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2 hello-algo DO Do
EXPLORER & my heap.py X D~ D © ® O -
~ HELLO-ALGO codes > python > chapter_heap > @ my_heap.py » ...
> B gt """Driver Code"""
> I¥ .github if __name__ = "__main__":
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> B chapter_computational_complexity  ~/Dow/hello-algo main » || Py base 18:18:47
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> chapter_graph
> chapter_greedy
> chapter_hashing
~ chapter_heap
>
< heap.py
2 my_heap.py
& top_k.py
> chapter_searching
(R > chapter_sorting
R > I chapter_stack_and_queue
> OUTLINE
> TIMELINE
¥ Pmaina Iy LOtests @OAO WO GitGraph Ln118,Col 29 Spaces:4 UTF-8 LF {j Python 3.10.13 (‘base:conda) & (@ Prettier [1
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Code Issues 11

Pull requests 10

chapter_tree

WH, MNRTR 3 krahets
queue: deque[TreeNode] = deque()
queue.append(root)
# Mak—1 IR, BTHREEAFT
res = []
while queue:

node: TreeNode = queue.popleft() # PAFILEL

res.append(node.val) # R{FHAM array_binary_tree.py

if node.left is not None:
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if node.right is not None:
queue.append(node.right) # HFTHN
return res
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auE 0-8 FivR, ABNEEZ M “MB—", SERIRERPSHEITH B MM B =13,

MrE— ez — FrEg=

STRLERIND HRF BN ERNINER

RETE
BENTB RISERR RREES
HizEH

At EIR i

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

& 0-8 HIRFESIHL

0.3 /&t

1. EREH

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

AR IR .

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

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

- ABMIURATE D ETTENIRAPHEX, WD 2 = RAEERS W,


https://github.com/krahets/LeetCode-Book
https://github.com/krahets/LeetCode-Book
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Abstract
—N/ DR SE, SEIERIAE—E, 12 LI ERETENREE,
GEaE IRILEE, IERIBMEIER, BATTIHEE SRR EE A,
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1.1 BETRAFRE

SEAWTE] “FIER XA, RERMSEEE RMEhR b, FEREEFAYNEREE, MEES
AR AR, IX BRI H R A0S AR Ab rT WL,

EERRITRIRZ A, A MEBNEIER D= RESEPIRE P AR TIPS RIE, IR En
MEIHFEAER D Y. PEBAR2E LD BRI RIELIX — R,

Bil—: A, R, SAONFEN N DS, MRS T RIFHAR, BIRERNTREE
T MPEE TN r 7, JEERIERE 1-1 FroRey 7 s,

L BT —Fryoisy, EFZNE TR, WEETFR N m.
2. I ESEFRERF r LT m 25, PDHERR T BATEE 7y, EBTEE S NEER T,
3. RWrEEHER 1. P 2., EERIPHEEFEN r TS 1k,

FRERHEFIROAFHT

BEFRER: RIEE—HEEEEN » HF TR

EFASE:
1. EFFRAE—¥0EL, RAEFEE n
2. BF r 1 m [E8, FHBEESES

Step 1
—H DBk
EFHRSE:
1. EIFFFSRIREOMN IR, KREFER t
2. BF r # t §8, EHREFESS
Step 3

Step 5

PO NAAERERGEE, S R E AN &K Bk, WEBIRSHEIME, BT LSS

Step 2
—¥ sk

EFASE:
1. BAFRERBON—H0BL, ERNEFEE p
2. B8F r # p G0, EHREFES

Step 4

;
—H TR

EFRSR:
1. BAFRERBON—F00EL, ZREFEE ¢
2. ERIIEFEH r BF, TRES

K11 BEFHPE

JA

N—DEHPH A", NEIERAE, BOTATLR LIRS I —RYRIFEE “ &R
Bl ReBb v, BAHESTIN, SRATEEHETHIIN M, EEMNNEHS, SRR NE 1-2 Fr

7TNo
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L Rhsahlorh “HE” M OTERT MG, FHEIREIRE MR 1 KM B2 7.
2. P — Ik, AEHFEORIEAAE, SERERE 2 KNSR,
3. AWITEAS IR 2., B4R KIS H B A Gy, BEETAINEEA .

FHF FHF FHF
A Ta [ o N & N A nn
2 A 5/ T . 2 A 5/ T / 2/A/5 5
) [ » 5 _
\| // ’o N / .Iv N
WL X L3 5 S s
g 3 4
FHIF FHF
= s ~ 5 2 5
it YiC 5 2 A \5 2/ A A
7 e \ D '\
Wt» A % v
5 5 2 5
< 5 5 2 5_ A A

1-2 vt PR

RPN R TTIEA B B AT B, e NBUREN IR SR, PR mRIE S I

JE B AR TR AHE I S 5

BI=: BEmik%F, BIRBNHEETIEL T 69 JThvrsh, 4 TR 100 o, WIWBREFRZHRHAT 31 T, il

KAREARHSE AN E 1-3 R &%,

ANENUEEE 31 s EE/NYETH, 5 17T, 57t 10 7T, 20 7T,

MATETR R ORI 20 78, FA 31 — 20 = 11 76
MFIRANET R R AR 10 7T, ®R 11— 10 = 175,
MEIZRANETIPEERR 17T, FR1—1 =07t
FHRERE, 7TEN204+10+1 = 3175

AR
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S 31 = 11 - 1 = ()

HEET -20 -10 -1

TWENTY

hY
TWENTY ||

1-3 BEmikFIE
UL BT, Bl — DRI RTE R AE R (RATRERIRI#RIEE M), WS 7 alfTHRE )T
R, NBUREHSRIENMES, XMTEAR R 500" Bik

NETRIE—IER, REVERHUT, JUPArERERRREEAITRE, HER ISR ET i
KRG REE NS, RINGRS A CPU Al GPU HUTEE, IXFE—K, Tl Ik REFEAE i At A)
R EAL L, DU 7y sURRE AR 2% ),

Tip
RN BAEEEM, BIE. BN ERER SRR — MM, BERSAT THEE, ARS8
PN 6 ARSI RESINSI AV a8

1.2 BiEREHta
1.2.1 HiZEENX

8% (algorithm) ZAEA RN AR E MR — 4IRS BRI B, B RA IR,

- IEURRARARY, B TSR R AR e o
- BARTY, REMAEAIRDER. WRMAEZER N ENK,
- BLBEETERS X, EARRMARIZTRET, fMbaaZdE,

1.2.2 HHRGEMEX

R4 (data structure) ZALNIF LRI X, WEBURNE. Bl FXAMGIRRIETE, €&
AL B R,
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- ZEEGEHRED, AR,
- BAEBRERATREDUE, MMSEEAREVIR. A0 PR, EHTE.
- RERTERBIRRORNZEER, DERRSR0sT.

BURSHBEH R — e e, SRR ERD TSR, EEWEAS T HEH 2, T2
MT

- EERMECT A, ERARISINFIMERERCE L ENERE, (HE T ER I AR,
- EIMETEER, RUTERENZEGER, ERESHERNAEERE,

1.2.3 HEEMERZENXF

nE 1-4 forR, BURGEHSEERREMR, BEAE, BAERIEL T =177,

- BARESHRERNE G, BARAH OV EIRRM 7B SR, DAUARIEERIRRT T I,
- RIEONBIREEANE @, BURGAR S OUAERREE, SRR GEM O E A,
- RIRER AT DET ARSI, EHRITRERTREAZERK, SIS BIEL 2 K,

BE—RIUREES

MmN
BN ‘ B il
. —— .
input algorithm output
¢t )

data structure

RS iEEE
SSPOIVI:NES ¢ s

B 1-4 BURSHSRIERRR

BARA SEIEMNE 1-5 ForiIPEfiIR, —ERAR, RTESTEFHEZIN, A TRAA RIS,
BATHEIRBI B — DD AE, BERELAIRE ARG SR MBI,
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B 1-5 PrERIK

PRI BRI B DR FR AR 1-1 Fm,

® 11 RBIREHE S RIZEE N PRERIR

RS EE  PRERIR

W ABE RPFEERIFIAR

Hmaitg BARHAGIEK, WIEPIR. R ERTT5F
27 FERIARPER EARE S — RERA D IR
R IR

EREARE, BURSHSRIERMTREESN, ERWL, A5 DAIRHET 2 MgEIE S 1L,

LIEAR R TR
FESLPRITIER, BATER K “BURGHSEIE" fMVoy “BIK" HUARFTERIE LeetCode ik
H, skbr kRN EHERAEHHIRE M T THAIRTR,

1.3 &g

1. EE[Ep

- RIREARESRIAEAE, HAZBAA] KEESEAN, Lhr b, BMNELENAREHERTIFS
B, DARORA TS A R/ N
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© BETHEEHS S EREEME R, oERERARI T amia M EERTREE,

- BRI RE SHEAHPRERAER KO mAHFEIRE S H IR,

- RMRENPEAR EZIVORE, B PERICY ATE R4 HIERE,

- RIREAEA BRI A AR R E (R — A5 L BRI D B, MRS T REAL A i EdER
Ti o

- BARSHSEIRREE, BURSHREIRNEA, MRRNEBIREAEAL @,

- BATAT DOR EARES A 5 FIER O BRERRUR, BIRIGEREDE, ORI IRANERE 77 S AREIRSE,
DRERRARI D BRI R BT

2. Q&A

Q: fEN—%BEFHR, RERT LEFMRHERMOGI RIS, HASRSEmEESERG 7, ERM6N
AIRLTY; RS RERE RN TR R RIS A 2R TR LR IAR R ?

GRS AR TAERRELLEREINN “HE50" B9IE, ARAEREREMIZEBZE "7,

BIUEEE (DAHAMERMEE) MWEYARETELERPNELIE, maEE TR, EfRn
R RERS 1R T L S L AT, MR TAERVEAIR &, 28— R, SMmEIEsSaNE THF
PRI

- RPN AL BIRGE SRR, s s, BT REATELIX M RAERM T, 18170
. PEREARES, B LERIFRAMT AR,

- ARG B, BATSAIE N EH T RN A E AR O(nlogn) 5 MRS E SR EE
REREE (BIA2E5), ABATAIRE R DURHRCRE SN S8y ki, KNS RERN O(nk)
Hp kil SEARAERAN, & HRIIBTN SREQNERANME (RARER, IR,

fE TR, KERBUEMEUSEIRMMER, V2 RERUEW “E02" Mg T, RISRXES R —T7
TE R T (R RUAS By BRI, 59— 75 T AR T RN R R A AR RDR . ABURTRRGSE %, &daiiz, oA
AL TR, TR REARE A R A BB (U
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Abstract
B3R L aniE s B A B P R S A S,
TR IBAER F S5 EIXHNEE_ EIRARR, FREMRENERTTZE,
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2.1 HiEHEE

FERIREA, BACEIER AR AN Z R HAr.

L IRBNINERTL: FIATEAERUE A5 A\ TE RN Al S8 fthoRAS AR I
2. FREAML: F—DRIERREF SR, R EER AT RE IR A,

R, fEREMARRIEIRIATIE T, BIEBCRENNEERRMS N TEFNE, BRI
1:38

- INRIEeR: BRI TN RIFKE,
- ZBRBeR: BIESANEEREEIRN,

sz, JOMERRBRT “BRXE” WBIREHH S HEIE. MARUIHEEIENEREREE, KAREA
IXEE, BAARERSMEIRIA T L, MEmiE S BRI S MR,
RERVFAETTIREZE D WA SEERNA, BRI R,

2.1.1 SEBRMS

IR TIEG S0 A RIS B, THSAERRIRA — IR, FUAEF TR X PN SERCR . EL0 772K
B AL, BTERAEE, IR SRS TR S NI, SRR S AET R
S, A LR R,

— 771, MESUHERRIIASSEN TR, RECERE P SRR, Lol — NSRRI (TR Rers, 0
LERBEEAELH CPU LEtT, —MERONERIERE, AT ERIERNE ENRIIRS B,
BRI, BEETERAHLES MG R AT AR — B, XA B TR S LI XTI, it
TPYE, THERIL,

577, IR VI, B AR R, SRR FRNNCE. B, EHA
SRR, SEME A E(TIIECSIN: B I, TOAES ASURREAN, MIRasRATAER AR, Wik,
TEEERIRANEE, TROTREN &ML AR, THXHE BRSO R S,

2.1.2 IBigEE

BTSRRI B AR I RRR I, FATRT DS e G — Lo BRI BIE IR . IR 5575 20
IEEZE S (asymptotic complexity analysis), HREZE D1,
BT RS AR B IR IS A T A e AN TR RN 23 (R B3 R 5 i A BRI 2 R SC R EHIR T DA Fi AN B A
B3, BIEPET TR A RIS, XN E AR O, BT DA HE D =N E ORI

- CIHRAISEEIR B N BE S ZREE (time complexity) FIZEEZE (space complexity).

- “BEERABIEMERIIG AN RS 5 AT R T BIRIBITRCR S A BER RIS Z RIS A,

- IR EIE KR FORE SRE T OSER RIS TIN B G S AR ERE, R N Rl E AR

MR “PUg”,

AP Bve i 7 SRR IS TR, AEAE LR LTS,
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- BEHFERISITAME, EngaTite,

C RS TINAINSE, rEERIEH TR T A,

- R DMAIEARIEGE & TRFIERCR, STHEEAREEE T IREIERE.

