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> I8 .github
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go
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)

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
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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
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@ 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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ok wn e

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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hello-algo.com

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.

@ 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

fEE g, BEERITEMES RN, B5ERESEEHY, Fit, ENANEE 2Rz 8 E 2%
2T, TR T RV ERR TP LI E S HUTIESS, FIREL AR bl R, #0d,
2.2.1 &

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: 1iteration.go ===

/* for {&IF */
func forLoop(n int) int {

res := 0

/] BWXRM 1, 2, ..., n-1, n

for 1 :=1; 1 <= n; i++ {
res += i

}

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

2-1 SRFIREH AR

IHESRAT R B BRI S A BURE R/ n ELE, sREBR “RIERR, PRk, IRIERERRR 2
A “BRIERRT, MRNBERTE T — T4,

2. while f&1F

5 for JEIREMEL, while TR BZE —MSKEIARAITTIE, 7E while 1B, BEFBREISRERM, MRFK
HENE, WIRSALT, &N HRAEIA,

RERATA while FEFRRIBIRA 1+ 2+ -+ n :
// === File: iteration.go ===

/* while 1EIF */
func whileLoop(n int) int {

res := 0
/] P FRHEE
1 g= il

/] EFKRHM 1, 2, ..., n-1, n

for 1 <= n {

res += i
/] BFEHTE
1++

}

return res
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while fi¥H L for THIFHIEIHIBEE . 1E while TEFAH, FRATTAT DA p s i 56 PR 28 AR AR LR 8 37 22
%o

BIanAE A NARED H, SRR R @ BHACEAT IR BT, IXAME DU AN KT for TEFASLER:
// === File: iteration.go ===

/* while TBIF (FREH) */
func whileLoopII(n int) int {

res :=0
/] MR ERMtEE
1 8= il

/] TEIRKA 1, 4, 10, ...

for 1 <= n {

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

JEERYL, For TREFMAGICASSEMER 2, while DEFAEMRLG, PIHEHLA] DASCIIEEEM, Lefff ME— 5%
AR (PR TR KR DU

3. BERF
BATR] DIAE — MG N HE 73— DMEIREEH, R A for TEIA NI
// === File: iteration.go ===

/* WE for 1EIF */

func nestedForLoop(n int) string {

res := ""
/] B i=1,2, ..., n-1, n
for 1 := 1; 1 <= n; 1++ {

for j :=1; j <= n; j++ {
/] &% j =1, 2, ..., n-1, n
res += fmt.Sprintf("(%d, %d), ", i, j)

}

return res

A 2-2 BIZRETEA R TARAE K,
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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.go ===

[* B3 */

func recur(n int) int {
/] BLEZHE
if n==1{

return 1

/] % #YIFA
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res := recur(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)
} ™ —
recur(1) return 1

2-3 SRFIAEAEITIS R

BRI AR, SRS WA S SRR R, BETURE T Pibhse 2R 8 AR S G
X,
OB CE R MR, MRELRIO IS, AR S B ASE, HET S5,
O PR R AR, KRS N NG T, X AR A A R
B R TR SRS NI TR, PR AU - A AR EATHY)
DA bR RSB, W f(n) =142+ +n.
C ORI EIESRECRATERE, W 1EE n, SEeHTRAERE, EIRRE f(n) .
R BN TR f(n) = n+ f(n—1), AW GRITH) SRR, EEEARER £(1) = 1
2 I,

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)

!
!

EIIRE recur(4)
! }
recur(3)

|

recur(2) P

l #IEFMHF
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
BIFCR SIS, XFIERsFrcy TREi#EI 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

DUFEE T 42 4 o+ R, Tl AT LIRS B res VONEIRENL, MITSSBLRIEI:
// === File: recursion.go ===

[* BiEY3 */
func tailRecur(n int, res int) int {
/] ELEEHE
if n==0 {
return res
}
/] EBZYAERA

return tailRecur(n-1, 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+64+3+2+1

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

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

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

recur(1, n+...+l5+4+3+2) Py 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

(,) THER, Wikt AR RIEAiE, #la, Python BUAASIRREIEIAMLL,
w BN R BUR BB, (5A R REIE E it th A

3. &3k

LG 67 MHRIRIERBN, SEEEHIEAR B ENE., AEENS 5, DL RS
il

@ B~ NEPOREEF0,1,1,2,3,5,8,13, ..., RiZBIINE n ME

RILPIACEIIIIE n MEFN f(n), BEWILEIL.

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

TEIOEHEOCRMEATIZINA M, Rai NN RS, fEaTS BB, WA fib(n) RIRISEIZERIR
ZRANHIE n DT
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// === File: recursion.go ===

[* 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)
res := fib(n-1) + fib(n-2)
// REILER f(n)

return res

[}

WIEZDA EAAS, FRATERENETEA TR REL, XERE MNP TR, & 2-6 Fir
TR, IXFEARRNBEITEA T L, RE&EEE BN n 1) NEVIM 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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IER peE|
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,
il 4 GL

<7 QSRUREE DA S N AR IR A, RIDATEIRSE AR ETEERE S,

M2, ERFBIAERAGHLNERRIE? DLERBIAREONE, SKARIEERBIAN “7" BT, KRR
& R AR FH B R SR bR R R SE ARHSRATIRAERY, XM CAEHURI SRR “Je NG s s 7] 1,

HE B, PAAART A HRMESET XA RTE LR TS R ETIR R,

1. 3 SEBIAMAN, RAXE AR EO0ZEEOMEORRIED, AT ERRE R R, S8
IR [l R
2. W HERBGERPITIFREIRE, XM AR BN “TARAR” ERER, KR ATRR R AT IR,

It BRATTAT DU —A™ S R BoR B TR IT 0, TR VT A IR A

\

// === File: recursion.go ===

[* EREARIEYT */
func forLoopRecur(n int) int {
/] R EXRREIN R FRA R
stack := list.New()
res := 0
/] B BEA
for 1 :=n; 1 >0; 1-- {
[] B NRIRIE ARIR E”
stack.PushBack(1)
}
// V3 REILER
for stack.Len() !'= 0 {
/] B “HARIRE IR 937
res += stack.Back().Value.(int)
stack.Remove(stack.Back())
}

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

MEE DA R, B AOENUE, RIEZEREMER T, REEANEIERZHE T A DAL,
HA—EERXAE, A UM RRE,

- B ERUARRS RTRE SEAIME DARRAR, RIIRPEE
© NTRER IR, BHURSTE RARRIT N A] REER R,

Bz, BEEROERIBITROE TR MR, EgIESCEerh, DM E RIS HRIE R SE R S IER 7T
REXREE,

2.3 BEERE

BTN TR AT DAELVL EL TR S BREBTR TR . an R IBATTABMERA TR — B ARG HTIB TIN TR, R IRl R0 ?

1. Wi e, BiEEAIE,. WEES. RENES, XEREHSTMARNIBITHER,

2. VEAESAF AR RIS ITIN M), BIADMIIEIRAE + R 1 ns, RIEHRME « FE 10 ns, FTENHRAME
print() FE 5ns &,

3. GEHIHEIRE RTHEERE, RS A BRERBITIN RISRAN, TS NS 7 El,

Bande PL MBS, S ABEREARANA n

/] EEETFEET
func algorithm(n int) {
a =2 // 1 ns
a=a+1 //1ns
a=a*2 // 10 ns
/] &% n &
for i :=0; i <n; i++ { // 1 ns
fmt.Println(a) // 5 ns
}

MR LT5E, ATUSRIEIERIZITIN DY (6n + 12) ns

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

HSZPR |, SEiFRIARISITIN BIASBRABS, Ht, FOIARmER MmN EsTFadE, HAE
EREESIARKE G LisfT. Hik, BANMERSMERERBITIN G, X4 G iEH R 7o
1:38
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2.3.1 SitEdiEtgiEss

I TRV E 2% E D MG tt B AR BRI TIN G, e REIa 1T IN WG4 B0 22 RIRgR K

“INTEE RS XTSRS, TATES — TR DA, B AR RN n, BEEAES

A, BFIC:

/] BiE A EERE: BEHM
func algorithm_A(n int) {
fmt.Println(0)
}
/] Bi% B MBS RE: ZIEM
func algorithm_B(n int) {
for 1 := 0; 1 < n; i1++ {
fmt.Println(0)
}
}
/] B ¢ MNESERE: BHM
func algorithm_C(n int) {

for 1 := 0; 1 < 1000000; i++ {

fmt.Println(0)
}

B 2-7 @R T DA E =N RIRER BN TR A 2
- BIRARE 1 AMTERME, BRI REIARE n RS K, BAPREEIRIN RSN “H

- BIK B RATEMRIERENEIA n X, BIRKISTNRIBEE n BIRELMH K, BRI RS 2R

AR,

- BIR CFPRUTENR(ETRZAERA 1000000 X, BRI ERK, HESMALERA/N n X, Fitc
AR TR 42 2% A0 A RHIRD, 190 “EER,

BEETRTE

BiE C - H¥M

1000000

Bk B - SR

10
5
/Mm
0

] 1 2 3 4 5 6 7 8 9

BNBIER N
n

K 2-7 Hik A, BHI C IR AN Kika 25
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BT BEIEGUHRIRANSI TR, I AR AR AT TRAE R e ?

