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> .git
> I8 .github
v codes
c
<pp
csharp
dart
go

o java
javascript

(v vvv v vy

)

python
chapter_array_and_linkedlist
chapter_backtracking
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 &
B

\

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

42K, IRBA] DATERE 0-4 FRAIA. B,
G

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

About

Releases 6



k

i
o

hello-algo.com 7

B e

FRES N AIRARE S IR S AT — a1 T,

Ao

7.2 ZXIRH

0-4 SifEGES NER

REXIFE R

Python C++

% W Q

J V# Go Swift Js >
binary_tree_bfs.py

def level order(root: TreeNode | None) -> list[int]:

# Mtk

I, MNRTR
queue: deque[TreeNode]
queue.append(root)

= deque()

# Miatt—1 7R, BTREFEHF

res = []
while queue:

node: TreeNode = queue.popleft() # PABIHIBA

res.append(node.val) # fR7FETiAME

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

f node.right

return res

is not None:
queue.append(node.right)

EFHRA

# BFFRAB

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

# krahets

array_binary_tree.py
A
e RS
a
binary_search_tree.py
binary_tree.py

9 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

A DU AR BTG A9 “RI BT SRIETILE, WS RAAIRHRITIERE;

DI ELF R SR

B

Hello 3%
Ego# Mz
B %18 miswE
B Bom HHREDE
db B3| MIBEH
B Baf MEASHE
41 ¥

42 #BE

43 P&

44 AFESHEE" @
45 S

& B5E BESUH
FR WOE MER
& W7E B

£ mem
0B
AR T
S ENE HE
- B12R A
1 #EE BE
B omram aEmm
@ BI5® A
@ B8 HR
BE X

41 #A

PR IEVERVERY

WA S “2RWE", P

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

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

PLE 5t )

e Ao

P migin = 1T
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13

31

= 11 = 1 =)

-20 -10 -1

K 1-3 famikFidiE

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

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

RASE] T RATHIERE T

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

1.2 FiERfta

1.2.1 BEENX

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

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

1.2.2 PHREGMENX

MBSt data structure) ZHENPHAMEEEIEN 77K, BT ER,

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

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

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

1.2.3 HEEMERZNXF

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

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

BE—RIURFES

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

data structure

RIS IFREREIE
S MaSERIR S &

1-4 BURSHSHEIERIRER

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

PRI BRI B DR R AR 1-1 e

® 11 RBIRE SRR PR

RS SEE  PEEAR

LN G ESEENIAVN

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

it K PR

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

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

1.3 &

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

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

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

- BURGE SERRENE, BURSHRRIENEA, MERRBIREZEERSER,

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



F25 ERERN

“hello-algo.com

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

FERIRRAT R, BACEIER AR AN ZE T H A

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

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

- WRIEeR: BRISTEERRE,

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

2.1.1 SERREMR

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

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

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

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

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

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

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

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

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

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

2.2 FEK5E)3

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

2.2.1 &R

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

1. for &IF

for fEINERH WANERIPAZ —, EEERSCANEIRICRBINE

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

// === File: iteration.cs ===

[* for fEIF */
int ForLoop(int n) {
int res = 0;
/] BWXRM 1, 2, ..., n-1, n
for (int 1 = 1; 1 <= n; i++) {
res += i;
}

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

2-1 RANFEAIRAEAE A

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

2. while f&IF

5 for fEFARLEL, while fEIAMLZ —RISCINERAITTE, 1F while 1B, R RRAXTRERM, WRA
MR, WEARSIRIT, & NILESRIEA,

TNEFATH while TEIKSIARF 1 + 2 + -+ n

// === File: iteration.cs ===

/* while BIF */
int WhileLoop(int n) {
int res = 0;
int i =1; // VRKERGEE

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

res += i;

1+=1; /| BRERGZE
}

return res;

while TAEREL for IEFRARY E IS H B, 76 while TR, FRATATDAE % b 45 0028 & A9 4R AL FH B T 40
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BlanE A RRESH, SFA R o BFREITIRIRERT, KRGS K T for JEIASIEL:
/] === File: iteration.cs ===

/* while f&If (FXREH) =/
int WhileLoopII(int n) {
int res = 0;
int 1 = 1; // ¥BLKEHETE
/] TEIRRM 1, 2, 4, 5...
while (1 <= n) {
res += i;
/] BEHTE
i += 1;
1 *= 2;
}

return res;

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

3. REf@F
IR LAt — MRERES IS 55— MEFRSEH, FEDL for TFR 0
/] === File: iteration.cs ===

/* WZE for f&IF */
string NestedForLoop(int n) {
StringBuilder res = new();
/] ®F 1=1,2, ..., n-1, n
for (int 1 = 1; 1 <= n; i++) {
/] &% j=1,2, ..., n-1,n
for (int j = 1; j <= n; j++) {
res.Append($" ({1}, {3}, ");

}

return res.ToString();

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

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

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

2.2.2 #3

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

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

MM A EE, B EEAES =PER,

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

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

[* BT */
int Recur(int n) {
/] BLEZHE
if (n == 1)
return 1;
/] & B)IEA

int res = Recur(n - 1);
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/] VA REILER

return n + res;

& 2-3 JB/R T IR AIE VI A2,

AT 8" Bt 93
recur(n) return n + ((n-1)+.+2+1)
| A .
recur(n-1) return (n-1) + ((n-2) +..+2+1)
recur(4) return 4 + (3+2+1)
recur(3) return 3 + (2+15
} e
recur(2) P return 2 + (1)
l LR —/
recur(1) return 1

2-3 SRAIREHIEIH SRR

AN AR, RG0S BRI R, BEIREE T MiRhoe 2R A 84 R R R S 6
X,
OB PR MR, MRERIO IS, AR e B IR, HENE S5,
O P R R AR, KRS N MG T, X T A A A R
B RN TR SRS NI TR, SR AU 2 1E A AR EATHY),
DA ERSRAIEHONE], A f(n) =142+ +n.
- ORI IR BCRAITRE, M 18IS n, SEHRTRAERE, BIRRE f(n)
R BIEA N T f(n) = n+ f(n—1), RIF GEITHY) SR FE, AERAER £(1) = 1
2k,

1. A%

BITRBER OO B BN, RIS FOTRR RSN, DFiERERA R, 1A bk A A R 5,
XK SN 75 RIS R

- PR B SCBURER A R ERR D RS B X, EEREBORMEA SR B, #H
M LB ACE IFE SN AE 22 Ml
- SBUTVA A RS AR BN TR DRI I Y EEARER AT 353 SR
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N 2-4 FoR, EMAZIESARET, FINFE n DARIREREITEE, EHEEN n .

AT “@" Bt 93

recur(n)

|

recur(n-1)

|
|

EERE recur(4)
! }
recur(3)

!

recur(2) P

} IR
recur(1)

B 2-4 B RTIRE

FESERRA, GRiEiE S RVFRRIREE R R A IR, RIS AT RE S B B IR

2. @&

HEBATE, WSRABAEIR AT R G — DA ATIEBVAPE, %R EOR] DAt i as s deiiifl, e as
AR b SIEACH S, IXAMEDLEAR Ny TR #I tail recursion o

- @B HREOREE) E—BRREEYE, FEASHITRE, HERSAFERT L —BREAN LT
o

- RIBIA: 3BT VE R R BOR B AT ARG — R, XEWE REOR PR E—Bn, TSI T H At
BrE, RIERGTHRT L — 2RI LTS

DAL 1+ 2 -+ 0B, Bl AT LS5 RS res MOMBIBCEEL, MITTSRBUR)T:
// === File: recursion.cs ===

[* B&Y3 */
int TailRecur(int n, int res) {
/] BLIEZH
if (n == 0)
return res;
/] EB&)3iEA

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

BRI TIE RN E 2-5 FiR. X ELEIERBVARIEIE I, P BISRAERIERI T RO AN FIRY,
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- OHEE: SRR 7 FERETHRTE, SRIREEEE BT ORI,
- RIEB: SRAHRERAE “E#7 RIREPHITH, 97 R RFREEERE,

AT “&" mE “7”

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

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

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

2-5 RiBIFERE

(r.) THER, iRt RSBk, Hlan, Python BRIAASHREIEIFMAL,
w KRR R BOR RIEIAE A, (98 R] RE 2B E bl th A

3. &3

SAEE “IE7 HXEEREN, BEEEHIEARR B EMEN, AEEMS 5, P LR
Hiflo

(,) BE— N EPIREEH0,1,1,2,3,5,8,13, ..., KREBFINE n M

RLPIACREINE n MEFHN f(n), HIEWILIL.

- BB (1) = 0 f(2) = 1,
- BB R AIR, B f(n) = f(n— 1) + f(n —2).