Tip

GRRORTIS R AR EIR K, AHELD, B STEREE TN 4,
EIRE I BN R T —HE P SIRRCRT “PRR”,  EFRATTAT DA 8 p0A T 5 SR A =R A I e 2 1] 8%
1B, MHAREIRZ FRRER,

SRERMCAMS, X TRFE RS, FIMEA RS, WX PNAEE, EREDHATEERK
EAETENESENMAINE. R, HENTNEIE N MR s RRRR RN, XE DL 2 A HIS T A
22 [AE B O

LR AT, EEUUREIRA S SIBARGE S RIEZ R, JOMEREHrENLPG I 78, PARERENSSE R i
TR 5

2.2 ER5E=E)T

FERZES, BEEPTEMESRRE LN, ©5EREIEEM, Blit, fEM4A RS AR RS 2%
JEZ AT, WAVER T RN AERE P EEIITES, RIMMEARRF RGN #H,

2.2.1 &

&R (iteration) B —MEEHRITRMEFSHIIZHIGH, A, BESEMLE —ErRA TEEHRITREE
8, BERIXDERFEAER L,

1. for fEIF

for MEINERHE WINERIEAZ —, BEFEBUEHIEIZICREINfEH]

PUNBEREZET for TEAASEIL TRFN 1 + 2 + - +n, RMGERMEHLEE res idxk, TFEEREMNZE, Python
H1range(a, b) XRAXENE “ZAETF 1, MNYAELEEN a,a+1,...,0—1:

// == File: iteration.go =

/* for fEIF */
func forLoop(n int) int {

res := 0

/] &Kk 1, 2, ..., n-1, n

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

}

return res

B 2-1 212K R AE A
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LI Wit

B 2-1 SRAIR R FAEAE (=

ESRATER B RO S A BER R/ n RIERE, SREBIR “RIERRT, SEhr L, IRIEZERERN R
RA “RIERRT, HRNBRRE N TN 4.

2. while f&F

5 for TEIEML, while fEFA R —HSCBEAT A, £ while 163N, P EIAIURERMF, MR
FHNE, MRSHAT, SNRREE RGN,

FHEFATH while JEIARELHRFM 1 +2 4+ - 4+ n
// == File: iteration.go =

/* while {&IFf %/
func whileLoop(n int) int {
res := 0
/] R EHETE
i:=1
// ¥R 1, 2, ..., n-1, n
for i <= n {
res += i
/] BHEHTE
i++
}

return res

while JE¥ALE for RPN EHIEE R, 1€ while fEFAH, FRATAIDAE B TS50 B ARIAMANE 5

BIanfE AR, SRR o AT, IXAPIE DU AT For EFASCER:
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// = File: iteration.go =

/*x while f&¥If (FXEH) */
func whileLoopII(n int) int {

res := 0
/] VEhEHTE
i:=1

// EFRF 1, 4, 10, ...
for i <= n {

res += i
/] BHEHTE
i++
i%=2
¥
return res

SR, For PEPRARES NS, while DEPREMARIG, PIEHLA] DASKBENEEH, 6 M — 5
TR 2 AN R SRR IRAE

3. IREMRF

BATAT AE—DERLEANHRE 5 — DEREEA, N PA for MEI A :
// == File: iteration.go =

/* WE for &L =/
func nestedForLoop(n int) string {
res := ""
// &% i=1, 2, ..., n-1, n
for i := 1; i <= n; i++ {
for j := 1; j <= n; j++ {
// %% j =1, 2, ..., n-1, n
res += fmt.Sprintf("(%d, %d), ", i, 3j)
Ir
¥

return res

& 2-2 Bz EMmARREEE,
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@
I

PITEEF

C i
2]
H

IMIEER

.

B 2-2 HREEA TR

EXFEILR, REBINIRIERIR S n® BUEL, B0E BEIRIS TR MR AL RN n B PR,

BATAT AARSLARINERE G, B —KIREEZE R “THE", RN EERERSE L7 RR" “TWRTT
KR, DA,

2.2.2 #3

Y3 (recursion) JE2—MREIARES, JEEREBORM B SRMRMAE, C©EZESMNNEL

L& BPAMERAMENE S, EREANENERLASE, HEAE “KEFA
2. 1 ik “KIEERMET G, BEMARRZEFBHAREOHAZRIRE, TRE—ZHER,

MMSEIEI R, B EEUE = ER,

L. 2ab5fF: AITREM 2RRE %" % “137,
2. AP X BT, MEBUAM B S, EEEMAENSEEISE,
3. BEISER: XM 7, KRS RIS IR AR R,

WEZELAFARAS, BATREVEHES recur(n) , BEATRAZEAR 1 + 2 + --- + n LTS
// == File: recursion.go =

[* B3 %/

func recur(n int) int {
/] EIEEHF
ifn=1{

return 1

+
/] & &)AER
res := recur(n - 1)
// V3 REER

return n + res
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Kl 2-3 R TR E R A0 A

AT “&” Bt “93°
recur(n) return n + ((n-1) +..+2+1)
| S/ ‘
recur(n-1) return (n-1) + ((n=2)+..+2+1)
| ,/‘
recur(4) return 4 + (3+2+1)‘
} -
recur(3) return 3 + (2+1)
} A
recur(2) e return 2 + (1)
} AR —
recur(1) return 1

B 2-3 SRANER AR

HRAMHEMESR, ENERA DS EMEFLER, HEMUUER 7 PRS2 E KRR O R 8
E2v8
- R TETRWE” MR, MWEREREEPBOTR, RGN MRS SR ISR, BEEESS M.
C OB CH RN HRERIAIEL, R A A SE /N D, X R A R R R M R T
PN RKE - IREAR S o o B/ N A, EEIEEARIR LT I (AR ERIAD) .

Do ERSRAIEHONE], @ f(n) =142+ +n.

- OIBR TETERR R FIEAR, M 1R n, BERHITRARIE, BIRTRE f(n) .
- 3B KRS RN IR f(n) = n+ f(n—1), R GEIAH) 2T, BEEEAEN f(1) =
&k,

1. AR
WIAREE AR B &N, REESNFOTRNEREOENT, DFEEREZ R, &bk =G R,
RSB0 77 H IEE R

BRI BT SCBURER A R ERR D R R I, EEREBOREEA SR, R, #IH
M LR ANFES 1A 22 ],
- BBV R R SRR MO DR IR B LRGP I TR0 S

G 2-4 R, FEMRZLRIESRAERT, FIRAEE n DARREEDEITEE, EBITREHN n .
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AT “@ Bt 93

recur(n)

}

recur(n-1)

!
|

BERE recur(4)
! }
recur(3)

!

recur(2)

fib %283
} ™
recur(1)

B 2-4 JEIAEHIRE

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

2. E#)3

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

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

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

PIHE 1 + 2 4 -+ n A, FATATPLREE R & res KBS EL, MRS :
// == File: recursion.go =

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

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

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

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

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

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

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

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

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

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

2-5 REiEIdE

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

3. &3

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

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

RILPIACEINE n MEFHN f(n), BEWILEL.

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

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

// == File: recursion.go =

[* EREAREREG: BT +/
func fib(n int) int {
[/ BIEEH £(1) =0, f(2) =1
ifn=1 1|l n=2{
return n - 1
+
// #VFAAE f(n) = f(n-1) + f(n-2)
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res := fib(n-1) + fib(n-2)
// REER f(n)
return res

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

f(n)

f(n-2)

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

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

B 2-6  FLRRSEGN I

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

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

® 2-1 EREGEIAR AT B

IER =9
KB TEEAAER BRI E &
X

MR @R, JCREOE I RO S 27 A T4
%
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IER pceE|
WIEE A [ R/ N 17 S ] SRR ES F AT REE AR B A A2 [F]
A
EHEA EMTREEIEMES, B, ATt ERTFRE R, Wi B iE. FSE, AT,
i 4F L]

Tip

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

L & SRBROAAN, KRR A" EOVZREOT RN, T EERRE R R, S8

IR [ R
2. W HEBGERRAITIREIRE, XM AR BN TR _ERER, REZ ATRR R AT IR,

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

\

// == File: recursion.go =

[* {EREIRIEIT +/
func forLoopRecur(n int) int {
/] ER—EXRRIRINAR S AR
stack := list.New()
res := 0
// & &)3EA
for i :=n; i > 0; i-- {
/] BT NERIR(E AR 87
stack.PushBack (i)
}
// V3 REIER
for stack.Len() != 0 {
/] BT “HiRIRE I 937
res += stack.Back().Value. (int)
stack.Remove (stack.Back())
}

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

MEE DA BRI, LB AOENE, RIEREMER T, REEAAEIERZHEI T A UL,
HA—EERRXAM, A LM RRE,

- BAUR AR RTRE SEAIME DARRAR, RIRPEE 2,

© ONTRER IR, BHURSTE RARRIT N A] REER N,
Bz, EREUERETIROE T RE MR, EgmREsLikd, AHTMNE RIS R SNE &R 7T
REXREZE,
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2.3 BHEIERE

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

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

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

/] EEETEETR

func algorithm(n int) {

= 2 // 1 ns

a+1 // 1ns

ax2 // 10 ns

/ &% n &

for i :=0; 1i<n; i++ { // 1 ns
fmt.Println(a) // 5 ns

~ o0 0 o

}

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

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

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

2.3.1 FitBIEIEKESE

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

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

/] &% A HWNEISERE: EHM
func algorithm_A(n int) {
fmt.Println(0)
}
/] 8% B MNEIEZE: Z&4EM
func algorithm_B(n int) {
for i := 0; i < n; i++ {
fmt.Println(0)
}.
}
/] &% C HNEIERE: EHM
func algorithm_C(n int) {
for i := 0; i < 1000000; i++ {
fmt.Println(0)
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B 2-7 JeoR 1 DAL =D RIE R BRI T 2 2%,
©RIEARA L ATEERE, BIRSITNEAREE n R, BAFRLRERR AR AN “HE

|Z)/l\”0
- BIR B PHUITENRIETRZMEIA n X, BRIBTINHEREE n HREERIEN K, HBRIRRII )2 2% AR
N SRR

- BIA C RETEHREFR ZIEHA 1000000 (R, SBRTHEIRK, (HEeSMABEERN n k. Bt
AU R 2% A0 A AEIR], 0 “HEBR,

Bk C - EEM

1000000

Bk B — i

RAEB TR 10
5 /Mm
0

@ 1 2 3 4 5 6 7 8 9

BNEHEAR N
n

& 2-7 BIKA. B CHINAEKES

BT BRSO RIRANSI TR A, AR 2% R T A TIREE R E?

- IS AERES ARG RIERR, Hln, FIA B HIBITIN R BLMIg K, 7En > 1 INELETE A B8,
£ n > 1000000 fELSRTE C 818, Fsk b, REmMALBIER/ n BER, S2EN “BHH” EE
—EMT “EMERT AR, RKIERN R KBS X

- INRIEZERHERDTEERME, B, BT e IR S BRI TN RIFE KES T, B
BEAER AR 2R o, FRATTRT DAfRT B oK BT A TH AR AR PR TN TR R RIS TR, ATTRE
HRBEBITES [y “HERIERES, XA R T

- WREAE A ERRRTE. B, RERTE AT C RTREZEME, EFRsfTR EZHR
Ko FFE, REREBHNHEREL C &, EEMALSIERN n BN, BiEB R TREEC, Xt
TGN, BT FME DLOUE R B 2 AW R RRCR I & K. 2R, REFE LRRE, SXED
W ATy PR R PP IS IRRR B A R HL 75 1%

2.3.2 HIEHELR

EE—TAKRINA n BRI
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func algorithm(n int) {

a =1 // +1

a=a+1 /] +1

a=ax*?2 // +1

// &% n &

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

}

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

T(n)=3+2n

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

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

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

BBHIE |5
EAAEESE ¢ IS ng , EEMFHEN > ng, WET(n) <c- f(n), WK f(n) %
HT T(n) —MEHE LR, 128 T(n) = O(f(n)) .

N 2-8 i, AL B R TR f(n) , @5 n#aRT AN, T'(n) Ml f(n) & TAER
AU RIG, HZE—PMHEERY ¢

c-f(n)
T(n)
KA n,
@ 1 2 3 4 5 6 7 8 9 10 11 12 13 14

BWABIEARN n

Y n > n, B}, t2RE c-f(n) = T(n),
HEAIAA f(n) 2 T(n) BW—NIELR,
ik T(n) = 0(f(n))

B 2-8 PREHHL E5R
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2.3.3 #HFE

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

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

1. F—%:. KiHEFHE

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

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

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

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

B — R, BATTAT DA IR BT R G TR E R

func algorithm(n int) {
a:=1 // +0 (%I5 1)
a=a+n // +0 (&5 1)
// +n (15 2)
for i :=0; 1 <5 % n+ 1; i++ {
fmt.Println(0)

¥
// +n*n (15 3)
for i :=0; 1 <2 *n; i++ {
for j :=0; j<n+1; j++ {
fmt.Println(0)
¥
}

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

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

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

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

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

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

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

2.3.4 ERHER
W NBUER/ NN i, DU RIS 2R 288040 18] 2-9 AR (IR MRS @ 19 HES )

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

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

RHEH o(1)

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

BNEEA)

& 2-9 5 DRI [R5 2 e 287

1. B O(1)

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

// = File: time_complexity.go =

/* BE x/
func constant(n int) int {
count := 0
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size := 100000

for i := 0; i < size; i++ {
count++

}

return count

2. 4HH O(n)

ERMEMT IR EBCE AN TR AZAE RN n ARSI K, SelERiim & HINTE s 25 A
// == File: time_complexity.go =

[* LRIERRY «/

func linear(n int) int {

count := 0

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

}

return count

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

[* MR (BEEE) */
func arrayTraversal(nums []int) int {
count := 0
/] TERREEEAKERIELL
for range nums {
count++

}

return count

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

3. FH5H O(n?)

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

// == File: time_complexity.go =
/*x FEHM */
func quadratic(n int) int {

count := 0

/] ERREEEHIERN n HFHAXRR

for i := 0; 1 < n; i++ {
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for j := 0; j < n; j++ {
count++
}
}

return count

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

83 n R

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

(] RE—itmsmE

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

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

// == File: time_complexity.go =

/* FEM (BEHRE) */
func bubbleSort(nums []int) int {
count := 0 // it#ked
[/ SMER: RkHFEXER [0, il
for i := len(nums) - 1; i > 0; i-- {
/] REF: BREFEXE [0, 1] PRRATERREZXEN&REGH
for j := 0; j < i; j++ {
if nums[j] > nums[j+1] {
// i nums[j] 5 nums[j + 1]
tmp := nums[j]
nums[j] = nums[j+1]
nums[j+1] = tmp
count += 3 // TEXEEE 3 PNEITIRE

I
¥

return count
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4. $58H O(27)

AV AR BRI ALAIG . WIEIRASY 1 MR, IR 2, MRS
R A, DAHEHE, 733 n Rf5H 2" .