- NS ARERESS ARG RIERCR, BN, ik e MIBITIN R BLMIE K, 1£n > 1 INHEE A E8,
£ n > 1000000 R ELSRTE c 18, FsL b, HERABIR N n KR, B2EN “HHH” EE
—EMT “EERT R, XIERN R KBS

- IR AERHERT R ERME, 2R, 137 e R RIS IR TN R KB Ie, |W
WETER R 2% oA, FRATTAT DARRT B R BT A T SRR BTN RO R R “ BN IRD ™, MRS
HHRBREBITI RIS Aoy “THHRERERES", XA RGEEER AR T

- IR A )RR, fln, RERE AN C N RIS AR, ESPRs TR R ZH1R
Ko AR, RERE NNREREL &, EEMABIERN n B/ N, BiEsMEMTHEEC, £
IXEAFULR, BAMRAECUE RIS 2 AW RIRBCR AT K. S, REFELRRE, 301
RBIFHIEIRRCR A R HH BT .

2.3.2 HERARA LS
B —TANKRNN n HIREEL:

func algorithm(n int) {

a:=1 /] +1

a=a+1 /] +1

a=a*2 [] +1

/] &% n R

for i :=0; 1 <n; i++ {  // +1
fmt.Println(a) /] +1

}

RAERIR R R — DR TRABIE RN n R, 188 T(n), WAL RS RIS

T(n)=3+2n

T(n) R—ReE%, BLHTHISITIN R ERG KES LR, [KIE RN RS 28R RN

BTATRLMEM N AEZZIL N O(n) , EMEEFSHOY TR O 125 big-O notation ), FREE T'(n)
1) T B3 asymptotic upper bound ],

I RS A E TR BRI “BIEEE T (n)” WG B3R, CEAIRIECEE X

() LR
\ EAAEEIE ¢ IS8 ny , WENMTHEN n > ng, 96 T(n) < c- f(n), WATAN
F(n) BT T(n) —MHDE LR, 128 T(n) = O(f(n)) .

e 2-8 AR, HEENE FABESH—NEE f(n), #1524 n@RTIRHFARN, T'(n) Ml f(n) &L TAER
ARG, PURZE— DB ¢ BIFEELG
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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,
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) {
a:=1 /] +0 (%15 1)
a=a+n //+0 (335 1)
/] +n (%15 2)
for 1 :=0; 1 <5 *n+ 1; i1++ {
fmt.Println(0)
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}
// +n*n (XI5 3)
for 1 :=0; 1 <2 * n; i++ {

for j :=0; j <n+ 1; j++ {
fmt.Println(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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EHHM o(2n)
5B 0(n2) **Hﬁ
HTEIRIERE 1M o(n) E
T(m) i
4B 0(logn) T
©
=

BEM o(1)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
BNEIEAN
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.go ===

[* BEEY */

func constant(n int) int {

count := 0

size := 100000

for 1 := 0; 1 < size; i1++ {
count++

}

return count

2. 48 O(n)
LRVER R FECEAD T ABUE AR/ n AEMEGIE K, SelERE e 208 A
// === File: time_complexity.go ===

[* BB */

func linear(n int) int {
count := 0
for 1 := 0; 1 < n; i++ {

count++
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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.go ===

[* R GEH¥AE) */
func arrayTraversal(nums []int) int {
count := 0
/] BIRREES B KEMEL
for range nums {
count++

}

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

AR 258 O(n) , B ARRIRT I Z5RE ) O(n?) -

// === File: time_complexity.go ===

[* M */
func quadratic(n int) int {
count := 0
/] BIRRBEHAKERFEL XA
for 1 := 0; 1 < n; i++ {
for j :=0; j <n; J++ {
count++
}
}

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 {El R A EE
B¥M 0(1) LM o(n) EAB 0(n2)

(] RE—itmme

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.go ===

[* EAM (BaHE) */
func bubbleSort(nums []int) int {
count := 0 // it%REs
/] SMER. RHEEFEXER [0, 1]
for 1 := len(nums) - 1; 1 > 0; 1-- {
/] WEIF: BRHFXE [0, 1] PHRATERIEEZXENREGH
for j :=0; j < i; j++ {
if nums[j] > nums[j+1] {
/] X% nums[j] 5 nums[j + 1]
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.go ===

[* FEEPN (BIFRIL) */
func exponential(n int) int {
count, base := 0, 1
/] ARSRY—7A=, FEEH5 1, 2, 4, 8, ..., 2°(n-1)
for 1 :=0; 1 < n; 1++ {
for j := 0; j < base; j++ {
count++
}
base *= 2
}
// count =1+ 2+ 4+ 8+ ..+ 2"n-1) =2*n - 1
return count

234
BE—HHAZ

? 0 9

M
L
[:].” [:]." [:}.” E:]." [:}.u Ej .

HHEIBFRE (BRENNTREH)
20 + 21 4+ 22 4+ _ + 201 - 2n-q

B 2-11 FEEBT RIS R R 2%

1k

// === File: time_complexity.go ===

[* 1RGN (BUIEIN) */
func expRecur(n int) int {
if n==1 {
return 1
}

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

BREH
TRHE
20

21

22

2n-1

a2
5 o(2")

FESLPRAETES, TR BT SRR, BlanE DU, ORI — o0 =

S
il
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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.go ===

[* FEPY (BIFEI) */
func logarithmic(n float64) int {
count := 0
forn>1{
n=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.go ===

[* HEREY (BJAEIM) */
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func logRecur(n float64) int {
if n <=1 {
return 0

}
return logRecur(n/2) + 1

X I T T ERISHEIES, AT “—ahZ” BT MEIREE, Bl KRR, 2
AR T 5 B A BAE I TR B2 2%

@ O(logn) MIERBUZZ/D?
e R, “— m” WM AERER O(log, n) o M@ EHIRAR, AL
BEIRARNFERE. MHERNN R I E:

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

WYL, FRE m AT DATEATEN B A AT FEeHe, RIEFATEHE KB m, K%
W E#Id O(logn) o

6. S O(nlogn)
MR IR EEIA R, BB EZE 2519 O(logn) f1 O(n) o ARG :
// === File: time_complexity.go ===

[* MR */
func linearLogRecur(n float64) int {
if n <=1 {
return 1
}
count := linearLogRecur(n/2) + linearLogRecur(n/2)
for 1 := 0.0; 1 < n; i++ {
count++

}

return count

2-13 JEoR T EMER BN B ERTT e ZXMIYE— BRRIEREE Y n, W3H log, n + 12, KL
FEREHN 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.go ===

/* BASRRY (ZBYIZIR)  */
func factorialRecur(n int) int {
if n==20 {
return 1
}
count := 0
/] M1 APEE A
for 1 :=0; 1 < n; 1++ {
count += factorialRecur(n - 1)

}

return count
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E=3=1:0] EEH
DEHE HaE
n n
n-1 n(n-1)
n-2 n(n-1)(n-2) - #£n B
1 aus see sse 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. RfE. FYNESERE

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.go ===
[* ER—NEEE, TER {1, 2, ..., n}, WEWITEL */
func randomNumbers(n int) []int {

nums := make([]int, n)

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

for 1 := 0; 1 < n; i++ {

nums[1] = 1 + 1
}
/] BENITELE A TTR
rand.Shuffle(len(nums), func(i, j int) {
nums[1], nums[j] = nums[j], nums[i]

b



B2 SREDH hello-algo.com 41

return nums

}

[* B3R nums FREREFE 1 FRTERSI */
func findOne(nums []int) int {
for 1 := 0; 1 < len(nums); i++ {
/] B7tE 1 EEALE, AEIRENEISERE 0(1)
/] & 1 AR, ABRENEERE 0(n)
if nums[i] == 1 {
return i

}
3

return -1

RN R, Bl SRR R PR R S 2, TR B U AR A REIAE, TRER R
RIS, iR E AN, FRNEAH T R LR, LRI DR E A L.
MR BT DATE 1, 220N 52 IR R TS 2 BT “RSTRAOR AT, X  t B R
AR/, A ELSRHU M BT TR, AE T, PRSI IS 2% T DAPSBUSE A R L A B 0
BT, F O i RET.

TS, BT A 26 5 L B LR M FROTEI L, Fean sl ph i A B R TAL
[, DRIETEE 1 HBIE E RS MM AR SE, TR SIAN AR SO R AL K —F /2, T
IS Z4EE R O (n/2) = O(n) .