FEIOBHER RMEATIEITH, KA MR NI, RIS HIEA R, A fib(n) BIA] {52251
ZHHNE n DT

// === File: recursion.cs ===



H2E HREDH hello-algo.com 26

[* ERARRERG: BT *+/
int Fib(int n) {
/] BIEFMH f(1) =0, f(2) = 1
if (n==1 || n==2)
return n - 1;
/] #YFEA f(n) = f(n-1) + f(n-2)
int res = Fib(n - 1) + Fib(n - 2);
/] BREIZR f(n)

return res;

MEE LA EACRS, BATHERENIEITTEH TR RE, IXEWRE NN T WA AR S, WE 2-6 A
TR, IXFEARNEITEA T L, RE&EEE BN n 19 NEVIM recursion tree

f(n)

f(n-1) f(n-2)

f(n-2) f(n-3) f(n-3) f(n-4)

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

B 2-6 HIBIRELELH I IR

MARBLER, BIAEBLT KRB ENF R FEEEN, XM RRIEEREE,
- WNEEMEE, @R fr, B 6, SSIRIRE VRS R RA RIS R e AR N ] T I AR R A
777K
- WBUREHIAEE, BARREGAIERER, WAERIHEXRE, FRyEMHERES Ao eS8 T
o

2.2.3 BENE
BEEDL A, W 2-1 FR, OERFDBITESTI, MERERIE M A AR,

®2-1 IEEBEAR R
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IER =9
KT TEEAGERY BREOAH E &
"
IR ReEREHE R, TR EOE AT RO BOE R 27 AT
%
WFEfE E R EE RN T2 A SRR A AT RE R R AR ]
A
EHE ERTREEIEAMESS, BN, ATt ERTFRE M, Wi B E FSE, g,
i 4 GL

q) GUERIRBE DA T AR AE, n]DAERESE BT BETEERES,

M2, ERFBAERAHLNERRRNE? DUEBRBIAREONE], SKAREIERIAN 037 HrBoEiT. KRk
A AR FH B R SR bR AR SE AR SRR RY, SRR AEHUR AR “Je NG s sl A 1,

LB, YA A HRMESET XA RTECLERR T8 S R ETIR R,

L. i SEEBAMAN, RASE VAR EOVZREOECRRIEN, AT FERER R R, S8,
IR [l A E R
2. 1 HERBGERMITIREIN, X AT VAR ERER, 2 AR B ATIRS,

Rt BRATTAT DU —A™ X BR B AR AT 0, ITRRE V3 e IR A

// === File: recursion.cs ===

[* ERERAEIGEYT */
int ForLoopRecur(int n) {
/] ER—EXRRREIN R FIR AR
Stack<int> stack = new();
int res = 0;
/] & B)IAEA
for (int 1 =n; 1> 0; i--) {
/] B NIRIRIE HRIL B
stack.Push(i);
}
/] V3: REILESR
while (stack.Count > 0) {
/] B “HARRE RIR 937
res += stack.Pop();
}
/] 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
void Algorithm(int n) {
inta=2; // 1ns
a=a+1; //1ns
a=a*2;, // 10 ns
/] &% n X
for (int 1 = 0; 1 < n; i++) { // 1 ns , BHREERIT 1++
Console.WriteLine(0); // 5 ns
}

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

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

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

2.3.1 FitBFEEKESE

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

“IFRE KT X BRSNS, A TEE — MR AN CAREAR, B ABIR KN n, BEZAEE
A, BFIC:
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/] B A WESERE: BHM
void AlgorithmA(int n) {
Console.WriteLine(0);
}
/] B% B MBTRIERE: &M
vold AlgorithmB(int n) {
for (int 1 = 0; 1 < n; i++) {
Console.WriteLine(0);
}
}
/] B ¢ WNEERE: BEM
void AlgorithmC(int n) {
for (int 1 = 0; 1 < 1000000; i++) {
Console.WriteLine(0);

}

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

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

V758

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

N MR

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

RO TRV 2R RN A AEIR], (T5h “HEER

1000000

BiE C - H¥G

Bk B - SR

BB THY A 10
5 /Mm
0

] 1 2 3 4 5 6

BNBIER N
n

7 8 9

& 2-7 RIKA. B CHINFEKES

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

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

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

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

2.3.2 HEARA LS
BE— AR n HIEEL:

void Algorithm(int n) {
int a =1; // +1
a=a+1; /] +1
a=a*2; []+1
/] &% n X
for (int 1 =0; 1 <n; i++) {  // +1 (BREHIT 1 ++)
Console.WriteLine(0); /] +1
}

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

T(n)=3+2n

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

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

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

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

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

HR (e ne

/

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

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

K 2-8 PRECHIHTIL B

2.3.3 #EGE

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

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

1. -9 it EHE

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

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

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

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

B — R, BATTAT DU IR B Rt T R E R

void Algorithm(int n) {
inta=1; //+0 (KI5 1)
a=a+n; //+0 (5 1)
/] +n (%15 2)
for (int 1 =0; 1 <5 *n+ 1; 1++) {

Console.WriteLine(0);
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}
// +n*n (3515 3)
for (int 1 = 0; 1 <2 * n; 1++) {
for (int j =0; j <n + 1; j++) {
Console.WriteLine(0);

}

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

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

2. B HEREE LR

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

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

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

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

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

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

2.3.4 FER¥EH

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

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

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

BINBHRAN
n

2-9 H DLAII TR 2 2R

1. =M O(1)

W RIRERE SMABIE RN n ToX, BIAREE n BT,

fe¥t o(2n)

5B 0(n?)
145 o(n)
H#PF 0(logn)

BB o(1)

MiEE

MEES.

TEDURER#h, RERIEEGR size WRERK, EHTHSMALIEN n K, FIHNRERETN O(1)

// === File: time_complexity.cs ===

[* B */
int Constant(int n) {
int count = 0;
int size = 100000;
for (int 1 = 0; 1 < size; 1++)
count++;

return count;

2. %M O(n)

LRIER R FECEAD TR ABUE R/ n EMGGIIE K, SelERE e B2 0E A

// === File: time_complexity.cs ===

[* MR */
int Linear(int n) {
int count = 0;
for (int 1 = 0; 1 < n; 1++)
count++;

return count;



B2 SREDH hello-algo.com 34

S TR 7 BE R S BRI SR RERT ) O(n) , 3 n oM e BE A K
// === File: time_complexity.cs ===

[* &R GEHERE) */

int ArrayTraversal(int[] nums) {
int count = 0;
/] ERRBSEAKERIEL
foreach (int num in nums) {

count++;

}

return count;

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

3. FHH O(n?)

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

// === File: time_complexity.cs ===

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

return count;

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

&% n & & n &
1R

0 @ @

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

(] RE—itmme

B 2-10 HEWT, LMERAIT T IR R 28

BUEHE R, SNEIEERATT 1 — 1R, WG n — 1 n—2, .. 20 13X, T n/2 %,
W EEZER O((n — 1)n/2) = O(n?) :

// === File: time_complexity.cs ===

[* FHEM (BE#E) */
int BubbleSort(int[] nums) {
int count = 0; // itEkeEs
/] MBI RHEFEXIER [0, ]
for (int 1 = nums.Length - 1; 1 > 0; 1--) {
/] WEF: KRAFEXE [0, 1] PHRATERIREZXENRANR
for (int j = 0; j < 1; j++) {
if (nums[j] > nums[j + 1]) {
/] ¥ nums[i] 5 nums[j + 1]
(nums[j + 1], nums[j]) = (nums[j], nums[j + 1]);
count += 3; // TEXREE 3 NEITIRE

}

return count;

4. 1BEHO(2")

VAR AR RIS R AR T WA 1M, SRR 2, ARMRE
LR AN, DASEHE, o n REH 2" DI,

& 2-11 AU A0 T i RS R, RS2 O(27) -
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// === File: time_complexity.cs ===

[* B (BIREI)  */
int Exponential(int n) {
int count = 0, bas = 1;
/] ARSRY—7A=, FEEH5 1, 2, 4, 8, ..., 2°(n-1)
for (int 1 = 0; 1 < n; 1++) {
for (int j = 0; j < bas; j++) {
count++;

}
bas *= 2;
}
// count =1+ 2+ 4+ 8+ ..+ 2"n-1) =2*n - 1

return count;

#)3#t BEH
BE—9R= TRYE

; 2,
0 CI
? 0 0 g -

M R A A
T T e
[:j . [:]." [:] ... [:]." [:] . [:].” E:].u [:] 2n-1

HIHRMERE (BRI SR Rl e
204214224 4 201 = 20 $E8H 0(27)

B 2-11 FEE I A2 A

1k

// === File: time_complexity.cs ===

[* FEEEN (BAKI) */
int ExpRecur(int n) {
if (n == 1) return 1;

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

N
Pl

FELPREES, TERETHE MBS R, BlanE UM T, KB —h =, & n ROREE
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TERM S AR R IR, 5545 (BAER, BISE) PIHURE . N TEIRMREECRII M, TR A
AIREAZHY, TR S SR S O BRTR T RO,

5. 3k O(logn)

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

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

[* EEY (BFEI)  */
int Logarithmic(float n) {
int count = 0;
while (n > 1) {
n /= 2;
count++;

}

return count;

BANBEEKERA n sEEE 1 1

£ |~

s

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

~

(]

[y

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

[* EREY (BYJAEIM)  *+/
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int LogRecur(float n) {
if (n <= 1) return 0;

return LogRecur(n / 2) + 1;

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

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

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

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

6. LB O(nlogn)
LRERT RO BT S IR, P ARERIRFISLATE A1 O(log n) #1 O(n) o AA(KRHI T
// === File: time_complexity.cs ===

[* MR */
int LinearLogRecur(float n) {
if (n <= 1) return 1;
int count = LinearLogRecur(n / 2) + LinearLogRecur(n / 2);
for (int 1 = 0; 1 < n; i++) {
count++;

}

return count;

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

&

H
oF
H
x
=
"
=
A\

B 2-13  Zelhxt B A A2 2

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

7. BB O(n))

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

nl=nxn—1)x(n—2)x-x2x1

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

// === File: time_complexity.cs ===

/* BASRRY (ZBYIZIR)  */
int FactorialRecur(int n) {
if (n == 0) return 1;
int count = 0;
/] M1 AHDEE A
for (int 1 = 0; 1 < n; i++) {
count += FactorialRecur(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 S8E) 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.cs ===

[* ER—NEEE, TER {1, 2, ..., n}, WEWITEL */
int[] RandomNumbers(int n) {
int[] nums = new int[n];
/] EREAE nums = {1, 2, 3, ..., n}
for (int 1 = 0; 1 < n; 1++) {
nums[i] = 1 + 1;

}

/] BENITELE AT
for (int 1 = 0; 1 < nums.Length; i++) {

int index = new Random().Next(i, nums.Length);
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(nums[1], nums[index]) = (nums[index], nums[i]);

}

return nums;

}

/* EHEAE nums FEEFE 1 FRTEZES] */
int FindOne(int[] nums) {
for (int 1 = 0; 1 < nums.Length; i++) {
/] B7tE 1 EEALEY, AREIRENEISEZRE 0(1)
/] B7tE 1 EEARRN, AERENEISEZRE 0(n)
if (nums[i] == 1)
return i;

}

return -1;

RN R, Bl SRR R R PR IR I A 2, TR B U AR /MBS R A REisE), ATRER MR
ARG, MREM S E N, FNEAN T AR, LRI UL M 5%,

ML AT, 220N 1 5 T IR R TS A BT “RSTRAOR A, SX  t BER
TREMRD, HRAEB SR M BT RCR, ML T, SRR 2 o] DAPS DU IAE GRS A B R
BT, B O liERET.

