

MRRACER, W ERE AR EMRIAE R, BRI n hart—ER T 2, RIEMfRRER 2(n —2)
o FhfMi RS n (ELLEG:

2ln—2)>n
2n—m—4>0
n>4
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QN 15-14 FoR, HEn > 4%, YIort—E 2 BREEER, EHRARRER 4 KRBT

BRI —: IRVIDTTRPEE > 4 MET, R EEZSAERY) . BRI TR EEEE 1L 2,
3 IE=MKT,

n:> 4B, 58 2(n-2) > n
At RENDHRAEEE 1, 2, 3 BF

15-14 Y)orEssefgss K
R AREEWER FRREN, £ 1. 2 3E=fRFH, A1 Z2REN, WA 1Xx (n—1) < nMEK
37, B 1 R e ESERRE RN
WE 15-15 R, HEn =068, A3 x3>2x2x2, BEWKEYI;N 3 YT 2 B,

BRI YIRS, BB EEEEME 2, FR=(E 2 R IR ZME 3, MRS E KRR
FHo

EFEE=E 2 B, BEamu@iamE 3

15-15 ®&EYI7RT

fr LRI, RIHERLH DUN SARERI,
1. WMABE n, EHAEMYI AT 3, EEHRES 0, 1, 2,
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2. HiRBUs 0, &K n 2 3 MEE, R MEM R,
3. EERES 2 I, AKESEY, RE
4. BB LI, HR2Xx2>1x3, HILESRE 3 &Hhe 2,

2. BERRER

R 15-16 iR, RIICBBNERYIME, T LURH i FEREE2) 3 0E o, HREERE
SR D, LLRFH:

n=3a+b
WEE, R n < 3 MGBEEN, LERSHE 1, "ESE1x (n—1),
// === File: max_product_cutting.swift ===

[* RAVIDTAE: B */
func maxProductCutting(n: Int) -> Int {
/] & n <=3 K, #ENSH—E 1
if n <=3 {
return 1 * (n - 1)
}
/] BEMYISE 3, a B 3 BES, b AR
leta=n/3
let b=n %3
if b==1{
/] EREA 1B, 3 1+ 3 EBlkRH 2+ 2
return pow(3, a - 1) * 2 * 2
}
if b==2{
/] BEREAE 2 B, THER
return pow(3, a) * 2
}
/] BERES o B, FHEEE

return pow(3, a)
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R# b afé 3

n=3xa+b

[E 15-16 AV MM E 1A

IR ) A P B DR P st 5 IR R BB 5 7K. DA Python %, & FIRYR SRR XA =HE,

L BT+ R pow() IR RIIEREER % O(log a) .
- B math. pow() PIERITI C 38 AT pow() B, FLETIPRNIE, RERIMRERES O(1) .

B a T b (EAFEBOUNIRSNER, R HEBEEZ O(1) .

3. IEEEt4SEEA

A REE, Ratn > 3 BIHEN.

L AT < 30 BRsEVI DT RPEE > ANET o, A —Er] DU HAEEE )5 2(x — 2)
TEmERT ERRYSRAE, SRR &,

2. VI EARE 1 BB T B E R T 1, BEE—Erl LE AR 7, DL
IS HE AR, SRR E,

3. VInTiRm B WEWM 2« (Rekm@EY) 077 R g =1E 2, A0 —En] DUgRasmifE 3, REER,
ISR &

15.5 /i

- BAERTREE AR R S E RS, HE R AR A DR PE Bl i S I i BRI, DA
1SR B

- AHETREIE A — A E A B AR, AR A R A R — AR AR N T, B
T REAR AR

- AMEERAMEEHME, BRARSIRERSCR, MHERBIENIE, SRR RN R R 8 5
/38

- EFE SRS, BN S, SAEEIRA DREIE R, B ERER SRR
R, ARERTARREREITRE R,

- EEAESEERKRFER A WA SRR E R E TN, SRR ERAEER
WA
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- BHASLEIRR, AR IR RN, HIEAGR, BAEMA S, GBS,