(RS AL, b EETRIN I 20 PRI, TR R 0T H (MR A RS (R 312,
TEICRMTTSE R, el 8 200 0 S 2By B R AP

O M2V ES O 7752

w AIREH T O FF S T, FEIERATE & EH RPN RIE R E, [HNHEE X
EUE, IXREEI AR, EABMEMBTR T, FIBRIEM SFHNEERE O(n)” ME
®, EREEEEREN O(n) .

2.4 FEIERE

M2 B8 %% space complexity) FTH&FE LS HNFEZ BIREESEE L RN G KES, XMESS5N
RIEXEAEFRL, RFEE “BiThR” Fich “SHANEFERZR,
2.4.1 HZHEXZ(E

BRI TR A B P 17 23 1R 2 Z S DR LA,
- FAER: T EEIRAR A,
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- RN AT EREEIA S TSR R R, MR R I SCEEUE,
- FHEEE TR EIR A A
—REOLS, SREAENGIHEER "R Ik TRHEsE,
B ] DO — R =00,
- EERYE: ATRERERSTEEPSAE R, TR HR%
- ARWZEE] TR A A R T SR, ARG R N AR S AEAR VTR B — MR, BREL

IR, M2 R,
IR BT RERIERIRAFES, ESRIEaRRI

TENT —BAEF R MR R, BABEFE ST A8, B Mg B =37y, & 2-15 for.

BEER TERERENSIEE

AL

4 )
BAEE HFEiE kD)
HAIE TR iR
e
goeia

K 2-15 HIAE AT

FRAESA T :

[* SERE */
type node struct {
val 1int

next *node

}

/* Bl node &H(E */
func newNode(val int) *node {
return &node{val: val}

}

[* BRER */

func function() int {
/] HITHELIRE. ..
return 0

}

func algorithm(n int) int { // MIAEUE
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const a = 0 /] BEHE (B=2)
b:=0 /] BEFHE (T8)
newNode(0) /] BEHE (WR)
c := function() // tRm==iE (E A EER)

return a + b + ¢

/] EhEsiE

2.4.2 EEGX

AR ARERHER TR S N RS R ERBAER, JFEESI R “BREEE" 5o "SRR,

Mm-S N AEAEAFRNZE, FADEWIRERETMERE, XRF NN ZERZE D EER, 1650
FPRIERT A AR N ACE R BRI 7 22 AT

MM, RESEERETN “RE" ANEE L

1. DUREHABIRNE: Y n < 108, SREZEN O(1); B n > 10 K, PHALIEE nuns &
i O(n) 22, FEHEEEREREN O(n) .

2. DASERISITIREINAE Je: BI40, FERETESITEG — T 280, & O(1) 220; 4 HI%AML A nuns
i, R O(n) 250, RILEEZAEZREN O(n) o

func algorithm(n int) {

a:=0 // 0(1)
b := make([]int, 10000) // 0(1)
var nums []int
if n > 10 {

nums := make([]int, n) // O(n)
}
fmt.Println(a, b, nums)

TEIBHRED, FTEEESEHRWE M, WIS

func function() int {
/] BATHELARE
return 0

}

/* 1&3F o(1) */
func loop(n int) {
for 1 :=0; 1 < n; 1++ {
function()
}
}

/* Y3 o(n) */
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func recur(n int) {
if n==1{
return

}

recur(n - 1)

BRI Loop() Fl recur() MIINHEIE Z4EHH O(n) , H=EERE AR,

K& Loop() TEMEIAHIEH T n IR function() , TFEHAY function() ALIREIFFRERR T A= |, Kl

2 2 O(1)

- JBHEE recur () fEIBA TR LFRINIELE n ANARIREIN recur() , MfidiF O(n) MBIz,

2.4.3 ER¥EH

BRABIER N n, B 2-16 R T H WS EE A I (M=) o

O(1) < O(logn) < O(n) < O(n?) < O(2")
R < A < SR < FITRr < fa80

fe¥b o(2m)

5 0(n?)
REFESIEAN 146 o(n)
__ M 0(Logn)
// HEHH o(1)
12 3 4 5 6 7 8 9 10 11 12 13 14
NSRRI

n

B 2-16 & WA= R R R R

1. E8HO(1)

LT HRESMABIERD n RINEE, B8, N5,

MREE

MEES.

REERRE, IR EIa AR B s F R BN S N, EEAN BN, REASR

BUL IS, 2sE Ayl O(1) -
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// === File: space_complexity.go ===

[* ERER */
func function() int {
/] PATELIRE. ..

return 0

[* BE */
func spaceConstant(n int) {
/] BE. T8, WREA 0(1) T
const a = 0
b:=0
nums := make([]int, 10000)
node := newNode(0)
/] BEFRNTELA 0(1) =iE

var c int

for 1 := 0; 1 < n; i++ {
c=20

}

/] TERRRERER S 0(1) =iE

for 1 :=0; 1 < n; 1++ {
function()

}

b+=10

c+=0

nums[0] = 0

node.val = 0

2. MM O(n)

MM W TIEREES n BUELLATEE, #8R, tk. PASISE:

// === File: space_complexity.go ===

[* BB */
func spaceLinear(n int) {
/] KER n B9¥EEA o(n) =il
_ = make([]int, n)
/] KEA n WFIREA o(n) =iE
var nodes []*node
for 1 := 0; 1 < n; 1++ {
nodes = append(nodes, newNode(1i))

}
/] KER n BRFHRLA o(n) =8
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m := make(map[int]string, n)
for 1 :=0; 1 < n; i++ {

m[i] = strconv.Itoa(l)

aE 2-17 Fow,  SEEREREDEIIRED n, BIFENAEAE n DARIREE Tinear_recur() H%, A O(n) K/

A AR M2 )

// === File: space_complexity.go ===

[* MR (BYFSEM)  *+/
func spaceLinearRecur(n int) {
fmt.Println(" 3#Y3 n =", n)
if n==1{
return
}

spacelLinearRecur(n - 1)

linear_recur(n)

linear_recur(n-1)

BIARE
n

linear_recur(2)

linear_recur(1)

REHR)IEBRREN n
R 0(n) BN

K 2-17 JBVABR B AL RZRIE R 23 A B A i

3. EAH O(n?)

IR E DL REREE, JTREES n BOFTRR:

// === File: space_complexity.go ===

I.E]-F “E”

!
1
|

%803
LR

mE “3”

return 0

T

return 0

!
r

return @

T

return 0

DiEERE
£1%6 o(n)



H2E HREDH hello-algo.com 47
[* FEFHM */
func spaceQuadratic(n int) {

/] ¥EPESF 0(nr2) =iE

numMatrix := make([][]int, n)

for 1 := 0; 1 < n; i++ {

numMatrix[i1] = make([]int, n)

}
}
A 2-18 FivR, ZEREHIBRIAIRE N n, EEMBHREHETIGBLH T — M, KEZHI n, n— 1,

L2 1, KEN /2, EIEKSE O(n2) S
// === File: space_complexity.go ===

[* FAE GBAKI) */
func spaceQuadraticRecur(n int) int {

if n <=0 {
return 0
}
nums := make([]int, n)

fmt.Printf(" 32Y3 n = %d T nums &KE = %d \n", n, len(nums))
return spaceQuadraticRecur(n - 1)

B nums KE AT “&" Rt “7”

n —— quadratic_recur(n) return @

n-1 —— quadratic_recur(n-1) return @
BIIRE 1 T
' ! f

2 —— quadratic_recur(2) | return @
lr Kb H T

1 ——+ quadratic_recur(1) return @

ESNBETRHDEBNR LT — M EH, BRER PEIERE

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

2-18 YA BRI AR (75 s TR A2 2k

4. 1588 O(2")

PRI WT =X, WERIE 2-19, BECYn B9 WK M RsE 2" — 1, S O(27) Z=:
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// === File: space_complexity.go ===

[* B (BILHXH) */

func buildTree(n int) *TreeNode {
if n==0 {

return nil

}
root := NewTreeNode(0)
root.Left = buildTree(n - 1)
root.Right = buildTree(n - 1)

return root

BENTREH
Zﬂ
/ \
21
‘/// \\\* k/// \\\\
22 - Hn B
N TN N
2n-1
FREHRHE FEIERE
2% + 21 + 22 4 ..o 4 201 = Qnag a8 o(2")

2-19 SR AR AT R a8 TR SR 2k

5. 3 O(logn)

SHENH WTF MR E. Glan)33ter, MAKERN n (A, SRITEEE M SR 5 0, R
= logn W38, #H O(logn) Bz,

AP TR TR, A —DIERE n , BN log, n+ 1, BN FRFHKEN log,  n+1
, Bit=RERER O(log,,n + 1) = O(logn) .