& 2-11 F1 DA RARESHL T4 24000 fE, SRR O(27) » EIHER, #iIA n RoRa34eE, REE
count R IZIIREN,

// == File: time_complexity.go =

/% IEEMY (FBIFSSEL) */
func exponential(n int) int {

count, base := 0, 1
/] HREER—ShAT, ¥ 1, 2, 4, 8, ..., 2°(n-1)
for i := 0; i < n; i++ {

for j := 0; j < base; j++ {

count++

}

base *x= 2
¥

// count =1+ 2+ 4+ 8+ .. +2"(n-1) = 2*n - 1
return count

h
e DE LS BEN
BE—2HRZ TREME
20
21
2 LN
2n-1
THEIRMERE (ENRIANNTRS AR
20 + 21 + 22 4+ .+ 271 = 201 =W o(2n)

B 2-11 feB I A 2 2

TESLBRE LS, 88 HEL @R &b, BlanfE AR, HIRIRt—0 8=, & n ROHEE
1k:

// == File: time_complexity.go =

[* ISEPY (BYISCEL) */
func expRecur(n int) int {
if n =1 {
return 1
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¥
return expRecur(n-1) + expRecur(n-1) + 1

}

FERM AR IE, 552805 (BER B FHEE L. X TEIRMBEERIIEE, s8R
RIREAZHY, JEH TR A S SR S DR IE T R MR,

5. 33#kB O(logn)

SHEER, X RBT “ERaEEE T BE. BEABIE RN n, BT ERAERE A,
HAEFNER log, n, BN 2™ B EREL

B 2-12 AU AISEHU T “FHERRIRE—" iR, NREREN O(log,n) , #icH O(logn) :
// == File: time_complexity.go =

[* JFEBY (FEIFSCEL) =/
func logarithmic(n int) int {
count := 0
for n > 1 {
n=n/2
count++

}

return count

BNBARKEA n sEE% 1 1

s

ITEREREK BiE| AR
log,n +1 FHEEr 0(1logn)

=

N

[y

2-12 XRS5

SRR, Xt BT IRA R, UMK T — RSN log, n B IR :
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// == File: time_complexity.go =

[* JTEPY (BYISCEL) */
func logRecur(n int) int {
if n <=1 {
return 0

Iy
return logRecur(n/2) + 1
}

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

O(logn) MIEBU2Z/V?
R BE, “— m” NN AERER O(log  n) . THEENEHURAR, HITTAEHAE
AREREL. S R A

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

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

6. ZMEIEEN O(nlogn)

RSB BT IR EE T, PEEIANNEERES 51 O(logn) f1 O(n) o MHARRBETT:
// == File: time_complexity.go =

[* LRMEFTEBN */
func linearLogRecur(n int) int {
if n<=1{
return 1
}.
count := linearlLogRecur(n/2) + linearlLogRecur(n/2)
for i := 0; i < n; i++ {
count++
}

return count

B 2-13 JRoR 7RI BRI AERTT R XIS —ZIREREE N n, WIE log, n + 1, HitH
FIE AR O(nlogn) .
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EERREEH
nx1=n
%x2=n
H# log,n+1 B
%xl..:n

HERERK
n = (log,n +1)

B iEI R AR E

1K 0(nlogn)
@

B 2-13  ZRMERT I AN TR 2 2%

1R

&

&

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

7. BB O(n))

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

nl=nxn—1)x(n—2)x-x2x1

B i AL, anE 2-14 MU MUEATR, SB—BRaRE n D, BZESRE 0 — 14, DU
H, EEH n BNELER:

// == File: time_complexity.go =

/% BiFEPy (BYFSEIL)  */
func factorialRecur(n int) int {
ifn =0 {
return 1
¥
count := 0
/l M1 A9 E n A
for i := 0; i < n; i++ {
count += factorialRecur(n - 1)
¥

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

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

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

2.3.5 RE. RiE. FINEASHRE

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

Ynums = [?, 2, ..., 1], BMORECRE 1 Y, JFEEBEFEL, BSmENTEIE O(n)

o

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

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

// == File: worst_best_time_complexity.go =
/* EFR—NEA, =N {1, 2, ..., n}, AFEHITEL %/
func randomNumbers(n int) []lint {

nums := make([]int, n)

/] EB#AE nums = {1, 2, 3, ..., n}t

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

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

return nums
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/* EHEAE nums BEF 1 FRERS] */
func findOne(nums []int) int {
for i := 0; i < len(nums); i++ {
/] EitE 1 FEHRAKIN, RIKENEEZE 0(1)
[/l HtE 1 EHRARESN, KRIFRENEEZE 0(n)

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

RN R, Bl ESEhF R R PR R I S 2y, TR B U AR A REIAE, TRER R
—HINE S, MRS E AN, FNEAE T A RCR LR, LRI DR E A ST

M LSRRG DA, 220N 52 IR R TS 2 BT “RSTRAOR AT, XL B
AR/, A ELSRHU M BT TA, AE T, SPASIIN A 2% o] DAPS DA A R LR A B 0
BTN, F O IR RET.

TS, BlTAT A 26 B2 L B LR A RIS IL, Fean BRoml, o i A B R TAL
9, PRIETEE 1 BT LR RS MRS, TR SR AR SO R ALK n /2, F
IR 24N O (n/2) = O(n) .

(R AL, b EETRIIN I 20 PRI, TR 30T H (R S RS M 312,
TERCRMTTSL R, el T8 2500 ) B 28y B R AT

MLRDES O 1752
TREE T O R ST TRARTE T, DR 8 ( F EoRAr I 05 20, (ELAF= R B, 3
FIEIE ARG, ARV, BRI “EYNAERE On)” WRE, WLk
BN O(n)

2.4 FEERE

TEEHRE (space complexity) FITHIRE X G T2 [RIREE L B 2R AU K5, XS S E)
HEZREARE L, RFTR BT By S AR,

2.4.1 EZEHAX=(aE

RIRAE IS TI AR A TR PN A7 23 1R R 20045 LR LAt
- FAZEE: T EEIRA R AR,
- BN AT EERIAEBITEREPIERE, MR R T CERE,
- EEm TR AR .
—IET, FREXRENSRIHEERE “GFER” ik s,
BB ] PO — X0 =0T
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© HHABIR: ATREFRSTEETIEMER, TR HR%,
- RRMZEM) T CRAEVE FH R N SCBAE . RGO F BRSO R S A AR TR O — Ml PREK

RIEE, Heizs Al 2 BRI

- IR BT REGRIERIREFRS, SRR

TSI — B P

IS ZER, BANARSHHEABIE, b= mAg i BHE =7, W 2-15 Frr,

BEER TERERENSITEE

A

Ve

L PN HFeeia)

HNEE HEHE

=S a]

b/\ﬁgé]

B 2-15 FIRERHEXE

FRAEAN T :

[* GEE */

type node struct {
val int
next *node

s

/* B node &EHE «/
func newNode(val int) #*node {
return &node{val: val}

}

[* R %/

func function() int {
/] BITELER(E. ..
return 0

s

func algorithm(n int) int { // BWALZUE

const a = 0 /] BEHRE (B2

b := 0 [/ BEHE (BE)
newNode (0) /] BEHE IR)

c := function() /] t&m=E) GARERER)
return a + b + ¢ /] EHEE

2.4.2 #HAE

N

il =2iE)

i

IF]

ZRISZRENHERTTESNAERERBOHNE, HFRGEHNRMN “RIERE" o “BRAZERKRN,
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M5 REXENFERE, BANEENRERETRENE, XEE NN RZ TR R, A2
A PRIERT A fi AR NACE R N7 2 AT

ML, RESRERETN “RE ANZEE X

1. DHBREMABARNME: %4n < 100, ZHEZ2EN O(1); B n > 10 1, AL nuns 5
i O(n) 25, FEEEREREN O(n) .

2. DASEEIBTT POV Ml : B, R ERITIIG —1T 200, S O(1) 230; 2¥I4A (Ll nums
i, FRREA O(n) 25, WILEEANEREN O(n) .

func algorithm(n int) {

a:=0 // 0(1)
b := make([]int, 1606060) // 0(1)
var nums []int

if n > 10 {

nums := make([]int, n) // 0(n)
}
fmt.Println(a, b, nums)

eI D, TEEER TR, Wi LM

func function() int {
/] WITRLEIR(E
return 0

h

[* BEHRHN=REIEZREN 0(1) =/
func Lloop(n int) {
for i := 0; i < n; i++ {
function()
I
}.

/* BPEAN=EEZREN 0(n) %/
func recur(n int) {
ifn =11
return

h

recur(n - 1)

BRI Loop () #1 recur () MIIRIE ZEE R O(n) , HZSEIE REARF,
- % Loop () EIEIAHTEA T n IR function() , E4HAY function () AR EIFFREH T ARz A,
EEE RET N O(1) .
- JBIFREL recur () TEIBITRE P RXFERTELE n DNARIREIW recur (), MG O(n) BRRbI= [,

2.4.3 FERHER

BRABIER N n, B 2-16 R T H MR REZERE (MREEHSD.
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O(1) < O(logn) < O(n) < O(n?) < O(2")
TWEET < X < KM < P < f88H

EEEH o(2n)
FEAM 0(n?)
AREFESZIERN #HMF 0(n)

B 0(logn)

MEER. MEIEE

EHEH o(1)

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

BNBHEAR N

B 2-16 LAY R 52 2 R 2R

1. M O(1)

R HE N THESMABIER N n TXRFER, TR, W,

TEERRE, EIEAPOIG AR B eE & S AT, EEA N ENE SR, REArE8R
M HzE, SREAREN O(1) :

// == File: space_complexity.go =

[* BRE %/

func function() int {
/] BITELER(E. ..
return 0

}

[* B */

func spaceConstant(n int) {
// B&. TE. W¥REHA 0(1) =E
const a = 0

b =0
nums := make([]int, 100060)
node := newNode(0)
// EBFHNEESE 0(1) =E
var c¢ int
for i := 0; i < n; i++ {
c =20
+
[/ EFRHPRRSEE 0(1) =E
for i := 0; 1 < n; i++ {
function()
+
b += 0
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nums[0] = 0
node.val = 0

2. %MH O(n)

LMERTE W T T REE S n BUELRIEE, BER. AR BAAIE:

// == File: space_complexity.go =

[* R */
func spacelLinear(n int) {
/l KEARA n BERALA 0(n) =g
_ = make([]lint, n)
// KEA n B95IREA 0(n) =E
var nodes []*node
for i := 0; 1 < n; i++ {
nodes = append(nodes, newNode(i))

}
// KERN n MNBHERSA 0(n) =E
m := make(map[int]lstring, n)
for i :=0; i < n; i++ {

m[i] = strconv.Itoa(i)

hy

i 2-17 FoR, BEEREEDEINRER n, BIFINTEE n DNRIREIR 1inear_recur () B2, fH/H O(n) K
B AR [ -
// == File: space_complexity.go =

[* LB (GBRYIFTIN)  +/
func spacelinearRecur(n int) {

fmt.Println(" #&Y3 n =", n)
ifn =14

return
}

spaceLinearRecur(n - 1)
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45

F’]-F “55” [E]i

((I}ali
linear_recur(n) return @
linear_recur(n-1) return @
BIIRE l’ T
" | 1
linear_recur(2) return @
b2t D
1 gl 45 T
linear_recur(1) return @
EREEREBRRER n el ErE
H#H{EH o(n) HEEMIZ1E %M o(n)

&l 2-17 B AR MR 23 R 2 AR

3. F5H O(n?)

SETTRE DT AERERIE, TREES n ROFTTR R
// == File: space_complexity.go =

/* FERM */
func spaceQuadratic(n int) {
// 5EFESE 0(nr2) =8
numMatrix := make([][]int, n)
for i := 0; 1 < n; i++ {
numMatrix[i] = make([lint, n)

}

A 2-18 AR, R EREVIRE N n, R NBAREHRHIGL T M, KE2HIN n, n— 1,

V201, EKREN /2, BILEEER O(n?) 23HE:
// == File: space_complexity.go =

/* FHEM (BVFEI)  +/
func spaceQuadraticRecur(n int) int {

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

fmt.Printf(" #BY3 n = %d FA nums KE = %d \n", n, Llen(nums))
return spaceQuadraticRecur(n - 1)
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¥EH nums KE

BYARE
n

BF 2

quadratic_recur(n)

1

quadratic_recur(n-1)

|

l—

quadratic_recur(2)

fb%i2)3
k&t

« I

quadratic_recur(1)

FESMBRRHPEDALT —MIE, BRER

1+2 + ..

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

fk
“I}H”

return

1

return

!
1

return

1

return

SEERE
F5H 0(n?)

2-18 BB AR T5 s A 2 2

4. {55 O(2")

TRET LT X, MK 2-19, BEOyn 1 “W— " /R8N 2" — 1, SH O(2") =ZH:

// == File: space_complexity.go =

[* $EE (BILBXM)  «/

func buildTree(n int) *TreeNode {

ifn =0 {
return nil

}

root := NewTreeNode(0)

root.Left = buildTree(n - 1)
root.Right = buildTree(n - 1)

return root
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BENTREHK
20
21
2 - Hn B
/TN TN N TN
2n-1
FiAT RS TEERE
2° + 21 4+ 22 4 - 4 271 = Qng B¥BT o(2")

B 2-19 il — R AR RFE S 23 R B 2

5. 386 O(logn)
SEN B T MRS, Glan)33tHs, MAKERN n WA, SERITEEE M SR 5 0, R
= logn MBI, #H O(logn) HebizH,

HHINR BT O TR, A DIERE n, BHAECY [log, n] + 1, BIMEFRFHKEN
[log,,n] +1, Bit=HEZREN O(log,,n + 1) = O(logn) .