TS, FATT AR 26 e B2 L B LR A RO IL, et BRoRl, i A S R TAL
9, RIETEE 1 BT RS MRS, TR SDAN AR SO R AL K —F /2,
BN EEZER O(n/2) = O(n) .

(R S AL, b BTN I 2 PRI, TR A 00T H (R AT RS (M 312,
TEICRMTTL R, el 8 R 2500 ) S 28y B R A P

(r) It 2RV ER O 1755?

w FIREHT O FF S TN L, AT B E A ERFRFEINRE R E, HNHE X
BB, IXRMEEEFEATE, EABREMBTR D, FEERE “PENFRERE O(n)” IR
R, K HEERRN O(n) .

2.4 FEIERE

MR A7 space complexity) TG RETE & A2 RIREE B0 BRI KES, XSS5
A AR RE, JFEE “BITNm” gy “SHANEZR,

2.4.1 BEEAXZT(E

RIRAE I TIE AR A S FT I PR A 23 1R R 20045 DU R LA,
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- FAZEE: T EEIRA R AR,
- BN AT EE IR S TR R R,
- FHEEE TR EIRA R
—RIET, TRSXRENSIEEE “GF2A” L M,
B A a] DO~ =107,
- EERYE: AT RERERISTEREPRSAE &
- Bl T ORAE VA H BRE R SR, BRGEE R IRIA RN E S AR VTR A A — M, PR EK
IRIENE, A A SR,
- RN AT RERFEIRFES, EXRRSEEREALL,
TENT —BAE PR MR R, BANEFE ST A8, P Mg B =387y, & 2-15 fr.

FRAHESAT T :

[* 3/

class Node(int x) {
int val = x;
Node next;

}

[* ERER */

int Function() {
/] BATELRE. ..
return 0;

}

int Algorithm(int n) {
const int a = 0;
int b = 0;

Node node = new(0);

int ¢ = Function();

MNEE

MR, BB N SR,

. ZE, NRE,

BEHRTEEERENSITHER

AL

Ve

N

BAZE HEiE) RisiE

TR

ks 6

Heiizsia]

AT
Eoge ]

B 2-15 REH AR

/] BNEHE

/] BEHE (B8

/] BEHE (Z8)

/] BEHE 38)

/] tkmzsia) (AR
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return a + b + c; /] BEHHEEE

2.4.2 WHAX

23 (W A A7 T S I T L A KB, RAHSG G “SRIESR” 60 G2 AN,
TSR A RAR, BRABER NI E SR A, KRR A EE R — TSR, T8
HRAE T SR 0 SRS P72 22 T R
WEELA R, s h i R AMES L,
1. DURESMAEIRME: % n < 100, 22N O(1) ; B n > 10 K, PHALKELL nuns &
i O(n) %2, FILEEZEREREN O(n) .
2. DUSEMISTTARIIVEIEINAE Il : B0, FRFFERTRIG—1T2 80, ST O(1) %50 SWIMAMEE nuns
i, FRREAA O(n) %50, RILEESHEAEN O(n) o

void Algorithm(int n) {

int a = 0; /] 0(1)
int[] b = new 1nt[10000]; // 0(1)
if (n > 10) {

int[] nums = new int[n]; // 0(n)
}

TEIBIARRELD, WEERST TR f], W5 DU ARG :

int Function() {
/] BATELERE
return 0;
}
/* &% o(1) */
vold Loop(int n) {
for (int 1 = 0; 1 < n; i++) {
Function();
}
}
/* 3BY3 0(n) */
int Recur(int n) {
if (n == 1) return 1;

return Recur(n - 1);

B8 Loop() Fil recur () IR Z4BEEEH O(n) , {HZSIHI G 25 BEAR T,
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- PREL loop() TEMEIAHIEA T n X function() , BT function() ASIREIFHRERR 7 Az |, Ktk

ZEREAETN O(1) .

© JBVAKEL recur () EIBTTIIFEH R FNTELE n DARIREI recur (), MIifidi A O(n) FIARMIZS (A,

2.4.3 ER¥}EH

EABIER N n, B 2-16 R TH WS RE R (MERI&HED

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

EBB 0(2")

FE5B 0(n?)
REZEIXN 14 o(n)

HHET 0(logn)

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

HNEHEA)
n

& 2-16 & UWLAYZS R & = eml

1. B O(1)

R HE A THESMABIERN n EXFER, ZE, W,

FEERAMR, EIRER A (AR B ol P BT IR, TEMEA T —
L FIZER, SRS ZETN O(1) :

// === File: space_complexity.cs ===

[* BRER */

int Function() {
/] HATHELRE
return 0;

}

[* BEM */
voild Constant(int n) {
/] BE. TE. ¥RHH 0o(1) FE

int a = 0;

B o(1)

MEES. MEEE

BN BRI, HIEARR
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2.

LMERTE W TCREE S n BUELLIEE, Bk, HR BABISE:

/1

/*

int b = 0;

int[] nums = new int[10000];

ListNode node = new(0);

/] BEFRHRNTESA 0(1) =E

for (int 1 = 0; 1 < n; i++) {
int c = 0;

}

/] TERRRERER S 0(1) =iE

for (int 1 = 0; 1 < n; i++) {

Function();

#10 O(n)

=== File: space_complexity.cs ===

LR +/

void Linear(int n) {

/] KER n BEEEEA o(n) =iE

int[] nums = new int[n];

/] KEA n BNFIREA o(n) =ial

List<ListNode> nodes = [];

for (int 1 =0; 1 < n; 1++) {
nodes.Add(new ListNode(i));

}

/] KEA n HNBRFHERSEA 0(n) TE

Dictionary<int, string> map = [];

for (int 1 = 0; 1 < n; 1++) {
map.Add(i, i.ToString());

N 2-17 FiR, BEEREEDEIIRER n, BIRINTELE n DAIREIR linear_recur () BEL, A O(n) K/
A= ] -

/1

/*

=== File: space_complexity.cs ===

LM (B)AEIM)  +/

void LinearRecur(int n) {

Console.WriteLine(" Y3 n = " + n);

if (n == 1) return;
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LinearRecur(n - 1);

HTF “&
linear_recur(n)

linear_recur(n-1)
BITRE ) l’

' }
linear_recur(2)
1 bz
LIERG

linear_recur(1)

REORRREGREN n
HEA 0(n) HHEHIZIE]

mE “3”

return @

T

return 0

!
i

return @

T

return @

FiEERE
LR o(n)

Kl 2-17 JBVARREG AL RZRIE R 23 [ A% i

3. EBHO(n?)
TR W TRERERIE, TTREES n ROFTTRA:
// === File: space_complexity.cs ===

[* FFHM */
vold Quadratic(int n) {
/] FEFESR 0(nr2) =g
int[,] numMatrix = new int[n, n];
/] ZHHIREA 0(nr2) FNE
List<List<int>> numList = [];
for (int 1 =0; 1 < n; i++) {
List<int> tmp = [];
for (int j = 0; j < n; j++) {
tmp.Add(0);
}
numList.Add(tmp);

N 2-18 FoR, IZBREABIAREN n, B DBIARERHEIGL T —ME, KE2H0 n, n— 1,

L 201, CEKER n/2, HEERSE O(n?) 2:
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// === File: space_complexity.cs ===

[* FHM GRIFEI)  */
int QuadraticRecur(int n) {
if (n <= 0) return 0;
int[] nums = new int[n];
Console.WriteLine(" #YI n =" + n + " FE nums KE = " + nums.Length);
return QuadraticRecur(n - 1);

B nums KE AT “&" Rt ‘3"

i n ——— quadratic_recur(n) return @

n-1 ~——+ quadratic_recur(n-1) return @
REARE }. .y
" 1 1

2 —— quadratic_recur(2) | return @
1 -l gt 1

L 1 ~——— quadratic_recur(1) return @

EEMBEARMPHRLT —TME, BRER PEIERE

1+ 2+ . +(n-1) + n = n(n+1)/2 F5MH o(n2)

2-18 YA BRI AR 75 2 TR S 2K

4. $HH O(2")
HERN B LT U, TERHE 219, FREOH o 0 UR” AR 27 — 1, i O(2") Z2):
// === File: space_complexity.cs ===

[* FEEE BIDHEZXH) */
TreeNode? BuildTree(int n) {
if (n == 0) return null;
TreeNode root = new(0) {
left = BuildTree(n - 1),
right = BuildTree(n - 1)
¥

return root;
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ZEMNT RSN
Zﬂ
21
N\ N\
22 - Ha B
SN N N TN
anl
FiE T aNE BEERE
20 + 21 4 22 4 ... 4 201 = 2naq a8 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,

BT HACO TR, A DIERS n , By log,  n+ 1, BN FRFERKE N log jn+1
, BtRERER 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
"% function ) AT DABZMSZIAT, FTESEEILAEEE, (75775 method) 5—PXRKHE, RN EE
LVRERNR, BEWR SRRSO &S BRI T B,
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,



F3E HEEM

hello-algo.com

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



3w BUEL hello-algo.com 52

3.1 HELEHMnE

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

3.1.1 ZESN: &itS5IESM

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

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

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

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

[T {"BV P & w}

hash table value

3-1 SMEEdEai SRR

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

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

3.1.2 YR EFES59E

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

00 01 02 03 04 05 06 07

0x0000

0x0010
0x0020 n

0x0030

0x0040

AERESE AR 0x0012 , SEMIE

B crwmm=ia  sEnmes oxoo2s , s [EY)

