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chapter_computational_complexity
chapter_divide_and_conquer
chapter_dynamic_programming
chapter_graph
chapter_greedy
chapter_hashing

(v v VvV VYV VY

chapter_heap
>
& heap.py
& my_heap.py
& top_k.py
> chapter_searching
(R > chapter_sorting
0 > B chapter_stack_and_queue
> OUTLINE
> TIMELINE

¥ Pmaing I Lotests ®OAO

BITRIBRETE TIE RS N=2F,
B &
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EVIPAY

yabEER FEACH B, mifE

%0 Git Graph

PR GFEIRSE, TES IR SRR 20

2 hello-alge
@ my heap.py X
codes > python > chapter_heap > @ my_heap.py > ...
vnupriver Code"""
if _name__ = "__main__
# WME AT
max_heap = MaxHeap([9, 8, 6, 6,

print("\niAFIRIEHEF")
max_heap.print()

# IREUETATTR

peek = max_heap.peek()
118 print(f"\n#R7zHN {peek}")
PORTS GITLENS PROBLEMS OUTPUT DEBUG CONSOLE

~/Dow/helle-alge main > ||

0-3 B TG RAI

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

# hello-algo

main ~

i “Download ZIP” 151 B4 NEUASE46 L,

(I Unwatch 312 ~

Gotofile Add file ~
Local

B3 Clone
HTTPS SSH GitHub CLI

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

[ Open with GitHub Desktop

Open with Visual Studio

[} Download ZIP

7,5, 2, 1,

Ln 118, Col 29 Spaces:4 UTF-8 LF {§

<> Code ~

DO 0o

v D © ®o -

4, 3, 6, 2])

TERMINAL

Bash +v O @ - ~ X

Py base 18:18:47

Python 3.10.13 (‘base': conda) &3 (@ Prettier [}

AT, WREREE, WATEKL I3,
GitHub ¢/, WMRE&%E Git,

A PO AR a2 e A G

SRFGTEA I B

* Surred 51k
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0-4 SifEGES NER

REXIFE R

Python C++

def level o

# Mkl

» INBTS
queue: deque[TreeNode]
queue.append(root)

= deque()

# Miatt—17IR, BTREFEHF?

res = []
while queue:

oe

% W Q

J V# Go Swift Js >
binary_tree_bfs.py

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

node: TreeNode = queue.popleft() # PABIHIBA

res.append(node.val) # {R7FETiAME

if node.left is not None:
queue.append(node.left) #

if node.right

is not None:

EFHRAR

queue.append(node.right) # HFTSAB

return res

IBITIRYS, a1 0-5 FoR, X T IREARE SR AREI ARG ER,  FATTAT DAE R codes SCAFRA
KR B VR B AR ZE R N TR,

IEREER LET ¥

0 hello-algo

Code Issues 1 Pull requests 10

chapter_tree

9 krahets

array_binary_tree.py
Y
e 7 RAREECHF
a
binary_search_tree.py
binary_tree.py

binary_tree_bfs.py

binary_tree_dfs.py

B 0-5 AAGHLS X R AR S

PR T Az T, MIRIE X FF Python fABSRIRIRMLIETT (BT pythontutor SEBE), 401& 0-6 FirR, R
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DI ELF R SR

B

Hello 3%
Ego# Mz
B %18 miswE
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41 ¥
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43 P&
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45 S
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FR WOE MER
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£ mem
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41 #A

PR IEVERVERY
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A% 0 Oe

( g krahets/hello-algo

[ @ EELETT

v] ER

Python 3.11
res = [8] * (len(nums)
# BIRBREPOF T RENS
for 1 in range(len(nums
res(i] = nums[i]
# EE RESHRE

return res

“*"Driver Code""

-
if

-

Visualized wi

__name__ == "_main_":
# MafmE

nums = [1, 3, 2, 5, 4]
print("#if8 nums =", nur
* RETR

nums = extend(nums, 3)

print("HEERESRE 8

Edit Code & Get Al Help

<Prev | [ Next>
Step 17 of 22
th pythontutor.com

)€ ZBENE

Print output (drag lower righ rasize)
sﬂ!ﬁnms:ll 3.2, 5. 4]

Objects ,ﬁ EEH

Global frame function
extend(nums, enlarg

Frames

extend

1(3 /2|54
extend
w4 [ 3[4 o
i3

412 HENRSASEEE
413 HERREM

nums

[ 0-6 Python R AIM{LIa T
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BERE

BENDB RISERE FRRIESR
BB

ARt EmR ISt

FREL AT E) 2 R Rl —iE R MEAR, KM
TR R IZ H IR IERR ERTENAIRMER

K 0-8 RIRAF I

0.3 /&

- ABRTEEZRREIENFE, MRIRCH —EHEM, A BRERBIRRGEBEIEAIR, HrhiRAh
AR R TR R,

- PPN EEEQRBRERE . BIREMEIE =, W CZGUEE R 1,

- MNTEENT, EOENBRR-AANHERER, AIEFZEHK,

- TSl ERREE T E AR, BRSNS IR AR E 2 KT,

- OSRERYE S AR IR, SR BOSITIRAURS R B R,

- ABMWTURAE D ETENILATHEX, WL 7 =R 5ER S W,
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Abstract
—/ DR SR, SEIERATE—R, HBE LIS BRI,
Gg BRI SR, 15 RIRMEIP R, BAFTHEES RN E LA,
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1.1 HEETRFE

SEAWTE] “FIER XA, RERMSEEES, RMEPR L, FEREHFAYNREREE, MEES
MR AZ AR, IX BRI H H A0S AR Ak rT UL,

EERRIT R/, A MEBIEIER DT RESEAIARP AR TIFSRIE, IR En i
MEIHFAERD Y. PHBAR2E LD BARIBHFRIELIX — R,

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

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

FRERHEFEROMFHT

EFREN: RIEE—HEEEEN ¢ KT TR

EFHASE:
1. BIFFRAE—HIEL, ZNEFSE n
2. B8F r £ n &8, ELHREFESRS

Step 1 Step 2
5
—H B —HIBL

EFRSR: EFASE:

1. BAFAANRKBIN—FREL, RASFER t 1. BAFAMKPINFTBL, RASEFEL p

2. B(F r 7 t §08, EIHREFESS 2. B8F r £ p FiD, FUCHRETFEES
Step 3 Step 4

e
—¥ M
EFHRSE:

1. BFFARNKBIN—HREL, RAEFER r
2. BRIEFEA r NF, TRES

Step 5

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

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

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 $hwHEp PR

EREEERAN SRR R B AT Bk, e NVERR RN AR S FEmIRIE S T
JE B AR TR AHE RIS 5

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

NENUE L 31 st EE/NIETH, 17T, 57t 10 7T, 20 7t
MANEITHRE KR 20 78, #A& 31 — 20 = 11 75,

MFI R ANET R AR 10 7T, FR 11— 10 = 175,
MRIZRANETFFERRR 17T, #R1—-1=07C

FHRERE, 7TEN204+ 10+ 1 = 31 75

ok wn e
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BirE 31 L2 11 = 1 =» 0

EELH -20 -10 -1

TWENTY

\
TWENTY ||

Bl 1-3 timikZTidE
FEA LS, BAHF—PERBCEATE RRFANES (RATRERRIARI B M), REEE T rATRHE TS
Ko WEIRGHSRIENAESR, ZKMTEAR LR 200" Bik

INBZEE—TER, REIRFNUT, JUPATA IR RORE S AT AR, THRAR HIE SRR E N e
KBUREEHTEAEENGE T, FINSGS RS CPU 1 GPU BUTHEZE, IXFE—K, BATHEREIEA IS H Al
HRBIHRNLE, DUE @A77 U RS AP 2% R,

Tip
GRERIRNEIREEA, RIE, BN o EREMS RS R E, TERSHE TR, ARG ISIR
IBNBHREEH 5 BIAH RN

1.2 BiERHa
1.2.1 EZEENX

8% (algorithm) ZAEH RN AROUREE MR —HIE S BERIED R, RGN,

- IEURBARARY, B TS TR R AR e o
- BHRATY, REMERIRDER. WRMAEER R ENK,
- BLBEETERS X, EAHRRRMARIZITRET, fbaaZdmE,

1.2.2 BHRGEMEX

B (data structure) RIFEAFMHSFIFESIENTTX, BA MR ER,
- ZBEAHRED, DAEITEINT,
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- BAERBRERATREDUE, RSEEURTIR. A0, WBR, EHTEE.
- REERTE SRR RZEER, DERIESR0ST.

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

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

1.2.3 HEEMERZNXF

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

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

BE—RIIRFRES

MR ANE T
N ‘ ¥ it
—
input algorithm output
HiEsH

data structure

RIS IFREREGE
S MSERIR S &

1-4 BURSHSHEIERIRER

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

B RTTRAIN B SR R ANR 1-1 Fmo

®1-1 REdRa SRR O PRERIR

BlRai 5 RE PRERIR

LN S ES/EENIAVN

pleiE ) BRARALIEK, BRI KA ERTTHE
CRES FERURBE R BRI ASH) — RBIHR(E D 3R

it Rl PR

ERSHHRE, BURGHSRIERM TREESH, R, A5 IR T 2 MRETE S 1S

IEAR I FIFR
FESLFRITIER, BATER SR “BURGSHSEIE" fMVoy “BIK". HLUARFrEAI LeetCode FHikH
H, SEbR LR ERRE AR /5 AT,

1.3 &

- RIRERRAESRIOAE, HARBAA] RESEAN, Lhr b, BMNELZEANAEPER TS
BIK, FDARORA TS A R/ N AR

- ATHIEES S0 BEREEME R ZoBEREIAREL T amia M EERTREAE,

- B RS R SEARIFERARFE RO AR RIRE S H N ESR.
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- BEMRFNP AR LRTOLRER, S D ECRECE AT R R ATER,

- RIRRAEA BRI R AR OUREE ()R — S L B ED IR, MBS R TR HAMAF LSRR
777K

- BARSH SRR ERE, BURSHERIRNEN, MRRRBIRAIFERrSES.

© RATA] DR BREEA 5 RIER O PRERIAR, BRIRARERE, FURRITARAIERE 7T AR BURSE,
IR AV NN U DR VA RE S
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Abstract
B2 e i B A B P R S A S
Er IR ER 85 2RI EE EIRARE, FIRERHENER TR,
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2.1 EEMETHE

FERIRRAT R, BACEIER AR AN ZE T H A

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

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

- WRIEeR: BRISTEERRE,

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

2.1.1 SERREMR

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

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

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

2.1.2 IBigEE

T SZFRMN B A BRI SRR, R ERATAT A EAGEIE — S T FOR A BRI AR, XM 577 IR PR
FHMEE ZE S (asymptotic complexity analysis), RS ZE D4,
5% AT RES PR B LIRS AT A i AN TR AD 23 ) B3 R 5 i A B /N Z BRI E R EHEIR 1 A f A B K
NIRRT RN A2 MR RS, XN E SCREEH T, BATTAT DAL 53 9 = B RCR PR AR
- “INTRIFIZS AR 53RN M BTIBIE R (time complexity) FIZEISZE (space complexity)o
- BB ARG BWE S SRR M T BIRB TR S M AR R R Z AR,
- CINNRAIES R FORE RE TR RIS TN B S A S AR EARE, T2 N R B
KR g7,
EARNE IR T SERR AT TR B, ARIAE DU N7 T,

- RS TRAIAGL, AHSERER TS T A,
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- ERT DA B R S RERRR, TR REE R P RRIATERE.

Tip
GRRARAN BRI SBBIN R, TAUELD, BIRTERLEE RGN,

AL BANTRAE T —JCPHERIERCRE “FrR”,  BEHATTAT DA S AT B SR Al 75 B IRk TR 2 ) B3
IR, MHARREERZ R,

SRR MCEMS, N T RFE A REILRMSR, FIMEEAN RS, WX PNAEEE, EREHATREAK
EETENRIEM AN, R, HENMTNER N AR s RRRIR R, XE DL 2 oA HIa T A
ZE R L

Zr LRTIA, EUIRERA S SI BRGNS RIRZ R, JOMERE NP TR, DARERENSSE Rl
TR 7 hT

2.2 FR5=

FERES, EEPTEMESRRE LN, B5ERENHTERMEX, B, 1EM R R 2 R 2 2
JEZAT, BAVER T RAMTER RSB EEMITIESS, HIMMEARRREFERIa: ER0 #H,

2.2.1 &
R (iteration) E—FEE HITHEMESHIEEIZEN, EERH, BFES7ERE — S0 FEE HUTHE

g, BRI,

1. for &IF

for AN E R WA 2 —, WEATEMICHNEIRCRBUNEH
PAREREEET for TR TR 1 + 2 + -+ n, RMGERMEHZE res Id5%k, TEFEMEZ, Python
W range(a, b) MMHIXELE “AHEAH W, NMAEGEESN a,a +1,...,0—1:

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

/* for 1EIF */
func forLoop(n: Int) -> Int {

var res = 0

/] BRI 1, 2, ..., n-1, n
for itin 1 ... n {
res += i
}
return res

A 2-1 %K B AR AE
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LI it

B 2-1 KA R A

ESRAT R B RO S A BER R/ n RIELE, SREBR “RIERR7, SLhr Lk, IRRIEAERERN
A “RIERRT, HXNBRRTE N TN 4.

2. while f&IF

5 for fEFARLEL, while fEIAMLZE —RSCINERAITTE, F while 1B, RFERAXTRERMS, WRA
HFNE, WIARSLIATT, SNIRRES RGN

R while TEFRFIIRFT 1 + 2+ +n -
/] === File: iteration.swift ===

/* while &I */

func whileLoop(n: Int) -> Int {
var res = 0
var i =1 // PIREEHETE
/] ¥R 1, 2, ..., n-1, n

while 1 <= n {

res += i

i+= 1/ BMFGEE
}
return res

while fi§¥H L for TRIFHIEIHIBE S . £ while TE3AH, FRATTAIDAE fbis i 56 AR 28 BRI RI AR (LRI 8 37 20

BIAnfE A ARD R, SRR o AT, IXAIE O A AT ] for TEPRSEEL:



B2 SREDH hello-algo.com 21

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

/* while TBIF (FOREH) */

func whileLoopII(n: Int) -> Int {
var res = 0
var i =1 // PIRKFHEE
/] TEIRKRAN 1, 4, 10, ...

while 1 <= n {

res += i
/] BREHTE
i+=1
1 *= 2
}
return res

SRV, For TRERMAGICASSEMER 2, while DEPREMRLS, WHEHARA] DAKIENLEN, W A — 5%
AR (PR TR KR DU

3. BREMEF
AT DA — MRS RIS 5 — MIEERSE R, R for TRERITH:
/] === File: iteration.swift ===

/* WE for &I */
func nestedForLoop(n: Int) -> String {
var res = ""
/] B i=1,2, ..., n-1, n
foriin1 ... n{
/] &% j =1, 2, ..., n-1, n
for 3 in1 ... n {
res.append("(\(1), \(3)), ™)

}

return res

A 2-2 BIZRETEARTARAE K,
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SMEER

2-2 RENEIRIFFEAE R

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

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

2.2.2 #3

B3 (recursion) J2—MREIRRN, 1@ EREGE B S RMRMR, ©FEZEEH .

1. 38 R ABTRAMIER B S, WEEENENSCERLSE, BRRE] “KIERA7,
2. 1 il “RIEERMET G, BREMAREEAEBAREOHEZRIRR, CRE 28R,
MM A EE, B EEAES =PER,

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

MR LUTRES, BT FVAHEE recur(n) , BEAIBAZERR 1 + 2 + - + n BIHHA:
/] === File: recursion.swift ===

[* B3 */

func recur(n: Int) -> Int {
/] BLEZHE
if n==1{

return 1

/] % #YIFA
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let res = recur(n: n - 1)
/] V3: REILEER

return n + res

& 2-3 fom 1R AR,

AT 8" mE ‘93
recur(n) return n + ((n-1)+..+2+1)
| 4 w
recur(n-1) return (n=-1) + ((n=2)+.+2+1)
recur(4) return 4 + (3+2+1)
recur(3) return 3 + (2+15
} g
recur(2) Py return 2 + (1)
l ZFFH —/‘
recur(1) return 1

2-3 SRFIAEAEITIS R

BAAMIPE ISR, Mot T AT DU B A2 0, IR T PRI se 4 i S AR D o R
o
C R CETRTL” MR, WRARLAS BT, RN R IS, EE(ES 5,
CORBI: B RN HORRDIIEL, IR TN T, X A A M IR
B FORKE TSR SR B/ING T, ELSIAT 1E CRA AR EA1RD).
DA ESRSRATERECH I, W f(n) =142+ +n.
- YRR TEMRSRREURALDRL, M LB n, SEHGTRAEE, BIATRE f(n) .
- BB B TR f(n) = n+ f(n—1), R GRITHY) SRR, ERHEARSR f(1) = 1
L,

1. A%

BIARBUR OO B BN, RIS FOTRR RSN, D iERERA R, 1A bk A A R 5F,
XK SN 75 RIS R

- BRI _E TR SCBURER A R ERR ) R R NI, EEREOR RS SR, K, I
B AR IFE B A7 22 ]
- BBV AR S AR R MO DR IR B LGP TR 53 A
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N 2-4 FoR, EMAZIESARET, FINFE n DARIREREITEE, EHEEN n .

AT “& Rt 93

recur(n)

!

recur(n-1)

!
|

#IIRE recur(4)
! }
recur(3)

|

recur(2) P

l LR
recur(1)

2-4 BTV HIRE

FESERRA, GRiEiE S RVFRIRIR R R A IR, RIS AT RE S B A5 IR

2. Bi#)

BEBESE, WRRBHEIR BTG —SA BTN, WNZEERT DA g as sl R es it i, HHAS
BIRCR SIS, XGRSV ERYT (tail recursion),

- B HREOREIE E—BRREUE, FERSPUTRE, RERFFEARE L—-BRAN LT
YO

- R U E AR R BOR I AT ARG — MEE, IXERE RBOREIE| E—RUE, ToAR S TH A
BAE, WIARGIARTT L —ZREE) LTS

DR T+ 24 o+ 1 fl, FlTAT USRS B res VMBS, MITSCHLRSIA:
/] === File: recursion.swift ===

[* BiEY3 */
func tailRecur(n: Int, res: Int) -> Int {
/] ELEEHE
if n==0 {
return res
}
/] E&)3AiEA

return tailRecur(n: n - 1, res: res + n)
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B ARHITIE RN E 2-5 FiR. X FLEIEBVARIEIEIT, P BSRABRIERI T RO AR,

- MBI SRFIRERAE 977 FERETHITH, SRIRESEERHT ORI,
- R SRFHRIERAE “ET RIREPIITH, Y97 AR REREERE,

AT “&” mE 7"

recur(n, @) return N+ . +5+646+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(2, n+...+l5+4+3) retTurn N+.+5+4+3+2+1

recur(1, n+...+l5+4+3+2) oy retTurn N+.+5+4+3+2+1
} wibsp |

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

&l 2-5 RIS

Tip
HER, Wehmirasl@rds it AR IaM. flan, Python BRIANASHREIEIAMAL, EILED
ER R I, AR REXIE A R,

3. #Y3N
MALRE IR MOCRRITARIER, A AR RS E N EL. RIEEMS L, PL LR AR
Htl,
Question
HE— NI EF0,1,1,2,3,5,8,13, ..., KIZEFIHE n DM
BRI AREEGINE n DTN f(n), DERDLEL,

- BB F(1) = 0 f(2) =1,
- BEIREE AR, B f(n) = f(n— 1) + f(n—2).,

FIEMEC R TIBIA A, KT DB E v k& rF, (Er15 HEIE A, A fib(n) BIFRZEIZEETK
RN n DT
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// === File: recursion.swift ===

[* ERARRERE: BT *+/
func fib(n: Int) -> Int {
/] BIERMF f(1) = 0, f(2) = 1
ifn==1]| n==2{
return n - 1
}
/] #BVAFEA f(n) = f(n-1) + f(n-2)
let res = fib(n: n - 1) + fib(n: n - 2)
// REILER f(n)

return res

[}

WIEZDA EAAS, FRATERENETEA TR REL, XERE MNP TR, & 2-6 Fir
TR, IXFEARBNEITEA T L, RE&EEE BN n 1933 (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  EPRHRELENAIE T

MR LR, BHEIRT SRR oy BN F R fR4EE, XA aRIgE R EE,

- MWNEEMEE, @R fr B 6. SRRV B RR RIS B e AR N T I A R A
777K

- WEBURZMAEE, BARRIEEEIERER, MR-, FEMHERES M E R8T
#ro

2.2.3 FHEME
BEEDL N, 08 2-1 FoR, JERFEATESTI. YEREAE M B TR,

& 2-1 EEBIAR R
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JESA 119
SKHT JEIRGER EREIE B &
2
IR ReREERE, JCREO0ETTH BHR R B S 27 AT
%
W HEE RN AR SABR B FH AT RE (R R R A AR s ]
H
EHE ERTRAIEAMES, IGEN, TR SR TR, W, B A [IRSE, REEEHRETE.
i a3 GLU
Tip

ANSRURETE DA S NN R, RIDATERSE KR ETEERE S,

Mz, BB EAE T 2NIERRRIE? DLEREBIAREOH], SKFEIBREEEIAR 77 BB T, XER
A BT P B R EUSR PR b2 5 SE ARHOR AN RY, IR TAEHLHI S %A “Te AR ISt ) 1,

R, AT M SR XIBARTECERTR 7B SR AN ETIR R,

L. 3 HEEARN, RAXME WK EONZE B EORRIEM, H TR R TR, S
IR [l R E R
2. VA: HRBGERRPUTHIREIR, XA VAR ERRR, TR AR BRI TR,

RItE,  BRATTAT DA — A R BR B AT R,  IREE I 5L (IR

M

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

[* EREAARINEYT */
func forLoopRecur(n: Int) -> Int {
/] ER— T EXRRRIEN R RIR AR
var stack: [Int] = []
var res = 0
/] & BV
for 1 in (1 ... n).reversed() {
/] BT NERERET RIK 9E”
stack.append(i)
}
/] VA REILER
while !stack.isEmpty {
/] B “HRRE IR Y37
res += stack.removelast()
}
/] res = 1+2+3+...+n

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

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

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

2.3 BHaE&E

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

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

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

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

BIantE LA B, F ARHERAN A n

/] EEEBETEET

func algorithm(n: Int) {
var a =2 // 1 ns
a=a+1//1ns
a=a*2// 10 ns
/] &% n R
for _in 0 ..<n {// 1ns

print(0) // 5 ns

}

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

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

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

2.3.1 FitBFEEKESE

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

“IFRE KT X BRSNS, A TEE — MR AN CAREAR, B ABIR KN n, BEZAEE
A, BFIC:



F2E BREDH

hello-algo.com

29

/] B A WESERE: BHM

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

}

/] B B HERIEZRE: LM%M
func algorithmB(n: Int) {
in 0

for _ ..<n {

print(0)

}

/] B ¢ MNESRE: BHM
func algorithmC(n: Int) {

..< 1.000_000 {
print(0)

for _ in 0

B 2-7 R T DA E =N EIR R EEIIN TR E A

CRIEA A 1 MTENRE, BRISTNRARRE n ARG, FOWRLERN RE AN “HE

788

- RIR B HHTEMRIER Z638 n IR, RIRIBITINARES n HRELMER K, IHRIRAIN 8] 2 2% AR

N MR

- BIR CHPRUETENRIERRZAERA 1000000 X, BRI EIRK, HESMALEEAR/N n X, FHitc

RO R 2R EERD A IR, 758 “HER,

1000000

Bk ¢ - HEM

BEE TR {E 10

] 1 2 3 4 5

BNBEER N
n

Bk B - St

5 ,/,,///////;;::;m
0

6 7 8 9

B 2-7 JIKA. B C RN KES

M T BRSO RIRAIBITIN AL, - AL A% B AT TR g ?
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- IR AERES A BOHARERCE. Hlan, Bk e (ST R BEMEK, 1£n > 1 INHETE A 18,
£ n > 1000000 ST 18, 5k b, HREmARIER/N n RIER, SREN “HEH” ML
—EMT LR AL, KIERNEEKEBE L.

- N ZRERHERT IR ERE, B, BT AR E RS Fa TN R KBS T, A
WA R 2% AT, FRATT AT DA SR T T HRAR RTINS R AR TR “BARLIR1R] ™, ATTRE
“URBEBTNRSH” [y “HERIEREST, AR T

- IRIESE AR, Bilan, RERE AT c (IR ZREME, ELFRa TR R ZHIR
Ko [AIRE, RERZE B UNHEAREL C &, EEMALZIERN n B/NY, Bk HEMTRE . £
LG, BAMRMECCER RS 2 I RIERCR I SR, SR, REFE LRRE, SR
SRBITPHIR IR e S HH R,

2.3.2 HEIHE LS
ZE— AR 1 BIEREL:

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

print(0) // +1

}

REIERREEER R — N R TRABIEA/N n WK, 128 T (n), WA LRSI BRI E Ry -

T(n)=3+2n

T(n) 2—ReEEL, UHTHIBITIN R E RN, R RI A2 AR 2 LR

BA TR A E 2 EIZHN O(n) , BMUCEREFAA OIS (big-O notation), FREE T (n)
ik ESR (asymptotic upper bound),

I (RS AT AT BRI “BIEEE T (n)” NG R, ©EAIHIRECEE X

PRI -7
FAEEIR ¢ IS ny , BENTHENR R > ny, B8 T(n) < c- f(n), WATAN f(n) 4
BT T(n) B—PU0E L5, 125 T(n) = O(f(n)) «

i 2-8 AR, HEENE FAMESH—NEE f(n), #1524 n@RTIHFARN, T'(n) Ml f(n) &L TAER
AU KRG, SURZE—NHEIR ¢ B
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c-f(n)
T(n)

HR{E e

/

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

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

K 2-8 PRECHIHTIL B

2.3.3 #EGE

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

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

1. -9 it EHE

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

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

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

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

B — R, BATTAT DU IR B Rt T R E R

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)
}

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

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

2. B HEREE LR

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

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

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

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

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

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

2.3.4 FER¥EH

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

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
TR < WER < ZRMEH < SME < FIk < a8 < Bk
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E#ET o(2n)
E5H 0(n2) “ﬁﬁ
HTEIRIERE 1M o(n) g
T(n) i
4B 0(logn) it
==
=

BHE o(1)

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

BNHRAN
n

2-9 H DLAIIE TR 2 2

1. BHHO(1)

TR HIRFRE SMABIE RN n ToX, RIAREE n BT,
TEDUNEREH, RERIFEE size WRERK, ([HHTHSHMABIERN n LXK, FILNRERET O(1)

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

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

return count

2. 48 O(n)
LRI R EECEAMN T3 AR RN n ARG K, Sl s I B EE A
/] === File: time_complexity.swift ===

[* BB */

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

count += 1
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}

return count

i 7 B AR P RE R AR E AN TR B R 1 O (), Horpr g 0B s BER A :

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

[* R GEH¥AE) */
func arrayTraversal(nums: [Int]) -> Int {
var count = 0
/] ERRBESEAKERIEL
for _ in nums {
count += 1

}

return count

EEERE, SABIERD n THRIEHMABISRRRRBARE, eSS — RIr, 28 n kA
RN, B ARG, BEHKE n AEIERN,

3. K O(n?)

T R ERCEADS TR ABAE RN n DOFTSGIE K. P T BNER HEEREIEA T, INZMEIAINER

TEPRI IS 28R O(n) , B IRIIRIE 24N O(n?) -

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

[* M */
func quadratic(n: Int) -> Int {
var count = 0
/] BEFREEBIERN n BFEHXR
for _in 0 ..< n {
for _in 0 ..< n {
count += 1
}
}

return count

B 2-10 X EE T HEELE Y, ZeEBFIF 5B =R R A,
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&% n &

&% n & & n &
1R

0 @ @

BB S A At iE) 88 2R EE B fEl R A
B8M 0(1) LM o(n) EAK 0(n2)

(] RE—titmme

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

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

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

[* EAM (BaHE) */
func bubbleSort(nums: inout [Int]) -> Int {
var count = 0 // itEREs
/] SMER. RHEEFEXER [0, 1]
for 1 in nums.indices.dropFirst().reversed() {
/] RIER: BRHFXE [0, 1] PHSRATRERIEZXENREGIHH
for jin 0 ..<1i{
if nums[j] > nums[j + 1] {
/] X% nums[j] 5 nums[j + 1]
let tmp = nums[j]
nums[j] = nums[j + 1]
nums[j + 1] = tmp
count += 3 // TTEXRIREE 3 NEITIRE

}

return count

4. 188 O(2")

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

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

[* B (BIREI)  */
func exponential(n: Int) -> Int {
var count = 0
var base =1
/] BREER—7R_, KT 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 - 1
return count

234
BE—HHAZ

,( .{ l ,{ .{ 'L
[:]...[:j .. [:j . [:]." [:] . E:]..,

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

B 2-11 FEET RIS R E 2%

1k

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

[* FEEEN (BAKI) */
func expRecur(n: Int) -> Int {
if n==1{

return 1

BEH
TREE
20

21

22

2n-1

a2
s o(2")

S
il

FELPREES, FERETHE HBLTE AR, B IS, HEAt 0 =, &5 n RO REE
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return expRecur(n: n - 1) + expRecur(n: n - 1) + 1

TERME AR R R, 5545, (BAER, BIRE) PIHURE . N TEIRMRECRII M, 82 A
AIREAZHY, TR S SR SO O RTR TR RO,

5. 3k O(logn)

SHBMRIR, MR T “ERmHE L O, AR 0, BT ERREE, W
HAFRAEUR log, n, B 2" (R EEAL.

B 2-12 MU FAREEEL T “EHegRE—F" IR, NREREHN O(log,n), LA O(logn) :
/] === File: time_complexity.swift ===

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

}

return count

BABEKERA N sEEE 1 1

£ |~

s

HEIRER piE]E A
log,n +1 %&b 0(logn)

~

(]

[y

B 2-12 X E A R A2 2

SRR, B TR R, UM T — R =N log, n AR :
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// === File: time_complexity.swift ===

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

}

return logRecur(n: n / 2) + 1

AR BT R T OERISHE RS, RELT “—oh2” W OREONRET MEREM, ERKEE,
PURTH R B BEAE R TR B 2%

O(logn) MIERBUZZ/D?
WESRYL, “—2 m” RN SRR O(log, n) . MELNERAR, BATTLUSEIAE
RIS, FEEFIII R 2%

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

WAEVL, BB m FTDTERENE A AR N, R TEE 2B m, R B
1228 O(logn) »

6. XM O(nlogn)
MR LR EE R, REEIRNREE 2 E 2510 O(logn) M1 O(n) o ARG
// === File: time_complexity.swift ===

[* MR */
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

yos

B 2-13 R TR BN AT e XM —RIBRIEEBE N n, #3E log, n + 17, Kt

FIEZEH O(nlogn) .
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EEMNIZEREH
n 1=n
Zx2=n
$# log,n+1 B
% x & =n
HEIREREN
nx (log,n +1)
I BB ER®E
1R 1k 1R 0(n togn)

&

H
oF
H
x
=
"
=
A\

B 2-13  Zelhxt B A A2 2

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

7. BB O(n))

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

nl=nxn—1)x(n—2)x-x2x1

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

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

/* BASRRY (ZBYIZIR)  */
func factorialRecur(n: Int) -> Int {
if n==20 {
return 1
}
var count = 0
/] M1 APEE A
for _in 0 ..< n {
count += factorialRecur(n: n - 1)

}

return count
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EEHN RN
DRHE TRNE
n n
n-1 - “ee n(n-1)
n-2 n(n-1)(n-2) - #£n B
1 n!
2HTINARY (AIRKENT SHE) EERE
nx (n-1) x (n-2) x .. x 2 x 1 = n! FisEBH O(n!)

B 2-14 B3R A R 2 28

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

2.3.5 RE. RiE. FYHEERE

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

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

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

// === File: worst_best_time_complexity.swift ===

[* ER—NEEE, TER {1, 2, ..., n}, WEWITEL */
func randomNumbers(n: Int) -> [Int] {

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

var nums = Array(1 ... n)

/] BENITELE AT

nums.shuffle()

return nums

}

[* B nuns RECFE 1 FRTERRSI */
func findOne(nums: [Int]) -> Int {
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for 1 in nums.indices {
/] HitE 1 EHEELERRT,
/] HBtE 1 EHAEREER,
if nums[i] == 1 {

return i

IERfERSEIEZE 0(1)

KE
RERENBEZE 0(n)

}
}

return -1

(BN, TRTESERRR R/ (R R IS 28, DRSNS SV TER MR F A BEAE, ATRE AR
ARG, i AT A, FNERAE T A RCR R, LRI DR E A ST

M LR BIFT A tH, S22 I A R R L DS A FUR LT PR ISR A", X SEA I B
ATREAR/D, JERAEELSRHUR MBI TAOR, E T, PRSI IS 2% ] BAPRBRSE e REHL A B I
BAER, O DSk,

TR, TR TR LA 2 M ST B SR A RO TAIR. Fa BRoRB, T AL Tl
{9, TRIUETEE 1 B R S BB E A0, A0S VA RV R S K /2,
IS 24 O (n/2) = O(n) .

(RO AL, VLTI I A ek LT, R AT H (MR A R B R I,
TERCRIRI el 8 TR 2 ) B 2 0 B R P

M2V ES O 7552

FIREET O FFSE TRABA BT, BRIHFRATTH 5 TR R RN S A, B REES LYE, X
FEE ARG, fEARBMEAMTR A, ZIBRIRM “FHNRERE O(n)” MR, HEHER
Hf#EH O(n) o

2.4 FEERE

FEEFE (space complexity) FFHEE A G HANEZS BIREE IR &L KIS KES, XS5 A
FREAEFEREL, AT “STRE Bl “SHNESEY,

2.4.1 HZEHEX=iE

BIRAEIBATIE AR A FT I PN A 23 1R 20048 DU R T LR,

- RAZEE: T EEIRA R AN,
© BN AT EEERESTERETIERE, MR, HECE T SRR,
- M T RRR .

—RIE0T, FDREXRENSRIHEERE “GF2A” Nk M,
G AA] PO~ =00,
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- OEERYE: ATREERSTEREPRSAE R, TR NRE
- KRR TR A VA B R SRR, RGEE R F R BN B S AR AR TTUR Q1 — M, BRI 4K

REE, Heizs Al 2 BRI

- fRREM: AT REGIEEIRFES, KR EE AT,

TSI —BAE P

AR, BANEFSHEABE, Hebi M BdE =387, WE 2-15 frr.

BEER TEEERENSITEE

A

Ve

N

WA HFeeia) s

HNEE

R
RIS 8]

AT
BT

i

B 2-15 RIAME AR

FRAESA T :

[* % %
class Node {
var val: Int

var next: Node?

init(x: Int) {
val = x

}

[* ERER */
func function() -> Int {
/] BATHELIRE. ..
return 0
}
-> Int { // WINEGE

func algorithm(n: Int)

let a =0 /] BEFHE (B8)
var b = 0 /] BEHE (=2)
let node = Node(x: 0) // BEFEHIE (HR)
let ¢ = function() // temi==iE (EAE
return a + b + ¢ /] B EE

E59)
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2.4.2 #EGE

FRSRERHERTTESNAERERBHRE, JFRIHRRMN “BRIERE" o “BRZERKRN,

M5 N REZREARE, BANEENRERESRENE, XRENNFZRZ TR R, {10
HERAEFT A i AR N A RIS R T

MELATA, REZAERETN “&E" ANRERS

1. BURREHABIRMIE: 4 n < 108, SFEZREN O(1); B2 n > 10 K, PHAKIEE nuns &
Fi O(n) 20, EHEZEEREZEN O(n) .

2. DASEEIBTT PRIV Ml : B, FRFF ST — 17280, S O(1) 25; 4WIAAMAEEL nuns
i, FRRE AT O(n) 28, FILEEZAEZEN O(n) «

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)
}

{EIEHPAEeD, TR MR, WA R:

@discardableResult

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

}

[* EFE=REIEREN 0(1) */
func loop(n: Int) {
for _in 0 ..< n {
function()
}
}

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

}

recur(n: n - 1)

BRI Loop() Fl recur () MINHEIE Z4EHH O(n) , H=EEREARF,
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- PREL loop() TEMEIAHIEA T n X function() , BT function() ASIREIFHRERR 7 Az |, Ktk
HEEHREN R O(1) .
© JBVAKEL recur () EIBTTIIFEH R FNTELE n DARIREI recur (), MIifidi A O(n) FIARMIZS (A,

2.4.3 ER¥}EH
WHABUER N n, B 2-16 JBR T WIS E 228 (MR & HES))

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

BB o(2")

5B 0(n?)
REZEIXN 14 o(n)

HHE 0(logn)

MEES. MEEE

B o(1)

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

HINEHEAR )
n

2-16 B WAy A R KR

1. B O(1)

R HE A THESMABIERN n EXFER, ZE, W,

BRI, (EORERYIGA (LA R ok R BT & I, A T — IR R SR, IR R
L FIZER, SRS ZETN O(1) :

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

[* BRER */

@discardableResult

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

}

[* B */
func constant(n: Int) {
/] BE. T2, XR4H 0(1) =i
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let a =0
var b = 0
let nums = Array(repeating: 0, count: 10000)
let node = ListNode(x: 0)
/] ERFNZESA 0(1) =E
for _in 0 ..< n {
let c=0
}
/] TERRRERER S 0(1) =iE
for _in 0 ..< n {

function()

2. £ O(n)

PERTE W T CEEES n BUELLIEEH. BER. M. BAFIEE:
/] === File: space_complexity.swift ===

[* SERY */
func linear(n: Int) {
/] KER n BWELESA o(n) =il
let nums = Array(repeating: 0, count: n)
/] KER n MFIRSEA o(n) =il
let nodes = (0 ..< n).map { ListNode(x: $0) }
/] KER n MBHERSA o(n) =i
let map = Dictionary(uniqueKeysWithValues: (0 ..< n).map { (%0, "\(50)") })

G 2-17 R, EREEDSIFREN n, BIRINLE n DARIZER 1inear_recur() L, H O(n) K/h
AR [F)

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

[* IR (BUFEIN)  */
func linearRecur(n: Int) {
print(" &3 n = Xﬁn)")
if n==1 {
return

}

linearRecur(n: n - 1)
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AT “# Akt “3”
linear_recur(n) return @
linear_recur(n-1) return 0

BITRE l’ T

" | 1
linear_recur(2) return @

sz

1 el s T
linear_recur(1) return @
EREGEIERRRER n el ERE
H#65H 0(n) B9EEMIZE1E] LM 0(n)

2-17 BB AR R R 2

3. F5M O(n?)

T TR, TEESRS n BT XR:
// === File: space_complexity.swift ===

[* FERM */

func quadratic(n: Int) {

/| ZHFIRER 0(nr2) A

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

G 2-18 A, IZBREHEIARE N n, EBDEITRBPEOIGEL T M, KESAIN ne n— 1,

201, CEKRER /2, FEALE O(n?) 20:

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

[* FHEM (BIFEIM)  */
@discardableResult
func quadraticRecur(n: Int) -> Int {
if n <=0 {
return 0
}
/] A nums KEAR n, n-1, ..., 2, 1
let nums = Array(repeating: 0, count: n)
print(" #Y3 n = \(n) FH nums KE = \(nums.count)")

return quadraticRecur(n: n - 1)
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B nums KE AT & mEt ‘3
( n ~——+ quadratic_recur(n) return @
n-1 — quadratic!Lecur(n—l) ret;Ln [*]
BARE l 1
n \
!

1

2 —— quadratic_recur(2) R return @

1 L& T
L 1 ~——+ quadratic_recur(1) return @
ES BT RPEINAL T — A, BRER SRIERE
1+2+ .+ (n-1) + n = n(n+1)/2 TAK 0(n2)

2-18 38U pRES AR A1 5 s TR SR 2k

4. $55M O(27)
TR H LT A, SR 2-19, BECH n Y WX T REBEN 2" — 1, A O2") =M
// === File: space_complexity.swift ===

[* B (BILH X)) */

func buildTree(n: Int) -> TreeNode? {
if n==20 {

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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BEENTREHK
20
21
2 - Hnn E
A A Y A
2n-1
FiATREE DEERE
2% + 21 + 22 + .- 4 201 = 2na a¥H o(2")

2-19 il — R AL RIFE R 23 TR B e

5. 3 O(logn)
SENH T MaEE. Glan)3tHer, MAKERN n A, SERITEEE M SR 5 0, R
= logn W38, #H O(logn) Bz,

O R T U TR, MA—DIERE n, BHNAEN [log, n] + 1, BIXNEFRFHKEN
[log,on) +1, Ht=HEREN O(log,,n + 1) = O(logn) .

2.4.4 WEBtial55sia)
FARIE R, SR B AR 6] 2 B RN 22 ) 2 B BN AR B, AATFESERRIB R, RN RAL A A1 S
IR RN 23 ) 5 2% o o AR TR

BRAVRI 1) S 2% R 3 7 ZE AR T B MU E A AR, R ZIFR. BATPRAIE PN A7 28 RDRERTH RTR B TIRE Y
REEFRN “ PSRN )75 ez, WIFRA DA Rl A 7,

R B BUR T HATEB BN TTH, ERZEIENT, NRSEEES, Kt DI AR E”
HRER AR, S22, EEERERRIELT, iz REREhIEREE,

2.5 Ihes

1. ELER

ERER e T

- IR S RRCR R M B BRI B D E I FEbR.
- BATA] OB BRI IEAG RIRRCR, (B DAHPRINAFA S0, HSFE KRBT R R,
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- BRI AT AT BRSSPI RS, e RIEH TRrEBIT TG, BB REIREAREE
MU N HIRCR

Hof i) 52 20

- IR A T R SRR IS T IN RIBE R R A SS, AT DUA RO BIEROR, BRI LE R RA]
REZSRY, ANAER ARIEUE R Nal N T 2 R EEARRIN, TEBAS IO LU e 5

- RZENREREFAR O FESFRR, NNVEEENL FR, RIS n B8EELHN, BERE T (n) 1
W,

- RN EERE AL, ERGIHREEE, AEHINENL LR,

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

- BEERMIN W2 AR EE, TR SMARIRN AR, NASRES NRE, &E FHNEE
IR, BAEN SRRV, B ABHE— AR ZW R ™ R A REs B R A .

YN AR A S IR TAAE R LR N R RIS TRICR,  RARIT SR A EE R, TN
A 2 o TR G T N B 0 1 AR SR & 5 AR,

BRI

- RS REAERROTIN A E A, TR RE L A R R = 1 KA.

- RIRBITIRRTRIAEANE SRR VAR, EESRE WS, EEELT, MASERAGA
BRI RREE, BRI EEEE. R RIS 22, H ARz (8 5 (A A R
Al =R/

- BATEE AR EREDAERE, NS RIEERZR ABIENRZIBTINZ T2 R E 2,

- WA R 2 MERIEHESIE O(1). O(logn). O(n). O(n?) 1 0(2") %,

2. Q&A

Q: Ei#AmZRERER O(1) 14?

Hig b, B@HESASRERER MUEE O(1) o ANd#R2EmEES (BIfN Java, Python, Ct++,
Go. C#%5) ASCREZNMMLEREH, FIEHIAMVZRERER O(n) .

Q: BRI TRXM AN ARIBERIX AR 42
K% (function) AJDABZMNZIAT, FTASEEIARAILE, 5% (method) 5—PXGKREL, #HEAILES
VARERIXSR,  REWE X SRR SLB 0 & RO R TR E,
TN DU LR WA e TR S BRI,
- CIHEREEAGERS, RAEANRIBES, FTAIEEE. BEEAATLOELQEEHIA (struct)
RIS AN REatE, 58P SCIBRAY B B = T BRI 5 TP T ik,
- Java il C# BHEIANRIGIEES, R O7i%) WHEENEDEN D, FETTRNTREOT
e, OAEHIb e b, AREVIRIRE LB &,
- C++ #l Python BESZRIIRERSE (8D, HdFmmax Rz U5k,
Q: EfiF “H WA R IR SRR 52 o5 H s TR A 4R /N2
ANE, ZERRRZEZAERE, HRMEEKES, AR &2 B4 RN,
BRI n = 8, IRATRER K IMEFARINLRAIE S MBS WA b, IXZRNSRIEEE S — MBI, AR
BBV R4 2] — ML B AT IE RGP
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FESKBRA, BB TNE R ARTER N TER “HHIT SRR 2D, FrbA—BRICE (U E AR RERE n = 8
Z PR BT n = 8° MRUAET, XNHMKBERERLEST,
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Abstract
LS AN [E — BIAS E T 2 AR HEZR,
ERABIENEFHLSRME TR, BIES AR A SRR,
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3.1 HELEHMnE

LR EHRSS M AR R, BER. AR PASIL MaTRER. WL MR [, EATRTDAM “IZEREEHY” F0 “PyRELsey”
PNERE AT 703K,

3.1.1 ZiE4EN: KMESIELH

RS T BI TR 2 MINZEE R, EEAHMTERTD, Bt —a iy, AT 8z Rk
PEXRZR; TAEM, BHE AR MZBEXRAY, R “HE” 5 “FR7 ZMIIRERSR; ENH A
FAAER, Sk T 2 AR K R

N 3-1 FioR, BEEAAIDN LT M R RS, RMESEILEREN, fRRUREEEXAR LR
NS ARZEaE NI, 2AREAIERRS,

- ERPEEIRETH: B, BER. AR AL IR, TTRZAZE XN —RIT R R,
- ARERMEBdRA . R HE B IR R

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

- BBET: B OHE IR, STRZERNZHXRA,
- PERGH: &, TRZERZXNZHKR,

Sit¥iEEH eI BERESE
ot s <& 2
array tree Y FaitY
ﬁgﬁ — —_ — —_
linked list —

push |/I ™~
i = — graph o /
stack -

pop

= T T 7 T & s
FASY S
queue - | - heap ¥\

pop push

hash table value

BEE {key o & w}

3-1 SMEEdREi SRR

3.1.2 ¥PBREEN: EEE59H

HEIARP BT, IEECBRRBEE RN AP, & 32 ROR T MRS, KN RETT
PR R & —tRNAEZE ], BRATAT DU N RE R B — D ERHY Excel 4%, HA &N ETTARER AT DAFEIE—E R
INHTEUR



HI3E HELH hello-algo.com 53

FRGUEN 7 RV M B U E R BEE. & 3-2 FoR,  HENURSEREE MU ks s A & B TAS 0BT
G'S, WREDPNESREA RN L, A TSk, 2R AR N7 R EE.

00 @1 02 03 04 @5 06 07

0x0000

0x0010
0x0020 n

0x0030

0x0040

STENESE ARG 0x0012 , BEMIE

. BERESE ARG 0x0024 , SEMIE n

B 3-2 WfEsk. WTFaSHL A7 L

Tip
EfFIHAIRR, RN EUME Excel FA82 —DMALAUZEEL, SERRAER TIPS ELE 2%, W ik
2. NEFEM, ZEVEL EPINFENYENT SRS,

WFRITHREFP LR IR, SRR MERF & AR, WTCRsH R RN 7, R ngs
BEREENBD, R EERERRIR, i, Rk NI E AN ST RGRRE
175 GNSRER D IESRBREI A A3 R], IR 2 Fnide F B S A RO AT RE S A7 i 7E 0 BREI PN A 23 TR A

e 3-3 Fir, PUBRai R 7 BIRAE RN AR 3, Al miEsi e iE (B oA
fefif (B2, PIHEE WIRIZOUE TEARATTIR, g, HIMSEIRIETTIE, PR BEEE A 12 IR (RIS A 2 )
R 7 T 2 I EANRE

EGTiETFhE YRS EEfE

TEAEAE I TF =S (Bl R SR A ERERNNEZEZIEN

aaaan

AR e
B =ranpizeia sunAy | WA
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K 3-3 LSRG RS R

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

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

HERAEWIRICS, AT DMERR IS TR R AT, IR “shSEdRas . BEEvhits
KEAE, R “SSE8dRaSEE", ESEERNE, SEmEd EH AN FELIEE L, MimE&
—EM) B,

Tip

QRERIRIESE P PRES A PR A TR, eI N —%, RS RIA T N A,

3.2 BHiERE

RN ENFIEGER, BINTSERISCAR, B, P, 185, 3D HAESHER, REXLEHIERIHA
&R, HENTER SRR AR R B
AR IAZ CPU M AEHEGHTIB RN, FREEPERER, TZEEHETILM,

- BERAY byte, short. int. long,

- PEREBCERA float. double, FHTFFERT/INEL

© PRI char , ATRRSHIBESNTE. A SEERERNSE,

- fi/REE bool , ATFR “B7 5 “B HW,

SEABRI L MBI A R CE SR, — > UEBIAIEN Y 1 RS, TRk SRR R S, 1
45 (byte) Hi 8 HAE (bit) 4lAk.

FALERR AL A BETE B R T H S R FR/DN, R A Java o6l

- RO byte (HAI 1 = 8 HURR, ATAFOR 28 N
- BRI int 4 7T = 32 HRE, TR 232 MeT

K 3-15128 7 Java HAEMEALHR AR 5 2], BUEEEMBOAME, HWRIETCABICHETR, KEEHEH
A], REN AT DO AR AL,

R 3-1 EALARIAIN & 2 A AT EUETE

E iy e HHE=E B/IME BARE HINME
B byte 1% —27 (—128) 27 —1(127)

short 2 FH —215 215 _ 1 0

int 4775 —231 231 1 0
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I (SRS? dAZE BIME IZUNE] BIAME
long 8 Fi —203 263 1 0

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

TR char 2 FH 0 216 1 0

7R bool 157 false true false

THER, R 3-1 (WA Java FEALIRRAIRIE L, RRIZIE SH0A & B RVBERRADE X, eNrG H
2, BUETEEFIERINE R Re A AR,

- {F Python H, FEHERA int ATDUREREA/D, HZRTRIHNAE; 1FREL float B AEE 64 if; &
A char 87 BAANFRFERR L2 KER 1 WFERFE str,

- C I C++ R E R ABIERAI AR/, MRG58, 37 3-1 BE LPe4 £uEi7, HHFTF
15 Linux f1 macOS fEAY Unix 64 (R1ER S,

© FHF char IIRV/IME C AT CH+ HION 15277, TERZBUERIEIE S HEUR TREEN ML /715, N “F
FFgmbs” FE,

- BMERRA/REMNT 10 (0K D, BENEFEREEMEEN 17, K2R ENL CPU #H
¥ 1 NN/ NS U BT,

Wz, BRI GHIRGE Z A 2BRVE? JATRNE, Bdaa2E Bl HA S FE8dEr 7T
Ko RANEREER “457 mE “BdE",

FAEFOR T, BANTEASBBIEASA, X 2R BRI LS n] AR AR AR A
JFRR, HETHHBINTRELR int, /M float IBEFHF char , N5 “BHESH" Tox,

AIET, SEABURSURE TR “PIERRLT, mBHRa Rt 7B “d8U5R”, BIInLIR D,
BATHHFER R RS ) RFESFRRARINEALIERR, EH5 int, float, char, bool 5%,

/] ERZTMERIRLT R IA L EE

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 #Fwtg *

Note
EARTH, FREHE * FFESRRIERET, WRIRE AARSURR A, ol RS, FP5es
BRE 5 H RO,


https://en.cppreference.com/w/cpp/language/types#Properties
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3.3.1 /R85, REH+hES

fE E—THIRAG R IRATE I, A BEESA G SR i BB L IE 8 2 — 1, 140 byte AYIUETE 2
[—128,127] o MR EY, ERINTEREYREH, G, *MERHESEIR,

BT EAR, BBl W RIESEETE T RPN, TR R B, Bt =FRE
N

- RS TP TR RN RS AT S0, Hirp 0 FoRIES, 1 R, HRMFRRET
HIMEL

- RBh: BRI S E R AR, SO SRR R RS BRAT S SMNE AT A AU

AN IEREORNG S SRR, SRR SR L R A AR B 1 o

B 3-4 Jon TR, A RIAND 2 IR B R 75 7K.

+0 +5 oF -0 -28
0000 0000 0000 0101 [R5 1000 0000 1001 1100
BRRS s,
HHERFABE R
0000 0000 0000 0101 =G 1111 1111 1110 0011
ERBEEM EN 1
0000 0000 0000 0101 63 0000 0000 1110 0100
EMHNED,. kB, HEES HIMNERID. kB, HMEEERR

B 3-4 RS, Fehd S KD A B B A

B3 (sign-magnitude) BAREM, BEFEE—LEREM, —7AH, ABNEBAREEZH B8R, FlnER
BRHE L+ (—2), [RNERRE -3, XERBRNM,

1+ (—2)

— 0000 0001 + 1000 0010
= 1000 0011

— =3

HT R, HENSIATRE (1 scomplement), WRBATTCIGERDEH N RAG, HERE FHHE
1+ (—2), BERKEERMNASHRE R, WaSEIERmER -1,
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1+ (-2)

— 0000 0001 (Jr4) + 1000 0010 (J5h5)
= 0000 0001 (fzh%) + 1111 1101 (fetH)
= 1111 1110 (/zh3)

= 1000 0001 (J5h5)

— —1

=i, B FREMA +0 A —0 MMEoRTR XEIRE BT NN AFR i flgRe, JXAIRE
SR ARSI, RRA X EFMNE, WATGER SECHIWEE R, manREIEL
BUEFMATE X, WFHRZESIABIMIFIWTERE, XTSRRI ENRIZE R,

-+0 — 0000 0000
—0 — 1000 0000

I —E, RISWALEIERZTE S R#, FEHHEE 25N TH#HEE (2° scomplement), FAT5ERM
K-THENFRE. RS, (SR AR

—0 — 1000 0000 (J5f5)
= 1111 1111 (/x#9)
=1 0000 0000 (¥~H)

TEMFHI A EAL B 1 2772880z, {H byte UMIKE A 8 i, FILEHEIE 9 (AT 1 2P6EFH. W
R, MFERIMSA 0000 0000, SIEFHMGHIFE, XEREEMMIFRHREE—NE, ERFEX
MG IR,

R fG— MEER%: byte FAURYEUETEEZ [—128, 127], ZHERM— DA —128 Z2UHASRIRTE? 3,
MRS, XIE [—127, +127] WAIFTH BEEE A N NI ER, REFTRNG, I B RS FTRMD 2 [ A] DA AR
et

AT, A% 1000 0000 —ABIAk, EIFEA RPN, RIEEETE, BAE 2GRS N
0000 0000 , XZAREFEN, FAZEBRTET 0, ERAMINIZZEE S, HEVIEX MRS
1000 0000 1% —128 . bRk, (—1) 4 (—127) fEAME FIUIHELERE —128 .,

(—127) + (—1)

— 1111 1111 (JEr4) + 1000 0001 (J5h5)
= 1000 0000 (s#3) + 1111 1110 (i)
= 1000 0001 (#~HE) + 1111 1111 (#MH)
= 1000 0000 (*~H)

— —128

RAJREC LI T, EIRATAEHREERINEEE, XNRE —NEERI: HRPLNERRIREFE R 3 22 5
TIEBRETN, XZROVITRISEMN THAZE (binseik, BRIEFETR) Kk, BRI K E fa
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B, HARGHATHATILE, BRIEELER,
)

HER, XIFAERE HEVURREMNE, Rk AR HIBHA S, HRYLIRES ISRl
BEAaR. Blan, HREIE a — b ATDAEBON IR a + (—b) ; HRIRERBRIER] DI TR 2R
IEBRTE.