2.4.4 PEBtE S =ia)
FAREM T, BAGERENN RS ZENS RS R EEEEIR R R, AMELRENS, R EE
e E R 23 A8 2= IE 5 AR R TR M,

BRARI f) S A% Il 3 T e AR T B M AN, R, TRATRAE A7 28 R R IR TH RR IS TIRE Y
RPN “DAERN AT fez, WK “ AR Al a7,

AR B RS B T HATEB BN T, ERZEIENT, MRSEEES, Kt DA E” 8
HRER AR, S, EEEERRIELT, HHZREREhIEREE,

2.5 N

1. EREIH

BRIV

- IR S RIRCR R M BB IR LA B D E T FEbR.
- BATA] OB BRI IAG RIRRCR, (B DAHPRINAFAE R0, B SRR RE TR R,
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- BRI AT AT BRSSPI s, e RIEH TRrEBIT TG, T HREB R REIREAREE
RN EVE S

Hof ) 52 20

- IR AR T R RRISA T IN RIBE R R R SS,  ATDUA RO BIEROR, (BRI LEE RA]
REZSRYL, AnAE ARIEUE R NalN (i 2 2R AR RIIN, TEBAS IO LU R 5

C RZENREREFALR O SRR, NNVEEHENL B, RS n @RIELHN, RERE T (n) 1
BRI,

- EENEERESANY, ERGIHREEE, AEHINENT R,

- H LA 24 MRS HESIE O(1). O(logn). O(n). O(nlogn). O(n?). O(2™) f1 O(n!) %,

- BSEIRMIN W2 AR EE, TR SMARIRN AR, NRAERES NRE, &E THNEE
IRIE, BAENRERETLFAH, B ABHE— AR Z R ™ R RES BRI .

- YN AR A S M ETAAE R LR N R RIBITRICR, AT SR AR, TN
(A 2 o TR e T N B 0 1 DU SR & 5 VA,

BREAE

AR S A0, TR L 5 P72 AR R K s 28,

IR A A R A AR, A, M A, BRI R, AR
oSS A T, B SIS TR, MMz (AR 2], Erb R 34 (0 2 I
B2

R BB R A, AV AR N SRR RSB TN 2 R 2 A,

-z A EEEHESIE O(1). O(logn). O(n). O(n?) f10(2") %,

2. Q&A

Q: EBAMZRERER O(1) 14?

Hig b, B@HEERSREAEADMEAE O(1) . A RZERZES (W Java, Python, C++,
Go, C#%) AHpEFLLEEH, Ft@EEIANNZERERER O(n) .

Q: BRI TRIXM AN RIERIX AR 47
% (function) A ABIHRNZHAAT, FrESEEIAEREIE, 7% (method) 55— PXRKHE, #ikE L
VARERIXSR,  REWE X SR SLB 0 & RO R TR E,
i A URE WA SR AR TE S O BRI
- CHEEREEAGRERIES, HEANRIMS, FrDUIERE ERITATOEE AR (struct)
SR S R, 545 AN SRR B Bt 5 T HA AR 15 = 751,
- Java fl C# ZHEANRIGmEES, R O7iR) BHEENEDEN—D, FETTRNTREOT
BREL, OAEHIbEER b, AREVIRRE R LA &,
- C++ # Python BECRREBEASE (8D, MSGRFmEPXNREE 0575,
Q: Efif “H WA RE A A" SRR A2 o5 2 TR A 4R R/N?
NE, ZERRRZEZAERE, HRMEEKES, Az b2 R EI48 RN,
BRI n = 8, IRATRER KM ARINERAIE S MBS WA b, IXZRN RIS E S — MBI, TR
BBV R4 2 — DML AT IE R TG N
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TESEbReR, B TR AL N A RO HARRERE D, FTA—RICIE (U R 2 et n = 8
2RI, BT n = 8% MAMFET, XM KEATEEEST.

Q RETFIERUESIREIG R, JEFPER (SRR Uk

TESIBRRLFIFR, AHE S UL 2 e 2 I W, ISR, FRf T # R RET. By BRI 23,
i AR A2, DUEL O (log n) H% O(1) 185 1,

(2 VSRR S, DR 2 ., BIAER AT R AR, RENTRE R, TRIMTAES
WEERGTE, ERERRAIIFER, UHENESR, R REREE,
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Abstract
BRI an[R — RIS E 2 AR HEZR,
TR A AR TR, BIAE AR EA SRR,
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3.1 HIEEHnE

HOLRBRE IR, RS, R BB TRARER. ML HE [, BATRIDAAN BT 0 “pEghi”
PINERE AT 703,

3.1.1 ZELS: SitS5IFEN

RS T B TR 2 MINEEE R, EEAHMTERTD, BB —E iy iy, AT 8RRk
PERZR; TAEMT, BRI MEBEXRAY], R “HE” 5 “BR ZMIIRERSR; ENHT A
FAAER, Sk T A4S R R

QNI 3-1 FfoR, BEREEMR] 30 “ERMET A CHRERIE” MREE, SR B, TREHRERH R LR
PEHES; AREAESSHNIER, Z2ARZMEHES,

- ERPEEIRETH: B, BER. AR AL IR R, TTRZAE N RIE R R,
- ARERMERdRG . L HEL B IR R

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

- PESTH: B OHE IREER, JTTRZMEZ X ZHIRR.
- PRGH: &, TRZERZXMNZHKR,

SEEiESM ERMERIESN

e " & 2
array tree d \ / \

%‘gi 3 > — —
linked list

push |/I \
i = graph T /
stack -

pop

s e e & s
FASY -
queue -— -— heap ¥\

pop push

BER {key 4 *}

hash table value

3-1 LRMEIRAEN SRS R4t

3.1.2 YR ESES55E

SRR, IR BRI BIR AN R, & 3-2 RoR T — DRI S, HP N RETT
PR A& —RINAEZE ], FRATAT DU N R R R — D ELRHY Excel 248, H A& BTTARER AT DAFE I —E R
ANNEA G
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ARGUEN 7 IR AR BEE. W& 3-2 FoR,  THEHURSER S MU A% i A 8D B TAS 20 ie
G, WREDNESREA MR L, A 7St B R AT RN R EE.

90 901 02 03 04 05 06 07

0x0000

0x0010
0x0020 a

0x0030

0x0040

AERESE ARG 020012 , SEIMIE

. ERANGSE  HENELE 0x0024 , SEIMIE

B 3-2 fFsR. WAEESTEL PAFHRAE

Tip
EfSHAARR, NAELLIE Excel RAZE—DMELAIEEL, SRR TIENIHEILEE 2, Kbt
ZiH, NEEH, ZEUHL BRIAEYE NSRS,

WFRFTARFP L E TR, SRR MER &, WRE R TR AR P RN T IR R
PRETH S AR, WEBE A EERF BN R, tan, BRI RI P I SRS R SRR
ZIRNANAE; WEREVDESRII A, B2 R R ARSI RE S (F B (E 7 B2 A A

e 3-3 Aor, PrBRgsi R Y BARAE RN IAE R 3, Al oS EAE s () MR
fefig (B2, PIBLEM WIRIZOE TRARATTIN, g, HIMSEIRIETTIE, PR BEEE A 5 I (RIS A 2 )
R T 7T 2 I AR A

HEREEE)EE ST el
TEfE A BITF S (Bl R R Y FEERNNEZEZ I

e FRERE | spssns
B sesannesa minamst | OAEZE
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K 3-3 ELRZE RIS B R

ERRIRE, B BIRa RS TRE ., HERR EANASIB, G140, ARAIPASIRE AT DARE AR sk
B, WATDAREFRRERSCEL; ke AR kA SCIL AT RE RN (5 B ek,

- TR AR PASIL MRARER. AL HME. &L ZERE. GKE (JEE > 3 REED SF.
- ETRERIEL: AR, PASIL MAARAR. B HE I%

HERAENIRILS, AT DMER IS TR  HREAT IS, RI AR “shS8dRa”. BAEvnas
KEATE, R “SSE8dRaSE", ESEENE, SEmEd EH N FESIRKEE L, MmME&
—EM) B,

Tip

QUERIRIE SV PRAS A PR A TR, B BERIE N —%, RS RIIA T N A,

3.2 BAEhiEsedl

LRI RN EEIER, ROSEESOR, B, MR, B85, 3D REERMPR, RERXEEIREIHN
55, EENTER RS MEALRE I K,

RABIRIARE CPU W DA TIB RSN, ERIRPEEEEN, ERUEUTILA,

- BRI pyte, short, int. long,

- TFEBEEA float. double, TRV

© FREE char, ATRREMIBES TR, MARSEERBNESE,
- AR bool, HTFHRR “B7 5 “&7 AW,

SEABRION B, IR R A ME IR, — N IR 1 b, R RS HOIRIRER S, 1
45 (byte) Hi 8 HAE (bit) 4

FALERE AR A A S B R T H S R RN, R A Java a6l

- BEHOOM byte A 1Y = 8 HAE, WIDAFOR 28 MIF
. E@kgpkﬁu int gﬂq 4 ?17 32 Hﬁ% TU«%T 232 /\5&%

R 3-15128 7 Java FRASRPEALERERIN & 2, BUEVEEMBOAME, HREICHBEILHER, KEEEHH
A, REN AT D &K AL,

R 3-1 HARBEERAT 5 A 2 AR E G

E il e HH=E BME BRE HINME
B byte 159 —27 (—128) 27 —1(127) 0
short 2 FA —215 215 _ 1

int 4 A —231 231 1 0
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el S5 GHZEE BME RAME BRIMA
long 8 Fi —203 263 1 0

FRE float 4 FH5 1.175 x 10738 3.403 x 1038 0.0f
double 8 ¥ 2.225 x 107308 1.798 x 10308 0.0

FIF char 2 7 0 216 1 0

/R bool 157 false true false

TBIER, 3% 3-1#XTH0E Java REABHR AL, SRmEIE S A S BEEEIE X, eSS i
XA, BUETEEFIERINME R Re 2 A A,

-« {E Python ", BEHCEM int ALARERAR/D, RZBTRIHNGE; FR% float BIUEE 64 7; &
A char K81 AANFRFSCER B EKEN 1 PR str

-+ C I C++ R E R ABIERAI A/, MRG58, 3 3-1 875 LP64 i, HpFF
1S Linux A1 macOS AN Unix 64 (#E RS,

© A char FNAR/ME C I CH+ HON 1 27, fERZHURIEIE S P BURTREENFR RIS 7%, 0L “F
Rt B,

- BMERRA/REMNT 162 (08¢ 1), BENFHEENFEEN 170, K2R ENL CPU #EH
1 F 1 E R/ NS HENFE R IT,

Mz, BRI GHARGE Z RIA 2R VE? JATRE, BARait2E it B PR S R T
Ko RANEREER “457 mIE “BdE",

FARFOR “—HETT, BANTEASBBIEASA, X2R BRI LS n] AR AR R R A
JFRAR, HETHEHEINERES int, /ML float IEREFHF char, M5 “BdEghity” Tk,

HAIET, SRR TR “PIERRL”, mBRa Rt 7 EBRR “Ad8U R, Bl RS,
BATHHFE R RE B RFESFRRARINEALIERA, EH5 int, float. char. bool %%,

/] ERZTHEREIELB R EA
var numbers = [5]int{}

var decimals = [5]floatés{}
var characters = [5]byted{}

var bools = [5]bool{}

3.3 HFLmI *

Tip
TEAS, FREiA * FFSARIERET ., QIRIRIN G REURZIBE AR, FTRERk, Fsedh
PR 5 A BRI


https://en.cppreference.com/w/cpp/language/types#Properties
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3.3.1 [Ff3. RESF#MED

£ E—T TR RSP RAVLI, AT BEESE RN FOR B AT L IE R — 1, Bl byte HUBUETEFEZ
[—128,127] o MR EY, CRINTEREY REH, G, *MERESETIR,
BT IR, By bl WS TESEETE T RPN, TR R B, Bt =FRE
o

- RS BAPRECT R RN RS AT S0, Hip 0 FoRIES, 1 R, KRR

FIMEL
o B IEEA RS ER AR, SO SRS R ER RS BRATS A AMNE AT A LU
AN IEREORNG S SRR, SRR SR SR AR B 1 o

B 3-4 Jor TR, A FIANG 2 TR L4575 7.