K 3-2 NTFEL. WNERSEL ATFENE

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

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

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

EGTiETEhE YRS EEfE

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

aaaan

R FHERE | spmans
B #enannsea mawaEs | OREZE
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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

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

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

3.2 BEREESRE

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

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

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

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

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

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

* 3-1 EEABHRISAIN & P2 A AT EUETE

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

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

TR char 2 FH 0 216 1 0

7R bool 157 false true false

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
int[] numbers = new int[5];
float[] decimals = new float[5];
char[] characters = new char[5];
bool[] bools = new bool[5];

3.3 #Fwtg *

@ A, PREGTE X TS HRIEBET, WIERIRI RA REURSBEARINAE, A DUepkid, <5
w FIEN R T F I,
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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
IR E{iLoh,
FHFFRE (AR
0000 0000 0000 0101 =t 1111 1111 1110 0011
EREBREM En 1
0000 0000 0000 0101 63 0000 0000 1110 0100
EMHNED. kB, HEES HINERID. kB, HMEEERR

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

A sign-magnitude) BAKEM, HEE—LEREME, —7mH, AHNENAREERNTIEHE, FlafE
FRTHE L+ (—2), SRNERE -3, XERZANT,

1+ (—2)

— 0000 0001 + 1000 0010
= 1000 0011

— =3

N TRREDERE, HRENEINT TR 1 s complement], WMSRBATIFER RS FARA KRS, FHAERIG R
1+ (—2), REHERMNEREGREEE, WAEEIERER -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

S —F, RIGBAEIERTE A, FtHE—25I 7T T 2" s complement, F{17ek
MEE— T AFMIERD, S, AMER L2

—0 — 1000 0000 (J545)
= 1111 1111 ()xHH)
= 1 0000 0000 (M)

TEM B RASEERL LN 1 27788k, {H byte UMIKE A 8 i, FILEHEIE 9 AT 1 2¥EEFH. 1
g, MERMSA 0000 0000, SIEFFMMGHIFE, XEREEMIFRHREE—IE, ENFEX
MG IR,

TR fG— MEER%: byte RRYEUETEELZ [—128, 127], ZHSRM— M —128 ZAaSRIME? &
MERS, XA [—127, +127] ARIATAREEEE X AR, SRR, JF ELRRFIRNMD (7] DAEAH
At

AT, A% 1000 0000 —AHI5b, EIFEAMNMR G, RI\ELGTTE BAE IS H R
0000 0000, XBARFEN, FAZEBITET 0, CHMEMIZEE S, HETB XA IR
1000 0000 183 —128 . FEhRL, (—1) 4 (—127) fEME FRIHELRE —128 .,

(—127) + (1)

— 1111 1111 (J#4) 4+ 1000 0001 (J5ih5)
= 1000 0000 (sz#3) + 1111 1110 (StH)
= 1000 0001 (#MH) + 1111 1111 (k)
= 1000 0000 (*~4)

— —128

RATRECALIN T, LA HEEHZNEIZE, XRRE N EEEL: HHRYIARR R g 3 2 A
TIRIBRBEH, XRE NIRRT THAMZE (Feanskik, FRIENRIE) KU, REPFSCIlER B
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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 KEN 4 bytes = 32 bits

TS S $B¥UL E SEAL N
DBBesn00C A
b3 b3 b,3b, b,
HFULRR, 7% R4 |EEE 754 45, &I RIRYEF A
S5=0 val = (-1)S x 267127 x (1 +N)

124
22+273 = 9.375

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

R 3-2 R, $REAL B = 0 M1 B = 255 BARIRE X, MTFRRE, KK, 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 &

FASCII 13 2RI ZAFE, HeFh American Standard Code for Information Interchange (3£
EbrEE B d) . e 7 AL R (—DEWHR 7 6D R —DFR, REZREBRR 128 A
R4, W 3-6 fivR, ASCI HEEESCFRA/NG, 5 0~ 9, —EhRsiFS, DA —LE8it 505
(WA TR RIZR ) o

itk it FH X it st FH it it R it i | FH
@ 0000 0000  NUL S 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001  SOH 1R 34 0010 0010 C 66 0100 0010 B 98 0110 00l0 b
2 0000 0010  STX EXCFE 35 0010 8011 ] 67 0100 0011 c 99 0110 0011 c
3 0000 0011  ETX EXER 36 0010 0100 $ 68 0100 0100 [ 100 0110 0100 d
4 0000 0100  EOT R 37 0010 0101 % 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 0010 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 P T 42 0010 1010 * 76 0100 1010 3 106 0110 1010 j
10 0000 1010 LF T 43 0010 1011 + 75 0100 1011 K 107 0110 101l k
11 eooe 1011 VT SEEG 44 0010 1100 s 76 0100 1100 L 108 0110 1100 1
12 o000 1100 FF mms 45 0010 1101 - 77 0100 1101 " 109  o11e 1101 m
13 oooe 1101 <3 B 46 0010 1110 5 78 0lo0 1110 N 110 olle 1110 n
14 0000 1110 s0 TR 47 0010 1111 / 79 0100 1111 0 111 o110 1111 °
15 eoge 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 a1 50 0011 0010 2 82 0101 0010 R 114 0111 0010 r
18 000l 0010  DC2 a2 51 0011 ee1l 3 83 0101 0011 s 115 0111 @e11 s
19 000l 001l  DC3 a3 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 0001 0100  DC& e 53 0011 0101 5 85 0101 0101 u 117 0111 0101 u
21 000l 0101  NAK BB 54 0011 0110 6 86 0101 0110 v 118 0111 0110 v
22 000l 0110  SYN EHER 55 0011 o1il 7 87 0101 0111 W 119 o111 eill w
23 0001 0111  ETB MR 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 0011 1011 ; 91 0101 1011 [ 123 0111 1011 {
27 oool 1011  ESC (i) 60 0011 1100 < 92 0101 1100 \ 124 0111 1100 |
28 000l 1100 Fs ST 61 0011 1101 = 93 o010l 1101 1 125 o111 1101 }
29 @00l 1101 Gs HER 62 0011 1110 > 94 0101 1110 2 126 0111 1110 ~
30 eool 1110 RS BRI 63 0011 1111 2 95 0101 1111 _ 127 @111 1111 DEL
31 ooel 1111 us BT 64 0100 0000 a 96 0110 0000 :
32 0010 0000 sp &

3-6 ASCII #4

ST, ASCII MXRERSFRIEL, BEH AN 2RI, LT —MEERRRELIE SN TEASCIL) F7F
%o EAE ASCII /Y 7 55k BY R 8 iz, REBFIR 256 DARIIFHF,

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
BILFAD. PEEZRRESRET 1980 &7 1T [GB2312) F/F5E, HUGRT 6763 MYF, HAIME 71X
FHITH RSB TR

SR, GB2312 JTLIEACHER > FE W FMER T, TGBK) FAFEELE GB2312 MG oy BAERIN, vkt
T 21886 ™NMYNF. 1F GBK WAL /7R, ASCII FAHEH —NFEHER, NFEHERAEDNFET R,
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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

MUnicode) MIHSCEFRN “Gi—5”, B LREAYN 100 Z 5 MR, BB THEERIEE NN TFIFMAGR
—HIFRRZ T, R A —FE PR A R A MIE 5 S, D R g R AN R T 7 A A LAY
[,

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
KER 1 FENEXTH
1 00000000 01101100 e
(BE o)

1 00000000 01101100
o 00000000 01101111
-} 01111011 10010111

- KER 2 FENDXER
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 BEHATHOE 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 ERWLAIIE, 55—77H, BB R EGIFIMUY, Xim 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" &=,
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F45 FASHER

==hello-algo.com

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

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

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

. 00 04 08 12 16
memory location

ATAREFEZE

DL BHENRNTFEE

4-1 BEAHE L HFETT

4.1.1 ¥EAERIRE
1. 3aEea

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

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

int[] arr = new int[5]; // [ 0, 0, 0, 0, 0 ]
int[] 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 &4
Rttt 00 04 08 12 16

TTRKE - 4

FRAEIEL - BAREML + TRKE « TERE|
(BT (RS E)

Bl REAERS 3 ARTRENEFMLE
012 = 000 + 4 x 3

K 4-2 BT RBIA bk TR

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

(ERAL T ERAFR AL, BRITATRALE O(1) I FIPIREHL U I AL 1R — e,
// === File: array.cs ===

/* BEHlipETER */

int RandomAccess(int[] nums) {
Random random = new();
// EX|8] [0, nums.Length) ARPEAIIHEN—PEE
int randomIndex = random.Next(nums.Length);
/] REFREIRE TR
int randomNum = nums[randomIndex];

return randomNum;

3. AR

BAHTTRENFTR “BREN, ENZRRE S HEEREREYE. WA 4-3 FoR, 0RAEE R IR
AR, WHRERZTRZGNATAE LRGS0, Z/FRHTRMESIZRT
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BAPERTERE -
0 Eﬂi)%:r‘cﬁﬂ; EEY '

:

EEEEE

nums[4] =ms[3]

BERRAX

= et (8000
‘ nums[3 nums[2]

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

:

(3 W1 ]s]2]5]4 ;}ﬁjgzig;—uﬁ 0 =%

nums[1] = 3

K 4-3 A ATTERRG

ERERNE, BTEHNKEREEN, FHEMA-PMTROEXSFERARTITR “BXK7 BN

SR KB I SEHe,
/] === File: array.cs ===

/* TEEEHMZES| index MEANTTE num */
vold Insert(int[] nums, int num, int index) {
/] BZE5| index UKZEWNFIETERGEHEI—(L
for (int 1 = nums.Length - 1; 1 > index; i--) {
nums[i] = nums[i - 1];
}
[/ & num TR45 index ZHYTTE
nums[index] = num;

4. HBRTE

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

88000

nums[1] = nums[2]