PREEFRATAT PUSES T AL EE AN AR R ST AMGEOR,  THEALAT DU [RIRE B B AR (R AL B IE 2R

TREIANE, ATERFEPRATREF FUBORCEIRGE, I BICAURE A B S B B XA, JXRR e 17
R, $E8 T IsREeR,

DRI BEHER KT, HRERRBAICN AR E, RUCE B EEE PR T,
3.3.2 FRHY

MOHIIRATRER R I : int M float KM, #BRZ 4 5719, ENfHA float AHUETEREIZ AT int ? IXIE
HIREN, PIOAHZE float FEFV/NL, BUETEEN IZZ/NA X,

Khr b, IXRBONIEREL Float KA T ARINERTT . 12— 32 FURH R 3 EO :

R4 IEEE 754 fRifE, 32-bit K/ float H LA R =N R,

: ?@%ﬁi S: 5 1 ﬁZ, XTJEZ b31 o
: *Eﬁ'fﬁ E: 5 8 'fj, Xﬂ‘}‘j b30b29 ces b23 o
© BN 5 23467, KR byybyy ... g o

ZHERIEL Float X RIEATTHETTIEN
val = (—1)bs1 x 2(bsob20-023)5 7127 5 (1 b0 by . by),
FACEIH 3 PR RATO:
val = (—1)8 x 257127 » (1 4+ N)
HrA & W BETEE D :
se{0,1}, Ee{1,2,..,254}

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

TS S 1B¥UL E SEAL N
DBBeB800C A
b3 b3 b,3b, by
WNFULRR, 7% R4 |EEE 754 45, & B RIRYEF A
5=0 val = (-1)S x 267127 x (1 +N)

E
N

124
22+273 = 0.375

1x0.125x%x1.375
0.171875

3-5 IEEE 754 FrifE N9 float BB R A

MK 3-5, BE—NTBEIES =0, E=124, N=2"2+4+273=0.375, WH:

val = (—1)° x 2124127 » (1 40.375) = 0.171875
BUAEFRATAT DA & S0 Float INF7 /T AL SRR, SROLIMBTEMER T int . HUELL LIS,
Float MIZIRIIEAIERCY 22547127 5 (2 — 2723) & 3.4 x 1038, TSR EAT{ESIE N AKL,

RABF NI float ¥ fe v BUETEE, (HHEREIMERIZMTE © RS, BEEA int K28 32 R THRRET,
Her 5 i, il THEEIRAETE, TR float MUEMEBLK, HHABIMT Z I Z (A ik
Ko

% 3-2 iR, $REUALE = 00 E = 255 BARHRE X, MTFRRE, K5 K. NaN 3,

*3-2 fRENIE X

RS E SN = 0 SEBIN £ 0 HHEAR

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

{EASBIIART R, IERE R BRI T RS 13, S/ NE RO 27120 ) B NEWIERE R 27126 x 2723

o

WUFEIE double HIRHIZEMLT float MFRTTIR, TEULAMEIA,
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3.4 FFRS*

BN, A EERAR R LRI EE AR, F0F char AGISN, N T RRTRF, BITEEL—
B TRET, ESNTFN SR RN R R, B TR, R POEE ERER
R AT R R

3.4.1 ASCIl &

ASCI BB 2 i R B Z PR, H42FH American Standard Code for Information Interchange (3£
PSS RSB . B 7 AL R (— DRI 7 AL R — DR, RZRER IR 128 DAFR
T, WA 3-6 R, ASCII 4RSS PRI AR/NG . BF 0~ 9. —EhrmfF s, DA —28HwrF (4
WATTFRIHIRTT)

itk it FH X it st FH it it FH it i | FH
@ 0000 0000  NUL S 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001  SOH IR 34 0010 0010 C 66 0100 0010 B 98 0110 0010 b
2 0000 0010  STX ESCHE 35 0010 8011 ] 67 0100 0011 c 99 0110 0011 c
3 0000 0011  ETX EXER 36 0010 0100 $ 68 0100 0100 D 100 0110 0100 d
[ 0000 0100  EOT EmEE 37 0010 6101 % 69 0100 0101 E 101 o110 olol e
5 0000 0101  ENQ HR 38 0010 0110 & 70 0100 0110 F 102 0110 0110 f
6 0000 0110  ACK rEEE 39 001@ 0111 ' 71 0100 0111 G 103 o110 0111 g
7 0000 0111  BEL % 40 0010 1000 ( 72 0100 1000 H 104 0110 1000 h
8 0000 1000  BS B 41 0010 1001 ) 73 0100 1001 4 105 0110 1001 i
9 0000 1001  HT KSR 42 0010 1010 * 76 0100 1010 3 106 0110 1010 j
10 0000 1010 LF iiFE 43 0010 1011 + 75 0100 1011 K 107 0110 101l k
11 oooo 1011 VT SEYEG 4 0010 1100 s 76 0100 1100 L 108 0110 1100 1
12 o000 1100 FF mms 45 001@ 1101 - 77 0100 1101 " 109 o110 1101 m
13 oooe 1101  CR EEs 46 0010 1110 5 78 0loo 1110 N 110 olle 1110 n
14 0000 1110 SO TR 47 0010 1111 / 79 0100 1111 0 111 @110 1111 °
15 ooge 1111  SI BER 48 0011 0000 ° 80 0101 0000 P 112 0111 0000 p
16 0001 0000  DLE  Mimisssity 49 0011 0001 1 81 0101 0001 Q 113 0111 oeol q
17 0001 0001  DC1 BRI 50 0011 0010 2 82 0101 0010 R 114 0111 0010 r
18 ool gele  DC2 a2 51 0011 0011 3 83 0101 0011 s 115 @111 @011 s
19 oool 0ell  DC3 B Rs3 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 0001 0100  DC& BEBI 53 0011 0101 5 85 0101 0101 u 117 0111 0101 u
21 000l 0101  NAK BB 54 0011 0110 6 86 0101 0110 v 118 0111 0110 v
22 000l 0110  SYN EFER 55 0011 11l 7 87 0101 0111 W 119 o111 eill w
23 0001 0111  ETB  4HfEHR 56 0011 1000 8 88 0101 1000 x 120 0111 1000 x
24 000l 1000  CAN ] 57 0011 1001 9 89 0101 1001 ¥ 121 0111 1e01 y
25 oool 1e0l EM R 58 0011 1010 : 90 0101 1010 z 122 o111 1010 z
26 0001 1010  SUB *E 59 011 1011 ; 91 0101 1011 [ 123 0111 1011 {
27 000l 1011  ESC  {E(iH) 60 0011 1100 < 92 0101 1100 A\ 124 0111 1100 |
28 000l 1100 Fs ST 61 0011 1101 = 93 o010l 1101 1 125 0111 1101 }
29 000l 1101  GS SER 62 0011 1110 > 94 0101 1110 2 126 0111 1110 ~
30 000l 1110 RS BRI 63 0011 1111 2 95 0101 1111 _ 127 @111 1111  DEL
31 oool 1111 US BT 64 0100 0000 a 96 0110 0000 :
32 0010 0000  SP S

3-6 ASCII #4

SR, ASCIT M{XREWSFORIL, FEETHRNAI BRI, WA T —MEER R RE LB S EASCI 7175, ©
& ASCII 1) 7 Bt EHFEEI 8 fiz, REWHTR 256 DMARIIFH,

EHFIEEN, gt T —#IEH T ARFEMXE EASCII FAF &, IXEFRFERNET 128 M FEHR—N
ASCIT 14, J& 128 DNFAENAFE, PAENM ARG S IFRRK,

3.4.2 GBK ¥f{&

JERANTEEL, EASCH WA TCEEW R V2 SN FITBIR R, X a/iat a1, JeH % /R
AILTFA. HEERREERT 1980 &4 T GB2312 714, HUGET 6763 NMNF, HAMRE TIXNFEH
RS TR,

SRTT,  GB2312 JLIEEFERR Y LTI EIR T, GBK FAFRZETE GB2312 HLhl By RISHIN, BIHUGRT
21886 MXF, 7E GBK WG 77 %, ASCI FRHEM— TR, NFHAMNF RS,
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3.4.3 Unicode &

BEE T RNESRRED AR, FATRSIMIENE TR, TXHR T2 R, —J7m, XTIk
HEXTREBSHTR, TEESESHE NER L. H—7im, F—MESEESMTrrERE, 0
RMEHENERRR AR gRIERME, WS B A BN S L,

ARAIHARRIRF AN AR QRHEE — A R e BRI 7T, R IR EE N A 76 S T SRR 3L
rh, AsERT BARORES TR S ABERIELAS M8 1 I FEIXMARTRRIIREN R, — KRR 74 Unicode Wi
G

Unicode M2 &/ “Gi—i5”, HIE FREARYN 100 2 5 NFERF. BRI THEERTEE NI FAF NG —
PR H, $RAE—FE AR RO R & RE S 7, B R A Ym e bR AN R 1 = A B ELAD (A
i

H 1991 441 PR, Unicode AW 7EHIIES 5F4F, #2 2022 49 A, Unicode E&H & 149186 1™
TR, EAESHESNER. HESERERENSE, ERAN Unicode R8T, HHMNTFRSH 2 79,
BT 3 FHER 477,

Unicode 2 —MIBRITHHE, AR LRASIFHEAR—MHE (h T, MEIFARBEEH T
U RSP, VA2 45 H K Unicode MR HIFUE— M SCATHIN, AgE0
IRRAT SR ANZAE — KRR 2 ST, RAAMIIINE 1 2 FHINFIHERMA 1 107
77

AT A LR, R R SR RHE M S KGRI, W11 3.7 R, “Hello” hifE1T
REF 150, B IO 2 T, RATATLOBNAE0 4 “Hello B FRHIFHE SRS
I 2 5L, SORERSORTT DV 2 SRR — 30, PRSI MR T,

5 Unicode
H 00000000 01001000
e 00000000 01100101
KEA 1 FHNEXFR
1 00000000 01101100 .
(BE o)

1 00000000 01101100
o 00000000 01101111
-} 01111011 10010111

- KER 2 FENFXFR
it 01101100 11010101

& 3-7 Unicode Zmig
SRT ASCII fS ELMIKATEN, S RFE 171N, &R LERTE, SR AT RPN Z
ASCII 9wt FHIMRE, JEFIRFEANFE, Fitk, BAIFE—MEMNERT Unicode gwbd 75k,
3.4.4 UTF-8 4wt5

Hui, UTF-8 B NERR EEHARS 72K Unicode g /55, B Ml KERMmS, £/ 15 457
TR —NFAF, RIEBFANERMMNEE, ASCII #/RRFE 157, N T F#RMARF SRR 2 771, Wi
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BRI 3 55, LR — S R R 4 5,
UTF-8 FUSIBINIERE A, 43 DA R PRI oL,

© ONTFRER 1 FIFER, BeeaiigE N 0, Ha 7 % E N Unicode B, EFERMZ, ASCII
FAFE Unicode FRFEAH G THT 128 MY, thut2id, UTF-8 gmbdn] PA Fif% ASCII 9, X
EIRE FATA] PAE A UTF-8 KT AIZHY ASCIT HSTA,

S NFRERN N FEHERF HEEn > D, BENENNE 0 MEEEN L, En+ 1EERNO;
MEZAFNIE, BTG 2 ERIEEN 10 ; HRArE M H TEFTE TR Unicode 55,

K 3-8 R T “Hello Ji%” XMWH) UTF-8 Jwfd, MEAM, T fkem n MAREN 1, FItRSA L@
B AL 1 RN ORI T AT RN n o

BN A R HARATE RS 2 AR E DY 10 We? SEhr b, X4 10 RER SR IIMER. RIZRGM
— MR FIIHAMTOR, 77 3KERE 10 REASHY B 22 gt bdH i th 574

ZFTAKE 10 SPERERTT, ZEINE UTE-8 il T, ArAlREE FFIRRmEMAIE 10 o X PEIen] DU
JRUEFERIER : R — RN REMALZE 10, WINZFRIRKEN 1, XA ASCII i3, ifi ASCIT #4i5
AR 0, ST E,

FH Unicode UTF-8

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

& 01101100 11010101 11100110 10110011 10010101

BES 3 REN 1 BEHATHOS 2
RETHEER 3 T4 BEN 10

Kl 3-8 UTF-8 4wl

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

- UTF-16 af%: i 2 5 4 ZRFR—DFR. AN ASCIL AT AMAERE 75y, #H 2+
TNERR; DPHFRFERAD 4 FHFRR, AT 2 FWHFERF, UTF-16 435 Unicode A4 siAH%E,

- UTF-32 %it%: B NFRAEEH 4 7799, IXEKRSE UTF-32 [t UTF-8 #1 UTF-16 ¥ S H=3E], FiHl2E
T ASCIT F47F 5 FhER i SOAR

MAEES T S RIS, (/] UTF-8 FonsaC PAFARR &R, e 1557, 1 UTF-16 gmtdhts
FEFSCFRF (BlanHs0O SEM&ERL, FAENTE 2 57, M UTF-8 AIRERRE 3 7717,

NoREMNENfMER, UTF-8 fmMAMtEE, e TRMERESHF UTF-8,
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3.4.5 RIEESNFTHRD

MNFLUENRZEREIES, BPafTHR A ERESRH UTF-16 88 UTF-32 IXEFE K, fEF KM T,
BATR] DLRE AT H B AR AL B, XA R RA DA LR

- KEPLYiR: UTF-16 SR 545 B n] DURA 5 A TRENLI Al UTF-8 B —FAe K agmil, ZARIKEIS
NFRF, BATRZENFFRIIFGLIB AR « M, ZXHE O(n) KT,

C R SRENLIFEMDL, A UTF-16 MR BRI KEME O(1) R#RfE, B2, & UTF-8
R ) AT B Y e i T B D AT R

© IR £ UTF-16 SRS H0 71T R b, IRZBFITHREME Qnndl S, A MRS BAE 5T,
£ UTF-8 b iy 4T ef b, TR ERIEEE T ZPOMITTR, DR S~ E TR UTF-8 %t

KPR L, HEEES NFRRmE TR — MRABIEE, BRFZRER,

- Java [ string KBUEH UTF-16 4wfd, B NFRFEH 2 £, XEE Java IS5 &2 0], AMTA
716 1B AFRRATE ATREM R JRTM, X —DARIEFRAIK, J5K Unicode #IVEY R T
16 i, FRrPA Java RESFAFBILERTREEH —XT 16 MiRUME (PR “REEXT) R,

- JavaScript 1 TypeScript BB {HH UTF-16 gmfS RN 5 Java 2881, 2§ 1995 4F Netscape AH]
BRI JavaScript IBES B, Unicode b T & R EH, AR 16 M AY4mA%HLE AR RATA 1Y
Unicode F#F 1

- C# {#f] UTF-16 4w, FEZAA.NET FEAEH Microsoft &1, M Microsoft FIIRZHA (L
i Windows #E&RS) # iZ i UTF-16 4whd,

M T A ESRARTE S N AR AR, BTSSRI “ARE” 1977 20RE R 16 ALK ER Unicode
T R PMMIEHNZMTERZAE, —J7mH, WEENMERr eSS, —MEAFage G i 2 # e 4 7
T, MR T ERmWLAIE, 5—77m, CEAEN R ERING AN, XiEm TR S 2RI
HERE o

HTLALERR, #ogREE SR T — S AR5 7T %,

- Python H9 str f#f] Unicode gwf3, HRH—MRIENFFERR, FHNFHFKEBRRTERTS
FIER KR Unicode W, #HFAFHRAEEE ASCII #4F, W& NFFEH 1 5%, MWREFFEE T
ASCII Jul, [HEMERAZIES FH (BMP) W, MENERFSH 2 777, MERE@E BMP ¥
¥, MEADFRFSHH 4 577,

- Go TESHI string RAENERE ] UTF-8 4if, Go 1B S IR T rune 287, ‘B T#/R# Unicode
Y=

- Rust iIBZ M str 1 String KAILEA R UTE-8 4fd, Rust tHIRMt T char 267, BT HRRHAD
Unicode H#4,

TEERNE, UENerR -/ BREmEiE 5 PaEaE 3, My RF BRS¢ el e p g
fRHR AR, E A EsM D, BOTER 2RI RN UTF-8 #83K, DURZIRILIIHA
PR AR
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3.5 Ih&g

1. BB

- FARLE A AR RES KRN Y BRGNS F E A T 0 2K IBIREEMIIR T HIE TR Z MIBHEXR, M
VLSRR T BARLE T BN A E 7T =

- W AR AR, ROIRAIUIREE, JEE T IRIEIZ B R BAR S vkt (B, TR
Feo BABI) FOAESME (. B HE) FRh, MERRAVSSINATRER N (U & et SR A A1 IR LR MR S5 14,

- UREFPIBTN, FdREAFETE I EALNE T, NS EEHR AN A AL, R X N T
Hir I3 1A £

- YRR R RS AR (BE) FaisirEiE (BER) . ITEEURSIEN 2 ., Rkl
PNE A & SR

< HENPREA IR EEEL byte, short, int, long, 7#54l float. double, F4F char FIfA
/K bool o “EANTHYBUETE R T d F 22 B R/ MR 77

- JREE. RASAIAME TR R AR BT =R/ T, B2 A AT DA T A, BEE RS R i m AL
A, HRA2EFEIE,

- BEAE AN DAME TG, (EAMEZRRT, TR DO ISR A InE— M E =, A
TRE N BTEIRE BRI TR R AV RE A FLES, I BAMEAE IR AT A AL,

- FRBNRISH 1 AT SAL, 8 MAEEUNAN 23 M BT, H T ETEFEENL, A% R BB
Bl KT8, A2 TR,

- ASCII A2 R IR 18, KEN 1541, st 127 M. GBK FRERE AR SCF
8, HBEEM 21X F . Unicode B TR REBFR BN, BRER ESMIESHNT
¥, MR T A gt 77 28— 3T S B ELAS fR)

- UTF-8 B XWGEH Unicode #wtg 7775, ERAMIAEEL . ©R2—MEKNmETTE, BEERENT R
M, BRARA TR ARE, UTF-16 fl UTF-32 2SKMNgmRIE L. fEgRmigH i, UTF-16
i B2 RIEE UTF-8 B/, Java fll C# F4mfEiE S BRIAEH UTF-16 %ifil,

2. Q&A

Q: Mt 2 R A & e Bm A A I LR M U S5 ?

BRI, Mo TRRIBTR IS, TATATRESMA “Bexliht” (58 “IBmrhR” BRI
Hrp MR — DR, HBERKEDEE —EBIER, XATREBFMONR GEHE VLZLBRRD,

MR ERE, BHRERZEH8A, HhS—MalA et & —ME, s s — PR —R
o [AlIt, MATRRATREFIN (S EdRasy (B, BER) FIHRLRMEEURS ().,

Q: char KR KEZ 1 F1I5?

char R MR EIE 5 R SRS 77 I50E, BN, Java. JavaScript, TypeScript. C# #>%H UTF-16
Zmtd (fR1F Unicode A353), Bt char RRIRYKE N 2 5715,

Q: ETHAHASIMBIRGAE MR “FSEdREN” BEAE? Hn] DU T AR AARSF IR, XL
TEERE “aha&" 1Y,

FRIFSEA] DASERIENAS AU BURSRE, (BEIRSGEMMAR “HE (REAAER) 1Y, REETHHNEIRSE A
s s ERoT R, HEMERZEERN, WREIERBEL 7RI AN, iR ZeE —
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BRIV, FH RSN AL R Z5 i+,
Q: etk (BAF) BINR, RIEEERIRD, M2l “WSBEasy” e?

FERPGETES T, BAEMATIEEH B FRaEe, XD TIERENEEEIE. FlU, Java £
Arraylist FIRIMEA BB N 10, 540, JREERZ AL, IS “FIR" &=,

Q: JRHEANMGR TR “SeIUREIN 17, AR 2ANMEEE R N R e R el 1 IE B, AN Rt
—FERI OB “JeBUREn 17 58], XA ANE?

A XIRIRR RS ARG A B A sz s B2t AN (AR, BATTRA AN E SN & a+b = ¢
, HBAFKATIFR a /& b & ¢ B, AR b 2 a B ¢ BN

BE—Dn = 4 MRKERNZERE 0010, MBI NMUFEEER (RBEFSA), AR TRIE
o EmREM 1T 15 E):

0010 — 1101 — 1110
BAI2KM, FEEMAMERFZ 0010 + 1110 = 10000, Hmt2id, *M% 1110 25 0010 5] 10000 [
U, IXERE Lid “SEEURIGM 17 92k FRTHREF] 10000 mEh i R,
2, #ha% 1110 ] 10000 9 “#hET B2Z2/0WE? JAMRIRRT U “SelU=)ahn 17 1§2)e:

1110 — 0001 — 0010
AT, SSRGS BT 2] 10000 B9 “4hE7, (AL “BRRSEANG” A0 “AMGER RS R DARTARE
BefE CeBUJEM 1) LB,
4R, TATHAT DU FRRANMS 1110 BRI, B “Jeif 1 J5EUR”:

1110 — 1101 — 0010

BESRE, EBRJEI 1T F SRR 1 EER” IXMANEEERE TR E] 10000 AR, B2,

FibE, “BUR” #ROERER ERKRE 1111 fk s (BOATER RIB + &3 = 1111); TERMEEAL AN 1
SEIATANMD, B22] 10000 AT,

EiRn = 4061, HalHE SR AR R
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Abstract
LS p ptH FLan [F] — 3% 2 S ik 6k
BUARREHESTHES, BB, PRI ESAL, ERRREE B i R Tik5E 2,
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4.1 4

A (array) B—MEMEdRSA, HAMRRBRTTRAMEEESNANGFZR T, BATRTRESAHTH
CMEFRNIZITRNES] (index)o Bl 4-1 R 7 EEHR F EMESA 577 2

— FREBARMRTEE B RERN
TR
element
- ¢
array
sﬁgl e 1 2 3 4
index
P7Eitht

00 04 08 12 16
memory location

AIAREZE

L BHENRNTFEE

4-1 BEAHE L HFETT

4.1.1 ¥EAERIRE
1. 3aEea

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

/] === File: array.swift ===
[* ¥IEEER +/

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

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

TLRNAHLAE) FIFEATCRIRS], BATAT PUEAE 4-2 R AR RASRZT RN FE L, B
VIZITT R,
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o e |
TE®Sl o 1 2 3 &
Rttt 00 04 08 12 16

TTRKE - 4

RRAEIEL - BAREML + TRKE « TERE|
(BT (GRS E)

Bl REAERS| 3 AHTRENEMEE
012 = 000 + 4 x 3

4-2 BAHTTRRINFEHIE TR

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

fEFE IR T RIEE =R, BATATRAE O(1) W RINFENLG M PR — T,
// === File: array.swift ===

/* BENIAIRITTER */

func randomAccess(nums: [Int]) -> Int {
// EXIE [0, nums.count) FRRENIIHEN—2F
let randomIndex = nums.indices.randomElement()!
/] REGHREIRE TR
let randomNum = nums[randomIndex ]

return randomNum

3. fATE

BAHTTRENFHR “BREN, ENZRRE S RBEREREYE. WE 4-3 For, 05REE R IR
AR, WHRERZTRZGHATAE LRSS —0, ZJFrHTRMES XRS5
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BAPERTERE -
8000 Eﬂi)%:r‘cﬁﬂ; EBY '
880800

nums[4] =m5[3]

:

BERRAX

= et (8000
‘ nums[3 nums[2]

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

(3 W1 ]s]2]5]4 ;}ﬁjgzig;—uﬁ 0 =%

nums[1] = 3

:

K 4-3 A ATTERRG

ERERNE, BTEHNKEREEN, FHEMA-PMTROEXSFERARTITR “BXK7 BN
IR ARRTT SR BETE “FIER" BT,

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

/* TEEEHMZES| index MEANTTE num */
func insert(nums: inout [Int], num: Int, index: Int) {
/] BF&35| index UNZENFABETERGEEMN—L
for 1 in nums.indices.dropFirst(index).reversed() {
nums[i] = nums[i - 1]
}
[/ & num TR45 index ZHYTTE
nums[index] = num

4. HBRTE

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

88000

nums[1] = nums[2]

BIRER

il BB E—Ii
TERATRHRZS| 1 BHTE
N/
nums = nums[3]
‘
'

nums[3] = nums[&]

sehERE, SAERTRUEH 1,
KETTE 4 BERN TAHEENR

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

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

/* MBRZES| index HITTE */
func remove(nums: inout [Int], index: Int) {
/] 1BFR5| index Z/EMFIBETTEMAIBEI—IIL
for 1 in nums.indices.dropFirst(index).dropLast() {
nums[i1] = nums[i + 1]

}

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

- BIOTR: HTEAHNKEARNZE, RERAITRE, BHEHREOERTTREER,

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

g R B, (HIXFEMESIE R A7 AR PR

5. EBR¥HA

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

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

[* WA */
func traverse(nums: [Int]) {
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var count = 0
/] BEERS|EHEA
for 1 in nums.indices {
count += nums[1i]
}
/| BEBHEATE
for num in nums {
count += num
}
// RERBHEIERSIFTE
for (1, num) in nums.enumerated() {
count += nums[1i]
count += num
}
}
6. EHTE
EHAPERIEE TEFT LR, FRANITTEERGUCE, & VLENE N MRS,
RABAH RN EAREE M, P DA IR EHIREWARCN “MEE,
// === File: array.swift ===
[* EFARERIEETE */
func find(nums: [Int], target: Int) -> Int {
for 1 in nums.indices {
if nums[i1] == target {
return i
}
}
return -1
}
7. FEH4A
TEERNARGINGESY, B ERIESE 2 G NE S EERTHR, MmEZ ety REHA &, FIE

REBGER ST, BANKERAA R,

HRIAIA B AR, WFEFE —DERIE, RS EEE TR ORI R B, X2 —1
O(n) HRE, EEBARARIEN FIEEFEN . R IR:

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

[* TREAKE */
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func extend(nums: [Int], enlarge: Int) -> [Int] {
/] a— N BRKEGRIEA
var res = Array(repeating: 0, count: nums.count + enlarge)
/] BREAPNFETREHFIFEA
for 1 in nums.indices {
res[i] = nums[i]
}
/] BREWY BEFEA

return res

4.1.2 ¥AMK=5SRERYE

AR RSN E RN, HuRIAME, XMEESFENCRER, R DAAREFER
ARSI B ERCR

- SERRORES: S EIR A TIESNTEE, TSNS TR,

- ERRERLYIR: SV O(1) IIEIA T2,

- RERRRYE: ML ER, HENURNSIERE, ERB e H AR R, TS
TERARTH SR IR TR,

BELE R E —EWT]8, HAAEL N RIRME,

- ABRAGMERBCRIE: SEBAHAPTRR 2N, WA SMBRRIERERHRENTTER,
- REAE: BAHEMGHEKEREE T, ¥ ASHFREEA SRS R E58d, JFHEIRA,
- RWRSE . WRBEH DRI NEE KRR, A2 REE ARIREE T,

4.1.3 #HAMBNA

B R — Rkt B WA BHRSEN, BN AES KBRS, T RME M E R4,

- FBEBLVIT : AR VEBEHLIE — LA A, TR AT AR B A7k, FHAER—DBEUFS, AR50
BEN AL

- HIPRNEER: AR R R RS, PORHT, VIR, o &R T 2R
2 EiEAT,

- AR AREPOEES IR BRI, RIS E N EIRR, RIS T E
ASCII RFIRES, WIAT AR50 ASCIL RBEME MRS, X AT R A A B X R B

- PLERES) MR EMN TR, M, KEZRNSEREIZE, XERdEA R BEHE R
PR, KRR LR I 28 A e o FH O BSR4 A

- BIRETSEL: BT DI TR, RS IRk, HE. EISREARGEN, BN, ERBEEFE IR
bR b — > 48,
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4,2 §ER

N EEMERFPIALTRE, £ PMERNRGSITIRET, DREIAEZ R RS ENTSL, K
TANE, fFAEEEHRINZ A AURIESHY, T BEHARE RN, WERRETCIER AL RAIES 2SR, it
I RER A RIETEILE AR BL R T

R (linked list) B2—FeMEdRS#H, HPRENMTRERZR—IMTRNR, 0T REE “5IH7 iz,
SIRHIESR T =P KR E, @ e m] PN BT S5 A2 — R

HER ARS8 mm] A BB E N AL, BRI i e £,

EFREERNAETEZRERESEN
R
linked list
— —s | — e —> None
AT TEH
{E 5IA (&)
E=7—1
e AIARESE

node

FRTEAE | spexes
trhets st | REEE

K 4-5 BERE N S5EE T

MERE 4-5, FERMAMRBAZETR (node) MR, BN REESWNIEGE: TR “E” MfEm s —1
RHE 5187,

- RERIENTRBIRN SR, RE- TR R
- B REIEMRRE “27, BAE Java. C++ Fl Python H435l#1020 null. nullptr H None o
- 1E G, C++. Go l Rust FXHHattHiES T, Lk “SIH” Mgy “fait”,

GBI ARBBATR, BRI A ListNode BR T ELEH, ETHIMRAE—N5IH (88, FIERFLIER T, #E
Fe LERE L T 2 A7 22l

[* SERTEK
class ListNode {
var val: Int // TRI{E
var next: ListNode? // ¥ERTFT—T=M5|H

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

}
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4.2.1 §ERTRIZE
1. sadksER

BRI NPIL, B PRSI RNR, SEPRWETRZRNGIHXR. B sEm)E, &
TTAE AT DANBER A SL T it 4, 383 5 IR next ARIXVTFIFTE 19 o

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

[* VB EER 1 ->3 ->2 ->5 -> 4 */
/] DRI TR

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)
/] MHETRZEINEIA
n0.next = nl

nl.next = n2

n2.next = n3

n3.next = n4

BAHERZE— TR, L nums 1S IC2 nums[0] A nums[1] &, TRERE B2 MHNIAY T SR A AL
Mo FRODEHF LW O ERERMCRR, Lban DA EARS A BER FTICERER no 6

2. ATIR

FERERTHATRIER A S, WA 4-6 AR, BIRBNVEEMH BRI DT A 00 Fl n1 ZHHBA—DHITTH P,
R BBEMAT RS (FED HWnr, RSN O(1) .

M2 T, EHRHPEATRINTEREN O(n) , EREER FRIRCRRR,

A ;
ne nl

P.next = ni
EI< P 5@ n1

= ./
ERETS 00 A nl ZEBATS P o m

n@.next = P
B no i@ P
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B 4-6 HERIHNTT RURHBI

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

/* ERERIVTIA n0 ZEBATISR P */
func insert(n@: ListNode, P: ListNode) {
let n1 = nO.next
P.next = nl
nO.next = P

3. BT =

Qs 4-7 FoR, ERERPIERT R AER T, R@SEE A NARGIH (R Bl

HIER, REEMPRRIEEHIGT A P I2AEA n1, (HSCFR L@l tBERCLTTRVIRE P, XKEKRE P T
SAHBETIZER T,

nd.next = nl
Bl% no ¥8M@E n1

A A

no nl
A

wffl
ERERTPBRTIR P

MikRserl/m, &2 P h#AfER nl ,
BilEHERBELELRE P,
HLERITART R P E#BER

4-7 BERMIERT R

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

/* BIBRRERATR n0 ZENEIMTE */
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. HiETRA

TEBER I AR BRAE, LA, RlIATAZE O(1) WA T VT ISP L RTE R, HERIIAR
K, FRFEEEMKT AR, BAFRE, HEREERT A MR, VRN i AN A
Hi— 14, BINEZEN O(n) .

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

[* TARIEERPERS|A index TR */
func access(head: ListNode, index: Int) -> ListNode? {
var head: ListNode? = head
for _ in 0 ..< index {
if head == nil {

return nil
}
head = head?.next
}
return head
}
5. EHTR

R, EHHEAEDN target BT A, MHIZT RERRFNRS, HIdEMETERMEER, B
TN

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

/* EFERTEHREN target NENTS */
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 4B vs. BER

R 4-1 B4 T BEHMBER IS IR RO X e THROERCR, T EN IR PRAE SR BITF I ORRS, (AR R
FIHRAERICER A 2 IR 2 A9RF R

*4-1 BAHSHERIIBERA

B fE%
TR TR Sy
BRTE  KERAE ARG R
WAERER RSN, EAEREER  TESHNGES
iR O(1) O(n)
FIER  O(n) o(1)
WiEE  O(n) o(1)

4.2.3 FRERER

i 4-8 v, B ULHOBEFRR A=A,

- PAREER: RIRTI MR EE R, SARERATT R SEMTER N — SRS IR, JATR &
NIRRT A, FRE— DT RRNET A, BT RS None

- WBEER: RIS HEBERE T REAKT R (HREMER), WRE—PIPHER, EMPHER
R, R R AT AR ST

- WK SRmBERMLL, DERERICK TN AEG . ABERAT RUE RN B & fa e 4k
TRl (PP R) MR A (E—DR) W5 (et AT RAaER, MWAiERER RS
PE, ATDARARI A5 A0 D BE SR, EAH M th 75 2 o FH B 22 B P A7 8

[* WEERTTRIE */

class ListNode {
var val: Int // TEfE
var next: ListNode? // }EME4HT =I5 H
var prev: ListNode? // }EMEIRT =I5 A

init(x: Int) { // ¥9iEEEL
val = x

}
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HRER

singly linked 1ist

— — —a —_— —> NOone

AR

circular linked list

(@Y & & W]

WrER

doubly linked list

r— — — — —> None
None <— <~ - <~ -

Bl 4-8 H ULEERARSE

4.2.4 §EREBINFE

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

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

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

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

MABER F T F ZPEE AT — PG — DR R,

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

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

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

INEBRERE I THRESAMIRERNI R, URERFRI BRI,

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

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

FIR (list) B—MHRIBIREIS, EFRRTRAERES, FTRM. B% @, MERiEmn
TR, TOUERE S R REIRGIN R, 517 AT DA T HER s LI,

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

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

RO, FRATTAT DARE I DS 2R4E (dynamic array) SRSEEIFIER, E4K THAMSILS, F+HATEA
R TR TS A,

Shn b, VF2HPETE S PR R A 2 2L T B RY, #1140 Python HHY ist . Java H1HY
ArrayList . C++ H1HY vector Fl C# HHY List %, TE8E FORAVIHGH, FATRAD “FIR” F1 “BhS5eH” M
FERIINEE,

4.3.1 FIRERIRE

1. MansiR

BAVEHEMH “TovaE” 1 “GOGE” XMReIE T

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

/* ¥IRWHIR */

/] FTHEE

let numsl: [Int] = []

/] BYRE
var nums = [1, 3, 2, 5, 4]

2. HiERTE
BIFRAR LA, AT DATE O(1) IR IR ERHTE, MR,
/] === File: list.swift ===

/* iFRITTE */
let num = nums[1] // iFIAZRS] 1 QETE

/* BEiTE */
nums[1] = 0 // ¥R3| 1 BITEEHA 0
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3. {ASHRTE

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

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

[* BEFIE +/

nums.removeAll()

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

[* FEFREHENTTE */
nums.insert(6, at: 3) // £Z5| 3 WENEFE 6

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

4. ERYIE
SR —RE, FIRATAMERE RS, AT AR A,
// === File: list.swift ===

[* BERSIBHTIR */

var count = 0

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

}
/* BERBHYIRTE */
count = 0

for num in nums {

count += num

5. HHEFIR

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

[* BHERANTIR */
let numsl = [6, 8, 7, 10, 9]
nums.append(contentsOf: nums1) // 5T nums1 HHEER| nums Z2/5

6. HIF5IE
SERANRIEF G, FRAVERT AEAESEREESPEEEERN ““oER” M “DHEE" FHik
// === File: list.swift ===

/* HEFFFIR */
nums.sort() // HIFEE, FIRTEMNEIAHS

4.3.2 5IREY

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

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

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

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

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

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

[* FIRE */

class MyList {
private var arr: [Int] // #¢H (F0E5RT=)
private var _capacity: Int // FIRBE
private var _size: Int // FIRKE (HEimxH=2)
private let extendRatio: Int // EXRFIRIT BRIEEK

[* HERE */
init() {
_capacity = 10
_size = 0
extendRatio = 2

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

_size

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

}

[* BEITTE */
func get(index: Int) -> Int {
/] FRSIMRBAVMHBEEIR, 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

[* EEEHRMITE */
func add(num: Int) {
/] TEHEBHAEE, MELT SV
if size() == capacity() {
extendCapacity()
}
arr[size()] = num
/] BfTEREE
_size += 1

}

[* FEHREHEANTTER */
func insert(index: Int, num: Int) {
if index < 0 || index >= size() {
fatalError(" Z3EA")
}
/] TEHEBEHAEE, MALT BV
if size() == capacity() {
extendCapacity()
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}

/] BZE35| index UKZENTEBAGEEE—II

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

}

arr[index] = num

/] EFTEHE

_size += 1

}

[* MERITE */
@discardableResult
func remove(index: Int) -> Int {
if index < 0 || index >= size() {
fatalError(" ZE5[#HA")
}

let num = arr[index]
/] BRZER5| index ZENTHEEMAIBTI—I
for j in index ..< (size() - 1) {
arr[j] = arr[j + 1]
}
/] EfTEREE
_size -= 1
/] REREREY TR
return num

}

[* BIRITE */

func extendCapacity() {
/] FHBR—NKEANRIHA extendRatio EHVFIELE, FHIGREASHIZIFEA
arr = arr + Array(repeating: 0, count: capacity() * (extendRatio - 1))
/] EFHNREE
_capacity = arr.count

}
[* RFIREHAERE */

func toArray() -> [Int] {

Array(arr.prefix(size()))

4.4 REE5EF*

FEARTERIRITTTH, TR TR MBERIZ AR B B BARLH, ENoBIERT “E8FmE” M
“OYERAERE” R REEER
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KPR b, PIPRESIEAROR R B TR NI AR RE IR, T i SRR 7 BB IR PR RE

4.4.1 HEINGEFHEES

RN =M E 655 B& (hard disk). W7E (random-access memory, RAM). £&7F (cache
memory), & 4-2 J&rn T ENHEH B RS AE fA ErPERER .

+ 42 HENBFHEES

TS NF K17

Mg K OESdE, BRERIERSL RIS RS TR FAIE IS HE TIRABEENES, B> CPU
PP, IFEE TEAC TR EAE iR A7 IR

EN L EVEE: SRS S LIGEVER PSS S LIGEVER PSS

3

wEOBK, TBYY B, GB 25l FEH /N, MB 5

HE g, JLEFEULT MB/s gk, JLt GB/s FEF R, JLH2IJLE GB/s

s BfEE, JLEELT/GB 25, JLTEILEIT/ GB e, B CPU TR

BATA]T LIRS T B B RGAER NIE 4-9 FrRmIE 7 HEEEM . BEEE & T IETURAIF iE IR SRR e, &
N ARG, XA RRAHIFAREA, TR RS TARIMZ0E R RE 4R,

- WEEEDAINAFII, B, NEFPRIEEREN R REE, FEENES KIAEERDE, HR, W
RO RSAS R RERL AT LA-15, XA e DAETH B8 7 Ao

© RAFRIRA RMEEEAE DGR, BB L1, L2, L3 RENARZPHA, HYERSISEK, 5 CPU
D2 AR EREE B R AT, T SRR RN RN, TTRIERE R, £4AERT, Z2EHK
MIRAF AR A, TR A Z R P

CPU
L1 Cache
L2 Cache

&

L3 Cache

W B8
-
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K 49 HENEERS

Note
HEHBIFEZIREERI T IHRE, HEMRA=HE Z R, SChr b, XS &7 T
FiE TSk, B SR BATHE AR I AR R Hl & AR B B A1 R

EERE, BERLA TR R R EAE, W T IR AR I8 T AR BRI, 247 WU 17 6if
SHVIMBIEAIES, DUREREFIBTHER, =& HFEME, WRITREYIRSS0B1T,

N 4-10 FoR, FEREFIBTT, BdES MR AP RIRREINGFH, (4 CPU MM, %7/ LAETE CPU K
—Hkoy, ‘ElEREHM N IEREE, 4 CPU 1R tmEAVEHRE IR, M TP PITReER, b
XIS I 17 S

. —
> - S -

l
l
2

4biP% E1F RTF W

CPU

Bl 4-10 REEL. PIFMIZRAT Z RIR B e

4.4.2 HIBRLGHRNRTFRE

TENFE A7, MRS EBAIEMRRE,

—7im, PFRARRE, HFE RN MR, R B RARS A RENS R A] RE R SSCH Al A
2, BAHRTTREEHS, NFREEIMNI S FRAAETER T AR5 (88, B AR &, 287,
BAHFTRE RV B HNES NS R, RXATRESBNFIRSE, By A th el ZAIMO N AR 2 R RAR
MHEEZ T, S8R 1" WAL TEAS N EA L, SRt T BRI RIEE,

ST, ERFIBTR, BEEREHIESRINNA, SRNFRIR AR SRR, S ENFR

FRRCRER, BHBTHESKFET K, AR SBAFERR L. Mk, BERIIITTRR TR,
FERERIIA SRR e, RS SFBNERA L,

4.4.3 HIRGHINERTFRE

&P RRED AR /NN, HELRNFIREZ, EREFITIEE LEEEXREZNEN, HT%RF
EEAR, HEEFMHE—/ N MR EdE, Kt CPU X RIS A ERF TN, MR LT
KaH (cache miss), It CPU ANMFAMIEEZELIGHI 7 BT T s,

BAR, “GAr AP’ @D, CPU BISBIRIIRRMES, 2 R thatiltr, TR CPU MELF I3k
EEHRHI LLBIFR B Fa = (cache hitrate), X MEFRIEH R BRAIEE,
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NTRATREIREE S AR, efF 2 RE A N ERAnEALH

© BT RAFANZRA TG S INEREE, TR ARET NN, TR TR, 1T
Rt A R

- TR ACERES 2RISR RS (BN, e KBTI RISE), FARER e A
R E R 2H, NI a2,

- MR R EIRRI, B EHEREEE TR B S BOE, Ki, RAFEANESE R
fEi, WRIMEHENNLREE, Padmamrhs,

- INRRRYE: AR —DEAERTE, B ETEARARRRAR AT REFHR BT H), e M — B, @i
TR BRI 15 A1 R BE SRR e R

Kb b, BEARBEFMRAANABCRRARN), EZARBHELNT LT,

- AN BRITTRIBE TR SIS EES, SBRAHENNIEREIRRE D,

©OBRAHMT: REREURE D BENGERAL, MR TR 8, RIS e R L =,
- PHHLH: BEH EBER BRI CE R CRIEIIE”,  BIRSUE A 2 0E BRI 2 £,
- MR BB B ER RN A, RN BE R A 2E A AT RERIR T M),

BATE, BEHBAERNEEG PR, R E/EREReR LB TR, XESERREIAREN, &
TEEH SEI R B R A A A B A2 UG,

TEEREAE, MEFICRIFAEWERAENA N MMETBER, SChrR ik B BuRSsA, AR
PEERTRSRORIRE, Bilan, BEHMBERARATDASCEL “A” BdRgity (F—EXW4Nn4gD), HellEam AR
75

- BRI, AT TR TR SRR, ROV EAR A T & AR ERCRAREL YT R AT RE
01, A OUR R E R A L —E RN AL,

- WEREIRRAERE R, SSRGS, ARRIBUHRNEDAE T, IR TRERSIIMAEIN &, #ERAEDS
ReR BB B E T NAZRIARIRR S, B 7 8y A A RSN,

4.5 g

1. BR[O

- BEAHMER R AR BARSEN, O AEREBERE T BN PRI 7 3 S A B
SR, B AR R S P AR

- BERSGRRENLTTAL, S HNERD s (B ARIBR TR IR, B LE KRR,

- EERIEE ENG I (B SIS AR A SR, HAIDAREERERKE,; E SRR, &
MW, HIRBERII IR R ERER, PR, RS,

- AR MR AR R A RS, EEETISBEHSEIL, CRE TEEHS, RRATDAR
GAEESNEN

- HIRI IR IESE = T BRI, HATRE B 2 N RTR PR

- EPIBITN, BUEEEAAMEENGE T, BEHRHRE NS RRER, TRERNITEANE R 3R

© RAFIE AT, PO DAK 2 Al Je B P AN [R] R SR MRS BdE nEAL, o CPU $RBEPOEER I,
BERTHEF R TRCR,
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- HTHEABRAERNEFMPR, FILEEE R E & EREEIRSN, NARYE BT R
A HE %R,

2. Q&A

Q: BAMFIBLER EAFIBAESE L, XIWFRBCRMZ FRCR 2 S A ?
T OBLERS ERIHE - APRBER B IR SE NP BRI, BURBRIERCREAR 5, 2RI, HRAMIHERA % B AR
R, MBI AR .

1. ZPECRIRETBGER : B2 — B NIATE, D ECH SRS HhTEm; THENFANER, Al AMERIEHE)
DU, BRI, Kk, H ERECARBR R Rtk BRI,

2. K/DBRA: AR, HERI RN SZBRT- AT AT, (R HE SEANE & 17 8RR A,

3. RIGME: e ERYBEHRI NG ZAEGERTE, e EREEHRI AR NA] DIEIB TN 3 ZSHE

Q: W ABEHZERMFRIZEARITE, MAETERP A RIEHE RIS ?

PERBT AR, TARZENESSIH (88 &R, &0 R DEEARREAEEE, HI40 int. double,
string. object %,

XS, EHTENABUEAEFIZREIRY, IXFEA GRS T B W BB N e 2 B, Hilan, FeFNf
& int A long PIFIZRAL BAANSTESHIGH 4 7705 18 7717, WAL T AR ERERE T, KA
BAHPEES TR “STERKE”,

# TRAFMIE = SARFIE (BxEREFELE) + THZKE » TR R

Q: MR R PG, BETEM P.next %4 None JE?

AMEK P.next HATBA, MIZBERIIAESR, MLTAEhHEIRT RELAZIBRIP T, XERETH P EL
MEERAHMHER T, LT P AEIANR AR A 2R BE R AR,

ISR 5% (M) AR, RNTFREXR, NEHHERF BB ERIRIT, M
R, WITEMZE, BEENE, WERNTIE, BOLIER SRE R, TRAE 2SI
KPS IR,
Q: TEEFPIEAFIMIRBI R AE AT R O(1) . [LRRM 2 HHHE O(n) WIFEEHTTE, KNH
LIS A RIE O(n) g2
MRRAEARITE, FMRTE, NEERERIZE O(n). AT, §E5I0 O(1) B[ e R
P LS EIAL, B, WAAGIE S MATRERSE, R — M RIALIEFL T AL RS, S
A SMBRRERE O(1)
Q: B “RERE SRR, I QTR SRR B2 SRR A
2
WREENREIET, ERETT AR T,

- RIS SR RO 2 RFIN, A int, long, double RSN %%,

SRR ok PR P S LR MR (R (R E RGBT, K% 8 S4Bk 4 575,
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Q: TEFIRKRIRNIEREBIIAIZIAA O(1) 2

QSRR SR KE, WRESLY RYREERMN, RIS PE-HHHNE, FHRESIRNTETT
Eizd %, XNMENRSRERZZ On) .

Q: “FIRAHBIM AR & 7 AR, HATRESFBEE D NS RIRSE, X EZ HIR SR TEIIMY
IR RAA R, KE, §AEE SRAER?

XEAERIRE EEAWNTH S —J5H, PIRESRE - MIAKE, BIMNA—-EREARLZ; 55—
Ji, ATHIEET R, ARSI -NRE, B x1.5 . AR, atBURZ =4, FfliE
HANRESE IR EA T,

Q: f£ Python ##J4atk n = [1, 2, 3]1/5, X 3 PNICRAHALZMIER), (H2WM6Kn = [2, 1, 3] RKM
EMNENITRN id FHFARESN, ME2BIER 0 PRIHERE. XETTRIMIERES:, T2 n R EEHE?

BAnIEsIRTT R BAEER T A n = [n1, n2, n3, n4, n5], JBHEEITIX 5 DN RN RS EAEGEENF
b, R, HE—DMHIREKG], BAUHARRTAE O(1) N PARECT R T7bE, AT V7 R EIR B9
XRF NP ERR T RIS, MR SRS,

5WZIBE AN, Python HEF MBI AN, FIRPEHENANZEFEARE, MENEF5]H,
I, BAISAIM NP IHBEIRFRER — id, FHHXER TN T AUESE,
Q: C++STL HHM std: : list EALLI T WAEER, (HIHG LR EB EANEABEREHE, BAZEN
B4 a5 R EE?
—JiHE, BAVFFEEEREHKHIIE L, mAELENA AR, FEAEWDNEEA,
- ZBEJFHE: HTENCEFERINEINIIEE (M ETFRI—NTE, M TFE— TR, A
std::list lH L std: :vector B 5=,
© BRIEAKRI BT EUE AN RIESLTEN, R std: : 1ist M ELFAIR AR, —RIEM T, std: :vector
HIPERES 4T

75, R TERIE O R XA, BRI ASIETE S (i 1E S T2 AERY stack F1 queve
MAERER,

Q: VIALYIFR res = [0] * self.size() #fE, =T res W ITLES | FMHRRMHLIL?

RE, HOHHASHX MR, el — 455 res = [[0] * self.size()], WZXGIHTE—
HIF% [0] o
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Abstract
Fetn RS S, A Y EUGIETEHERA
M AR NG R NSRBI R,
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5.1 %

% (stack) B—HmNEfEL NG HIZE LM R,

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

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

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

ll S/

BRI

B 5-1 ARG AL

5.1.1 R RIRE

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

R 51 FRAIBRIERCR

PR o fif ) 2 2

push() TEEAM GFIEEID  O(1)

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

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

/* fatbtE */
/] Swift ZBENENERSE, aJLUE Array H{EIRRER
var stack: [Int] = []

[* TTEN */

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

[* IRRRITTER */
let peek = stack.last!

[* TR ¥/

let pop = stack.removelLast()

[* FRERRBIKE */

let size = stack.count

[+ HIRRERT */

let isEmpty = stack.isEmpty

5.1.2 RBYEMm

N TN T AR T, BAPRZA A LB

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

1. BTFH#RNIH

(S FBER SRR, FRATAT DORF R A Sk 1 A ARTH, B A AR R

i 5-2 Fow, T AR, BATRFRROTREATER KSR, XA mEm AT AP AT, T
HARRRME, HFRSLT RONBER AR HBRET AT
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sux (@)

Aﬁl Iwﬁ xR
g EREMRER e
. FIMRAAE o
)
" rux ()
l Step 1 ‘ E Step 2 J
Hi%
pop()
a ERLHRER
g FHIRB A
3
L]
{ Step 3

B 5-2 FETHERTIRMI AR i

AN 22 TR AR AR oA CH «
// === File: linkedlist_stack.swift ===

[* BFRERIIMBIE */

class LinkedListStack {
private var _peek: ListNode? // ¥3kT5mfERIXIN
private var _size: Int // HHKE

init() {
_size =0

}

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

_size

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

}

[* Ntk %/
func push(num: Int) {

rux (@)

push(4)

u‘

PR TR

PE ()

o

8

ERTRESR °
HHRINE

)

BER 4
ARINEFERLED
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let node = ListNode(x: num)
node.next = _peek
_peek = node

_size += 1

[* Wik */

@discardableResult

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

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

[* RIS */
func peek() -> Int {
if isEmpty() {
fatalError(" H%AZE")
}

return _peek!.val

/* B List A Array FR[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. BTFHENIH

P ECEH S BRI, FATTAT DR BEH R R, A& 5-3 iR,  ARRS ks o0 At LA 22

TR SMERTR, NREREEN O(1) .
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N
push(4)
l&m - BARIRS
AR I Hik
g EEEI2NA RE g
. I RMAR n
3
a8 uxz [H)
[ Step 1 J o ( Step 2
i

pop()

HipsE AR TR

REXIENA
FIRAAIR

[-[-]-]-]

Step 3

B 5-3 ST EEH BRI N AR AR E

Bk &
RRE TNERAEES

REXIZMA
FIRRAE

R "

BT ARRITCER AT RE S TRIE R HESE I, (R BAT AT DARE FHBh AR, IXARETe /0 B AT AL BB A )

DA R il as -
// === File: array_stack.swift ===
[* BEFHATIMBE */

class ArrayStack {

private var stack: [Int]

init() {
/] ¥EsIR (3haSEA)
stack = []

}

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

stack.count

}

[* FIEIRE D AT */

func isEmpty() -> Bool {
stack.isEmpty

}

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

[* ik */
@discardableResult
func pop() -> Int {
if isEmpty() {
fatalError(" H%AZE")
}

return stack.removelast()

3

[* IAERRITER */
func peek() -> Int {
if isEmpty() {
fatalError(" H%AZE")
}

return stack.last!

}

/* ¥ List ¥{A Array FHiR[E] */
func toArray() -> [Int] {

stack

3

5.1.3 FEFSCIRATLE

SRR

PARPSEELER SCRMOE SR IR, BEH KBRS SCRRENLII M, (HIX TR 7RIS SGukE, Rt —
AZHE,

iR

FERT RN, AHA AR BRI ERE RO DAL RESNF T, BARGFIRFARINY, R
. IR, RN EBHBAAR, KLy AU, SBOZRRABRENNAEREZN O(n) .

TERETHERRISCI, BERIP AR RIE, A E LAY ANBCRE R R, B2, AMHREFRE
AT RN GOHE TR, IR R, AN, WERABTTRERAGHR T RNR, AR LA R4
AR, MR ERCR,

R ERTR, MRS HAIRIEI TR EEEA RN, B4 int 5L double , FRATIATDUF H DA TRESIL,

- BT UAHSTBIN AR AN PCR SR, Bl T AR MRE, R FI8eRER,
- BT RERRSCEIRIR AT DR AL S RS E RURCR R I

Iy &
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TERHIEHIIRI, RAXNIIRDI “VIEHRR", ZABRAREBBEHSIIRTR,; HH, §ayLIHEE 22 R
SEMER (Bl 2 %) TP AN, VAENARBATREE LSRR R, Eit, TR GEER—
SR MRS

PRI, HTRERTT TR ERME e e, DBERERAT LS 2 M BER.
gi b, FAVARERT S sthiffE WERP SCBLSE AT & NAE, T e B TEOOEAT 2047

5.1.4 RBBEINHA

- PINESP RSB SR, PO S R, SEBANFTITHRIM DT, M8 E— R
FTINKR, XA RT POEIE R IR 1R AR 2] E— D 0T EiRBRESERr LR AT itk ARZEFRIN >
RGBT, AR T2 MREL &5,

- FRPPAERL, ORI, RGUARREARTRAIN— M, T ICRE 8 LR 58, i

B, AN IEHER B RITAT AR AR, Tk SR B S AN AT AR R

5.2 BA%I

FAZ! (queue) J&—REIEIC AJCHH AN SRR, B0 S, BRAIRILL T HEABRR, B RA A AT
IMAAFIRERER, AT BASISLHERE AB A BT

G 5-4 Fis, BATRBAZISLERFRCOD “BAE”, EEFRy “IAR”, RTFIMANRBRHRIER Y “ABL”,
PREAE TCRAVERIERR N “HIBL”

BA%Y HBA HEA
queue pop() pop()
BAE [ /
ik |
ABA T /
BAR f
NBA PN
push(5) push(4)

5-4 FAFIRISE NS AL
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5.2.1 PASIE RIRIE

PABIAH WA 5-2 R, REERRE, NAMEESHTIEARATRER AR, JRIELRAS
HARRIRT T %4

* 5-2 BAIIHRIERCR

TiiEA iR N TR A
push() TEREABN, BRRTRHFMENE O(1)
pop()  FAEILERHPA 0O(1)
peek() VimIFAE T O(1)

FAITA] DAE B d FmAE1E = BRI PR
// === File: queue.swift ===

[* ¥R */
/] swift RERERFATIZE, FJLUE Array HIERATIREER

var queue: [Int] = []

[* TTENBA */

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

[* IBRAETER */

let peek = queue.first!

/* TTEEBA */
/] BF 2, At removeFirst MEZEN 0(n)
let pool = queue.removeFirst()

[* SREATIRIKEE */

let size = queue.count

/* FIEBATIR B AT */
let isEmpty = queue.isEmpty

5.2.2 PAFISEER

N T RIS, BT — R EARair, A DIE—SmARoTR, HES —mMERTR, MRS a=
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1. BTFHRNIH

G 5-5 flw, BATTRTDARFERAY “SKAT " M "B 2BIfh “TAE™ F1 “FIAR”, BUERNEARTEIN
T, AEDATIBRT A

BHHR 4
RINEEREDR

, M '
s @ "
- xez (@ push(4) s (@

i | a é é\
a8 | |

4 EESHESR
FIPEIIAT !
BHR @

me s
Step 1 Step 2

.

.

u EELHERR
B HIMETLIAFY
an |

[-[-]~]
y
-0

20 RS

)

/‘L\
EEZMERR (2 )
HSRILAIAT] N
(: ]

RBTR

{ Step 3

B 5-5 ETHERSIBAFINT AR H A1

DA 2 FBER SR PA S AR :

// === File: linkedlist_queue.swift ===

[* BFRERTIMBING */

class LinkedListQueue {
private var front: ListNode? // kT
private var rear: ListNode? // BFim

private var _size: Int

init() {

_size = 0

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

}

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

size() ==

[* NBA */
func push(num: Int) {
/] ERTEERM num
let node = ListNode(x: num)
/] MRAFTIAZE, NSk, BRHREERZTR
if front == nil {
front = node

rear = node

}
/] MRAFIFRZ, WEZTHRANEETRE
else {
rear?.next = node
rear = node
}
_size += 1
}
[* HPEA */
@discardableResult

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

return num

/* FRIAE TR */
func peek() -> Int {
if isEmpty() {
fatalError(" FAFIRZE")
}

return front!.val

[* BEREWMA Array FIR[E */
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. BTFHANTH

FEEEAF MR E TR EEZER O(n),, X2ISEHIIRIERERAR A, FRATATLERH LRI 77
IR L IX AN A,

BT AEH — N & front FEMANE TTEM RS, HEF P E size HFIERBAFIKE, & X
rear = front + size, XPMARITEHM rear F5MIAETTEZ G F—MIE,

BT, BAh R ECRNARMX M [front, rear - 1], AFHRIERISZINTTIENE 5-6 FiiR,

- ABAERPE: K ATTRMIES rear R, FHR size M1,
-+ HBNRAE: TR front WA 1, HHHE stze B 1,

FIDAEEI, ABAFHH AR EES LR T — e, INRERESN O(1) .

front $EMNTIETR 1. itHR#5H rear
rear FEENFIRTE + 1 2. BTRAFME rear &

rear = front + size 3. % size B 1

U

AR push(4)

HPA T BAFIEE BAFIHEEE

EERERENAE EETREHRA
FHIMRIMAPATY FHIRIMAPAT

rrrrrrrrrr

MR -
Step 1 . Step 2

1.3 front B¢ 1
2.4 size BA 1
HAA

pop()

front > PAFIASEE
size = 4
BESRENE
FIPRIMIIBATY

Step 3

5-6  FETHEAH SRS A BN A

TRAJRES IR — R TEARMTEEAT ABAVHTEH AR AEH,  front I rear HRIEMIEH), HEMBHAEEE
FRIP R JCIRAREERS AN 1o T TR IR, FRATTAT DARF A AR IR

MNP, BAIFELL front 3L rear TERUS B EEN, BRI ZIEEH LERARSL T, XM E T ML
PO “HURERE” R, ARSI R ATR:
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// === File: array_queue.swift ===

[* BFHREATIAING */

class ArrayQueue {
private var nums: [Int] // FAFFMETITTRAEA
private var front: Int // BAEIEE, IEMMETE
private var _size: Int // BAFIKE

init(capacity: Int) {
/] a1 ER
nums = Array(repeating: 0, count: capacity)
front = 0

_size =0

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

nums.count

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

_size

[* FIBBATIR B AT */
func isEmpty() -> Bool {
size() ==

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

}

/] ITEEES, ERAEBRS] + 1

/] BIENSIREEI rear TR SRS EIFILEE
let rear = (front + size()) % capacity()

/] % nun FINEMRE

nums[rear] = num

_size += 1

/* HBA */
@discardableResult
func pop() -> Int {
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let num = peek()

/] BAEfEstmESoh—iI, EHadEER, MR EIREEE LR
front = (front + 1) % capacity()

_size -= 1

return num

}

/* ARIAE TR */
func peek() -> Int {
if isEmpty() {
fatalError(" BABIRZ"
}

return nums[front]

}

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

PAESCBRRIRAS SR B A RBRE . HREAATAL, SRT, IX ISR EROR, FRATTRT DOR B Hoh 3h A5
H, MIFIAY BALE, A EBH 5 A DA BT,

PRSI L0 Sh%—5, TEHAREIR,
5.2.3 PAYIBREI ]
- W, WYE RS, AT INATI T, RERE S S AR AL BN T 2R, e X — 1A
W, SRS RIT A, IR R T AR5 S s A o fr [ 5,

© BRI, EIRELRI VOREET WRERTSR, HIANITEINLAIESS BB, )T R HERSISE,
PABITEIX 27 5t il DA RO 4ES AL BRI

5.3 mPAFI

FERRFI AR, AT REMIER KB TT R e E R A AT R, W& 5-7 AR, @S (double-ended queue) 12
T ERAREN, VRS T TR AIAIN BRI
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WFBATI FAEANBA AR HIBA
deque push_first(1) pop_first()
-]
UN=} \ /‘
HBA ABA IE'
a 2 @ B
i-i-3 3
5
A ]| 0
BAR I léll
FARNBA FARHPA

push_last(4) pop_last()

B 5-7 XAIASI AR

5.3.1 WRPATIEREE

XTEIABI ) PRI EANR 5-3 FR, BRI 75 IR0 PR T ZEARYE T (o T O R T8 5 SR

%53 WIANTHRIERER

JiiE% Eripn I ) 52 2

push_first() HFCRBMENE O(1)
push_last() FLEFEMENE O(1)
pop_first()  MIFRFAETTHR O(1)
pop_last() JHIBRBAEE TR O(1)
peek_first() IHRIAEITE O(1)
peek_last()  ViABAEILE 0(1)

e, FATAT AEF(E AR AR1E S H LSS R A A RAFI2E :
// === File: deque.swift ===

/* RN EPASY */

/] Swift ZRENEBINMEATIZE, BTLUE Array HEXNAPATIRER

var deque: [Int] = []

/* TTEN */
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deque.append(2) // FINZEFE
deque.append(5)

deque.append(4)

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

/* hiRlTTE */
let peekFirst = deque.first! // PAETE
let peekLast = deque.last! // PAETTZ=

/* TTEEBA */

/] T Array B popFirst NEZEHN 0(n)

let popFirst = deque.removeFirst() // FABTTEHIA
let popLast = deque.removelLast() // PAEITTZE=HPA

[* REVWEATIRKE */

let size = deque.count

[* FIETNEPAFIRERNE */
let isEmpty = deque.isEmpty

5.3.2 WmEPAFISEIR *

KEASIEISLBL S PASIZEAL,  w] DO RER S M N IR B ERES .