2.4.4 NEBYE)5%8ia)

BARTEOUT, B ERIARIIN R 2 2 A 28 (R R 2 AR B e L, ARTAESEPRIE O, R A2
7 P20 [ 2 2% JRE 3 5 A TR X
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REEARRHRE ] 52 3% S M B T R DATR T 2 MU BN, R ZAPER . FRATPRATE R 17 28 RDR IR T BRI TIR L Y
RBEEFRN “ LSRN R ez, WIFR DA R R

RN A R B T RATEB BB AN 75, ERZEIEHT, NRSRESER, Fit “DeF R E”
HRER AR, SR, EEERERRIELT, s RE R R EE,

2.5 NG

1. EREH

FIRRCRIEG

- I TRISSCR AN S (R AR R M B TR 25 RO PND 3: EEA EHR,

- BATTRT OB KRR PG RIERCR,  (EXE AITHPRIAIAE RN, H SRR IR,

- BRI AT ATEBRSLPRMAR B, e RIER TR BT A, I HREEB IR IR A REEE
MU TR RIRCR,

o Pl S

- IR A T R SRR IS T IN IR R R R KR S, AT DUA RO BIAROR, EAERLE R R AT
REZSRY, ANAER ARIEUE R0 NN B 2 R AR RIIN, TCRAS IO LU BRI 55

- BREMNEEREMHK O SRR, MNMEHHENL R, R n #ERETHN, $E8E T (n) 1
R,

- EENEERESARY, EAGIHRESE, AEHNENE LR,

- LA 2 M= HES IS O(1). O(logn). O(n). O(nlogn), O(n?). O(2™) f1 O(n!) %,

- FUEE RN R R EIREE, TR SMARIRNARE R, NAERES NRE, R&iE FHNEE
IR, BAENFERE TV, B ABHE — RS R A Res B R A .

- YN AR A S I RTATE R LR BN RIS TRICR,  RAEIT SEhR N A A RA R, TN
A& 7 TR G N B 0 10 AR SR & 5 IV ECE IR,

BRI

AR AR R T IS AR T B0 5 A 7 2 AR B K a2,

- SRR A T S RN, B, S, BRI R, ARG
B ARRE N EL, B 2SI 5 W (A, Rz AT 28, bR (R 5 L 6 A
B2 A 2

- RAER AR AR A, EIGE AR S A SRR 258 TN 2] R4 2

L AR R WEEEHSIE O(1). O(logn). O(n). O(n?)f1 O(27) %,

2. Q&A

Q: REIAMAE LR O(1) 1?

i b, B@BHEHASRERER MULE O(1) o RNd#RZEmEIES (B4 Java, Python, Ct++,
Go, C#%) AHrESNMULEBH, Ft@EHEIAZERERER O(n) .

Q: HEFITTEEMNMAEX AR 242
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"B function | FTMABUBIING, FTHSHEARIGE, [77ik method ) 55— PRI, HEaRk
STFIEIIRT R, HESERTSRYSEIISH A OB (TR .
TR A Ui LR 2 1 R 52
C CBFRMEARRIAE, WHERIORES, FAARE, (5017 LU QLRI (struct)
SREUITTFIN SR, ARSI SO 2 SRR 2 775
- Java Hl C# REIFIN RIGHEIES, (T 71 EHIEENKR 5, BT EOTRAMT
B, PIEMBE(E L, RAEVIFRFE ISR,
G+ Python BESCHASBRGHE (HI80, WICRHEIASHE (7).
Q: FEIfR i AR AR AR AR 5 2 IR A2
AR, GERRRSFLALE, SURMIRAEY, TR AR A,
BN = 8, IRPTRER RIS RUMRRIE SEEOTR b (KRR RIS MR, T4
B R A — ML AP T EIA
fESEls, BOVTRATDER RARES NI RO SRS, BT — RISk (UL RIS = 8
ZRIRAE, (EXF n = 87 EPE T, K KEBELEES T,



F3E HEEM

hello-algo.com

@ Rt R an R — BIFS & T 2 FE AU HESE,
v CONBIRIE AT TR, RIS DR AR hER,
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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
var numbers = [5]int{}

var decimals = [5]float64{}

var characters = [5]byte{}

var bools = [5]bool{}

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

M array ) B—MEIERRS, HRHRRBRTTREMEESLNINGFZERF, BAITRTRAELAHF
REFRNIZTR TR5] index), & 4-1 R THEHR T EZMSM 7677 K,

— FERAR REF S B R ERRY
TE
element
s £
— 080800 00800
§§I 0 1 2 3 4
index
m#i&iﬂ:, 00 04 08 12 16
memory location
ATAREFEZE

. RS A BIARIRTES

4-1 BEAHE L HFETT

4.1.1 ¥EAERIRE
1. Miatkiia

BATTA] DARAE T RO AT B R R AR 753K TERIARME. e WIMRME. ERTEEIIRERTEI T, K28
IAETE S S REETTRAIN O

// === File: array.go ===

[* WaEEE */

var arr [5]int

/] 1 Go H, HEEKER ([5]int) A#¥H, FIEEKER ([Iint) AYA
/] BF Go WEAWISITAERZMHERE, EtReFEREERIEEKE
/] ATHEXRIYT B extend() FHE, UTETIR (Slice) BEHAE (Array)
nums := []int{1, 3, 2, 5, 4}

2. bRl
BEATCE WA EIELPINGFE R HA, XEWE B CEZ2WANE LI ERE RS, SEBANGFHE (5

TLRNAAHAE) FFEANTTRIRS], BT DUEAE 4-2 PR AN EERNZT RN FE I, B
FZITR.
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¢

TE®Sl o 1 2 3 &4

Rttt 00 04 08 12 16

TTRKE - 4

TRAENE - RARELE + TREE « TERS

(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,

CERCAP I TER R AL, BT e O(L) I FIPTRBHLY SO (R — T
/] === File: array.go ===

/* BEHlipETER */

func randomAccess(nums []int) (randomNum int) {
// K& [0, nums.length) FRBEALFEEN—TEF
randomIndex := rand.Intn(len(nums))
/] REGHREIRE TR
randomNum = nums[randomIndex]

return

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 -
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.go ===

/* TEEEHMZES| index MEANTTE num */
func insert(nums []int, num int, index int) {
/] BZE5| index UKZEWNFIETERGEHEI—(L
for 1 := len(nums) - 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

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

// === File: array.go ===

/* MBRZES| index HITTE */
func remove(nums []int, index int) {
/] 1BFR5| index Z/EMFIBETTEMAIBEI—IIL
for 1 := index; 1 < len(nums)-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.go ===

[* WA */
func traverse(nums []int) {
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count := 0
/] BER5|EHEA
for 1 := 0; 1 < len(nums); i++ {

count += nums[i]

}

count = 0

/] BREHHATER

for _, num := range nums {
count += num

}

/] EREHEIERSIFTER

for 1, num := range nums {
count += nums[1i]

count += num

6. EHTE

FERAHPERIEETRT LB, FRAWOTRERGIEA, 5 VCERCN B R RS
RONEE RS BRS Y, I DA LR ESRIRERAR N “LRIEEEK”,

// === File: array.go ===

[* EEAPERIEETER */

func find(nums []int, target int) (index int) {
index = -1
for 1 := 0; 1 < len(nums); i++ {

if nums[i1] == target {

index = 1
break
}
}
return
}
7. ¥EHA

FEERIRGIEES, PP URIERA AN ES R, WMk Z ety REHA R, FHItE

REBIRES T, BARRKERANZER,

MRTAIA B AR, WFEFEY —DERIEA, ARG TTRERE R B, X2 —1

O(n) H#E, EBLRARRIEN FIEREFEN . R NER:
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// === File: array.go ===

[* TTREUAKE */
func extend(nums []int, enlarge int) []int {
/] MEE—M BRKERRERA
res := make([]int, len(nums)+enlarge)
/] BREATPNFRETREHFIHHEA
for 1, num := range nums {
res[i] = num

3
/] REW RERHERAE

return res

4.1.2 HANRRSRRYE
BB EESN N RN, B, AR S FEERRRER, RIa] DRI EEER
PABIRAERI R ERCR,

- SRR B BRI TSI, TSNS A T,

- RHERERLYI: S A YEE O(1) BRI TR,

- BPRERYE: UVIREITTER, IR SR, IS (L MR, M) 2 s
AT SR T

TGS B —TENTI8, HAFELAU T RRM,

- ARAGMERBERIR: SEBAHP T RR LN, A SMBRRERERHREN TR,
- REANE: BAEVBREREREE T, VARATRERITAEIRE R, TR,
- ZBMERTE . WRBEH LRI NEE LR, A2 RS IR R T,

4.1.3 ¥ABEIN A

BEH TR — AR B WHBERSEN, BN e R EA e, Al TS & 2 iR siig
- BEOLYIM : GUERIBATAEREA I — 2R E AR, B2 ] DUREE 708, FHAER—MREUFS, IRIERT15C