BRMER

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

nums[3] = nums[&]

sRERE, SAERTRUEH 1,
KETTE 4 BERN, TAHEENR

Bl 4-4 FEHMBRTERA
EEE, MERTRETERG, FEREBRITERE “TE T, MURMTEARERBSRE,
// === File: array.cs ===

/* MBRZES| index HITTE */
void Remove(int[] nums, int index) {
/] 1BFR5| index Z/EMFIBETTEMAIBEI—IIL
for (int 1 = index; i1 < nums.Length - 1; i++) {
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.cs ===

[* WA */
void Traverse(int[] nums) {
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int count = 0;

/] BIR5| WA

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

}

/] EEEHHATER

foreach (int num in nums) {

count += num;

6. BHixE

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

// === File: array.cs ===

[* EBHEPERIEETE */
int Find(int[] nums, int target) {
for (int 1 = 0; 1 < nums.Length; i++) {
if (nums[i] == target)
return i;

}

return -1;

7. E%A

FEERNRGIEEN, P URIERA ENES RN, WMk ety REHA R, FItE
REBGHEES T, BARKERAEZR,

ERBAH B AR, WTREFEL - DNEREAH, A RERBLATRERREH SR, X217
O(n) M%0E, EBARKIIEIR FEREFER . AR NTR:

// === File: array.cs ===

[* TREUAKE */

int[] Extend(int[] nums, int enlarge) {
/] MEE—1M BRERREA
int[] res = new int[nums.Length + enlarge];
/] BREATPNFRETREH ZFHEAE

for (int 1 = 0; 1 < nums.Length; i++) {

res[i1] = nums[i];
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3
/] RO RERIHTEA

return res;

4.1.2 HANRRSRRYE

BAFBEESENNFERA, B, ZMMEUSFEEERER, RIa] DRI EE R
ABIREERI TR ERCR,

- SRR AU BRI TSI, TEAINGISS KT R,

- FERERLYIR: B A VEEE O(L) INTRIPI VS LA 22,

- BRI VIR, HEHUR SR, SR L R AR, AT 5
TRARTH G SRR R T,

BELE R iE R —IEWT]8, HAAEL N RIRME,

- AAGERRCR IR SBAHP RSN, WA SR RERER N RKERNTR,
- REANZE: BAHEGRERERERE T, ¥ ABHFRER A SRS Z0 8, TR,
- ZBWIRSE: WRBEH DRI NE KRR, A2 REE REIR S T,

4.1.3 ¥HAMBINFE

HEH 2 — R B WARBEREEN, BN e RE R T, Wal TS E 2 R aiig,

- BEOLYIM: GUERIAVAEREN U —2RE AR, B2 AT DUREE g, FHAER—MREUFS, REIERG15CM
BEN LA

- HE AR BEHRHP AR RBIRRE BRI, POy, R, S0 ESEE  EAER
H BT,

- AR ATREPIEESL - AITREEX MR, RIS N EIRR, BN T2
ASCIT HHBRES, W AT AR w750 ASCIT A {EME MRS, X R AT AT AR X R B

- BLERES): MaEMgh REMER TR, B KEZRINEERB0sE, XEHEEE BT
PR, R TR AR I 258 2 e o s i 6 FH O BSR4t A

- BURGHSEEL: BEHATDUR TRk, PABI. MRfnaR, i ESREBURG, BN, ERIEEERERORK
bR b — 4 48,

4.2 §ER

WD HETERFIALEE, £ PERNRGSITINET, DREIAEZER A EREEENT S, K
TIRITE, (FOEEEHRI N2 USSR, TS EEH AR RN, A7 AT RETC AR LNt R AE S22, it
I RERR ARG TE LR BL R T

MR linked list) 2 —MdtEdeaity, KA M TRBRE M RNER, S0 1 AEE “5187 M,
SIRHIESR T =R E, Gwd e A PN S5 A2 — R



H4E BHSHER hello-algo.com 73

HERAIHES ST AT A B IBE N AL, ENRI A TEA0ES:,

FHEERNAFETEZ I
R

linked list

0-90-0-0-0--

BE TR
HE s|A (&sh

T
node

A AREFZE

FRERE | speass
iyt | PAEEE

4-5 BERE NG
MEE 4-5, BERMHMBAAZE T node) MR, BN RAMEESMIEHE: TR “E” Ffsm R~ —
R 57

COBERIVE DN R SKT AT, BE—NT AR BT
- B RfEMAE ‘27, BAf Java, C++ Fl Python #1453 5I#%129 null, nullptr il None o
- 1£ C. C++. Go 1 Rust HXZFHEHINES T, Bk “SIH” NN “fed .

MBI FTR, BT A ListNode BR T RLEE, IERAVMRE—D5IH (58 FIEHFRLEIRET, B
RLBE S E 2NN,

[* PERTImE */
class ListNode(int x) { //H&E K

int val = x; /] TRE
ListNode? next; /] EEET—T RIS HE

4.2.1 ERFERIRE
1. #ahER

HNBERIIAPL, FB-DRIBACS DT RN, B RMET R EGIHXR. ek, &
AL AT DAMNBER A SL T it A, 3835 TR next MRIXVIFIFTE 19 o

// === File: linked_list.cs ===

[* FIEHHER 1 -> 3 -> 2 -> 5 -> 4 %/
/] MEEEITR
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ListNode n@ = new(1);
ListNode n1 = new(3);
ListNode n2 = new(2);
ListNode n3 = new(5);
ListNode n4 = new(4);
/] HHETRZEINEIA
n0.next = ni;
nl.next = n2;
n2.next = n3;

n3.next = n4;

BEHERE— TR, L nums 2SI nums[0] F nums[1] &, MiRERE B2 MHNZAY T S R AH AL
o FRATTIE B35 30 mOSERERIACRR,  Lean DL EAASH SR AT IR /ESESR no .

2. HAT=

FERERPHATRIERE A S, WA 4-6 AR, BORBNVEEMRBRIFE DT 00 Fl o1 Z A —DHTH P,
WRESRAERANRGIH (e WnT, WRERES O(1) .

M2 T, EBHPEATRINREREN O(n) , EREER FRIRCRRK,

P.next = ni
EI< P 5@ n1

= ./
HERETA 00 A nl ZEFATS P " -

n@.next = P
B no i@ P

K 4-6 BERIHAT SR

// === File: linked_list.cs ===

/* EHERMNTE no ZEEATS P */
voild Insert(ListNode nO, ListNode P) {
ListNode? nl1 = nO.next;

P.next = ni1;
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n0.next = P;

3. MEEH =

Qs 4-7 FUR, ERERAPMIERT R AEE T, R@SEE - NRRGIH (R Bl

THER, REAEMPRRIEERIET R P IATER a1, ECFR BELERCETETINE P, XEREPC
SABBETIZERT

nd.next = nl

H_T@J B4 no 3EM n1

ERRTHIFTNR P

MbRTERE, 272 P {(HAA%ER n1 ,
BEHEREELERRHNE P,
HEFETAAT R P ERBER

4-7 BERMBRT
/] === File: linked_list.cs ===

[* MIFREERMNT R n0 ZENEINTR */
void Remove(ListNode n0) {
if (n@.next == null)
return;
// n® -> P ->n1l
ListNode P = nO.next;
ListNode? nl1 = P.next;

n0.next = ni;

4. HETHR

FERER ) SR BRAE, W1 E—BPA, TR E O(1) BRI RIS I8l P ER TR, HRNR
R, RFFEMKT AR, B ARE, AR ERRTA, WRR, iR A
Hi— 1%, BEEZRENO(n) .
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// === File: linked_list.cs ===

[* AREERPERS|N index BUTIR */
ListNode? Access(ListNode? head, int index) {
for (int 1 = 0; 1 < index; i++) {
if (head == null)
return null;

head = head.next;

}

return head;
}
5. ERTR

WEER, ERHAEDN target AU, HIHIZ T RAETERTPHIIRG, IR DETLMER, R~

7N
// === File: linked_list.cs ===

[* TERERPEREN target WEDTR */
int Find(ListNode? head, int target) {
int index = 0;
while (head !'= null) {
if (head.val == target)
return index;
head = head.next;
index++;
}

return -1;

4.2.2 ¥H vs. §ER

R 4-1 B4 T BAHMBER IS IR ROFX e THROERCR, T EN R RAE S UTA IR, R R

FHIRAERICRth IO 2 AR R

K41 BEAHSHERIIER T

et

R

R R
WRPE KRR

pani (et
ARG R
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P RCR
Vil
TR
BRTEE

K T
TELANGD, EAREREER  TEAANGS
O(1) O(n)
O(n) O(1)
O(n) o(1)

4.2.3 FRERER

i 4-8 i, B ULHOBEFRR AL AR = A,

- PAREES: BRI MRS R, SABERATT R SEMFER N — SRS IR, BT E
M RIAET R, FRE— DT RRNET A, BT R None
- IBEER: RIS HEEBERE T AIEART AR (HEMRR), WIRE—PIPHER, EPHER
R, R R AT DAL ST R
- R SRmMBERMLL, MERERICR TN AEG . ABERATT RUE RN & fa a4k
Tl (PP R) MR R (B sD W5 (et ARRT AR, WaiERERRTE
P, ATCAEAMAS T IaE e, (EAH Rt th R b S 2 R P A

[* RAFERTIRE */

class ListNode(int x) { // ¥&&K

int val = x; /] BRE

#

ListNode next; // EEE4T=BI5H
ListNode prev; // ¥EEFIET=BI5|H

BrER

singly linked list
0-0-0-0-0-

IR

circular linked list

0-0-0-0-0

MR

doubly linked list

e —@—Q—@—Q—0 "

4-8 H WBERANE
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4.2.4 fERBENHA

BAABEFOE T, BASILL I 2% B S R S5

- BeSEBNII: LR AT BRI (R A BER A —ImiE AT, ERBLUH TG AR, WA, i AR M
TERER M —ImiEAT, MBRIRIEIERERM S — it T, ERIME et RE, X RIAS,