1. BEFNAEHERHER

(BB L —5 P, Bl M 8 J PR A REROR SEBLRAS, R e mT DAY (A BRSk 17 s O B EHBAFRAE) e

R RUGAIET 1T 5 O A PAERIE)

T XAASITT S, SkESFIRE AR AT AT NAFIHI BN, Hmgimid, INEBAS TR S S — R FRTT 7]

AR, Dhit, FRATRA “WABER" (E A SR R EBHREEH,

A 5-8 AR, FRATTREXR A BER A ST MR s A XX A BAB I A AIBA R, [ AR SEELAE IRt R AT AR

e ab
TR RES
e
e || HHR
| gl § AR 2
B ERZHENAER 2 )
€ HSMRILAITURIAT) N
PAR T l BAR BHm
B Hk

PR
Step 1 Step 2

BSR4
ARINEEREED

sum (@)
1

EERMRNAES
HIVRILIRERAT 1N

1
B °
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B 1
FNERERAS
REAR BRI
push_first(1) ES @ pop_last()
g ¢
a EERRENASR (2 )
a FHpRIMATEATI
o
RES
| Step 3 Step 4 |
I
pop_first() BB R
xsa @
u EEERRWARER °
a S RIF AT /t
BHA @
[ Step 5
5-8 FETFER ST AFAZI A PN H A5 E
SEEUES AN R R :
// === File: linkedlist_deque.swift ===

[* WEERTR */

class ListNode {
var val: Int // BEE
var next: ListNode? // E4T=5|H
weak var prev: ListNode? // BIRTS =5

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

[* BFNEERIIMAIINEAG] */

class LinkedListDeque {
private var front: ListNode? // kT & front
private var rear: ListNode? // ETim rear

private var _size: Int // WEPAFIFKE

init() {
_size =0

a REEHAZNEER
a FHSPRIMFINEPAT]

BIBRETI R

AR

o
ot
i

a

@
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/* FRERNAPATINKE */
func size() -> Int {

_size

[* FIETWEPATIR B RET */
func isEmpty() -> Bool {

size() ==

[* NBAIRE */
private func push(num: Int, isFront: Bool) {
let node = ListNode(val: num)
/] BEFERNAZT, ML front 1 rear #BIEM node
if isEmpty() {
front = node
rear = node
}
/] BRENBAIRE
else if isFront {
/] ¥ node FRINEFERKEP
front?.prev = node
node.next = front
front = node // BT R

}
/] PAEBNBARRME
else {
/] & node FIMEHERESED
rear?.next = node
node.prev = rear
rear = node // BMET S
}

_size += 1 /] BHNIIKE

/* BREABA */
func pushFirst(num: Int) {

push(num: num, isFront: true)

/* BAEBABA */
func pushLast(num: Int) {

push(num: num, isFront: false)

[* HBAIRIE */

private func pop(isFront: Bool) -> Int {
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if isEmpty() {
fatalError(" XEBAFIANZE")
}
let val: Int
/] BAEHHEAIR(E
if isFront {
val = front!.val // BEXTAE
/] BBRAT =
let fNext = front?.next
if fNext != nil {
fNext?.prev = nil

front?.next = nil

}
front = fNext // BfikT=
}
/] BAEHFAIR(E
else {
val = rear!.val // HEETRE
/] BBRET =
let rPrev = rear?.prev
if rPrev != nil {
rPrev?.next = nil
rear?.prev = nil
}
rear = rPrev /| BHET =
}
_size -= 1 /] BHINIIKE
return val

/* BAEHBA */
func popFirst() -> Int {

pop(isFront: true)

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

/* WEPAETER */
func peekFirst() -> Int {
if isEmpty() {
fatalError(" XEBAFIAZ")
}

return front!.val
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/* TARIAETTER */
func peekLast() -> Int {
if isEmpty() {
fatalError(" XXEBAFIAZ")
}

return rear!.val

[* REEEARTFHIED */
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. BTFHERNIH

i 5-9 FR, SETEAKIBASISEEL, BT AT PAE BB SEBON AR

front IEAMNTIETR
rear $EENFIBTE + 1
rear = front + size

PAE

| o | X%
KRR REFRA
a FSPRIATEAT]
l BARE
mM rear >

front > BABIHEE

size = 3

ol

Step 1 Step 2

1.% front B 1
2. BTERFME front &
3. 4§ size B8 1

BAETABA
push_first(1)

front »

PAFIKEE

size = 5
REEREREFSRA
FIMRIATEPAT]

Step 3 Step &

IN=ININ
push_last(4)

PBARRHFA
pop_last()

1. HERIEH rear
2. BTERME rear &
3. 4§ size AN 1

front > IR
size = 4
REEHRREASA
FHSPRIA N EPAT]
rear »
1.% size BA 1
front »
BABIKEE
size = 4
REEHRRETSA
FHIMRIMA AT
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1.4 front B 1

2.4 size BH 1
IAE i
pop_first()

front > PAFIHEEE
a size = 3
2 ERTRREFSA

2]
a S EIF AT a

Step 5

5-9  FTEEHSLHON ARSI B A tH AR
FERNSIRSCERELR b, XTI “BAEABL” F1 “BAEEHBL™ B3 7:

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

[* BFHREATIBIN @A */

class ArrayDeque {
private var nums: [Int] // FRAFEENEGITTERNEA
private var front: Int // BAE{ESt, fEMAPAEITTE
private var _size: Int // WHEPFTHKE

[* HEFHE */

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

_size = 0

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

}

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

_size

[* FIBTWEPATIR B RNET */
func isEmpty() -> Bool {

size() ==

[* THERERARS] </

private func index(i: Int) -> Int {
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/] EIERIGERIN AT ERE
/] 8 1 BMSE¥ARERE, EFKE
/] & 1 BIHAXEE, EEIES
(1 + capacity()) % capacity()

/* BABINBA */
func pushFirst(num: Int) {
if size() == capacity() {
print(" XEPAFIEFH")
return
}
/] PAEESRAERS I —{L
/] ESENRIRIESSI front IS EAASLEBEEIZIESD
front = index(i: front - 1)
/] ¥ num FMENNE
nums[front] = num

_size += 1

/* BABXNEA */
func pushLast(num: Int) {
if size() == capacity() {
print(" XAEPAFIEF")
return
}
/] IEELES, HERABERS + 1
let rear = index(i: front + size())
/] ¥ num FINEE
nums[rear] = num

_size += 1

/* BABHEA */

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

return num

/* BAEBHIEA */

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

return num
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}

/* BRIAE TR */
func peekFirst() -> Int {
if isEmpty() {
fatalError(" EPAFIAZ")
}

return nums[front]

}

/* ARIAE TR */
func peekLast() -> Int {
if isEmpty() {
fatalError(" WEPAFIAZT")
}
/] HEERITEREERSI
let last = index(i: front + size() - 1)
return nums|[last]

}

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

5.3.3 NFEPAFIRA

XEIRAS G EAR SRS RIZ4E,  RIb e n] ASBLX M A B 5, RIS wal B

TATALE, BRI W S (ORI REUR B IRE IR push Bk, A58 pop SKILHH
Wo RN, HEEIRFIRAIRGI, RIS SREEERPE (BIAMRFRIE 50 27), AR KT
50 I, BXAFFREEARIE (BNE) TAITHIBRIRCE, HEICTASEBLZIIRE, BT ZAERDN M AFIR A, 15
ER, W AROEEIREMRHAI NG N, U ARSI RERS S0 R TG K — LRI NE .

5.4 NG

1. EREHR

- MR AEIE S NS IR RS,  RIEE B SRR L E
- FERTEIRCRT T, ARSI AR RSIFIRCR, BETFERES, BIRARRENN EERER
FHEO(n) . MHHLZ T, HRIERLMEAENRENBEERMN,
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BRI, FABALHIATRESE—ER RN MRS, HREERENR, SRS A
fad A LB TR R,

- BRBIZ— ARG e A\ JE M R B e, R AT DOE IS B s BE R S, 72 I TRIBCR I 23 [RI80R
RIXTEE B, PAFIRISSIE S AR A S5 E M Bl

- OWEBNSIR —FUEA T E RIS, B AR VFEM SR T IT R AT INAI IR R

2. Q&A

Q: NIEERATHTIE S IR Z A2 XA BE RN ?

M ERATATIE IS IRIREA BT B2 “8” BRI, 4 P s —SE DOm0 XA EART; 24 A
R IRAZ I, XU S MARTRS o 68 A XA A AT DATT (L SC B — SR AMEAE, X DNE “XXa A"
HARE,

Q: LG, BERERBHHT RIAE?

WRGSATREEAFEH T A, WATERBANF, G2aAFHEME], Java fl python SFIE S HIA B
WAL, RIEATREFIRIRANATE; 7E CH G+ PREFIRBAT,

Q: WAAIIR R MEPHERE T —i2, BRAIREMHA?

X ERAB AR M BAS B & B DPRE TS, & RINHTRAR + AFIREH, Kt A] DAL 5 RS
MIRTE R, FFH MRS,

Q: ## (undo) MIME (redo) HMAZUNMASLHLH?
R, A TR, B HTREE.

L. BAMPTDRME, RXNREEARA, JETKSB,
2. HRPHIT RGN, MR A FREH IR RIERE, FRIEHIEARL B,
3. HHFHUT R I, MR B S EBIE AR, FREEARA
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helle=algo.com

Abstract
TEIFENIHAEA BmRmE—IEENE B ER,
ELEIAIHERBE, M PAPEEE] AR E .
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%R (hashtable), XFREFIR, EIEITHELHE key 51H value Z RIATMLS, SCHEAAITRER, BRI
5, BAIAEmRPEA—DME key, WATLAZE O(1) I RIPEREON B FME value o

E 6-1 FR, A5 n NMEA, BPNYAERE “WaT M ST NIEYE. REBMNHRESH WA
F5, RENNAEES” FERIIEE, WATCARAE 6-1 FURAa ARk LI,

BHR

hash table

BA—NES key, TifIXM#E value
IRERPENRENREIEZER 0(1)

B 6-1 MafmRINHRIR

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

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

+6-1 JTLEEREXN

o HER AR

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

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

6.1.1 MBERTHIRE

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

[* ¥iatRadmR */
var map: [Int: String] = [:]

/> TROIRAE */
/] ERERFRMEET (key, value)

map[12836] = " /\BR"
map[15937] = " /BB
map[16750] = " /NE"
map[13276] = " /J\E"
map[10583] = " /\EE"

[* BIIRIE */
/] EIRERPEANE key , 5EIE value
let name = map[15937]!

/* MBRIEIE */
/] ERFBRPHIBFEEX (key, value)
map.removeValue(forKey: 10583)

e A =AM R RNED 753 D BERN . e AR e RBIET

// === File: hash_map.swift ===

[+ BEHRER */

/] BHEEXN Key->Value

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

}

/] BIHIEHR Key

for key in map.keys {
print(key)

}

/] BIMIBHE Value

for value in map.values {

print(value)

6.1.2 MFHREEEI]

BAVEHERFARER, - DNBADRIBIGR R, RS, BTSSR 1E

(bucket), BMFERIFEME—DREXT, Flit, EIFRIEHUZIE] key MAIHE, FAEMTIRE value o

W2, GUTEET key TENN N ATAINE? IXZIBEILAZE RS (hash function) SEIRAY, MEF BREREIVE 2R —D
BRATE A AW 2 — MR NOR tHaSE, ERRERT, MATHZITH key, HtREZATAR
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K51 HANEH, WA key, FRATAIPOBEEIGT: BT 2% key X RIAGREAEDN 72 LA PO LERAA B
BAN— key , MFEREEIHTEERED N ELRPP,

1. JEIS FERA R B hash() THESFIEAE,
2. KA AENATEE (BEHEKE) capacity BUBL, MMIIREUZ key X M IEZH S| index o

index = hash(key) % capacity

B, BATIRLAT DARIA index FEMG AR RAPIIRIX R, MTTERER value o

BEHKE capacity = 100, WA ETE hash(key) = key, ZISMHEAHERECH key % 100 ., 8] 6-2 DA key 225
1 value B MBI, 7R T WG BRIELH TR,

DAL T — M Bia iR, H,

/1

[* BREX */

File: array_hash_map.swift

HA key

ED—
B3 -

-

class Pair: Equatable {

public var key: Int

public var val: String

=51

— 36

37

mEEH
key %100 .
— 76

83

- |

key value

12836 ; “/ha"

15937 | “/his”
16750 | “/NE"

13276 § "R

10583 | “/hrg”

W value

— 3

—&3
— &3

(BMEARE—MEERN)

B 6-2 M BREC TR

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

self.key = key
self.val = val
}
public static func == (lhs: Pair, rhs: Pair)

-> Bool {

AT key A1 value BEERL—1I Pair, DAFRREEXT,
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lhs.key == rhs.key && lhs.val == rhs.val

[* BEFHALMPBRER +/
class ArrayHashMap {

private var buckets: [Pair?]

init() {
/] ¥aEA, B85 100 ME
buckets = Array(repeating: nil, count: 100)

[* PEFSEREL */
private func hashFunc(key: Int) -> Int {
let index = key % 100

return index

[* BEIIRIE */

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

return pair?.val

[* TRIRIE */

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

buckets[index] = pair

[* MHBRIRIE */

func remove(key: Int) {
let index = hashFunc(key: key)
/] R il , KRR

buckets[index] = nil

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

[* REXFRERE */
func keySet() -> [Int] {
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buckets.compactMap { $07.key }
}

/* SREXFREME */

func valueSet() -> [String] {
buckets.compactMap { $07.val }

}

[* FTENRRER */
func print() {
for pair in pairSet() {

Swift.print("\(pair.key) -> \(pair.val)")

}

6.1.3 BENRREY A

MR EE, WMAREEEIERRRATE key M RCHIHIAZE RIS IR FTA 2R 5 AL A 2 8, Tk A\
AR A TR, Fit, PRE E—EfE “B A mAM ARG L.

T ERRBIFHIGA R, AR key JEPAARIFIN, IGAABEEAT R HES RMARE, flan, ER¥ESHh

12836 120336 I NAAERS, HAHUFE:

12836 % 100 = 36
20336 % 100 = 36

e 6-3 iR, MANFESTEE TR —MESR, IXERRAXE, BRI AN A B[R] — 4 18 SRR

HNaEHZE (hash collision),

B key
MR

=3l

— s 36 —]

key % 100

(20336 !
/ MRE

37

76

83

s
. . e .

-

key value

12836 | “/hrg”

15937 | “/)\i3"

16750 | “/hE"

13276 | “IhE"

10583 | “/hAg"

“. Il ". I. ' ".
J

Wl value

— 3

p—
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K 6-3 I hoRpl

BT, BRRER n K, 21 key HBCEIR —MEHABERBURR, rhotild, Kk, FIalbs
YA ZORW VIR

N 6-4 FoR, §ARTMERN (136, A) F1 (236, D) RAEMZE, ¥ AEEMRHL,

BERESR - 100 MERIE 2 ff BERSE - 200
RFEE key % 100 » MAEEM key %200
] key value #5| key value

Lo
36
36
136
50
150

83
183

6-4 WBFRBYE

RUTHAHAY R, G/ AREITEREN WEEHRITRSFaRE, EHFEN,; HFERTRARSE
capacity tXAZ, AT EEEIGA REBOKEH TR REX AN E, XD 7 AR ita
THH. ik, FREIESIER MW RIGHRER, PiEmEy &,

HHEF (load factor) BRI —PMEEMS, HE OWGHRITREERDMSE, AT EHEBRAH
RET-ERE, WHENRARY ERME R FIUNTE Java i, S7REETEE 0.75 I, RGESKGR
RITHZEFIEH 2 %

6.2 BEARHHZE

E—RE], @ERO PR RBIEA SRR T m, RIS B bR AR, Een,
AR AR, W BHTRRD, WA 2 D BE R R — R
G RS SEE WA REIR, FEEINIGA RPN b TRouZRE, FH8EIEA R, A6
HATIERRY R, EEMRHIONIE, BTk Az AR, ERERKR, BRARAERT AHREHTRR
A2 SR ETH R, N THRTIRCR, AT PR DT 5,

1. BRI REARLE, A 2 nT DU HBIG 7 e R IE 3 A%

2. (HERLE, BISRFRhR BT ER, AT A RE,

G RAIEA BT AR AR “aECthht” "I SIE™,
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6.2.1 §EzUithik

TEFRIEET R, B NEEFEE— N EERT, it (separate chaining) FFEA N TREWONRER, it
EXENRERT A, BATE R AR EXN I FEER —RERP, & 6-5 B 7 — PNEUE G 75 R
o

#=al R PR (TENBENM)

- | on-on
@’Mﬁ@ﬁ%—’l\%if, ! n n n
HPEEMEHRRTHE o o n
BEK key % 100 l -
ERAMEER key "
SREMFEINR o

K 6-5 HEFHIHEIG AR

FFHE AL SRR G A RAIRIE T IR T DA 2R 1K,

- HMILE: WA key, ZWIBHHEEISEIRRS, RIAITTRGERSLY A, KRG AR key DAFE
TREREEERS

©WITR: E/oEId R RO MBERSLT A, RS (BMEXD) SINEIRERT,

- BRI AR B EHIEE RYTRBEFRSLHR, 1B IR AR B AR T RO R H R,

HEFHBHE A AE DAT R R

- EHZMRER: PERE ST IR, B LB EINRE S N A
- EIBCRIE: ROV EAM R R R E T MR,

DA EE T UL MG A R AT A B Sl RE R A

- EAAIER GISEE) REBRER, WML, EXME T, Bmk %) ga2 M, 80
R — IR,
- TSI SRR Ak, YN TR 2 i, ROVGGT R EEREN 2 £

// === File: hash_map_chaining.swift ===

[* FERHbALIEER +/

class HashMapChaining {
var size: Int // EEXHE
var capacity: Int // BMEXRBE
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var loadThres: Double // fik#i BN EHEAFEHE
var extendRatio: Int // ¥ &{Z#k
var buckets: [[Pair]] // T@%k4H

[* ¥ETTE */

init() {
size = 0
capacity = 4

loadThres = 2.0 / 3.0
extendRatio = 2

buckets = Array(repeating: [], count: capacity)

[* PEFSEREL */
func hashFunc(key: Int) -> Int {
key % capacity

[* EHEF */
func loadFactor() -> Double {
Double(size) / Double(capacity)

[* EIERIE */
func get(key: Int) -> String? {
let index = hashFunc(key: key)
let bucket = buckets[index]
/] B, BHKE key , MLREIFR val
for pair in bucket {
if pair.key == key {

return pair.val

}
/] BEFREE key , MHRE nil

return nil

[* FRONIRIE */
func put(key: Int, val: String) {
/] SRABAETRIREN, RTE
if loadFactor() > loadThres {
extend()
}
let index = hashFunc(key: key)
let bucket = buckets[index]
/] BHE, BBEIEE key , MEHMN val Fik[E

for pair in bucket {
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if pair.key == key {
pair.val = val

return

}

/] BEFXZ key , MIRFREXRMNEREE
let pair = Pair(key: key, val: val)
buckets[index].append(pair)

size += 1

[* MHBRIRIE */
func remove(key: Int) {
let index = hashFunc(key: key)
let bucket = buckets[index]
/] BHRE, MAREREE
for (pairIndex, pair) in bucket.enumerated() {
if pair.key == key {
buckets[index].remove(at: pairIndex)
size -= 1
break

[* TBRRER */
func extend() {
/] BEREHR
let bucketsTmp = buckets
/] BT BERERER
capacity *= extendRatio
buckets = Array(repeating: [], count: capacity)
size = 0
/] BREXNREARRRSERRER
for bucket in bucketsTmp {
for pair in bucket {

put(key: pair.key, val: pair.val)

[* FTENIRFHR */
func print() {
for bucket in buckets {
let res = bucket.map { "\($0.key) -> \(%0.val)" }

Swift.print(res)
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R, YHERRKE, BN O(n) %, T DHSHERIEICN “AVL " B¢ “SLEB, T
2RI IS 2 (AL 2 O(log )

6.2.2 FHIut

FRZF 4k (open addressing) ARSI AKIMIEIRSSN, W2ET “ZRIRM” RAGHBA S, 7+
FRFELMEIRI, P77 PRI 2 IR A A5 5%

N PASIEERIUA B, AR SR A A 2R AR,

1. ZiEEN

ZRMERINR 617 20 K AR ML ZORMEATIRM,  HAR 7785 B # RA A AR,

- AATTR: EEIEREECHREMRS, HLBMANCATER, WA RAERELEE (S RKIEEN
1), BEELRIIZH, HrRmARLF,

- BHOTER: HRMBRAE, WERERDKAE#TESEEN, BREKER MR, &E value HI
Al AERIBEIEA, W ERTRAERA LS, IRE None .

K 6-6 s TIPS L (IR Ia A RAVBEER 0 A, ARIBILIG T PREL, H/a AR key AR R
SRR R, THEE LPERM, SN IARIRAF B AR 1A DAS . R RIR

#=5| - ¢ |
00 <

HirFak 01

SR, S8R 1 02
76 <

MFEEE key % 100 77

ERAERRN key .

SR VAR T

B 6-6 JHHTHE (PRI e RABEERN 210

SR, ERPEIRINZ 54 “REBMR”, BMRE, BEHPESLS A EBREK, XS E R A MG
RETATREMEECR, M — P ez BRRMEA K, BRCERMIER, &R SEOCMELGRIERRA L,
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EREENZE, BRI SUEISR TP ERMERITER, X ZRAMPRTR S ERHNTE — D2
None , TH&EITLERM, LMERMENZEMMSIRE], FILEZEMZ SRTTRETITERRIRE], RRFa
REVRFIXLETCRAFLE, WA 6-7 R,

=3l |

00 <
01

02

76 <
MIBRTTE Za,

MEEERTEZ THTERET

77

78

K 6-7 TSI PR TR S B AR R

T EOIZIE, BATR DR iR (lazy deletion) Hl: B AREHEMNEFREFBERICE, MiAAH—4
5 Bt TOMBSTONE SRARICIX M, TEIZHLHI R, None 1 TOMBSTONE #RfUFRZSME, #EAT DUM B BENT, H AR
5, MRINR] TOMBSTONE B R iZ4ksiim, RN H > Na] GEE1E 1 BEXS ,

SR, BBHIER T RE 2 e i RAPEREIRIL, 12N BHRMBRIRER &7 4 — DBRFRIC, FE% TOMBSTONE
Asghn, TRERIER N, FOWEIERN T RER Zpkid 21> ToMBSTONE A REERE HARTTR,

M, FIEELIERM AP ICRIEZIH E 1 ToMBSTONE FUR 1, FHRIEREIN HFRITZR 5 1% TOMBSTONE 28 i
B XFHRAVLHAL R S RREWBSENITRN, RIS R E GRS BT, M
ML E R,

AN SEEL T — M S Wi PRI S E (SRR SR, 7 BEhnse o th i ARG A R A as |, 3l
KIEmBEE—A A", LGOS BHREEN, [E2SLERkSmE T,

// === File: hash_map_open_addressing.swift ===

[* FARIUBER */
class HashMapOpenAddressing {
var size: Int // BEXIH=Z
var capacity: Int // BERBE
var loadThres: Double // flki B HEFHE
var extendRatio: Int // ¥ BfEiK
var buckets: [Pair?] // 1%
var TOMBSTONE: Pair // HIBRARIC

[* HETEE */
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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")

[* MEEEEL */
func hashFunc(key: Int) -> Int {
key % capacity

[* BEEF *+/
func loadFactor() -> Double {
Double(size) / Double(capacity)

[* R key WHHEERS| */
func findBucket(key: Int) -> Int {
var index = hashFunc(key: key)
var firstTombstone = -1
/] SR, ZBE=RER BT
while buckets[index] != nil {
/] E&EF key , REFHAERSI
if buckets[index]!.key == key {

/] BZEndaE T RERRIE, NFRENEHEZRSIL

if firstTombstone != -1 {
buckets[firstTombstone] = buckets[index]
buckets[index] = TOMBSTONE
return firstTombstone // REIFHEHIRHERS]
}
return index // R[EIFFZE5|
}
/] ERBEEMIBRTIE

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

firstTombstone = index
}
/] FWEBRES|, MidEmIRE LS

index = (index + 1) % capacity

}
/] & key FFTE, MRERMAZES]
return firstTombstone == -1 ? index : firstTombstone

[* BIEHRIE */
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func get(key: Int) -> String? {
/] ER key MMNAIFRS]
let index = findBucket(key: key)
/] EXRFIREX, WEREXNN val

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

return buckets[index]!.val

}
/] ERENAEE, MEE null

return nil

[* FRONIRIE */

func put(key: Int, val: String) {
/] SABETRIREN, RTE
if loadFactor() > loadThres {

extend()

}
/] BER key WHHIHRSI
let index = findBucket(key: key)
/] EXFIREX, WEE val HixE

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

buckets[index]!.val = val

return

}
/] ERERAEE, WHRMZEEX
buckets[index] = Pair(key: key, val:

size += 1

[* MIFRIRLE */

func remove(key: Int) {
/] BER key WHHHRSI
let index = findBucket(key: key)
/] EXREFREX, NERRITCESE

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

buckets[index] = TOMBSTONE

size -= 1

[* TBRRER */

func extend() {
/] BEREHR
let bucketsTmp = buckets
/] MRk BEFRIRER

capacity *= extendRatio

buckets = Array(repeating: nil, count:

val)

capacity)
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size = 0
/] BRENNREERRESEMEER
for pair in bucketsTmp {
if let pair, pair != TOMBSTONE {
put(key: pair.key, val: pair.val)
}

}

[* FTENIGFHR */
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. FEHEN

SEF RIS LMEERMIZEA, BRI CSHERF WRIE 2 —, MM, 77 RN f Bt plod — N E
ERSE, mEskd “BRMRER 75 s, BN 1,4,9, ... %,

SERRI FE B BA UL,

- T RE S O R BT TR, I SRR IR ) SR SR AR
- PRI EEOE ERRIEERSR S E, AT R 2 RIS E N A,

SR, P75 RMFH A Z 52 £/,

- BRTFAERENR, AL B HAN B E A S .
© BT, FTIRIAREA S RINEE NG R, XA ARG R 2o, F7 R tha] RE
TRV 2 e,

3. BRRHE

FGESY, SWAT LS NATER f(2) fo(2). fo(z)e ... AR,

- ATCER: EIRTEE f) (o) HBPE, W fo(x), DASSHE, HEFEIRAERATTR.
- BHoLE: EMHFERIGAEEIF MHETER, BEEHEIEATRNIRE; FESE A E A
bR, AAIG R R TAFAEIZITR, MHRIE None o
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SRR, Z2XBFRTEADTERSE, HZ DR ERSW RIS R,

Tip
TEER, JTHRSHE (SR, PTIRINAIZIRIG ) I KA “NeEERMFRTR” MR,

6.2.3 {mIZIESHER

BANGRAEIE SR T AR A RIS RECIURNG, N2 LM

- Python RAJFKSHE, 78 dict B H DI RENTEOEI TR,

- Java RA#EAMIE, B JDK 1.8 PR, 4 HashMap WHUEH KIEIAZE 64 HRERICEEIAT 8 I, HERAH
LT B AR T BRI RE,

- Go RHBERMNE, Go MUEB MARZ A 8 MEEX, EHAENERZ — MM, S 2
i, ST —RRRSE B AR, DAERIERE.

6.3 MEHEZE

AT 40 T AR 2R A TAEEFERIG TR PSRRI B 7575, RIS R S abe 2 s ibal, SN RECRUE
WA 2 A] DATER AR I IE T AR, miJeiiisl D Iaa b R R A

QRIS I THE, WMAmERIMERENR2ESL, WE 6-8 FR, X THEAMuLIRTR R, FHARNIL T
ERES PRAER D, RBIREEWRER; REBI NG RENEEGERIE — M, RS AR
= O(n)

SETUHIEIE TR

BREFER:
BEMNFYOSHESMES
BHEIEZE 0(1)

ase eee eon
[y
&

mEER:
BENSBSBERENMED
aEzE 0(n)

6-8 Mt MR R ARG RERIL

B T DL R BB . [BHZIG i R BT R R, B RIG T E, AR K :
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index = hash(key) % capacity

MDA EARK, HIGTHRAR capacity BEIER, WMARIA hash() YU THIHE, HEMOUE TR £ A
RHPHI T Do

XERE, T RIS PRAZ AR, BN S RERNEPERFEIX hash() BT E,

6.3.1 MFEFIZENE

N BRI RIS R BRSNS, Me A RIAN B DA R

- et X TMHERERA, IEHERNGL AR, XA RE IR IG A R R A AT,
- BeRm: R ERI RN ZE WP, HEITHEUN, I RAS A,
- WS G R RIAN R REN I S R ERT R, IS, IR AR AR,

KhrL, WEREIERR TR DA TSI MER, & T2 A T H A,

C WA N TR P EENLE, RIUEE A EEAER S RIUSCER, TR EED G
fHo HHMANEEE, RGN MANEEITRRAE, KR5S EERGRAEEI T, MRMmH L
e, AB2E TR IE#.

- Bimse iR BURAXTT A DU R EHRR G EDF R H —[RRE; BT R DA T R R IR Y
BEmmamE, HS5REEINBRAEETHIE, WRMEILE, IR2BURMEI 2,

MNFEMARERN A, N 7B MG RERES SR EEHFT A TR, BhRATRERSESSRNLZ L
Ritto

- BPE: RS IS A E R S TR A BRI TR,
- PUREREYE: RSBEREIN SRR, E S ENIRREME R,
RN AN FOB NI f R B H ST B AT 2R A

HER, “WSnh” 5 “PiRiEtE” RWAMNIIREE, RS A e BN, BN, fEREL
A key F, MEFEE key % 100 A DU~ 5 i, AR REL TR, FraEmAHEER
key AR HHARHANE, [RIEEFRATTAT AR 2 L PG 73 (ELF HHE L FTFEY key ,  MATTTRB AR RS

6.3.2 MFEFIZILT

IEREENRIT R — M REFEFZRRNE R, Am TREZER AR, BATHAERHT—&6H
BHERARIR,

o IERRA O AREE DN FAFRY ASCIL #SEATARNN, RS R EAE AT (E,

ORI FIRBRIARIAEE, SR DEEL, R D TIFR ASCIT R EIG A E,

© REIGA R ABER & T REN R R E RN E MR ET.

- JiEERRA: CRHEEDNTATRY ASCIL A BEME| — NS ES, FIREZHE SN G BT IR E,
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// === File: simple_hash.swift ===

[* NGERRE */
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

[* FERE */
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

[* BHIEFE */
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

[* BERERRE */
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
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return hash

WS IR, AFRIE T RIER B e — S HUR KB 1000000007 B, PARRERIG i (EAE S IERTEREIN, HIF
BERE, N2 BRI PO, B3 Ui SO B2 4?7 X2 — D EBRI M,
Jeihigsie: ERIRBUMENBEL, vl AR Kb ERUEIR AR 2 504t RN O 5 HAth 7 AL
B, AT DAIR/D R BUSHR VR T AR A R PR, AT GG 7 v 2%

G, IR DEFRAECO MEBEL, BT DAL 3 B8BR, IRAPTE ] DA 3 BRI key BT HIIRESH] O,
3. 6 X="I7{H,

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, ... }

QSR key TRUFH RIZFNE ZHENNEAE M0, IELMRTEM S LR, WmnERRhsE, JE, &
R modulus BHLNEIEL 13, HIT key Fl modulus Z MIAFIEALIEL, KA IR E S IE SR
2 Tto

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,... }

ERHAIRE, WERAENSTRIE key ERENIISI AR, ARG EEE S BIENBREE AT DA, e T#AEm
HIES S AT HINGTEL T4 key BIIARAEESANE IPERS, X SRR E A 5 IR EIA,

BMEz, FATEFIEBEIERE, XN PR 2R, DR ATREHPRAMIMEN, fErHamE
TRHIRS

6.3.3 ERNMRERZE

AMELIR, DA AR R ISR EIEE LR “HE55”, Imime A IR RG A BRI Bin, flan, Bk
SRR, TR INTENS A B B A A e A X o WA M BN AR AT ER, XA RES BN 75 e,
FE5 [l — ez 42 [A),
ESZfrrh, FATEE S H—hREIAF A, Hlgn MD5, SHA-1. SHA-2 #1 SHA-3 %, ‘BAITA] LUKHEE K
TE i A\ B ik 21 18 K A RA A L
=ML Dk, B BRI R S AL SRR, — R N RS IR TFHIa i Bk MERE, H—
ERT BN RA B E N T SHRE R EILENZ 2 E R, 3R 6-2 JB/R TSI A H WIS Bk,

- MD5 1 SHA-1 EZ2R# NS, R el sz e,

- SHA-2 R E) SHA-256 B ZEHIGHRIRZ —, IRHIMRIIIBERR, HibHHESEL 2
VA ESNANE N
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-+ SHA-3 MH# SHA-2 FSEBIF R AR, HHERCRE &, (2 HaifH i E=E A SHA-2 251,

®6-2 HIHGAEL

MD5 SHA-1 SHA-2 SHA-3

eI 1992 1995 2002 2008

1]

it 128 bit 160 bit 256/512 bit 224/256/384/512

B bit

WBmm Bz L E2 R/ R/

%

we% R, CHRehsh ik, B¥RI%R & =

% i

W F EWFEM, MHATEEREMER BHFER IBEHZ B, BFEE4  THTENA SHA2
= e

6.3.4 FUIELEMMMBEE

BATRIE, WA R key ATDUREEEL, /NEELTATERSF R, fEIE S8 H S X SRR R RN E
AR, AT IR RPIAMES, LA Python Jfl, FA1a] DA hash() BRECR TGRS R
MG A {E,

- BB /RERIIG A EUR HA S

C IFRERT AT RRIR AR E T EROVE S, AXNBRTEETE BT,

- TTHMERARERN H - DR TR, RERXEGREHSER, SE8R -G E,
- NREIGRERETHAGFHIA R, B ESNRGH A, ISSBET AR ERIG R {H,

Tip
THIER, ARG S RN B R E TR B E 77 EA R,

// === File: built_in_hash.swift ===

let num = 3
let hashNum = num.hashValue
/] B3 3 HIEFH{EN 9047044699613009734

let bol = true
let hashBol = bol.hashValue
/] T/RE true MIMEZF{EN -4431640247352757451

let dec = 3.14159
let hashDec = dec.hashValue
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/] NER 3.14159 BYISF{EA -2465384235396674631

let str = "Hello E&"
let hashStr = str.hashValue
/] FRFER “Hello X" MIMREHEN -7850626797806988787

let arr = [AnyHashable(12836), AnyHashable(" /I\F&")]
let hashTup = arr.hashValue
// #%¢H [AnyHashable(12836), AnyHashable(" /N\I&")] HUPAZH{EN -2308633508154532996

let obj = ListNode(x: 0)
let hashObj = obj.hashValue
/] TEXR utils.ListNode HIMRF{EN -2434780518035996159

EWZEIEES T, RAATEMEA NG RI key o RINFATKIIR GHEELD 150 key, 245
RENBRAEZAN, ERRHEDREKE, BOICEERRRHEBIEFEILH value T,

BREE XN (FaniERY R) R RR A RH), (HEZAIIEMAT, IXRE N GG (6 5 i 5
TR E ), RENRINERE T2, (HERPAFIIEAZ, BRETRR AN,

AORIIRATRE R EA R G HisfTIEP R, B HER AR, X2EN Python R SERRE
g, #EA PTG EBUMA — A REHLEIER (salt) {H, IXFhgERT LUERLPG 1L HashDoS %Ki, 27+
AR 2 2,

6.4 /&t

1. EREHR

- HiN key, MATRAEWLE O(1) NRINEIRZ value , RCRIEHE .

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

- IRTH AR key MRETNECH RG], AT A AR AR value o

- AR key ATRETELS IR BN EUS S EIMRIVEEAR 5|, SHE WS R, MR EAOIE
ERULA

- IBRERAEEKR, WBAMRIBRHUE, Bl DOEEY AR R ERIG /IR, SEAHT#L
L, MFRRY A RIERITHIRR,

- R TR OB R AT R R PRDNSE, R TIPSR R, WM IG R RYA
IIESES

- PEHIEE R BN TR BN BER, KT N RT R R — DR, A, R KRR RE
WRER, R POEN A R EHON L BRI MR

- PR SAEIEE 2 DRI AEBEIGF hoR, ZeMEIRIIEEEP K, BB RREMBRICR, HAES 7 ER
Fo IR ZMNGRHEEGHATIRN, AHREMIRNEAR S A RE, H2MEmEEEm 7 itHE
=8

© ARIYRFEE S RI T ARG AR LI, FlaN, Java i Hashmap £ FHEEHME, 1 Python Y Dict %
PRSI,
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- ERARY, BINAERARIEEAEWMTE. SRS MmN R BB, BREREN 1%
HASPURE 14 HA RN

- AT BRIRIEE R KRB E L, DA R IEIS R ESS S 016, D IGAR Pz,

- E ST R AIEE MD5, SHA-1. SHA-2 #1 SHA-3 2, MDS5 # FH TR 528, SHA-2 #
T2 5

© IEESIEE S NEIRIERME N BB AR, ATIHRERAERPONES, BEENT, REAE
PSESEEIIEEiON

2. Q&A

Q: AT R E e A2 O(n) ?

YT oS LR EIN, BR RN EEREDIRILE O(n) . YWRFELIRIHGF LRI, FRIREILR
BEL RPN, NRSRER O(1) . TAEARERES NERRFRN, BEIICIN RS RER
O(l) o

Q: MIFLARMEMRTRRL f(2) = o Vg2 BRALAZRT .

£ f(r) = x WMWEECT, SACRNNME—RRRT], XSS, Am, ARSI T W H 2
Al KD, KIS RE A R/ — P AR A KU, IS, 67 R E bR — DR
RS2 IR B — MRS, FFREE O(1) &R,

Q: MAMBVIKELBUREA., R, XMW, ENFLRERIULLENTE &lE?
B, MmERINNRRERES, EEERREIRT ., BREAEHS 2 NERE,

HR, HBERPEE MR PN RRCRAE S T Q1R — D IIREREYS 7EAH R A [R] & 2% B2 1 (i S B AR 5K
W, 2@ e R E R, X2 E IR REOHEREITH, RS BOTTE R,

5, WA RI S 2 AR DL, BIUtERE S, TRl SR BE R R BT BB P AT AR OF,
AREIRILZE O(n) IR,

Q: ZRIGTHEAREEEMBRTTRAIEFEND? bricy CMHERAY 2 X RE PR A 5?2

ZRIGA IR FHER —F, TR SHEEEA A REERMIPRTRAVEE, FEEIARICHBR, Frid v EMiPR
AU A ] AR EE . SRFeRim AR RR, JF HIEEIE A EEREIbRIc oy CMPRAIG BN, A E AT DL
BHTCRMEM IXFEMBEREARFFIR T RAVRINFFIALE, XRERIEMG A RATZE R 2R,

Q: N 2TELRMEIRNF, EBITRAIN RS HBG A h2Ele?

AN (BB A 7 PR EER B S ARRFIBEERT, &I key APLHES, IXFUARRAMRAR MR, Kitk, LR
REMRIERUCBOE R RARIR AT N &R, EERENERRTSEN s EIBk ik,

Q: N2 R ERENS R ARG T h2E?

M& A R B fe — P RN B K n Bl (BGR), I EEEBEHRSEEN; £ 85, BEEK
J& n RAEZA, T key M MAIRS [BATRER AL, RIS ER —MARIZ D key , 7EI AEIRER WAL
FZ A, I SEIE TR ISR 2
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Abstract
SRAR W EM ), RIRHR, 7Rk,
CRNBAREI TR M ESNES.
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7.1 =X

—X# (binary tree) BRI ERLI, AR “HL” 5 EN ZEBIRAEXRR, AT “—oh =7
MIiaiZ . SREREM, “XWIERBITET N, 8P TRESE. 271G G 79 851 H.

[* ZXWHTmIE «/

class TreeNode {
var val: Int // TiR{E
var left: TreeNode? // EFT=5|H
var right: TreeNode? // HFT=5|HA

init(x: Int) {
val = x

}

BN EEERDSIH G55, DHFEAMEFT S (left-child node) FIEFT A (right-child node), %1755
BERRRIXFAN T mIR T = (parentnode) s M&AE— N X S, FRATEIZTT LT R E
PURHI s BRI %715 r A4 (left subtree), [RIEIA[SAFH (right subtree),

FE X, BRMAT b, AR VR e S 1 AR, s 7-1 R, WERREE TR 27 R
TR, MHEAFWRMGFT R 4" M 957, EFme W 4 LHEDUR SOB R,
AR TR 5 RHDUR T R TR

— X o=

binary tree

\
E?ZV ﬁﬁ.ﬁ“

EFi aFH

ANVA
Vivivi

B 7-1 TR, s, T

7.1.1 —XWERARIE

XY E FARTEINE 7-2 FR.
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- BFWE (rootnode): M T WHTHEMT A, BAERYH,

- M58 (leafnode): %A F1 TR, HFMEE IS None -
- i (edge): EEFANTEMILEL, BNV AEIH (B,

- TEATEME (level): MIRERIEHE, RITSMEEN 1,

- THRME (degree): TRMT T RMNEE, £ XM, ERBEEERO0. 1. 2,
© ZXWIEE (height): MR s BB M1 s BB R
- T REIRE (depth): MR sLENZNT A& IO EE,

- TRIIBE (height): MBI Az M7 BN mFTE B AR,

Tip

St
I

¥ o3
71

B
[

i

RER

/|

/\

SN SN
[

B 7-2 . XHEEBARE

—XRix
=E =3

HIERE, BADEFER “mE M RET E SOy "G RAREER", (B E s T RE SR HE
SO SR REEERT, TERXAERT, SEAREEEEM 1,

7.1.2 “XRMEAIZE

1. B =XH

SREFEM, BRI N, RS (B,

// === File: binary_tree.swift ===

/] FIEETR

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

1)
2)
3)
4)
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let n5 = TreeNode(x: 5)

/] METRZEN5IE (8%
nl.left = n2

nl.right = n3

n2.left = n4

n2.right = n5

2. BANSHIBFHSR

SRERRML, XA S IBRT AT DOE I Bk e R, B 7-3 St T —Rpl,

AT R BT =
(:::) nl.left = P nl.left = n2
A P.left = n2
ni
A
n2

B 7-3 £l A SR T A

// === File: binary_tree.swift ===

let P = TreeNode(x: 0)

// £ nl -> n2 FEHHEATS P
nl.left = P

P.left = n2

/] BRI = P

nl.left = n2

Note
TEEENZE, AT ATRESBEE XM RAZ RN, mERT U8 E B RE MR R H
Fla 7, Ak, X, HASHERER EH—ERERL S 72, DA SRR E AR,
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7.1.3 ER-RAER
1. RN
WK 7-4 R, 53X (perfect binary tree) P ERTT sl se RIEWM, E5ER XA, M7 iy E

H0, HARAET RN 2 HRIEEN b, WA ARECN 2h T — 1) RIS R, R
BT B AR WA RAL

Tip
THIER, EPSCEX AR, S8 R SRR % =X,

SRR
perfect binary tree

(toAsFR o i — L)

FRE BRI b A

K 7-4 523X

2. B2

WE 7-5 FiR, 5e2ZX4 (complete binary tree) REREEN T mAHHEH, HREENTSREREAHE
Fo

LR

complete binary tree

REETRELRRE, EttETHREHIER
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7-5 FEETXH

3. TR

Gl 7-6 AR, ST XA (full binary tree) FBR 7M1 R ZAh, HARATE T SEA NN T R

RN

full binary tree

FIETRNERA 0 = 2

7-6  SEli— XM

4, FH -

WE 7-7 FiR, FHRZXA (balanced binary tree) AR sl B AE FHFIAS 106 04 /8 1 2 ZE 4 0 {E AN
o1,

TH_Si

balanced binary tree

WA EFREE - EFREE = d
N FH NPT REHE |d] <1

7-7 X

7.1.4 —Xa0iEk

B 7-8 R T X HIBHAR S A S IR MLEEM . 4 RO ENT S AR, JRE] "SRR XM AT
AT R AN, —XRHRN “RERT,
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- ERXREEEENN, ATDASE AR X ia” L.
- RERNIR S — MR, STURIEEE NRIERIE, NRERERMELE O(n).

4
N P
S\ /
4
mag / BiEEH
FETXIN R

K 7-8 XRHIERESTH S RS
R 7-1 R, (ERESHNRESHT, R P8GR, TR SEFRSINCARESWRME,

R 71 ZXMRIRELTH S R ES

SEFE XM BEER
R NEORT = s 9i—1 1
EEE h RO SR 20 1
SN B IR RSB 2n+1 _q h+1

TREER n RKEE log,(n+1)—1 n—1

7.2 Z—X#iEH

MBS R, PR — R TRERMBURS Y, R EE 75 2RISR MR Al R0,
PR — AR RARSS Y, IX(E S i P iR AN 7, TR B IR R RIS,

TR s A AR R, s . R RS R %,
7.2.1 BFiERH

WK 7-9 Fr, BF&R (level-order traversal) MITHREIREIZE B — XA, HAEG—EHRBMNERIGH
e 73 1079 Ao
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BERiwHAR FE T EfL®R (breadth-first traversal), tHFREM#%EZE (breadth-first search, BFS),
BRI T —f/ “—E—ERN R NZEERED

rrEREER

BFER (WR7E @ LiisHE)

22 SO, 5 1, 2, 3, 4, 5, 6, 7

B 7-9 ZXREERFET

1. KrEsem

AL D@ ) RSN SRS, PASIENE “JeHESCH” AR, RS Mg i R
ORI, PR T FE AR R — B, SEEARAS AN :

// === File: binary_tree_bfs.swift ===

[* BFBH */
func levelOrder(root: TreeNode) -> [Int] {
/] FIEEATI, MR =
var queue: [TreeNode] = [root]
/] MEE—15R, BFREFEHFS!
var list: [Int] = []
while !queue.isEmpty {
let node = queue.removeFirst() // BAIHPBA
list.append(node.val) // RETSE
if let left = node.left {
queue.append(left) // AFTENA
}
if let right = node.right {
queue.append(right) // BAFTEAR

}

return list

2. ERESH

IEERE R O(n) @ FrA T RBsF—R, R O(n) WA, Hrbn 1R,
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- SSMSZEN O(n) : EREWHT, Wil — RN, WHERKE M, 952 R 77
(n+1)/2 N8, 8 O(n) 2.

7.2.2 FifF. BF. EFIERH

M, wiF. PG RRGENE T REMRKLIER (depth-first traversal), WAGREMKLIEE (depth-first
search, DFS), EAEL T —&h “JoERIRL, FHEIALkE:” 1ED 77

& 7-10 JEoR TR = SR TIRE AR Seim P i AR B, PRI SC P s g2 Se 6 T bR — SIS 8" —
B, N REKBR=MIE, oA NATRE R, S S R

def dfs(root: TreeNode):
" RIERER SR

A if root is None: return

- @ B s AT
dfs(root.left)

@ EifiRkEFiH, MFEREFR
dfs(root.right)

® EETFHBMENR, HBEE

RERGEE 7 Ok,

HiFFER (£ @ iARTR)
1, 2, 4, 5, 3, 6, 7
HFER (f @ LiHRTR)
4, 2,5, 1,6, 3,7
EFER (7 @ iARTR)
4, 5,2,6,7,3,1

B 7-10 ZXERWMIET. HF. ErEh

1. M
IRIE LA R IE BT Se
/] === File: binary_tree_dfs.swift ===

[* BB */
func preOrder(root: TreeNode?) {
guard let root = root else {
return
}
/] BRIRER: RS -> £FH -> AFH
1list.append(root.val)
preOrder(root: root.left)

preOrder(root: root.right)
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/* SRR */
func inOrder(root: TreeNode?) {
guard let root = root else {
return
}
/] BRIRER: EFH -> RS -> AFH
inOrder(root: root.left)
1list.append(root.val)

inOrder(root: root.right)

[* BEFER */

func postOrder(root: TreeNode?) {
guard let root = root else {

return

}
/] BERER: EFH -> BFH -> BHS
postOrder(root: root.left)
postOrder(root: root.right)
list.append(root.val)

Tip
RS R M AT IR TIARSEE, A 245 n] LB AT,

B 7-11 JoR 7P P — AR AR IR, HAlaoh %" #1907 SRR,

1. %" FoITEHTE, B EREEBTIR R — TR
2. 03" FREEORE], ARRLETT R EEVI S,

7 )

\ HRBF (7 ® 35 g/\ / /\
1
\ s

o o
'TEE} 6ede

4(//} R > X\\\\
P Y . : LB 4

Step 1 Step 2

& mTEE

3 L EE

BIFER (£ @ &ipETis)
1, 2
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i#: ETE
13: @ EELH

HIFFER (7 @ WiAiETR)
1, 2, &

4 4

Step 3 Step &

#: TR
3: B LEEH

HFERH (7 @ LiAETR)
1,2, 4,5

#: TR
3: B LE

IR (F @ WipIETR)
1,2, 4,5,3

4
Step 7
B e
3: BEE
HIFFER (7F @ WipiETR)
1,2, 4,5, 3,6
A

s | s3]

#: TR
A: A EEH

B8R (7 @ RiAETR)
1,2,4,5,3,6,7

Step 11

7-11 AP R AR

#: mTEE
V3: EEEH

HIFFBR (F @ 4i5TR)
1, 2, &4

#: MR
A: A EEH

HIFERE (7 @ WiAiETR)
1,2, 4,5

#: ATk
A @ LEEH

HIFFER (@ LinET)
1,2, 4,5,3,6

#: AT
V3: L EEH

HIFER (£ @ AipETisE)
1,2, 4,5 3,6,7
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2. ERESH

- WS AYE R O(n) © FFET S —R, @ O(n) K,
- SHEZIER O(n) : FEREMIUT, BIRGE RERR, WITREAS n, RE0L O(n) Mz,

7.3 ZXMHART

TERERFR T, XA AERTTN T A TreeNode , TR B FREAHER, - THEERFRTH
XA T AR,

M2, BAIRES RIS X e? BER2 HER.

7.3.1 RERFTEZXRH
BT — MRABAEG], HE ML XK, FRA T SRR B R G IR 7 7 — NS, I
AN PR B I — R B |

WRIEZ i@ PR, FATAT DS AT RR5I 5 FWRRIIZ AR “Mi A" HRENRNRTIN G,
WMV RAFWREIIN 2+ 1, AFNERIIN 2042, B 7-12 R T8RRI Z R 5
Ao

[V P

AFTRRS|: 2i+2

7 8 9 10 11 12 13 14
fERBART =X

HREs © 12 3 456 7 8 91011121314
EBFEHF5

Bl 7-12 5ER XM RR

WS A NHI A Y TRER P RSN (RED . BEBEPRER DT, BATERAT DOEE B 230Kk
WRERE (F) 1.
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7.3.2 RREEZ-XH

FER XM DRBI, AR WA RZEH A EFZ None o HH T2 N FHIF AL EIX L None , [
EBRATCIE UL P FISKAET None FUEKEAN AR E, IXERE FAEZ M METHIAERTT & %27 %
Fl,

N 7-13 R, 447 —MHEESEE XM, EIREEARR IR EA R,

ZFF) (B4E) TEm—thRmE TR

BEAFESl 0 1 2 3 4 5 6 7 8 9

g g1 123 146780 12[15]

B 7-13 R AR B 2 i SR AT REME

NT R, BRIl LA IBAE R 3 5 h U S A None o A1 7-14 R, IZARALFE)S, 2
e 3 73 3 Ak ] DARFE— 3R XK 1o RGBSR :

[+ ZXRBHERT */

// R Int? AJ=RE |, BATLUER nil RIFS=A(IL
let tree: [Int?] = [1, 2, 3, 4, nil, 6, 7, 8, 9, nil, nil, 12, nil, nil, 15]

@@

5 10 11 12 13 14
P ($4H) PRI = AN

BeaFEs| 012 3 456 7 8 91011121314

marsy (D000 0000
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K 7-14 EERA R BHRR

EFHANE, e XRHERIESHEMBEDRIOR, mFTe e — XAEIE X, None HHIIIERIKZ HEEL
AR E, HBLRTA None —i& tHBRAEZ i P SIIKIAR RS,

XEWE SRR SR X, AT ERTE None , IEHTIME, &l 7-15 G 7 — M+

EFERRFT (H48)

EARETRH
M AT fE =1

BEEmFY (#48)

8880808000

K 7-15 Ee - XHMIEBHFR

DA SEEL 7 —RRE T REHAORH XA, B4 DA LR E,

CORERT A, RRERE, £ () TR XA,
7N GlIYs 7N 5 0 /TN =15 3 1Zi NI =33 B il 18

// === File: array_binary_tree.swift ===

[* BEART TR X */
class ArrayBinaryTree {

private var tree: [Int?]

[* MERE */
init(arr: [Int?]) {
tree = arr

}

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

tree.count

}

[* REERSIA L WRHE ¥/
func val(i: Int) -> Int? {
/] BESER, MRE null , KKREML
if 1 <0 || 1>=size() {
return nil

}
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return tree[i]

/* FREES|A 1 TRNEFHRNERES] */
func left(i: Int) -> Int {
2 *1+1

/* REYES|A 1 TENAFHENERS| */
func right(i: Int) -> Int {
2 * 1+ 2

/* FREFES|A 1 TR TRNERS| */
func parent(i: Int) -> Int {
i-1)/2

[* BFEH */
func levelOrder() -> [Int] {
var res: [Int] = []
/] BEXEmhEA
for 1 in 0 ..< size() {
if let val = val(i: 1) {

res.append(val)

}

return res

[* RERIET */

private func dfs(i: Int, order: String, res: inout [Int]) {

/] BEAZEAL, MHRE]
guard let val = val(i: 1) else {

return
}
/] BIFIEH
if order == "pre" {
res.append(val)
}

dfs(i: left(i: 1), order: order, res: &res)
/] HFEFEH
if order == "in" {
res.append(val)
}
dfs(i: right(i: 1), order: order, res: &res)

/] BF&R
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if order == "post" {
res.append(val)
}
}

[* BIFEH */

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

3

/> HEFE */

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

}

[* BEEH */
func postOrder() -> [Int] {
var res: [Int] = []
dfs(i: 0, order: "post", res: &res)

return res

7.3.3 iRE5RMRE

XM B R EZ A DA MR

- BAARRTEESIINAR SR, NREREE, VRSP sk,
- ATEAETRE, BB,
- SUVFREALIT AN R

SR, BEAHFOR WA — LR R

- BEHAERZOESNF AN, RIANE & 7 R R KRR
- R R EOE I B N S PR ARSI, R,
4 XM HFAER R None I, BEH AL & B9 80 P BRI, 2 TR M) A 3R B

7.4 —X¥EFR

WE 7-16 iR, —X$#EZH (binary search tree) & DL N %&
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1 PRI, 72 TR ST SE < MR Al < 5 TR ATE Y A,
2. EBTRE, AR SIERN, BIFERRRSMF 1. .

ZRiEFER

binary search tree

K 7-16 —XiHZEH

7.4.1 —XIEEWBIRE

BATE AR B —1 2 BinarySearchTree , HAHH— PN GAZEE root , fEFIFAIFRTI K,

1. TS

27 AR RUE num , AT DURYE — SCERMAIMEBCR &, W 7-17 R, BATFEB— PR cur, MZX
BREBIHRTT A root HIK, FEIRELECT RUE cur.val Al num ZRIFR/INR SR

-+ % cur.val < num, BERAEFRTATE cur I, FIHAT cur = cur.right o
© ficur.val > num, BERHEART SFE cur AT, FIEHIT cur = cur.left,
© ficur.val = num, BERAEREIEFRT A, BEHIEIAFHHRENZT A
ERIGFRRPER TR E-REFRPERTR
© ©
AN ~

()

/N /N OV
VIVive Vivive

Step 1 Step 2
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E-XEERTERTE () E-xigERtERTEE ()

466 b00es LOAL

Step 3 Step 4

7-17 X AERWMERT JURB

X AERM ARG S EIRERN TR 2, #REAHERR 1B 0, TR 2 — A
EE, YRR, A O(logn) N, REEELIT:

// === File: binary_search_tree.swift ===

[* BETR ¥/
func search(num: Int) -> TreeNode? {
var cur = root
/] TERER, HIHREBkE
while cur != nil {
/] BIETHRE cur BIAEFH
if cur!.val < num {
cur = cur?.right
}
/] BARTHRE cur HAEFHAE
else if cur!.val > num {
cur = cur?.left
}
/] BB R, BRHTER
else {
break
}
}
/] EREBRTR

return cur

2. ANTSE
HE—MEEATCE nun, N TR XHEER “EW <R < GTR R, HmARERENE
7-18 v,

1. HEREAGE: SEDIREMEL, MR AL, RIESETRUER nun FANEREIAN TR, B
FE AT R GEJIZE None ) INBERHITEER,



O ) hello-algo.com 153

2. TEEN BN WAL A num , X SUE T None TN EL,

E-xgERmEATR @

B 7-18 £ XARARM AT R

FERRRIp, TEERLIMAL

XERMAARVHAERERE TR, SUREREE S B, HREEATSERPERE, AT
A, HIER[E,

NTRIHBRATIR, BATEEIT A pre (/7 E—HIEAATT i, IXFELER T2 None I, FATTAT LA
AREEIH AN 5, AT SRR sl N IR PR

// === File: binary_search_tree.swift ===

[* BATTR %/
func insert(num: Int) {
/] BEWAZE, WHEART S
if root == nil {
root = TreeNode(x: num)
return
}
var cur = root
var pre: TreeNode?
/] TERE, HIHHRERkE
while cur != nil {
/] HEEET S, HERE
if cur!.val == num {
return
}
pre = cur

/] NGB cur MAEFRH
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if cur!.val < num {

cur = cur?.right

}
/] FENBE cur HEFHAE
else {
cur = cur?.left
}
}
/] BANTR

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

}

SERN AR, FBATRER O(logn) MFL,

3. HFRTR

FEAE XM AR EREI AT A, FRREMER, SRATREE, FROTFERIEEMPRREERE, —XER
PR TR < ARTTARL < AT BTSRRI E. R, FAMRSE BARTT R 7 8, 4300 12 =
FBOL, SATXE B AIIBR TS A

G 7-19 FoR, HAEMIBRT RIS O I, FORIZW UM, A DUEHEINER,

E-RiERRTBSRTE @

00000000

cur

T T (1 ¢ B cur # 2. HEB% cur BF

FHENE =0 #11T pre.left = None

7-19 FEZXERMPMBRT A (N 0)

NIl 7-20 AR, HMAEMNBRTT A 1IN, RARINIBR TS s o HF 1 s B AT
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E-REERTIRTER ©)

v HR cur B 2. ¥ cur BEAHETFTR

P4 e
Lo LES LT (0 FHoHE = 1 HAT pre.left = cur.right

7-20 FEZXAEEMHMIERT A (ER 1)

HREMIERT RS 2 I, BATCIRER MR e, MRRZEH DR 0L . BT ZAR SRR
ETR <R < HFRT BIME,  BIX AR DU RSN s R R

RSB N RA TR A (PREHN— D RD, NMBRRERZENE 7-21 Fr.

L. BREHHERY SAE s FEs” PR MR, 2N tmp o
2. tmp AOEE S RRIERTT SOROME,  FRAERTAFIBYIMIBRT AL tmp o

=g EE (O =R sE @

Y . f\
@\ 1. ERHBIREA cur . 1. ERHBIREA cur
- .

/\ o A cur WFHAKE - 2
@ o™ 2. MBTR cur SA=H:

@ &j f @ j J»\ /0\ (1) &R cur ERFEHNEETSR nex
D € @@@é@ 000000

A

l Step 1 ‘ Step 2 J

E-xEERTRsE O E-xigEmrnER O
0
\ 1. THRBREA cur

v TR cur WFHRNE = 2

1. ERHBRTSR cur

v A cur MFNABE - 2

2. BIRTR cur FH=ES: Y 0] 2. BIRRTA cur DR=H:
(1) & cur EHFERNESTR nex (1) &R cur EPFBHNELTIR nex
(2) FEZXMFRIIMFRTR nex (2) EZXWFRIIWERT A nex
Y.
00000

(3) #¥5R nex ERATR cur

Step 3 | Step 4

B 7-21 ESAERMPPRT R (R 2)
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MRS R E AL O(logn) IR, Hrp&ERAHMBRT RFHE O(logn) WA, FREXH 87 54675
FHZ O(logn) MR, RBEMLESLT:

// === File: binary_search_tree.swift ===

[* BBRTIR */
func remove(num: Int) {
/] BEWAZE, BERFHRE
if root == nil {
return
}
var cur = root

var pre: TreeNode?