CORMRERIE RS A PN, W ARG, IEREMEE, Erh, e AN L B,
M T S

- M ERIRETE 0-1 T RAMRE L, ASPRIEYG s, DRI S R, SSRISHY
Bl T A P A

- R RN SRR, BRI O(n2) . AR NS, SHRANEEIEN,
YRR B (L O(n) o

- AU TR, BB T AN > 4 ), RETSET
%3, RSN, BRI R RS BB IS, B2 O(1) 5 O(logn) .
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E16 E [z

AT

- 16.1 FEREREHRIE LS
- 16.2 —iELSHAIE
- 16.3 ffi:E


installation.md
contribution.md
terminology.md
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16.1 IERREHRIRRE

16.1.1 #FE IDE

HEEEME BT, R VS Code R AMERSFIEIRSE (IDE), #ift] VS Code B, MUBIEERFEEM
JERAE) VS Code HEAT FHUFIZEE,

Q% OO0 F :

¥ Download

Code editing.
Redefined

.... erywhere.

e. Bu
Download Mac Universal | .,
Stable Build

Stable Insiders

mac0s Universal
Windows x64 User Installer

nnnnn

.rpm .
0411 BOAO K1 © Goisby Develo (paisty-grophal-ape)

T# VS Code
Run and Deblig BUNE-IN Git Extensions

& 16-1 EE4 N VS Code

Other downloads or open on web

IntelliSense

VS Code #EARARERAA RS, SR ZEREFESHBITHERS, DA Python 261, Z%& “Python
Extension Pack” #&EH 1%, HIRE(T Python F2xNIBERES, 480 BRAIE 16-2 AR,


https://code.visualstudio.com/
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Python Extension Pack vi.7.e
Don Jayamanne | <> 7,005,466 %k % % ¥ (16)
% Microsoft @ . Popular Visual Studio Code extensions for Python
Pyth — Disable |~ Uninstall |v
‘ ;g #ﬁ This extension is enabled globd
Pontiar Views Stals G extensons fo, :t ——
Python Environment Manager ‘ toDocstri §§%ﬁ1ﬂﬁg
A anage e IG-Pytho.n I?Dcs.!r]ngt
Extension
W : . - el A Python
™ . é &
%Em Egm% n D.ncsmng Gf:n...
@
n Python Extension Pack
":‘l P.ylhonE‘xtended
16-2 %4 VS Code # /R
16.1.2 REFSIRR
1. PythoniIRiE
1. FN#lfiZe4E Miniconda3, FF% Python 3.10 BEHARA,
2. 1£ VS Code MHEFRIRET 5K python , %% Python Extension Pack
3. (AM}%) fE@m2HIEIA pip install black , ZHEFEAEEMR=UL TH,
2. C/C++IB1R
1. Windows R&MFTEZH:E MinGW (BLEZFE); MacOS B Clang , #HZHE,
2. £ VS Code MIHEARINRETIHHEER c++, Z4E C/C++ Extension Pack
3. (A1 %) BA MK Settings H MM, = Clang_format_fallback Style f2 NG XL EH, REH

{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach },

3. Javalgig

1. F#EfiZ%E Open] DK (AT /E > JDK 9),
2. 1€ VS Code MIHEFTIIRET G ISR java, %% Extension Pack for Java .


https://docs.conda.io/en/latest/miniconda.html
https://sourceforge.net/projects/mingw-w64/files/
https://blog.csdn.net/qq_33698226/article/details/129031241
https://jdk.java.net/18/
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4, C#IRIR
1. FENEZEE Net 8.0,

2. 1 VS Code HIHEFINAETIG IR c# Dev Kit, %4 C# Dev Kit (Fil BH),
3. WAl{#iA Visual Studio (ZZ#E#0f5),