- TR RESHILR RIS PRI R R —, %R, A RITTRA SIS E— MER
':':‘O

- B AR FOREN AR AT, R RN TRES — MR CER, BERA I ITRERR
TG R R AE R HABTH

MAERF TR ZPOEE AT — MG — NT R R,

© RBURSH: FLANTELLRM, B R, ATV R A, XA DU AE T R R ME
AT U5 SRSEIE,  RIATF XA HERR,

- PSR AEM DTN AR, P R TR IR IZEN, N ST AR R B AE AP I R BT —
JE— WL, AN HER AR M (SIX MR E 215 faT B

- LRU R%: &Ik (LRU) Rk, BT EREKE LR/ ERREEE, PARSHFPRIEG N
FARMBRTY silo IXHH A A XA BER AR H 51E,

INEBER TR L HIERER 5, R RSB IRE

- IR RRERPHRERIE . ERIER ST, WA REEERIEZ A WK CPU MR, EREXN—
FAREHATIEIN, RPN T — DN R, SR AZERN, CPU SIS~ — M, XAhE
MR AT DUEIS PR R RS,

- BURGONX ;. ERERRRMN XA SKLBLT, AT AP EER, LRAIEEI, MR, B
TATRE ST R DRI F N —NIMEER, DAESCICSERR T

4.3 FIE

HI% list) B—TMHRIVEIRESMS, ERTRVEFES, KRTTRR, B, i, ERAE 7
FHRE, TTOUEMFE S ERRIRBIRIRIE, 53A] DT RER sl S,

- EERRARIDEE IR, HEGRrR &SR, I H T ARESEST A
- BN RTREM AR, HhHTHREANZE, REREEE—NEERERGIHSIR,

SEEHBALBIIRN, REAZERMRE SEEIRALATERS, X2 E N8 TR e R =
fefitZ DEE, ATHEDOERESIERIFIR KR, A RER/D, WIRATRETCEMEERATRR, HRETK, N
RGN 2 HTR B

R, BATTRTDAMER T30 %02H dynamic array) SRIEBIFIER, EHR TEANSTER, H AT
DIER s T R TEh ST A

Kb, VPB AR S P RObR AR B FI R S T A A 9B,  BI4n Python HRY list . Java A9
Arraylist . Ct++ Hff vector Ml C# FFHY List 55, 1EFE FRAVIFIEH, FATRHE “FIR” 1 “ShS8EA”
R R HIHE S,
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4.3.1 FIREBIFE

1. asI=R

PATEEER “THARE” 1 “BRRE" XPRRIR 7T
/] === File: list.cs ===

/* WEaTIER */

/] THaE

List<int> numsl = [];

/] BH%E
int[] numbers = [1, 3, 2, 5, 4];

List<int> nums = [.. numbers];

2. ihiRlcE
FIRAR R, FIEATPAE O(1) BRINIRIFIE TR, SRR,
// === File: list.cs ===

/* HRTTE */
int num = nums[1]; // AAIZ5] 1 &KTE

[* EFTTE */
nums[1] = 0; // B¥R35l 1 "BITEEFHN 0

3. EASHIRTE

MR THE, F1FRAT DL BRI S MERT R, EFIRERRMITRENNEERER O(1) , ERAFMER
TERIIRCRI S BAMR, NRAEREN O(n) .

// === File: list.cs ===

/> EETIE */

nums.Clear();

[* ERERMITE */
nums.Add(1);
nums.Add(3);
nums.Add(2);
nums.Add(5);
nums.Add(4);
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[* TERERENTTER */

nums.Insert(3, 6);

[* BFRTTER */

nums.RemoveAt(3);

4. BHYIE

SEEA—FE, HIRAIDMER S s, el DLEERET &R,
// === File: list.cs ===

[* BIRSBHIR */

int count = 0;

for (int 1 = 0; 1 < nums.Count; i++) {

count += nums[i];

}
/* BERBHYIRTE */
count = 0;

foreach (int num in nums) {

count += num;

5. PHEFIR

L0 — IR nums1 , FRATTA] DURF HPHEEI AR R AR,
/] === File: list.cs ===

/* BHERABIR */

List<int> numsl = [6, 8, 7, 10, 9];
nums.AddRange(nums1); // $B5IER nums1l BHEER] nums Z/5

6. HIFFIR

SERSIERHEE G, BAVER IERESHREEREPEEEER "&KW Jik

// === File: list.cs ===

[* HFFIER */
nums.Sort(); // HEFfE, FIRTEMNEIARHS!
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4.3.2 HIREY

U2 mEESNE THIR, Bla0 Java, C++. Python %, TNIWLBILEETR, SANSENLEHIERS
5, BINPIGA AR, §AEEEE, RO AT A& P IR T3,

N T IR PR TR BB, BAIZALI — MR ZRYIR, G = E AR,

© YRS R RN EEIBEHIRE R, EAORBIT, BATER 10 fENPIA A R,
- BEER: AR size, FITICRIIRLHITTREE, FHHEBETRBARMPRECNER, RiE

e s, BATATUERAIRERS, DANFIWTR S TREY A,

© PHERUR: EREACTENYIRERCH, WFRZEHTY A, Jolia) Ao — M ERIEd, B

HHTEEHMIFTE TTR RS SN R, FEAREIT, BATRUE FUCRHEBEY A 2 2 A 2 4,

/] === File: my_list.cs ===

[* FIRE */

class MyList {
private int[] arr; /] B (FEEYIRTR)
private int arrCapacity = 10; /] YRBE
private int arrSize = 0; /] FIREKE (HeixHEHE)

private readonly int extendRatio = 2; // @XRFIRT BAIEE

[* WEREE */
public MyList() {

}

arr = new int[arrCapacity];

[* REFIRKE (HEimiHE) +/
public int Size() {

}

return arrSize;

[* REGIREBE */
public int Capacity() {

}

return arrCapacity;

/* IAElTTE */
public int Get(int index) {

}

/] BSIMRHER, WHEEE, TH
if (index < 0 || index >= arrSize)
throw new IndexOutOfRangeException(" ZE3|#H");

return arr[index];

[* BHETTE */

public voild Set(int index, int num) {

if (index < 0 || index >= arrSize)
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throw new IndexOutOfRangeException(" Z=3|#FR");
arr[index] = num;

[* EEEHRMITE */
public void Add(int num) {
/] TEHEBHAEE, LT BV
if (arrSize == arrCapacity)
ExtendCapacity();
arr[arrSize] = num;
/] EFTEHE

arrSize++;

[* FEHEHENTTER */
public void Insert(int index, int num) {
if (index < 0 || index >= arrSize)
throw new IndexOutOfRangeException(" ZE3[#HR");
/] TEHEBEAEE, MALT S
if (arrSize == arrCapacity)
ExtendCapacity();
/] BZFR5| index UKz ENTEEBMEEEE—IU
for (int j = arrSize - 1; j >= index; j--) {
arr[j + 1] = arr[j];
}
arr[index] = num;
/] BT EREE

arrSize++;

[* MFRTE */
public int Remove(int index) {
if (index < 0 || index >= arrSize)
throw new IndexOutOfRangeException(" Z3|#5");
int num = arr[index];
/] BRER5| index ZEMNTHREMFIBEI—IIL

for (int j = index; j < arrSize - 1; j++) {

arr[j] = arr[j + 1];
}
/] EFTEHRE
arrSize--;

/] ERERMFRE TR

return num;

[* FIRT A */
public voild ExtendCapacity() {



Haw HASHER

hello-algo.com

83

/] FE—MKEA arrCapacity * extendRatio FU%4H, FHIGRINASHIZIFEA
Array.Resize(ref arr, arrCapacity * extendRatio);

/] BHYIRAE
arrCapacity = arr.Length;

}

[* RBHIREHAERA +/
public int[] ToArray() {

/] EBRERKEEEANTIRTE

int[] arr = new int[arrSize];

for (int 1 = 0; 1 < arrSize; i++) {

arr[i] = Get(i);
}

return arr;

4.4 WE5EE*

TEAZRRTN T, BRI T EAAM BRI R BB E R BRS, eNosRT “E8FE"
“OYBRAEE” R BEEER

KPR L, VPRGSO R EOGE TR NI AR REIRRCR, T i SRR P BB IR PR RE

4.4.1 HENGEF#HEES

HEN A = MRB N F LS T4 hard disk). TA7F random-access memory, RAMJ ., &7
cache memoryl, % 4-2 JB/R 7 ENHEHENLRGHRIA R A BFPERER <o

&

BN

S B R
& M

Rl

K IEBUE, ERERS,
R, i

b P R T

BR, TB 9
Bg, JLEF|JLT MB/s
W, JLBELT/GB

® 42 RN ER S

itz
I 124 RO 2 TR AE
TELNI AR,

W FE e 22 2%

BN, GB 451
ik, JL1+ GB/s
g, JLHELET/ GB

17
TERE R VI SHRRUE S, W CPU
I A K
iR R 2k

EH/D, MB 41
JEH e, JLHELE GB/s
EH S, BE CPU TR

AT DL H BN ERFAERNE 4-9 R &FIE55H, S SFBE TUR A iR iR R, &
Bh, AR, IXRZ BRI HFAMER, TR RN T2 RS SR A R,
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- BEEERAINAAII, B, NEPRIEIREN SR EE, FIENES KIFERDE, HX, WfF
HIRA SRR L5, IX A e AETH B8 T R

- RAFRIRA R EEEAE DGR, BEE L1, L2, L3 RENARZEPHA, HYHRSIS2EK, 5 CPU
BbZ MR BREE B R0, AT SEEERE RN R, TTRVTRERE S, £4AERT, 2R
RIRAFEEA R A R, TR A 2[RI R (P

CPU

L1 Cache

g

K 49 HENFEERS

HREE s
g HAk

«) RN ZRE AR TR, AR =3 Z AT, Khr b, XA i
w FAET A TALGUs, & ZRBAHEA R LA FIRRE < AR R -

SR, BEELH T RIGIARER REBUE, W TR AR 21T e PR, 227 W T 120k
SWVIMNBIEIIES, DIREREFBITHER, =& HAE, WRHHEIRESI0ET,

aniE 4-10 FioR, FEREFIBITI, B W PIRIREINF S, #t CPU HHEMM, &Fa]LIETE CPU R
—Ekr, BN MNNEINEREE, 4 CPU Rt mid RN, WM EERTEFRIHITRER, B