+0 +5 B -0 -28
0000 0000 0000 0101 [R5 1000 0000 1001 1100
BREFS s,
FHHE B MR
2000 0000 2000 0101 =B 1111 1111 1110 0011
fERFSRUERE L 1
0000 0000 0000 0101 B 0000 0000 1110 0100
EHMERD, RB, HEHES Hi¥MRE, kB, HMEEERER

K 3-4 5, A5 Y B AR L

[F53 (sign-magnitude) BAREM, EEFEE—LFERME, —AHE, HBNEEARERHE FaR, flanfEsR
BRHE L1+ (—2), BENERE -3, XEREFNHL,

1+ (-2)

— 0000 0001 + 1000 0010
= 1000 0011

— =3

N TR, AT &R (1 s complement), WIS R I/EABR LN RS, FE(E RS Fil5T
14 (—2), Bres BTN, WInTfEs EfsEE —1 .
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1+ (—2)

— 0000 0001 (J5r4) 4+ 1000 0010 (Jh5)
= 0000 0001 (sfd) + 1111 1101 (JiH)
= 1111 1110 (JxH3)

= 1000 0001 (J5r4)

——1

i, B FREMA +0 A —0 MMoRTR IXEIRE BT NN R i fI g, JXA]RE
RWRE . AR, A X EFMNE, WATGER SECHIMEE R, mmanREAIEL
BUETMATE X, WFRZESIAGIMIHIWTERE, XTSRRI ENRIZE R,

-+0 — 0000 0000
—0 — 1000 0000

SEE—FE, REUAEEATE X WE, RSP 5N T#E (2 s complement), FAT/EKAM
K MUERRY, i, (SRR

—0 — 1000 0000 (J5if5)
= 1111 1111 (}x#9)
=1 0000 0000 (¥~H)

FEMTHI AN BN 1 2742007, {H byte RUMIKERA 8 7, KILEHFIZE 9 iKY 1 SHEFH. W
g, MFERIMSA 0000 0000, SIEFHMMGHIF, XEREEMIFRHREE—NEF, ERFEX
MG IR,

ERIEfG—M5E: byte BBIWEUETEREZ [—128,127], ZHERN— % —128 2UMA{SEITE? 3K
RS, XIE [—127, +127] WRIFTH B N N AR, AN, B RASFIRMD 2 [l ] DA AR
et

AT, #PA% 1000 0000 2—ABIAk, EIFEA X PIE, RIEEHTTE, BAEENZANE RSN
0000 0000 , XZAREFEN, FAZEBRTET 0, ERAMNMENIZEB S, HHEVIEX MRS
1000 0000 %% —128 , bRk, (—1) 4 (—127) fEAME RIIHTLRME —128

(—127) + (—1)

— 1111 1111 (J#r%) + 1000 0001 (J5h5)
= 1000 0000 (szf4) + 1111 1110 (ShH)
= 1000 0001 (#~H) + 1111 1111 (¥MH)
= 1000 0000 (¥~H)

— —128

RAJREC LI T, EIRATAEHREERINEZE, XERE —NEERI: IHEPLNERRIRELE iR 3 22
TIEBREN, XZFROVIRIZEMN THAZE (banskik, BRIEFETR) Kk, BRIk & fa
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B, HERGHTHTAH, BRIEEEDR,

BIER, XIFAERE HEURREMNE, Rk AR HIBHA S, HRYLIRES ISR i
BEAaR. Blan, HREIE a — b AT DAL o + (—b) ; HRIRERBRIER] DI TR 2R
INEBIRTE.

PRAEFRATAT PUSES T AL E FANME AR R B TAMYEOR,  THEALAT DU [RIRE B BB AR (R AL B IE BR
TEREIANE, AT ERFEPRATRE (R LR EIRGE, I BICAURE A B S B B A, JXRR e 1
fEERIE, $E8 T IsRER,

DRI BEHER R, HRERRBAICN AR E, RECESEREEE PR T,

3.3.2 Fm#mEY

OMIPRATRES RN int F1 float KEMFE, #2 4 F1, HAT4 float WEUEEEIZ AT int ? X
EERER, R float FFEFR/ Y, BUETEE NIZZ/NA YT,

Khr b, IXRBONIEREL float R T ARMFORTTR, id— 32 HURH R —HHHIEOY :

FR4E IEEE 754 brifE, 32-bit KR float H LA R=NE R,

: ?\ﬁf%ﬁi S: 5 1 'fﬁ, Xﬂ‘m b31 o
: *Ei&'fﬁ E: le 8 'fﬁ, Xﬂ'@ b30b29 b23 o
COERIN : 5 2361, ML boby; ... by o

I FLoat X RAEAY L SE AT 5N
val = (—1)bs1 x 2(baobao-b2s)y 12T 5 (1 by by, . by),
P2 R R AN
val = (—1)% x 287127 x (1 + N)
HL 5 T HR L A
s {0, 1} Ee€{1,2,..,254}

(14 N) 1+Zb231 C[1,2—2"2
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float KEAN 4 bytes = 32 bit

TS s B E SN
D8888800

A A A A A

b31b3@ b23b22 bn
HFUAETH, 55 R IEEE 754 47, &RBIX R TR
s=0 val = (-1)5x2E127 x (1 +N)
E = 124 = 1x0.125x 1.375
N =22+23= 0,375 = 0.171875

3-5 IEEE 754 tnifE Y float BB RH

MELE 3-5, HE—DTROEIES =0, E=124, N=2"24+273=0.375, WA:

val = (—1)0 x 21247127 % (1 4+ 0.375) = 0.171875
PAERATAT AR A SRR Float MIZOR T AL &R, SEOLBUETEREIZR T int . RIEL EHHE,
float ATFSRIEARIERCH 22947127 % (2 — 2723) & 3.4 x 1038, VIHAFSAERTISEIH ML,

RABFE B float ¥l v HUEVCH, (HIRIERDRNTE VRIS, BECEA int K525 32 bR TR0y,
Hep RS0, i THEERAIAETE, T2 R3 float BEUEBLK, MBI ET Z [RIHY ZE (B STk
Ko

%k 3-2 fR, 488 E = O f1 E = 255 BAARRE X, MTRRE, J%5 K. NaN

% 3-2 RS X

8L E SEHLN = 0 SHBLN # 0 HEAK

0 +0 WIE RS (—1)% x 27126 % (0.N)
1,2,...,254  IFHI% IERL (—1)% x 2-127) » (1.N)
255 400 NaN

{EAF BRI, IIERBC BRI T IR RS 1, B/ NME RSO 27120 ) B NEGEMEC 27120 x 2728

o

YFEE double HRHIZEILT Float (IFRIRTTIE, TEMAMENR,
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3.4 F{4RS *

FEIEALA, FraBdEEE AR AT 060, 745 char ABIS, T HRRTHF, BATEEL
—E TR, WESDNTIN B AN XX R, BT FREZE, HEAUA] DUEd &R
JR IR AT R A

3.4.1 ASCIl FH&

ASCII BB 2 i B 2174, H2F8% American Standard Code for Information Interchange (FEH
PREAS BASHAED) . B 7 AL 3R (—DFRK 7 A1) RR— DT, REZEWERR 128 MR
FrF, WA 3-6 FvR, ASCII R SCFRIIAR/NG | B 0~ 9. —EEMRRFS, DU—E8HI=/ (0
BATRAFIHIZRTT)

+idth i H ax +its i FH +it e FH +idt#l i FH
0000 0008  NUL e 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001  SOH TREFTA 34 0010 0010 C 66 0100 0010 B 98 0110 0010 b
2 0000 0010  STX EXFE 35 0010 0011 # 67 0100 0011 c 99 0110 0011 c
3 0000 0011 ETX EXER 36 0010 0100 $ 68 0100 0100 D 100 0110 0100 d
[ 0000 0100 EOT EmER 37 0010 0101 % 69 0100 0101 E 101 0110 0101 e
5 2000 0101 ENQ ER 38 0010 0110 & 70 0100 0110 F 102 o110 0110 f
6 0000 0118  ACK |5 39 0010 0111 ' 71 0100 0111 G 103 011@ 0111 g
7 0000 0111  BEL Let=d 40 0010 1000 ( 72 0100 1000 H 104  011@ 1000 h
8 0000 1000 BS B 41 0010 1001 ) 73 0100 1001 I 105 0110 1001 i
9 2000 1001 HT RTEIEG w2 0010 1010 * 74 0100 1010 3 106 0110 1010 j
10 eeo0 1010 LF #iTH 43 0010 1011 + 75 0100 1011 K 107 e1le 1011 k
11 0000 1011 VT SHHRF 44 0010 1100 5 76 0100 1100 L 108 0110 1100 1
12 0000 1100 FF Evat 3 45 0010 1101 - 77 0100 1101 " 109 0110 1101 n
13 2000 1101 R EEg 46 0010 1110 5 78 0100 1110 N 110 o11e 1110 n
14 0000 1110 50 TR®R 47 0010 1111 / 79 0100 1111 0 111 e1le 1111 0
15 0000 1111 SI BRI 48 0011 0000 ° 80 0101 0000 P 112 0111 0000 p
16 0001 0000  DLE  MiEEiEy 49 0011 0001 1 81 0101 0001 Q 113 0111 0001 q
17 0001 0001  DC1 R 50 0011 0010 2 82 0101 0010 R 114 0111 0010 r
18 0001 0018  DC2 RS2 51 0011 0011 3 83 0101 0011 H 115 0111 0011 s
19 eeel 011  DC3 B3 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 ool 0100  DC4 RS 53 0011 0101 5 85 0101 0101 [} 117 0111 o101 u
21 0001 0101  NAK 5L 54 0011 0110 6 86 0101 0110 v 118 0111 0110 v
22 0001 0118  SYN [BE 2200 55 0011 0111 7 87 0101 0111 W 119 0111 0111 w
23 2001 0111 ETB R 56 0011 1000 8 88 0101 1000 X 120 0111 1000 x
24 0001 1008  CAN B 57 0011 1001 9 89 0101 1001 ¥ 121 0111 1001 v
25 0001 1001 EM R 58 0011 1010 E 90 0101 1010 z 122 0111 1010 z
26 o000l 1010  SUB e 59 0011 1011 3 91 0101 1011 [ 123 0111 1011 {
27 0001 1011 ESC ) 60 0011 1100 < 92 0101 1100 \ 124 0111 1100 |
28 0001 1100 FS KSR 61 0011 1101 = 93 0101 1101 1 125 0111 1101 H
29 0001 1101 GS HER 62 0011 1110 > 94 0101 1110 " 126 0111 1110 -
30 o0ee1 1110 RS RRABE 63 0011 1111 ? 95 0101 1111 _ 127 0111 1111 DEL
31 eeel 1111 us PITHRE 64 0100 0000 a 96 0110 0000 N
32 0010 0000 sp =HE

3-6 ASCII 4

SR, ASCII W NRERSFoR I, BEE AN RERIL, WA T —REERRRE Z1E S 1Y EASCI 17745, &
£ ASCII /9 7 i 55AiE B ®) 8 i, BEFEFR 256 D ARIIFERE

fEHFIEEN, Szt T —H#IEH T AFEMIXE EASCII FRF8, XEFRFENET 128 M FEHR—N
ASCIT 1, J& 128 NFAPEXAR, PUEMNARIE S IR,

3.4.2 GBK ¥f&%

JERANTEEL, EASCH MR TCEEW R V2 ST R EOR, X/t a1, JeH %/
HILTFA. HEERARESRT 1980 £R 16 7 GB2312 F1¥4E, HIGET 6763 NMNF, HAWE TIXNFH
RS TR,

SRTM, GB2312 TLiREBH WA BT, GBK FARFEZIE GB2312 (YA 4 ISR, eHRT
21886 MY F, 1t GBK M4tg77 %, ASCII FRHEH —PMFTRR, NFHERAM DM FTRR,
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3.4.3 Unicode FF &£

BEE RPN AR, FATRSIIEINE TR, THXHR TR, —J7H, XTI
HEXTREBSHTR, TEESESHE NER LE. H—7m, R—MESEESMTrrEnE, o
R EHENERRR ARG ERME, WS RA BN S H L,

AR IARHIRTFEN O AEAR : QRHEH — A e 5e B AT 4R, R I SRS R T8 S AT S AR 3L
h, AEERT PARORS TR S AR BEMIELAS M8 7 I ? XA E R, — R 5% Unicode Miz
[[=

Unicode MIHIXZ &N “Gi—h57, HIE FRERYN 100 2 NFRF. ER N THERTEENNFEITMAG—
IFRER 2, TRAE R F i AT R TR B S IR 5 S0, D R g AR A [R) i = A2 Y ELAS [A]
EIL}ﬁ\O

H 1991 &4 LK, Unicode AWy ZHINIES 57 5F. #= 2022 4 9 H, Unicode EAHEF 149186 1~
TR, AESMHIESHNTER. FESEERIEES, £ KM Unicode FRFEH, FHMNFRGH 2 =1,
HEARNTRFGH 3 FHHEE 4 777,

Unicode Z—Mi@HFE, KR EZASNFRIE WS oy “WR7), HEIHFRAMEETF
P 7 X B TR . BATAEESE: H2AKER Unicode M RN HELE — D XAHR, REH
MIENTFAT? BIANZAE — DN 2 F %, RSEWAHIAER —1 2 FHRFFEERAD 1 ¥ Y
7¥e

MNTF AL, —REEAIRIRTT R PR RIS, W& 3-7 FR, “Hello” HHE
RS 1591, “BiRT PR TRE M 2 7, BT DOEE & A4E 0 K “Hello BIK” FEIFTA 1K
Gt 2 TR, IXFERGULA] DARERE 2 T — D fs, IREIRDMEBINE T,

=5 Unicode
H 00000000 01001000
e 00000000 01100101
1 00000000 01101100 KER 1 FORRLFH
(FH o)
1 00000000 91101100
o 00000000 01101111
-1 01111011 10010111
KER 2 FHRRXEH
& 01101100 11010101

3-7 Unicode w4
SR ASCIL FSELMIFBANTIEMH, SR X HFT 1571, HRHERTE, SR AR NS Z
ASCII gt REIMIRE, AEFIRBNGFZ A, Wi, FAOTFE—FEIMNSEE Unicode gwbd 751k,
3.4.4 UTF-8 ¢t

HAfl, UTF-8 B EbrR BRI & 72/ Unicode 4wl 75 7%, ‘R —MmlZ KEMSHIS, #1135 455
RER—DFRF, BRIEFRERMEMZ, ASCII FRR®E 177, M FRNAEBTRRE 2 5N, HH
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AUFR S RF R 3 21, HAhA — LA R fF TR 4 2779,
UTF-8 BIgmtRNFFAE L, 7020 BL R PR DL,

©ONTREN 1 FIHRITR, RRESAEN 0, HR 7 AZEN Unicode i, (EFERATZE, ASCII
FIHE Unicode FAFEH G4E THT 128 MY, thwi/@idd, UTF-8 Sifhn] B RIfE% ASCII %, X
ERETA AT DA UTF-8 SR EEAUAIZHT ASCIT S0,

CNTRENn FHHTRE Hhn > 1D, BRENMTFTHEn CEREN L, Fn+ 1MRENO;
ME ZAFTTE, HEDF IR 2 EIREN 10 ; HARATARH THEFEFAFH Unicode MG

K 3-8 J&oR T “Hello HIE” X MAY UTF-8 %, WIESLEL, MT e n HREN 1, FtRFAOEE
Bl AL 1 BN ECRAT AT RN n o

BN A ERHARATE RIS 2 AARE DY 10 We? S2br b, X4 10 RER IR IIERH. RIZRGM
—MERATFIIFEMNTOR, A7 3KEE 10 BERSAE B R GEPOE AT H =5

ZFTAKE 10 SIERERTT, ZRONE UTE-8 g, NalREEFARIREMAIE 10 . IXPE51en] DU
SRAUEZSRIER : R — TR REMAE 10, BZFRKEY 1, N ASCIL#, 1M ASCII A
=L IZR 0, SHRIEFE.