/] EFE, BT REkE

while cur != nil {
/] BHEEREFET R, BEHERF
if cur!.val == num {
break
}
pre = cur

/] FHFETRE cur EFHF
if cur!.val < num {

cur = cur?.right

}
/] FHBETRE cur HEFHE
else {
cur = cur?.left
}
}
/] XGRS, WEEHRE
if cur == nil {
return
}

/] FOE8E =0 or 1

if cur?.left == nil || cur?.right == nil {
/] BFT=EE =0/ 18, child = null / ZFTR
let child = cur?.left ?? cur?.right

[/ BIBFTR cur

if cur !== root {
if pre?.left === cur {
pre?.left = child
} else {
pre?.right = child
}
} else {

/] ERFETRART SR, MEMEERTSR
root = child
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/] FURHE =2
else {
/] FRBFFERF cur W F—PHR
var tmp = cur?.right
while tmp?.left != nil {
tmp = tmp?.left
}
/] ZBVAMBRTI = tmp
remove(num: tmp!.val)
/] BB tmp BE cur

cur?.val = tmp!.val

4. PFFEHEF
i 7-22 fioR, OB RGO — IR — A7 AT, o SXAERREE TR <R
TR <AHFIR" BRI KER.

REREE X ERM T rEin, SRRMAEN N — MR, AmEH—NEEER: X
RRWH PR E TR

A @ TP BE R, RATITE = AR IREA P BB E O(n) INIH, JEAUETRIMTHER B 1E,
FEH =R

TSR PFEHFTI

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

TR

e,
TRE @ &4niA

B 7-22 ZXAEEWHI IR P
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7.4.2 —REFMBIE

R, BB EE B IR, MR 7-2, AU RMAR TR (RN (7] 2 2% AT
A, BARE BEsrriat. RAERSIEIN, IR ESPREARR RS, B = AR AT

R,

® 7-2 WASHERRBIBER

TR RN
#HTE O(n) O(logn)
AR 0(1) O(logn)
fiERTE  O(n) O(logn)

FEHAEEIT, “XHERME P 19, IZAEEA] DIE log n RIEFF N EHRAER T M.

AT, AN S THE — A PRI A ARIMBR 5, FTAES S BN 7-23 FTRiNseEs:, XN
FIRERI )& 2R th 2B O(n) .

4
N P
/N /0 )
4
Tt TieT / BRI

7-23 —XHEERWIE

7.43 “XREFWMWERRA

- RERFTZRRG], LHESAIER, A MERERE,
- RN R IR R B BAREE
- AT SRR, ARREEA RS,
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7.5 AVL g *
£ “T“XHEERM BN ERAMED, E20EAMBREEE, —XERWAEER R, EXHERT,

A HRERIN T E 25K M O (log n) 240 O(n) .
I 7-24 R, Lo BIUCIMR S, 08— SRR 2B L MR,

MEsHA 3 @

EfE Bk
EH-R ZE=-Ri R

7-24  AVL SHEMIRRT w5 2 AR

FEHIN, EE 7-25 FURR5E3E SRRl AP N1 RS, BERE TR AR, A ERIRCERIR RIS A
1o

o o
@@ BATA 2 @@

B Bf
FEZXH TR R il X

7-25 AVL SHEFRAT UG 2 AR

1962 £ G. M. Adelson-Velsky #1 E. M. Landis 7E it 3¢ “An algorithm for the organization of
information” F{RH T AVL Y, IEXHRIRAIRNA T — RYHRME, BERTERFSASIMAIMIER T RS, AVL B
SIBAE, TS S FHRERN E 2 242 (R1E O(logn) Fll, ARG, 16 T B4 AT 3 2 i i e
A, AVL BERELRLRIRFF R R iR R IR RE, BATREFHIN FHME.
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7.5.1 AVL WERAKIE

AVL R = SRR, R S, FIRTREX R X BI AT E TR, BRI — s — RN

(balanced binary search tree),

1. ¥58

T

BT AVL BRI E R ZARICT s, R FRATI TR ZON T 2R8I height 288

/* AVL BT */
class TreeNode {
var val: Int // BEE
var height: Int // TEaE
var left: TreeNode? // EFTm
var right: TreeNode? // AFTH

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

TREET BIENZTT R EARIZH T AR, BRI a7 R, JTERITEER, A
AU 0, MRS —1 o BATRAEM D TREE, 725 TR EE R s i

// === File: avl_tree.swift ===

[* KRBT EREE */

func height(node: TreeNode?) -> Int {
/] ERREEA -1, HEREER 0
node?.height ?? -1

[* BEThREE */
func updateHeight(node: TreeNode?) {
/] TEREEETESFNEE + 1
node?.height = max(height(node: node?.left), height(node: node?.right)) + 1

2. BRFHEAF

TR FEREF (balance factor) &N R A TS EREG FRAVEE, RINMEZT SEFEE 1
0o BARRERRICT 5P A 7BI S REBIAR R R, 77 e SE :
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// === File: avl_tree.swift ===

[* FRENEEERETF */
func balanceFactor(node: TreeNode?) -> Int {
/] ENRTERFH 0
guard let node = node else { return 0 }
/] TRTEEETF = EFNSE - EFNSE
return height(node: node.left) - height(node: node.right)

Note
WA TR f, W—RR AVL S ERT S fE R e —1 < f < 1,

7.5.2 AVL BihEss
AVL WEES ST “HEds” #R0E, ‘ERESTE RSN — SR s i AR RTR R, ey s win g
5, HRAEVL, BEESIRVEREREORRF “SUBEM WPERR, WA EREN P R,

BATR TR FHE > 1 BT Ry R, MR T R ORI, BERAR e PRt e,
e, Sehlea e, JeElefatie. N I e A,

1. Bk

aniE 7-26 R, TRTITPERE T WRZEE, —XRAE M RZ TR 37 FASREZKE
TR R T, RHZT 00N node , HZAETRIEHN child, 1T “fle” #fE, Elthes, 7
TREVH, FFERORRE = AR,

P o
PN N\
/9 0 y e‘ RAFREGOTHE

ode BARBAIZN node
BEFHREN child
/\i//'
©
<

Step 1 ‘ Step 2

\ R RERE: / \ i R

1. B child AEm, ¥ node MG 1. Bl child AER, ¥ node BANHE

P N 2. B child BRLET node HMIE
9‘ ke e
hhﬁ\ * BRI, T HERETE

node

”
node

Step 3 \ Step 4
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7-26 Al L %

WE 7-27 AR, Y95 A child BE 7T A (G0 grand_child ) B, FEELGHEFHRIN—%: ¥ grand_child
YEN node FIZEF15 Mo

o w )
o

A
/ grand_child /

& 7-27 £ grand_child A5 EglE
R RIS, S ERTE R AR RS, R R
/] === File: avl_tree.swift ===

[* GHER(E */

func rightRotate(node: TreeNode?) -> TreeNode? {
let child = node?.left
let grandChild = child?.right
/] VA child AR, & node [AATER:
child?.right = node
node?.left = grandChild
/] EFmREE
updateHeight(node: node)
updateHeight(node: child)
/] BB EFREIRT =

return child

2. khE

MR, GHERZZ & LIRS — AT “BifB”, MITREHITE 7-28 R “ZEhE” 1#1F.
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RAEhEsE @
o

& 7-28 felietilE

FH, @/ 7-29 FiR, M7 s child BAF 1A (28 grand_child ) B, FREFELIEFHRM—2: ¥
grand_child 2% node 45111 mio

P ERETH
) o
i m&m& o \
\ \
©

A
grand_child

K 7-29 f grand_child f/cHEs(E

A DAOER R, e el e 2 i R B FRI), SN A PR R TS DL M FRIN . 2T xR
M, BATRTRATER IR R left BN right , KATER right BN left, BIRIGEIE
TR SEBARAS :

// === File: avl_tree.swift ===

[* FEHERIE */

func leftRotate(node: TreeNode?) -> TreeNode? {
let child = node?.right
let grandChild = child?.left
/] LA child ARS, & node MIZEhed
child?.left = node
node?.right = grandChild
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/] BFRTRRE
updateHeight(node: node)
updateHeight(node: child)
/] R[EFEE EFREET =

return child

3. EERERARE

T B 7-30 RT3, A A s A BEAR O IR TR S A, R RSN child BT “AERE,
X node AT “HliE”,

# child H4T @ 3 node 1T
EhE Al

K 7-30 SeiElEE e

4. FHBEFERE

nE 7-31 FoR, AT ERKE XTSRRI, TELX child UT “HE7, X node AT “ZEHE

K 7-31 Jeflea Ll
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5. NefsRYER

& 7-32 R P RPR S G L 5 RIRRBIBR XN, Al ER A e, Seiebgatbe. Jorlea/ohe. 7ohe

WA

FoIhE
=g

FhahE
=73

e

& 7-32  AVL FRHIPYRRIER: 16

QITRERAIR,  FAT @ I S 1875 s P R DR e — MU 7 s B PR R B IE S S, SR E R M 19 A

J& T 7-32 A BEAE O

® 7-3 VURBERC R DL RIS

KRR FUREEEET  RCRARER 7%
> 1 CEfmith) >0 filie

> 1 (ZEfmt) <0 JefehiefE e

< —1 () <0 FEle

< —1 () >0 JetiliefE fee

NTRETER, BATRBEFEAREERR DR A TR, HAVREN SRR ORI s, K

WY R A, AS AN R AR
/] === File: avl_tree.swift ===

[* BITHEEEARIE, R FNERRE TS */
func rotate(node: TreeNode?) -> TreeNode? {
/] FFEXT 5= node HYFHIAF
let balanceFactor = balanceFactor(node: node)

/] =R
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if balanceFactor > 1 {
if self.balanceFactor(node: node?.left) >= 0 {
/| e
return rightRotate(node: node)
} else {
/] FEhREETE
node?.left = leftRotate(node: node?.left)

return rightRotate(node: node)

}
/] Efmk
if balanceFactor < -1 {
if self.balanceFactor(node: node?.right) <= 0 {
/] Ehe
return leftRotate(node: node)
} else {
/] FaEREER
node?.right = rightRotate(node: node?.right)
return leftRotate(node: node)

}
/] TR, FTher:, HiRO

return node

7.5.3 AVL WEBIRE
1. BASS

AVL BT A BRE S AR RRE TR EREL, ME—RIXBIET, £ AVL WA RE, METHHEE
MR R R R ATRES I —RIIK M, Bk, OB ENXANTROTR, AR ERTheskie,
PR RBP4 R AR

// === File: avl_tree.swift ===

[* FATE */
func insert(val: Int) {

root = insertHelper(node: root, val: val)

[* BIFENT R GEBNIEE) */

func insertHelper(node: TreeNode?, val: Int) -> TreeNode? {
var node = node
if node == nil {

return TreeNode(x: val)
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[* 1. BEREBANUEHBEANTS */
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 // EETSAHEN, BERE
}
updateHeight(node: node) // EFf T AEE
[* 2. WITHESRIRIE, ERTFHENRMETE */
node = rotate(node: node)
/] REFREIIRT =

return node

2. MIFET =

KOl AE = AERREAIMIERTT 75 TR AL b, TR NRZE TR TIE IR E, BEATA R RIS -,
AN AR

/] === File: avl_tree.swift ===

[* BBRTIS */
func remove(val: Int) {

root = removeHelper(node: root, val: val)

[* BIEAMBRT R (BhAEE)  */
func removeHelper(node: TreeNode?, val: Int) -> TreeNode? {
var node = node
if node == nil {
return nil
}
[* 1. BERTRHBER */
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
/] FHRHE = 0 , BEMPBR node FR[D|
if child == nil {

return nil
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/] FHRHE = 1, BEMBR node
else {
node = child

}
} else {
/] FUSKE = 2, WEREEHN TN RMER, FRZTABRIFTR
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) // EF T EEE
[* 2. PITHRSSIR(E, EZFHENRMETE */
node = rotate(node: node)
/] REFHEIIRT =

return node

3. EHTR

AVL R R EBIRIE S RN —8, IR EENR,

7.5.4 AVL R8BI

- HERUERERTEE, ST RER, (RIS E7 5.

- AT HEEIEEHRT I RS

- CLRRRHIR — R DA T SUSR, MET AVL B, LSRR TSR R A, RS IR
AR BB BT /D, 17 R ) P AR B

7.6 N

1. EREHR

© X AR RS, AL o = iREE. B0 XK RE S — MEDU R E
B, AR 7 SR T R

C NTEXMRREANT R, HE () FUHRNRENERIIRENONZ T SEE (G) 50,

© XMBIRR AR A, AL B E b SEIRESE,

- XHIRIAME, TR AT BRI SRR R T IR

- WIR S XRERBIE SRR X, e R SR SRR R, S8 3 O R SR AR AR
&, MHERERMERRZERE,
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© SXRATDUHEBERR, TR R EN R IR HES, HARIERT RS T R Z AR
RGOS RR LB

C SXMRE s BRI, BT RSN R RN, s
IEBABIR S,

- BRI, ERED EETRENCER, ENAIT SUESIURSL, mBRaks:” fenri, |
5 FH IR RS

- SRR - MES T REREIES N, KA, mARMERRERN FE A O(logn) .
Y IR AOVEERN, BRTNAERERHLE O(n) .

- AVL B, WFRPHE = SARRN, I e R ORI AFIRHBR T S AT AR R 18

- AVL WHUBERSRIE IR A e, Zohe. Jorhefahe. Je/ehemnahe. fEmABMPRT S5, AVL S
MR TS T IR LR AR, (ERTE R &2 P14,

2. Q&A

Q: MTHA MWK XM, A mEFRIMRT SHREARZ 0 15?2

T, DY@ TR @R 2 SO G EE”,

Q: “XMFREEA SR — M —ERIELE N, KB “—ERIE" faftale? o] DIERNBRIR T
TR PR PRI ?

EXALRRERZB, ERTT SR =R EOUCEE,  Hrh AR O R T 2 N ERA T R,
Q: HMft2 DFSh XA, . Ja=Flire, 25aH2mE?

S e B R R, Bir. B, Bl =M X T, BT AR eS8 — R

T FRREE R, FIINE_XERMT, HTFHEARNGE EFTRE < BTAE < AFTARE, Wit
BAMTHEZR I — R — &7 WIEGOsm, el DIKEE R sz,

Q: HHERIE RIS T 5 node. child. grand_child Z[AIZRZR, HF node AT mifll node SRR IIERE
AFEBYEIL? et e g T2

FAV R E N T A R B XA B, A5 @18 1F right_rotate(root) f& AU F M AUAR T, R
return child JR[EIFER: < JEHIFRIFRRTT o FRIBINRT RATHACT R BIEROR T X R HOR BUE 52, A
J& T e R E L,

Q: 7 C++ 1, R4 private fl public H, XA HAEMTLEZRIL? AL EW height() EKEHI
updateHeight() FRELS HIHLAE public 1 private HlE?

FTEEHFENMERGE, MRAERERNTMEH, Bl private o Fla0, P s#kE A
updateHeight() /B A R XM, BHEMA. MEREEFIFI—5, T height() BRI SEE, KT
vector.size(), [RIHIZEK public PAMEFH,

Q: nfa \—2H i ANBHEAT I — MR = W REM? IR R R N REE?

SR, MR Y75 CAE T AR RS Y build_tree() JTIAHEAH, BTRY AL, RITEES
R NEdEHy, AR ROTRE R A, BB T IXAREORT DU RE FE PR UEAR 1) 11
Mo

Q: 1t Java i, FIFERNELES—E M equals() J7ik?
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£ Java W, X TEAEIRRM == AT N DNERIEZ OGS, X ToHA, WA SH) TR
2 NGl

< == AR ZEELIEAE NN, BEMIERNGTHRAE 2 SHEE,
-+ equals(): AR LR DNRIMER BHE,

R, WESRERT HefE, FRATN % equals() » #AMN, 1@ String a = "hi"; String b = "hi"; WILATLAY
FRFEREFEE T REEH, EfHsmE—1MN%R, FEWr DA a = b REEEH N FRFERNNE,

Q: IEEMRAEBIEIRR AT, BAFIHE R 2P 12
SR, BINESE h = 2 M0, s = 7, MRETAER 4 = 20 = (n+1)/2,
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Abstract
et 2 ILEED, BEERAR, BEESR,
JE R L U i IRER T, T e N LI 2 B S R AR 7
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8.1 i

# (heap) 22— RIERMAAIER XM, TEAJNMARE, K 8-1 Fr.

- TR (min heap): LR AIE < H7 S0E,
- KT (max heap): LR AMME > H9 SHME,

N N
/NN SN SN

L)L L)L)

2 ‘B2TXW B 2 ‘T2’ B
EETRNE <« EFT=E EETSNE 2 HFTaNE
TG P2
min heap max heap

8-1 /NTIHES KIViHE

HEFE N oE 2 I — DRI, Bl DURRE,

- RRETREEAIETE, HART R,
o BRSO EARTT SRR CHETR, RERZER SR BT RN HERR,
- OTFRTME ONTHE), HETOTER (R WERRKR &I K,

8.1.1 BEVEMIRIE
FEAEHMRE, 2 RmRIE S IREZMET (priority queue), IXZE—FHHRNEHELH, & X HEHBR
FeRHE BB

SCBR b, HEEHT T SEBOLERAS, RTHHER S T oea3E MR M BRI IETERAS, A F R,
BATRTLLRE “PEIEBASN” 1 “HE” BOESEMRIEIREA. HIt, AHNMERMRERIX Y, gi—MfE “HE”,

HERTH FIRIELR 8-1, T5TRA TR ERIEHmAE IR = RE,

7% 8-1 HERTHRIERCR
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Tk ik [R5 2% e
push() JEEANHE O(logn)
pop() HETTC 2R Y HE O(logn)
peek() VIFMETOTER O TR [ /NTHED BB K / /IMED 0(1)
size() PAGEITT IR o(1)
isEmpty() H b= A O(1)

FESKBRA A, FRATTAT DAELRRAE R gmAs 8 = RO (BRILTEPATIZE)

RUTHFEIETR “WNEERHES” F1 “MREVNEFN”, FATA] OB IR B — flag BB Comparator
KL UNTHET 5 CRTHE” Z RIS, AR RTR:

// === File: heap.swift ===

[* VIR */

/] Swift B Heap LEFNZIFRAMEMER/IE, BEES|IN swift-collections
var heap = Heap<Int>()

[* TTENE */
heap.insert(1)
heap.insert(3)
heap.insert(2)
heap.1insert(5)
heap.1insert(4)

[* IREVETRITE */

var peek = heap.max()!

[* TR LM */

peek = heap.
peek = heap.
peek = heap.
peek = heap.
peek = heap.

removeMax() // 5
removeMax() // 4
removeMax() // 3
removeMax() // 2
removeMax() // 1

[* FREUER/N */

let size = heap.count

/* FIBTIER B RT */
let isEmpty = heap.1isEmpty

[* BNFIRFEME +/

let heap2 = Heap([1, 3, 2, 5, 4])
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8.1.2 MERYSCIY

DCEHR R ARTIE, 75 A H R O/ e, R A N EHIMIGY (BN, # > Ziih <)o B
PLEBRY A AT AR TSR,

1. BHFHESRE
X mNUNY, e XAMAERIE A SRR, BTHEER MR TR, R ERATIR R B
RAFBHE,

Y ABHIOR X, JTTRAET AME, RIMENRE XIS, WRARHHEERT I A K
HRIB

K 8-2 iR, SERS G, HEFWRMNRIIN2i+ 1, HGFWRINRIIN 2+ 2, KRR

(i—1)/2 (AR, HRIIBAN, TR RE AT,
SERIBIREH IRRMIREN (RETEHE)
W BRI 2RI 2R “BAE RT BRI

#l o 1 2 3 4 5 6 7 8 9 10 11

= 300080080000

(i-1)/2 i 2i+1 2i+2
~ I
B Ee)= EF AF
TR B 5L 81
BT FR 5| BRGT SCIR TS s

82 HEINHET S 17
AT DL R 5 (BT A BTEER R £, 7B fE8
// === File: my_heap.swift ===

/* REVEFTRZES| */
func left(i: Int) -> Int {
2 *1+1

}

[* RBAFTHRNERS| */
func right(i: Int) -> Int {
2* 1+ 2
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/* R T REIES| */

func parent(i: Int) -> Int {
(1-1)/ 2/ BTk

}

2. hiRBgTRTTR

HETOTR RN AR R, /@8 3RAE ITR:

// === File: my_heap.swift ===

[* TAEETTER */

func peek() -> Int {
maxHeap[0]

}

3. TENE

IR val , BATELREINMEER, BINZ)E, BT val AlgERTHEHAMITER, HERYROLA AT RE
CARBER, IR ZEE I T RS R LS, X MRERAR L (heapify),

FEMAHET ROTE, WRETRITHEIL, W& 8-3 FR, FAHESEAT RS H AT mfIE, nFEAT
REER, NWHREMse, RIEREPITIHIRME, WERETEEHEHRS DT A, EREERT K082

SEHEI T RN EE

N ,;
/\ /\ w0 M
[V

ZRERT
WART
Step 1

/ \ HE @ N
1. ¥HR 7 FNERE

n Step 2
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w2 @ Nt @ Nt

1. BH= 7 FNBLE
2. NEETR#HTHEY (Sift Up)

1. BHR 7 FNEHER
2. WEETm#TH (Sift Up)
v PR 5 < PR 7

- RRHEHR

v PE5 s BR7

s3] (000008000080 step 4

HR @ Nt
1. RBER 7 FNERRE
2. NEETR#THEAY (Sift Up)

w5 @ Ne

1. BHR 7 FNEHER
2. WEETm#THA (Sift Up)

v BR 6 s BHT v A6 s BRT
o RRETR
[sten s | 0808000 step 6 |
7 P HA @ e

1. ¥H= 7 FMERR
2. MEZETG#TEW (Sift Up)

1. BHR 7 FNMEER
2. MWEETBHTEL (Sift Up)
BRI > TR
~ FRATRIR

v R 9> BR T

=7 (00000000000 (s

HE @ M

1. ¥HR 7 FMERE
2. MNEETU# T (Sift Up)
TG, ATUENMERIGEIEE

Step 9 ‘

K 8-3 JERAHEN IR

R RUEEOY n, WM O(logn) o HIELATA], HECBIERTER L EER 20 O(logn) , JTERAHERR:
eI 2R O(logn) » AREBIN RATR:

// === File: my_heap.swift ===

[* TTENHE */
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func push(val: Int) {
/] A0
maxHeap.append(val)
/] MRETH
siftUp(i: size() - 1)
}

[* MW= 1 TR, NERETEL */
func siftUp(i: Int) {
var 1 = 1
while true {
/] RIS 1 HRTS
let p = parent(i: 1)
/] 8 “HERTR B “TREAMEE” B, LSRN
if p < 0 || maxHeap[i] <= maxHeap[p] {
break

}

/] TR
swap(i: i1, j: p)
/] 1EfmE Ll
i=p

4, MTTERLiE

HETHOT 3R 02 — R HIRRTI A, W%%ﬁﬁ%om%ﬁmE%MW%$M%§ﬁ%,%Z:XW¢%H$QW
R KAEZ, KRG ME R TR E LR WNE, N T RERDITTRRIIHZD, FATRM L
TRV,

1. HETTOTR SHEROTR GRS a1 D,
2. ZHsEE, HERMIIRFER GER, mTeasc, RItshn EMPREZERIHETOTR) .
3. MRTIRUTSE, MBIEIRITHEL.

aniEl 8-4 FR, “MBIENRHEL” BIRAETTIS “IREDHEL” HR, AR RAES D1 R
EIEATEERR, ReBoRHY 71 U SR st RS TR AT IR, BRI M OB R e B 7
I &5 R
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SEMTRLE

[step 1

ETMTREE

1. BEMTRSEETRR
2. BHHYFIHERTE

TR

1. FBEMTRSHETREZR

2. HHMEIEERTE

3. MTRER#{THK (Sift Down)

v EFR 5, 8, 7%, FR 8 BA
o ZRTBR 5 5TR 8

SEMTRLE

1. BEMTRSEETRR
2. HHUFEIERTE
3. MIRER##THA (Sift Down)

v TR S5, 6, 7H, TR 7 &K
o TR 5 5TR 7

SETTRLE

1. FBEMTRSHETREZR

2. HHMEIEERTER

3. MTRER#{THK (Sift Down)

v EFR S5, 3, 6, TR 6 Bk
o RTBR 5 5TR 6

SETRTR LS

1. BEMTRSHERTRZIR

Step 2 |

TR

1. BEMTRSHRTRTR

2. B UFARETR

3. MIRER#THEW (Sift Down)

v TR 5, 8, 7 4, BR 8 BA

Step 4 J

SETRTR LS

1. BEMTRSHEETRZIR
2. HMBIRHETE
3. MMER#THA (Sift Down)

v EHR 5, 6, 7, HA 7 BK

Step 6 |

TR

1. BEMTRSHRTRTR

2. B LFAIRETR

3. MIRER##THEW (Sift Down)

v ERR 5, 3, 6, TR 6 BA

Step 8 J

SETT RS

1. BEMTRSHEETRZIR
2. HHMBIRHETE
3. MMZR#THA (Sift Down)

MG, AIBENEREEIESE

Step 10 |
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K 8-4 HETITR DS
SRR NMERERRL, HETUTER H R ER R R E & EHH O(logn) o« RESUIRATR:
// === File: my_heap.swift ===

[* TR */
func pop() -> Int {
/] FI=5E
if isEmpty() {
fatalError(" #AZT")
}
/] RBBHREREHTR (RIRETRSETR)
swap(i: 0, j: size() - 1)
/] BBRTI=R
let val = maxHeap.remove(at: size() - 1)
/] MTRE[H
siftDown(i: 0)
/] BREETTER

return val

[* MW= 1 Fih, MIRERRHL */
func siftDown(i: Int) {
var 1 = i
while true {
/] FIEHE 1, 1, r FESRANTS, 124 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
}
/] BTR 1 RAREKS| 1, r @R, WEREREHEWL, B
if ma == 1 {
break
}

/] IEFET R
swap(i: 1, j: ma)
/] TEFRRETHEL

i=ma
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8.1.3 R RN

- DRSEBNBN: HEIE (O SRR SE AN e BR S 1, BN AR I 1 2 2% 2579 O(logn)
, THEEBRIER O(n) , IXEEBRAEERARE SR

- MR g —dHEdE, BT DU ENTE— D, RE AR T TR R, MSEIE
i SR, BANEHE M —ME AR NSEBE?, T T E,

- BRIURRI K AER: X2 —NERMARIARR, [FINt2— R R, BIanE T 10 FHETE
TENTREEE, I ECE AT 10 YRS,

8.2 FBIMHE(F

FEFLEEIT, BAIREEH—MIRIFTETTE R — D, XDIREENOY EHERE,

8.2.1 fEBANIEHR{EIIL
BATE QD RIFEIYNE, KU DITTRIT “AHESRIE", BYCRTRINESER R,
MIZTCRIT “WRET” HEfL,

Y —DITRAME, HERRERN— BT AR NTRE AR AT = X, Fites “8 kmr”
FER

BIERHE N n, BOTURMAHERIEGH O(logn) IR, FIHIZEHE BN S 25 O(nlogn)

o

8.2.2 BB IEIR

KPR b, FRATA] DASEEL — R N i HE T R, e

L. RAIRFT A TR T BRSNS, R HER P B RIS 2 2
2. B (B hiER), RUOHEE NIRRT “ IR,

T — AT UG, PUZT RO R RSB R — A GTIEN . Tl TR E e, EitHEE A
SR AR,

Z R LOE B ), BROIZAERES CRIE S AT R TR ELR SN THE, XA ST /A2
AR,

EREHNE, BTHWREA 7N, BEMRAMRE GIAN i, Mk, MUTRBTR, &E
—MNEM T R RE MR, FATWETTH A E 7 AT e :

/] === File: my_heap.swift ===
[* ¥EFE, IRIBWANTIRESRE */

init(nums: [Int]) {
/] BSIRTERI RS
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maxHeap = nums

/] AR T R UMY E AR E T =

for 1 in (0 ... parent(i: size() - 1)).reversed() {
siftDown(i: 1)

}

8.2.3 ERESR

T, Bl R R — R I 5

BTSSRI AR v, WIS (n+ 1)/2, HoR /N R, IR (e

MR (n— 1)/2,

- AEMNTRECHECARR, N1 R LB, TR AR RO — U log n .
5 AR TR, AESEERNNAERES O(nlogn) . HXAMHEETIAMD, FARINE
BB SRR A RS T UL 15 AP R,
B R BATRME T IR LS, 7 RSB, IR — N1 AR n . BN B 5226
B, R R B R E R

HR=E BEHANE
(EME L RAERE)
[ — 20
/ \ 1
h-1 2
SN N 2
—— T J—— 2
SV
e =3 - 23
1 2h-1
(EER, MEREER 0) e 0 e 2h

K 8-5 SE3E - XMRHFFZE T A

A 8-5 FiR, TRl “MTZEJRHEL” AR T B S A EE RS, MZEEER 1A
7, [RitE, FRATATDON & RH “ 8 x WREE” KM, [T TR AR B S,

T(h) =2°h 42 (h — 1) + 22(h — 2) + - + 2"V x 1

et BT A BEIENR, Jets T'(h) LA 2, 153):
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T(h)=2h+2Y(h—1)+2%(h—2) + -+ 2"t x 1
2T(h) =2'h +22(h — 1) +23(h —2) + -+ 2" x 1
RS OARRE, R 27 (h) W2 LR T(h), Af:
2T(h) —T(h) =T(h) = —2°h + 21 +22 4 ... 4- 20—1 4 2h
Mg LK, BT (h) BB, ATERMERARMAN, BRINHEZEN:
1—2"
T(h) = — b
_ 2h+1 h )
_ O(Qh)
M—3b, BIER h SR SO AR n = 20T — 1, BEERERN O(2") = O(n) . DAL

R, WASIFIFRHENINEEAER O(n) , ER &L

8.3 Top-k ial@#

Question
H[RE—NEKEN n EFEAH nums |, IHIREIFHFRERRE kT,

MR, BAVC HPRERS LR E RIS, B AReR E RIS,

8.3.1 FiE—: BHi%EF

TATRT LORATIE 8-6 Fnil K #ei/h, 7 AEGAePREGE 1. 2. ...« k KT, WRERER O(nk) .
WHEFIERT b < n BB, FRY k5 n lgssant, HEEEREEmT O(n?), JEHEFEN,
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k=3

nums 7 naa BHERBATE

N\

\“77—.;

BRREE 2 ARE
\\\

aﬂ ETRRIE 3 AnE

8-6 Il HEAK k MR

Tip
Gk =ni, BIOTUGEHZRBNERFFY, HWNENT ST 5k

8.3.2 FiEZ: HiIF
anE 8-7 FvR, BATAT DASER S nums BETHER, FIREIRAIEN & NICR, NEEREN O(nlogn) .
B, %Ik AU RS T, BRONERMATHHERE b DTRAE], AR EHE TR,

k =3
— @008

MR THF
HEEEO
RESA k MNTE

0o

8-7 HEF FHEAH k PNITR

8.3.3 FiEx=: i

FATAT DA FHEBE A Ot R Top-k A1, iFE4nIEl 8-8 iR,
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1. WG —A/ NI, HHETUTRER/,
2. SERBEHRIEG k DN ITRRIRANAE,
3. MWk + 1 DesEITeR, GHRTRARTHENUTR, NWPRHETUTR HME, TR ATTR A,

4. WhreRaE, HEFPRIFRIEUR RORH kDT,

k=3

-~ @0000

A
i

1. %0 k DEENE

~: (2008
.

i

1. B8 k DTENE

~: (@088
.

i

1. #E0 k DTENE

2. ME k+l DITRFEHIE
v HEITR > EMTR

o TR

l Step 5

k=3
w (@0000

:
1. %8 k DNTENE

2. M# k+l DITRFEHIE
v YEITR < EMTR

| Step 7

ztm@

ZRWET
‘ 2 WART

heap m

!tl'li
o 0

ZRWERT
‘ “ WART

SRR
‘ 5 BART

k=3

— (@000
:

i

1. %a0 k DTENE

— (@000
;
1. a0 k MTRENE

2. ME k1 DITEFEHIET
v HEITER > BITR

Step 4

k=3

~: (2008
.

i

1. 80 k MEENE

2. ME kel DITEFEHIT

v MFITER > EWTR
HERITRENE

‘ Step 6 ‘

k=3

~: (@008
.

i

1. B8 k DTENE
2. M# k+l DTEFHEHIT
v HEITR < MITR

| step 8

ism

ZRRET
‘ = WART

heap 1,7 l

ism
o o

ZRWET
‘ e WART

mﬁ
o O

ZRRET
‘ s WART
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]

[\

WA, JBE heap BIET
ZRWRT
BART

Step 9

K 8-8 ETHEIHEAMN k PMTE
AREE AN
// === File: top_k.swift ===

[* BETFHERIASRRAN kK MR */
func topKHeap(nums: [Int], k: Int) -> [Int] {
/] Mg — Tk, HIEET k NTREE
var heap = Heap(nums.prefix(k))
[l WM& k+1 DEFR, REEERKERN k
for 1 in nums.indices.dropFirst(k) {
/] BERITTRERTHITER, WIFHITELE,. HFimRENE
if nums[1] > heap.min()! {
_ = heap.removeMin()
heap.insert(nums[i])
}
}

return heap.unordered

SEESATT n S AHERIHE, HERORAK RN |, FHAEZE O(nloghk) . Z7IENRCRIE, X
kRO, WS AR O(n) 5 M k8RR, RE2AER2EE O(nlogn) .

S4b, T TEE R T AR RIS R TE R ARG, TRl AT DU SR a0 LR, TS
I b ANTERNESER,

8.4 &G

1. BRI

COHERR MR T R, RS A RIS TR T, K () THERETTER A UN) 1.

(RSBSOS L HBA I RN, 3B P SRS

SRR PR B E BRI ) A (4 TERAME O(log n). HETTEZHIME O(log n) ATV IFIHE
7% 0(1) %,
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- RESXMHERIESHEEHROR, EIIRATE 6B R A

- HE(LERVER TR HERIPE I, AR AR HER(E R A= HI 2,

- n DNTCEIFRERNIN A AR MR O(n) , AEHE &SR

- Top-k B—NEMBEILRE, W] DAGEAHERIRL M mRgR, WREZAEN O(nlogk) .

2. Q&A

Q: HdESSHN) “HE” SNEERN “HE” 2R —MEE?

MFEAZR— M, RZRTE “HE” HRNARGNE PR R SISAE R —ER 7y, BFPEISfTI
A DA ERAT B RE. 2R Al AR SR —E BAUHENTE, AT REa0 RAEEHF R 2R ah, X R A
HREN, BFRERBOXENT, DPIENFE, SRR, SEAFREENER T EEEE,
ML ATRER S BUAAF AN S fa el <5 )
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FOE

!
R

hello-algo.com

Abstract
EAEmIRIES, BIGEE— DN, SEEE A NRIOHEIE,
F—RIHIRSHEE, #BEIXTKE KIS E F B R ETE,
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9.1
(graph) 2—FAELMERIESEN, M= (vertex) Al (edge) @Ak, FrATAIDUEE G RN —

IR V Mi—Hid E &S, DURBIER T —ME 5 DS 7 388918,

V={1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5), (4,5)}
G={V,E}

WK LB N, OB EEES N TRIISIE GEED, AT DS BB F— R R Tk A £
45K, WNE 9-1 R, MIERTERMRR (R MoraxRR (W), MEgRR (B) MAREES, HifsE

Y
* /\ .
] / \ ‘\\\‘///
Y
-2 "
(BHXR) (HRXR) (REXR)

ERZiEEHERS, AMttRAER

o1 HER. . EZRKRR

9.1.1 EMERARBSKIE

iR G BA T, Al hEm@EE (undirected graph) fIEmE (directed graph), 1 9-2 FirR.

- AETCAEF, BRI ZRIR WA ERRR, FInMER QQ Y “MFAKRR",
- tEAAEY, BEETANE, A — B A« BWATTARLRE TN, Bl e
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ZTmEE BHE
(ax7m) (am7m)

K 9-2 AmESEmME

RIEFTE TSR AEE, Al 0EEE (connected graph) MIIEEEE (disconnected graph), 4i& 9-3 filf
Ro

- OTFEEE, MR, ATARIAERERETN.
- NTAREEE, MNEITR R, B0 DR TEENE,

N

EEE IEEEE
(PR TR E2T35) (AT ET3E)

K 9-3 EEESAREER

BATERT IOILEs “FEE" &, MMSEANE 9-4 FiRiBE (weighted graph). BIANTE (EHRE)
EFWerh, RETRMHEHL RN R IR 2 MR “SRERE”, XM E M4t n] AR ERRR,

TANE BRE
(FrEIa%H) (hRANERM)



IO hello-algo.com 190

B 9-4 ARESTANE

BRI & DU B AR,

- 4B (adjacency): YT Z [AIFETEIAEIERS, FRIXPITAR “SR%7, TEE 9-4 H, THAR 1 YR TR
HIA 2. 3. 56

- B&R (path): MW A BT B & HIM I FFIHF I A B B 1Y “BRIZ7, £8 9-4 /1, 4P
Hll 1-5-2-4 F2 TR 1 BITUR 4 B— 5812,

- E (degree): — N USIHANILEL, NTAME, NE (in-degree) Fnf 2/ &INTEMIXTUR, HE
(out-degree) FnA 2/ &I MNIXTTUSTE

9.1.2 BEIMRT

EH R 7T N QRN 1 “QBERT, DUNERI T A T2501,

1. SPiEsERE
RN AEE N n, $MEERE (adjacency matrix) #HH—1 n x n K/NHEERFRE, 8—17 ) 1R
F— DR, HMEeENRRIL, H 1880 RRMANTTUE Z RS FEL,

WIE 9-5 FiR, IRARHEERER M., TSN V | BBLMERIER M, j] = 1 R Vi) ST V]
D, R’ Mli, j] = 0 BRmIA R0,

mR%IE

#E o 1 2 3 &4

0 @ 1 1 0
\ 101 a 1 0 o
‘ ‘ / 2 1 @ 101
— 3 10 1 8 1

4 0 0 1 1 o

Trims
SBIRSERS
graph adjacency matrix

B 9-5 ERIATEIERE RN

WREHEFEEA AR,

- DURARES B SHHIE, RILARERER ALt REA TR L
- RTFERE, BT, BRI X SR,
- REAREEFERITTERM 1A O B E, WA Ron A,
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(AR R R PR BN, FRATTAT DAERE S AR R TR DASKIEGS, R s e R R RO RSeR R i, IR A
B O(1) o 4RT, BMEMZERERER O(n?), WNiFEHKRZ.

2. PIER

PiER (adjacency list) M n MERKFRE, PRV RFRIUR, 8¢ DMERN ML ¢, HAFEE 7%
TBUSHIFT A RFETUR,. (SIZTUSRERTTUR) o 18 9-6 R 17— Ml I AR RGR A BRI E R 7R B,
MR SHISEE A TS

e %
[ e« 533e

PiER
graph adjaceney list

B 9-6 BT RKR

ABERAUF ERFENIL, THLREOER /N T n? , RILEEMY 2R, AT, ENERPHEIE
i P RO BRI, DRI TRISCR AN AT R R

WIERIE 9-6 , RRHEREM GIMARPH “BEHHE” BRI, RIBEERAT Tt T DUR AR 75 3R RR,
FRAn Y BER A, AT DL REREE (L AVL SeRZLRBM, MIFPEINRREEM O(n) L= O(logn) ; 1A
DAIREREHNIRT R, MR AEREREE O(1) .

9.1.3 EIMNERMNA
N 9-1 FRs, Y2 IS 2GR AR ISR AL, A S Y R 0t T DAZA AL A9 1] - ]

*9-1 BSATE R WAYE

Wi b B -
HMzg HPE FRREA IBHELT I HERE
HERERES  whe i RRIREE RRLBREAHER

ENEER 2K BARREDTESINEMR  TRPUEHE
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9.2 ERvEiRF

BRI ERE R RT 0 0 307 BORRCERORT “TR” AOHRfE, 1E “ARREIERE" 0 “SREEER" MIRRRIT IR T, &

B AR,

9.2.1 BEF4BIFIEPFRYSCIN

SR TUREE N n BTEAE, N MERERISSELT S ANE 9-7 Fivr,
© WSIMBRINRRIL : EARAE AR B AR E AL BEIRT, (A O(1) Nl M2, FitkFE

I BE T 7 TN 32

WAL : AEATHAERE R BRI —1T—51, FF2ME 0 BIn], A O(n) NH,

- BRI R PR R ER— 1T — 51, MER AT I IR EI BN, FEH (n— 1)2 e

“lfe LREE”, s O(n?) B,

- WL B n TR, WAL n BOTILNESIER vertices , A O(n) INE; #I4GTE n x n K

INFIAREEHERE adiMat , FEM O(n?) KL,

TREFIR
® oo 1 2 3 4
o e 1 0o 1 o
E— MeatE
\\\\\\\ 11 0 1 0 o
/////// 2 e 1 @ 1 1
—— 3 1 0 1 0 1
4 e 0 1 1 o
3] BIRERE
Step 1
TR5IR
®E o 1 2 3 4
o e 0 1 1 o
1 HipRn EH-
\\\\\\\\ 1 0 o 1 o o
//////// 2 1.1 o 1 1
— 31 0 1 0 1
4 e o 1 1 o
3] BIRERE

Step 3

1\ BIBRTRR

Step 5

el
=3l

F W N ks

Step 2

TRFIR
=3l

wmms @

oo W N Rk e

Step 4
DI ()
#w o 1 2 3 &4
o o 1 1 0 o
11 0 1 1 o
2 1.1 0 1 o
3 0 1 1 0 o
4 o 0 0 0 0
ShiAERE

S kr B B o ©

© o r B o o ©

S & r & B, B

® o o B o & »

[ O N N~
S N

ABIEIERE

T N N
®© kB o B o kB W

BHERERE

S kB B & © &

®© o r B o o &

P
-] ] -] ) ) -] U'\e/
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Bl 9-7 AREEFERIRIMEIL. SN, BT
DA 2 BT AR AR R 2 R R A S A RS -
// === File: graph_adjacency_matrix.swift ===

/* BETFPRERFLMPTREE */

class GraphAdjMat {
private var vertices: [Int] // TNm%IK, mHEREX “TMRE", R3IRK “TMRES”
private var adjMat: [[Int]] // &P4EFERE, 1T5IFRSIMNN “TRmZERS|”

[* MEHE */
init(vertices: [Int], edges: [[Int]]) {
self.vertices = []
adjMat = []
/] AT
for val in vertices {
addVertex(val: val)
}
/] AINA
/] EEE, edges TTRARINAES|, BIMI vertices TTRERS|
for e in edges {
addEdge(i: e[0], j: e[1])

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

vertices.count

[* ARINTRE */
func addVertex(val: Int) {
let n = size()
/] ETRRFRARINFINRE
vertices.append(val)
/] TESPEREFEFARIN—IT
let newRow = Array(repeating: 0, count: n)
adjMat.append(newRow)
/] TEPEEFEREFRARIN—5
for 1 in adjMat.indices {
adjMat[i].append(0)

/* BRI */
func removeVertex(index: Int) {

if index >= size() {
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vertices.remove(at: index)

/] TEBFEFERMIPRZRS] index BIIT
adjMat.remove(at: index)

/] TEBFEFEFMIPRZRS] index EIF
for 1 in adjMat.indices {

adjMat[i].remove(at: index)

[* FINA */
/] B 1, i XM vertices JTRZES|
func addEdge(i: Int, j: Int) {
/] B3R SEENE
ifi<0 || J<0]|] 1>=size() || j>=size() || 1==73{
fatalError(" ®HR")

}

/] EXEEAR, PEIEFEXTEXNALIR, BUHEE (1, ) = (G, 1)
adjMat[i][]] = 1

adjMat[j][1] = 1

}

/* HiBRA */
/] BE 1, i XM vertices JTRERS|
func removeEdge(i: Int, j: Int) {
/] R5IHRSHEELE
ifi<0|] J<0 || 1>=size() || J>=stize() || L ==73
fatalError(" #5HR")
}
adjMat[i][]]
adjMat[j][1]

}

[* FTENSBIERERE */

func print() {
Swift.print(" THm%I&E = ", terminator: "")
Swift.print(vertices)
Swift.print(" 4BIEERE =")
PrintUtil.printMatrix(matrix: adjMat)
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9.2.2 EF4BIERAITI

MBI TUREEON n, LEEOY m, WIATHYEE 9-8 FRAY T TSI AR,
USRI AETRRON B ERR AR B IAINARNRT, I O(1) N, Ey2EmE, Fr AT Z N aRmnm A

JITAIIA,

- MHRRIA: FETURON MR R A SO MBRE R, A O(m) INFl, TEIAEF, FERR MR D77

QESpun

© WAL (EAREER TP — R, FRREBTIE U RER KT R, A O(1) TR,
- BRI : TR, MREESEETURATAIL, @/ O(n + m) NHE,
- VIR TERBERBOIE n AN 2m 4638, - O(n + m) I,

R SERMSEENFRETRR

0-0
0-0-0
0-0-0
0-0

&
®
&
L]
) 000 &

)
l/
@ @
°\~ )
(
A4
0000«

{

WER

Step 1

TAR Sz EENFA TS
_ 0-0-0
)

© @\ »2 00 o0
| e 09000

o—o ©--0-0-0
- A4 @/ @ w@
3] PER
l Step 3
D @

Step 5

TR €)

MR SEMEENAETR

PN 0—-0-0-0
@— \ iz (-6 @ @M@
]\r P ©-0-0-0-0
00 % 0-0-0
-0

Step 2

@*@\ AR @
oo

Step 4

TR SEMRAEENFETLR

0-0-0

0—-0-0-0
0-0-0

@[

WER

K9-8 AWEARAIMIIA, ML, M

DU ARSI, HLLHE 9-8 , SRR LT AR,

- AT RIS MERTUN, DA, BAIERYIR GSEd) REEER.
- AR IR ESER, key NIUREHI, value NIZTURHIMIETRSIFR (HE5R) .
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54N, BAHEBER A Vertex ZERFORTUN, IXFEMEVRER : (RS MWRIEME—FE, HZIRRTIKRX
DR, BB ERPRR S0« TS, WFTREHENER, HIrERT « BRI 1, JeR
RARe TIANREF N URAZME—HT Vertex SEBI, MHIFRIE— TR < Ja il oM s BB TR T,

// === File: graph_adjacency_list.swift ===

[* BFHERIIMNTMESE */

class GraphAdjList {
/] SHER, key: T, value: ZINHAYFRE SBIETNA
public private(set) var adjList: [Vertex: [Vertex]]

[* MEHE */
public init(edges: [[Vertex]]) {
adjList = [:]
/] AIFRE TR =04
for edge in edges {
addVertex(vet: edge[0])
addVertex(vet: edge[1])
addEdge(vetl: edge[0], vet2: edge[1])

public func size() -> Int {

adjList.count

[* AINA */
public func addEdge(vetl: Vertex, vet2: Vertex) {
if adjList[vetl] == nil || adjList[vet2] == nil || vetl == vet2 {
fatalError(" SEEIR")
}
/] A vetl - vet2
adjList[vet1]?.append(vet2)
adjList[vet2]?.append(vetl)

[* MR */
public func removeEdge(vetl: Vertex, vet2: Vertex) {
if adjList[vetl] == nil || adjList[vet2] == nil || vetl == vet2 {
fatalError(" B#EEIR")
}
/] HIBRIA vetl - vet2
adjList[vet1]?.removeAll { $0 == vet2 }
adjList[vet2]?.removeAll { $0 == vetl }
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public func addVertex(vet: Vertex) {
if adjList[vet] != nil {
return
}
/] ESFEERPRIMN— R
adjList[vet] = []
}

/* BHBRTRA */
public func removeVertex(vet: Vertex) {
if adjList[vet] == nil {
fatalError(" SEHIR")
}
/] TESHERPMBRINS vet WRIAVEER

adjList.removeValue(forKey: vet)

for key in adjList.keys {
adjList[key]?.removeAll { $0 == vet }

}

[* FTENSBIER */
public func print() {
Swift.print(" 4R =")
for (vertex, list) in adjList {
let list = list.map { $0.val }
Swift.print("\(vertex.val): \(list),")

9.2.3 RENLL
WETSE n AR m 5508, 7 9-2 W bb T AR MER AT 2 19 I RISCR RN 22 R RCR

R 9-2 AMEIERE SRR L

SWEFERE  ABHER (R  WER (5H )

HWREME O(1)  O(m) o(1)
VRIS o1)  0o(1) 0(1)
e o1)  O(m) 0(1)

VRIS o)  O(1) 0(1)
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WRERE AR (HER)  AWER (BARR)

WETA O Om+m) O
WiEzkEEA  O(n?)  O(n+m) O(n+m)

MERFR 9-2, LLPATER (BHKR) KINRERERS D HARREIN, HXPRLE, fEREEMPRIEDNERE
e, AR BT BIREBRAERIR], ZRERE, AHEIERMHAIL T “DAZS R | AgJE, T ekiER ik
BT “DARF Rl TR,

9.3 EmER

PHRERRR “—X 2" FRR, MENEAESNEBE, ATURRERRN “2M2" XA, Eit, FIAE
EMBERE—MREL, AR, PRt P93 D SRR — R il

PRI AR 1 T I P 48 2 S S B i B, BRI 7 77 SR AT S0 RN TR B RE S B
9.3.1 "Ei%xiEHh
) BE RS  y  —R R B i 7 R, MWIEAT AR, MGV ERRERITE, JE— 2R

ke WE 99 AR, MWE EMTRIA, &Iz i-HIprE MU, Rk T — DB FTA AR
IS, DA, EETETRTIRSEE,

| BERr-EfikiER (BFS)

BATR SR HiELs,
HIERGE. EEY HHnEm=

| BHEFEIR
0, 1, 3, 2, 4, 6, 5, 7, 8

’9-9 K EARSEE T

1. BEIm
BFS @ H & BIRAFIRIHE, RN TRAR, PAFIEA “SeANeH” MR, X5 BFS Y “Hikiiz” [y EAH
SR T,

1. iR Aa T A startvet MBS, FHFFEIEIR,
2. MEPERE IR, A E TRRFICSRII, SRIERIZ TR I AT QB T A B A S R #R
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3. fEIRD R 2., EEIFTE TR R SE R EEE

N TR EER LR, BAIHEZEE— PR R visited KICRMPLTT S BT

/| === File: graph_bfs.swift ===

[* TTERSEER */
[/ ERMERRETE, UERBIEENRBIFAE SPEN R
func graphBFS(graph: GraphAdjList, startVet: Vertex) -> [Vertex] {

var res: [Vertex] = []

/] BHER, BFIERERHEEHNINR
var visited: Set<Vertex> = [startVet]
/] BAZURFI=I BFS

var que: [Vertex] = [startVet]

while !que.isEmpty {
let vet = que.removeFirst() // PAETHSHIA
res.append(vet) // iERiAEINS

for adjvet in graph.adjList[vet] 7?7 [] {
if visited.contains(adjVet) {
continue // B EWIARIATNR
}
que.append(adjvet) // RABAKRIFIRIAIIN S

}
/] RETRRERF5

return res

A SR, SO ARIE 9-10 SRANTREERAE,

°>_ @ °> [ﬁﬁﬁiu res (T (i‘)
@)— @—@ BA%I que (\o‘\/ <° @
o

BRE visited

S e A () s, HAEATRE

1. BEMSMNERFF res

2. BEIASFE SN
ABA que M visited

4tk res, que, visited [@ }

| Step 1 ‘

BAEFF res

(@

B3I que

(1]

—

HBA

RER visited

(000

‘ Step 2

ABA



hello-algo.com

A () I, AL

1. BEM=MNERFF res
2. REMREFE PEMRAIT
ABA que FHIOA visited

T () I, AT
1. BEMRMNEDFS res
2. ETIRFTE SHETARAT

ABA que FHHIA visited

R () HI, FHATUTHRE

1. BEIMRMNEFFS res
2. RETRRAFIA PR AT
ABA que FHMA visited

TR () B, FHATUTRE

1. BERMRMNEDFS res
2. BETRRAFIE BETRRAIT
ABA que HMA visited

BHFF) res
(0@
BAFI que
000
-— -—
HHBA U

BFHR visited

(00000 }

BHFT res
(0000 ]
BAFI que
000
- X

BER visited

(0000000 |

(000000 )
PBASY que
00

BER visited

(00000000 |
[ster 7]

BHFFI res
(00000000 |
BAFI que

o

MER visited

(000000000

= PAFI que HZ,
~ FRERE, SERRiEH

A () I, AT

1. BZMRMNERFT res
2. BEMRBFEPRIRAIT
ABA que FMA visited

M () M, SHAGTUTEME
1. RBEZMRMNERFT res
2. HERMRNFEBIEMRAIT

ABA que FHAA visited

TR () B, FHATUTIRE

1. BZARMNEFRFS res
2. RBEMRBFE SR RHAIT
ABA que HHIA visited

o090

TR () WM, FHATUTIRE
1. HEITRMNERRS res

2. RBERRBFESELRAIT
NBA que HIIA visited

BHFF res

@PAQHgé,

(000000000

BAF que
HAA ABA

BER visited

(000000000

BHFY res

(000 )

BAFI que

000

HAA ABA

BER visited

(000000 ]

(00000 J
PAFI que
000

BER visited

(00000000 |
[step s |

(0000000 |
BAZI que
20

BBR visited

(000000000
[ster ]

BHFF res
(000000000
BAZY que

MER visited

(000000000
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& 9-10 KM B 3%

) BEDIL e ik 3 B e 51 75 W —2

M=o JTREALSEE N R R R AL WG, T 2 I TR) i T A T )i P W eV
{EEATEL. DAE 9-10 J4fl, Tss 1. 3 MOV A] DAZE e, 0 2, 4. 6 B9T5 s tha] DUEE 2R
%,

2. EREDH

R AE: FTE TS A IEIA R, R O(|V|) Il BB AME A i, TR e,
RIS 2V 2 2k, O(2|E|) WAl SR O(|[V] + | E|) B,

BRERE: 1K res, K visited, FAF que HINTIREERZ N |V, A O(|V]) =M.,
9.3.2 REMTER
RO Yei i — AR E S, TR alE I ki 75, W 9-11 fiorR, WE EMTURHE, ik

LRSI RHETN, BEEFVURSKNIRE], HRSERIRSIFIRIE, DU, B EAE U 58
E‘Zo

11 10
H ERGRERCER (DFS)
2 3
13 12 4 9 VST Joitgha,
’ EBAARE, BEKAES,
5 LUt - EERRER
DL WERI%

0,1, 2,5, 4, 6, 3

K 9-11 HENREM IR

1. &M

XA SERVCLFRRE” R FREREE A TSR, 5T RE, ERE s T, ]
MFLEMHEY)— PR R visited KICREPIFAITUR, DOBGEE TR T,

// === File: graph_dfs.swift ===

[* REMRTEHHEBNRE */

func dfs(graph: GraphAdjList, visited: inout Set<Vertex>, res: inout [Vertex], vet: Vertex) {
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res.append(vet) // iBRiFAEITNS
visited.insert(vet) // tRi2ZINmE#MIGIE
/] BN S HIFR A SR T S

for adjVet in graph.adjList[vet] 2?7 [] {
if visited.contains(adjVet) {
continue // BRI EMIFIRBITN
}
/] BRI =
dfs(graph: graph, visited: &visited, res: &res, vet: adjVet)

}

[* REMTED */

/] ERMERRERTE, UERIUEETNRBIFTHE TR

func graphDFS(graph: GraphAdjList, startVet: Vertex) -> [Vertex] {
/] TRBhE5
var res: [Vertex] = []
/] BHER, BFIERERFEENIR

var visited: Set<Vertex> = []
dfs(graph: graph, visited: &visited, res: &res, vet: startVet)

return res

RS 1 SRR 9-12 R,

HESAER N RiHE, FonITE T — DHHE 755K FH .
HELARR A LW, FoRiti®)7 A e gaRE, BE] TR T AR E,

N INRER, EBCKE 9-12 S SR, EiNPAREl (8 MEE MR) B4 DFS e, s
BITTIEINIT A, AIRHR[E,

BHFS res BHFT res
: - e@ ] - ) CI) ‘,\
0O—© © BER visited 0O—© © RS visited
o T - 2
[ o | | [ (o0 |
o 090 © 00
1 RRME: ] RIRME:
a AT D s () s
() o ——— )

l Step 1

Step 2
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BHFF res

(000 }

BHR visited

LD ]

e
sarTm ) poarEms
sz @)

BHFT res

(00000 |

RER visited

(00000 |

AR
sarTs () posmEms
s @)

BHFF res

(000000 |

BHR visited

(000000 |

ETTS
sarmms () poamEms
sz (@)

BHFS res

(000000 |

RER visited

(000000 |

AR
ms @) wrEsEmsBEST
Rikrzam, BEEms ©)
suteese - meEmEmR (@)

Step 11

BHFY res

NG (0000 )

BBER visited

(0000 |

BENE:
s € warEmn
amsmms ©)

EHFS res

(00000 |

BRER visited

(00000 |

e
s @) wrESEAEE ST
RikeosEe, EaEms )

WBHFY res

(000000 |

BER visited

(000000 |

R
1w () wrESEmAEE SR
RitssEE, mrzEms ©)

EHFS res

(0000000

RER visited

(0000000

ERMER:
s () wasnR
amsmms €

Step 10

BHFF res

(0000000

BER visited

(0000000

EANE:

s € wrEsEmAEE ST
mitsaE, mrEms ()
s () mittosm, BRmERn
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B 9-12 ERIHEIL e B

DREEDL et 3 F9 3 51 75 W —2

GBS A, TR P P A R A2 M — R, SR BT, SRR T TR RAR AT
PA, BNAREETR R EI S ] DUERTEL, #BRIRE LI Ci,

DIEE A, MR — 7 =5 “E R =6 E—f - R 2RINEERF. BE JEFRE
P, eflon T =fugliiisedk, Amix=5##E TREMLLET,

2. BRESH

IRERE: FrETRESEIR 1R, 5/ O(|V]) NE; Fraasssdbn 2k, @M O2|E|) IE;
BRER O(|V| + |E|) WAL

SR AE: F1% res, W vistted TUAREURIEZ Y V], BIARERAS [V, E6EH O(|V]) 2
I‘Hjo

9.4 INE

1. ELER

- EETUSAAARN, AR — TS — 4RI R 5

- HBRTEMRR BER) MoBxReR W), Mgk (B) BRAERNEBE, RmENEH,

- BRERZEATTANE, EEEPRERTRI AR, ANERNEROE S NEL R,

- AREFEREAM R IORE, 81T ) RE—DTUR, FEFTTRNERE, A 180 RN TR
[FIAINETCIN, AREFERE A & SR e ERCR R, (B2 SR

- ARERMEMZ MNERRFORE, 5 DMERIM NI ¢, EAPEE DX TR BRI, BIZFRM
T ABRIEFEE AN A2, (HHTHREENERRED, I RBCRER,

- YABEERFRIREROT KN, A] DURFH AR O ST B BRI A R, TR THEIRICR,

- WRIRBRBHAE T, AEEFHAILT DA AR R, SRR T DA R s |,

- BT RS RSE, W Mgs, HIPREREE 5,

- PR EIR—RIR B, B T R I Y D B —FRE

- ERTETE DR R EE M, BRYKEERTT, @ EAEBIAS S,

- ERRESE R M E SR, To lEN ERIARE RN, HETIRIRLIL,

2. Q&A

Q: HRRRIE LRBIURFHIE RN FHI?

HHER EARESRARNE A —8: g “BiEe—MaFy”, mhiig ‘B — TR
HI” o DARRSESCARIFESC: In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.