5. Golgix
1. F#EGZE oo,
2. £ VS Code HHEAIRET HHIER go, %8 Go,

3. F PR cerl + shift + PHEHHATSMHE, #IA go, 1%E## Go: Install/Update Tools, RHFAIENZ
AERIA],

6. Swift B8

1. F#EfZEE Swift .
2. 1E VS Code HUMBEFATHAEMIS S E swift , &4 Swift for Visual Studio Code

7. JavaScript IRIR

1. F#ilfZ4E Node.js o
2. (A]i#) 1E VS Code WEFARINRETIHHTER Prettier, RN T A,

8. TypeScript I&i%
1. [A JavaScript BRIgZZ 4545,

2. 228 TypeScript Execute (tsx) o
3. £ VS Code WHEFIIRET G HIUR typescript , &HE Pretty TypeScript Errors .

9. DartiRif

1. —Fﬁjﬁﬁ% Dart o
2. 1£ VS Code RYHEFAIIRETIHHTER dart , &5E Dart,

10. Rustigiz

1. FHE6LSE Rust,
2. 7E VS Code WHEFIIRETHHIEEK rust , &% rust-analyzer ,


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 —iicZ2HBIE

HREFREN AR, HrhEe A e —ERRMESER, ST, WIREEE TR, B WARRKE, X
TEER, MRAEWE TS GBS, MinhEMETeL, DAasE R E e 2B I,

P A 58 AR GitHub ID A$7EARE G, #E Rl PDF Al £ H BT RR, DU M5 B IR L REAY
FAZE R

BRI 1)
AR I 35 B P OETR R R R RS R TR, N S AR R AN 5 (s
MAEARBHIRE Y, A B IARIRF R 2 B H BB AR

1. NBRGER

aniE 16-3 AR, SHMEHEMENA EAEA “SEER", AT DU LN P ERIE SOy g s,

1. BhE “4REREDR”, HEE] “TE Fork LB MR, wERIEZIRIE,

2. 8% Markdown JFRERNE, MENANIERENE, SR REHRRE % —,

3. fEEMEREEEBUGR, REBIHE “Propose file change” %8, EmpkE{Z, ZHE “Create pull
request” %51 RIATEHERIEGE K.

et sttt ssieaton, f_aua_stmeturs] aw D 0@

_— N :, - krahetsfhello-algo
Eudli Hello Wik % K QomEm O Sl v e

Hello ¥k 4R as
| Wowm wE > 31 BURGEII%R @ 301 BRI GHES L
B B1% ANk > 312 WMEREN: ERS5HK
R Wom mamal > GANMESHOISNA, R B WG OMER B 8 B, SO EIE R mREn

P, L BT, \

31 BuRLENs K

2 WABBRE 311 BN A SIEAN o

33 WM Eﬁﬁﬁr&ﬁ
34 e T ST f FHOREET, (KILT M2 i8)

BUEERR; THEMD, MENTHATRRANY, BIENASERZANRERS; ENETS
35 08 A, RRT ERORERR,

B B8 WASHER >
& WHE HSMUII >

$NE 3-1 FiR, i A IR SRR AR, ERMEAMILIREN, IEMIETEEMRARLE
MR JFRIEERIIER, SESEHT.

R HeH BER >
A w7 op > - GIEMIEEN: WA, BR. 15 DD VAR

& Bmew > - EAMBIBEN B % B BAER

Lowew B >

S W0 B > HEBIREN AR RIRLEH

Ll WNE > .
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Pull Request TfEifif2,
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. EBEANEM) Fork BEAHH, @ﬁﬁ git clone MM S o i [ = AH,

. TEARHIESTNAERIE, AMETRRENE, BERE AR S IE R,

. HEAHIFR R R Commit, A1 Push SIS,
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3. Docker ZpE
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docker-compose up -d
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docker-compose down
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English fligh 2
time complexity I TR 2 e
space complexity a{FTE=F/5:-4
loop TR
iteration I
recursion #03

tail recursion FE#
recursion tree L RUAY
big-O notation KOs
asymptotic upper bound i R
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array el
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hash function

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
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level-order traversal
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depth-first traversal
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max heap

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
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divide and conquer
hanota problem

backtracking algorithm
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English

constraint

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
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