FH Unicode UTF-8

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

* 01101100 11010101 11100110 10110011 10010101

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

3-8 UTF-8 gwi il

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

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

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

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

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

MNFLUENRZEREIES, BPBiTHrFREERA UTF-16 8¢ UTF-32 XEHF KL, EFKHmD T,
BATR] DLRE AT H B (AR A B, XA R RA DA LR

- KEPLYIR: UTF-16 gt n] DURAE Z it TRENL TR, UTF-8 2 — M Kagmil, ZAEKEISE ¢
PNFRF, BATRZENFFRIIFGLIBHEE « DR, ZXHE O(n) KINFL,

C PR SRENLTRZEM, HHE UTF-16 SR rF R K EHZE O(1) B9#fE, E2, 5 UTF-8
R ) AT B R e i T B D AT R

© IR £ UTF-16 iiERwrr e b, IRZFITERRIE (WnH, M, A, MPRSE) BA 5T,
£ UTF-8 Sty F e b, BHTIXERIEEEREIOMIHE, DR 274 TC8H) UTE-8 Gt

KPR L, HWAEES NFRARmETT R MRABIEE, PRFZRR,

- Java B9 String ZEUEH UTF-16 4wid, BNFREH 2 71, XEEN Java iBF &2, AMTA
16 1 AFRFTA FTRERI =1, SR1M, X2 — DA IEMIIAINT, 52K Unicode FIVEY R R T
16 fiz, FPA Java HFRFERERTRERH —XF 16 ALAE (FrA “ARREEXT”) #oR.

- JavaScript fil TypeScript FIFFF R UTF-16 ZmiBIJR A S Java 2, 4 1995 4E Netscape A H]
BRI JavaScript iIEE W, Unicode it T A& BRI, ARIEER 16 ALA4mA5E0E AR RATA 1Y
Unicode FfF 1o

- C# {#f] UTF-16 %mf, FZIERN.NET F&2ZH Microsoft ¥ iy, 1 Microsoft FIIRZHA (L
i Windows #1ER%) &1 12 H UTF-16 4wkl

BT DA SRR 1R B 0 AR RO ARG, BTSRRI “REDX” (977 2oRFREIE 16 A2 Z ) Unicode
T R PMICHZWTERZE, —J7H, UESENIFRET, — DRl b 2 s 4 7
T, MR T ERmWMIIE, 5—77H, BB R ERHING AN, e TR S ZERIE
HERE o

TP EIRE, #9EE SR T — AR5,

- Python H#Y str ffif Unicode %itd, IFRA—MRIENFIFERR, FHENFRHKERRTFZRH
FE KM Unicode F i, & FAFRALEE ASCI F#5F, WEMNERFSH 17T, WREFmEE T
ASCII i, (HEHERAZLIESFH (BMP) M, WEMNERFSEAH 2 71, REG@EH BMP ¥
¥, MEADFRF S 4 57995,

- Go IBE M string KAAENERMEH UTF-8 4ifid. Go B S IEHEME T rune KB, BEHTRREAD
Unicode 55,

- Rust IBES Y str fl String BAULENEREH FH UTF-8 %f%, Rust t424L7T char 287 HTFFRREAN
Unicode 55,

TREERNE, UL BREmEE S P IEaETT 3, MR S ¢ el e p g
fefR AR, £ E LT, BATER 2RI RGN UTF-8 #83K, DURZIRILIIHA
PR AR
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3.5 IhgE

1. EREEH

- BURGHR] AR B LS YEES M PR A T 0 2K, IREREEIIR THIR TR 2 NP R R, M
YR HEIR T BARTE T BALNE I E 77

- WA R IELNE. ARRFIRDREE, @ E RN RIEZEE BRI 2 hkiE (B, B3R,
Fe. BAFID) FOAELet: (Rt B, H#E) Pkl I RAVSCEILRA] RE RN (1 & LM B R s N ELe MR R a5 1

- YRR IBITH, BARSEETE I ENINEY BNNEZ RIEHA N B AL, R X e A
Huk 5 RIEE

- YIEEEER R ONES S AIEE B Mo BER) . ITEEURSEN R A, RERE
PR I A LB,

- BN AR EA SRR A RS byte, short, int. long, F#mi%{float. double, F4F char
FIfA/K bool o EATIAYEETE Bl BT & F 22 R/ N R 77 7K

- JREES, RABAIAMG R BN I =R/, ez RR] DA B, REE RS R R LR
0, HEHRA2ETE,

- BOSIETHENHZ DAME IR AEE R, EAMDERR N, HHEALRT DU IEER B InE — =, A
TE R EIEIRE M T R R R RS, I B TELE IR U S R,

C FREYRESE 1S, 8 MARENIAT 23 N B R, BT TEAETEEUL, TR A B B S
Bl AR TR, RIS TR,

- ASCII ¥ 2 R RSSO, KERN 1579, HISE 127 M FERF. GBK FFEER AR S+
TR, HUWGRPT 2 MNF, Unicode 801 TR — 5B 2 AR, IR & FIES 7
¥, MR T2 RFmA 77 28— BT 5 B AL AD (A

- UTF-8 B&Z¥ILM Unicode it 771k, WBRAMEIEREL ., TR —MEKNRmL %, BARENY R
M, BRERTE T EEEREE SR, UTF-16 f1 UTF-32 2S5 KAWL 5%, Egmigrhsgit, UTF-16
RS A L UTF-8 870N, Java fil C# HmfEiE = BhAEH UTF-16 gwhd,

2. Q&A

Q: Mt 2 RFIN S LM R e A M R EE 12

B RICEREA, Mo TR MR, TATATRERMA “ge(Hiht” (5% “IBmmhR” EWEUD:
AP MR —DRER, HBERKEDENE —EBIER, XATREBEFEMONR GEH VLZLERD,

MBI EERE, MR RIRZERHAE, Ehg PRI S —ME, et s— PR —R
o [Alit, W RATREFIN G S A dRSS Y (B, BER) FIHELRIERBIRS ().,

Q: char BBRKER 1 F704?

char KB K E HIRIEIE S R RIS 77500, 140, Java, JavaScript. TypeScript. C# #B®H UTF-16
Zmhd (fRFF Unicode #4553), Kt char UMK EN 2 777,

Q: ATHAHSINNEIRE MR “HESBIRSEN" R AE? Hethn] DT AR ARS8 1E, X5
TEERE “n&" 1Y,

A SEA] DASCEIANASHIEHERE, EEIRGSGMIIARR TS (KERATE) 1, REETHHNEBIESES ]
DAEhASHIAIEMER TR, HEMWARZEEN, REEERBEE TR, SR EeIE— N
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HERIVEA, FIREAHIN AL R Z5E i+,
Q: etk (BB BIRR, RIEEERIRD, M2l “HSBEasy” e?

FERPGEES T, BAEMATIEEH B RiaEe, XD TIERENEEENE. Fld, Java £
ArraylList (UFHAAEIER N 10, 556, §aREt2 Bahsiin, HUESH) “FIR" &,

Q: FEAMSHI TR BRI 17, BRAKMEEE IR 2R Wa R “Jeil 1 JFHUR”, TiAMEE R th
—FER] OB “JeBUEn 17 1§28, XN 20E?

X2 RN RS A AN (A B e S fr 2 i AN SRR, BRATEAHAMEN: &k a+b=c,
HRAFRATFR a /& b B ¢ L, R WFR b 2 a B ¢ BN

BE D n = 4 MRKERNZERE 0010, MR MFEEEY (RBEFSAD), AR MY THIE
o ElREM 17 A5

0010 — 1101 — 1110
BAI2KM, FEHEMAMEHIAZ 0010 + 1110 = 10000, Hi2id, M3 1110 25 0010 5] 10000 [
U, IXERAE iR REURIEM 17 92bR R THRES] 10000 R R,
M2, #hE% 1110 ] 10000 (Y “#hET 222/ D0E? FAMRIAFT DA “SelU=)ain 17 58e:

1110 — 0001 — 0010
HADIET, SRASAIRNG EONXT 5] 10000 B9 (M, BRI “JEEEEANE" F1 “kMGEL RIS w] DUHARIFIAY
B GelBUJEm 1) LB,
LR, TATHAT DU FRRANMS 1110 RIS, BI “Seif 1 JEEUR”:

1110 — 1101 — 0010

BESRE, EBJE 17 A e 1 JEEURT XA R TR E] 10000 FURNEL, BRI,

AR LR, “BUR” BRERER ERKE 1111 g (BOVTER RIS + RED = 1111); TMfERIGERE BN
LS2IA0AMD, w22 10000 AT,

ERLAn = 4 MBI, HeTwaE SRR —HEHIEL
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Abstract
b6y AR [ R Y R e
BUARREHESTHES, BB, FERIREEL D ESAL, RS B AR ThEsE 2,
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4.1 #H4A

A (array) B—MEMEBIRS, HREHRZRBEMTTREBEESNNGFZ T, RO TRERATH
EFRNIZITRENERS| (index)o & 4-1 R T HUEH R T 2SR 7 (77 2o

— EFREBENNETEEEEN
TR
element
s ¢ |
- 080000 (1]s]2]s])
ﬁgl e 1 2 3 4
index
mﬁt&tﬂ:_ 00 04 08 12 16
memory location
FIAREZE

. RIS ABLAINTEE

K 4-1 e S EFETT

4.1.1 ¥AERIRE
1. ¥IyatkEraA

BATRT AR R FHBEH R OIR L 30 TERIa(E,. e iafE. fERTEEIREREIT, K2
IRIZIE S 2 BHITERIE N 0

// == File: array.go =

/* ¥Rt EE */

var arr [5]int

// 1 Go A, IBEKER ([5]int) F%kH, FEEKER ([1int) AUIA
// BF Go MHEWMIKITAERFHRERE, RItREFEREEREERKE

// AT HERIY A extend() A&, UUFETIA (Slice) &1E#4E (Array)
nums := []int{1, 3, 2, 5, 4}

2. ifiRlcE&E

BATTRWAF B EESN N AT, XERE R TRINFIEER A S, SefdmFtm: (8
TLRNAEHIAE) FEATTRIIRS], BRI DMERE 4-2 R AR REENZT RN FE L, B
VIRZITR,
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|
TE®Sl o 1 2 3 &
RfEt 00 04 08 12 16

TRKE - &

REAEEE - WANENL + TEKE « TEwRE|
(BT (GHHEISE)

Tl REEARS] 3 ABITTRERIAE N
012 = 000 + 4 x 3

K 4-2 BEHTRIINF LT

MERE 4-2, BANTEZIBAEDNTRNIRIIN 0, RUPFAELERER, FAUM 1 THATHSRSEER, EN
HHEARNAEE, KolARERAFIEIMB R, 5 nRitFEERERZ 0, FIErRIIN 02
B,

EFEA TR T RIEE ERL, BATATRAE O(1) W RINBENLE M R ER — T,
// = File: array.go =

/* BENLIARITTER */

func randomAccess(nums []int) (randomNum int) {
// &EXia [0, nums.length) FRRENIIHER—NEE
randomIndex := rand.Intn(len(nums))
/] FREVFREIFENITTE
randomNum = nums[randomIndex]
return

3. ATTE

BAHTTRENFTR “BREN”, BN AEA 2R EFREESE, W& 4-3 For, 05RAETE R R
AR, WHRERZTRZGHATAE LRGS0, ZJFRHTRMESIZR
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8000 -
EEEEE
N

nums[4] = nums[3]

:

BERRAX

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

MRS 1 MENTEE 3 e

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

e a -

nums[1] = 3

:

4-3 BEHFENTTERHA

BEPERTREE = 4
BIRRTTE 0 RN

BATER,
ERNERETR 0 &K

ERERRNE, BTEHNKEREEN, FEMA-MTROERSFERARTITR “BK7 BN

AR TT R ETE “FIR” BHIie,
// = File: array.go =

/* TEELAMIZES| index RIEATTE num %/

func insert(nums []int, num int, index int) {
// IBZE3| index UNZEWFIETERGERZI—IL
for i := len(nums) - 1; i > index; i-- {

nums[i] = nums[i-1]

+
// B num T4 index AITE
nums[index] = num

4. MpRTTE

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

H
w
B

80000
nums[1] = nums[2]

o BRERR

= MR —1

EMATHIRES] 1 TR ﬂ 515
N

nums = nums[3]

80080 -
—
nums[3] = nums[&]

TRMERG, SR TRERR
1

FETE & BERN, TIREER

g

B 4-4 BAMERTTERRA

EEE, MrTREsE, FEARBRITERS “TEX T, UM ERBRE,
// = File: array.go =

/* MIFRZR5| index QMITE */
func remove(nums []int, index int) {
// IBZE3| index ZEBIFAETREMEFIBI—IL
for i := index; i < len(nums)-1; i++ {
nums[i] = nums[i+1]

h

BHRE, B SMERREA DR 6,

ISR B AFIBRA TN R A0 O(n) , Horb n AEEH K,

- BIOTR: HTEHNKEAZE, FtEmATTRE, BHEHRKECERTRRER,

- AR TATA] DA — DB AR, FRRTE —#87), IXFEEmABER, BRIRETTR
g TR W, (HIXFHEIE R N AR 2R

5. EHEA

TERZHGRBIES H, TAIBEAT OSSR miEEH, tn] DLE R RBEEH B TR
// = File: array.go =

/* BHEE «/
func traverse(nums []int) {

count := 0
/] BER5EHEE
for 1 := 0; i < len(nums); i++ {

count += nums[i]
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}
count = 0
/] BEZBHEHATE
for _, num := range nums {
count += num
}
/] BEREHEIEZRS|MTR
for i, num := range nums {
count += nums[i]
count += num
}
}
6. EHTER