S P Rk
K 1’ e
o= 5 — IO — ki
—u Ty L
RE e

ShiEER EF

CPU

B 4-10 WA, WM Z AR EdE S
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4.4.2 BIEEHWNRTERE

TENFRA A7, BEHMBERS B BAAMEMERIE,

—J5H, PFRARRK, HFE—RNEAGERZ MRS, BRI BRI EET R AT R st A
2, BEHRTTRREEHS, ATREHIMIZE RRAAERER T AR5 (Fakh), RIS RReRE &, 2R,
BATE IR B HESNFE R, IXATRESFBNAIRSE, By A th el ZRIM I AR 23 R A,
MEEZ S, BERDL R MR TR S ECAIEI, SR TR R TE M

ST, ERRFIBTR, BEEREHIESRINNT, SRNFRR R R SRR, S BNER
MRRCER AR, BAHBTHESKFET K, AR SBAFERR L. Mk, BERIITTRR DR,
FERERIIASMERR e, RS SFBNERA L,

4.4.3 HIRGHINERTFHE

ZAf BREZRREE BT AT, HELNFREG S, ERFPITEE HEEEZCEZNERN. HTRF
WEEAIR, HEEFMHE—/ N MBI REEdE, Kk CPU ZIA R EIRAERF R, sa%E TR
feRanH cache miss), M CPU AMSA IR LR R B 7 AN 7 250

BAR, “GAfARmD” @D, CPU BSBIRIIRAR M, P bR thatiltr, BT CPU WELFHRIIER
EEHRHILLBIFR N (9247 a3 cache hit rate), X MEFRIEHE KM R AFE,

NTRAJREIREIE @AIRCR, 5ff 2 RIMCA N EUREMEALH,

©BRAHT: RSB TIEIE SINEEGE, TR AR T AL, LT AN TR, BT
Rt = R

- FRIOHUR: ACERER 2RI BRI RS (BRI, e KBTI FSE), FHARIER E ALK
R ERF 2 H, MR a2,

- AW JaERE: R DEARYIR, AR ERRLREEE ] REL It S, Eit, RIS
fals, WRBHEMNEERE, PaemmahR,

- IR AR DN BRI, A EIEARARR SRR A REFHR BT, A M — BB, @i
TRE BRIV M RBUE R Man

Khr b, BEMBERM RN R AR, TZABAELNT LT,

- AR BERTRMEETTR S AERE S, SBEFTENNAREERE D,

©OBRAHT: REREARE D BENGFSAL, MRAR TATIET B, RIS TR R E B 5 =,
- FRIOHURY: B BERAVEIR TR R “RIINTE”, RIRSTE A 516 R B S,
- MR BB B ER PRI, RN BRI A8 A AT RERIR 7 ),

BATE, BEHRAERNEAGRR, FCeEREdes e Tk, XESERREIARET, &
TEAH SRR A 52 X0,

TEERNE, @EABCRIFAEREBAERAN O P TR, SEPR A Frik IR atity, MR
R AT RRDUE, BN, BEHMBERAATDASCHL “4%” BdEgit (F—EXW4ngd), BellEmTAm
758

- FEMEREEIN, BATRBUR TR T B LIRA, EoOVERE T S r R ERCRMBENLII R AT RE
51, AR CUR TR BN B — E RN A3 R
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CARBHRRAER R, ShSHRE. AT NERE T, IR TR SRR E N SIS, HERAET
R R EBE o 87 0 T P RORRIER 3, I B 78y A =L AR T

4,5 Ih&

1. ELER

- BEHMBER R AR A RIBAREEH, o B AREBERAE T BN PR A7 i 753K 382 A7 BRI
RSB, B AR R S EAN R

- BEHSRREALTIEL, S HNERD; EREARMBRITRSERR, BAGHEKEARZE,

- EERIEE ENG I (B SIS AR A SR, HAT ARSI, HY SRR, &
RN, HURBERSR RIS ER, PR, AR,

- AR IS ERKTTRARFRS, EHE TSI, ERE TEAHRS, RNFTLAR
AR,

- HIRAHBURIESE & T BRI, (HATRESEE 2 AF 2 RITR PR

- BFIBIT, BdE R EAAMEENET, B R EE SRS RRCR, MHERNENZ M _EE IR
o

© RIFIEERAFAT. PO DAK =2 [l e B AN ()R SR MRS B AL, O CPU SR BEPORERE VI,
BERTHEF R TRCR,

- HTEABAERNEFMPR, FIWEEE LR E & EREEIRSN, NARYE BT R
A E %R

2. Q&A

Q: HUEHMFEEAR EMTEMEAESE B, X RRCR IS BRCR 2 S A 00?2
TG AERR _ERIHE EREHE A G EIE SN R E N, BURIRERCREAR —8, A, MRS R
A, IS LA IANE A

1. ECFREECR . M — B/ NINTE, SECHSmIFes Bah5e; mENEHENE LA, ] IEREH3)

oL, BERGEER . Fitt, H#EER BRI AR ERE,

2. KU/NBRHI: HePNAEAHAT D, HERI R IN—RESZ R TRl HINTR . AL 58 f0id & 77 il KRB A

3. RIEM: R ENBHPN KR NFEERIERNTE, MmN N] DRI T BhASHE
Q: AT ABEHZERMFRIRBNITER, MR ARIAHEFRSEEE?
PERMT AR, VAZENENSIH (85 R, SN AR DEEARRIEREREGE, 40 int, double,
string, object %,
G, ERZH T RN A BUBAHRIETIR, XA R T B WS & R IRBO BT BN B, BN, FEH R
& int 1 long PIAPERY BAANSTESHIGEH 4 770 M1 8 =11, HWNMAREAU T AR TERBEET, KN
BAAFHEE TR TERE,

# TERAFMIE = BARFBLE (BxRERFELE) + TRZKE * TRERSI
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Q: MIBRT G, BETFEE P.next 54 None g?

AME P.next AT PA, MIZBERRIAER, WLTRIEHZETREEZARETR P T, XEKRET R P ES
MBER MR 1, L P A5 AR A SR BER = A R,

MELR I AEE, YT Java, Python, Go SEiIA HahbIKEIWHLHIFIE S KB, 7P 2 aHIaIiR
RTZEMFERAERNGIH, AR P.next FIfE, £ CH C++ FIEFH, BINFETIIRIT KA,

Q: TERERTHAFIMBREA AN E 2R O(1) . (BRI AIEEE O(n) WINHERTE, Wit
LIRS ZERR O(n) 82

MRS EHITR, BMERTER, NREXEWRLR O(n) . AT, BRI O(1) $MEIEHE AT DIEH AR
M EASEIATL, Blan, XXARAFNE & (A BERSI, AN —MEHZRIGZIEALT A, BT A, 8K
wASMERERIERZ O(1) o

Q: “WERTEXSFEEH I b, REQEE T SiE 2 S RN E RIS ? 2R AR
mg?
TR EEABEERR, RN BAREEMRE T 8.

< ANEIZEBUR ASE S S R ANFER), EEAT int. long. double FISERIX 5%,

< R E 5 P NAE S B R/ MBAE AT R E R SR IR IFINRNE, K2R 8 FHE 4 F1,
Q: TEFIFRKEFMITERENNZIZIE R O(1) ?
WRBITEREHYREE, NFEELT RVIERBERN, fRASHEIE—HPNTE, FHEREPIZRMTE T
=i %, XEHENFERERSZE O(n) .
Q: “FIRMHIIM AR S TEAMLANY:, HEESBE 2 NEFERENRE”, X B2 AR 2 ey MY
VT EMAE, KE, ¥ aE8SMRFEL?
XEMZERBEFEEMHES X —FH, YIRBSEE—MIGEEE, RIMIA—EFEAX4%,; 5—
FH, ATPIEEY S, VA —BRSEU—DRE, il x1.5, XFE—K, ez, i@
HWANRESTEREHEN T,
Q: 7£ Python H#gaftn = [1, 2, 3] /5, X 3 EMHBLEMEIEN, HEWVGEAN = [2, 1, 3] 2K
EMENTEN id HARZESN, ma2alEE o FRMEE, X TR AZES:, B2 n 2T

BAnEF LT R BABER T n = [n1, n2, n3, n4, n5], EHEEFIX 5 AR R M3 EAEGETE N
BAb, R, HE—DMHIRRKG], BAUHRRTAE O(1) I PERECT P77 R IR B2 5
XN ERR T RS, IR SRS,

S5WZIEEAM, Python HREBFHREENNR, JIRPFEIANZEHTAL, M5,
i, ML N EBEHFTAMHEFERFRER - id, HHXER TN TCAUESE,

Q: C++ STL HIHN std: :list CETH T WAHER, BirG—LEREAD EANE2EREME, 2AZRN
At 2 RRMENE?

—J3H, BAVEFEEFBREABEHEBRE, mA LR AR, EEAWER,

- BEFFE: BHTENTRERFENDESMUIEE (—MHTRI—ME, —PMHTE—MER), M
std::list BH EL std: :vector 5 5 Z(A],

© BIEARKRL TR AR RELF N, R std: : list A EAZRIHFI R K, —MIEM T, std: :vector
HIPERE S AL
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77, EE A RER A O R AE, ARSI 2 M g iE 5 12 LAY stack F1 queue ,
MAERER,

Q: WUEILHFE res = [0] * self.size() 1E, £F%K res WML MR HLHEND?

Re, [HOHASH XN R, BIUyia — 455 res = [[0] * self.size()], MZXIIHTE—
HIF% [0] o

Q: TEMBRYI sirp, FREWTFZ T r S H G4k s 2 B 5 | R g ?