IO hello-algo.com 205

FEARSCH, BRI — DA, AR DN IRF. XREAMAN TR Z R REF A2 ARI0 5, It
(VRS S UL ) VA i FE

Q: REEEFRE XA IR A EIHIR?

FEAREEE S, MWREADTRHR, B0 PMIRICREE, whiREaEREREZ MEA, PoEhzE
HIRTA & 7 &

Q: TEAMER, “SIXWRAAENTATR" TR 25 A ZEK?

A DURERF . (BAESEPR A, AIRER ZAE IRt SUNRHE?, HAMEIRTUS AR ARy, BB IR T
RAER/NRINGFSE, XA BTSSR A ERRE” TR,
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FI10E #¥€F

Abstract
HEE—ARINER, BMSGFFEERBEMZ RSN, X DAPEBTE B ir.
TEXF IR ZIRY, F—RIREE RS2 — MR EEENEZE,
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H10E AR

10.1 —9&EH

—9EH (binary search) B Mk T IERIKH S RHRREE, EFAEBIRIA R, Sah—FRERTE
l, EEEERTREERX SN,

Question
LE—MKEN n BEE nums , TTERIZMWNEIRIRFHA BEAES , EEHIFIREITE target 1E

ZEATIRS, FEAHAEEZOTR, WRME -1, REENE 10-1 Fr,

35
31
23 26
15
12
6 B8
aE 1 3
#l e 1 2 3 4 5 6 7 8 9
fERERERT A

nums

RWANBFHA nuns , EHRERTE target = 6

10-1 = EHSURBIEE

G 10-2 flR, Bl ewltatetatt i« = 0f j = n— 1, pilfsmEEHE TEMEITR, REHBERXE
0,n — 1] . WEER, HESFRRHIXE, HOSHFEELS,

Bk, RTINS,
L HEHRRGIm = (i +7)/2], Hi | | RoRm MR,
2. HIWr nums[m] A target BIK/NRER, WA R =FE N,
1. % nums[m] < target i, ViRH target fEIX[E] [m + 1, ] #, HEHHITi =m+ 1,
2. Y nums[m] > target I, BiAH target 7EIX[A] [, m — 1] H, HHIITj=m — 1,
3. Y nums[m] = target B, VHPAARE| target, KEILIRMEIRSI m,

HRANMIEGETR, BRXARL29/ N, HERE 1,

| 8 | I
e SR i E 13
® 0 1 2 3 4 5 6 7 8 9 #l 0 1 2 3 4 5 6 7 8 9
j i m b]

RF=—SER:
WAk i, j HIEABREETR. BTR 1. #HBHRE m = (i +j) /2
mERTHXE [1, j]
Step 1 Step 2
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|

s |
1 3 !
fmm D
#l o 1 2 3 4 5 6 7 8
A AA
i iom
RE—SER:
1. HEHRE m = (i +3j) /2

2. ~ nums[m] > target

Step 3 “BAT 3 = m - 1 GNMNERKE
e B
TR 1 o E[] []
#l o 1 2 3 4 5 6 7 8
m i
RS ER:
1. 8RR m= (1 +j) /2
2. ~ nums[m] < target
Step 5 A BT o= m o+ 1 BIVERRE

Step 7

HSERRRE, BT o/ j#Z int
FATEFHRARA m =

(NELR N

/1

File: binary_search.swift

[* ZHER GUFAKXIE)

func binarySearch(nums:

*/
[Int], targe

nii,?‘jj
9 =3l 1 2 4 5 6 7 8 9
Aoa A
m j
RF=—SER:
1. H8FRm=(i+3)/2
Step 4
anll W
—DI]
9 §§I0123456789
:mJ
EF=HER:
1. HEHa m= (i +3j) /2
Step 6

<1l

=N Nl

#w o0 1 2 3 4 5 6 7 8 9
A

ER=HER:
1. {HEHRE m = (i +3) /2
2. = nums[m] == target

« EEIFRS| m

B 10-2 &k

$,

t: Int) -> Int {

/] FIEUNAXKE [0, n-1] , B 1, j PAERABEAETER. B

var i1 = nums.startIndex

var j = nums.endIndex - 1

/] B3R, SERXEATBE (5

while 1 <= j {
letm=1+ (3

i> j BFAST)

-1 /2 /) HERRRS n

if nums[m] < target { // ILiERIHEA target EXE [m+1, j] #

i=m+1

I i + j TTAEZRI int FOMAYERIATER, T itk KSR,
i+ (j — 4) /2] HeiFEs,
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} else if nums[m] > target { // WIERIRPE target X[ [1, m-1]
j=m-1

} else { // #EIEMRTR, REHZERS|
return m

}

}
/] RHEFIBiRTER, &E -1

return -1

WESEZ4E R O(logn) = TE=AMEFRH, [KFE4RGN—F, FILHEHRIEN log, n .
SWSZE R O(1) © $55F i 71 j (B EORIVAAL,

10.1.1 RiERRHE

BT _ERBAXESN, HROXERRIEHE AT X, £ [0,n), BELROERS, HUf
NIEHS, FEZRRT, XH [i,)) £ = j A=,

AT AE T R~ LI A A MR RER — B E
// === File: binary_search.swift ===

[* ZHEH (EREFXKE) */
func binarySearchLCRO(nums: [Int], target: Int) -> Int {
/] VB AERGEHFXE [0, n) , Bl 1, j AFEAKAEETE. BoER +1
var 1 = nums.startIndex
var j = nums.endIndex
/] B, HERXEHNTHBH (H 1= j BAE)
while 1 < j {
letm=1+(j-1)/2/ HBEHRIR3I m
if nums[m] < target { // ILiERIEEA target EXE [m+1, j) H

i=m+1
} else if nums[m] > target { // WiIERIHEE target EX[E [1, m) H
j=m
} else { // #FIBircE, REIEZERS]
return m
}
}
/] FIxEIBfrmE, &E -1
return -1

niE 10-3 AR, EMMXEFOR T, —0EREIRIWIGEL. EIRRERAN X AR & A B,

AT WX FoRAP A AR BOE SOAXTR], RIS R « ST 48/ X R AR E R AR
Mo ARG, Rt —BE@ECRH “WHAXE” 5T,
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TE |

#3 o 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 10
i ERLRNaEsas j i AEihREsES riaRFE5EE  j
EFEXE: WEAXKE [1, j] #EXE: c@aAFXE [i, j)
MeatkiEst: 1 =0, j =n - 1 iafkiEst: i = 0, j = n
EIFEIERMF: 1 > ) fRIFLEIERM: 1 2 )
GKERE: i =m+ 1, j =m- 1 BIKEHEE: i =m+ 1, j=m

& 10-3 FAPXEIE X

10.1.2 i 5ERRYE

o BEERAEIN TR 23 [R) 75 T A A BT B PERE

© AR TR R, (ERBRR T, ST IIN FE AE R A B I, MR n = 220
I, AR 220 = 1048576 %AAHF, 1M 2 ZHAH log, 220 = 20 #HEA.

© SERICAENE R, TR E AR RINERER (BlAaeREN), SoEEnE s
[Al

R, ZoAESOHEERTIAER, EEADINER,

- ZOBEBRUER TAEREYE. AWMABIETE, N TERZERMET T, SAE% B
HP BN R EAEERE N O(nlogn) , HEMERM &I E S, N THEMATTRITR,
WA, FERTRMATREME, NEEAREN O(n), WRIEE SR,

- ZOERCGER T, BT R ARESH) TR, AR TERERTT RHIRK
IR, RIANIE G I A R s T HER SR BUREE

C NIRRT, SRUEERMEREE M, ELMENT, BRHT 1 HWHRCE; ME_DEKF, {E IR
A LIRBRIA, 1~ 3 UCHIWTHRAE, 1 ik (83K, 34~ 6 DNEITilE; B, SRR n BUNN,
LM ERRIM L = &R,

10.2 —HEREAS

ZBERAMGTHTERERTER, A TRORFZZRMEE, IR ETRimA G E,
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10.2.1 TEETEMNER

Question

LHE—NEEN n WEFEEH nuns FI—DNITE target , FEHAGFEEE TR, I target AL
Hnums 1, HRBEHERM, BBEPEFEEITE target, WIHAZEET, HIRBEIHEHANG target
TEHAHFPHIRS ], REEE 10-4 FiR,

nums

BAS fiN target

nums

WMABFHA nuns , BIFE target = 6
N target MEARRSIH 2

10-4 = EPAH A SR BIEEE

FRARE A BT S AN, TR DU PN A,
g —: SEAHAPEE target I, HARNRIZOZZTRIRSG]?

L H B R target i AZIMHE TR AL, XEWEFIEAL target Bt 7 JFK target N E, thrtz
Ui, HEEHMT target B, HARMIESIEZZ target &S],

B8 HEEHAPAIFLE target I, AARZBNITRIRS?

H— B BE N ERIEFE: 2 nuns[m] < target I ¢ B3l XERETRH ( FEAARTHFT target (TR
i, FH, et j BELERVNTET target FIITRFET,

R85 RN —E A 4 JEAE AT target AR, jIEAE NN target KR, B HBEHA RS
target I, fIARIIN . I FHTR:

// === File: binary_search_insertion.swift ===

[* ZHREREAR (EEERR) */
func binarySearchInsertionSimple(nums: [Int], target: Int) -> Int {
/] MR ANAXIE [0, n-1]
var i1 = nums.startIndex
var j = nums.endIndex - 1
while 1 <= j {
letm=1+(j-1)/2// HERIRS| m
if nums[m] < target {
i{=m+ 1 // target TEXa [m+1, j] &
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} else if nums[m] > target {
j=m-1// target X8 [i, m-1] A
} else {
return m // % target , REHEASR m
}
}
/] R¥ZF target , REHEAS 1

return i

10.2.2 FEEETRENENR

Question

fE b —EHEAL b, MUEBEA RS EE TR, HRAE,

RSP FEIEZA target , NIEIE 2 EHARBIREIEAF— target RS, MIEME ZTRN AL
Mt E 2> target,

A H R FAR e R ImAE IR i, FiARMNGEEESRBA A target RG], #1535 EI@ELE 10-5
PR B0 BRSE B

1 AT =&, BEUERE—1 target RS, WEN k.
2. NR3 kTR, aEifTetieli, SiIREIREIIH target IR,

target

— OOH

X ,.‘*\ Py

1. E=HERIEE— 6
2. BEMERIIREDN 6

10-5 ZMEREEITLRATHAR

7k EAART A, EHESSRMEER, HENEERERN O(n) . YEAPFERZEEM target I, &7
IERCRIRAK,

WEERRE S ERAE, WE 10-6 Fir, BAREREAL, SRETEFERTI m, FHB target f
nums[m] FIR/NKR, 2 0 PR TURIE .

© Y nums[m] < target B¢ nums[m] > target B, RHIRIZEIKE target , RIMRAEIE — 7 &EIRVYE
/NXRIEEE, MAmAEFEER 7 Fl j 1) target SR
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4 nums[m] == target i, WEFH/NT target WICRAEXE [i,m — 1] H, HIRA j = m — 1 k48
/NXE], MTifEREER /T target TR SEIA,

B TERE, @ RO target , j FEAIET/INT target AR, KIBERG] i #RIHA N,

15 15}
12 h 12 |
10 i i 10
6 6 6 6 6 | 6 6 6 6 6
. | L2
o i b B
L. L. 1
®l o 1 2 3 4 5 6 7 8 9 ®l 0 1 2 3 4 5 6 7 8 9
i bl i m bl
ER_SER:
Wak i, j DREERAETE. BTR 1. HEFRR m = (L +3j) /2
WmERTAXE [i, j]
Step 1 Step 2
15 15
12 12
10 10
| 6 676 6 6 | 6 6 6 6 6
i3 U i3 I]
il i il !
*ia = m
®l o 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A Aoa A oA A
i m iom j
EFR=RER: EF=HER:
1. HEPR m= (1 +j) /2 1. HEFRRE m = (L +3) /2
2. = nums[m] == target
Step 3 SHUT G o= m - 1 BIMEERE Step 4
15 15
12 12
10 10
is 61666 {6 6{6 6 6
= 1 [ i & 1M §
#@ o 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A Aoa
m i j im j
EFR=RER: EF=HER:
1. itHR=m m= (i +3j) /2 1. HEHa m= (i +3j) /2
2. ~ nums[m] < target
“step 5 | BT D s m o+ 1 BINEERE “step 6 |
15 15
12 [] 12 []
10 10
6 6 6 6 6 6 6 6 6
3
& 1 [
3 4 5 6 7 8 9 #bl o 1 2 3 4 5 6 7 8 9
Ao A
j im i
R ER:
1. itHm m = (A +3j) /2 v FHERFRM 1 < j
2. = nums[m] == target ~ BKHZSER, REHRS| i
Step 7 LT G = m - 1 BNERRER Step 8

B 10-6 —nEKEEITTRIFHA RIS E

W PA RIS, HIWr5rSZ nums[m] > target Al nums[m] == target FYFRIEMEE], [KLR#E vl LS T,
BEantt, FAUDIART DL AW R R TT, RO EB R NG M, Al s af,
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// === File: binary_search_insertion.swift ===

[* ZHEREAR (FEEERR) */
func binarySearchInsertion(nums: [Int], target: Int) -> Int {
/] MRLNAXIE [0, n-1]
var i1 = nums.startIndex
var j = nums.endIndex - 1
while 1 <= j {
letm=1+(j-1)/2// HERIR3I m
if nums[m] < target {
i=m+ 1 // target EXIE [m+1, j] &
} else if nums[m] > target {
j=m-1// target EXJa [1, m-1] &
} else {
j=m-1// 8MNMNF target WTEREXE [1, m-1]
}
}
/] BEREAR 1

return i

Tip

ARTHAESER “WAXE” Fik, AXGEREETAETER “CHAEF" ik
BHRE, “oERICIFRLATE « M1 2IEERE, BRATREZE — M RARITR (B0 target ),
] gER — N TCRIEE (BIEH/NT target FITTER).

FEAMTRIEIR — o0, 485« M1 j MBHANELICBOERI B iR, W2, EMNERAIKEIER, sEiidia
LI

10.3 —HEHRHR
10.3.1 ETHXEDR

Question
HE—NEKEN n WEREA nuns , HFAREESEE TR, 1HREIBAH R E—1ITE target 1
R5l, GRAFPAEEIZTE, MRE —1,

[EZ = BEBSARITTEE, MREWE @ faARA— target , KBS RABR LR EERE LA
target &5,

ZRIE EHIR A SRR ER LR, 1BEE, BHTRIREAE target , XFMEHLAIRESELATM
Fheh R
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- EASRG] B,
- JGZE nums[i] 5 target AMHEZE,

B E| DA RGN, BERERE —1 BIR], R RRR:
// === File: binary_search_edge.swift ===

/* ZHREHRRE— target */

func binarySearchLeftEdge(nums: [Int], target: Int) -> Int {
/] FEMTEHK target BEAS
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 EHFILR

RGN EAT — target WE? BB R EBMAHD, BHLE nums[n] == target THI NIVHEEHI
PE, FRBIEH AN, A 45 A DL E T,

TR E IR AEIG 7

1. EREHREALR

SEZfR b, BATAT AR ER R AT BN R ECRERRGTTR, BERTEN: BEHRERLG A target L NE
B — target + 1,

e 10-7 FioR, EIRGERDG, 8% @ fER /A — target + 1 (WIRAFELE), 1fi j fEAERA—" target ,
IR 5 R,

target = 6
nums
j i j i
EREE—T
target +1
Fin
sHheE— EHREE—

target target
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10-7 HEBRGUR BN AER LD T
BEE, REMHASZ ¢, FHFRERHER 1, WmkS j:
// === File: binary_search_edge.swift ===

[* ZHRERREG— target */
func binarySearchRightEdge(nums: [Int], target: Int) -> Int {
/] BUAEKRRE— target + 1
let 1 = binarySearchInsertion(nums: nums, target: target + 1)

/] i EBRERE— target , 1 EBHEENATF 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. BUAEHRTR

BATHNE, YBEAEE target B, &K1 Ml j 2o5FERE DNART. /N target FITE,
Klitt, @& 10-8 Fir, AR DAGIE — MNP A EER TR, A TEREGLR,

BERBE— target : o] AL NEER target - 0.5, FFRMEFEE 7,
EHEA D target : AJDAERIL ALK target + 0.5, FHIR[EFEEN 5

target = 6
wes [LJEIQEEF@EIEE]
; 4 ;i
B &k
target-0.5 target +0.5
Fih Fih
EHREE—T EREE—1T
target target

[ 10-8 RESILFEMANEDBITR

RIS, DURMRESER,
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- AEREHAN SN, IXERE BT O AR A B R B
- BOMIZITIERSIN T /N, FTATRZLR BB H Y 2E & target BONTFREEER! (Python JEAE)) .

10.4 MFERILER

EEZEEH, BATEES SRS PSR R AP EIENIN MR 2, BAUEH — DN E IR IIER
PR,
Question

Y58 — NEEEEUH nums FI— PN BERIEE target , IBEFLHAIEE “F1” N target RN ITER, HIR
EIEMIEERS], REEE—/MERTAT,

10.4.1 £4EH: WU EHRS E

FRERERZBETARRNAS, WE 109 FiR, BAFE—NMEIEIR, TESH MR N EEEIRTZ SN
target, fise, NWIREIENINERS,

target = 13

nums =

BRFFEES, HBHMA
target FAASEHR[E

K 10-9 SMEEHKEMECZ
RSN R AR :
/] === File: two_sum.swift ===
[* FE— BIIE */
func twoSumBruteForce(nums: [Int], target: Int) -> [Int] {

/] RERER, HESREAN 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]

TR RS 2R O(n?) , ZEREAEN O(1), fEREURR NIEFFEN,

10.4.2 MEFHEEHK: LISSEHRETE]

FIEMB—MNaRmE, BEX AN BEITTRNTTRRG BINENEE, SHRHIITE 10-10 FimrPE,

1. AT target -

nums[1] BEERA RS, 2, WERREIZXMNTTRIERG],

2. RFEE(EDN nums[1] FIZRST] 1 BRIIEIG AR,

target = 13

o : [

[ ey 8 ] b
map =
value %3

BHA nums

© 13 - 2 = 11 K7 map P
~ BTE 2 Hh0#E map
Step 1

Step 3

target = 13

— 1)
‘ A

i
-a8 =
map =
value =3l

BHBAE nums ,

© 13 — 7 = 6 £ map H
~ BTE 7 Fh# map
Step 2

target = 13

s - (@OOO
:
i

[ . g } -
map =
value 1 =3l

BHEA nums

w13 - 11 = 2 7£ map
~ EETRAGHRS [0, 2]

& 10-10 #HBhIG AR KERELZ

KRB TR, (T B EIERRTA] :

/] === File: two_sum.swift ===

[* FET HBRAER ¢/

func twoSumHashTable(nums: [Int], target: Int) -> [Int] {
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/] HBRER, TEIEFREN 0(n)
var dic: [Int: Int] = [:]
/] BERER, BEEZRERN 0(n)
for 1 in nums.indices {
if let j = dic[target - nums[i]] {

return [j, i]

}

dic[nums[i]] = 1
}
return [0]

T PRI 7 2 B I AR O(n?) B2 O(n) , KIBHRTHEITA,

T REGEF —MMIIE R R, BHZEERERN O(n) . REWMIL, 7RI IN 23558 b 51,
IRl E R A B A2 o

10.5 ERERTEZ

ZRE L (searching algorithm) A TTEEIESEH (Flan$ied, Bk, MetE) PR —Pel—Hild R e %
(GEpTE

BRBIRATRIE IR 2 DU L,

- E D EBIRGHRE R BT R, Bl B RIRIERE TS,
- FINBIRHAG SR BIR RS ERER, SRPOTRER, FI &R, B E R LR
EIKF,
ARERDL, IXERRE AT E TR, FHEREIN T RO AL, AT, i)
K MEMRFIMAVIA, HEH A IEREL,

10.5.1 8£HiEE

N HERIEE L BERESA RN TR RE A B bRt R,
- CERMHERT G TEEHM BRSNS, B MNBIRETR T eh, BT R, HEHKE
HARTeREENA S — il G I8 HAR TR M ik,
CCTTEARSEERT 1 REMCIER” R ERIR B PR DR LSS R M T RTT IR =
R, BT DT, REUTRRMRNAET ROTER, HE R EEREL, AR
fhig (e, EEE e MRS,

BEROILAR R B HEREL, JeA RSB AE BN RS .
A1, MRTIEINTIE N O(n) , Hrbn cREcs, FESIEEECRI B FERERZE.
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10.5.2 BHiEMNiEHE

EEMERA BRI R AR (BlnE R R RIERE, s motE i B Rt R,

- ST EERT MREERERE ISR, PUER TEE.
- AT ERRT MR R REIEN B R EEEE O ED S, TSI R,
- PR TERPERIREEH (BN SRR, FET AT RUESRPRIEHERR T L, AT AL HARTT R,

KRR SRR, IS AT O(log n) #% O(1) .

SR, FERANX AR TR EON BRI T AR, BN, o &R E T A THER, e AR
E AT LG BRIMNOBURLEAY, 4R IX B RRAGHE T 7R E A MO R0 2 TR T

Tip
HIENAERFEF PR EREE, REAT ARG rhIERR B,

10.5.3 $EFRIFHEN

LR n —HEHE, BATATAERLEMER, &R WEER BRESREZMITIENPERER
TER. HMNTTER TAEFEENE 10-11 Fir,

425 o(n) BEER 0(1) AN key &ifj value
ey 1 5 '3
ZMERHEE
—5#Ei 0(logn) WEH 0(logn)

E-REFRHH

u/a EHEFTR

RIESIERE R4 MERXE

K 10-11 ZAMEREKR

IR URTTIRR B ERCR SRR 10-1 R,

% 10-1 EEREERHBERMLT
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LRMHER TR AR MG AR A
EHITR O(n) O(logn) O(logn) O(1)
AATTR 0(1) O(n) O(logn) 0(1)
MHERITER O(n) O(n) O(logn) 0(1)
Livlesls| O(1) O(1) O(n) O(n)
Hm st / H7 O(nlogn) #Ht O(nlogn) TR O(n)
YRR S A TeF? fFp fFp ToF?

RREIRANEREIR T EIRA R, BREEZER, PdR&i S EHiRs,
&MHER

- JERMERYE, TAUETEEETSE IR R, RNBA T ER —IREE, IR 2HA =5 AR R E A
AR T FE S M FE AR AN TRE 2B K

- EHTHRER/NOEAE, HIEGE N RS A SRR,

C ERTEERERCREGS R, ROV AR E SR TR TR e,

R

S OERATREAERRIEI, BCRRMRRE, RENFEZREN O(logn) .
- BUERARRET R, BN EREH TR EE SR A A
- RNERT @SBRI R, ROV A B R TR,

WA AR

- EENEREREERIRESHT R, PENEESREN O(1) .

- NEGHREARFEIRSGEEERNT R, AR RICIRLET BIRA 7.

© XIS TR R ORI A PR AL PRI O (R M A s, BRI PERE S (LK

- NEEEIR R KRIIED, RIS R T LN R EARE A R, Mt R e i it
AE.

PR

- JERTEEREEE, OV RN R BUE BRI,

- EETREGEA PR E AR R,

 TERPSUEINT SR AR, ISR ATRE AR, NRIERESEE O(n) -

- H{EA AVL eel B, M THRERTTE O(logn) BER FRAEIETT, (A4 RT- SR E S 88 I
SN

10.6 /h&E

© S EREEEIRRE I, B EIRE S AR KRR TER, BERMABIEE R, HAX
1& T B e T B ST B R S A
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- R E R SR R R, RMHOSOE T TN, I (R AR AR
SERFERN, HREEAMEL, TABIR TR, (ERREZE O(n) K.

- IRTREER, MR ) AR TR, AER R SR R R R E AR, IR
=E5, WIAEZREAE O(logn) H% O(1), IEHFEEMBTIMURLS,

- i, RANEEAEGRAR, BRIEAEER, ORI E RS AT BRI, MRS
G T

C RPHSZIE T VISR, BB T AL HF ISR AT A HOER T 2
SRR EL A ISR s S T A B WP AT SR 2 M KB S R

L BT AR R — R R (TN RIS, A IS AR EE A O (n) %8 O(1)
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F11E #HF

Abstract
HEFP I an — 1R EL A ARk e B BETR AR, A TRE DABE Sty 7y AR 5 Ab AR
TR, RE 27 EHY, HiFpamBATER T EIRFNEER,
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11.1 HIEHEZ%

HF®% (sorting algorithm) HITX —HBHRIZ KT E I THS . HFEIREET 2N, FAERF
B B RE SR S RO R, ST ANAL B,

A 11-1 FoR, HEFRIARAEEREAI ] DU REL TR AT AT ERSE, HE RO RN Al AR R 5k
BE, WEFR/N T ASCIL RGBT 5% H & R,

HRBF X NHF B
20800800 908oooooa

BRFHFHFFRS

CIEDECICEIED = ENEDEDHCID

IR E XN HF 7R &

GO0O00G OoOococooo

B 11-1  Edfm SRR R R B

11.1.1 P EE

BT BRI ERNN RS RER, HERREdEis> (NREREPREEIEEN . X
TAREGERAEN, BITRREEUNEL,

i B, R H R R BRI, TeAUE BRI MBI, TN,
WHEAET, Rt rBdERiaR e, SITEE R E DR,

FOEPE: REHFAENHIFG, HSETTREBH AT A% AR,

REHF R 2P R AR R, BIRBITE — M EFER AR, 5 155 2 510512 A
iy, FEIXAEOLT, IEREHF AT S B AR APtk

# MANSIESIRBH B HFIFRY
# (name, age)
('A', 19)
('B', 18)
('c', 21)
'D', 19)
E', 23)

# RIREBIFREHFERRERHFIIR,
# £5Rh ('D', 19) # ('A', 19) BIMEWIBHRIE,
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# WANBIEREZHFENERER
('B', 18)
('D', 19)
('A', 19)
('c', 21)
('E', 23)

HIERTE: BIERHE RN S SR AR, BRENFERE, RENFEIRE, PN
EFF AR,

H I N R AR BRI OUOR TG, AR RZEN W E A2 T PN RS 20T, WIHF B SRR T
PEREFTRES L, DRIMA N D s Man R e AR TR AL T A I R A0, TR IE e

REIET IR BFHROHFRBIIEIZEN (<0 = >) RABTRIENIE, MR N,
MILRMNEEREN O(nlogn) . MAELLERHE AN LEIZHEAF, NREREE O(n) , {HHEAME
LERS B e

11.1.2 IBBEHIFEZ

BT, b, RUE. IEFEERNL, EHITELF. B, €5 NIEMARKIGRA D ERTERHERIHTETE.
I, FEIEREHE R RUART, 7R AR B R SO A R SRR UE

TR, BATRIERZESBAHP R, HET LR 2 RIER JLEk s T 204

11.2 #&FHF

EEHF (selection sort) WY TLAEFEHIAEF A JTE—ME, SHMRHFXREIERR/NITTR, RKHK
FEH P XRARE,

REEHRI RN n, ERHEFRRIERENE 11-2 For.

L WIaIRAESR, FrETCREAHT, BRHY (RsD XA [0,n — 1],
2. EHUXE [0,n — 1] PE/NER, FHSRG] 0 °McRcit, e, B 1 MTREHR.
3. JEEIXTE [1,n — 1] s/ e s, BHERI] 1 ARITER S, 5eUa, B 2 NMTReHF,
4. DUHEHE, 21 n — 1S seiius, Bl n — 1 M eReHT.
5. (RB—MNIeRULERRATTR, AT, KIEBARF 2N,

8 1 RsiE: % 1w

BHKRAFXE, EERNTR nuns[k] BHFRAFXE, EERTRE nuns[k]

ZHBTR nums[k] FRAFXENENTHE nums[i]

Step 1 Step 2
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KHFXE RHFXE

—

nums

i k
5 2 B B 2 B
BHFRHFXE, EERNTRE nuns[k] BHFAFXE, EERNTE nuns[k]

TR nuns[k] FARAFXERENTR nums[i]

Step 3 ] Step 4

KHFXE RHFXE

nums

5 3 B B 3 B
BHFRHFXE, EERNTR nuns[k] BHRAFKE, EERNTE nums[k]
Zg/ TR nuns[k] FRHFXERENTR nums[i]

Step 5 ] Step 6

RHFXE FHEFEE

nums

nums

A A
i k

B 4 Wi B 4 REEE:

BHKRHFXE, EERNTR nuns[k] BHFAFXE, EERNTE nuns[k]

ZERTR nuns[k] FRAFXERENTR nums[i]

Step 7 ] Step 8

RHFXE KHFE

nums nums

i k
5 5 RiR: B 5 BiEF:
BHKRHFXE, EERNTR nuns[k] BHFAFKE, EERNTE nuns[k]
/TR nuns[k] FRHFXERENTR nuns[i]
[ 83D O ] Step 10
KHFRE
nums
SERHF (RR— N TRERAAF)
Step 11

11-2 EFHEF PR

ARG, ATk RICFARHF X RN R/NTER:
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// === File: selection_sort.swift ===

[* EFEHE +/
func selectionSort(nums: inout [Int]) {
/] SMEF: REFFXER [1, n-1]
for 1 in nums.indices.dropLast() {
/] WEF: HERFFXERNNRN TR
var k = 1
for j in nums.indices.dropFirst(i + 1) {
if nums[j] < nums[k] {
k =3 // ER&NTENESI
}
}
/] Bz&haRSREFXENE N TR

nums.swapAt(i, k)

11.2.1 Hix4$

RSN O(n2). AEEIERIHEY: SMEFREE n — 1 8, H—0MRMEFXKEKEN n, SE—4#
HIARHEFF I IR 2, EIHAMEFR RIS n, no— 1. ... 3. 2 SINTEEF, iy C=lnt2)
- MERIEN O(1), JEHHER:: $55H 0 B 8 FREO0 NI,
- ARERHE: W 113 R, TCE nuns[1] F ATAENSHE 5 EAHSRTRIGID, SEMERH
[G52-Z N

FHFXia

oo
RITE—IIER

FHFXia

TRE—RIERGE,
AR 4 BERIERETHE

B 11-3 R IR R A
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11.3 BaHF

Bi8HF (bubble sort) JEITIESIM LI S A HAHBTTR LI, X DIEFERG IR AERE T2 T —FF,

ESY: KE ZA=Riuke 35 28

G 11-4 FoR, B AR ] DA HTC SRS ERAEL . W R ARG, AR EEE AR TR R
AN, TR ATER > AR M A W, RRRITTR SRS EI A R R i

ums °0°0°0

FHRARE—H R
TENNSEREFRIELL

~ DEE0EE

=
nums 09\0090

MEZGBHESTER:
v EORER > GARR
o BRI TTER

Step 3

nuns 060°°0

MEEGERHESTE:
v EBRER < GATR
o HRTE

l Step 5 J

Step 7

11.3.1 E&imiE

nums Q‘egeo

MNEEGEHESTE:
v ARk > BATR
o R ITER

Step 2
N
- 0000@0

MEZEGEEHESTR:
v EARER > BATR
o X TTE

Step 4

eQOQéb

MEEGBHESTE:
v EBRER > BATR
o RREBWITHR

Step 6

IKIE IKE
nums oeoooe

®H n-1 AEEREE

BHZERSE,
BARERTHAE

B 11-4 FIHTRHBRER S I

REAHNKE N n, BiRAFFRPERINE 11-5 frr.
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L B, XN n NICRIT BT, RBERERACRHEIEMAE.

2. TR, MERn — 1ATTRWT "B, K Ao IEmAIE,
3. UMK, i n — 1% “Hilg” 5, #in — 1 KECEARPEHE IEmAIE,

4. {CRIE— P ITRBERR/IVLR, AT, BT 2K,

HE H:'.Zkﬁ”
BT

s [HEEEEE
WiTE 1 ®EA
FEEZEEZO 5

HITHE 2 RESR

0 0

HITE 3 ®ER

- 800 El

RITE 4 BEE

- Oo8aoa

MiTE 5 BEE

- 088000

TRAF RR—TTHELHHF)

K 11-5 EiEHThfE
RIS ATR
// === File: bubble_sort.swift ===

[* BaHE */
func bubbleSort(nums: inout [Int]) {
/] SMEIR: KHEFXEN [0, i]
for 1 in nums.indices.dropFirst().reversed() {
/] WEF: BRHFEXIE [0, 1] PHRATERIREZXENRAH
for 3 in 0 ..< 1 {
if nums[j] > nums[j + 1] {
// 3 nums[i] 5 nums[j + 1]
nums.swapAt(j, j + 1)

11.3.2 BEMK

SRHERF R

[o,

[01

[ep

[o,

[01

[ey

5]

4]

3]

2]

1]

o]

BAVRE, RER “Bil” PERAMITEMGERIE, WRHC AR Y, ATERHRMEZR, K, A

DA AN —MREAL Flag RETMIXARENL, — BBz RLR AL,
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G, LR AR 22N T 2 BRI I R 2R 0 O(n2) 5 (E2480 \BRe 52 2 R, ATk
SRR 24 O(n)

// === File: bubble_sort.swift ===

[* BaHE (nEMh) */
func bubbleSortWithFlag(nums: inout [Int]) {
/] MBI RHEFEXIERN [0, ]
for 1 in nums.indices.dropFirst().reversed() {
var flag = false // #¥IBWARENL
for 3 in 0 ..< 1 {
if nums[j] > nums[j + 1] {
[/ X% nums[j] 5 nums[j + 1]
nums.swapAt(j, j + 1)
flag = true // IERXIRTE

}

}

if Iflag { // % “BE" RIMMERTER, BFEBE
break

}

11.3.3 HixSE

- WRERER O(n?), BIERHE: &6 “Bi” wHNEEKERRIn — 1, n—2, .. 2. 1,
BN (n—1)n/2 . 1E5IA flag (fL)G, wENFASRREREE O(n) .

- BRERERN O(1), WHHYT . 48 0 f j [ EEOO RSN S EL

- REHER: BTE BT PEEIESE TR A,

11.4 {HENHF

WA (insertion sort) Z—FMAIRATHEFRIL, R LIRS Fo) i —aI I AR IEH AR L,

BRI, BAMERFF X EERE P RMETR, FizocR 5HAMERF XRFTRZ—EARD, R
ZOTR A ZERMAIN E,

& 11-6 s T BEHA A TR IR ERAE, BHEMETTR N base , FAIFERMEIRERFIF] base Z HIRIFTH T
RIEEEEI—AL, AR base WIEZ HARRS
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nums[5] = nums[4]

K& 3 AR nums o, N
N N R TERKRR
BRI E T BREBH—{1 | |5
;ll.l..-n

nums[4] = nums[3]

BRTER [
#BERES |

11-6  BARIR NIRIE

11.4.1 EERR

FENHEF RV RR RN E 11-7 FoR.

L ISR, BEHRE 1 DR eemdF.

2. IEBEHRIE 2 DITRMEN base , FHMAZEWMAES, BN 2 MRy,

3. IEHEE 3 NITRMEN base , KHMARIEWMIE/S, BEHMN 3 MR CHT.

4. DASEHE, TERJE—4eh, JEBURIG —1NICRIEN base , HHMARIEWMIES, FifixiICHy.

EHFEiE

[0, o]
[o, 1]
[0, 2]
[0, 3]
[o, 4]

[0, 51

11-7 f@AHEF AR

ARBIRESANT :
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// === File: insertion_sort.swift ===

[* FANHEF */
func insertionSort(nums: inout [Int]) {
// MER: BHIFKXER [0, 1-1]
for 1 in nums.indices.dropFirst() {
let base = nums[1i]
var j =1 -1
/] WREF: 3§ base AFIEHEFXIE [0, i-1] PHEHUE
while j >= 0, nums[j] > base {
nums[j + 1] = nums[j] // ¥ nums[j] EHEBH—
j-=1
}
nums[j + 1] = base // & base WMEZIEHE

11.4.2 B

- WRERER O(n?), HIERHT: fEEEHN T, BUOEARESHRER/LE R — 1. n—2, ..
20 TR, KAMEE] (n — 1)n/2, WILRHEZREHR O(n?) . EIBEIHFEARN, HARIERIRAL
ke MEABAZERAEFN, HAHTBRIRENEERE O(n) .

- EMERER O(1), i 1854 /0 j (R EEOVNIERSNE L

- RUEHEE: ERAREERES, ROSKETRBAZMHETRNEAM, A8 ENRIT.

11.4.3 {EHENHIFBLE

AP FEZE R O(n?), TEAIERE: S PO F N RE 2N O(nlogn) » REMAHER
AORTRIE R s, HAEBR RO, dAHEE E ik,

XL S SNEE R — B AE A E IR e R, PIEHTIXE O(nlogn) LR TE T 01AK
WERHET SRS, S E 2 TR e, MAEBIRREYIE, n? Fl nlog n MAUAILAENE, SRER
SN, SRR STTER RS DUE R

Khr b, WEHEES (B Java) FNEHFFEECRA THEAHY, RECEEN: X TREHE, RAET
SHARMIIHF IR, BIanpuEHTy; N TERE, BREREAHE,

EORF I, AR A IR RS 2458 O(n?) , (BAESZBRIGHR, $AHERS M 550%
Fea T HIEHprmEssy, Z2ALTEE,

- B E T TR, TEMB— DR R, PR 3 NI, MmAHEE T TRMESL
B, 1 DEITRiE. Fit, BINHDFEHHRITRE R LA HE 5,

OEFHEF TSR RN REREEN O(n?) o WURGE LR A DS, FBAHDTIE ik
PP BR E .

- IR AEE, RN AT 2R,
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11.5 REHIF

PERHEF (quick sort) JE R T IARISHIHEF BIX,

BITERL, RATTZ,

PIEHE R ORMER “THIERI ", HEMRE: SR PR TR R, /TR
RUTTRBRIHAEM, AR TEESETTRBEIHAM, BARKE, HIXIRRAENE 11-8 For.

1.

A iR /e T R E N EERL, WAL NMEEE LRI 5 o allda e R,

2. WEMER, EFRAER L G) 2RSS PHERELCR () BITR, KRR ITR,

3.

Step 1 B
left right
v v
- (08088
A A
i j
def partition(nums, left, right):
R
i, j = left, right # LU nums[left] ¥
while i < j:
while i < j and nums[j] >= nums[left]: # MEAMERENNFRESNTE
j-=1
while i < j and nums[i] <= nums[left]: # MEBGHREIATFEEROTE
i4=1
nums[i], nums[j] = nums[j], nums[i] # XM PTR
nums[i], nums[left] = nums[left], nums[i] # BEEBTRERFHANDIAL
return i # EEEEENRS|
Step 3 BN
left right
v v
- (08008
A A
i bl
def partition(nums, left, right):
"UERIS
i, j = left, right # LU nums[left] HEfH
while i < j:
while i < j and nums[j] >= nums[left]: # MEEARE NN FEERNTE
§ =1
while i < j and nums[i] <= nums[left]: # MEMAREIATRERNTE
i4=1
nums[i], nums(j] = nums[j], nums[i] # SRERATH
nums[i], nums[left] = nums[left], nums[i] # SEEBZRERFHANSRE
return i # EEEEHNRS|
Step 5 BEY
left right
v v
-~ 00008
A A )
i
def partition(nums, left, right):
"UERIS
i, j = left, right # 5L nums[left] HEH
while i < j:
while i < j and nums[j] >= nums[left]: # MERARE NN FRERNTE
=1
while i < j and nums[i] <= nums[left]: # MEAGREIATFRERNTE
i+=1
nums[i], nums(j] = nums[j], nums[i] # SERERATH

nums[i], nums[left] = nums[left], nums[i] # FEERTHREFFRANHAL
return i # EEERESAFS|

Step 2 BEY
left
v
nums
i 3
def partition(nums, left, right):
SRy
i, j = left, right
while i < j:
while i < j and nums[j] >= nums[left]:
j-=1
while i < j and nums[i] <= nums[left]:
i4=1
nums[i], nums[j] = nums[j], nums[i]
nums[i], nums[left] = nums[left], nums[i]
return i
Step 4
rtition(nums, left, right):
SRy
j = left, right
while i < j:
while i < j and nums[j] >= nums[left]:
j =1
while i < j and nums[i] <= nums[left]:
i4=1
nums[i], nums[j] = nums[j], nums[i]
nums[i], nums[left] = nums[left], nums[i]
return i
Step 6 BER
left
v

uns

A

J
i

def partition(nums, left, right):
R
i, j = left, right
while i < j:

while i < j and nuns[j] >= nums[left]:

-1

while i < j and nums[i] <= nums[left]:

i4s1
nuns[il, nums[3] = nums[31, nuns[i]
nums[i], nums[left] = nums[left], nums[i]
return i

rigl

#

#

#

#
#

#

#

#

#
#

TEIATE B 2., HE LM § EERHELE, RIEREESCIHREND TR 7 FH ik,

ht

B nums[left] HEEH
MEREREMNTFEEBBITR
MEBEREPATRESNTR
ST TR

RREBERERTFRANS FE
EEEAESHRS|

B nums[left] HEAEH
MEREREMNFEEBHITR
MEEEREPATFRERTR
AP DT

REEBSRERFRANSFE
SEEE MRS

right

#

#

#

#
#

aooooo

BA nums[left] AEEH
MERERENNFRERNTR
MEBERE AT EEBBITR
SRR D TTHR

RRESRERFRANIRE
EEAERERS|
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Step 7

BHEH
left right

J

J
i

def partition(nums, left, right):

"HERIS "

i, j = left, right # B nums[left] HEEK
while i < j:

while i < j and nums[j] >= nums[left]: # MEMAREMNFRERNTE

j=1

while i < j and nums[i] <= nums[left]: # AEEEREIATRRMKITE
i4=1

nums[i], nums[3] = nums[31, nums[i] # SRR

nums[i], nums[left] = nums[left], nums[i] # BEEBZRERFHRANSRL
return i # BEEEHMRS|

Step 9

Step 8

BEH

nuns {aaa

EFHE HFHRE

‘MRS TG, RRMTEN

left EHEH right
[— v
- ((OB008
T —
i
1
def partition(nums, left, right):
e
i, j = left, right # B nuns[left] nEEs

while i < j:
while i < j and nums[j] >= nums[left]: # MABEREMNFEEHNTR

j-=1
while i < j and nums[i] <= nums[left]: # WEMEREIATEGBNTE
i+=1

nums[i], nums[j] = nums[j], nums[i] # ZRXF/ITE
nuns[i], nums[left] = nums[left], nums[i] # BEEHZRERTFHANSIRE
return i # BEEESHRS|

EFSAERTR < BEY < AFHRAERTR

11-8 M7 20 3%

LRI G, RS =8 T8, Bl A8, Bk “ErBAERETRE <&
R < AFEAERTR". B, BIHETRATBHZMDFEAHTHET,

PRI HER 1 7 6 R
WSS 0 B 56 PR K — DR B A HE 7 TR B T R R B B O HE e 1)L

/] === File:

quick_sort.swift ===

[* HEXIS */
func partition(nums: inout [Int], left: Int, right: Int) -> Int {
/] LA nums[left] AEHEER

var i =
var j =

while 1

left
right
<3j{

while 1 < j, nums[j] >= nums[left] {

i -=1// NERERENMNFEERNTER

}

while 1 < j, nums[i] <= nums[left] {

1+= 1 // NEREHRBENATEERNTER

}

nums.swapAt(i, j) // RIEXFHENITER

}

nums.swapAt(i, left) // BEAEBRZRERFLHEN D AL
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return i // REIEEHIZRES]

11.5.1 BEERE

PRIgHE R R RATAZANE 11-9 AR,

1 B, MEBERIT R TR, SRR A T EEHm A 78,
2. g, MNEFEAMGFRADHEAPT “THRID",
3. FBudIH, ERETFEEHKEN 1 INEIL, MAEBENESEHHT

A
-« @O0000

FREA

B0 EEE

RIS

BiE - BEE TN W

I TR  BIIETHRE - EEFRAKERN 1 WAL

) SEREEHE
2 o
Lz f=54]
0a:

val THEERIS>

213813 (=g E [E=JlaztE

11-9 ‘PLdifEF e

// === File: quick_sort.swift ===

[* REHE */
func quickSort(nums: inout [Int], left: Int, right: Int) {
/] FEAEKERN 1 IR IE#E)T
if left >= right {
return
}
/] HEXD
let pivot = partition(nums: &nums, left: left, right: right)
/] BAEFEE. EFEA
quickSort(nums: &nums, left: left, right: pivot - 1)
quickSort(nums: &nums, left: pivot + 1, right: right)
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11.5.2 s

- NEERER O(nlogn). HIEMHNT: fEFHER T, IMERIZHNEHELECN logn , BEHRIENE
I, BWMER O(nlogn) MR, 7ERZEMILT, SFHRMERIRIERREN n BEEHRI TN
KEHR O n—1 WA TEA, WRIBHEE0AE n, BEPNERECH n, BWEER O(n?) KH,

- BEERERN O(n). RHHDY : EMABHZE2EFIERT, BRREZRRE n, £H O(n)
i, HEP B E R AE RS EATHY, RABEIMIE,

- AR EWEONRE P, RERRIRES P ERHFTTRIA M,

11.5.3 REFEHIFEAT AR

MEFR ERERER th, PRIEHEFERCRITHN I ZEA —ERIE, REREHFR IR ERES “HH
BT R CHEHRRT MR, (HIERPOEHITRIReRE S, EEADITERER,

- B E RS U BRI BAUREEFNRENEE2E N O(n?), BHIIFHFHFRE, EELR
ZEIEHT, PudHFRETE O(nlogn) BN HE 2% E FIiBfT,

©OBRAHEMBCRE: ERTIHERIRIEN, RSP FRAMBRIZRSE, FTiRTRRRREK
o Mg “HEHER” RXEBERFEBRAVIFITR, MMERZX—RE,

- ERENERRRUN: £ ER=MRES, PuRHEEabeL WA, SR ERER D, XS
AT e BT E AR RS

11.5.4 BEEHKKL

POEHE e R L PIII BSCR A RERIC, 28— PHamBlr, R AR 2 2EPR, HTHImEes
BRIEHTCRIENEMERL, I2ENEXID G, AESREiE ARG, SEAETEHREN n — 1,
ATFHAKEN O, MEIARE, SRWERIERE D FEHNKEN 0, 2IaRIERN, PudHz
By “BiEH” ANERIER,

N T RERGRIX AR, AT DAL SR 53 rh B R ORI filan,  FA1TR] DABEALIEH — 1
TLRIENILMERL, 28T, AN SAME, FIRERERIAFABRIIER, BERIAARUNAR.,
TRETENE, WEESEEERIZE “ThRENIE . RIS O R 514 i — DR AR B,
AR 2 PRIEHE P B RCR AT R T RES 1

N PG, BRI DR AIER = MesinR CEFMANE. B, FRotR), IFRIX=A1 ik
TCRAPPABA AR, IXRE ok, B "B/ MEARKR” BIREREERIEIE T, R, BABER A
VEHUE 2 e, DI — SR m IR, RAXFTIEE, MRERESLE O(n?) MHERAK
R

RS ATT
// === File: quick_sort.swift ===
[* BN = MEIRT R GIEL */

func medianThree(nums: [Int], left: Int, mid: Int, right: Int) -> Int {
let 1 = nums[left]
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let m = nums[mid]

let r = nums[right]

if (L<=m&m<=7r) || (r<=m& m<=1) {
return mid // m £ 1 M r Z[8]

}

if (m<=18& 1l <=7r) || (r<=18& 1 <=m) {
return left // L& mn M r Z[8)

}

return right

}

[* HEXSD (ZHEFRE) */
func partitionMedian(nums: inout [Int], left: Int, right: Int) -> Int {
/] EE=MEET R AE
let med = medianThree(nums: nums, left: left, mid: (left + right) / 2, right: right)
/] Rrp AR = 5 & A i
nums.swapAt(left, med)

return partition(nums: &nums, left: left, right: right)

11.5.5 RE#/a{kk

TESEEA T, PO rIRE i M ZMERZ ., DEef Rl A B, BB FEARKEN m,
IR BRI A RN 0 WA FBAHNKEN m — 1 0678, XERES—EETEA D
AR RN CURD— R, BIAMEERIEE n—1, KINFZESH O(n) K/NEIRRmEsE,

N T DR B, Bl TAT ATE SRR SR Se R, AR TR K, IO Bt
TR, TR T K RS n/2 , RISRT AR ORI i logn , MITHHR2ESS
AEZ BRI O(logn) o ARSI RAR:

/] === File: quick_sort.swift ===

[* REHE (BEARL) */
func quickSortTailCall(nums: inout [Int], left: Int, right: Int) {
var left = left
var right = right
/] FEAKER 1 BE&LE
while left < right {
/] PHERIDRME
let pivot = partition(nums: &nums, left: left, right: right)
/] FEDNFEAPBIENI N HITIREH =
if (pivot - left) < (right - pivot) {
quickSortTailCall(nums: &nums, left: left, right: pivot - 1) // EJIHFAEFEA
left = pivot + 1 // RRFKHFXEA [pivot + 1, right]
} else {
quickSortTailCall(nums: &nums, left: pivot + 1, right: right) // #FHFEAFEE
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right = pivot - 1 // FIREKHFXEA [left, pivot - 1]

11.6 FHHIF

JAFHHRE (merge sort) B—FET ERIBIAFEZ, ©EE 11-10 Fospy X" M “GIF" B,

L XIoBirEe: BB AR BER N AL T, R KB A HE T A8 4 R 22 B HE e
2. HIFRHE: HTEEHKEN 1 NEIEXy, THEEH, RS AAM NMEOERE P EEHEH I — DR
KGR, HEE4R,

PEEEEEEE

5 BiEE

) mmwn
IR

BHME

11-10  VAFFHFRIXI 5 EFH T ER

11.6.1 ELEimiE

N 11-11 Fow, “RIPR BT TR R A B M A s 00 A 12

1. HEEAHP S nid , BIEAKS A FEE (XHE [left, mid]) A FEEH (XHE [mid + 1, right] ).
2. BIAPUTHE 1., HETFEAXREKEN 1 KL,

“EIHHET WERETUR £ T BHNEG TR N M EFR R, FEERRE, WKEN 1T 8HT
wmaI, AHMEBEHENFEAHER AP,
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#IFRIS

A a—

U IS LR

-
|

Step 1 ‘ Step 2

R

etk
EJ12 40 1= 40

a2

aAEI13
EJ12 40 LR

Step 5 Step 6

[ Step 9 ] [Step 19]

11-11 JHFHER B

MR, VAFFHER5 = SO e i 3 3 U e 2 — B
Rl SR TR, FEIIA T, SRR AR A
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FIRHER: JodIaE T8, BEIATRE, RELEEEH.

HFHHER B SEE N A MRS AR, IBEE, nums EEEFEX RN [left, right], T tmp HYX N X AN
[0, right - left],

// === File: merge_sort.swift ===

[* BFEFHANGTFIREA */
func merge(nums: inout [Int], left: Int, mid: Int, right: Int) {
/] EFHAKEA [left, mid], BFHAXERN [mid+l, right]
/] BIE—IGEEEE tmp , BFEREHENER
var tmp = Array(repeating: 0, count: right - left + 1)
/] MR FEAME FHANRIEERS]
var 1 = left, j=mid + 1, k = 0
/] BEAFHABEETERN, #ITHBRHBBRNNTRER R IR LA H
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

}
/] BEFHANEGFEHANTRTEE ST IR EEH
while 1 <= mid {
tmp[k] = nums[1]
1+=1
k += 1
}
while j <= right {
tmp[k] = nums[j]
j+=1
k += 1
}
/] BIREEER tmp FRITTRERIEREE nuns AIXTRZX 8]
for k in tmp.indices {
nums[left + k] = tmp[k]

[* VAHHE */

func mergeSort(nums: inout [Int], left: Int, right: Int) {
/] BIEEH
if left >= right { // EFHAKERN 1 REILE)T

return
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/] RIDBNEE

let mid = (left + right) / 2 // HEFR

mergeSort(nums: &nums, left: left, right: mid) // ZE/IEFEHE
mergeSort(nums: &nums, left: mid + 1, right: right) // 2JIHEFEUEE
/] BHINE

merge(nums: &nums, left: left, mid: mid, right: right)

11.6.2 B4

- WEEAYEN O(nlogn). IEEERHEFE: WAF4LREN logn IR, SEEHEIMEREER
N, EHEENEZZEN O(nlogn) .

- SSREREN O(n). IEHEF: WIREN logn , 5 O(logn) A/NGMEER, &IFRIER
SESBREAII, E O(n) A/NGBISNEH,

- RSEHDY: EAIRTER, MS TR R,

11.6.3 §ERHIF

MR, AR T R R B A B0, W BLRBERHIFES B MEREMILE O(1) .

- RBBE: ATDUER] BT B BT SRSEBIRERI > TAE, A A KA A B ],
© AIERREY: fERERT, RIEMERCE LS I (EE) BIRTSCH, REEFHFME RN EE
RAHN-DRAEFHER) TTHOTEIIMER,

HAASCIANT LR 2%, A6 IRE 7] DA A S BRI T2 5

11.7 HIE

Tip
PIBEATIRT, TEMRE AT “ “E,

R (heap sort) &M THERURE SRR SR Rk, BATAI DR AL AR “EHERIE"
“TURHHEBRE" KIHEHE

L. B AECEHF RN/, I iR/ VTR T HET,
2. RWrAAT HHERRSE, RUGCREHETTR, RIAJSEIMINEIRHEF RIS,

BT EIRRIAT, (AREM— MM R R HITER, HEORS M, £k, BABEH M
— RS AL SBT3
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11.7.1 EERR

REAHIKEN n, HEHFPRIREINE 11-12 Fr,

L SN RTINE, SEa, ROARTTRATHE,

2. FBHEDOTR (B—IeR) SHIETER (BRE—1ITHR) . ey, #RER 1, BT
2HEML,

3. MWHETITTEITER, MIRBNERHITHEIRIE (sift down), SERELE, HERMERISEIEE,

4. PEIMAITE 2. DI 3. o B n — 1 52)5, RIRISERE .

Tip

Khr b, JTREMERFEPBESE 2. PME 3., REZ T - MHHTTRIPE,

/o

- 00808

EMTH ERTR

BN RNERT

Step 1 |

0060

ENERXE BEHFRE

~ (20880

s
@{@B
é@@

MIHHER BHFRR
w: 208008

Step 5 |

SEHEF

1. WINMAH R

2. ERMEPRIRBATE
(1) HETRTTRSHERTE
(2) MTREFRH#THN

SEHEF

1. WNBAHERE

2. ERMERRIRATER
(1) ZEMTRSHRETE
(2) MTRERHTHEN

SEHEF

1. MWINMAH R

2. BERMEPRIRBATE
(1) TR SHERTE
(2) MTRERTHA

EMERXE BHIFXE

-~ B00000

| Step 2
X@E
2

“ o
Cﬁé\@@

ENEREE BHFXE

(1)
@/%@

000

HENBMEXE EﬁEEH
- HO0000

Step 6

SEHF

1. BWABEAFERIE
2. fEFMEPRERATER
(1) RETRTTRSHRTE

IEHF

1. BWNBEAFERE
2. EFMEPRERATR
(1) ZETMTRSHERTE

SEHF

1. MABEAF R
2. fEFMEPREBATER
(1) RETRTTRSHRTE
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@
© o
0060

BNERRE EHFXE

~: (E0000

l Step 7 ‘
f
@ @

000

BWAENRE BHFXE
w (@00008

| Step 9

-]
o o
000

ﬁﬂqﬁ‘&lziil BHIFKIE
— 00000

[ step 11 \

SEHEF

1. WNSAHEE

2. BERMEPREBATR
(1) HETMTRSHERTR
(2) MNTREERH#THMW

SHIF

1. WABURFHERME

2. EFRMEPRIBATE
(1) ZHETMTESHERETE
(2) MTRERHTHEN

SEHIF

1. WNSAHEE

2. BEFRMEPRIBATR
(1) HETMTRSHERTR
(2) MNTRER#THMW

o
o

0060

HNERRE EHFXE

- 00000

Step 8

()

e o
000

ENFENEE EHFRE

(00000

Step 10
Emszm
- (00000
Step 12’

K 11-12 HeHER 538

SEHF

1. MINBEAF R
2. EFMEPRERATR
(1) RBBETRTRSHERTR

SEHE

1. WABUAH R
2. BFMERRERATE
(1) ZWETMTRSHERTE

SEHF

1. MNBERFERE

2. EFMEPRERATR

(1) RHBETRTRSHERTR

(2) MTRERETHEA

3. BAR—IRELFRE, HFTR

RIS, FAER TS5 “HE” Z=5AERR AT R sift_down() L, EFEERE, HTHER
KEXMERBRATTRTR/D, EHRNTES sift_down() BERM—MKESE n, ATHREHERY

HIERORE ., AU R AR:

// === File: heap_sort.swift

[* EEKEA n , MR

var 1 = 1

while true {

/] FIETHS 1, 1, r PESRANTSR, 184 ma
let 1=2*1+1
letr=2*1+2

var ma = i

i1 7R, MIREREL */

func siftDown(nums: inout [Int], n: Int, i: Int) {

if 1T < n, nums[1l] > nums[ma] {
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ma = 1
}
if r <n, nums[r] > nums[ma] {
ma = r
}
/] BETR 1 &RA®ES| 1, r @R, WEhdrsstd, Bt
if ma == 1 {
break
}

/] IRFET =
nums.swapAt(i, ma)
/] TEFE T

i =ma
}

[* HHEF *+/
func heapSort(nums: inout [Int]) {
/] EMERLE: HARH TR USMIEMFAE T R
for 1 in stride(from: nums.count / 2 - 1, through: 0, by: -1) {
siftDown(nums: &nums, n: nums.count, i: i)

}

/] MHERIREEGRATTR, &F n-1 28

for 1 in nums.indices.dropFirst().reversed() {
/] KRBT REREHTR (RIRETRESERTR)
nums . swapAt(0, i)
/] URTRARR, MNRERHFTHEL

siftDown(nums: &nums, n: i, i: 0)

11.7.2 HiESE

INEERER O(nlogn). EEIENHDT: EHEBREGEH O(n) WA, MHEFIREURKTTREIINEE
& O(logn) , HEAEHRn — 14,

- EMERER O(1), FHeHbY: JUMEHERMA O(1) 2, TTRAHMMER IR E RS -
BT,

- AR R TUT R T RN, MHE TR A E R RER L,

11.8 1@HiF

AR LR P SRR T “BT AP RIE”, ENNEE EEETT R AR N R MR H P EIER
NS RETHEER O(nlogn) . #EFK, BATRHRNUM “GELBRHIPRIE", BRI E AT DUE
FNEMERT
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f@HE (bucket sort) 2/ ARSI — DRI, EIEdIRE L EBAR/NIFIINE, MR —
TEVOH], BRI BRI I, A5, EBIRNERDBIAITHY . RELIRmIIN R ATH SR &
¥t

11.8.1 HEHIE

FE—NKEN n FEEH, HTRZEE [0, 1) WRFE R FHEFRmRaE 11-13 AR,

1. WHA kM, K n DITRECE] kA,
2. MM APTHY OXERAGEE S INEHFEED .
3. TZHRAE A NEIRRII R &4 R

4]
sl -5 55 0.2 [0.05 .57 0.3 .52 .75 0.1 o 57 QR WPRes
T _— ) S EREIR AT
o
0.37
L A MER 5
buckets S HE
HFEE [mdg) MJ;&M MAimm Mﬁi&@ [0/8,1.0)
“ " / FRIRIBHOITS
3 X 4 SHER

A A

Y ¥ ! :

11-13 taHErELmE
AU R
/] === File: bucket_sort.swift ===

[* 1EHEE */
func bucketSort(nums: inout [Double]) {
/] K k = n/2 M@, MBARESMEDE 2 &
let k = nums.count / 2
var buckets = (0 ..< k).map { _ in [Double]() }
/] 1. BEATRDEREMEH
for num in nums {
/] BNEIEEEA [0, 1), /A num * k BUREIZESIEE [0, k-1]
let 1 = Int(num * Double(k))
/] B num IR 1
buckets[1].append(num)
}
/] 2. NEMERITHRE
for 1 in buckets.indices {

/] ERREHF R, WeIERRAMETEX
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buckets[i].sort()

}
/] 3. BARESHER
var i1 = nums.startIndex
for bucket in buckets {
for num in bucket {
nums[i] = num

i+=1

11.8.2 B4

MHERPIE ) TAC B A BARRRIEERE, BN, BABdREE 100 HTR, HTERRG, REANFILE X
PEIEFT A EHE, R, ATRCREHE S 1000 M, RE0RIN S METHY, BIEREREH.