BENLIHAE,

- HIPAEER : BRI REIREE RS, PORHT, IR, o BRI EER
H BT,

- IR AREPOEER IR ROCRE, Al DAEABEREANE RS, BB TR T 2]

ASCII f5 S, WIRT LR 7450 ASCIT F{EE MRS, X R AITCER A7 LR F X B

- PLERES): MR B TIAE, M SKEZRNREREIZE, RERHEARR LBEHE R
R, R A2 I 28 G 12 P i S 6 P B B8R 454 o

- BIRETHSEL: BT DR TR, BB It R, HE. EISFEARGEN, BN, EIRSBEREMERIRSL
bR g — 4 48,
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4,2 §ER

N EEMERFIALEE, £ PERNRGUSITINET, TREINEZ R A REREEENT S, K
TIRITE, 1FREECEHRI N2 USSR, TS EEHARE KN, A7 AT RETC IR LNt RAE S ), it
I BERARIEEIL AR T

% linked list) 2 — At dasity, HpiE TR — MR R, S0 WREE 5187 HER,
SIFICSR T N — DT AL, @I R AN AT =7 A 2R — D

HERABIHES DT AT A B BE N AL, ENRI A TEA0ES:,

FHEERNNETEESHE
&

linked list

— — —_—  — —> None
EET A
8 3Im (&s) B
E=T—1
o A AR
node

B cewsm | ERERRBA
wrenamst | INEZE

4-5 BERE NG

ML 4-5, BERIIHMPANZ TR node) MR, BN RMESWIEWE: TR “E” fifsm s —1
RHE U517,

COBERIVE D R SK AT, BE—T AR B R.
- BT RIEMIE ‘227, BAE Java, C++ Fl Python #4378 null, nullptr 1 None o
- 1£ C. C++. Go Ml Rust HFXFHEHIESH, LR “SIH” NN “faE7,

GHPANARBATR, BRI ListNode BR T HLEH, EFRHIMRE— 51K (88, FILEMHFEIERT, #
e LU L T S 2 P A7 22 ),

[* BERTIREMIE */
type ListNode struct {

val int /] TRE

Next *ListNode // fSMT—T=AVEH
}

// NewListNode HERER, GIE—METAVEER
func NewListNode(val int) *ListNode {
return &ListNode{
val: wval,
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Next: nil,

4.2.1 WEREHIRE
1. #MRHER

BNBERIIAPIL, FB-LRIMACS DT RN, B RMET R EGIHRR. Fiaksem)E, &
T AT AMEERR A SKT it %, 38X 5 TR next ARIRVIRIFE 11 Ko

// === File: linked_list.go ===
/* MAKHER 1 >3 ->2 ->5 -> 4 %/

/] PEHEITR
nO := NewListNode(1)

nl := NewListNode(3)
n2 := NewListNode(2)
n3 := NewListNode(5)

n4 := NewListNode(4)
/] MEDSRZENG|E

nO.Next = ni1
nl.Next = n2
n2.Next = n3
n3.Next = n4

BEHERE— &, LA nums 57T nums[0] F nums[1] 5, MREZRE B2 MHNZAY T s S H L
Ao FRATEA RIS RO PERERMICRR,  Lhan DA EAARS R BER TIC/ERER no .

2. HAT=

FERERTHATRIER A S, WA 4-6 AR, BB VEEMH BRI DT A 00 Fl n1 ZHHBA—DHTTH P,
WRTRAEMA TG (FEED Wnr, RSN O(1) .

HEEZ T, ERAPEATTRINTEZREN O(n) , EREER FHIRERER.
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P.next = ni
Bl% P $5/@ n1

e 0_-0

HESETA n0 A nl ZEBATE P o o

no.next = P
B4 no @ P

B 4-6 HERIHNTT RURHBI

// === File: linked_list.go ===

/* ERERIVTIA n0 ZEBATISR P */

func insertNode(n® *ListNode, P *ListNode) {
nl := nO.Next
P.Next = nl1
noO.Next = P

3. HFRTR

Qs 4-7 FUR, ERERPIERT R AER T, R@SEE A NRRGIE (R Bl

TBER, REEMPRRIEEHIGT A P 92 n1, (HCFR L@l R LTTRIRE P, XEKRE P T

SAHBETIZER T,
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nd.next = nl

TJ_T@J Ep? no }EI‘-J nl
FERTHRFETER P @
A A
no nl

A

MbRserl/E, &2 P hARER nl
BiEH#ERBELELRE P,
HLEITART S P BRI

4-7 BERMIFRT
/] === File: linked_list.go ===

/* MIBRHERTR n0 ZENEITTR */
func removelItem(n® *ListNode) {
if nO@.Next == nil {
return

}

// n® -> P -> nil
P := nO.Next

nl := P.Next
nO.Next = nl

4. FRETHR

TEREFPTI ARRCRENE, a1 E— FTE, TRATATLAE O(1) N T AR ERUE R, BERIIR
R, RRFEEMLT AL, BANEEES, EEREERY R, BRI, VIR i e
i — 1%, REEREN O(n) .

// === File: linked_list.go ===

[* AREERPZRS|N index TR */

func access(head *ListNode, index int) *ListNode {

for 1 := 0; 1 < index; i++ {
if head == nil {
return nil
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head = head.Next
}

return head

5. BEHTR

WS, EHEPERN target TR, FHIZ T RERERPINES |, I BEHE TEEER A
A

// === File: linked_list.go ===

[* EHERPEREN target NENTE */
func findNode(head *ListNode, target int) int {
index := 0
for head != nil {
if head.vVal == target {

return index

}
head = head.Next
index++

}

return -1

4.2.2 ¥H vs. §ER

R 4-1 B T BAMBERI AW R b T HROERCR . BT EMN IR AR S 7 i s, TR A A o
GEe (v ES =S /DS RVAIDES T

*4-1 BAHSHERIIBERA

T B
fEifT ST Sy
BRIE KR AR TR
WiEReR  EREANGD, EAEEREER  TESHNES
pimEE  O(1) O(n)
FIEE  O(n) o(1)

Wi7EE  O(n) o(1)



H4E BHSHER hello-algo.com 78

4.2.3 BRpERAEE

G 4-8 v, H ULHOBEFRER A TS = A,

- BABER: RIATHE AR R, SAARERAT R S EAEA T RS NI, AR S
M RIAT A, FRE— DT RRNET A, BT RTEHZ None

- IBEER: RN HEEEERE T RIEALT A (BEMR), WRE—PIPHER, PR
R, R R AT DA ST R

- OWmEER: SRmBERMLL, DERERICR TN TR G BABERATT RUE RN B & e e 4k
Tl (R ) MR (E— D RD W5 (k. ARRT AR, WRiERER RS
P, ATCAEAMAS T A P RERR, (Bt th e b S 2 R P A

[* AR REME */
type DoublyListNode struct {
val int /] TRE
Next *DoublyListNode // 3E[EIfE44T Y5 ET
Prev *DoublyListNode // EMAIFEIIRTI AVHESE
}

// NewDoublyListNode #J#41L
func NewDoublyListNode(val int) *DoublyListNode {
return &oublyListNode{
Val: wval,
Next: nil,

Prev: nil,

HERER

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

AR

circular linked list

0-0-0-0-0

WrER

doubly linked list

e —@—Q—Q—Q—Q "

4-8 B WLEERARZE
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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 FIRERIRE

1. asI=R

BADEREM “TCHHRE" N “BHIRE" XML

// === File: list_test.go ===

[* MakyIR */

/] TAEE

numsl := []int{}

/] BHEE

nums := []int{1, 3, 2, 5, 4}

2. bRl

FIRAT FREE, WA E O(1) RN RATERCER, FEREE,

// === File: list_test.go ===

/* IBRTTER */

num := nums[1] // IARIZERS] 1 &BTH

/* BHETTE */

nums[1] = 0 /] BE5l 1 "HMTEREFHT 0

3. EASHIRTE

MR T, F1FRAT DL BRI S MERT R, EFIRERRMITRENNEERER O(1) , BRI

TERICRN S EEAMFA, NRAEREN O(n) .