TR ERIEE TR F WA, FRANTTREZSULA, 5 VCEC X VR (,
RN EEH R MBS, Fr DA IR EHERERAR N “GMEEH,
// == File: array.go =

[* EFHATERIEETER +/
func find(nums []int, target int) (index int) {

index = -1
for i := 0; i < len(nums); i++ {
if nums[i] = target {
index = i
break
+
¥
return

1. FEHA

FEERIRGISEE, B URIERA EANES RN, MWMEZ ety REH AR, FItE
REBIEES T, BAHRRKERAAIER,

GUARBAR B AR, WFEFEL —NERIEAH, A RREREETTRRREH RS, X217
O(n) H%lE, EBARARRIEIR FIEREFEN . AR NETR:

// == File: array.go =

/* T BEAEAKE x/
func extend(nums []int, enlarge int) []int {
/] DEt— T EBKEGNEA
res := make([]int, len(nums)+enlarge)
/] BEHAFNFRE TR ERZIHFEA
for i, num := range nums {
res[i] = num
}
/] RE RS

return res
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4.1.2 BANRRERRMYE

BAAFBEIESM N RN, B, ZAMMMEUEFEERRRER, RIa] DRI EE R
A BIREEFI R ERCR,

- SR B BAR A TSRS, TN TR,

- SHEREHLYIN: ELAVETE O(1) RN AT,

- BPRERYE: UVIRALTER, NIRRT, SRR L E AR, T s
AT SRR T

BTSSR iE R B8, HAFELAU T RRM,

- ARASMERBERIR: SEBAHAPITRR LN, A SMBRRERERRERTTER,
- REAAE: BB RERETE T, VT ARATRERITE B HEEE, TFHRR,
- MR WRBAH DR INES KR, AAZ RS RMARIR S T,

4.1.3 ¥HAHMBIRN B

BEH TR — LA HH WSS, RO e R ER s, Al TSl S & 2 iR s

- BEOLVER): G0 SR FATTAEREH LA — Lo REA, AR AT DU BCERTENE, AR — A EYUFS, RIER5|5H
BEMLIHAE,

- HEF AR BeHRHF A RE R AEBIESEN, Podfiz. HEHER. 0BRSS B
H 3T,

- ERE: YFEPIERER A ICRBEX VR RR, AT DA AR ERE, RO R
ASCIT R3fmers, TIAT DR 4 ASCIT B EE ARG, XM PTEFRAEREA IR AL E,

- WIERFS): MM KB T, B, KB Z RIS RENZE, IXEEHEESZ DI
MR, B B AR NS G Fs i 1 BB 4544

- BURGESIIE: B RT DU TR, A, PR ER. HE. RIEEIESN, BN, BRI R R
s b2 — e deH,

4.2 §ER

N EEMERFPIALER, £ PMERNRGUSITINET, SREINEZRA]ERTEENT L K
THINE, TEEEEHRI NS AU S, TS EEH AR K, NTERTRETCIE R LA s R AE L=, It
I BERARIG R AB R T o

R (linked list) B—MEMEEUEL Y, HPRSNTREZ —MRNR, #0108 “5IH7 g,
SIFICR T =D R AL, @I R AN AT 7 A 2R — D

HERAVRIH RIS 2D (A A BB E N AL, BRI P it AU S,
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B e ]
MR
linked list
©-0-0-0-0-
AT AR
& 5|8 (&%)
E-14
T AR

node

FRERE | mpmaes
T ast | AEEIE

4-5 HERE X SEETT

MEE 4-5, BERMIARBANRT R (node) ME, BN AMESWIESE: TR “E” FMfEmE T
R 57,

C OBERIVE DN RN KA, RE— AR BT R
- R AEEMRE ‘227, BAE Java, C++ Fll Python H 43 BI#28 null, nullptr #1 None .
- {EC., C++, Go Ml Rust HEXFHEHIES T, LR “SIH” Ny 887,

PAMRE AR, BT A ListNode BR T RIEE, IERIVMRE—D5IH (BEH) . EIEEHRBIERT,
BER LEEA S B 2 A7 22

[* PERTIRLEEMEE */
type ListNode struct {

Val int /l TRE

Next *ListNode // &M T—T =BV
I

// NewListNode #i&ER%R, GIE—MFBIEER
func NewListNode(val int) *ListNode {
return &ListNode{
Val: val,
Next: nitl,

4.2.1 HERTERIEE
1. #MiaHER

HNBERIINPL, H-DRIMACS DT RN, BRI EGIHXR. HiaksesE, &
AL AT DANBER AL it %, 3835 I FEIE) next ARG RIFTA T .
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// = File: linked_list.go =

[* AR 1 -> 3 -> 2 -> 5 -> 4 %/
// ?7]#‘*1)6%/\*'5

no NewListNode (1)
nl NewListNode(3)
n2 NewListNode(2)
n3 NewListNode(5)
n4 NewListNode (4)
// WL%52EMﬂ%
nO.Next nl

nl.Next n2

n2.Next n3

n3.Next n4

AR —DERE, HEE nums BETTE nums[0] 1 nums [1] 55, THERSE 2 MRS AT SR
R, BATDEF RN RS ERERINRR, i DL B A EER I ERER ne o

2. EATR

FERHRTFRATRAFE RS, WHE 4-6 R, RIZENEEABEIM DT n0 7 nd ZFEFA—MFTHAP,
WHTSCEWAT G @R Wl, NEEZREN O(1) .

2T, ERAPEATTRINTEREN O(n) , EREER FRIRERRR,

o0

A
[

P.next = nl
B< P {E@E n1

TERRTA n0 A nl ZEHEATE P o -
P

nd.next = P
B4 no 5@ P

C N

A A
ne A nl

Bl 4-6 BERAT RURBI
// == File: linked_list.go =

/* ERERMNTA n0 ZEBATR P %/

func insertNode(n® *ListNode, P *ListNode) {
nl := nO.Next
P.Next = nl
n@.Next = P
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3. MRS

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

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

n@.next = nl

B4 no @A n1

=l
ERERPHRTS P
no N nl
P
MbsTER/a, 22 P H#AEH

nl ,
BiEHA#EREELELRE P,
HEFEMTAAT R P 2Bk

B 4-7 BERMIERT A

// = File: linked_list.go =

/> MPRERNTE n0 ZENEIMTSR +/
func removeItem(n® *ListNode) {

if nB.Next = nil {

return

}

// n@ -> P ->nl

P := nBO.Next

nl := P.Next

n@.Next = nl

4. FiRBR

TEBER i W)V R RRCREL, a1 E—AmR, FATTATCATE O(1) WA R YT AR TR, FERNIA
A, BREREMNLTRME, BNAEES, BEEREERT A WHtgv, WRBERASE ¢ D AR EE
i — 14, REEZREN O(n),
// == File: linked_list.go =
/* IFIEFERAPZERSN index TSR +/

func access(head *ListNode, index int) =xListNode {
for i := 0; i < index; i++ {
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if head = nil {
return nil

¥
head = head.Next

hy

return head

5. BERTR

WER, BHREAEDR target TR, WHIZTT REERPNERS, HdREMETF&EER, BN
Fl7R:

// == File: linked_list.go =

/* FERRFPEREN target WETTR */
func findNode(head xListNode, target int) int {
index := 0
for head != nil {
if head.Val = target {
return index

¥
head = head.Next
index++

¥

return -1

4.2.2 #4B vs. BER

R 41 B4 7R BERN S IR AR L T HBRAERCR . T e R AR S A7 B REE, (RS Rk R
ke €SS /D RVAIDES T

®4-1 BEAHSRERRERIT T

el B
TR TR ST
BRYE KA AT RIS R
W ERSANGED, EAMREER TREENGES
s O(1) O(n)
HEE  O(n) o(1)

MWiEE  O(n) 0(1)
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4.2.3 HRiERER

i 4-8 FoR, H LAY RERR AL E = Hf,

- PAREERE: RIRTI MR EE R, SABERATT R SEMTER N — SRS MR, BT E
RN A, FRE DT RRNET A, BT ATERZ None .

- IBEER: RIS HERERE T RIEEKT AR (BEMAR), WSS —PIPHER, EMPHER
R, R R AT DA ST R

- ONEESR: SRR L, IEEERICS TN TTRRT . A RER AT RO SR B S R Ak
Tl (R =D MR (E— DD W5 (et ARRT AR, WEiERERRE
P, ATCAEAMASTTIaE e, (EAH Rt th R & S 2 R P A

/* WEFERTI SEME */
type DoublylListNode struct {
Val int // TRE
Next *DoublyListNode // I8EE4T mBYIEET
Prev *DoublylListNode // fSEBIUKT mA9FESt
¥

// NewDoublylListNode #J%41k
func NewDoublyListNode(val int) *DoublyListNode {
return &DoublylListNodeq{
Val: wval,
Next: nitl,
Prev: nitl,

Rk

singly linked list

—_— — — — — None

FRssEx

circular linked list

[ '& V]

AR

doubly linked list

o —_— —_— —_— —> None
None <« -— -— -— —

K 4-8 HIBERMNE

4.2.4 §EREBINFE

FAIABERIEH T SLBR, DABI, IE A RANE SRR,
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- BSEBAII: LR AFIERIRFARAE BER A — It ATIN, ERBIAVRFEONERE G, XRH, i AR (E
TERERM —ImitAT, MIBRIRIEIERERAY S —ImitaT, ERIRRroN et dett, W RS,

- TSR BRI RIS PRI ERTR L —, ERTRT, A RITTRASERE— MR
o

- B AERREIOREN AR AT, AR TURERS — MERMSE, BRI TR
R %I AHE R HAB T

MABER F TR EPEE AT — DG — TR R,

© ERBIRET: HLAITELLRRE, B AR, AT EVIRT AR A, XA OB R R P R e
AT R T I SRS, SRLT XA HERR

- PSRRI AEM DO YA, AP R AT EUE IR TN, (X T AR R AIE A P R R AT —
JE—NWITT A HER AR R SRR E AL 1S f] 5

- LRURGL: %K (LRU) Rikd, BAIHEPREEIRIT R/ DR REEE, DA BaREsm
FORMERT so IXH A A XA BE R AR R 51,

INEAERH TR IERER 5%, HnRIE RGBT,

- IR RREPIERIL: FERERST, WA R HEE R R — M W CPU AR, BREXN—
HUATEHATIEIN, BN HRPOR T — DN R, MR AR, CPU YRS N — MR, XAhE
AT DU I R R S

- BRI R RN XA SLELT, MATRES MRS, HRAIEE, MRS, EdE
AT RER B N DRI AN —DINERER, DUESLH AR

4.3 HI&R

FIR (list) B—PMHROBIRENS, ERRTRNAERES, XFRTRVM. B @, MERFEmn
SRR, TTOUEMF SRR R IRBIRRE, 5FRAT DA RER s S,

- EERRARRI DB IR, HERrREMESRE, I H AT AREShEST A
- BEAHMSRTREM AR, HETHREAZE, KRR EAKERHZIE,

HEEHBAESEIIRN, REAIERNMERESBEIRNLMTERL, X2 E B8 TTEF e R =
fefitz/ DEAE, MTMAELOERSERIPIRKE, HRED/D, WIRAEIERMEHEMTER, HRETR, M
RGN AR B

MRS, FATA] DAEFH RS E4R (dynamic array) RSEHIFIZR, BAUK TEHMNBTULS, H EATL
FERFBITEETHETIIEYT A,

EhR Lk, VPRGSO HE PRI R IE T S B S, 140 Python A list . Java H1Y
ArraylList ., C++ H[ vector I C# HH[Y List %, 784 FREVTTIeH, BAPEIE “FIR” 1 “ShS8E”
PR 5 R A&
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4.3.1 FIRERIRE
1. MaksIR

BATEELEH “TTHIaE" 1 “BRGE" XMIGE Tk
// = File: list_test.go =

/* ¥IRHKHIR %/

/] TARE

numsl := []int{}

/]l BH%BE

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

2. FiElTE

FIRAT FREE, WA E O(1) AN RFERCER, JeRRE,

// = File: list_test.go =

/* iFRlTTE */
num := nums[1] // AAIZRS] 1 &89TE

[* EFTE «/
nums[1] = © // BZFR5| 1 AN TEREHF 0

3. EASHRTER

MR T, F1RAT DL BRI S MERT R, EFIRBERMTTRENNEEREN O(1) , B AFRMER

TR SEEMER, MEERER O(n) .
// = File: list_test.go =

/* BEHIR */
nums = nil

[* ERERIMITE «/

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

[* TERERENTTER */

nums = append(nums[:3], append([lint{6}, nums[3:]...)...) // 1¥Z=3| 3 WFENEKF 6

/* MBRITTE */
nums = append(nums[:3], nums[4:]1...) // MBRZR5| 3 L=

4, BHYIE

SEAH—H, PIRATDIRIERS 7, thal ERESITR.
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// = File: list_test.go =

/* BIRSBHIIER */

count := 0

for 1 := 0; i < len(nums); i++ {
count += nums[i]

}

/* BEBHYIRTE +/

count = 0

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

}

5. BHEFIR

Z57E —/VFTAIER nums1 , FRATTAT DAKF L BHEZ 2 JE 21 3R BB 5B
// = File: list_test.go =
[* BHERDFIR «/

numsl := []int{6, 8, 7, 10, 9}
nums = append(nums, numsl...) // ¥FIFR numsl BHER nums Z/g

6. HIFFIR

FERANFH G, BAER] DU R RN EEE AR “ &R 1 D" Hik,
// == File: list_test.go =

/* HEFFIR */
sort.Ints(nums) // HFE, FIRTENNEIRHS!