- IWRERER O(n + k)« RIZTRES DRI, BAGEIHARTREER T o RHF
ARG O(F log ) WiE, MHEFEATERMER O(nlog ) MR, i & EEERR, IhEA
JEMER T O(n) . SHERNFZRHTAMMTER, €% O(n+ k) N,

- EIENHE: fEREE R, FTASERE RS — M, BHEFIZRER O(n?) I,

- BRERERN O(n + k). BT FEED kMRS n ANTTRESNEREL,

- MR SRR BUR THEF TR RN S ERE.

11.8.3 YNfAISCINFEIY 5L

Wit I R 2 A BRI ERTDURE] O(n) , REHETROTRINMEEIE D, FovShrEdEEarg
B5 o0 AaE BN, FATEEREE L RFTH B SO TR 0 ECE] 10 M, ER SIS A,
8T 100 JTERYAER 2, @& 1000 JTRYAER Do RS IXEEE 20 10 4, S IMP RS SEZEER
FEH R,

NI, BT DR — R REM 0 LR, KRl 2] 3 M. /BLse in, PR Rish
BRI 3 T, HEFAMPRCRBERBHIE,
QN 11-14 AR, XMOTEA B LR AT PSR, BARZIEM T REERATRE Y, SR, AR EE
FREURER N 3 M, BRI 75 TR Bda e R R T B
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BmiE
BURRINER
S — g5y 20% 15%
MigXiE #HIESEE
HIEE — 45 100-500 >500 <10 8%
- ~ 10-20 13%
5 . 20-35 12%
18% 35% 12% 35-50 10%
50-100 12%
<10 10450 __50-100 100-500  20%
o >500 15%
13%
10-20 20-35 35-50

& 11-14 BRI

QUERBATHRATRIE AR AR 340, W] DURIE BRI B B R R 0 k. (B ERRR,
BARDATHA—E T LR, AT DURIEEERESR ROR AR AR A A T B,

N 11-15 AR, BATBRISE R AR M IEZAS 04, SXAERL a] DA BRMIREE (Rg IXTR], AT R P25 23 e
FBMAH

HEEE

0.4

. ¥
0.0
+oo  EMTRE

‘ ﬁ@ﬁﬁ@@

frigseE <3 3~10 10~25 25~80 80~200 >200

K 11-15 MRIERER A0 K94

11.9 it¥HIF

HHHEF (counting sort) B S TR E R LIHET, 18 N T BEEH,
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11.9.1 {EAEM

FekE — AT, BE—DNEEN n BEEH nuns , EHPR CEER “AEGFEEEC, HEHEFEIRR
FRUNE 11-16 Fimmo

1. W, HEHEPREARET, IChm, REAUE—DMKEN m + 1 5B counter o

2. 1#iB) counter Giil nums I EELFIIHBLIREL, HA counter[num] XN EUF num BTHELIREL, Giit 75k
R, HFEEF nums GRYFETECTN num), 4K counter[num] #4411 BIA],

3. HITF counter MANRIIRZARER, FHHYTHERFZCEH)TI T, # Tk, FA1ET counter
MRS HBLR BN BRI EEN nums BITAT,

FHIFSA nums

o T I nums S EBEHIAN
v N N counter[num] A} num AYHIURE
=3l (BF) o 1 2 3 &4

SHBUE counter

#EFf counter , FI¥F
RBEHIURBEAAN nums BRE]

SRHA nums

11-16 HEHEF R

B0 NR:

// === File: counting_sort.swift ===

[* THEEE +/
/] BRI, TERTHENR
func countingSortNaive(nums: inout [Int]) {
/] 1. FITEARAITE m
let m = nums.max()!
/] 2. FHBEFHHIRE
// counter[num] fXF num BYHHILREL
var counter = Array(repeating: 0, count: m + 1)
for num in nums {

counter[num] += 1

}
// 3. & counter , BFRITHRENEHH nums
var 1 = 0

for num in 0 ..<m+ 1 {
for _ in 0 ..< counter[num] {

nums[i] = num
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THEHER S HER R
MIFHEFRIAEE, AR DA THEHEE RO THEEE counter I DRS I — M, KEtitEE
A REE MRS IR BRI AR, ABE, T R A R AR N — R

11.9.2 TEILWM

OIS RTRERIL T, WREMABIRANR, LD 3. SR T, B ASIE RSN SR, B8
MRS CRIOBAZRE) N THET, M LREE RS IS IHE P &5 53,

AR A REAS B R BRI HE R 45 R ? FRATE Je11 5 counter FY “RIZRAN", AR X, &5 1 AMIRTZM
prefix[i1] FTEHAT 1 NITEZH:

prefix[i] = Z counterf[j]
=0

AN E X, prefix[num] - 1 fXEICE num EE5 R EA res i — RPN RS, XMER
EH X, RNESEIRBITE N ICEN I ZHIESS RGN E, 8 R, FA1EFEDIFEEEH nuns 1Y
BANITE nun, FEFRIERFPITLLRRY

1. ¥ num SEAZLA res S| prefix[num] - 1 4b,
2. ZHIZA prefix[num] B/ 1, MMEE] R E num 5],

wERE, B res PRUZHHFHFIIGER, B&IGHEH res BEFEEH nuns BIF], & 11-17 JB/R T 5288101
B imAR,

F¥4A nums RBA nums ‘

e Rl [ [ [ [ [ [ ][]

BFnoum 0 1 2 3 4 BF um 0 1 2 3 &

smna coner (@OOOD) was e ([OO00
A nums HEETHE M RFRIHIDRE it# counter WUFISZM, iBA prefix
counter[num] X% num AYHIVREK prefix[num] - 1 &K num 7£ res FREIRHMWES|

Step 1 Step 2
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num num
: :
= - (000000000 =« (000000080

LR res

o -
BF oum 0 1 2 3 &4

BF num
B prefix unn HISA prefix anun
(counter) (counter)
FIFFER nums FRISADTTR num , SHHRT: BIFEFH nuns FESNTR num , SHEHAT:
1. % num A res W%3| prefix[num] - 1 & 1. % num BN res WF5| prefix[num] - 1 &
[ S 3 l 2. QHIGH prefix[num] BF 1 , MASETRKE num H95R35] [ S . ] 2. SHIZH prefix[num] BA 1 , MTIEETRKE num BF3|
tep tep
num num
v v
R4 nums F¥4 nums nnanuaa
BRI res anu res ([ ! (o] ] [2]2] T4]
y _ —
/S -
HF num BF num 0/ 1
BISM prefix nﬂa WS prefix aanna
(counter) (counter)
EIFFER nums FRISADTTR num , SERIT EIFBFH nuns FRSNTR num , SHRAT:
1. 3§ num $®A res WF3| prefix[num] - 1 & 1. % num HA res WF5| prefix[num] - 1 &
m 2. SHIKM prefix[num] B 1 , MTIEEITRKE num W3] ‘St—sl 2. SHIKHM prefix[num] A 1 , MTEETRKE num WF5|
ep ep
RE4E nums R4 nums nnnnnaannn
LRHA res LRBA res unn. .
BF num ‘e 1 2/'3'/1." BFnoum 0 1 2 3 4
BISEM prefix uuu BIZRM prefix nnn
(counter) (counter)
HRAREBHIE, HERITRER RER res EHFRHA nums BIAT
IS res FRRBEHFHLR
lstep71 ‘Stepsl

11-17 iHEHE PR

THEHE R A SEEARER AN R R :

// === File: counting_sort.swift ===

[* THEE +/
/] STEXI, AHENR, HEEREHR
func countingSort(nums: inout [Int]) {
/] 1. FIHEEERAITTE n
let m = nums.max()!
/] 2. FHREFHHIRE
// counter[num] XF num AYHINRER
var counter = Array(repeating: 0, count: m + 1)
for num in nums {

counter[num] += 1
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/] 3. K counter HVFIZM, & “HIIRE ¥l “BR5!”
// Bl counter[num]-1 2 num £ res FRE—RHIMHZES|
for 1 in 0 ..<m {
counter[i1 + 1] += counter[i]
}
/] 4. BIFIER nums , BRTHRIENERIA res
/] BN EA res BTIERE
var res = Array(repeating: 0, count: nums.count)
for 1 in nums.indices.reversed() {
let num = nums[i]
res[counter[num] - 1] = num // 3§ num REEIFNZES|
counter[num] -= 1 // SEIGMER 1 , BETRHE num RS
}
/] FEREREHE res BEEREEE nums
for 1 in nums.indices {
nums[1] = res[1i]

}

11.9.3 HiEis4

- BWERERN O(n + m) © W8T nums FLET counter , HBHEALIER A, —REH R n > m,
NHEZEREET O(n) .

- BMEZRERN O(n +m). EFEHHT: E8)TRES 510 n flm BI%EH res fil counter

- REHT: BT res HEARTTEMNITZ “MNERILE” 1, FIHEFEDT nuns A DUBHRECERHS T
E2ZRINHENAE, MWmEBRERF, bk, EF&ED nuns U] IR EEFMIHETE R, HER
EAERRE R,

11.9.4 HiR4

EBENXE, fRMFSMATEEHEFIER IS, (OB SRR DA S R HE R . AT, S
T BT 8 4% AR A B H TS

BT FOSH TR, SRS T H M R BE, B X SR v] DU o R 88, JEHE.
TR B RRE B S AN TCE 2 IR KN R, B0, TS anss e, v mE i
M E— AR, SR A IER, s s 2,

B IE TR R BRI B MO, thtn, 76 FRTREIF m REERK, SIS 5222,
MY n < m, HEHERER O(m) W, ATREE O(nlog n) MHEFEIRIEEE,

11.10 E#HiF

ElAE TSR, SIS TR R n SO EEIRTEE m BN, BIRRTREN n = 100 M
BHTHR, MiFS 24 8 My, XEWESIREE m = 108 E% K, MHAHEHRFRE AN
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feasdil, TR A] DOBE X AP E .
HEHHF (radixsort) AL B THEHIFE —2, @RS MOk, b, SEEHFA

BT B AL BENEH SRR, RO —AHETHY, AMSEIRZRIHF SR,

11.10.1 E&imig

DA SEARA G, BB IRIAORS 16, mehrEss 8 i, HEEHFRmENE 11-18 Frr.

1. ViR k =1,
2. MHESHE kAT HHEEHNT, R, BIRSRIES kA WNEIRHER
3. R kN1, ANEIREIER 2. 4REik, EFIFTHEAARHEF SRS EE R,

TNEFFTAESEI, T4 d RIS v, EREHEE kAL oy, , TR IR AR

HABEE nums
etk k = 1

T OHFELM 0 HFE 21

10546151
35663510
42865989
34862445
81883077
88906420
72429244
30524779
82060337
63832996

35663510
88906420
10546151

34862445

63832996
81883077
82060337

42865989
30524779

35663519

88906429

82060337

34862445

81883077
305247179
42865989
63832995

»

DAHEHE, HiF

HFE 8 i

B3~7 1M1 RHHFER

K 11-18 HEEH R ERE

x
Ty, = LWJ mod d

10546151

;9524779
34862445
42865989
63832996
72429244
81883077

82060337
88906420

Het |a] FRiz s a 0 NEEE, i mod d Fomont d U (BUR). W T2E58UE, d =10 Hk € [1,§]

o

Eoh, Bl IRR 2/ MBS RS, iz n] DARIE RIS K AL THER

// === File: radix_sort.swift ===

/* FRBXITE num B9 k i, EAF exp = 107(k-1) */

func digit(num: Int, exp: Int) -> Int {

/] BN exp MIE k AILLBEELRESHITRRNARAITE
(num / exp) % 10
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[* iTEHEE (BIE nums 35 k (IHEE)  */
func countingSortDigit(nums: inout [Int], exp: Int) {

/] TEBINLAEEER 0~9 , AWEEKER 10 HiEEA

var counter = Array(repeating: 0, count: 10)

/] FIt 0~9 BEFRIHINRER

for 1 in nums.indices {
let d = digit(num: nums[i], exp: exp) // FREX nums[i] 5 k fi, i2h d
counter[d] += 1 // #itHEEFE d AOHIIXRER

}

/] KREIEH, & “HIMADEK Bl ARSI

for i in 1 ..< 10 {
counter[i] += counter[i - 1]

}

/] BIF&EN, RBERARITER, BETHREN 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 // FREX d 1EERAHMZEG]| j
res[j] = nums[i] // BHFTHRENES| j
counter[d] -= 1 // ¥ d HWEER 1

}
/] FEREREBEEFEHA nuns
for 1 in nums.indices {

nums[i] = res[1i]

[* BEEHE +/
func radixSort(nums: inout [Int]) {
/] REEANRATTER, BTHERAME
var m = Int.min
for num in nums {
if num > m {

m = num

}
/] ¥EBMEAR S AR &R
for exp in sequence(first: 1, next: { m >= ($0 * 10) ? $0 * 10 : nil }) {
/] WEBTENE k URITIHEHE
// k=1->exp =1
/] k=2 ->exp =10
// B exp = 10~(k-1)

countingSortDigit(nums: &nums, exp: exp)
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It 2 AR 4aHER?

RSP, E—Rr ST RIEER, 20k, MRS —HHFEI R a < b,
M —HHFPER a > b, LB RIS 4R, B TRFIEMALLEHRE TR
iz, BIHRIZISEHRF A B &L,

11.10.2 EX45M

BT R, B PE R T RUETEERORRIIE O, HATHE R R ] DARGRM I E B R, HAE
BORREIS K, BN, 12 ORE & (R EEET, ROV HAE kK, ATRESERTE 24 O(nk) > O(n?)

o

- INMIERER O(nk): REAEE D n. BIEN d #HH BROECY k, MM —RETH SR EH

O(n + d) e, HEFER K Godf O((n + d)k) L @RS, d#1k SAEREN, A2
Retar O(n)

- BEERERN O(n +d). EREHDY : SRR, B8P HREEREN n Ml d KA res

K1 counter o

- R MG RER, BEEEHPT AT, ST ARER, BEHRR ICA RIS SRR

HEFP 4R,

11.11 /&

1. EREHR

- BiEHEE S HAR R R R KB, WA — MRS ARSI AR A, B ATTA] DORE B e

HIs R R Z A IS O(n) -

- FAAHEFE SR AR X E AR TTREAZ A XA ERACE, MWmesir. BRMAHFR

IR ZEH O(n?) , (HET AT, R NSER R AHE T 55 Hh I 22 i,

- POEHEE R T ISR BRI . EIEIRI A RTRERHIRERE B E e 2 YRR, S BINTAIE

HEHE O(n?) o BIAFPABEEMESEREN I HERAT AR OX R S (LIER,, R 75 T4 AT DA AL
g/ DI IAIREE, RS REME] O(logn) -

- VUFHEF R RIS TR, SRIMATE 7oA, EIIEHET A, HEr R R Al A

¢, ZREREN O(n) ; RmHFRERN=RERETUUEE O(1) .

- MRS =R BdEO. MNHEEM S IR ERFMATL T IakES, S T EIRARRK

AITEL. AHER A SCBEAE TR BdE it T2 70 i

- HEEHE R R — MR, BEd g SR IR REBOR SC B, B IE TR R R E

BAEEEA RIS, I HESREARRENS FHOh IE R,

- B BT R A HE RSB, ESRERERE W RO B E AR
©ORHBR, WA ERE - AHEE R, BARRCR. RBE, U IER EEM R AT, 1R

NHARAREAI I EIL AL, A M SRR RN e AT IX 255 i, SRR A, BAlIHRE
RIS R ERIE R BN HE R R,

- B 11-19 X T ERHEFRIERRCR, REME. st PR BE N PEE,
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B iEE SEERE
B Ty B - REN poesicd BiEmlE ETHER
wEHE  Om)  om)  om) o) | iHEE RN FEER W
;Eg—z:f)ﬁ | EEHEF | om) o(m?) 0(m?) o(1) BE Bt E5ERT bt
fRNFE O(n) o(n?) o(n?) o) B B BiER Wit
HiEHE | O(nlogn) O(nlogn)  O(n?) Ologn) | dFfam o P Wi
aﬁﬁi | V3HF | O(nlogn) O(nlogn) Ofnlogn)  O(n) BE FEM EEER R
##F | O(nlogn) O(nlogn) O(nlogn) o(1) JEEE it FEER Mo
B O(n+k)  O(n+k) o(n?) O(n + k) RE FEFRH E&R E[3d:2
tﬁgt(;:ir% HEH#FE  O(m+m) On+m) On+m) On+m) | #BE R EEER dER
EHHF O(n k) O(n k) o(n k) O(n +b) RE R FEEM AR

st i o
BHF, k AEsE
£ i f ‘ R, m IR
E#HFR, k DEAL, KIEHD b A

K 11-19 fHpEENE

2. Q&A

Q: HFEEREEEMN AN N 20FEmN?

ETF, BATERRERT RN ENB I THER, flan, AL SR NEE, BIIAELH—
MNERHE T St THET, 152 (A, 180) (B, 185) (C, 170) (D, 170) ; PN HEHITHF. H
FHEFEZEARE, FILTEE53] (p, 170) (C, 170) (A, 180) (B, 185),

AIDARER, 224 DM C N ERZE T, RN EREWEBIRT, mMiXERIMNAFEERN,

Q: MHEXISH “NEFAEER” 5 “MNEEAER” T AT AR ?

AT, BBRATARCIHTCE NIRRT, Wt “MNEEEER” B “NEFAER”, XN EL R E W,
BAIRET— TR,

MEE=XI5 partition() MG —H B Ht nums[left] Fl nums[i] o FEACHLSG, FEMERUEINRITTEER <= B
WAL, IXEREOR G — 5 2 i nums[left] >= nums[i] BARAL, BIZTRATSE “NETEER”, oS
PAZN L FEECE KT E, WSE 1 == j WBEEEEA, BEBIIHE nums[j] == nums[i] > nums[left], &
P, I ERE P R ES I — A R R T BB oo, SRR 58,
BNEIT, AEREH [o, 0, 0, 0, 1], RE “NEMAER”, WESEEEN [1, 0, 0, 0, 0], X
MEERIEARIERT,

HIRANEE—TF, MRBAES nuns[right] WFEMESL, IRAELG OISR, wHe “MESHEEK,

Q: XTREIEIFMM, N LEREHRERIEIE TR E RN logn ?

JBIRE L Y AT AIR BRI T RS E, BRI BA TR R BN 5 AR 5, EREEIAM
&, A RBEEANTFEHKERAKNESHKEN Y, REREEN, —BN—FKE, RARKHIEITR
JERR logn o

B R GE R B, AT T RESIESHIB T K ERRIEE, REBR AN, n—1, ... 2. 1, &
IHREN n ., BIBIFM AT DOEE G X FE v B,



B11E HF hello-algo.com 256

Q: MBA P TCRAMEN, POdHE IR R 2% 2 O(n?) 152 ZA /b BELX FE 150 ?

B XTFIXAEDL, AT DA SIS IR R BRI =R AT T RTERMERL XA TR
JVNFFIRTHIME 2 EIZSTTET, MATTR AT, N BT sE .

Q: HHER IR 0 E 4418 1202 O(n?) ?

BEWMT, FrETERAER— M, GRRARA— O(n?) BHkHIRXEETER, Wi e fE
W O(n?) .



257

F12E 94

Abstract
MR ZIR R, B —IREPRRERE & S o A,
DMHAZ R T —NEENESL: WERMGE, —UEIAHEE S
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12.1 988
4334 (divide and conquer), SFRTIIAY, B—FhdEm BT % WIEEER, SMaEE TR, [
5B R AR,

Loy GUBBY : IR R P e DA, BB ER RN TR 22 Ok,
2. i (BRIFRED . MERMRRIR/ N T REOTA, ARETUR 7 BRI AR T &I, AT i )

HIfiE,
e 12-1 AoR, “VAFFHEET 2 oERISH AN 2 —.

L. gr: AR E A (R I A8 (FRED, ST AT —MTR G FiRE),
2. 6 WEETHS AR TEAE (FRIERWR) T, WMEEIERFRESE (R .

PEEEEEEE

roa (RSEER)

BFiAE

- (B

B 12-1 JAFFHER R Ta R

12.1.1 N{EIHIBR S 4R

—ANARBUEEIE G A TARR, JEHE AT LASE DU LA R,

L. [l LA TN R] DA R SR /N, SRABIRG IR, DARCRERS DAAHTR] 75 208 T AT R 79
2. FRIBRMNIN: FRIBZ MAES, DA, TR R,
3. FRERT DIETE: R RS R R S 7 AR SR,

BAR, VAHHEF R DAL =AW,

1. FSITDAO: st RRIED X M8 (FRED.,
2. FRISURMNIE): DB A DRSO THE R (AR A] DUSSZ TSR .
3. FRERRAT AT MDNER A (FREBRE) ATLEH N —MEREH (R
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12.1.2 @I EIRFAE

SHEAOUT DU R RS, e DIRTHRIARCR, RS, PudHir, A3FHER. i
PR TiEeRs, B, MAHFER, SUREVENINA T E R,

Mo, BAIAREERR: Mt 2smianl ERTPRRRCR, HIRZBERMTA? #im, KRmE A2
TR, ORI, R AR S O SR R, X)L RISCR A 20 L B R R ) R o 1 2
XA R A] ARG AT T S 75 TR I 18,

1. #REHREMRL

DL “EEHEE o, EAE KN n ARAEE O(n?) M. BIRRIHZIEE 122 BRI R,
BAM A NP TAEL, RIS TEE O(n) M, HFSNTRAEE O((n/2)?) M, &IERN
FREATE O(n) W, BAERFEREN:

2

OM&{%PX2+W):O¢%+QM

DEEoEEEE

BiaHF
0(n?)

DEEEEERE

Bk o(n2) Ei& 0(n2/2 +2n)

K 12-2 RIp¥eHmTEN B iRy
TR, BANHRUTIAERX, BGRB8 72 jiA o R e S8

2

n2>%+2n
2
nZ—%—2n>0
nin—4) >0

XERE S n > 41, RoErREBERE Y, HIRBeRMIEE . HEE, XInJErIN RS2 ETRR T
Jikh O(n?) , HREREHINEBINENT,
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P, WERBATHE A AW PSSR A A, B T B AR DT RS IR e ?
IXFURRSERR Bt IR, INEEZEHN O(nlogn) .

A, QERBMNZEBEILNRD A, RIESEFK0 0 kADTEEAE? ZXAMERS “MHr” IR0,
EFFEAHFEREYE, it ENEERET ISR O(n + k) .

2. FHTHEMRK
BATALE, I RE T BV EARNZR, L@ E T IOFTROL. R, s7a A AT AR IR
EEARE, EHRTIREREIIFFITRL.

FHATIAE A% B AR BN U 2K, ROV AR GER] DARI AR 2 A7 (Al d, SN SE o HMI A T R
TR, AT D S AR RTIB TR AL

FRANTERE 12-3 R “HWHER" o, BATRER BRI 2 BCR 2 M, AT A RRHE R (55 70
BENRETT, EREHEEHER,

TTE

K 12-3 MHEFRIFFTIR

12.1.3 98ERKA

— 77, iG] ARRIRRVE 2 22 LR AR,

© FEREGE RN ZEIRE SR R RIS, SRIE R PRI B RN, BRSO
TR XS o

- KBEEERIL: a0 Karatsuba Ji%, BRAEEEGRE 2N LB NI SRIEFIINTE,

- JEREIRTL: BN Strassen B, BIRIERERIE DN 22D/ INERE ROSRIERI AN,

- DOESEEL: POESE TR AT DUBIE AR, X2 U IR SR R .

- ORMESREXE: - DFAI, AERATEH AT R TR, IB2ZN DR R — DR KA
Wi Al AT AR v B AR, (R BhIAHHER BT SR,
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i, SHAERIEMEERAERE M SRRz,

© s SoERRRAEFEAMNFRRGIE S IEE Sy, AERE HAMES R TTRE LR,
ODUEHERRIR—FIX 1A, FFAERIR X A AT R B = 70 B4

- VDR ATTRKEN S, A,

- POEHER . PRIEHET RIEE —NMERE, REEBH NN FRE, — DB TTR AR E D,
o —FRAHRITCR LA R, AR ER AT AR 0180, EETHANFE T IR,

- MR WP A BB R D BE 2O, RER S IRNETTRI T, &ERS MR
TERMIXE, MMRE— MRS,

- B BN SRR, AVL B, Z0RM, B, B+ WEE, BEAIRIEER. EARINERSE SRR DAY
THE RIS I

- e HERRPRIRESE A TR, HARMRCE, A MHERAIHE(L, SCRR_EESRE S T rTRR) AR,

- A BRBHRIFAERNMAING, (BRERARIIRERTT REHEN A T riasks, flm, st
AR EER PR OV LB, DR ERER,

FLAVEH, iRl “EPgios” RTERA, SRR S BER .

12.2 9812 FEER

TAEZE, FREEDNHAK,
C RANER: CEOBFRIESHIIL, HEERER O(n) .,
- EIERHEER: TR B SUYRSERIS B, R A A O(logn) #%E O(1)
Sai b, W2 O (log n) ISZREE TR RIETSARIGIBUN, (B0 — S E AR,

© S ERNE PR EBAHPERERTER) AN (RS — R BT
), XM —-ERSEEEH sl R E B Rt R 1k,
- BRI B, TEIERRL AVL B, SRR T, SRHRERN RS 2R E S O(logn)

o

o BRI HAREEN TR,

- ISR PR "o EPOBTHOR R R (TR T AR T (TR — T &
£, X R TR AT R KL,

- FRSURMNIN): £ ERT, SRR DR, EANSZ H AT R,

© PRSI EIE: o EREEER - MEETR, RINARER FRIEEHT S, HF R
SRR, BRI 2 R NS RO

IMAREMS TR THERIR, ABERENRIELRGL AR —MED, MG R 0T BUHERR— %
i,

1. BEFSaERN=—28H

FEZRINETH, &g TR 020 KB, BIERMET G GBI KRELHE,
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Question

HE—NEEN n WEREAH nuns , HAPTE TR MM, EERICE target

WSS, BATKHERIXI [i, 5] M B FIREIEH £(4, 7) -
DB £(0,n — 1) Witass, Sl L FBET s 2k,

1. WEERXE (4, j] s m, RIEEHRR—FERXE,
2. BBVARMBALRN—FHF R, "T8EN f(i,m — 1) 8 f(m +1,7) .
3. TN 1. BRI 2. &, EHEKF target sIXH = MHRMEL,

B 12-4 JRoR 7B o EBOTR 6 RriaidE,

s (BE00000000
¥ oa
f(o, 3) ann 12 15 23 26 31 35]
I 2
f(2, 3) [1 3 on 12 15 23 26 31 35]
A

\ 4

REREFTR 6 WHFESIH 2

K 12-4 —p&EEREIRERE
(ESRBRTG Y, Bl TP — MBI R dfs () RoRARIEL (i, j) -
// === File: binary_search_recur.swift ===

[* ZHEK: BE f(L, ) */
func dfs(nums: [Int], target: Int, i: Int, j: Int) -> Int {
/] BEXEAT, KRLTEFTER, WRE -1
if i>3{
return -1

}
/] HEHRERRS] n
letm=(1+3) /2
if nums[m] < target {
/] BAFEE f(m+1, j)
return dfs(nums: nums, target: target, i: m + 1, j: j)
} else if nums[m] > target {
/] BYFFE (i, m-1)
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return dfs(nums: nums, target: target, i1: i, j: m - 1)

} else {
/] #EBtrnE, REHRS|
return m

}

}

[* ZaEHK */
func binarySearch(nums: [Int], target: Int) -> Int {
/] KRB f(0, n-1)

dfs(nums: nums, target: target, i: nums.startIndex, j: nums.endIndex - 1)

12.3 =X e

Question
4 — R XA ETF e preorder A1 FiE/J inorder , THMAHRIE XA, IR = AR HIHR T
o RIXZXWHRAEEEN TR (WA 12-5 FiR),

HiFFER
/ \ BEE—Ri preorder
hFiEHh
inorder

B 12-5 s = AMEIR IS E

1. FEREET RS AR

JR A E M preorder 1 inorder #% XA, 22— PHEI 1R,

- ISR DA R NIRRT, BATTAT DLRE SR AR 0 A7 Al A e i, S i,
I E—P e AR Rl T AR (R0, AV AT AR B EXIZ 757, A
DNENHFH (FRED, BERIEREENFR-E (ZFH) LR,

© FRSRMNIE: T REAFRORAHE NN, BN ARE %, ERAETRIN, BITHRFRE
R e i D A Pt D PR 5 2T RO B AR e A5 R TR B

- PR AETE: — BRI TEFRIG TR (FRBEIM, TR DR e BERERYT 5 L,
12 S ) R
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2. RIS FR

MRAE LA B3, IXIER AT CAGE A o3Ik R, (B I@EIE i35 preorder FIH)F3 M inorder SRR 72 ¥
P T RE?

HRAEE X, preorder 1 inorder #RA] PAKI S A ="1NE657

- HiFED: [ RTR | AFW | BFW 1, BB 125N 319217 ],
- R [ EFW | RTR | AFW ], GIANE 125N 9131127 1,

PAEEESE A, BATA] DOEEE 12-6 ARy EG 21K 7345 3R,

1. ARG EITE 3 BT mE,

2. BEBAIRT E 3 7F inorder FIYRS], FFZZESIAE tnorder XIS AL 91 3 | 127 1,

3. tRYE inorder RIS R, SISAE TRAIE TWAH SEE 2RI 8 1 F 3, MIA ¥ preorder XI53H
(31912171,

BHRRAMRTR

AifFiERH  preorder

(:> ERIRT ARG
@ @ HFER  inorder n FE—

: 3MER
EFHE
197R

HiF#FE preorder nna

12-6 £ R ik A AR i P & o

3. EFTEiRFiXial
RIECAEXI 2 751k, BIMELEEMR Y, K7W, A 7WAE preorder il inorder IR GIX T, ik 11
RIXLERG[XE], FATFEMEB L NMEH T &,

- R HIR AR SAE preorder YRS E N i o
- KRR AIRTY KAE inorder EYRGIIEHN m o
- B AREIRAE inorder FINRBIXAIEH [1, 7] o

N 12-1 fr, 1@ DA B2 RIA3RRIR T 5 AE preorder S|, PAN THTE inorder AR G( X [H],

R 12-1 AR SR T RT3 P A PR e il 7 R A 2R 5 |
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FR FAE preorder HHRJZS| FHAE inorder FRYZES|[X[H
17 ) 1 [1,7]
T i+1 [[,m —1]
ESER ) i+ 14+ (m—1) [m+1,7]

HER, AFMIRTERIIPN (m — 1) &0 Rl s’ @ileEar 12-7 8ig,

o
weorce: | EDEIEDED
A A A

@ @ i i+l i+1+(m-1)
hFFER

in;Zdéj ||='|lilllillill|il

o o v

B 12-7 MR RMZEA FRIRT X ARR

4. X3
KT R o (0RR, Bl BB — M T hmap JEAABEEC tnorder FhIE 2 E125 U
/] === File: build_tree.swift ===

[* HEZXK: 929G */
func dfs(preorder: [Int], inorderMap: [Int: Int], i: Int, 1l: Int, r: Int) -> TreeNode? {
/] FRXEANZELLE
ifr-1<0¢{
return nil
}
/] AR =
let root = TreeNode(x: preorder[i])
/] EE n, NXIDEGTFH
let m = inorderMap[preorder[i]]!
/] FiRE: ¥ T
root.left = dfs(preorder: preorder, inorderMap: inorderMap, i{: 1 + 1, 1: 1, r:m - 1)

/] FiElE: HEEF

root.right = dfs(preorder: preorder, inorderMap: inorderMap, i: 1{ + 1 +m - 1, l: m+ 1, r: r)

/] RERT R
return root
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[* HWEZXH *+/
func buildTree(preorder: [Int], inorder: [Int]) -> TreeNode? {
/] R KIETHR, Z6E inorder FTTREIZRS|AVBRSS
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)

A 12-8 R TR KRBT RE, BN RRIER S 8T AR, &Sl (5IAD BER
B S /E N Sp UK R VA S

— )
- @OOOD O

preorder 3“2 17
inorcer ({3 (127

o =
Step 1 Step 2
rreorcer (E)E)EDEDED
wnorcer (EJENEDEDED /
3 9 n preorder
@ 9 3 a inorder
I W/HR EFH HFR [ H/ER EFR R
[ ) |
Step 3 Step &

/ 3 9 n preorder

9 3 a inorder

[ Step 5 | [ step 6

&3 E

/ / 3 9 PRWAl preorder
B-.

/ 9 a0@ -
3 9 2 1 n preorder
9 g.- © o

| Step 7 ‘ Step 8 |
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Step 9

B 12-8 HHE AR

BRI EN AR T preorder AT inorder RIRIZ &5 RANE 12-9 AR,

preorder an
inorder na

preorder 392 1 7
inorder°3 12 [7

preorder | 3 9 | 2 n7
inorder [ 9 |3 nZ 7

39 2 lnpreorder
9 3 1 Zn inorder

B 12-9 &PEBARBHRIRI 4R

BT BRI n, AR — TR (BUT—MRAEE dfs() ) A O(1) Il BRI AR 5 %
R O(n) .

IG5 FRAEH inorder TERFIRGIMMLN, BEEREN O(n) . EREBNT, B XRHBMAOVEERN, #
HREIES n, H O(n) BIERDEE, FSAZRERER O(n) o

12.4 EERIE

FEVAFFHE R A O, AT B 1 708 P IR A S ) — - 7 (AL, SRR TS E 7]
A, AR AR 7 AR
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Question

o MRS, FHFEESFLUIAN,

1. BEHREM AR T IR, S — AT DT
2. BIRARERS)— PR,
3. /NRIE N ZIN T RE &2 Fo

BE=MMET, WA BFIC, RIGIRET, ¥ A EEE n DNEE, BN LRI THZIRMNEIRRY
N HES . BATHUESS B EAX n DMRBBERET ¢ b, FHRFENBEAEIF AL @GNE 12-10 A

ALl

Y HBFEESM A BHE C
A B c

12-10 G RIBURE]

BAERED @ MDUERE I f(0) . Bl £(3) R 3 DR A BEIZE ¢ IIGEE R,

1. EEEFER

i 12-11 fow, TR f (1), B RA—DEEN, BRI EEZEMN A= c B,

8 N B

A B c A B c

R £(1) WER:
ERBESN A BHE C BIF

iAE (1)

Step 1 Step 2

12-11 FiAEH 1 BRI fig
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Qi 12-12 R, TR f(2), BRYERAEEN, B sn e/ hE SRR b, B

B R5ERIZA,

L. Jef EHEE/NEEN AEEB
2. BRREFBMABEC,
3. R/ NAEMNBIEE C,

a1

e £(2)

~=1

R £(2) WER:
1. B NERMN A BRHE B

Step 1 \ Step 2
A B (4 A B C
BR £(2) WSR: R £(2) WSR:
1. BNESRM A BEE B 1. BNESZM A BRHE B
2. BAERM A BHE C 2. BREEM A BHE C
— 3. BERM B BHE C
Step 3 Step 4

B 12-12 BUREN 2 [ R]RA R
fRnE f(2) RERRRTEEE )y R 8 MABE ¢, Hi, cFOVERM. B FOBZEMAL

2. FiREES R

HFRE f(3), BMAE =R, BB ERmME R T L%,
RoMEH f(1) F0 f(2) B, ARARRITAT MG AR 1% A TEBRIMA RIS B 1E— N0k, TR 12-13
FRAIE IR, IXRE=NERSERIAAIH A BB ¢ T,

1. & B NHFRE. ¢ B, KBHRANREZMNABESB,

2. B A FRRISH—DEE A BREBEIE .

3. & C B, A RRNEE, ERNEZMNBREEC,

a | | L&l

A B c A B c
R £(3) WER:
@ f(3) 1. A DESEM A BEHE B

Step 1 Step 2
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lal 1lla

fRR £(3) MR

1. BEIEEM A BHE B
2. BER—ERM A BHE C

R £(3) WEE:

1. FWDEEM A BBHE B
2. BRR—ESZMN A BEHE C

I I 3. RRAEEM B BHE C
| Step 3 Step 4

K 12-13 HELR 3 BTa) s
MAFR EE, BAWEHE f(3) R WA FRE f(2) —A 7R f(1) . #RFRRSX =N TRz )G,
JRIRIRE = 15 2R, IXRH RN 8, i B n] A,

Zitt, TATALEEEHE 12-14 FURKIRR DRSS RBR IR : KRR f (n) R 9WAFRE f(n—1)
FI—AF IR f(1), FHHZRRPUIRIUT X =4 A,

1. ¥n—11MEEMEB CMNABESB,
2. BFEIS 1 ANNEEMNABEBE C,
3. n— 11 REEMEBAMNBBEREC,

HFXFAFIE f(n— 1), TMBERIRRTREDRIIRY, RSN TR F(1) . 1 (1) 1
RECHIN, R R,

Fiaf f(n-1): % n-1 MEEM A BHHE B

FIAE f(n): % n MESM A BIHE C = i
FIEE F(1): BB 1 MERM A BHE C

.—J—.‘.—

. 4
Fialg f(n-1): %% n-1 MNEEZM B BHE C

B 12-14 RIS IR 73 TR SRS
3. g

ERES, BATHEE—NEIIEE dfs(1, src, buf, tar), ERERREAE src TERRY ¢ NEEE B
¥ buf B3 HFrHE tar :
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// === File: hanota.swift ===

[* BEh—PE&E */
func move(src: inout [Int], tar: inout [Int]) {
/] M src TIPEE—NEE
let pan = src.poplLast()!
/] BEZEBN tar TN
tar.append(pan)

[* REEXGEERR (1) */
func dfs(i: Int, src: inout [Int], buf: inout [Int], tar: inout [Int]) {
/] & src RFT—IEE, WEERKHBE tar
if i ==1{
move(src: &src, tar: &tar)
return

}

/] FiEER f(i-1) : ¥ src TN i-1 NEEMBEE) tar #F buf
dfs(i: 1 - 1, src: &src, buf: &tar, tar: &buf)

/] FiE@A f(1) : ¥ src IR—NREEBI tar

move(src: &src, tar: &tar)

/] FEE f(i-1) : 3§ buf TNEF -1 MEEER) src BEF tar
dfs(i: 1 - 1, src: &buf, buf: &src, tar: &tar)

[* REEXEERR */
func solveHanota(A: inout [Int], B: inout [Int], C: inout [Int]) {
let n = A.count
/] FIREEBEEFINER
/] % src TRER n PNEEER) B $E C
dfs(i: n, src: &A, buf: &B, tar: &C)

QN 12-15 AR, DOASERISTE R RN n BBV, DT AR — DR, MR —NITER dfs()
B, BNRERER O(27), BREREN O(n) .
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12-15 S A 2 T AR

Quote

DORERIRR B — s ERE T, EHEERN— SR, BENE=RERNEatEs, Pk 64
MR —HE R, BEMANEIEE, MIEEERE - MREBSERRENIR—ZI, X1
HHELREH,

SRI, BIEEREIEMHERE—R, BHFRERL 20 ~ 1.84 x 1019 ), &%) 5850 {24F, 1TiTitd
T IAEN FH R T, PR, MEXMEVURER, BRI IZATEE O TR HAYFR,

12.5 &

- MR W ETRR RS, W () fig (B3 WABTEL, EEE TR,

- HAWTR SR IGRIEFEARIE RS FIRESW, FREUR G, FRRES &),

- VAFHER R IG RIS RSN B, OB R B R 0 N F KRB T2, ERHFE N ITRNIT
EREGH, MMERHET.

- SIAD GBS AT DARTHEIRRR, — 77, AR THEERE; 5—T77m, 2MEEAMTR
AT,

- oHIAREA] DUROF 2 BRI, ) T EdRA SRR, AR

- MERTROER, BENERICRER. NAEZREN O(logn) MERERER 2T AR
iR

© ZOBEBRSIGRIGH S NI, EANEER T RERN T SIS B, (TR LOEE S
THAEKM =B,

© TEMEE O R, AR (D AT DA A e TR A (R, IX AT DAEE R
7 i1 D AN P e i 3 ) 2R 5 | X RIS

- AEDUESERIEA, — DN n BRERT P PR AR n— 1 B9 RIS — S 1 RY5(R]
o AR AR =7 W, BRI 1S 2R,
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$F 135 [o]i

Abstract
BATANERRE R RUIR RS, TERTEAYIERS b nT sE 1B 2 R R,
B R IEBATREW ERFLE, Akrzl, RZRFEFEHINE A,
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13.1 [EHE%

[C&% (backtracking algorithm) J&—Hulid 55 2R MR R RY /715, BRI OEAZ N — MRS H
K, BNEEERENRITE, MBEEMMANEHICS, BEIREIMEEE 2 7 ArE vl GERIEEEED
TFARBNFRN 1R,

MR ZUEE R “REMAEER” KRBTSR, £ ““XR =9, BOHRERFE. PFRERED
HE T IR R, 8k, BATHAFFBIAE— N e, B8 7 R R TR R,

ol —
RN, ERIFICRATEEN 7R A, TEIRET RS,

XTI, BATET @R, FEAIBS AT S RER SN T, B, WRIZT RAEIALE RS res
Z o AR ARSEEANE 13-1 A1 A M AR:

/] === File: preorder_traversal_1i_compact.swift ===
[+ BiEER: FIE— +/

func preOrder(root: TreeNode?) {

guard let root = root else {

return

}

if root.val == 7 {
/] iERHE
res.append(root)

}

preOrder(root: root.left)

preOrder(root: root.right)

REMFER

BIFFIE =X,
HiZRER 7 HUR

Al I8
£ @inRTR

13-1 {ERi R T A
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13.1.1 ZiX5[ER

ZFR PR ML, BV ZRIA R RN 2R 27 5 “RHRY KRN, HRIAERRY

FEFIB RSN IS TR RS T BT IR G 2 R S AR AR, B A0H E— PRk, IREEZ AR,
I H AR AT REAIE R

XTI —, ViR AR —R “ZRK7, MM REOR AR R return MIFR “[EHR7,

EREIHIE, PIEFFAUNRISEEBOREN, NiFRX—d, BTG,

Pl —
TE AR IERATAEE D 7 B9, TR B R BHX Y R

TEBIRR— SR ERA |, FRATTFRZAEB)—DHIER path IR VIR YT B8R, HVTRIZEMEDY 7 8979 s, )
Sl path FESIHLERIIEK res o WHTERE, res FIRFHIBLRATARIME. A TRAR:

/] === File: preorder_traversal_1ii_compact.swift ===

/* BiFFEH: Bl */
func preOrder(root: TreeNode?) {
guard let root = root else {
return
}
/] Ei1
path.append(root)
if root.val == 7 {
/] iERHE
res.append(path)
}
preOrder(root: root.left)
preOrder(root: root.right)
/[ [EE
path.removelLast()

FERR “SR7 Hh, BATE R Y BT SR path RICFRIE(R; e “HNE” @, FAIFHFERIZTT M
path HgiH, PAMREARZIAZ AR,

MELE 13-2 Fosiidis, AT DA AMENRERON “Bit” 5 “WH”, WA RIEL v,

/\ “\ fid: BITEH, ERS / ik BITBFH, BRE
EHB: RERE, RHEE EL8: tRERE, RHEE
path = [1] V(\) path = [1, 7]
/ \ / \ / \ / \ BETR 7, WEBERRNELR
r res = [] res = [[1, 7]]

Step 1 Step 2
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£id: BIWH, BHRE
EB: ERS, RBEE
path = [1, 7, 4]

res = [[1, 7]]

£id: BIEH, BRRS
EB: ERE, RBRE
path = [1, 7, 5]

res = [[1, 7]]

£id: BIEFH, BHRE
EB: HERS, RBEE
path = [1, 3]

res = [[1, 7]]

8if: BIRFH, ERMRSE
ER: RERES, KHEE
path = [1, 3]

res = [[1, 7]]

[ Step 11

Step 10 ‘

ik BINEH, BRRE
BElR: MERTS, RHEE
path = []

K 13-2 =5 [ER

res = [[1, 7], [1, 3, 7]]1]

i BIEH, EMRRS
EB: HERES, RHEE
path = [1, 7]

res = [[1, 7]]

Sk BITEFH, BHRS
EhB: RERES, RHGEE
path = [1]

res = [[1, 7]]

Sid: BIEH, BHRRS
EB: RERTS, RBORE
path = [1, 3, 6]

res = [[1, 7]]

ik BITBFH, BARE

ER: RERS, RHEE

path = [1, 3, 7]

BETR 7, WREEANELR
res = [[1, 7], [1, 3, 7]]
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13.1.2 B
Z) [T (R OB i 0 S — AN R AN, LIRARE R T “39kL”,

il =
TE AR ERATEE N 7 B9, IR BT RENR T R AR, FFERBRTP AR EEN 31
_'1-'3‘):'_;_.:0

N TR LA LR, BANRERMBIBaER . ARRERES, F82EN 3 WA, WHEANRE, A
MeHER, B TATR:

/] === File: preorder_traversal_1iii_compact.swift ===

/* BB : flE= */
func preOrder(root: TreeNode?) {
/] B
guard let root = root, root.val != 3 else {
return
}
/] =1
path.append(root)
if root.val == 7 {
/] 1IBRAE
res.append(path)
}
preOrder(root: root.left)
preOrder(root: root.right)
// [EE

path.removelLast()

“BIR R MNERTERIAIE, E 13-3 R, (EERERET, il DI TR SRR R
X, WRTFZITRNMZER, MG THERERER,

B BFEER 3 T SNRANRE

BB RIEL LR XHIEREE
MIHRFHERIME

[ 13-3 MR R IIRL
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13.1.3 EZEXEE

TR, BNZLHEMR “20, FHR, 3987 AR MAHEZRIEARHSK, TR R P,
FEDAUTHEZRARD 1, state TR ATIRA, chotces TR RTIRAS T a] DA HATIZERE:

[* ERESENESR */
func backtrack(state: inout State, choices: [Choice], res: inout [State]) {
/] HIBERE N
if isSolution(state: state) {
/] iERE
recordSolution(state: state, res: &res)
/] AEHEER
return

}
/] BAFAERE
for choice in choices {
/] Btk FEMAER R EE
if isValid(state: state, choice: choice) {
/] =it MHRE, BERRE
makeChoice(state: &state, choice: choice)
backtrack(state: &state, choices: choices, res: &res)
/] ELE: HEERE, MERZAFRKE
undoChoice(state: &state, choice: choice)

FERK, FATIETAEZRARRD ARG =, IRA state N AUBH IR, 1 choices N YRR ETT
HRAE T E, 45E res Y

// === File: preorder_traversal_iii_template.swift ===

[* FIETEHBIRESEE MR */
func isSolution(state: [TreeNode]) -> Bool {

Istate.isEmpty && state.last!.val == 7

[* iBRfE */
func recordSolution(state: [TreeNode], res: inout [[TreeNode]]) {

res.append(state)

[* FIEHFIRET, ZERREEE */
func isValid(state: [TreeNode], choice: TreeNode?) -> Bool {

choice != nil && choice!.val != 3



13 E (Al hello-algo.com 279

[* BRE */
func makeChoice(state: inout [TreeNode], choice: TreeNode) {

state.append(choice)

[* MERE */
func undoChoice(state: inout [TreeNode], choice: TreeNode) {

state.removelLast()

[* EEE: fIE= *
func backtrack(state: inout [TreeNode], choices: [TreeNode], res: inout [[TreeNode]]) {
/] BERSNE
if isSolution(state: state) {
recordSolution(state: state, res: &res)
}
/] BIOFREEE
for choice in choices {
/] Btk WEREREEE
if isValid(state: state, choice: choice) {
/] B R, SRS
makeChoice(state: &state, choice: choice)
/] HITI R
backtrack(state: &state, choices: [choice.left, choilce.right].compactMap { $0 }, res: &res)
/] ELR: BHEE, MERZAIRVIRE

undoChoice(state: &state, choice: choice)

REER, BAERENESN 7 0T SE N ISR, TR I # R 2 51 return IHMER, & 13-4
T EE TR B EMER return IEAIAVIE 2RISR,
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1% return #p% return
IERMEERE, FTBH4RIER IERMRETRE], HEHER

& 13-4 LRESMER return AERISFER B
M EEEE TR e 7 ARG S, A6 T I AR SC B AR RSN, EEA ML, Sihrlk, W%

]l H] AR ISR R RO, TR T FRARE BARIERE X state I choices , FFSRMUMEZRHIIEANTT %
BT,

13.1.4 EAARIE

T EBEWH AT IR R, AR — N EEERE R ARENE X, HBREIE =25 0 RoREl, sk
13-1 Ffirro

®13-1 H LR IEATE

A X Bl =

fig (solution)  MRZMEHERERAMER, AJREE—PEZ D RIEEIT R T B R LR E AR AR

RS AREM R B REIRR A TEN S, BHEH  BEPAREESTHS
(constraint) FEIR

W (state)  IREFTRAEAIELE—NZIFER, QRO TR SR, B path WWRSI%R

prize
by AR BHIE T DA SRIE RS ARSI, M AR A B) T, B Sk path,
(attempt) HEEE, FHRES, RERT N HIWT T P RMERE RN T
a8 RSB RN C LRSI, Bdsaimiy  Med M S, SR AN, BEHEN 3 10
(backtracking) HIIERE, FIF E—KES AN IR R, FEORE]
B IR BARIE B M AR AR ER SR MBZIER 3 ISR, TIREYSHER

(pruning) BRIRAITTIE, PITRREERCR
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Tip
R, R, IRSEMESREAN, 216, B, SIS, OFEREPEAEY K.

13.1.5 iE5RE4

[l AR | B — RS R, B 2R AT AT RERI IR 7T R B BB 2 SRR, X7 R
B e FRERS R BT AT REMIMR TR T, T B7E SRR RHRIE R, BAEREIHNE,

SRIT, TEALFE AR 3 55 2% ) BN, I B TR ] REAE DL 2,

- I (IR R e P RS R A RTRE, IR IR 2% B AT DUK SR B =l 3l
- 2] R TR R LRI (BN e, AT 3R &), SIRERAN, =6
FRATRER IS RA,

RIVEEant, IR TEAT SR S e P AR ) AN 24 S 2 PSR B AR MR RS e X TR LB AR, bl T T i Fotu g
LR RETT AR A R, TRIIRATT 600N BT Al RERIE B TIE . 7EIXMIBOLT, REER MR,
LRI RRAETT IR PRk,

- BB RRIERINE E A ST, AT T R I AL

- Ak ER: EEREET I LRI SE M THE, WML RE A 7T RE A BRI,

13.1.6 [G];¥fH#BY{5IER

[ TR AT TR ORVE 2 A RPN, £ 5 2 AN 240 & (LA Al
R XA AR REH R R E SR AR ORTT %o

- et ARG, KREHFTERTRERHIIA S,

© FEMEE: BE-DMRASM—DERN, KERSHATEN BN &,

- DOBESERIE: 458 =TI — RN FERIEE, ZRG AT RIS —HRAE T80 2 5 — IR T,
RS —REIE, HARERREEBAENEE -,

LI ML XA H AR R ERE T R A QR SR PRI

- n2iE f£n x nOEEEREn NRE, #REMNEARH,

- O FE9 x 9 MRASHIEARY 1~ 9, #ERET. BHIRNED 3 X 3 FRIBHRETAES,

- EFEARE: HE-DEAE, AROHBOAENGIIRER, BSHESTIEE AR,
AR XL R HARRTE— D G2 A PP ERE 7 i 52 45 1 1 B L e

- O-1EHHME: AE YR INEE, 8N E NN ENER, ERETEARRGIN, &
BV SN ER K,
© RATREIAE: E-NEE, N DRtR, RETE AR OURIR A A, SRR,
- ERKHIFE: A EAE, KBRS TE, W EHRREREMN D TR Z RIEEHE,
HER, SdTrE2HE MRS, SRR IEIRTTE,
- 0-1 E Rl B 6 s SRR, DO @RI AR,
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-+ WROTRIZR—NE AN NP-Hard [0, HARRAAIB L IERBREEES,
- BORPRUR L —MASLU, AT SO0 SRS R SRR,
13.2 2HRE

EHER FEUR PR RR — DRI, ERE SRS TE MRS I — DT ER) BRI T, X
HHARTTRIIFTA ATRERIHES .

R 132 528 T JLA RIS, LS AN AT HES

* 13-2 HHIRA

LTINS e 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 THETEMER

Question
BAN— B, RPN SEETE, REIFE R RENHEY,

ML R, AT DA RSN PR R — RYNEFRINEE R, FRIRBAEE Ny [1,2,3],
RNV 1, FIEE3, BEERE2, WG [1,3,2] . ERFREEH — MR, ZEdksstili
fl3E £,

MIERSHIAEE, REES choices BMABEHFRIFIAILR, IR state ZEHE HATCPIEFEAITTR,
HER, BMITRARIRIESE IR, K state PIIFTHITCRAM %2 ME—,

GniE 13-5 Fw, AT DARHE RIS AR IT R —#RIB RS, BRI DT AR S ATIRAS state o MR RUT
i, O =REFEENAMT A, BT RO R — M
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choices = state =

BRIk

HEIREE

BIERE

13-5 2RISR

1. EERIFEHE
T EMEN TR APOEE R, BB ESIA—MA/REEH selected , HH selected[1] 7R choices[i]
R EMNER, IFET TPl FEEHERIE,

- TEMHIERE choice[i] 5, FATTHLKE selected[1] W{E N True, R EEHIESE,
- BITIEREYER cholces B, BRIEFTA EH0EREAIT A, BNBTAL,

G 13-6 A, RIZFERAE —FLIERE 1, B4R 3, B=40ukik 2, WIREAES ok 1 197
X, HEH=HIHRITR 1 TR 3D,

&0

,L AkTERN 1, 2, 3

it 1 @ )
5 o
AR’

B HREHEENTE 1

HEoRERE 3 FlxakmiR 2, 3
BE o
e

HERERE 2

HREREENTTE 1, 3
HFEETEN 2

K 13-6 2HAIBIRRHA

WEEE 13-6 BB, EORRIEEHBRZSFAR M O(n™) WhE O(n!) o
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2. 1Xfgscm

B EERZ)E, BATRIAT ARSI R B s” T N TR, ARSI
R RIS REL, TR EMRITLE backtrack() HRECH:

// === File: permutations_1i.swift ===

[* EREE: 2 1 %/
func backtrack(state: inout [Int], choices: [Int], selected: inout [Bool], res: inout [[Int]]) {
/] SREKESFTTEHREN, ERE
if state.count == choices.count {
res.append(state)
return
}
/] BAFAERER
for (1, choice) in choices.enumerated() {
/] ER: RARATEEEETER
if !selected[i] {
/] B HHEE, ERRES
selected[i] = true
state.append(choice)
/] #HITF R
backtrack(state: &state, choices: choices, selected: &selected, res: &res)
/] EIE: HEERE, MERZARKE
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 EZERSETENBR

Question

AR, BRI S HE TR, IRMATE AEERH,

B AREER [1,1,2]) 0 AT HEXAWAEETLE 1, BAE=A 1K1,
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e 13-7 AoR,  ERTTEAREHSIE — R EE R,

choices = state =

SE—REE

BRERE

BB

& 13-7 EEHF

M2AMA RPREG AHESINE? e, FEE—DMaRER, BERNHPIERETRE, RIS
OLstE, POMERHEEHIER I A BE, BERATBONIFEIEE, X AERT DO — DI RIRRCR,

1. HEREER
WUARIE 13-8, TES—H0HR, B 1 Scle 1 RS0, 1EXM MR FERNFTEHTIRELN, Kit
RO 1 80k,

FIBE, RS —030E% 2 2J5, 4k 1A 1 e dme 0, IS —5m 1 37k,
MAFR EE, BATNERREE %R, (RE2 MR OER R,

SF—IIERE

BRERE

BRGERE

K 13-8 EEHAIBIR;
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2. 1Xfgscm

16 bR RIS, |, TRO1B B 1S — R TR — MR duplicated , FIFICRZIH B4R
TR, I E R

// === File: permutations_ii.swift ===

[* EREE: £H5I 11 */
func backtrack(state: inout [Int], choices: [Int], selected: inout [Bool], res: inout [[Int]]) {
/] SREKESFTTEHREN, ERE
if state.count == choices.count {
res.append(state)
return
}
/] BAFAERER
var duplicated: Set<Int> = []
for (1, choice) in choices.enumerated() {
/] B FAATEEERETRE B TATEEREFEEE TR
if !selected[i], !duplicated.contains(choice) {
/] Bl HEE, ERRES
duplicated.insert(choice) // iEFERIMTEE
selected[i] = true
state.append(choice)
/] #HITF R
backtrack(state: &state, choices: choices, selected: &selected, res: &res)
/] ELR: HEEERE, MERZANRKE
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

BRIRITCEMM Z B EAMEE, W n DICRIEA n! MHF (38 ; EICREGRN, TEEHIKE n 1951
xK, A O(n) WE, FEERBERERN O(nin) .

BRBITREA n, FH O(n) Rz, selected i O(n) ZMl, F—NZI&EZIEE n 4> duplicated,
i/ O(n?) %A, FLAERERER O(n?) .
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3. WFEIRHLL

WHEE, B selected Fl duplicated #FF T BIA:, EHFE R HARAIE,

- EAEEIE: BNMEREEFHEA— selected , BiICFEMEMYAPRESFREMLE TTE, HIEHZ
BER N TCERTE state HEE I,

- MHFCEE: BREEFE (E AR backtrack B #ELE— duplicated . BiCRIEEALR
W (for fEIR) FRfLenR Ok, HIERARMRIFAES TR APEFE—IR,

B 13-9 JeoR 7N BIRR PFR ARG, TR, MR RURER R, MR BT SRS
AN A R — N HES

o S
g_q\\ 2
BEEA— <
StHHITR [1, 1, 21 [1, 2, 1] [2, 1, 1] HEEF= §

13-9 MBI R RTER

13.3 FEMin)E

13.3.1 TEETEZNER

Question

G — DN IEEREEA nums F1— D EARIEEEE target , IEHRHFTARTREMA S, HEHEHRITTEMN
ET target . BHEHHTEE TR, BNITRTUBIENZ R, EDAIREREIXLEHS, FIRS
ANEEESHE,

fan, #ASEE {3,4,5}) MIEAREEE9, N {3,3,3},{4,5} . WEEEUTMAL

BN B AT A AT AR S L,
C FERARKTERNE, Al {4,5) A1 {5, 4} BT,
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1. ST LHTIRE

KELT2HFIRR, BT A F SR A4 RO R R — R R, HEEPI AP SN TR
7, HITEMET target N, SR TFRICRELERYIK,

M5 EHAIMEAREE, ASSEE PR e n] DIERRUGER, KIHTAER selected fi/REIFKILRIT
RN OPOER, FATR DO EHFIIERH T/ NMEEK, W12 A2

// === File: subset_sum_i_naive.swift ===

/* EIEE: F&EM 1 */
func backtrack(state: inout [Int], target: Int, total: Int, choices: [Int], res: inout [[Int]]) {
/] FEMET target B, iCRfE
if total == target {
res.append(state)
return
}
/] BRFREEE
for 1 in choices.indices {
/] R BEFEMEE target , MIBkTZIERF
if total + choilces[i] > target {
continue
}
/] =i R, EHTEN total
state.append(choices[1i])
/] #HITT R
backtrack(state: &state, target: target, total: total + choices[i], choices: choices, res: &res)
/] EIR: HEEEE, MERZHKRE
state.removelast()

}

[* RBFEM 1 (BEEEFE) */
func subsetSumINaive(nums: [Int], target: Int) -> [[Int]] {
var state: [Int] = [] // K& (FH)
let total = 0 // FE&EM
var res: [[Int]] = [] // &RIIR (FEHIR)
backtrack(state: &state, target: target, total: total, choices: nums, res: &res)

return res

AR A B (3,4, 5] MIEFRTR 9, MlgsR N [3,3,3],[4,5], [5,4] « HRREIHEH T HARAY
9 ¥, HHEPFIEREIN 7 4,5 M1 [5,4] .