// === File: list_test.go ===

[* BEHIFR */

nums = nil

[* EEERMITE */

nums = append(nums, 1)
nums = append(nums, 3)
nums = append(nums, 2)
nums = append(nums, 5)

nums = append(nums, 4)

[* FERERBENTTER */
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nums = append(nums[:3], append([]int{6}, nums[3:]...)...) // EZ=3| 3 WENEKF 6

/* WIBRTTE */
nums = append(nums[:3], nums[4:]...) // MIB&Z=5| 3 &EYTE

4. BHYIER
S5EEA—FE, BRI DMER S s, el DLEHERE& IR,
// === File: list_test.go ===
[* BIRSBHTIR */
count := 0
for 1 := 0; 1 < len(nums); i++ {
count += nums[1i]
}
/* BiEBHYIRTER */
count = 0

for _, num := range nums {

count += num

5. BHEFIR

FE—MHFIK nums1 , FRATTAT UK ELBHESI RS R AT,

/] === File: list_test.go ===

[* BHERAFIR */

numsl := []int{6, 8, 7, 10, 9}

nuns = append(nums, numsl...) // 5K nums1 BHEE] nuns Z/5

6. HIFFIE

SERFIRAEFIE, BAVER IS AERERRREPEHEBERN o2& M BEH Bk
// === File: list_test.go ===

/* HEFFFIR */
sort.Ints(nums) // HEFEE, FIRTEMNDEIARHES
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4.3.2 HIREY

UEZHIZIESNE THIR, Fla Java, C++, Python &, BAIEHILEE %, & NSEVEBIERE#

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

U R TE R RS DML, TEARBIr, BT SR ALY 2525 2 W10 2 15,
// === File: my_list.go ===

[* FURE */

type myList struct {
arrCapacity int
arr []int
arrSize int
extendRatio int

}

[* MEREL */
func newMyList() *myList {
return &myList{

arrCapacity: 10, /] FIREB=E

arr: make([]int, 10), // #H (FHEHIRTE)
arrSize: 0, /] FIRKE (Hrixi#=E)
extendRatio: 2, /] BRI BHEE

}

[* REVGIRKE (HeixEHE) */
func (1 *myList) size() int {

return l.arrSize

[* REBSIREE */
func (1 *myList) capacity() int {
return l.arrCapacity

}

[* IhIETTE */

func (1 *myList) get(index int) int {
/] FRSIMRER, WHEEE, TE
if index < 0 || index >= l.arrSize {

panic(" ZR5[HR")
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}

return l.arr[index]

[* BffimE */
func (1 *myList) set(num, index int) {
if index < 0 || index >= l.arrSize {
panic(" Z5[#A")
}

l.arr[index] = num

[* EEERMITE */
func (1 *myList) add(num int) {
/] TEHEBHAEM, MLy BV
if l.arrSize == l.arrCapacity {
1.extendCapacity()
}
l.arr[l.arrSize] = num
/] EFTEHE

1l.arrSize++

[* TEREHEANTE */
func (1 *myList) insert(num, index int) {
if index < 0 || index >= l.arrSize {
panic(" E3[#HA")
}
/] TEHEBHAESE, MLy BN
if l.arrSize == l.arrCapacity {
1.extendCapacity()

}

/] BE5| index UKz ENTEERGEEEI—L

for j := l.arrSize - 1; j >= index; j-- {
l.arr[j+1] = l.arr[j]

}

l.arr[index] = num
/] EFTEHRE

1l.arrSize++

[* MBRTE */
func (1 *myList) remove(index int) int {
if index < 0 || index >= l.arrSize {
panic(" Z5[#HA")
}

num := Ll.arr[index]
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// BE5| index ZEMTEEBEFIFHEEI—IL

for j := index; j < l.arrSize-1; j++ {
l.arr[j] = L.arr[j+1]

}

/] EBEFTEHE

1l.arrSize--

/] REEMFRR TR

return num

}

[* FIRTA */

func (1 *myList) extendCapacity() {
/] FR—NKEAREA extendRatio fERVFTEEE, FHIGREASHIZIFEAE
1l.arr = append(l.arr, make([]int, l.arrCapacity*(l.extendRatio-1))...)
/] BFYIREE
1l.arrCapacity = len(l.arr)

}

/* REIEHEKENTIFR */
func (1 *myList) toArray() []int {

/] EBRERKEEEANTIRTE

return l.arr[:l.arrSize]

4.4 WE5EE*

FEAZERRTN T, BRI T EAAM BRI R BB E R, e T “E8miE”
“OYBRAENE” R BEEER

KPR b, PIBRESHIEAR RS L OE TR X AR A7 OB RIRCR,  EMT RN SRR P B AR RE

4.4.1 HBEHFHELE

RN PO MR FER S A hard disk). TA7F random-access memory, RAMJ., &7
cache memoryl, % 4-2 B/R T BN HEHBENRG PR FE A BPERER o

*® 42 RN iERE

Wi Pt 7

Mg K7 IEEdE, G RIERSL NS RNSTRRRFFIE  FHEEETIREdEIES, B> CPU
P, X TEALPE A AR ViR AL
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(5 NEE2 A7
Sk WREBEER R ER LIGENE GRS S Wi R RS Rk
3
wEOBK, TBHH! BN, GB 9 FEH /N, MB 43
HE g, JLEEULT MB/s gk, JLt GB/s FEF R, JLH2JLE GB/s
kg B, JLEFHJLT/GB 25, JLTEILET/ GB JEH 5, BE CPU TR

AT LR H BN E R G R NE 4-9 Rl & 5IE45H, BEE 7 ETUR I iR iRk, &
BEUN, AR, XA BRAEIIFIRER, TR RN TR 2 IR BB RIS R,
- MEEDEDAINAA IR, B0t AIFTRRIEBUREN R SRR, FILERNES KR, Hik, Wff
AU SAS R RERL AL 115, XA e DAIETH B8 7 Ao
© RAFRIRA RMEEE A DR, BEE L1, L2, L3 RAENARZIHA, HYER %K, 5 CPU
D2 MR ERER B AR, AT SEERE RN RN, JTTRVTERE S, FHATERT, ZEHK
RISRAFEER R AR, TR AR Z IR B - o

CPU

L1 Cache

[ \ e P
A i BAalt
”

K 49 HENFERS

«) RN 2GR TIEE, AEMNRA =3 Z AR T, PRk, XA i
w FAETHTE TALOUs, EZRIBAEA R R IRGIZ R e A

R, BERA T R R EAE, W T IR AR a1 TR BRI RN, 2247 W 17 6if
SEVIMNBIERTES, DIEEEFBITReR, =& HAME, MR EIRTESIE1T,

N 4-10 FoR, FEREFIB TR, BdE MREE AP BIRREINFH, (4 CPU HHEMM, %&fFrILAETE CPU K
—Hkoy, ‘EMNEREHM N INERIE, 4 CPU 1R tmR AV BRI, M EE R PITRER, b
XIS I A7 B
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|V I¢ ‘!.
[ |
- . — — —
-D- < — — N \
| B
IR &FiF nfE R
CPU

Bl 4-10 REEEL. PIFMIZRAF 2 RIR B e

4.4.2 HIRSHNRTENE

TENFE AT, BEHMERS A G IMEMERTE,

—J5H, PFRARRK, HFE—RNEAGERZ RIS, RILTRANA 2 EERES R R AT R m ot
2, BARTTREEHY, NFHEEAINI SRR TER T AR5 (88, BRI AR E &, 2R,
HBATE LR BHESNFZ R, IXATRESFBUNFAIRSE, By A th el ZRIM I AR 23 Rl A
MEEZ S, BERDL AT MR TR A ECAIEI, SR TR RTE M,

S, RIS, BEEREPIESRIRNE, RNAFIRER (R goREe, I S BN A7 Y
AR, BAHmTHESNFET K, HNAR S SBAFERR L. Mk, BERIIITTRR DT,
BRI SRR e, ERSSFBNERA L,

4.4.3 PIRGHINERTFHE

R BRED A E BINTAE, BERRNFRES, ERFITERE LS ECEZENER, BTEF
MEEARR, HEEFME—/ N ME TR EdE, Kt CPU i RIAEHR A ERF PN, ekt T4
feRAn cache miss ), I CPU ARG MIR AR A7 FH BT 75 i,

AR, “GfFARaD” @Y, CPU BSEBIRHBCRMES, Brrtsbthalisr, AT CPU MR IR
EEURIIELBIRR R TR 17 a3 cache hit rate), X MEFRIEH F KM REFIE,

N T RATREIRSEmAIRR, A7 2 RE A N EE AL

©OBRAHT: RAFANZRAN TS INEEEE, TERE T NN, TR TR, 71T
& e A K

© TRILE: ACFRER = A PN EARE T A (BN iia, &P K BRERTT R SE) ,  FARIER 2 R
R EARIEE R A <, MR,

- MR RN EAERIE, B2 ERNEREE TR I ST, Eit, ARG
faly, WREHEMNLAEEE, DaEmmahR,

- I RERYE:: AR EARYIR], AN EEARARIRERIR AT REFHR A, Zofe X — B, @i
TR IV A s R PR s R

Khr b, BERMBERN R R AR, TZARBAE IR L5,
- AHEE: BERTRMEHITTR S ERE S, SBEFTRANAREERE D,
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© BT BEREBUR D BUENG AL, TRGFR TR B, EIANEE TR LB 5 .
- PHHLH: BEH BRI BRI CE R “RIHIIE”,  BIRSTE A A BRI 2 £,
- BRJRERTE: BEHBAAEE R RINE SR, R AR R B ) R A AT RE BI85 ]

BARTE, BHBAAERNEAG PR, FCEEReEges BaE M T, XESERREIAREN, &
TEEH SR B A A A B A2 UG,

TEIEREAE, MEFICRIFAEWERAENTA N O MMETBER, BRI A BuRSs A, AR
PEERTRSRORIRE, Bilan, BEHMBERARATDASCEL “A” BdRgity (F—EXW4N4g), HellEm TAR
Yisto

- AEMETREIN, AT TR R TR SRR, ROV EAR AL 15 & AR ERCRMIREAL YT R A RE
71, A CUR TR E RN e —E RIS R,

CARBHRRARR R, SSHRE, MBI NERME T, IR TR SRR E N GIE, HERAET
RRBEUR B AET NFRIRREIR >, I Hit e 78y & £ RBINTH.