MEIREEM S H: () WAEE, AT EXER, REFIFRFIIZEZIEMRMIEIT. MIREZER M
JEE, WITEMZS, ZHREMEH, WEARNIT, FIREMERT mREIEFE UL, IS EeET S
A



Q

F58 5N

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

hello-algo.com.
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5.1 %

M stack) 2—HNEfEE NG HIZE LB,

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

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

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

ll o S/

B

B 5-1 ARG AL

5.1.1 R RIRE

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

R 51 FRAIBRIERCR

PR o fif ) 2 2

push() TEEAM GFIEEID  O(1)

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

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

[* Mgatte */

Stack<int> stack = new();

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

[* IERITTER */
int peek = stack.Peek();

[* TTEREE */
int pop = stack.Pop();

[* REVRBIKE */

int size = stack.Count;

[* FITRE AT */
bool isEmpty = stack.Count == 0;

5.1.2 #¥pscI|

NTERNT AR TALE], BRI E DM — M

HOEIE SN Ja AR, PRI REAEARTRA NS ER TR, AT, BEHANBERER Al DAEAE R AL B AR
MERTCE, EEEal DAMOA —RhSZ BRI B s B %, Hf0idin, FRATATLL “BRill” B sk aRkait o ok
BefE, BEHXINRBIREEAT SHARHE,

1. BTFH#RNIH

(o FHBER SCBIARIY,  FRATTAT DARFRER A KT A AR T, e T AR

i 5-2 Fow, T AKRERME, BATVAFRROTRBATERKE, XA mEmATTERIOY @A, T
HARERME, HFRSLT RONBER AR HBRET AT
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| [fua gl ¢
g ERTREER e
. o RMA o
3
" rux ()
l Step 1 ‘ E
g
pop()
a8
2 ]
a
| step 3 |

5-2 FETHERSIHIARM AR AR

DA 2B T RER LA R AR -
// === File: linkedlist_stack.cs ===

[* BFRERIIMBIE */

class LinkedListStack {
ListNode? stackPeek; // RLTImfEfi%IN
int stkSize = 0; // BRHKE

public LinkedListStack() {
stackPeek = null;

[* FRERBIKE */
public int Size() {

return stkSize;

[* FIETR BB R */
public bool IsEmpty() {
return Size() == 0;

[* Ntk %/
public void Push(int num) {

ListNode node = new(num) {

Step 2
wus (@)
EREMEER
I RMA

o
ros (@

push(4)

na

HIBRATI R

)
o

(2]
ERTRESR
HHRINE
RS GD

BER 4
ARINEFERLED
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next = stackPeek

%
stackPeek = node;
stkSize++;

}

[* Hik */

public int Pop() {
int num = Peek();
stackPeek = stackPeek!.next;
stkSize--;

return num;

[* IBRRINTTER */
public int Peek() {
if (IsEmpty())
throw new Exception();

return stackPeek!.val;

/* ¥ List #&1A Array FHiR[E] */
public int[] ToArray() {
if (stackPeek == null)

return [];

ListNode? node = stackPeek;

int[] res = new int[Size()];

for (int 1 = res.Length - 1; 1 >= 0; i1--) {
res[i] = node!.val;
node = node.next;

}

return res;

2. BETFHENEH

o FECH SRR, FRATTAT DR BCH R R, & 5-3 iR, AR ka0 At A 22 #

IITTRSMBRTTE, NEERERN O(1),
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N
push(4)
l&m - BARIRE
AR I Hik
g EEEI2NA RE g
. I RMAKR n
3
a8 uxz [F)
[ Step 1 J o ( Step 2
ik

pop()

HipsE AR TR

REXIENA
FIRAAIR

[-[-]-]-]

Step 3

B 5-3 ST EEH BRI N AR AR E

Bk &
RRE TNERAREE

REXIZMA
RN

R "

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

PAR 7 s -

// === File: array_stack.cs ===

[* BETHAXRINE */
class ArrayStack {
List<int> stack;
public ArrayStack() {
/] ¥EsIR (BhaSEA)
stack = [];
}

[* REVRHIKE */
public int Size() {
return stack.Count;

}

[* FIETRR B RET */
public bool IsEmpty() {
return Size() == 0;

}

/¥ Ntk */
public voild Push(int num) {
stack.Add(num);
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[* Wik */
public int Pop() {
if (IsEmpty())
throw new Exception();
var val = Peek();
stack.RemoveAt(Size() - 1);
return val;

}

[* IAEIRRITR */
public int Peek() {
if (IsEmpty())
throw new Exception();
return stack[Size() - 1];
}

/* B List ¥R Array FR[E] */
public int[] ToArray() {
return [.. stack];

}

5.1.3 FRFhSCINFTEL

SRR

PIRRSCEIAR SR MOE X PRI TR, B SCBIRA N SCREBENLG A, (X Bt 7R E SGEkE, Hit—i%
AEHE,

SIRPves
FESEF RS, KA R e B AR MO SRt Rt T, VA AR AN, B
SRR, AT, WIS AR, SMRY AN, SEAR RN AN O(n) .
FESLFRERISTII, BERIY RIS, ATE(E RS AR, 2, AR
WAL S GO, ACRIDHRE, R, MBATERASRET AR, AT A %Y
s W e
b LA, U AR TE R R ABURIOUR, FIAT int 5 double , FRATTAT DA A RESIE.
- TSI AR RV, (T SR ISHRIE, (R THRE
TR IR IR G R AR L,
SR
FETIRLIIRIT, RASNIIRN “WIEER", WARTRBHGRER; HH, 7 AHE s
SR (I 2 15 WA, FRRNAR TR, I, TR A
SR,
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SR, FTBERT TR EHME OTEEr, PULRERTY RLE A2 MR,
g b, BATARER A E MR SCBLENTT B NAE, R EE X BT 04T

5.1.4 RHRENE

- PINEEVPSIR SR, PO S RABE. SSTRNETITHRIM DT, WY E— R
FINKR, AR AT DOEIS IR 1R AR R 2] E— D 0T, JEiRBRELIR BB AEPIT ik, AN SRERIN 3
FHEIRFIRTHE, AR MORAL S LI,

- BEPPAAERL, SRV RN, REMIEARTRIN— MR, FTICRE S0 T UER EiE
BRELHR, A IR Be R AT T ARRERAE, T LRI B S AT AT AR R

5.2 PA%I

MBS queue) 2 —FEAESE A JC AN AL BARas M, A8 S, AT T HEAIRSRR,, BIGET KA A AT
IMAAFIREER, AT BASISLHERE AZR A BT

aniE 5-4 Fow, BATREBAFISKERFRCOD “BAE”, EEFN “BARE”, RATTTRIMANRBHRIRIENCY “ABL”,
PRENETTRAIRIERCN “HIBL",

BAZY A HBA
queue pop() pop()

BAE
[

i | /

Ak | /

PAR

NBA PN
push(5) push(&)

5-4 BABIRISE NSE R

5.2.1 PATIEB#ER(E

PASNH WARAEAN SR 5-2 R, RETRE, NRmWEESNTIESI e G AR, BIELRAS
FAHRIRT T i

% 52 PABIBRAERCR
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Jiikg ik

I R 2 2

push() JCEARN, BUETEIMZENE
pop()  BAEITERHIRA
peek() ilRIAEITE

o(1)
o)
o)

SRATTAT DL PR R 2 BRI :
// === File: queue.cs ===

[* #IRRATI */

Queue<int> queue = new();

/* TTEN */

queue.Enqueue(1);
queue.Enqueue(3);
queue.Enqueue(2);
queue.Enqueue(5);

queue.Enqueue(4);

/* IBEAETER */

int peek = queue.Peek();

/* TR */

int pop = queue.Dequeue();

[* SREXPAFIRIKEE */

int size = queue.Count;

[+ HBTASIRE RS */

bool isEmpty = queue.Count == 0;

5.2.2 PAFISEIR

TSR, BAFTZE —RPLARSSHY, AT DAME ST R, eSS —ImERoTR, RERMEBEHAT S =

*O

1. BTH#RNIH

i 5-5 Fow, BATAT DURFBERAY K" A “RAA” A “INET 0 “RAR”, MUEBVEARTERAN

TR, AEDCRTIER T A
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BEE 4
FNEEREE
- PE g) ;:,B:n(:.) K 9}
| o Z%
8
a EELHERR © a EELHESR ©
TSR ITBAT FSMEIIIAT
a ] A
ABA 1 BHm @ n € \,
"R R 6
| step 1 | Step 2
HIA
pop() BRSETI R
suz (@)
2 ]
a EELRESR (2 )
a FHIVRIMABATI
o
RHE
Step 3 J

&l 5-5 FTHERIIMASIHI AR HIBAIRAE

DA 2 FBER S RA S AR -

// === File: linkedlist_queue.cs ===

[* BETFPFERSTIAIEAT */
class LinkedListQueue {
ListNode? front, rear; // kT front , BT M rear

int queSize = 0;

public LinkedListQueue() {
front = null;

rear = null;

/* FREAFIMNKE */
public int Size() {

return queSize;

[* FIEREASIZE AT */
public bool IsEmpty() {

return Size() == 0;

/* NBA */

public void Push(int num) {
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/] EETSERM num
ListNode node = new(num);
/] MRFIAZE, WSk BT REBIERZTR
if (front == null) {
front = node;
rear = node;
/] MRAFIRRZE, WEZHRRNEENRE
} else if (rear !'= null) {
rear.next = node;

rear = node;

}
queSize++;
}
[* HBA */

public int Pop() {
int num = Peek();
/] BBRAT =
front = front?.next;
queSize--;

return num;

/* ARIAE TR */
public int Peek() {
if (IsEmpty())
throw new Exception();

return front!.val;

[* BEREWMA Array FIR[E */
public int[] ToArray() {
if (front == null)

return [];

ListNode? node = front;

int[] res = new int[Size()];

for (int 1 = 0; 1 < res.Length; i++) {
res[i1] = node!.val;
node = node.next;

}

return res;