KRR NR IR X IS T Y, SR AR sy, W& 13-10 AR, Joik 4 J5ik 5 55tk 5
JEiigE 4 AR, AHXRIR 5o
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choices = FoEM
target =
L8015
JTEM >9
B o

B

K 13-10 FHEERSEAIE

NTERREETE, —MERABEENEIRIIFET R, HIXDITIRBCRRAK, AW R A,

- HBAHTERRZ, THREY target BN, #REBRZERRNESE 75£,
- TR D) RFEAFFEREN, TETHIFRE, BIERSAEP R ITRIRR,

2. EETFEY

BATH B RS R E BB T R, MRIE 13-11, BEE FREEUARIF ST RN AR,
BN LA~ E oL

1. Y —RRME RO RNER 3 AN, KERCEXMNTRNETE, 0 (3,4, ... ],
2. ZJa, HHERIER AN, WEETRMIEN 3, RONZIEREN TS 4,3, . ] F15 1. SPER
Mr&ExEeEs,

FEHEREET, F—RANEEERMNERIE RN, KIS § 7 S8 AR,

1. BOPNEIERE 35, AURTE (3,5, ... ]

2. WIPHCIERE AT 5, ARTHE [4,5,...]

3. EHREE S, WE SNEPNE 3R A, ENTES,3, .M [5,4,...] 5% 1. HHE 2. Hof
R THRe 2T,
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choices =

Bk Bl 3
MEBEEFE

B Bod 3,4
BREETE

F&=  [3,3,.] [3,4,.] [3,5,.] 3 [4,4,.] [4,5,.] 3 4 [5,5,.]

EEFE EEFH EETE

B 13-11 ARDEREF S B EE 74

BERE, BEMANSAL 1, 2g, ... x,], BIRRERPODERTIN (v, 2, ... 2; ], WIEEERS
REIE 1 < 1g < -0 < iy, , NRREFINERFIHRZENER, M243E,

3. %M

WEBNZITRE, BN AL AR start , FITHSRBHEAS. SHIHER 2, )5, e T MR i I
i, SRR DAL IIIE i) < iy < - < d,,, MTHEETHRE—,

BRIt Ah, BABEXRREST T LA I,

ETF R HE 2R, S nums HEF, TEIRIFTE LR, Y EHE target BTEESRIGIA, RH
e EE LA, HTEM—aBid target .
BEILEMAR total , JHILLE target EHITIRIERGLHITEAM, Y target FT 0 BHES#E,

// === File: subset_sum_i.swift ===

/* EIEE: FEM 1 */
func backtrack(state: inout [Int], target: Int, choices: [Int], start: Int, res: inout [[Int]]) {
/] FEMETF target BY, iERfR
if target == 0 {
res.append(state)
return
}
/] BRFRE%EE
/] BtRZ: M start FEEH, BEREEREEFE
for 1 in choices.indices.dropFirst(start) {
/] B—: EFEMBY target , MEIZELEREIF
/] FRERANBACHRF, EOTEEKR, FEM—EBT target

if target - choices[i] < 0 {
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break
}
/] =ik HEE, B target, start
state.append(choices[1])
/] #HITF R
backtrack(state: &state, target: target - choices[i], choices: choices, start: i, res: &res)
/] EIR: HEERE, MERZARKRE

state.removelast()

[* REBFERM 1 */
func subsetSumI(nums: [Int], target: Int) -> [[Int]] {
var state: [Int] = [] // K& (F&)
let nums = nums.sorted() // ¥ nums #{THEF
let start = 0 // IBFAICHES
var res: [[Int]] = [] // &RIIFK (FEFIK)
backtrack(state: &state, target: target, choilces: nums, start: start, res: &res)

return res

F 13-12 ROV R [3, 4, 5] FIEBRTER O HA DA A P R L A2,

M target
choices = a FROatoRE
target =
BiikE
fo
EREE
BE— =
TEAFE 3 BRER FC
#8id target EETE

13-12 550 1 B2
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13.3.2 ZEESETZNBR

Question

L5 — N IEEEECEUEH nums FI— ) HARIEEEEN target , IHHKHATAATREIAH S, HISHEHIITTEM
T target . HEMAINRERTHEEILER, BN ENPIER R, 1ELIIREREXLEH S,
FIRAPAN U ZEEHE,

FILET A, ARSI AR S AL EE, XS TR, i, el (4, 4, 5] fIEhi &
0, MBI RS [4,5], [4,5], HITEEFE,

ERIX M E S R RS TR P B KRR, £ 13-13 F, HeHA =R, HAmNEy
, RFAEMPNEERNERS X, NmfhES 5%, FHE, SR 4 B EEE 74,

13-13 MHFTRSHER 7H

1. HFERTERY
MG, BATIHR RS TR — b UREORRE — IR, KT S TR EHF

9, RIAHFICREGRAAMAT, XEWE ERAESF, YRR SHANTRMS, W e Eafik
B, FittEEPNE Y ATTR,

SRR, AERE AN TR N REBIERE K, FiafzE, BAIha] DIAAZ R start RIHEIZLH: 4
[t v, J5, B PRSI+ LT GA)EET, XHBRERRRER 74, At iES TR,

2. REEEm

// === File: subset_sum_ii.swift ===

/* BIEE: FEM 11 */
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func backtrack(state: inout [Int], target: Int, choices: [Int], start: Int, res: inout [[Int]]) {
/] FEMET target BY, IBFfE
if target == 0 {
res.append(state)
return
}
/] EAFAER
/] B M start FiaiEHh, B#REREEFE
/] BIR=: M start Fa&H, BRESREFER—TTER
for 1 in choilces.indices.dropFirst(start) {
/] BtE—: EFENBE target , NEZELERRFEIF
/] FERAAECHRE, EOTEREXR, FEMN—EBT target

if target - choices[i] < 0 {

break
}
/] BN NRZTERSEOTERS, HHEZERIZES, BEkT
if 1 > start, choices[i] == choices[1 - 1] {
continue
}

/] Ei6l: MHEE, FH target, start

state.append(choices[1])

/] #HITF R

backtrack(state: &state, target: target - choices[i], choices: choices, start: 1 + 1, res: &res)
/] EIR: #EEEE, MERZHKRE

state.removelast()

[* KREEFEM 11 */
func subsetSumII(nums: [Int], target: Int) -> [[Int]] {
var state: [Int] = [] // RE (F&)
let nums = nums.sorted() // ¥ nums #H1THEE
let start = 0 // BHECIHS
var res: [[Int]] = [] // &RyE (FEFIR)
backtrack(state: &state, target: target, choilces: nums, start: start, res: &res)
return res

B 13-14 &R T8 (4,4, 5] FIEFICR 9 WIEINEAR, LS ruRisiBiie, IR R S SRS,
G, B MERERE, DURARBIEERER A TR,
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choices =
target = i

BERIEE Bk
EE— s S
- ERREEE R & ¥ H
-1
& BB
%ﬁb [4,5] EETE
HE=
TAWES
E— : -
FEMTEE ARAATR
B target

K 13-14 FEF0 11 [ fE

13.4 n 203

Question
B EFR RN, 2ER UK EHES AL —1T. —Fls— &R LT, 47%E n MERI—1
n x n ARNEE FEERTE 25 2 BJCZEHE R TR T 3.

i 13-15 R, Y n = 4 W, HA UM MR, WEIETERAESR, n x n A/NOBEE n? M
T, B TITERIESE cholces » TERNMREEERIIREH, HERSEARWHZ, SPOZIREETZ
IRAS state

| ) |

L3
€

€
L

| |

& 13-15 4 25in@nfE

B 13-16 fon 7 AR =ANHRGEM: 2 RIRARAER 1T, F—5, F—Ffk b ERERNE, Xt
FAEI R TR LR\ RO A1 £k | FiRh
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AR —RHRBLE
7

BREREREARET

x| x| X

FEAERI—4T — X |-

-
VA

X
X

x| x| x

X X

FRER—F  FREFA—THBEL

& 13-16 n 2JERIBAILIHRFEF

1. FTHRERER

SEHEEMEERNTEE Y n, RRBRMNESES—MES: BRI AR RwilE 455,
WYL, BATRTDERBOZITIE RS : WNB 1T, ARTRE - T2E, BEERE T4,

B 13-17 ARl 4 2R REEZATIREERE, ZEERE], & 13-17 UIT 78 TR HB—MERD X,
H ERF AT LIRS F IR 77 SERHEAT T 398

] I8 W W
BESE 117
(&18) (&18) (&18)
W | W] W [T ]
BES 2 & (W] W]
[ W W W[ w ¥
; W i W W
WEE 3§ = = |
v W _[n] W
W W [ W[ [ ] [ ™ ¥
4= W W ]
] B

13-17 BITIHE RN

MARREE, BITBCERBGES] ¢3RN, ciih 7R —THIZ N RIENATE R
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2. S5 ALEEHE

N TWRINAHR, AT AR —MKER n B/REEAH cols IERB Y2 EA ER. EEBRIVERE
B, FAET cols KA EERIFIRTEIR, FFAERIMIFEESERT cols FRE,

A2, GOAATAR N AR AR RIE? AL FP MR FHITTHIR T N (row, col) , W FERE RS B0 LK,
BATEIIZ ALk LA TFRATRSIBSIR S [#ESE, BN ALk LA 71 row — col MfHE .
kW, WREMETIRE row, — coly = rowy — coly , MEMT—EMER—ZFEXN AL E, FIAX
i, BATTDMEBNIE 13-18 FRIIEA diagst ICRELFEN ML LREE 25,

[FE, ML LA R row + col RIEEME, FATR AT DMEBIEEH diags2 SRALFRION fi£k2Y
W

BRIMBLE
B2ERER

['n-n-]

cols
ERIIEBEER

13-18 ACFRAILTHMINT FAALRLTR

3. #BE;m

HER, n4EHFEF row — col WFEER [—n+ 1,n— 1], row + col M7EEZ [0,2n — 2], FiLAFX
FERFIS FEMIEEE N 2n — 1, B diags1 1 diags2 MIKEH N 2n — 1,

// === File: n_queens.swift ===

/* BEIMEE: n Bl */
func backtrack(row: Int, n: Int, state: inout [[String]], res: inout [[[String]]], cols: inout [Bool],
< diagsl: inout [Bool], diags2: inout [Bool]) {
/] ESMETFRIBTTIEN, IERE
if row == n {
res.append(state)
return
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for

/] BHFEY

col in © ..<n {
/] TTEIZA&F R RZAY 33 A LAIR I Fa sk
let diagl = row - col + n - 1
let diag2 = row + col
/] B RARFZEFRRES. ERAZ. RNBLLEEFEEER
if !cols[col] && !diagsi[diagl] && !diags2[diag2] {
/] B BEERETZEF
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)

}

[* SRR

/] ELR: BZt&FIME R
state[row][col] = "#"
cols[col] = false
diagsi[diagl] = false
diags2[diag2] = false

n 2F */

func nQueens(n: Int) -> [[[String]]] {
/] Wak nxn KNEEE, Hep Q' KRER, '#' RRZEML

var

var

var

var

var

state = Array(repeating: Array(repeating: "#", count: n), count: n)
cols = Array(repeating: false, count: n) // IERFIZTEER

diagsl = Array(repeating: false, count: 2 * n - 1) // BREIWNAZXLIETEER
diags2 = Array(repeating: false, count: 2 * n - 1) // BRANAZXLIEEEER

res: [[[string]]] = []

backtrack(row: 0, n: n, state: &state, res: &res, cols: &cols, diagsl: &diagsl, diags2: &diags2)

return res

BATIE n Ik, FIESNAR, WNE—TERE—ATHE n. n—1, ... 20 1DEE, @8 O(n!) N
o ISR, TR HIAERE state HIRINE res , EHHRIEREA O(n?) M, Fit, SBNREZER

O(n! -
IR,

n?) . bR b, MR AL SR RE KB MERA ), NS RBERAER T DA LR S

A state ] O(n?) Z0A, %4 cols. diagsi fll diags2 B O(n) ZIEl, BABIVEE R n, HH
O(n) Heizsial, [Ritt, ZERERER O(n?) .
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13.5 /&

1. BB

- BIEEAR U 5 2R, B RS R T IR L el 7 ok ST & SRR, fEIERIERE A, B
JRZAFRIENICSE, B RS R eOE P 5E R4 H,

- PR RS RIS FNRM AN, Bl R R Rk Z A e, BRI
LJREEIFRITE O, IR E— P r0ikss, IBEEZATHIRE, ksl hgss, 25 mREm
TR RS

- [ REGE A S 2 NIRRT TSR R, BYRAT DARATAT SR AL BRI, K
IETRTHERR,

- [l TR T AT A TR AR R (RN 2 TR 2 (A, 2 A JUfe Rl s SR mT DU R R R ok, (B1EAE
TSR T = RO AP IR TR

- 2RI S ERRAEESITTRIATA P RERHS, TS — M RIER N TR R S POEE,
SIPE E R —TCRAER D X, WRE N ITRAPOEE X,

- AEEHIRRET, INRESHEEEE TR, NRASRSHANEEAS, RINFELFMEETRES
ferp HREBOERE—IR, XIEHAEBI— DA 2R L,

- TEMPEIER HSRESE R G PRIV EAMER TS T8, REAXDTTRNT, MEREES
WP EER, AR TR, BAHERWRTRETEETHR, HiRE N EERIERE K
WA, MITRE R S TSR AR R 0 SO TEIRL

C R TFFEMEE, BHPAHSTRSTEREERES, BNFHEAHCTHPRRTESE, B ARTELR
TLRE AAHFSIIBIARL, MM CRAHSE TR HBEBOE —IK,

- n BERESEIER n NEERERI n x n RSBE ERTE, ZRE 25 MM \ICiEBE
Tio HBILTREMFAITLAR, SIZIHR, EXAEIIOT ALLIHR, Nl RITLIR, BATRRAATK
BHREE, RIEG—ATHE T 25,

- HILIFHIS FALRETRAIAL BT SR, X FAHILTR, BAIHA— M RIE RS ARG ARG, M
TERIER RIS TR E AT, NTRMELR, ROEIHNDELRDHNICFIZE, KSAL LR G
2F; MRETHAERIR—E B A% BTl THIRT I,

2. Q&A

Q: /B FRARITIRIEII R
SRR, EIWE R “ERRIET, THEAEGR A TR

- [PETREEE TS, A, FEIREHNN AR —, RIEHERRAE RN AL,
- BAMEERAIL T TSR FRRETER, FATROROME. B s GefZeE)d) SFm

i,
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Abstract
IINEIC TR, TLHE A K,
AR/ N B R IC SR BRI SR, — 5405 | R AT M g o A @R R 4R =2 o
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14.1 ##HRzHEHL

&M% (dynamic programming) 2 —MEZEMNEEEX, BR—IMES N —RYE/NNF -, I
I 7 T R R R B R, TR ME SR IR R,

EARTH, BIIN—ASHFIBATF, AR EMRNEWRE, WREhaSHESFRE, FEPS
TS BASHLRIfE

JerEEH
BE—DIE n BEORERE, FREEPRTDLE 1 el 2 B, 1ERA 2/ 075 58] DATEE RT3 ?

i 14-1 FoR, XF—A 3 Birkksd, HHF 3 #ioy Sa] DUEEIRET,

BEM® n= o 1 2 3 4 5 6

MTetsE 3 Miigssts 3 MAE:
0>1>223 , 05233 , 0>1->3

B 14-1 JEZIZE 3 Ay )y e

AT B AR K AT RACE, AT DA R E I IR o5 2 al R, BACRT, RIEMEB RS — 1%
IR ERERR: Wb, IR L 1 BEk 2 [, S ENAREER IR R 7y AR 1, A
THTERI R HBIAL, A FAR:

// === File: climbing_stairs_backtrack.swift ===

[* B */
func backtrack(choices: [Int], state: Int, n: Int, res: inout [Int]) {
/] SEEIE n MBS, HEHEM 1
if state == n {
res[0] += 1
}
/] BAFRA LR
for choice in choices {
/] BERR: RARFEEE 0 B

if state + choilce > n {
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continue

}
/] Bk HEEE, BHRE
backtrack(choices: choices, state: state + choice, n: n, res: &res)

/] Eh&
}

[* TetEts: I +/
func climbingStairsBacktrack(n: Int) -> Int {
let choices = [1, 2] // EliEFEMLENE 1 Mgk 2 M
let state = 0 // ME 0o MFFIRNE
var res: [Int] = []
res.append(0) // 1M res[0] BRAERKE
backtrack(choices: choices, state: state, n: n, res: &res)

return res[0]

14.1.1 Fi*—: BhHiEE
[ RS A B HOS [RIBUHAT IR R, K KRR BB E— RV TR, @i IR fsss:, MR
O] RERfE,

FRATTAT A P 73 AR £ FE A X TR, IRTERER o B3 dpli] FO5E, B4 dpli] SRR, H
R RERS

dpli — 1],dpli — 2], ..., dp|2], dp[1]

TR HEE R 1 ek 2 B, RS IRATAGAESS @ Bk i, bR aTRESEE58 ¢ — 1 Beksl « — 2
o HRATTEDE, FATHBEMEE ¢ — 1 Brelss « — 2 s ¢ i

HI A 5 H— N EEHES: TeRI ¢ — 1 By BEUM LIRS  — 2 By KBRS TR ¢ Wil 75
28, A~

dpli] = dpli — 1] + dp[i — 2]

XTERE LRSI, D F R RIFIERIER R, PSR RT PAh ¥ IS R, 18 14-2
JeoR TIZIBHER R
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dp[5] =dp[3] +dp[4] =8

dpl4l=5 /-

dp[3]=3 .

B n = 1 2 3 4 5 6
AR dpln] = 1 2 3 5 8 13
NI N

K 14-2 J7REBEBH KR

Tl T DR A A B EI RGBT, D dp[n] JEIAS, SV — AR SRR A N
A, EEEARN TR dp(1] A1 dp[2] WHEE, b, BN TREIRE S, B dp[l]) = 1.
dpl2] = 2, FRMEEIE 1. 2W5 5 1. 2 FoTE,

MZELARARES, ERIRIEEA RS EE TR R, (HEMEE:
// === File: climbing_stairs_dfs.swift ===

[* R */
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

}

[* TeHts: 13 */

func climbingStairsDFS(n: Int) -> Int {
dfs(i: n)

}

& 14-3 7R 7 B ERGRAEIAN . X TR dp[n] , HIBEMERE S n, NEEXREN O2"), &
e TR K, MRBNMA—DHERE n, WEEABRIEFRZH,
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dp[9]

dp[é] dp[7]

dp[7] dpl6] dp[6] dp[5]

dp[6] dp[5] dp[5] dp[4] dp[5] dp[4] dpl4] dp[3]

RREMMBINFEABESFiAA
SHEEERERESN 02")

14-3  TEREAS X WL Y8

W 14-3, $EEORIOIN IS 2R “HA TG 800, G140 dp[9] BHM#N dp[8] #1 dp[7], dp[8]
oM dp[7] A dpl6], PIEHEE B dp|7] .

DACZRAE, FRIEFA S/ NIES TR, FFIMMEs R B, B0 HH RS IR EIX B 1
Al L

14.1.2 AE=: idiZigs

N T RIFEERCR, Bl BA RS SRR R, Ovitt, BAOTA B — ML mem KICREA
TR, FERRERE R EE T MR,

1. S ERHE dpli] W, BAVFEIERE nen[1], A2 S,
0. MEREEIE dpli] I, TRTEATEHMN nem[1] SIREE R, TR A LB 1% T I,

RN SR
// === File: climbing_stairs_dfs_mem.swift ===

[* BIZHEER */
func dfs(i: Int, mem: inout [Int]) -> Int {
// B50 dp[1] #0 dp[2] , REZ
ifi==1] 1==2{
return i
}
/] BEFEIER dp[i] , WEZEREZ
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)
// IER dp[i]

mem[i1] = count

return count

}

[* TetEts: iBIZIEER */

func climbingStairsDFSMem(n: Int) -> Int {
/] mem[i] 1IBRMCEIE 1 MWFREE, -1 KKRLRER
var mem = Array(repeating: -1, count: n + 1)

return dfs(i: n, mem: &mem)

WIERIE 14-4 , S IICERYE, RS RERRETHR R, BREMERLE On), XE2—1E
KHT KEK,

nH
) REEAR, FO»
EiEEE

////\\\\ Bl RAENNEEREN 0(n)

ERFFEEEFRERBRITE—R

B 14-4 LTINS R

14.1.3 FixE=: wh&MR

2 e 2R — M “NWRIK” 5% FRAOMNRRB R 5 TFE, B K T i s/ N
M, ERMOCHNENTRE (W5, 25, i EmEERE FRERR, MR,
52k, shAMRE—R “MEED” W5 N/ FRBRETSE, SRR K FREmg, &
2152 JF 7] A i

HTAMIAR S EWNERE, Rt R FEEREMERSEH, AR, £LUMREH, BFT#nEtk—
MNEUEH dp SRIZEEE T-RIARYMR, B T 51212 R A mem AHEIICRAER -



14 % SN hello-algo.com

305

// === File: climbing_stairs_dp.swift ===

[* NMetkts: hSHXI */
func climbingStairsDP(n: Int) -> Int {
ifn==1]| n==2{
return n
}
/] WEk dp R, BFEHEFIREARE
var dp = Array(repeating: 0, count: n + 1)

/] AR Fgs/\FirERfE

dp[1] =1

dp[2] =2

/] KEEE: MNBUNFIRBUE S KRR K F el
for i in 3 ... n {

dp[i] = dp[i - 1] + dp[i - 2]
}
return dp[n]

B 14-5 0L T DA BB P TIE AR,

q%\ N Ze N
= o i g3 i gu 6 o e

MBRE:
dpl1] = 1, dp[2] =

RERBAE:

dpln] = dp[n-1] + dp[n-2]

MAEIREFF G, #TIREEE, FEEIRRSRAL

B 14-5 eHBERIEh SRS

SRR, SRR RS SRR RROR R ERT B,
NN SR R AR, Ban, TR AR AR E SOR S AT FE MR EL @ o

WRIELA_ B, BATA] DU SS sl S AR,
KEEH dp F-h dp &, dpli] TR ¢ RN T [RIBAR

KN T IR NIRAS (58 1 RIEE 2 IEER) ARDADIAIRTS.
KBt AR dpli] = dpli — 1] + dpli — 2] FRARESEB AL,

A IRESHRRS A A



145 FNSHN hello-algo.com 306

14.1.4 =jaEifiik

MORBEFEFTRER I T, WMTF dpli] Y5 dpli — 1] M dpli — 2] BK, BHEIRMTCHER —A 8 dp K17
BEFRE ¥ MBI, TR B REETERIRT, AR R ATR:

// === File: climbing_stairs_dp.swift ===

[* Netkts: =EMAERINSIL */
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

WAL EARE, HTFEE TR dp SIS, I M O(n) B2 O(1) .

SIS, FATPRSEE T RTE AR MGG XK, XN BT IR DZEAPRE, wd “FEgE”
KATENEE M, XA RRLBII BN R R” o R,

14.2 chEFIR )51

FE b=, BANES) T 3SR A I 5 (AR RS AR R REAY, SKRm b, IR) R oo e — e
AUSRIRIRES, TEIA. ShASHL [ A E O],

- SMERRIBE VAR R U o 2 ME IR R AN, EE RN TR, FEAE R A A
i, BRI ENR A

- BIASHKIHERS AREBEATIE A 0 iR, HS5 AR EZXAR, AR5 AEUR A BRI, £
SRR S I 2 E BT A,

- SRR A BRI 2 AT A FTRERIRE, B BTEGE e AL AR 3, R AR — 5
FIRF BRI, B TAT DR RN IRFED IR AT TP B 1 — D 1 [l

Kk b, SEASHKIE AR RIULRE, e AMIESEETRE, EEE RN RILTEHH, T
JERIME

14.2.1 mKFEN

BATRS TERERE PR kN, (2 BEANE & R R 45,
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JerEs i/ MG

R —ERS, KPR DAE T e 2 B, SRR EE A — D ERERE, R IREIZE /M
PR BT AT, A — D IETUREEEA cost , H cost[i]| RoRIESE ¢ NMEMTER HIIRAMN,
cost[0] bl GEIAR) . HHHRERDFEN 2 MU A BERIATER?

I 14-6 Fow, #3810 20 3 BRI A0y 10 100 1, WM TEEIEE 3 B/ MUl 2.

....

B n = 0 1 2 3
Kt cost[n] = 0 1 10 1

TeLsE 3 MiEEmHEE 3 MA=E:
0515253 , 03253 , 05153
HAr 013 (NEHRD, BENA 2

K 14-6 TEZIZ 3 v/ MU

& dp[i] ANCRIEE @ B BT B RGT, BT o B aTRE 4 — 1 ek @ — 2 Bk, itk dpli] HATRES
T dpli — 1] + cost[i]| B dp[i — 2] + cost[i] o J3 T RATRERMMY, TATRIZEREME U NIAR— 1

dpli] = min(dp[i — 1], dp[i — 2]) + cost]i]

IXAER] PAS | B L FE5 A2 S Dt )R g DL At A ol s ) e DR A A A5 SR )

R ERBARM L BN T RIERMR dplt — 1] #1 dpli — 2] HEGEHBEMLIAR—A, HH
AR R dpli] FRIE,

Mo, E—THEHBEEHAEA R TERE? B BERERETZEE, E2— M, EaR
Rk “RBRARTFEE", BATEIMULI, B8 EIBETE RS0, (HiRiL a5z tik
T BEnMBERAZBESFTEN— 1S n — 2MERTEEEZM, LA, SILTFEENRES
AR RTE, TEARFEFRSEARRNE .

HUBRASERS ITHE, DU dp[1] = cost[1] Fl dp[2] = cost[2], Tl atAT DUEEIZN AR
// === File: min_cost_climbing_stairs_dp.swift ===

[* e/ MM shSMEkI */

func minCostClimbingStairsDP(cost: [Int]) -> Int {

let n = cost.count - 1
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ifn==1]] n==2{
return cost[n]
}
/] ¥ dp R, BFEHETFIRBBE
var dp = Array(repeating: 0, count: n + 1)
/] IRIRES: TR/ F iR ERTAR
dp[1] = cost[1]
dp[2] = cost[2]
/] REHEE: NBUNFIRIBE S KRR A F 6] 7R
for 1 in 3 ... n {
dp[i] = min(dp[i1 - 1], dp[i - 2]) + cost[1l]
}
return dp[n]

B 14-7 JBr 17 DA LA R BhSHLIS F2.

cost[1] cost[3] cost[5] cost[7] cost[9]
mﬁ?“————”<: mi?“*———"/:
cost[2] cost[4] cost[6] cost[8]
aiRE:
dp[1] = cost[1] , dp[2] = cost[2]
RE®wBLE:

dp[i] = min(dp[i-11, dp[i-2]1) + cost[i]

14-7 Terpiim/ MUTHISHASRS 2
ARE AT DU TR, e R T, HREREREMN O(n) BE O(1) :
// === File: min_cost_climbing_stairs_dp.swift ===

[* Tetksam/ VN AL ERIENSIXI */
func minCostClimbingStairsDPComp(cost: [Int]) -> Int {
let n = cost.count - 1
ifn==11]|n==2{
return cost[n]
}
var (a, b) = (cost[1], cost[2])

for iin 3 ... n {
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(a, b) = (b, min(a, b) + cost[i])
}

return b

14.2.2 TR
TSGR R AR RS 6 WU R S S B > —, HE CH: B A EIRE, BRREREN
EY5REAE R, mSdELnrmaiREsTR,
DUTCRERER AR, B[RS, BEERBHRES I+ 1HRES T+ 2, 25068k 1 25FBk 2 &, fEfH
IXPFRRNEIR, BROTEFHEIRE ¢ ZRTHPIRAS, TR ¢ AR 0,
SR, AR FRAT A TERERE I BRI — NI, TSR AR —RE T

WL TerE R

BE— A n RS, REPEIELE 1 ek 2 [, HARRESMEERE 1 B, ERE 2/ DRgER

A DATEERE T2

GniE 14-8 Fiow, TE_L38 3 {8 2 Rl 477558, HAES =0k 1 Fi077 AR LR AN, RIS,

BT RREESFRE 1 M,
FELtAE 051523 HEF I

BEM¥® n = 0 1 2 3 4 5 6

et 3 MiEmHas 2 MR
05253 , 05153

& 14-8 HLIRERNS 3 BT =R

TEIEIR, A LR 1 B Lokh, ARA Rk 2 B, XK, TS RAEH iR
& CHRMPTERBINE) BOrYsE, RN —MRE (L—SeRiErRBmED HX%,

RRELBL, IR T R, RASEAS TR dpli] = dpli — 1) + dpli — 2] B53%T, FH
dpli — 1] REAREHE 1 b, (HEPESTES “ 1R 1M BRI 7%, 8 TIRELR, RITGA
HE3% dpli — 1) EHEA dpli] 7,

Wi, BT RRAE X KA [i, j] Fora e « IEE LBk T B, Mg e {1,2). MRS
T SUEROX S T LBk T 1 BIER 2 By, Bl ToT DA I 4 A A S M TR,
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5L RBKT 1N, b AR 2 I, B dpli, 1] FUREM dpli — 1, 2] K,
5B T 2B, b SR ATERERE 1 BhakBk 2 B, B dpli, 2] ATAM dpli—2, 1] 5k dpli— 2, 2]
K,

WIFE 14-9 R, TEWGESCF, dpli, j] Fodkas [i, ] M7 E80 AHRAEERS TR N

dpli, 1] = dpli — 1, 2]
dpli, 2] = dpli — 2,1] + dp[i — 2, 2]

THEESFICRE 1 B
FEltiZTm S E

dp[i-1,1] ]

dp[i,1] dp[i,2]

dp[i-1,2]

dpli-2,1]

K 14-9 FELRTINEHERR
22, 3&E dpln, 1] + dpln, 2) BIAT, Fi#2FREIESIE n 77 REE:
// === File: climbing_stairs_constraint_dp.swift ===

[* THLRICHAS: ThSFIXI */
func climbingStairsConstraintDP(n: Int) -> Int {
ifn==11]] n==2{
return 1
}
/] Mak dp R, ATEHETFRAE
var dp = Array(repeating: Array(repeating: 0, count: 3), count: n + 1)
/] FIERES: FUgs/\Fir IR
dp[1][1]
dp[1][2]
dp[2][1]
dp[2][2] =
/] REHEE: NBUNFIRIBUE D KRR A F 6] 7R
for iin 3 ... n{
dp[il[1] = dp[il - 1][2]
dp[i][2] = dp[t - 2][1] + dp[i - 2][2]

1
0
0
1

}
return dp[n][1] + dp[n][2]
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£ EERIZREBIF, TR ZE BT — MR, BIEBAMART DO Y KA E X, 1 a7 o i 12
TRt AR, FEERBAAIEETERN AR,

JEREAE S5 Reihs A hk

BN A n BrEokEes, REDAIBLE 1 Brek#E 2 B, B SEEIE @ By, REEANITEH 20
Fir Ligc LRERSY), ZJaPiASeERASSEVFRkEISE 24 B b BN, wiPRECAIBREI T 20 3Bk, Wz
JERRANREBEEIZS 4. 6 B Lo G WRIA 2/ DR 50T DAUTRRIRETH?

FEIXANFIE A, T RBRER OIS BT RIRE, ROV —IRBRERE S AE E mpBTes LI ERERS, FHRmAK
AUBkER, X TIXZEAIE,  SASHUIEEAE DAL,

Kb b, WEERMHASIRE (BIANRITRIAED AR TER . M TIXERE, BANER SR
FEAMTTI%, BlanEA IR, BERR, safe¥ I, MmAEA IR R 1S 2] AR R iR (LR

14.3 mhaSHR AR B

EWRTIAE TSP B AL, 52 TREATT RGP NS A AR,

L. GAfar by — A e R AN 2 B A AL ] 2
2. RIESASMXIEZMATAEAT, EBD TR A?

14.3.1 [RIRAHIER

BEPRS, RN MEESES T WE, RITE, eI, R giEEIE S SRR,
SRIM,  FRATRME A TR HEA A B SR B X e, (R FRAT T TR 26, SR )i 759 & (A )
W (%) ROk
TS P 1S R T B T e “DRSRREBRL” | X Rh ] R AT DARE PR TR S5 oR Rl  Hrh & — N AR
—MRK, BFRBERR - DREFI,
HAgTEYL, AR AN PR RS, B REE — RPN LR, AR BRI R, @
AT DAGE A (1R AR
FEMEA B, ShZSHRENE A — 22 NI,

- MEEERK (N 8 () Fuiifbmit,

- IERIRSRER R — D AIRR, YRR SRR, I H— MRS S HABRINSF B R R,
MR, AFfE—L “RRoTI,

- IR EARZ R AT E Al RERIARR TR, TR R LR,

- AT H A EIHPH S RIRHE, &ZREIEARRZ DTS5,

QIR — IR R R RS, FEEAARONIIER “au”, AR RIRE R — D EhSMKIRE, FF7E
KSR RIEE,
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14.3.2 [AEEKRFTS R
BNASHL A fige i A 2 R TR M BRANME R T A R, (EIE S EE DA N AR AR, & SORTS, #ar
dp &, HESFREERRE, WMEbRENE,
N T BB R RSB, BAMEH— MR “ e/ NgER™ SR,
Question
HE—Dn X m B 4EMHE grid, MR DNRITREE —MEEBE, RRZEITEIRN,

Plas NAZE Ef Boeieoniin e, SIRARER FEERERsI—8, HEEENEG MK, 1ERE
MEE_EAEIG TS A iR N AR

B 14-10 Jos 17—, 4078 AR HY B/ NIRRT 13 6

s

1 3 1 3 3 1 5
2 2 4 2 4 2
5 3 2 1 5

4 3 5 2 4 3 5

BNEERIA 13
WMREFEN 19252322312

B 14-10 f/NETERUR ISR

B0 BERRIYSE, @SOS, WmifFEl dp %

ARG — S A A BTAG T I R ok 25, MM RTS TIATRIE A [, 5], WIFT ks
i, BEIEN i+ 1, 5] 8 [i, 5+ 1] Eil, RANESTRIMFIREIFHALE, &N (i, ).

ARAS [i, 5] RIS TR MERAA [0, 0] 21 [i, 5] O MNEEERT, B8 dpli, 7] .
b, FATHEE TR 14-11 BRI 4 dp 560, HRF 5% grid HF.
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j o+l
1 3 1 5 dp[e,e] dple,1] dpl[e,2] dple,3]
i 2 2 4 2 dp[1,0] dp[1,1] dp[1,2]  dpl1,3]
—
i+l 5 31 2 1 dpl2,0] dp[2,1] dp[2,2] dpl2,3]
4 3 5 2 dp[3,0] dpl[3,1] dp[3,2] dp[3,3]
grid dp &
SRARE: mAXRETE—R Fim@: WELAE [1, ] KSR
REEX: T7FS| [1, j] dp ®: R<5 grid #ARAER

Kl 14-11 REEXS dp %

Note

BNASHURIFN B AR AT ARE IR 3 — DN RSRPA, MRS H A JURE B, © N Y & IR R R
ERTEEE, HESTEBNGELR, REBARESE T MRS

BRSNS L —DF R, FAISE N dp ZREZMEIE TR, RS MR &
& dp RIN—DNEE, NARTEE, dp RRIRSHF AR EZ B BT,

B RHERIE A, S IR R

FFARE [i, 5], CHEEMN BT [i — 1, j] IR T (i, — 1] Bk, FERIETa4E%: 5k
(i, 7] I NSRRI (3, § — 1] BEBVINER RIS [i — 1, 5] B9 NSRRI e N — A B,

MRIELA L4, FIHEHE 14-12 FosrRSE S TR

dpli, j] = min(dpli — 1, 7], dpli, 7 — 1]) + grid[i, j]

1 3 1 5 dple,0] dple,1] dplo,2] | dplo,3]
2 2 AI 2 dpl1,0] dpl1,1] 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[3,0] dp[3,1] dp[3,2] dp[3,3]
grid dp &
KEwBHE:

dpl[i, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j]
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B 14-12 RAL T S5 IREEAL T2

Note

FRYEE A dp 22, B RSB SC R, HHE I )RR B 0 Re RA & i (7] @ ) B (LA
7%, BRI FEi,

—HIRAHRE TR TG, o] AR E R EHIRSER 1R,

B WIS

FEAR, SAEEATHPIRS R BEMNE A TDRTIRSER, AR E IR R REMEL EIBROIRASSK, HILETT
i = 0 FES j = 0 2R 5 M,

N 14-13 R, T ME TR EHEES T LTS TRk, BB IE IR R, SME
WEAAT, WIEREH S,

dpl@,e] dpl[e,1] dp[0,2] dple,3] dp[e,0] dp[e,1] dple,2] dpl[e,3]

dpl1,0] dpl[1,1] dpl[21,2] dpl1,3] dp[1,0] dp[1,1] dpl[1,2] dp[1,3]
S S S

R R R

dp[2,0] dp[2,1] dpl[2,2] dp[2,3] dpl[2,0] dpl[2,1] dpl[2,2]1 dp[2,3]
— — —

R R e

dp[3,e] dp[3,1] dp[3,2] dp[3,3] dp[3,0] dp[3,1] dp[3,21 dpl[3,3]
— —3 —
BRFG: MBLETEY REEBIRR: ERFEHIERE

14-13 JBAFHSIREHEBIY

Note

P EMAERNSHXIF T RIiE dp %, EEZEFH TR,

RESEB T B2 02 BARUEE T B Y B A ARRS, P AR H ) B /)N (R  ) fBR E 42 2 I
K,

IR LB, BAIELE A IERES Hal SIS, SRT0 ¥ (A1 o7 fif2 — NIRRT AR, (R4
“BIER — IR — BRI BN SEELE AR & B 4E ST

1. FiE—: BhigH

MRS [i, 7] FFIEHE3R, TSN MIIRES [0 — 1, 7] #1 4,5 — 1], FBIREEEE L FE,

- BIABEC RE 4, ] .

- JREUE: M [0, 0] 2[4, 5] M/ NIRRT dpli, 7]

- bR M0 =0 H j = 0/, J&ERA grid]0,0] o

COBE Y0 < OBl < O INRFIBE, HRHRERN 400, REAATT,
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SEPARRSAN R :
// === File: min_path_sum.swift ===

[* R BHER +/
func minPathSumDFS(grid: [[Int]], 1: Int, j: Int) -> Int {
/] BERELBBTE, WEIERER
ifi==0, j==0{
return grid[0][0]
}
/] BITHIRSIER, MRE +- i
ifi<0|] j<o0({
return .max

}

/] TEMAELARE (i-1, §) § (1, j-1) HER/DEELN
let up = minPathSumDFS(grid: grid, i: 1 - 1, j: j)
let left = minPathSumDFS(grid: grid, i: i, j: j - 1)
[/ REIMNE EAE (1, j) Ns/hBRERAN

return min(left, up) + grid[i][j]

B 14-14 25 T DA dp[2, 1] 9RTT g3k, Ho & —LEE i, HEE SRS grid )R
AR SRE %

MAB LR, ERES T REAEED: S REEA PN LA BRI — Yoo,

Bk |EIER

dp[0,1] dpl1,0] dpl1,0]

oo-x" \T?o ‘\,?o

dp[e,e] dple,1] dple,2] dple,3] EEZ TR

dp[1,0] dp[1,1] dp[1,2] dp[1,3] dp[i+1, j]1 # dp[i, j+11 #&®H 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 FJEEIFR IR

MR TGRSR, W LAESTFRSIEE m +n — 225, AN A AN
O@2m™+n) o WHER, KRR KA EIDEML IO, HENAMLOL RN T AL, Hit
SRR AR 20—,
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2. FiEZ: igiZiER
BEATBIA— DRI grid AHFER S HILIZHIZE mem , FTICSR&N T IRIAR, IHH4ES 7B T30
// === File: min_path_sum.swift ===

[* BNEBEM: IBIZHEER */
func minPathSumDFSMem(grid: [[Int]], mem: inout [[Int]], i: Int, j: Int) -> Int {
/] BERELBRTE, WEIHER
ifi==0, j==0{
return grid[0][0]
}
/] BITHIZRSIHR, MWRE +- L6
ifi<o0 || j<o({
return .max
}
/] EERIER, NEERE
if mem[1][j] != -1 {
return mem[1][j]
}
/] B AR TR RN ERMN
let up = minPathSumDFSMem(grid: grid, mem: &mem, i: 1 - 1, j: j)
let left = minPathSumDFSMem(grid: grid, mem: &mem, i1: i1, j: j - 1)
/] BFRIREILEAR (1, j) HRNBREAN
mem[1][j] = min(left, up) + grid[i][]]

return mem[1][j]

N 14-15 Fow, fE5IAIRIZL)E, PG RGN FE I E—R, R RS R E B TR S, B
RS O(nm) o

dp[2,1]

B RE[AF

J
/’
dp[-lll]

K 14-15 Ici2 big 28 )amt
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3. FE=: ik
TR B SRR, AR SRR
// === File: min_path_sum.swift ===

[* BRNERERAN: BHASHRI */

func minPathSumDP(grid: [[Int]]) -> Int {
let n = grid.count
let m = grid[0].count
/] #EE dp &

var dp = Array(repeating: Array(repeating: 0, count: m), count:

dp[o][0] = grid[e][0]
/] REE%: 817
for 3 in1 ..<m{
dp[0][j] = dp[0][] - 1] + grid[0][]j]
}
/] WEE%: 875
for i{in 1 ..<n {
dp[i][0] = dp[i1 - 1][0] + grid[i][6]
}
/] WEER%: HRTHM5)
for i{in 1 ..<n {

for 3 in1 ..<m{

dp[i1[3j] = min(dp[i][j - 1], dp[i - 1][3]) + grid[i][]]

}
return dp[n - 1][m - 1]

& 14-16 JE/R 1B/ NERMEPIRS KRR, Hiwli 78EAMKE, FRmEZRER O(nm)

B dp KN 0 x m, A AN O(nm) .

1 3 1 B 0 o 0 0
2 2 4 2 0 o 0 0
5 3 2 1 0 0 o o0
4 3 5 2 [} 0 o o
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 ®

MiatkETT dplo, j1=dple, j-11+gridli, j]
MesteEF dpli, 01 = dpli-1, 0] + grid[i, j]
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s

3 1
2 4
3 2
3 5
grid

RERH

dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]

3 1
2 4
3 2
3 5
grid

K&

1 4 5 10

B} ""i o 0

8 o o 0

12 o o 0
dp ®

1 4 5 10

3 5 9 >11

dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j]

3 1
2 4
3 2
3 3
grid

REETE

dpli, j1=min(dp[i-1, j1, dpli, j-11) + gridli, j1

3 1
2 4
3 2
3 5}
grid

RERH

dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j]

5] 1
2 4
3 2
3 5
grid

KSR

8 o o 0
12 o o 0
dp &

1 4 5 10
3 5 9 11
8 8 «—>10 [
12 [ 1) 0
dp &

1 4 5 10
< 5 9 11
8 8 10 11
lZC—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

14-16

s

RN SRS AR

3 1
2 4
3 2
B] 5
grid

3 1
2 4
3 2
5] 5
grid

3 1
2 4
3| 2
3 5
grid

3 1
2 4
3 2
3 5]
grid

1 4 5 10
3 56>9 )
8 0 0 o
12 o o o
dp &
R
dpli, j1=min(dpli-1, j1, dpli, 5-11) + grid[i, j1
1 4 5 10
3 5 9 11
8 o>8 o o
12 0 o o
dp ®
ot g
dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j1
1 4 5 10
3 5] 9 11
8 8 10e>11
12 0 0 o
dp ®
KB
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]
1 4 5 10
9 3 9 11
8 8 0 11
12 11e->15 o
dp ®
KT
dpli, j1=min(dpli-1, j1, dp[i, j-11) + grid[i, j]
3 1 1 4 5 10
2 4 B] 5 9 11
B] 2 8 8 10 11
3 5 12 11 15 13
grid dp ®

BEREREMA 13
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4, ZEfik

RS RS H I BB 7R K, RIBATA] U — N B TEE RS dp 3%,
IR, FNEAH dp REERn—1THORE, FrUBANICERRTIG EYIRES, MR fEE i S T Ee:

// === File: min_path_sum.swift ===

[* BNEEEAN: FEIREEISIK */
func minPathSumDPComp(grid: [[Int]]) -> Int {
let n = grid.count
let m = grid[0].count
/] ak dp &
var dp = Array(repeating: 0, count: m)
/] REHE%: BT
dp[0] = grid[e][0]
for 3 in1 ..<m{
dp[j] = dp[j - 1] + grid[e][]]
}
/] REHER%: HR1T
for i{in 1 ..<n {
/] KEHE%: 55
dp[0] = dp[0] + grid[i][6]
/] RSE%: HR
for j in1 ..<m{
dp[j] = min(dp[j - 11, dp[j]) + grid[i][]]

}
return dp[m - 1]

14.4 0-1 B58in)&A

HHEAEE - MERFRISIESMIIATTEE, 2SR R WRREE N, HEARZZM, #400-1
HEAE, fewErE, 2EEEREE,

AT, FATSeRR g a & WAY 0-1 5 fuin)ed,
Question

@ n N, 0§ NIRIERN watli — 1], 0N valli — 1], FI—AERK cap R, 15
AN RS — R, IITERR S M A FRERO R B B A (A

MEEE 14-17, HTPHS @ N 1 IFGETHEL, BERRTIN 0 FRETHEL, R ¢ X 8 & wgt[i — 1] Al
& valli — 1] .
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ws EE fifE

i wgt[i-1] val[i-1] Lang
1 10 50 ] cap = 3@
2 20 120 ¥ |~
3 30 150 s — “
4 40 210 ¥
5 50 240 (Y

=mAME: 270

RILARE ¥ . 8 BAEE
H#EH 50 HEAE

14-17 0-1 B ERREIEHE

BATAT LUK 0-1 HRIMEEE—DH n RUSEHMAIIRE, X T MEREE RRAFRAPRRSE, Fit
T[] R R R SRR AR
AR HA R “TEREY BAR FREIRAYMIERME”, IR ARZ — D sh SRR,
B BESRNIGE, &0RE, MWNies dp %
MNTHEMRKY, NRAEE, SEARAE; MAEHE, BEARRBN, HEASREE S ST
s i MIFRRERAR ¢, IZN[i, ¢l
KA [4, ] NMBFRBA: /i i MRERIRE RN c MERPRERRIE, 125 dpli, c] .
fRERIZ dp[n, cap], RIRFE—DMRIHA (n+1) x (cap + 1) =4k dp %,
B RINRIET &, dmifEs ISR R TR
BEAMEE: « USRIG, FIRIZRT( — 1 MISRIITE, 520 LR RS b

© RN BRAEARE, RSN [i—1,c.

COADEL G BEAERRD wgtli — 1], WMEMN valli — 1], RETBER [i — 1, c —wgt[i —1]] -

ERATEBA R T AR TR BB dp(i, ] FF AN « RURAPIS ¢ ikt Ei
{ESE RIS HRSEAT1E:

dpli, c] = max(dp[i — 1,¢|,dpli — 1, ¢ — wgt]i — 1]] + val[i — 1))

FENRNR, EUNRER wgtli — 1] BURIR SO o, WSRO E,
B MR A PERR A R
T TR B RIHECME N 0, BIES dpli, 0) IE1T dpl0, ¢] #%F 0.

SRS [4, €] M BTSRRI [i — 1, ] Fide EATRIRES [i — 1, ¢ — watli — 1)] 65613k, BUHEEH R
FRIERERFREA dp HIAT,

IRIELA L, BATHE TRIGIP SR IR, IR, SIS,
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1. FitE—: 8higHR

ERAMESUTER,

CABEC WA .

- JEEME: TR dpli, o] .

L HRIEAIE: YRGS i = 0 i EARRR N 0 B, KIEBIIBREAE O .
- OB R E R R, AR AT (.

// === File: knapsack.swift ===

/* 0-1 B BHER */
func knapsackDFS(wgt: [Int], val: [Int], i: Int, c: Int) -> Int {
/| EEETARBEYMEEELHREE, WREINE o
ifi==01]] c==0 {
return 0
}
/] EERIEERE, WREEERTHRAEE
if wgt[i - 1] > c {
return knapsackDFS(wgt: wgt, val: val, i: 1 - 1, c: c)
}
/] TERBRANBANYE 1 IsANE
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]
/] BREIFTHGEPMEERNI—

return max(no, yes)

e 14-18 R, HMITENMMES S ENERNEM AR S, FINFEEREN O(27) .
WMEHBEITR, ARG RIMHPFERES TR, FlWdp[l, 10] %, mMYRKe, SEARKK, THEHA
HENY N, HE T NSRRI REEZ,

MRES HEEE
dp[3,30]

BEBRNDSE 3

dpl[2,10] ik MaER > HE8E

‘,—’o\%‘ EERAMS

N

dp[1,10] dp[1,-10]

BEBRANDSE 1

dpl0,10] | dple,0] | dp[e,10] | dple,e]

o & *

YRES i 1 2 3 HEaBEE cap = 30
PERESE wgt[i]l 10 20 20
afE vallil 60 110 120
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K 14-18 0-1 5 flinl) 2 /7 18RI T M

2. A= igiziigs

N T RIEEREE F R AP E—IR, BAMEBICIZHEE nem KICTFRIBHIME, HA mem[1]1[c] M AL dpli, c]

o]

SINITIZ A2 JE, P AIT FRISE, Bt O(n x cap) . SEBURFAITF:
/] === File: knapsack.swift ===

/* 0-1 B IBIZHIEER */
func knapsackDFSMem(wgt: [Int], val: [Int], mem: inout [[Int]], i: Int, c: Int) -> Int {
/] EEETRBEYRIEELRAEE, WRENE 0
ifi==0]] c==0 {
return 0
}
/] BEEFIER, WEEHRE
if mem[i1][c] != -1 {
return mem[i][c]
}
/] EBIEERE, WREEERTHRAEE
if wgt[i - 1] > c {
return knapsackDFSMem(wgt: wgt, val: val, mem: &mem, i: 1 - 1, c: )
}
/] TERBANBANYE 1 IsANE
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]
/] BRIREIFEMHSZHNEERNI—
mem[1][c] = max(no, yes)

return mem[1][c]

B 14-19 R T EILICA R P BT R R 7357,
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MRES YaEE
dp[3,30]

dp[2,30] S e S dp[2,10]

% of

dp[1,10]

& REBRANYSE 1
o = *
YRRS i 1 2 3 HEAESE cap = 30

MREE wgt[i]l 10 20 20
YEfE vallil 60 110 120

K 14-19 0-1 HaLRIEAIEIZ AR ZR )T

3. FiEk=: mhEmEl
IASHIRISE B BRI IER dp R, T NAR:
// === File: knapsack.swift ===

/* 0-1 B EEHE */
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)
RISt e
for iin 1 ... n {
for cin 1 ... cap {
if wat[i - 1] > c {
/| EBIEERE, WFEYm 1
dp[i][c] = dp[tl - 1][c]
} else {
/] REFEYGR 1 XFFHHRENIRAE
dp[i][c] = max(dp[1 - 1][c], dp[i - 1][c - wgt[i - 1]] + val[i - 1])

}
return dp[n][cap]

U 14-20 FFR, BRI A A2 ) S AR AR B AR dp A/, BT O x cap)

REBRNYDSE 3

Bk MRERE > HA%E

%‘ ETHAYS 2
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‘ a a B @B a a B @
EE wgt il val el oo 1 2 3 4 EE wgt i val el e 1 2 3 4
wgt[i-11 val[i-1] [ [} [} [ [ 0 wgt[i-1] val[i-1] [ 0 [} [} ]
+550
1 5 (] 1 0 1 5 ] 1
2 11 * 2 [} 2 11 * 2 [
3 15 - 3 [} 3 15 - 3 0
REEB:
MEBE n=3 EEEE cap = 4
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
MAURTA (n+1) x (cap+1) M dp %M
Step 1 Step 2
a - a @ m - a & "]
BE wgt fifH val el oo 1 2 3 4 BE wgt fifE val el 1 2 3 4
wgt[i-1] vall[i-1] 0 0 o o 0 0 wgt[i-1] wval[i-1] L) 0 0 [} o 0
+5N0 +550 |
1 5 o 0 5 1 5 o 0 5 5
2 1 ¥ 2 [} 2 11 ¥ 2 [}
3 15 (2 3 0 3 15 - 3 0
KB RS
dp[i, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) dpli, c] = max( dp[i - 1, ¢] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
l Step 3 ] Step 4
) - [} ] ﬂ - ] ] “
EE wgt fME val A 1 2 3 4 EE wgt fifE val SC e 1 2 3 4
wgt[i-11 val[i-1] [} [} [} ] 0 wgt[i-1] valli-1] [ [ 0 [} 0 ]
+5N0 )
1 5 [} 1 ) 5 5 5 1 5 () 1 ) ? 5 5 5
2 11 * 2 [} 2 11 * 2 [} 5
3 15 (O 3 [] 3 15 (2 3 )
RS RSB
dpl[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dpl[i, c] = max( dp[i - 1, €] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
[ SIp 6 ] Step 6
s - a @ ﬂ - a B “
EE wgt fiff val el oo 1 2 3 4 EE wgt i val e e 1 2 3 4
wgt[i-11 val[i-1] [} [} [} [ [ [} wgt[i-1] valli-1] [ [ 0 [} [} ]
1 5 (] 1 ) 5 5 5 5 1 5 ] 1 ) 5 5 5 5
* +11 v * T
2 11 2 [} 5 11 2 11 2 [ 5 1 16
3 15 - 3 [} 3 15 - 3 0
REHEB: REEB:

dpl[i, ¢] = max( dp[i - 1, c] , dp[i -

1, ¢ - wgt[i-1]] + val[i-1] )

dp[i, c] = max( dp[i -

1, c] , dpli

-1, ¢ - wgt[i-1]] + val[i-1] )

[ step 7 Step 8
a - [ ] Il n - [} ﬂ n
EE wgt ffifd val el oo 1 2 3 4 BEE wgt fifH val el e 1 2 3 4
wgt[i-1] val[i-1] [ 0 [} ] 0 0 wgt[i-1] val[i-1] [ 0 0 0 [} ]
1 5 ¢ ) 5 5 5 5 1 5 o 0 5 5 5 5
% T by
2 11 5 2 0 5 1 16 16 2 11 2 ] ? 1 16 16
3 15 (% 3 [] 3 15 - 3 ) 5
RS RS
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
l Step 9 ] Step 10
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a) - a @& “
EE wgt fMfE val el oo 1 2 3 4
wgt[i-1] val[i-1] ) ) 0 [ [ 0
1 5 (] 1 ) 5 5 5 5
2 1 * 2 ) 5 1l1 16 16
3 15 - 3 [} 5 11
RSB
dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
Step 11
a & & &
~
EE wgt fifE val e e 1 2 3 o
wgt[i-1] val[i-1] 0 0 0 0 0 0
1 5 () 1 [} 5 5 5 5
2 11 * 2 o 5 11 16 16
N
3 15 (o 3 [] 5 11 16 20
RSB
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 13

4, ZEfik

- ] ] U
B ~.C
EE wgt A val \ 0 1 2 3 4
wgt[i-1] valli-1] [} [ 0 [} 0 [
1 5 (] 1 ) 5 5 5 5
2 11 * 2 0 5 1 16 16
TE—
3 15 - 3 0 5 11 16

RERB:

dpl[i, c] = max( dp[i - 1, c] , dpli -

1, ¢ - wgt[i-1]] + val[i-1] )

Step 12
a a & &
EE wgt i val e 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
EERFENRBAEENRANE 20
Step 14

14-20 0-1 5 HERERNZSHRTRE

H T NRSE R G H E—1TRORAE 3,  [RULFRATTAT DA AN SR s, #=REREM O(n?)

= O(n) .

W FRATREE (A — NS R ele? AT, S MRSE R HIE 7y BT ryks 7%
RN, RZRE—MEH, STHREAE « 7T, ZBEHEEITRREE « — LITHIRE.

WESREGE R, IR dpli, ] N, 75 b77 dpli — 1,1) ~dpli — 1,5 — 1] (ATREC &4
& RSB E MR AR
W ESREE B, AR R BRSNS, RASHR LR,

K 14-21 R TAESRADNEEH T © = VATHRIMES « = 2 /TR0, 16 B 1E 5 1 P A8 e 3 P A DX il

EBE wgt fifE val } c
1 5 () 1
2 11 ¥ 2
3 15 (O 3

N s - |B
- ST

..I

a .
3 4
) [}
5 5

s IEREREE

wer—rama « - ({1 I ED EDED

BH 1=
Step 1

2 #i, BIFR dp PIEMENR i =

1 WFRERIAR

EE wst HfE val

wgt[i-1] valli-1] 0
1 5 () 1
2 11 ¥ 2
3 15 (% 3

- B

iI

a & B
2 3 4
0 0 )
5 5 5

—

sl s | &

1

REFA—TRITHA dp =

BIFERE 1 =

Step 2

2 17, BTRERS
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- [ ] “ “
EE wgt fifE val el oo 1 2 3 4 EE wgt i val R
wgt[i-1] val[i-1] [) 0 L] ) [) 0 wgt[i-1] valli-1]
1 5 (] 1 ) 5-_5 5 5 1 5 (]
2 1 * 2 0 B 2 1 *
3 15 - 3 0 3 15 -

B
oln|®

0
1
2 11
3

o s|w|B

L]
4
o
5

s s
+
@

e S o [ s[5 ]ue]

BEBHE i - 2 17, BTREHE
Step 3

swn—raima o - ([N EDEIEDED

BFERE 1 = 2 17, #TRERB

o s|n|B

o [N

[ ]
3 4
0 (]
5 5

Step 4
‘ a a & &
BE wgt fifE val el oo 1 2 3 4 BEE wgt fifH val el
wgt[i-1] val[i-1] 0 [] L] 0 0 [] wgt[i-1] wval[i-1] 0 0
1 5 ® 1|0 s 5 5 s 1 5 o 1| o0
2 1 LY s o s 2 11 * .
3 15 (2 3 0 3 15 (3 3 0
sen—runma o - (DEDEDEDED
BIFBRE 1 = 2 17, BTRSHE TREDE, ¥A dp RENHRRE 1 = 2 WFER
l Step 5 Step 6

14-21 0-1 BN EILENSMXNERE

TEAREESRIA, BAUCF L dp RSB —4E ¢ ERMBR, JF BACPIEIA 8 O 73 s B Al -

// === File: knapsack.swift ===

[* 0-1 B8 FERKENEISML */
func knapsackDPComp(wgt: [Int], val: [Int], cap: Int) -> Int {
let n = wgt.count
/] ¥iaMk dp &R
var dp = Array(repeating: 0, count: cap + 1)
/] K&
for i in 1 ...
/] BFER
for c in (1 ...

n {

cap).reversed() {
if wgt[i - 1] <= c {
/] FEIEYE 1 X ENRAKE
dp[c] = max(dp[c], dp[c - wgt[i1 - 1]] + val[i - 1])

}
return dp[cap]

14.5 2= 808

AT, BAVOKBS —DME ISR 22wt #5717 Rer—Ebl

sen—ruina o - (D EDEDEDED
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14.5.1 25 8RE

Question
B n MG, B ASNERR wgt[i — 1], MER valli — 1], M—DEEN cap WM, &
AP DEE R, R7ERE S OAE FEMRAYSNRRNME, ~EIE 14-22 AR,

ms EE {8 SaEE
i wgt[i-1] val[i-1] cap = 50
1 10 50 o <1 —
2 20 120 . x2 n
3 30 150 B
4 40 210 *
5 50 240 ()

RAME: 290

SRER: B—1 @ FE . BmAES
HEA 50 TRAE

14-22 sEeH AR RG]

1. EhEEHRBER

SERT BT 0-1 5 RLAEHER AR,  DXBMAE T ASBREIP Sh AR E R B

- AE0-1 HHWEEAE, SMYRmRAE D, FIR&  MNERE, JEEMAT ¢ — 1 DM rikeE,
- fESEEEEAET, SRS EERZICRE, RIERYIE  IRAE R, 9l BUAGT @ DinrbiEe.