4,5 Ih&

1. EQER

- BEHMBER R AR A RIBAREER, o BI AREBERAE T BN PR A7 753K 382 A7 B
IR, PRI R S AR,

- BEHSRREALTIEL, S HNERD; EREARMBRITRSERR, BAGHEKEARRZE,

- EERIEE ENG A (B SIS AAE A S IER, HATDARIEEERKE; YRR, &
RN, 5B AR, IIPRER, AR,

- HIREMSHHEMERKTTRARFRS, EEE TSI, ERE TEAHRS, RNFTLAR
AR,

- HIRAHBURIESE & T BRI, (HATRESEE 2 A RTR PR

- FEFIBIT, BdE T EAAMEENET, B R ECE SIS RRCR, MEERNENEE A _ EE R
o

© RIFIEERAFAT. P DAK 2 [ & B AN (R R R MRS B AL, o CPU SR BE PO VI,
BERTHEF R TRCR,

- HTEABAERNEFMPR, FIWEEE EBERE & EREEEIRSN, NMARYE BATR R
A HIE SR,

2. Q&A

Q: HHAFMETERR EANTERETEE |, X I RISCR AN 22 [AIRCR 2 A A 0 ?
OB EAR EANHE ERVBEHE A RSN S RN, BURIRIERCREAR —B AT, MRS BRI
R, MBI .

1. ECHIRETRGSR g — BN NAE, B gwias B Bhoel; MHEANEMER R, AT DATEARS )

DU, BRI, Kk, H EREARRR R E Ak BRI,
2. KUNRRA: BPFARN D, HERTAR/ N2 IR T RTAAE . DRI HE S AIE & 17 iR PR



B4E BHSHER hello-algo.com 88

3. RIEM: & EREAN K NEEEmRIFENE, mi LR KRN DRI TR BhSHE,
Q: N ABEHESREFZEAIRITER, MR AL A S RS AE?
PERAH AR, WRZENEL S (8E) ER, S0 AR DUEEAFIREIBEE, 140 int. double,
string, object %%,
FEXHE,  BRAH T RN A AU ARSI, IXFEA R T WS B R RBO N B2 B, Flan, FEHFRRE
& int 1 long PIAPEARY BAANGTESHIGH 4 779 M1 8 &1, HWNMARHAUTARTERBEET, BN
BAPRE THM TEKE,

# TERAFMIE = BARFBLE (BxREREL) + TRZKE * TRERSI

Q: MBR ARG, BETHZAE P.next 54 None NE?
MEK P.next AT LA, MIXBERRIMER, ML RIEHZIETHRCEAZET P T, XEKRETHP OE
MEERHMBR T, BRI AL P AR B AR AN S BER T A N
MBI EIWN I ER, NT Java, Python. Go #HHA B bk BIALHIRIE SR, 75 P 2 S HEIE
RTRBEMEEERERNSIH, TAZ P.next HE, 76 CH C++ FIESH, FAIFEFIIRERT HNF,
Q: TEBERFPIEAFMBRERIENIN A E 2 E R O(1) . HEMMZAEFZE O(n) WK RESRICE, 8T
LI RIEFREAR O(n) WE?
MR REESOTE, EMERTE, NESZREMRSTE O(n) . A, B3R O(1) B 28 nT PATE H AR
A EB2IREE, Flan, WAaBATIE S EARERSE, A4 — MeH B RBEZIERELT R BT A, B
A SRR O(1) .
Q: “BEFRE NS B, RIS EEE AR G N RS ? R RUES S
We.?
ZREEAREWHRR, ERFTEERER MRG0T,

- NFIZERAI Y A G AR R ANEIRY, B4 int. long. double FISEMIA 54,

- R E G RPN R R IMBHE R A AR E R G SR BRI T E, KRZ2 0 8 F el 4 771,
Q: TEFIFRKBEIRMITRERANNZIZIE S O(1) ?
MRFTITC RN EHYIREKE, WTRELY BYIRBRM, RASHIE—INIANE, HIEEYIRNTE T
=zt %, XEHENRERERSZE O(n) .
Q: “FIRMYHEIAIMEE S T EEHW LAY, HATRESEE T NEZEIRSR”, X RS AR EfERIMY
M ENAE, KE, ¥ S8 S RNFEE?
XEPEEREFEEWN IS Y —JH, JIRBSBE—IMEKE, I —ERERRXLZ; 55—
JiE, ATRIRET R, R -RSTEU—IDFRE, b x1.5 . XAk, hatBiRZ =0, 1@
HARETE 2 A 1,
Q: 7£ Python H#l4aft.n = [1, 2, 3]1/5, X 3NICHRABILZMEERN, HEWHAn = [2, 1, 3] KM
EMENITREN id HARESR, M sl o PRHEE, XETTRIAMIEARNES, A2 n E2EEHE?

BanIEFRTTEBAEER T A n = [n1, n2, n3, n4, n5], EHEEHTIX 5 DN RN RS EAEGEENF
#BAb, R, EE—DMHIREKG], BAUHARTAE O(1) I PARECT RNT7EIbE, AT 7 IR EIRS B9
XIRE B AR T RIS, TR R S
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5WZIBE AN, Python HIEF MBI ANG, FIRPEHENANZEFERS, MENEFN5]H,
I, BAISEZIMNEAFIHEIRFRER — id, 3 HXER TN TCAUESE,
Q: C++STL HHM std: : list EALLI T WAEER, (HIHG LB EB EANELBEREHE, BAZEN
B JRRENE?
— 5, BAVFEESRERSEEEIE L, MRELENAFEHER, EFEEWDNER,
- ZBEFE: HTFESNICEFENNIIMNYREE (—MHTRT—DEE, —MHTE—1TR), A
std::list BH L std: :vector B 5= A,
© BIFEAKE: BT R R RIESAE, K std: : List M BAERIFHRBK, —IET R, std: :vector
HIMERES 4T
H—JHE, SEEARERAE R EEE S XWHE, A FF 2 HmAEE S P21 stack F1 queue
mAERESR,
Q: WIHILYIFR res = [0] * self.size() #1E, =FE res BT S| FAHIE FIHIHEND?
Ae, HBEHHSHIX R, Flaea — 4653 res = [[0] * self.size()], WZXRSIH T H—1
FIZ [0] o
Q: FEMIERY mir, FEWFiZ Y RS G s 2 RAYs | HfEmn?
MRS S ED (8D MAEE, MR EXRER, RERIEREFIZEE IEFIET. MREZER A
EE, WiAEmZe, BHEEMEW, WRAWF, BEEMERT s E IR, A TSFEmE4ET S
FINAE B,



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_test.go ===

[* Mgatte */
/] 7E Go H, #EFHRF Slice HFHELFRMEER

var stack []int

[* TTEN */

stack = append(stack, 1)
stack = append(stack, 3)
stack = append(stack, 2)
stack = append(stack, 5)
stack = append(stack, 4)

[* IRRRITTER */
peek := stack[len(stack)-1]

[* TR ¥/

pop := stack[len(stack)-1]
stack = stack[:len(stack)-1]

[* FRERBIKE */

size := len(stack)

/* FIBTRE AT */
isEmpty := len(stack) ==

5.1.2 RBYEMm

NT RN T BARRIZITALR], BATPRZAE LB — M,

FIBAETE G AR, AT REEATASINSBR TR, 8T,  BCEHANBER AR AT AE(E R A B
MERTCER, REHal DARR —Rh3Z BRI B s %, #ef0ilis, FRATATLL “Bril” B s aRkait o ok

BefE, BEHXINRBIAEEAT SHARE,

1. BFH#RNIH

(P BER SRR, FRATAT DLRF R A ST A ART, BB A AR

A 5-2 R, X AMaRIE, BATATRTREABERLES, XM S TTERRR N Sk, maT

HRRERIE, HFRESLT RONBER AR HBRET AT
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push(4)
B
A l ] i HER S°>
a EREMESE ° a EREIRER
FHhRMAE a FHIVRMAEE
° ]
!!J RS QD a8
HE
| Step 1 \ Step 2 |
ﬁi) BRRSA TSR
P @?
o
g EESMESE @
a FHrRMAER o
!!J L)
| Step 3

5-2 FETHERSIHIARM AR AR

PAN R 2 T HER SERA AR B QA

// === File: linkedlist_stack.go ===

[* BETHRITIME */

type linkedListStack struct {
/] FERARER list KL
data *list.List

[* WaktE */
func newLinkedListStack() *1linkedListStack {
return &linkedListStack{
data: list.New(),

/¥ Ntk */
func (s *linkedListStack) push(value int) {
s.data.PushBack(value)

[* Wik */
func (s *1linkedListStack) pop() any {
if s.isEmpty() {
return nil

®
o

RBHE <@

BER 4
ARINEFERLED
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}

e := s.data.Back()
s.data.Remove(e)

return e.Value

/* BRIRINTTE */
func (s *linkedListStack) peek() any {

if s.isEmpty() {
return nil

}

e := s.data.Back()

return e.Value

}

[* REVERRIKE */
func (s *linkedListStack) size() int {

return s.data.Len()

[* FIERR A

%+

func (s *1linkedListStack) isEmpty() bool {

return s.data.Len() ==

}

/* 3REX List FBFITED */
func (s *linkedListStack) toList() *list.List {

return s.data

2. BFHAmTH

[ FTARL BRI, Bl TR LUK e MR T, A01FE] 5-3 R, AR 5 R 43 B R B FE
TITER SRR, RRE RSN O(1) .

Step 1 \

x|

=]

-1

[ s

EEEI2%RA
IR

push(4)

r EARRE(

BriH
a RELIE%RE
IR

[-[-[-]-[]

Step 2

BRR &
rrx [) sn=saes
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Hi%
pop()
ISR R TTE
g EEERENA R g
a FHIhRMAEE a
!!J HRE !!

‘ Step 3

5-3 AT HEHLBURA AR MR E

BT AR TTER AT RE S TRTF AN N, R ERATT AT DAGE R ShASEE, IXFERE I/t B 17 A BRE ALY 2 TR)
PATR AR BAHs -

// === File: array_stack.go ===

[* BETFHATIMAE */

type arrayStack struct {
data [Jint // 3B

}

[* WaktE */
func newArrayStack() *arrayStack {
return &arrayStack{
/] RERNKER 0, BEAN 16
data: make([]int, 0, 16),

[* BREKE */
func (s *arrayStack) size() int {
return len(s.data)

}

[* BRRERT */
func (s *arrayStack) isEmpty() bool {

return s.size() == 0

[* Nt %/

func (s *arrayStack) push(v int) {
/] YR=88 &
s.data = append(s.data, v)

}

[* Wik */
func (s *arrayStack) pop() any {
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val := s.peek()
s.data = s.data[:len(s.data)-1]
return val

}

[* FRENHRIITER */
func (s *arrayStack) peek() any {
if s.isEmpty() {

return nil

}
val := s.data[len(s.data)-1]
return val

}

/* FREX Slice ATFITEN */
func (s *arrayStack) toSlice() []int {
return s.data

}

5.1.3 FRFhSCINFTEL

SCRHRIE

PRPSC AR SR T AR RS TR R, B SCBIRIN SR BENLI I, (EXXERH 7ARE ek, Kt —%
AEHE,

TITpves

FERTHEHRSCILA, ABR AR BRI EEE R D BCAFRESE N T, BARIFIERG AR, RIH%
. KM, WRANEHBHA R, LY AV, SBORRAIRENNRIEREZH O(n) .

TERETHERMISEII R, BERMY BAERIE, AEE LIRS ANRCRE RN, B2, AMHREHRE
AT N GOH B TEEr, BRI EUR, AN, WRABTTREARSME T RNR, AR ALY
WP IR, IR RRR,

LR LA, RS HEARIERTR R EARIEEAUN, HIA0 int B double , FRATTRTDATSH DA RESIE,

T RSB AR SR, ER T AR R, R PI8eRE R,
- BT RERRSCEIRIRR] DR S AR E HURCR R

Sl

FERIEHIIRE, RAXINIIRDI “DIEHRR", ZARARBBEHSLIRTR; HH, I aylHiE s 2R
SERR (BN 2 %) TP AN, VAENARDATREE SRR R, Fit, ETHEIBRRnT eSS —
S S TR TR B .

RN, HTRERTT TR EHOME e e, DBLRERAT LS A2 M BER.
gi b, FATIARERT S sthiffE WERP SLBLBE AT & NAE, T e B TROUEAT 24T
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5.1.4 REHREWE

- PINESPPRSIR SAE, PR S AR, SETANFTITHRIM DT, MY asma E— R
TIAER, IXFEBATR AT DO 5 R R E A2 E— 0T, JRIRHERIESEPR BB AT R, AR ZE RN
FHRIRFIRATHE, AR ZE N MORAL S L,

- BPPAER, SRV RN, REMSERRTNIN— ML, FTICRE S0 T UER. £iE
PR, A IR Be S AR T ARRERSE, T LRI B S AR T AR R

5.2 BA%I

BASI queue ) & —MUEIE e AJe RISt BdRaiie, B8 S, BRI T HEAIRR,,  BIHTRA A AT
IMANAFIRERE, AT BASISLHERH ANB A BT

G 5-4 FiR, BATRBAIISLERFRCOD “BAE”, EEFRN A", RAETTRIMABNRBRERIERR Y “ABL”, M
BREAE TCRAVERIENR N “HIBL”,

BA%Y HEA A
queue pop() pop()

PAE
[

o | /

AR /

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

B 5-4 BABIRISE ASE R

5.2.1 PASIERR#EE

PASIRS R WAREANER 5-2 FR. REERHZ, NRHMEESHTIESIRAEXEMAR, BAMERRMAS
SIS pARE S

% 5-2 BAIIRAERCR
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Jiikg ik

I R 2 2

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

o(1)
o)
o)

BATRT AEFE 0 FH 4m 2 TE = IR RAS 28 «
// === File: queue_test.go ===

[* #IRRATI */
/] 1 Go H, ¥ list fEAPTIRER

queue := list.New()

[* TTENBA */

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

[* IBEAE TR */

peek := queue.Front()

[* TLEWEBA */
pop := queue.Front()

queue.Remove(pop)

[* SREXPAFIRIKE */

size := queue.Len()

[* FIEBAFIREB AT */
isEmpty := queue.lLen() == 0

5.2.2 PAFISCIR

N TRIAS, BT Z— A dRairy, Al DIE—SiionR, HaES —mMERoR, MRS e =

Ko

1. BTFH#RNIH

i 5-5 Fow, BATAT UK BERRY S5 ” M R I “INET 0 CBART, RUE BRI
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// === File: linkedlist_gqueue.go ===

[* EETFHERIINAIPAT */

type linkedListQueue struct {
/] ERAES list RELIPAT
data *list.List

/* FIRIBATY */
func newLinkedListQueue() *linkedListQueue {
return &linkedListQueue{

data: list.New(),

/¥ NBA */
func (s *1linkedListQueue) push(value any) {
s.data.PushBack(value)

/* HBA */
func (s *linkedListQueue) pop() any {
if s.isEmpty() {
return nil

ABA
push(&)
8
<]
| Step 2
BIBRETR
wEs 9
EREREHER @
FHIVRIMABATI
- )
RYS

BHR &
ARINEERE

P 9
)

‘E?/\
RELRERR ?

PRI ABATI
°

RHR 6



B5E RS hello-algo.com 100

}
e := s.data.Front()
s.data.Remove(e)

return e.Value

}

/* HEIBAETTE */
func (s *linkedListQueue) peek() any {
if s.isEmpty() {

return nil

}
e := s.data.Front()

return e.Value

}

[* FRENBATIRIKE */
func (s *linkedListQueue) size() int {
return s.data.Len()

}

[* FIERBASIRE AT */
func (s *linkedListQueue) isEmpty() bool {
return s.data.Len() ==

}

/* FREX List FATFITEN =/
func (s *1linkedListQueue) toList() *list.List {

return s.data

2. BETFHAMKE
TEHEH P MBR E RN E RN O(n) , X2SEHIBIRERERER. A, AT LR LRI 275
TR GIX A [

TATAT DA — & front FaMAE TR RG, HAEF — DML E stze HTIEFAINKE, EX
rear = front + size, XNAIEL rear fEFNEBTRZGH F—MIE,

BT, BAh R ECRNARYX M [front, rear - 1], SFHRIERISEINTIENE 5-6 FiiR,

ANBAERAE: K NTCRIRMEZS rear RTIAL, I size 18I0 1,
HiBAIRAE: TR front 800 1, FHF size B 1o

FIDAERI, ABAFAHBARAEE AR T — X8R 0E, IWREZRERSN O(1) .