EFE 2B WRERFE T, R (i, c] KL PRSI

- AN G 5 0-1 HRFEMER, BRI —-1,c.
C BN 5 0-1 HRFEARRE, HEE (i, c —wgt[i —1]] .

MR R TR :
dpli, c] = max(dp[i — 1, c|, dp[i, c — wgt[i — 1]] + val[i — 1])

2. K@M

Xt EEIERE H AR, IRESER A N — 12 1, HREE 80
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// === File: unbounded_knapsack.swift ===

[* BEEE: MK */
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)
RISt g
for iin 1 ... n {
for cin 1 ... cap {
if wat[i - 1] > c {
/| EBIEBERE, WFEYm 1
dp[i][c] = dp[i - 1][c]
} else {
/| FEMER 1 XA RIRAE
dp[i][c] = max(dp[i - 1][c], dp[i]l[c - wgt[1 - 1]] + val[i - 1])

}
return dp[n][cap]

3. FiEi

T AR R AT BRI Fe ok, stz mIRALa RN dp R R — 1T TR &,
XA TS 0-1 §EIEAFHHR, 1EEBIIE 14-23 SRELEME I X,

] - [ ] ' ] “ - [ ] " ] “
EE wgt il val el oo 1 2 3 4 EE wgt i val SC] e 1 2 3 4
wgt[i-11 valli-1] [} [} [} ] ] [} wgt[i-1] 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

wen—rsons o - (DEDEDEDED sen—reona o - ((DEDEDEIED

B 1= 2 @i, Flk dp PERENE 1 = 1 WARENR EFBHE i = 2 17, #TREES
Step 1 Step 2
) - a = n - a B "]
EE wgt ffifd val el oo 1 2 3 4 BE wgt fifE val el e 1 2 3 4
wgt[i-1] val[i-1] 0 [} [} 0 ] [} wgt[i-1] val[i-1] 0 ] [} [} [} ]
1 5 o [) FEEERUE 15 20 1 5 o 0 5 10 15 [WEI)
2 11 * 2 [) 5 1 2 11 * 2 ] 5 11 16
=L
3 15 w» 3 0 *1t 3 15 @ 3 [ +1
nen—rasna o - (D EDEIERED nen-racna o - ((DEDEIEIED
EFBRE 1 = 2 17, #TRSHS EFBHE i = 2 17, #ITREEB

l Step 3 ] Step 4
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Y - ] [ ] “ - ] ] U
EE wgt 8 val \i cl o 1 2 3 4 EE wgt i val <o 1 2 3 4
wgt[i-1] valli-1] o | o o 0 o o wgt[i-1] valli-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 )
sen—ravna » - R EDEIEIED sen—rwins o - (D EDEIEIED
EFBHE 1 = 2 17, #TREEB SRIBMGE, ¥4 dp RENRE 1 = 2 NFENR
Step 5 Step 6

& 14-23 52T GRS AL G 3SR AR
ISR LR B, AN FRIGEEH dp AUSE—4EMIBR :
// === File: unbounded_knapsack.swift ===

[* T2EE: TENKENEIEIL */
func unboundedKnapsackDPComp(wgt: [Int], val: [Int], cap: Int) -> Int {
let n = wgt.count
/] 3afk dp &
var dp = Array(repeating: 0, count: cap + 1)
/] REEHE
fori{in1 ... n {
for cin 1 ... cap {
if wat[i - 1] > c {
/| EEIEERE, WREYE 1
dp[c] = dp[c]
} else {
/] REFEMSR 1 XFFHHRIVRAE
dp[c] = max(dp[c], dp[c - wgt[i1 - 1]] + val[i - 1])

}
return dp[cap]

14.5.2 TR0

H R — RREASMEIER, HIRMERE 2R, BN,

Question
Y50 n FIRET, 55 ¢ FREM AT/ coins[i — 1], BIFEHN amt , SHMRET ol AEEIER, [
R BPRS AR s/ DR, WEARICIREN BAReR, MHRE —1, REG0E 14-24 Fios,
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HS mfE
i coins[i-1] BirEE
1 1 1 amt = 11
~ B
2 2 $
3 5 C) x2 //)

ROEMHE: 3
stiEras: @+ © + ©

14-24  FESAHRIAEARBIEE

1. EhEEHIRIBER

TR AR RS 21 TSR — ARG 50, B A DU NRR S A A .

- PUIERER] DAHEERHE, “Wpdn” RN CREMT, “PrAhEERT XN CREMmEET, HAART XN CHARE
g}ﬁ”o

- AR, EeE PR ER AR IME, FESEE R MU R,

- EEEURETER NEET SRR, BERGOHER R RBE BRI

- MHERIUGE, 2 URE, MifEsl dp #

ARAS 4, o] RMEI TN i 0 FRETAERS A &0 o MU DRI ECR, 128 dpli,a) .
— 4 dp RIRH (n+1) x (amt +1) .

Fo PR T, MRS R AR R

R 52 4 5 PR IR AR T A TE DA R 22 5,

- AR RIME, EEEEHERT max() FéCH min() .
- R RE TSR TR A, e R T T 41 BT,

dpli,a] = min(dp[i — 1, al, dp[i,a — coins[i — 1]] + 1)

B WIS
YERESHON 0 I, B ErROEmEEN 0, BEFIFE dpli, 0] #%T 0.

YICREMN, FIRBIER > 0 WBEREH, BRI, NERESHEE TR min() HEREWBIRHIH
WIRTCRR, FATEEMER +oo KEREN], BILETHE dpl0, a] #EFT 400,
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2. K%M

REEGRFEE S HARIR ML 400 B, HEEMAER int WEKERRE, MXXESHEREEA: IREH
MITRERRY +1 #RIER REA A TR H

M, BATRAET amt + 1 RFRTERR, FRNED amt WERHERZ N amt . BEIREIE, HT
dp[n,amt] BEFETF amt + 1, FHRURE —1, RELEZHEMRESH, REGUTFAUR:

// === File: coin_change.swift ===

[* BEREHR S *+/
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)
/] KEHER%: 51785
for ain 1 ... amt {
dp[0][a] = MAX
}
/] WSER%: HRTN5
foriin1 ... n{
forain1 ... amt {
if coins[i - 1] > a {
/] BEIERE, WAERED 1
dp[i][a] = dp[i - 1][a]
} else {
/] RENRED 1 XEASERNRME
dp[i][a] = min(dp[i - 1][a], dp[i][a - coilns[il - 1]] + 1)

}
return dp[n][amt] != MAX ? dp[n][amt] : -1

B 14-25 R T R ESURAIEI SRS RE, Fiseen tmiEdEFE M e,

5 & 6 6 5 & 6 &
®S  EE tele 1 2 3 ®s  EE Tale 12 s
i coins[i-1] 0 i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ 1 1 @ ! 0
2 2 @ : 2 2 @ - )
3 5 @ - 3 5 @ - 0
EH#E n =3 BifE® amt = 4 WhHFE n =3 BiFEE amt = 4
MEURTA (n+1) « (amt+1) B8 dp %ERE MAKETTA MAX = amt + 1 . EFIH 0

Step 1 Step 2
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5 &4 & 6
®wS EfE el e 1 2 3 4
i coins[i-1] 0 0 m[\x MAX  MAX  MAX
1 1 ©® 1|0 1
2 2 @ : 0 *t
3 5 @ 3| o
RERB:
dp[i, a] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1)
[ Step 3 Step 4
8 & & 8
®S [ el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX M?X MAX
1 1 @ ! [} 1 2 | 3
2 2 @ - 0 *
3 5 @ - [}
RSB
dp[i, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1)
l SID O J ( Step 6
5 & & 6
®wS il e e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ : [} } 2 3 4
2 2 @ - 0 1
3 5 @ - [}
RERB:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1)
Step 7 Step 8
s & & ¢
" i ~Naloe 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ 1 0 1 2 ? 4
2 2 @ 2 0 1 1 2
3 5 ® - o +1
RS
dp[i, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1)
[ Step 9 Step 10
: & & & 6
®wS mEfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! [} 1 2 3 4
2 2 @ - [} 3 1 2 2
3 5 ® 3|0 1
RERTB:
dp[i, a] = min( dpli - 1, a] , dp[i, a - coins[i-1]] + 1)
Step 11

Step 12

s & & &
ws EfE 0 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 ;;
2 2 e : ] *1
3 5 @ 3| o
RERB:
dp[i, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1)
s & & &
WS HiE 0 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ©® 1|0 1 2 3 4
2 2 e - 0 =
3 5 @ - )
RSB
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1)
s & & &
ws EE ) 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 e ! o 1 % 3 4
2 2 e : [} 1 1
3 5 e : 0 1
RERB:
dp[i, a] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
s & & &
&"s i 0 1 2 3 4
i coins[i-1] [ 0 MAX  MAX  MAX  MAX
1 1 @ 1 0 1 2 3 4
2 2 @ 2 0 1 1 2 i
3 5 e - 0 +1
REHRB:
dp[i, al = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1)
- 5 & & &8
ws EE ) 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® ! ) 1 2 3 4
2 2 e : ) 1 } 2 2
3 5 @ : ) 1 1
RERHB:
dp[i, a] = min( dp[i - 1, a] , dp[i, a - coins[i-1]1] + 1)
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s & & 8 s & & 8
wS EfE el e 1 2 3 4 ws EfE i 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 2 3 4 1 1 e ! 0 1 2 3 4
2 2 @ 2|0 1 1 7 2 2 ® 2|e¢ 1 1 2 2
3 5 @ - 0 1 1 2 3 5 @ - 0 1 1 2 2
REHE: RE#TS:
dpli, al = min( dpli - 1, al , dp[i, a - coins[i-1]] + 1 ) dpli, al = min( dpli - 1, al , dpli, a - coins[i-1]] + 1 )
Step 13 Step 14
i & & 8
wS EfE \i\a ) 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ : [} 1 2 3 4
2 2 @ > [} 1 1 2 2
3 5 @ 3 0 1 1 2 2

BEEHERETNROETSE 2

Step 15

K 14-25 FESURMABR ) ST R

3. FaElfifk
TR S LA R A0 3 77 20R 58 4 Al R — B
/] === File: coin_change.swift ===

[* BRI TERAENEIESAL *+/
func coinChangeDPComp(coins: [Int], amt: Int) -> Int {
let n = coins.count
let MAX = amt + 1
/] #Ek dp &R
var dp = Array(repeating: MAX, count: amt + 1)
dp[0] = 0
/] K&
for itin 1 ... n {
for ain 1 ... amt {
if coins[i - 1] > a {
/] EEBIBERET, WAERED 1
dp[a] = dp[a]
} else {
/] REFBERET 1 XEAHARNRIME

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 T RIRR)E I

Question
250 n FREET, 58 MPREMNEAES coins[i — 1], BARSEN amt , SR HA] LEE IR, W
I HREPMEh A S BER. REINE 14-26 FR.

HwS EfE
i coins[i-1] BirE&@
amt = 5
1 1
2 2 §
3 5 (5)
WhHASHE: 4
EHAGHE: + + + +
+ + +
+ +
(5]

K 14-26 FE SR 1T AR BIEEE

1. =hEHLIBEE

MET E—, ABERRERAEHE, Rt Ry 6o MM RES RN o WG, M dp
RIMARRRSTH (n+ 1) x (amt + 1) B HERERE,

SRTIRSHIE SRR SF T AN 4 AT i 535 24 AR X ARV A SR M, RSB RN

dpli,a] = dpli — 1, a] + dpli, a — coins[i — 1]]

Y EFRESHCN 0 I, TCAVERALAIRE M I A0 AR R, RIS E5ITE dpli, 0] A9t 1. 4L
REMIN, JCEELER > 0 WERESH, FtETE dpl0, ] #%T 0,

2. KExEM
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// === File: coin_change_ii.swift ===

[* TERGMR I1: EHSHRI */
func coinChangeIIDP(coins: [Int], amt: Int) -> Int {
let n = coilns.count

/] 9at dp &

var dp = Array(repeating: Array(repeating: 0, count: amt + 1), count:

/] MEEE

for i{tin 0 ... n {

dp[i][e] =1
}
/] K&
for itin 1 ... n {
for ain 1 ... amt {
if coins[i - 1] > a {
/] EBIEEREH, WAEESR 1
dp[i][a] = dp[tl - 1][a]
} else {
/] EFERED 1 XFMHEZH
dp[i][a] = dp[i - 1][a] + dp[i][a - coins[i - 1]]
}
}
}
return dp[n][amt]
}
3. FiEfitk

AL R TT ZCAEIR], IR 48 2 RIA] -
// === File: coin_change_1ii.swift ===

[* BERME 11 TERKEHEIESIL */
func coinChangeIIDPComp(coins: [Int], amt: Int) -> Int {
let n = coins.count
/] #Ek dp &
var dp = Array(repeating: 0, count: amt + 1)
dp[o] =1
RISt g
for iin 1 ... n {
for ain 1 ... amt {
if coins[i - 1] > a {
/] I BEREH, WAREEM 1
dp[a] = dp[a]
} else {

n+1)



14 % SN hello-algo.com 336

/] FEFEET 1 XFHAERZHM
dp[a] = dp[a] + dp[a - coins[i - 1]]

}

}
return dp[amt]

14.6 YmiBEEE|n)RR

JwiHEERS, AR Levenshtein B, M D TF1F R Z IR AR B R MER LY, BHMTEGERERNHA
SRIE S A B BN SRR

Question

BMAMDTRIER s /il ¢, IREN s #Hy ¢ iR E R D g5,

VRA] DIAE— NPT ER R T =R . A DR MR — DR, P rrg it g — 1
o

GniE 14-27 R, R kitten ¥4 sitting FREGwE 3 40, TUHE 2 UOBHIRIES 1 IRIIIRIE; #F hello #2
# algo TE 3 7, HUAE 2 UUEHARIER 1 IUMBRERIE,

s - (3880800 s - 0000
1§m [@mlma l!ﬂllri%l 1@;&]@;&
8888800 [a]t]g]o]

- (0808086800 - (30080

[’ 14-27 G EE R R B EHE

SR 2 2 )] ATR ) SR ORI BVRDR IR, AT B T, —HRIRER (—IRGmEBIRIE) KT

—Zib,

NI 14-28 FoR, FEANRARRIEIHEICT, SR8 DURAE VP2 5500, BRI N —RigfE, IXER
% M hello ##%5] algo A IFLAIATRERIER TR,

MR ER, AR EFR2 KT A hello FITH AL algo Z Al AEIAE,
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s =

14-28 T HRIR MR R IR YR IR 25 ]

1. EhESHIRBER

Wi BERHRIIUSE, 2 SURE, TS dp %

15— RRIER FATH 5 HET — IR,

TA A EAE SRR R, (RO, XA BRI T I, 150 s 1 ¢ B9 KEEZS N
n i m, ROTEZERTBRIBNFT sln — 1) A1 tm — 1],

- % s[n — 1) B t[m — 1] MR, RATATABOLEN], EBE%E s[n — 2 f1 tfm — 2] .
C 3 s — 1) R tm — 1) AR, SROTEIER s AT DA AL MBS, i), (55 R
HYSPEAIR, AT DABRIE A, R o N

BRLR S, TATEFATE s PTG (GERIRIED), W2 s A ¢ PRIRIGFITREITR 42
flo WItE, RASNUHITE s W ¢ sPEIEIIE | M J A, B0 [, 4] -

KA [0, 7] REBIEOTIIEE: 95 5 BIRT & AT ESC £ IR § AT R DL,
P, EE RS (4 1) x (G4 1) =% dp .
B HRE T, TS IR

FERFWE dpli, j], HWSMIWDFZRERORBETA N s[i — 1] M t[j — 1], ARERRZREERES I E
14-29 R =FE o,

1. 75 s[i — 1] 2R t]j — 1], WEAFRE dpli, j — 1] .
2. MR s[i — 1], WIS T dpli — 1, 5] .
3. 4 sli — 1] B t[j — 1], WRIARTRE dpli — 1,5 — 1],
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EREFFM e
Ooooo .  OOBO0:
goon oo0 -
dp[i, j-1]
B k
.. ooon,/ oo
‘- ooon
dpli, jl dp[i-1, j]
# k Hi0A e
(b]o]o]e] (b]o]o
(c[o]d]e] (c[o]d]E
dp[i-1, j-1]

B 14-29 FmiHER R AR LA

AR L, WIS RIL TS5 dpli, j] MRDHRESEET dpli, j — 1], dpli —1, 7] dp[i—1,j—1]
=EPRIRDIREDE, BN EARRIGESE L o XN MAIRSEAE 771N

dp[27.7] = mln(dp[l,j - 1],dp[2 - L]Ldp[l - 17.7 - 1]) +1

TEER, Msli— 1) M t[j — 1] HIEIN, Joogni Suisry, XAE FRRESHER 7N

B2 WIS RSN

IR EOSN, FEPECN 0, B dp[0,0] =0, %4 s h2HME t RN, BORESBET ¢ K
&, BIEAT dpl0,7] = 7o 4 s AAZE L AEN, SOdRESEET s (KE, BEY dpli,0] =i,
WIS R TTRE, 8 dpli, 7] HMETT. B75. 72 LTI, BRI P BB E P A~ dp REIAT,

2. K%M

// === File: edit_distance.swift ===

[* YRIBERES: THASHIE */

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)

/] REE%: BITET
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foriin 1 ... n {
dp[i][e] = 1

}

for 3 in1 ... m{
dp[0][i] = j

}

/] WEER%: HRTN5
for iin 1 ... n {

for 3 in1 ... m{

if s.utf8CString[i - 1] == t.utf8CString[j
/] ERFREE, WEZhILRFR

dp[i1[3] = dp[1 - 1][] - 1]
} else {

- 11 {

/] RLEESE = A BFR. B =MRIFRIRDRIBSE + 1

dp[i][3] = min(min(dp[i][j - 1], dp[i

}
return dp[n][m]

- 113D, dp[t - 1[5 - 1]) + 1

Qi 14-30 R, gl B AR RSB A I AR 5 1 R A B 26, AT DAB (RIS — > 4E WA 3T

o
ooon
i J U 1 2 3 4
J
0 -
[ 2 ]
[ |
s = “bag” t = “pack”
n=3 m= 4
MEURTH (n+1) x (m+1) B dp &
Step 1

2 3 4
2 3 4

BoR e

+1

w N ke
)

REFH:
dpli, j] = min( dpli, j-1] , dpli-1, j] , dpli-1, j-1]1 ) + 1

l Step 3 J

oooon

ED 1 2 3 4

o o 1 2 3 4
n 1 1
a 2 2
a 3 ok

MeatEsT dple, j1=3 . &% dpli, 0] =i

Step 2
aaan
SNle 1 2 3 4
e [0 1 2 3 4
+1
n 101 1 2
e
IR
RSB
dpli, j1 = min( dpl[i, j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1
Step 4
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ooon

dpli, j1 = min( dpli,

RERB:

dpl[i, j] = min( dpli,

=1

RSB

dpli, j] = min( dp[i,

(s ]

dpli, j1 = min( dpli,

RERHB:

dpli, j1 = min( dpli,

[ step 13 |

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpl[i-1,

31, dpli-1, j-11 ) + 1

jl , dpli-1, j-1] ) + 1

31, dpli-1, j-1]1 ) + 1

il , dpli-1, j-1]1 ) + 1

31 , dpli-1, j-1] ) + 1

REFB:

dpli, j1 = min( dpli,

RERH:

= s[i-1]=t[i-1]=‘a’

[Step 8 ]

RSB

dpli, j1 = min( dpli,

dpli, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-1] ) + 1

[step 12 |
R,
o
(5 Y
8 :
[ <
REHEB:
dpli, j1 = min( dpli,
[Step 11.]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

~dpli, j1 = dpli-1, j-1]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1
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- |
N
™
w - -@

w N ke

)

BERVEESY 3

Step 15

14-30 gwiREHE RSN

3. FiEfk

T dpli, ] B 77 dpli — 1, 5], %77 dpli, j — 1], 675 dpli — 1, j — 1] SHSMRH, TiE R
SFEUH LIy dpli — 1,5 — 1], BIFERTHTEEIRATHIEE dp[i, j — 1), KRR AT,

Jutk, BT DMER — MR leftup RE A LTI dpli — 1,5 — 1], W R FTHIEL TR _EITI#
AR S e el WA, AIERIERES. A RATR:

// === File: edit_distance.swift ===

[* YRIEEEES . =EMAMERIEHSAL */

func editDistanceDPComp(s: String, t: String) -> Int {
let n = s.utf8CString.count
let m = t.utf8CString.count
var dp = Array(repeating: 0, count: m + 1)

/] REE%: BT

for jin1 ... m{
dp[i] =3

}

/] REHER%: HR1T

for iin1 ... n {

/] KEHE%:. 55
var leftup = dp[0] // &EFE dp[i-1, j-1]

dp[0] = 1
/] KEE%: HRY
for 3 in1 ... m{

let temp = dp[j]
if s.utf8CString[i - 1] == t.utf8CString[j - 1] {
/] ERFREE, WEZBLILRFR
dp[j] = leftup
} else {
/] RDEFESE = BN kR BEX=MRENRDFEESE + 1
dp[j] = min(min(dp[j - 1], dp[j]), leftup) + 1
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leftup = temp // BN T—48Y dp[i-1, j-1]
}

}
return dp[m]

14.7 ING

- SIS BT o0, B A T R R LR E R TR, IS RRCR,

- ABENREIRATE T, FrAshSHURIEEER AT AR [ (B TR, EEIM KRR
HE R, YRR @5 ALK, AT RERTA RS R 7 R, AR IEES T
AR IR,

- IR R AN RGBSR, M5 2 W RS MR — R B TRA R, A
i “HERKT —FE, BT HAPRS ML REIRE, EIHIROTA DAERR dp RE—DHEE, N
T AP 23 TR AR 2% JEE

- FIRE R AE A REER, G, S B EA AR,

- ISR KRR EE TR, ROLTE. TOER

 ARIR AR R AR AT DA T AR A R A SR, MIE s BA R A7 454,

- RN TR, HARRERRGZIEE X, MESERLmIAEIRSIER, wEHa L
A BEA TR, JoikE sl POE K R,

A

- HURER RIS —, BA 0-1 5., 22w, ZEETUFLM.

- 0-1 BHAVIREE SO « MIGERIRE RN c NEEFRRANE, RIEARAEUHBAEEMN
PSR, RIS EIRIL 451, FFR RSB TR, fE R, BT a8 MRS RIE B e
TTHUIRE, RIEREE LR, B ETTIRSE 5.

- e AR AR S R BECR IO IR, RIIERE A MBS S 0-1 BEMEAR, BT
IRESMGFUE BT FIEZETT PR,  RIEAE = AL AR 24 I i i o

- BERSURNEUR R 2T B — DR, BAK RORT MEZONK RN MR, RIHIRAESE
FBorifErh i max() MO8 min() o AIBR “RNEE” HEARINER “BiF” B ERSH, KIS
M amt + 1 RFoR “TCiREH HARRET RITCR0.

- BERGUHAE 1T MR “E/DREmEGR” SOk “BEMASEER", IREHEB MMM min() 2Oy
RIBRF,

O L 2 )

- GRS (Levenshtein HiBS) FATFMRMINFIE B2 MGHILUE, HE XM — NFIFEEH—
SRR DR, GEHRECIER, MR, Bt

- GRS R AR K s BORT i AN ERCR ¢ IORT § TR R R D G R, Y
s[i] # t[j] B, B SRR TN, BIRR, BEL SN EEAIBIAORIA T, SR R R i
FLER SRR TR, T s[i] = t[j] B, JoAUmae s ai o,

- TEREERR, RSO L. A, ETRORE, DRI E R S TR S R T
W TR RS, il FRAVRI— MR A L TiRAs, ML S 52 4 15 (S O 1
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O, A AR AL S BT IE 3 7
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F15F A

HélcZalgo corr

Abstract
Ml H 2585 KIH ), BZIESR B & KR KT EE,
O IRISAE —FREC A sk, B SMREEE.
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15.1 FOEZE

ROEZE (greedy algorithm) 22— WAYMRRAIL AR R, HEABARZRLE AT MR, #
WY ATE R R LAIESE, HS0OM M B R LATRE, DHIEBRG 2R, 2ORRRE S HsiL,
FEVFZ SLPRAE A & TZHIN

FOLRIEISASMRIER A TR e, ez B E— SR A, HanEs s It a5, =
TAEREEAFE,

- B SRYE Z AT B A A REORE S R, I 25 7 (A A A kA F 244 1T T R
- ROLRBEARFELRRE, T —BAnithit T oo0Ess, AWgNRETEE, B2 R,

TApEIHE Ty TRPODEIRN TERM, XEECAE EeniE” s5hhagid, M
BV EFH AR,

Question
255 m RS, 58 MPREMNEES coins[i — 1], HARSEN amt , SR HA] LEE IR, [
R BAR SRR R/ DR m AR, WERTCREL BAnem, NHRE —1,

AR ZO LRI 15-1 FoRe 40€ BAREET, BANSLOHEERAR T HRHGT e imim, AEiEaaix
LI, BEEE BRSO,

B T RRERFATEREEHARSHNED

B 15-1 TER S S0
SCEARAN R R :
// === File: coin_change_greedy.swift ===
[* B D ¥/

func coinChangeGreedy(coins: [Int], amt: Int) -> Int {

/] 1Ri& coins FIRERE
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var 1 = coins.count - 1
var count = 0

var amt = amt

/] ERFITROEE, BEILTRREM
while amt > 0 {
/] HEVNF BERBER RS ERIED
while 1 > 0 && coins[i] > amt {
i-=1
}
/] ¥R coins[i]
amt -= coins[1i]
count += 1
}
/] BRLEETAZE, MWRE -1
return amt == 0 ? count : -1

TRAJRE NI HUBIY: So clean ! SUOHERMHAHTAIERLARR TR S A,

15.1.1 FLEZENR=SS5RBRY

SULSLEACUR AR, SR, m @R PR e, 700 BREY, 10 M &/ EE min(coins) ,
W ZOIE B Z IEFF amt/ min(coins) (X, WEEZEHN O(amt/ min(coins)) o XS
I ZE O(n X amt) /INT —NEES,

Saim, WP MmN S, FOREIFAREIREIRIM. & 15-2 258 TR ARE,

-+ 1Efl coins = [1,5,10,20,50,100]: EZEHHAE TR, HEMLE amt, TULEIEERAT ARERAL
fitto

- Bl coins = [1,20,50]: & amt = 60, FULEZFEHEFERE 50 + 1 x 10 By5ifed s, it 11
Mg, AHBHASHIRIAT DARBIR AL 20 + 20 4 20, {NFF 3 MU,

- R coins = [1,49,50]: Bi& amt = 98, FULEIEHEERE] 50 + 1 x 48 ki A, it 49
BET, AHShAHINI AT ARSI 49 + 49, R 2 #hEm,

Wmas Bir&HE BLHERRAR EEMRIRR SR
(REpmInHR) (£RRIAR)

(D) 60 +@x1@ x 3
@ 98 +@x48 xZ

K 15-2 SORIRTCIEER R AR A
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MR, N TEEAMAE, SUORRITERIERE 2R EIUE, HHERIEIEFRENR, EHEES
EEIESS Rl 27

—RAEOL T, SULBEIRATE R L PR P,
1. A PAGRUESREIRAM: SOORIRERMEI MEER R IUERE, FOvEEERLEm, ShSHRIE =R,
2. WIDARBENERURR: PO RIEERA A TR AT, M TREERMERY, SRR RIHEIE
HIRME, BEDAERRCRER BN A2 AR A,

15.1.2 SFOEEESY
IR AER T, A oMERRENE S DB LR ER? s w, OEIEEM A e BRI B &
fi?
M TSR, FOOETERE S E TR, H 3B A @y e ME R,

- SUDIERER: R YRR RGBA R SR e BRLER, SUOEEA RIS SR,

- RILTEN: RREB RIS TR &AL,
BRI TEMEARE ISR JBUHPNEY, XEAEER, HEFENE, —YEREPRMEFaEmaHA
FAE, {EARA] {5 B 0 O AR,

AN EEIRT ORI HINTTT %, BARERIHAE LR SR, Bk X TFHFSmE, D
EREE IR H

BlanFER e E R, A RRGEB R HHAS RG], X SOOI PEATIE Ny, (EIESCRIERERAR, W)
W 2 PR RE T 2 5 il DASE I SOOSTRR MY A R REFEAE AL B B8 Il ok 45 H — MBI AT A 2
=R, TAEDASS =R AR,

Quote

H—RIESEAE T —1 O(n®) INAIE 2«5, TRl — D mA &S 6 20O BIA R T
B B A

Pearson, D. A polynomial-time algorithm for the change-making problem([J]. Operations
Research Letters, 2005, 33(3): 231-234.

15.1.3 FOEZEBELSE

SOL BRI R R R 72 AR =2,

1. W8 Hr: Ais SRR, ERRIRAE S U BFRRIA R AESE, X —PAE RIS AR
AW M.

2. e FULIRMG: FEANFIE S — Dt SU0IERE, XD IRIGRES L — DBV, &R
DAl

3. IEFPEIER: JEH R EIEREEA ORI AR LT 45, X ERA] REFR M ZIECAIERT, I
ANYAANIR B SUETR S

R SO DSR2 SRR PR O 3R, (BRI REFF A 5, TEAPUREE,
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- AR FODRIGHIZE TR, N T2 Rk, SO0RIEHRIRE, BilEd —SRMEES
ZGAETS o MX T —E kM, SULREE AT REIER R, XAME IR F 5 1 N A fRELss 5
RIKREN T

© HEEETUORIE AR EARRNE, LA THIME ORI SO0RE, F RIS RIB,T, RATRE
RILER 7 ARG TCRE . IXR BRI VORI IZ “HMEM” B, EXAHF R 2
— MR B,

NTRIEERTE, BAIRIZN SULRMSHEAT ™ ERECAER, & S RO R B AN,

ST, IERATEIERI MR ATREAN R —1F 5 Fe FE 1A K4, @ S semamiLR T L, —
DB RIUE S0 R,

15.1.4 BROEEHBEGI

SOLBIRH N TR E SUDIE MR AL T4 L,  DURAI2E T — L2 AR sU O BIR A

- MERERFAE: EREEHAS T, RORERE IS EIRILR,

- DXMIHEERDEL: R — 55, B MESE BN RINELT, REERRZERRATREZ LSS,
REFREOE AR R RHESS, A2 T0LEIR AT SRR,

C rBEEmE: G -Arai— N EER, RN ERRIEE YR, @REERAELHER, B
SMERR, WREBRANEREEN tbikm (ME / ER) B9, IATDRIRE —LEH T A DUSE]
AL,

- RELIENNEL: g —HRERITIE A, VRATDOET 2 IRESE, HIRIRE SR AR, BALESEH
ZHIARRERFSE, EFRRIRBUR A,

- EREHNY: EREHGE T IREE R SO R, EIREREN, BIRIEREHIR
RSN R EH, RERINERSRIHREEERE WHKE) &/,

- Dijkstra 5ik: &R —FRREAE IR S H AR TUS B B2 RS S0 O RTA.

15.2 SEE i)

Question

L n NI, B MIRINERN wet[i — 1) MER valli — 1], FI—DEEN cap B,
MR B — R, (HA] USRI I—3k oy, OrEMRISEEE R ILBITHR, RERES AR
THEESYRNRRNME, ~EIANE 15-3 Fimr,
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#S EE fifE

i wgt[i-1] val[i-1]

1 10 50 ‘ Tﬂ)\i% ﬁﬂg%
cap = 50

2 20 120 2 20 \

3 30 150 o u

4 40 210 * 30—

5 50 240 (Y

BAMME: 120 + (30/40)x210 = 277.5

Bfi5Z: HE~ . f 30 28 ¥ paEa
HER 50 HARE

15-3 380K B RS R B

IR AR 0-1 5 B AR EARR ML, IS S SR IR E ¢, BMEZRRETFEER MY
BRARNME,

ANAFIET, ALY —#7, & 15-4 For, BT POt Y5, g E R
EEBIR T SR

1 T, TERRER RS valli — 1] /wgtli — 1], FREIHME,
2. BB i, RN w, WEEMMOAOER w x valli — 1)/wgt[i — 1] ,

RS EE i AfifiE

A . i val[i-1]
i wgt[i-1] val[i-1] wetli-1]
1 10 50 5 ) S ¥an L Hanmn
ENER B E e E
2 20 120 6 _ alli-1]
v -
3o% e 5 . g - R
4 40 210 5.25 %
5 50 240 4.8 -

15-4 PyifE A EE FHIMNE

1. SERBRHE
BAEUAYRENE, AR ERER AN E R FRPIMGE, Bt rT e & 15-5 FiRay su0sK
8

L. Wi IR s AT E N S B A THER
2. WA, SHERTLOHER AN E RS P
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v

3. HRIREUARAL, WL FTY) A — R E,

HKs EB thid  BfIfiE

. . . val[i-1] RIBEMIH{E
1 weeli-al valli-al 0 IS TR

2 20 120 6 2
*
4 40 210 5.25
DR
1 10 50 5 ) RIEERMEE SR
3 30 150 5 B
5 50 240 4.8 -

15-5 7 80E W EHg o0 SR

2. XM

FBATESL T — N2 Ttem , DUMESY) A IR AN MEDHI THEF . FEEREH T O00NERE, M E BN Bkt I
IR [F] i :

// === File: fractional_knapsack.swift ===

[* & */

class Item {
var w: Int // Y)mEE
var v: Int // ¥YI@mMN{E

init(w: Int, v: Int) {
self.w =w

self.v = v

[x EEE: B+
func fractionalKnapsack(wgt: [Int], val: [Int], cap: Int) -> Double {
/] BIEYRYIR, BEHINEY: EE. NME
var items = zip(wgt, val).map { Item(w: $0, v: S$1) }
/] REBEBAGINE item.v / item.w MBEIERFHTHF
items.sort { -(Double($0.v) / Double($0.w)) < -(Double($1.v) / Double($1.w)) }
/] TERBCERE
var res = 0.0
var cap = cap
for item in items {
if item.w <= cap {
/] BERREEFTE, WESRYRENEHEE
res += Double(item.v)
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cap -= item.w

} else {
/] BERRBERE, WEHmYaiN—HoEHES
res += Double(item.v) / Double(item.w) * Double(cap)
/| ELHRBE, HLLBRHER
break

}

}

return res

BRibF 25h, TERERY, HE@HBE MR, BRBEARER O(n), Hhn i,
HITHHAL T —1 Tten MEFIEK, KIZHEIEN O(n) o

3. IEH@tIERA

RARIEZR, R x 2B ER&SYE, ERERERGRARNMEN res, HIZBHALEY M x
WEMNTE B EH R EEREREY M, ROV ERNYISN v . TP v R IMERS, KIS
BIRREME—TEKRT res . X5 res RRIUEFIE, BWHIREGHLBEETMN v,

AN IZH R MY, AR DR S EAFE, BME2, AAAEE RPN EERE, X
HH B0 R 2 A R

i 15-6 FFow, A SeRePn d B BRI S BAL A E 20 1 1 — 9K 4R B R AR A, o0 250 im) st ] 4
o “SRAEA RN X AR L i R, X DI EER] DARE BB AT AN LA EEBR A 50 OO SRS O A 35

MR IfE
5.25 5 5
* ¢ & ©
YREE
40 10 30
50
W wezm

B 15-6 0 E0E WRER) T LA #RR
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Question

MA—DNA bt , BHNEDNTERR D EERRNEE, ZHPEERNER, DAL ENZ
B =3 (A A A B — D A28

AR RS TEEMREENFRRA (HR), HPEEHRENREROUE, 562N NERIEEEZERS
2%,

IETERA A IEBE NN ER, FRARNARNEERK, RERAKEE, REIGE 15-7 Fir,

iR

S B N W &~ 100N ®

15-7 wAHE M@ REIESE

AHEEEM N FERE R, FABRRE A BRERIRS], iKh (4, ] .
MEEE, ARSTRERMEE, HrhahEiove, 5ERMBIRINEEHERS 2%, RARN capli, j]

| WA HEAR:
capli, j] = min(ht[i], ht[j]) X (j — 1)

VALK n, PIMIRIGE SRR CREIED o C2 = 20U N mytity, liInl BLor i ik

ﬁ,Mﬁ*ﬁ%kﬁﬁ,wﬁﬁ%gﬁomq

1. AOEREE

I R Rk, NI 15-8 R, BUER—MRA [i, ], FlR 311 < j B heli] < ht[j]
L BRI,
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S B N W U 0N
pe—— <
EEsse——— <\

0 1 2 3 & 5 6 7

i RAER, j AKIER
WHIRE cap = min(3, 4) x (7-0) = 21

K 15-8 #IHEIRAES

QniE 15-9 Fw, FHBERRRERAR J rEmR @ SRk, WA SN,

XERRNERSNM § 5, BE j—i §EZ/N; MeElRERovE, FHitsERERE G IrohER) 88
AN (BENEH § RONRERD o

8

7

6

5 . -
. | :
3

2

. |

. |

() 1 2 3 4 5 6 7
MRS, BE—ER/
YHAIRE cap = min(3,3) = (6-0) = 18

15-9 [AINEEE KARGHIIRES

B, ARG MANRERR  , AAREEAFRER, FNERKEE —EZ/), HEETREIER B
SNIERREN @ ATRER R . BIANTEE 15-10 1, BahEia R,
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————— < \ad.

i

v
8
7
6
5
4
3
2
1
0

0 1

LUHIAE cap =

FABEER, BEREEEX

min(8, 4) x (7-1) = 24

& 15-10 MRS E FARES

P I AT AR SULSRRE . AR IL RS, [ PIR ARG, R YRR TR, EEMN

faEHHIE,

A 15-11 R 1 S0 SRS R TId S,

N

Step 1

iR

Step 3

S kP N W s O O N ®

S B N WS O O N ®

MateiEst 1, § , ERHTIBERE, FEREAME res =

0 1 2 3 4 5 6

LFAE cap = min(ht[i], ht[j1) x (j-i) = 24

BABE res = max(cap, res) = 24

FHAIRESTS, 485t M1 5 2 HIEEH M,

R APRSHA R capli, j], JHFENBARE R,
EEet o F1 AR g ORI, R A NRS S —1%,
TEIMAITES 2. PFNEE 3. 2, EHE 0 Ml j AHIBINEEH,

iR

Step 2

KR

Step 4

S B N WS O O N ®

S B N W H O O N ®

WHIAE cap = min(ht[il, ht[j]1) x (j-i) = 21

BABE res = max(cap, res) = 21

b

v
o 1 2 3 4 5 6 7
LHIAE cap = min(ht[il, ht[j]) = (j-i) = 15
RABE res = max(cap, res) = 24
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-
™

v . v .
8 7 8 7
R 7 a7
6 6
5 5
4 4
3 3
2 2
1 1
0 0
[/} 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
YUHiAR cap = min(ht[il, ht[j]) = (j-i) = 28 WUHIAE cap = min(ht[i], ht[j]1) x (j-i) = 21
l Step 5 BAZAE res = max(cap, res) = 28 Step 6 BABE res = max(cap, res) = 28
1 ol
v v
8 8
7 7 .
: ‘ ‘ d
5 RS
4 . 4
3 J 3
R 2 2
1 | 1
0 0
o 1 2 3 4 5 6 7 o 1 2 3 &4 5 6 7
LFER cap = min(ht[il, ht[j]1) = (j-i) = 4 LEIEE cap = min(ht[il, ht[j1) < (j-i) = 5
l Step 7 BABE res = max(cap, res) = 28 Step 8 BABE res = max(cap, res) = 28
ij
v
8
7
e \
5
4
3
2
IREE
[}
0 1 2 3 4 5 6 7

v iEH i 5 j EE,

Step 9 - BRHBUOER, EERARE 28

15-11 RARAERER 7OERE

2. REEEm

REER R n 6, BEINREZERN O(n) o
ki, j. res MFHEOOMIBINER, FHREAFERER O(1) .

// === File: max_capacity.swift ===

[* RARBE: B */
func maxCapacity(ht: [Int]) -> Int {
/] MEk 1, j, EEDTIHERR
var 1 = ht.startIndex, j = ht.endIndex - 1
/] MRRABERN 0
var res = 0

/] ERFEOER, BEERRIBE
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while 1 < j {
/] E¥mABE
let cap = min(ht[1], ht[j]) * (§ - 1)
res = max(res, cap)
/] RAEEHFER
if ht[i] < ht[j] {

i+=1
} else {
j-=1
}
}
return res
}
3. IEW{$IEER

ZFTLAD g 2 R, BRIV R SOOI = (BT — 2R

FRAEIRES capli, 4] F, @ ARIIR. § KR, A DDOHRKEIR « mABs—i, 2S8E 15-12 FiRisik
B BRI, RXERE Z R EIERIEX RSB AN

capli, i+ 1], capli,i + 2|, ..., capli, j — 2|, capli, j — 1]

\ 4
—

caplo, 6] caple, 5] caplo, 4]

caplo, 3] caplo, 2] caple, 1]

15-12 sl S BT IR

WA, XERH RS ERS ESUR R KR § IPBSIEIRE, aTm&MELIEARNBRIR—E S
SEEEL/. MHtRN, SRS RERR IR, B ENA2S Bt BRI,

AL AR, BalEmARieEe “2e” 1, ORIZA,
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15.4 &KX TR

Question
LHE—DIEEE n, KEY)AEDWADERBEAIHN, KU EMmAEBENFENRKZEZ/D, WE
15-13 ffi7Ro

HAEE n , R max(ngxng xngx..xny 5% 0, g %xn,)

B 15-13  F AV SRR REUE X

BB n V10 m DR 7, HAPE 0 MRFIdn, , B

m

=1
AR AR SRIG T B T RO,
max(H n;)
i—1

PNTEEHZHR: VIDEE m MizZR, 80 n, MizEz/h?

1. FELKRIBRE

RAEZL, WAREBERFUEELLCEMIRMAE R, BN n hoE— T 2, METRFEED 2(n —2)
o BMTFZIRIG n FELLEL:

2(n—2)>n
2n—nm—4>0
n>4
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E 15-14 FoR, Hn > 40, YIt—4 2 JERRESER, REIRTET 4 FREEBERNIZESDIT

FODHRIE—: WRVIDTTRFEE > 4 AT, WLEHMIZRARLEY) 7y, RARYITTR AN 1, 2,
3 EX=RAF,

N
=
=
1
]

L n>4 B, 1EE 2(n-2) 2 n
RARENSARANEE 1, 2, 3 BF

15-14 Y5 S8ERAEZ K
ZOREEMANEFRRMN, £ 1. 2, 3X=EARFH, 2R 1EREMN, FAN1 X (n—1) < nfEK
37, B 1 ke SEBERE N
WE15-15 R, MUn=6K, 3 x3>2x2x2, XEKEVHE 3 Vs 2 #Hik,
TORIE . VI RF, RERNEERD 2, FAEA 2 B2 DIBEHCAMA 3, MRS KRR

Mo

HEE=ZT 2 B, HESEMEEAFEDT 3

15-15 &Y RT

Zi ERTR, FIHERLH DUR SO0 R,
L BMANEBE n, NHAKHYI AT 3, BEEREN0, 10 2,
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2. ROV O I, & n 2 3 IREEL, UL,
3. HREON 2, Ay, RE
4. MRECON 1N, HT2Xx2>1x3, HLMERE—3EHN 2,

2. KM

i 15-16 Fiw, FATEAVEL AR 2L, min] DA N ERIZRA2] 3 1M e, HEEIEERS
FIRED, HNA:

n=3a+b
HERE, NFn < 3WBFENR, “wHHRSH—N1, #I1 X (n—1),
// === File: max_product_cutting.swift ===

[* RAVIDR: Tl */
func maxProductCutting(n: Int) -> Int {
/] EH n <=3 B, RATISH— 1
if n <=3 {
return 1 * (n - 1)
}
/] FOHTISH 3, a A 3 BN, b ARE
leta=n/3
let b=n %3
if b==1{
/] HRERN 1B, B3 1 * 3 Bk 2 * 2
return pow(3, a - 1) * 2 * 2
}
if b==2{
/] HREA 2 B, FHBE
return pow(3, a) * 2
}
/] BREH o B, REHLE

return pow(3, a)
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R¥ b ats3

n=3xa+b

K 15-16 AV RTTI

o} TR 52 A FE VR TG i SR RSB T4, DA Python N, H FRIR TR A =Hf,

- IBEAF ** FIEEEL pow() N THE 2 O(log a) .
- ¥ math.pow() PIFBIAFH C BT M pow() BREL, HHUTIZAEGR, NMAEZREHN O(1),

Ak o M b FEAFEOUVNIEINER, FRBERERERN O(1) .

3. IEH@4IEER

HERARIEE, Rt n > 3 BIEN.

L By < 30 BRRMVIZ T RPEE > ANET o, Ia—Er] LG EARSRI R 2(x — 2)
MRS ERRIRI, XS RIET &,

2. VInliRARE 1 BRRIMVIDTTRAPFE-INET 1, Bae—Erl LEFHF AR I PEFH, DA
PRERIFM, XS5BT E,

3. VInTiRmBUEMA 2 1 REEMVIATRPUE=D 2, Ia—Er] IEHAND 3, FRAHER,
XERETE,

15.5 /&

- SOLRIREE T RO U R, HRER AR D ORRRT B RS R LA R, ARG 2R

AL,
- LRIRRIEAHME — DX DN BUDIERE,  BERRHERE U ALK — RSN TR, S ]
R AR

- DEEACERIE R, EEARESIFERCR, AT, S00E RN R 2 2% 5 R,

- AEFEGURAE S, NTREEMAS, SORIAR DRIEKEIRMLME; T 55— mH S A
2R, SLBEIRATREIEIRZRIME,

- EEMAORRRBAIREEA WA IR R R T A, SOOI ARR TV RIS
MR,



BI5E O hello-algo.com 361

- ORTFRE Z, SUOE R ERE R R, MR, IEWEIIA, GRS,

L ORRALAE LTS = FESH. FE LR, RN, o B ORI RS IR,
TERMELER R A 5,

- OYERTSELRIEE 0-1 T A0SR b, A VPCERIR—5, PTG AL R, 2SRRI
T T DA PR ME A,

AR VAT SR, REZREEN O(n?) , B S0 NS, RN, o
I E RS O(n) .

CAERKTID TR, BN SRR SO R > 4 SR RIS, RIS T
N3, REHEEREE, NAEARRATREHSBUNE, BHA 0(1) % O(logn) ,
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16.1 ‘RIZIFIERIE

16.1.1 & IDE

IR, F8H VS Code fENAMEHSTT LI (IDE), ilA] VS Code B, MRAEHRIERIUEREH
RERRASE) VS Code BT FERNIZEL,

Qa%w 010 % i

Visual Studio Code  Docs  Updates + Download

Code editing.
Redefined.

Download Mac Universal | .,
Stable Build

mac0s Universal
Windows x64 User Installer

Linux x64 deb
rpm

F#i VS Code =y
Run and Deblg BONCN Git Extensions

16-1 MWEM T#; VS Code

IntelliSense

VS Code AT REASRG, SFFRZEGIZESHIZTAIE, DA Python NI, %% “Python
Extension Pack” ¥ @25, BIAI#E# T Python fREGIAIK, 220 BaE 16-2 Ak,


https://code.visualstudio.com/
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Python Extension Pack vi.7.0
Don Jayamanne 7,005,466 % % % % ¥ (16)
Popular Visual Studio Code extensions for Python
Disable v Uninstall |~

This extension is enabled globa

DETAILS
Extension Pack (7)

REHRNT

A B P O AT autoDocstring - Python Docstring Ger

doc

! Install

|
j—ﬁf*?ﬁ% ython Docstring Gen...
@ Python
P

3

Jinja

Python Extension Pack

Install

= ] Python Extended 12M k4

&l 16-2 %% VS Code ¥ et

16.1.2 REESIIR
1. Python Ifig
1. FEJFZEE Miniconda3, % Python 3.10 BEEHRRA,

2. 1£ VS Code W82 python , %4 Python Extension Pack
3. (FJi%) fE@SITHIAN pip install black , ZREMIMHEAILTHE,

2. C/C++IFIR

1. Windows RAFELEE MinGW (AL E#F2); MacOS B Clang, LM%,

2. 1£ VS Code MHEH T HHIER c++, L% C/C++ Extension Pack .

3. ([ i%) 47 JF Settings TU [, #4 & Clang_format_fallback Style fX A3 4% = fb & Wi, R E B
{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach },

3. JavaIfig

1. R#EFFZEE Open] DK (AT E > JDK 9),
2. 1£ VS Code WHtFTHH 2 java, &% Extension Pack for Java,


https://docs.conda.io/en/latest/miniconda.html
https://sourceforge.net/projects/mingw-w64/files/
https://blog.csdn.net/qq_33698226/article/details/129031241
https://jdk.java.net/18/
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4, CH#IFIE

1. FEFFZEE Net 8.0,
2. 1E VS Code HIIEMH R IZFHI822 c# Dev Kit, 2% C# Dev Kit (FilE ),
3. WAlf#A] Visual Studio (ZZ2E#f5),

5. GoIfi§
1. F#EFFZE g0,
2. 1£ VS Code WftFHi 782K go, %2 Go,
3. FPERE ctrl + Shift + PIEH@SEE, A go, 1%EFE Go: Install/Update Tools, EEBANIEIFZL
ERIA],
6. Swift IfiF

1. F#EFFZEE Swift,
2. 1E VS Code MU Hii7 182 swift, 2% Swift for Visual Studio Code o

7. JavaScript IfiE
1. FEFFZE node js .

2. £ VS Code HyidifF A4 javascript, %%E JavaScript (ES6) code snippets o
3. (AJi&) 1E VS Code MG A SR Prettier, ZHEMMEHAMTA,

8. Dartifig

1. —Fﬁ}l‘:ﬁg Dart,
2. 1£ VS Code HUfflitF 4R dart, %% Dart,

9. RustIfig

1. FEIFLEE Rust
2. 1£ VS Code W@ MR rust, &% rust-analyzer o

16.2 —iES 58Ik

HTEERIAR, HFXERFAE—ERMER, EERE, MRELITER, BERRM. WEK, X
FEL, WRATEWEA TSGR R, BB TBIE, DA IR AE LB > B,
Fif #5250 A GitHub ID KEARB G, WUk PDF k300 F3EA TR,  DUBGHH AT JE X T
FAZE TR


https://dotnet.microsoft.com/en-us/download
https://code.visualstudio.com/docs/csharp/get-started
https://learn.microsoft.com/zh-cn/visualstudio/install/install-visual-studio?view=vs-2022
https://go.dev/dl/
https://www.swift.org/download/
https://marketplace.visualstudio.com/items?itemName=sswg.swift-lang
https://nodejs.org/en/
https://dart.dev/get-dart
https://marketplace.visualstudio.com/items?itemName=Dart-Code.dart-code
https://www.rust-lang.org/tools/install
https://marketplace.visualstudio.com/items?itemName=rust-lang.rust-analyzer
https://github.com/krahets/hello-algo/graphs/contributors
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JF RIS S
25T P A3 8 P R BTV B R R N TR AR, R ST AR AN 75 (.
TAEATTIRAI A, A IR A R4 80 E = LA

1. RERGE

i 16-3 AR, BANTmEAA EAEE “aEREART, AR DHEIE DU P BB OOR s,

1. il “GRiREAR”, RIBE| “FE Fork tha A" MR, 15FEIZRE,

2. B% Markdown JEXXFNZ, WMENBSRIERMYE, HFREFEHRENSE—,

3. ETUHEHES B UiiH, RJEsd “Propose file change” #%%l, THE Bk )G, i “Create pull
request” 5 RIA&EEREUE K,

O 5 eo-sigo.comichaster_deta_strciursichssification,of_dita_structurs] aw O 0O
Fudf  vello Wiz % F Qe O S Tea
Hello 3i& 31 444 H ‘ &

B Ho® Wa > 1 HREE ) 311 missm: ssksm
B #£18 MWk > 312 ¥R ERSHH
R Wom mAESN > HRNMESHOERA. ER K. WL ARR B 4. B, TR BREH N
S —. MBI,
31 ERiBLEH S 2
32 WAHERY 311 BEEN M 5IFEE
33 MPERE = Jriy
4 TER- T SETH | BEERIRFAORF], BT HEZE ﬁﬁ%iﬁ&ﬁ%
- BLIERR; MERD, WENTSETRERMY, BNHAESERZIENRERR; BUESS
36 AL, RIRT ERCIRAERR,
B W4l nasEE >
& EoE HSUS! 0B 3-1 B, DREE T RA AL, SHANLREN, KRBESEARLS
- £ il; AEIEEINIER , 2k I8
@ Sen mrk R SAEED); IRAAESIINVAR, 2G5
AE7m B > - BEMIBEN: WA BE B WL MER
& WewE > - FEMMIEEN: B 8 B BEE
o oMom B >
= E0E BE > IR S
] EBNE HF >
v W2 B > P " "
19 BI3E @K > : AUy Y
[ R > e Yy
@ B15E E > K
® WmieE KR > -y = ] B
B = o

16-3 TiHmiatia st

AR ERZ BN, TR [ssue BFICE S RENARIE, AT RRERAHIFEHE A

2. RELIE

MREAE GBS S HIREE, BRI RIS, I RENESE, WATELMELLT Pull
Request TAEfE,

. B GitHub , #ABMHL G4 Fork 2N AKS R,

. HENIER) Fork @EMTL, ] git clone ar i G va B A M,

- AEARHIBEATNAQIE, TR TR, SIEARS A ER T,

. B AR Commit, fA)5 Push FifE )%,

. RIFTCEMTL, i “Create pull request” %1 RIAT & ECHiBUE R,

a b~ W N


https://github.com/krahets/hello-algo/issues
https://github.com/krahets/hello-algo
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3. Docker =

1E hello-algo MRHE T, $UTLAT Docker BIA, BIAIFE http://localhost:8000 il ARTH :

docker-compose up -d

(5 AT i <> BT AT A BR 02 -

docker-compose down

16.3 RiEXR

* 16-1 FIH T HH IR EEAE, EEEEULTILA.

- BRI, DU,
RS A E R SR SR IR,

£16-1 BIRGHT S FANEEA

English

algorithm

data structure
code

file

function

method

variable
asymptotic complexity analysis
time complexity
space complexity
loop

iteration
recursion

tail recursion
recursion tree
big-O notation

asymptotic upper bound

fa Rz
2P
Bmgtiy
(AT

X

BRIER

Jii%

LR
S A E A
I ) &2 2 2
R A
TR

JESAN

|
2%
BYIBE
KOS
i 5

Bz
CCRES
B
UZES

B3

Ttk

A HERE b
F ] 2
2 [ R
Jel |

IER

'
iR
KO
Ll e
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English far A=
sign-magnitude JE R

1’ s complement =2

2’ s complement AN
array el
index £
linked list R
linked list node, list node TR
head node KA
tail node B R
list LB
dynamic array A
hard disk Pt
random-access memory (RAM) HfF
cache memory %17
cache miss AR
cache hit rate AR
stack e

top of the stack AL
bottom of the stack HeJiE
queue BAS)
double-ended queue EIRAS
front of the queue N=
rear of the queue [YNE2S
hash table MR
bucket it

hash function & 7y BRI 4
hash collision [EEGRUIEN
load factor T T
separate chaining ek
open addressing FRSHE
linear probing MR
lazy deletion Tt B
binary tree X
tree node USREISE
left-child node FEFT R

Eihrpz

JEHS
L
—HE
a7l
5]
S A
S RS B R
SHER
e iR
3|
BB
TdES
LR
PRI
PRECR A
PRELATHR
HE A
HEAB TH
HEB I
1751

e fr5i
THE
(Epdl)=
MERR
i
AT
SEALAHE
FHTCE HE
ARIEIR A
BEMmIER

—
AR
TE - HRG
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English

right-child node
parent node

left subtree

right subtree

root node

leaf node

edge

level

degree

height

depth

perfect binary tree
complete binary tree
full binary tree
balanced binary tree
binary search tree
AVL tree

red-black tree
level-order traversal
breadth-first traversal
depth-first traversal
binary search tree
balanced binary search tree
balance factor

heap

max heap

min heap

priority queue
heapify

top-k problem
graph

vertex

undirected graph
directed graph

connected graph

fa g

TR
AT
TR

(SRR

oo NI
X

¥
pe

e X
FER X
SETMh — S
S — SR
TXARRW
AVL ff

AR SY)

JE i

I EE A3 T
R SE
TXARERW
P — AR
A A

H

KT
/INTHUHE
RSEBAF
HEfk

Top-k (Al

Eihrpz

A TR
AL HR
T
[ERR ]
HRETR
e

g
K

W

FE36 T
FE4 T
FETm A
SEL i)
v )
AVL £
ALIRAS

& 7 AE

& e A e A R
RS ER
—uig =t
At i s
2L ISR
HER
RIEHERE
/NTEHERE
gl
HEREIL
Top-k [H&
]

THEG

g ) f

A 1l
e
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English falfAHZ ELINED 4
disconnected graph JFZEIE E A i
weighted graph AE A HE
adjacency RS Hikz

path 1 FEIE
in-degree NE NE
out-degree thE HiE
adjacency matrix LB R R 42 e e
adjacency list LBHER kAR
breadth-first search TTERER & e i =
depth-first search RS R REEE S
binary search TEK iy S
searching algorithm BRED Rk
sorting algorithm Her &k HeP s RTA
selection sort iRt 35 2 R
bubble sort (ER(EkE 352 HERZRE AR
insertion sort AT AP
quick sort PrEHET PrigHE
merge sort VA3 S Ei 352
heap sort HEHE HEREHE
bucket sort e W
counting sort Y i 165352
radix sort S CE 3a 2 FHH
divide and conquer GaR(=] if
hanota problem I TR) R T ST
backtracking algorithm [EIE=RPS IR RPN
constraint AP KPR
solution i figé

state K& R fE
pruning k53 1153
permutations problem SHEZ A EHEYIRE
subset-sum problem FERF ) THREME
n-queens problem n 2R n 25 HE
dynamic programming BNASHK BRER
initial state HIHRIRES CULGHIN S

state-transition equation REEB T2 ARG T2
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English falfAHZ ELINED 4
knapsack problem GE2lEk: G2k
edit distance problem St teE B 9 ] R i P e T R
greedy algorithm LFEIE BAHETA
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