4.3.2 5K

RIS NE THIR, Bl Java, C++, Python 5%, EMIMKLHIRE %, BNSHHREHIREE
R, PIUNPIGR AR, §AEEEE, BOGER B Al A& P IRISE T3,

N T IR PR TR BRSBTS — MR B RYIR, GRS =1 E AR,

© OPRA R R DEERBEHIAE R, EAORBIT, FANERE 10 fEPIA A &,

- WIS AR size, HTICRYIRIGATITREE, HHEETTRBAMMIERSC E R, RHE
AR, BATATUERAIRER, DKW ST A,

- PUEHLH: EREAGTRNYIRERCH, WRZEHTY S, oiE AERer2 - N ERIKAH, Bk
SRR AT TTR IR s . ARG, BAIME IR EBARY FEZ /11 2 15,
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// = File: my_list.go =

/* FIFRE */

type myList struct {
arrCapacity int
arr [1int
arrSize int
extendRatio int

}

/* HERE */
func newMyList() *myList {
return &myList{

arrCapacity: 10, !/l IRE=

arr: make([lint, 10), // #4H (FFEVIRTR)
arrSize: 0, /]l SRKE (Heixi=iz)
extendRatio: 2, /] ERFIRY BRIEEK

}

/* REGIRKE (HaixciEiE) */
func (1 *myList) size() int {
return 1l.arrSize

}

/* FREGIRBE =/
func (1 *mylList) capacity() int {
return l.arrCapacity

}

/* IFETTE */
func (L *myList) get(index int) int {
// FSIMRER, WHEFEE, TH
if index < 0 || index >= l.arrSize {

panic(" Z3[#HR")

+
return l.arr[index]
}
/* BHTE */
func (U *myList) set(num, index int) {
if index < 0 || index >= l.arrSize {
panic(" Z3[#HR")
+
l.arr[index] = num
}

/* EREARMTE */
func (U *myList) add(num int) {
/] TEHEBHBEN, AT AV
if l.arrSize = 1l.arrCapacity {
1.extendCapacity()
}

l.arr[l.arrSize] = num
/] EFTEHE
1l.arrSize++

I
[* FEREHEATER */

func (U *myList) insert(num, index int) {
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if index < 0 || index >= 1l.arrSize {
panic(" Z3[#HR")

}

/| TEHEBLHAREN, LT BV

if l.arrSize = T1l.arrCapacity 1
1.extendCapacity()

+

/] BZE5| index UKZEWTTHEEEGEE—II

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

}

l.arr[index] = num

// BMTEHE

1l.arrSize++

}
/* RIBRTTE */
func (1 *myList) remove(index int) int {
if index < 0 || index >= 1l.arrSize {
panic(" Z3[#5HR")
}
num := l.arr[index]
/] BZFE5| index ZEMTREEFIFHI—1AL
for j := index; j < Ll.arrSize-1; j++ {
l.arr[j] = L.arr[j+1]
+
/| BHTEHE
1l.arrSize--
/] REFEBREYTTE
return num
}

/% FIRTE %/
func (1 *mylList) extendCapacity() {

/] HE—IKEANRLIHE extendRatio ERIFE, FHERINAEHIZIFEEE
l.arr = append(l.arr, make([]int, l.arrCapacity*(1l.extendRatio-1))...)

[/l BMYRAE
1l.arrCapacity = len(l.arr)

S

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

return l.arr[:Ll.arrSize]

4.4 RESEE

FEARZERIRI T, FAMRN T HEAMBERIZ MR B B ER SRS, ENoBIRT “E8FE” M

“OYRLAERE” TR REEER

KPR b, VPRGN EUGE 7 R M AR E IR, s S IR R 7 BB A PR RE
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4.4.1 HBENEHSE

RN =M RAZi#1R % B8R (hard disk). M7E (random-access memory, RAM), #%&7F (cache
memory), & 4-2 J&/s T EATEH BN RS AR EAERERE R

® 42 HREHEELE

(S e %17

Jibzs KGR, SR ERA. WNFESINsTRERNE  FREFE T RBENES, B
P, XFF e SEEERE 6T CPU ViR

CEN LGN TR AEE S LIGEVER GRS S LIEEVERVETERESS S

B K, TB | BN, GB 3 FEH /N, MB 231

T w8, JLEZJLT MB/s #tr, JLt GB/s FEF R, JL+2IJLE GB/s

ks (N BfEH, JLBELT/GB 25, JLTEILET/ GB JEH 5, BE CPU TR

R

BATRT DA HH BEHAZ E R GAEGONIE 4-9 R FIEEEH, BER & B TT0m A 17 i I s R R R, &
BRI, AR, IR R ARMB, TR EARE S TRITE I IR RUE AR

- WEEEDAINAFII, B, NEFPRIEIREN AR EE, R MES KIEEREE, HR, W
HIRA SRR LA, IX (R e AETH B8 T K

© RAFRIRA RMEEEAE DGR, BEE L1, L2, L3 BENBTRBSMA, HYBHRS2TK, 5 CPU
Dz AR BRRE B AT, M SEERE RN R, STRVTIERE R, £4AERT, Z22EHK
MIRAFEEA R AR, TR A Z RN R A P

CPU

L1 Cache

BE L2 Cache

g -
Eﬁ

B 4-9 HHREHIFIERS

BE BE
k& Bt
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Tip
HENAIEEIE R IREEAI R TR, BREMEA =F 2 R P, SShr b, XA e F /T
FiA Tk, BZSRBAHEAR R I FIBR ] < AR B -

R, BEELH T RIGIARER BB, WA TR MR 1217 e PR, 2247 W T 12k
SWEVIMNBIEIIES, DIREEFIBITHER, =& HAE, WRHEIRESI0E1T,

i 4-10 Fiow, ERFIBITH, RS MR BIRIREINAEF, f#t CPU IR, &fFrILAETE CPU K
—HRoy, EIE R REHM A IR, % CPU f2 L e R, MM & R MR P A TRCR, b
KRG HINAF B

b —
b < < <

|
l
2

P 1550 75 RF 7354

CPU

Bl 4-10 BEEL. PSR IR R

4.4.2 HIESHNRTENE

TEWNFERAE T, MR 8B BAIEMRRE.

—75H, WERARREN, HFE—RNETRERZ RIS, BB R 2 EIRAS I RE R AT RE Al
A, BAHRTTRZEE Y, NRREPINGZ RRAAMERERTT RIS (D), EI2 RReRE S, A,
BATE B B HESINF 2 H, X ATRESFBINIAIR SR, By Al ZHI NI [RIR 23 (R lA
M T, SR R NERADEITAIASNAE IR, SR T SRR R TG,

S, RIS, BEEREPIE SRR, RN IR R a0k, M S BINT7
FIFRCRIER, BB T HIESNFEET X, HNAES SBNER A, R, BERFTTREDRUFIER),
BRI SRR e, ERSSBNER AL,

4.4.3 IRGHIRNERTFHE

&P RRETD AR BTN, HELRNFIREZ, ERFITERE BREEXEZNEN, BT%F
MAREARR, HEEFME NS TR EdE, Kt CPU ViR EHE N ERF TN, ML EEE
Kans (cache miss), I CPU AGA MIEFERAR AT A N 75 2,

B, “BAF AP WY, CPU S BIRMBCRMAS, Rrertsbthatier, AR CPU MEAF IR
EBURRI ELBIFR I B Fa = (cache hitrate), IXMEFRIEH KM REFIE,

NTRATREIREHE S HIRCR, A7 2 R H A N AN EA L,
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© BT RAFNRRA TG S INEREE, TR DRFET NN, TR TR, 1T
R = R

- FRHOHUR: Ab B 2RISR I R (BTN, e KRR RISE), FARMER e A
R R 2 H, MNMHRT R,

- MR WUER D EIRRT ], B EHER R TR SO, Ei, RAFEANESE 1
faly, WRMBHEMNTAEEE, DaEmmahR,

- Il JRERY:: AR — D EARBIIR], AR EENARRERIR AT REFF I Al G2 A7 A X — B, i
TR B BRI 15 A1 Y B RAR e R

Khr b, BERMBER RIS R AR, EEARBAELCT L5,

- AN BERITRIBETTR SIS EE S, SBRATHENNEREIRRE D,

©OBRAHT: REREURE D BENGERLL, MRAR TATIET 89, RIS o ERE R E B =,
- PHHLH: BEH HEBER BRI CE R “RIEIIE”,  BIRSUE A 2 0E BRSO 2 £,
- MR BB R ER TR R, RN BRI A s A AT RERIR T M),

BATE, BAHBAERNEAG PR, FCeERERes a1k, XESERREIAREN, &
TEAH SRR R A A 1 B 52 X0,

TEERAE, MR EWE AN AN O MMETBER, SChrR ik SR BuRSsA, AR
TERATRCROGE, Blan, BEHMBEREATDASLEL “A” #dRgst (F—=XWE40 40, HEMEm T
75

- AEMERTRREN, AT TR TSR, FOVERME 7 & A B ERCR A BEA LI A A 5E
71, A CUR TR E RN e —E RN AL,

CARBHRRAER R, SSHERE. AT NECE T, IR T RS E N SIS, HERAET
RER BRI BUFIE T NFRIARRIER Y, F Bl 7 ey A A RN,

4.5 ING

1. EREEH

- BEHMBER R AR A RIBAREEHS, o I AREBUERAE T BN PR R 7530 IS RA7 B
IR, P RYRE R S BRI,

- BEHSRRENLTIRL, S HNERD, EEARBERITRESCRR, HAGHEKERARZ,

- REREN G I (FEE) SRERRREITT RAE A SRR, BT DAR ISR (B R R, o
RN, LRI iER, IMERER, TAHER,

- HIRBE MM ERKTTRARFES, EEE TSI, CRE TEAHES, RRATLAR
G kSN

- HIRAHBURIESE & T BRI, (HATRE B 2 NF 2 RITR PR

- BFIBITR, BRI EAMEENT T, SRR EE SRS RRCR, MHERNENF M _EE R
o

© RAPIENRAFAT. UL AR 2 (R R FR AN (R R R S R N L, v CPU SR P /i,
BETETHEF R TR,

- HTEABAERERFMTR, RILEEE EBERE S EREEEIREn, NMARYE BT R
G R,
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2. Q&A

Q: BCEHFMEAEM ERIFARETEE b, XN TR R AN 23 R R 2 5 M2
TR LA L AR AR A7 IR RSN R S RN, BEIRIERCREA —B 281, ARAIHERAG % B IR
s, TSR

1. BCATRERER : Mg —HB/NINTE, DECHSR RS 35 MR ER, T AEREHE)
DO, EARSGHA. Rk, HE_ERSECRIRERIRIEEE ek EE,

2. K/NRRH . BN, HERI R/ N2 IR TRl AR, A e B & & 7 i R A,

3. RIEME: R ERBAN K NEEEmRIENE, i LRI DRI TN BhASHE,
Q: N LBEHZRMFERANITE, MmERERP A A mIEHE RS RE?
PERBTRANR, TRZENEESIH (8 ER, &N AR AEE AR AESE, FlA1 int, double.
string. object &,
XS, ERHTE N FUE AR, IXFEA GRS T B W m R RBO Mo e B B, Hilan, FdFENf
& int 1 long PiAPEARY BANSCESAGH 4 708/ 8 7717, AR A AR ERBEE T, BN
BAPES TR “TTERKE,

# TEAFMNE = BARFLE (BxEREmLE) + THZKE *» TRRS

Q: MBRT A PG, BEFEMP.next 4 None IE?

AMEL P.next tha]PL, MIZBERRIAEE, MATNRIBHEIETRESNZBEIP 7, XERETHRPE
ZEMBERFPINBR T, I L P ARIAIIR AR S BE R AL R

MEdRE SR (8D KIAESR, TEOTRAXRER, RERIERFIZEZ EMAIMT, AR
J§%E, WoTsEZ e, ZEEMEW. WRAMIT, FREMPRT SORBUERE R, B2 EXIMEHT N
HIPAF AL

Q: TERERFHEARMBREI NS 2R O(1)  BRMMATHEE O(n) WINFERTE, THNH
LIRFAEZREFRRE O(n) 122

MR EHGTR, BMRTER, NREXEMRLRE O(n) . AT, FERKN O(1) BEMEIEE AT DAEH AR
M EASEIATL, Blan, XXARASNE & (A BERII, A —MEHZRIGKIEALT R, BT, 8K
mASMERERIERZ O(1) o

Q: B "BERENSHFMIN” h, RIECREET RIEEE & — A IS ? RN RUERS S
We?

BoREERIREBEWHRR, ERFNTERIE RGN T 9,

- ARREZEBURS BE S AR RZEARFRP, 40 int. long. double FISEHIX %5,

- YRR E S F NS BIKMBE T R R G N RIFINETE, KZN 8 F1ek 4 711,
Q: TEHIFRKEBFMITERANBZIZIE S O(1) ?

GUERAITRMNE AR KE, WTRECY RYIRERMN, RIEXHIEHUIINE, HREYRTE T
Rz %, XNHENRSZRERSE O(n) .
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Q: “FIRAHBINA MR & T AN, HATRESBER D NS RIRSE, X HAZ AR SR FEHIMY
IR RINA R, KE, I AEETSRINEL?

XERSERE EREEM IS — i, FIRARBE MG RE, BMA—EREARXLZ; 5—
JiE, AN TRIESEY R, IR REEU-DREY, A x 1.5, ARk, WREIRZ A, BATE
HARETE IR e,

Q: 7£ Python H#liAfL n = [1, 2, 3] /5, X 3 PICRABALRMER, E240%Akn = [2, 1, 31X
RIENFDITRE id FHAZESH), 22 HIER n HEMRE, IXETRIENES:, T2 n 285
5?

[BaEA RO EBABER TR n = [n1, n2, n3, n4, n5], EHEER FIX 5 N RNRMSBAIEEEN
&AL, 8T, BE—MIIRRT|, FAWHARTLATE O(1) I ] PAARECT sl AFE AL, AT ) 100 Rz F) 7
o RXRRNBAHPAERR T ASIHE, AR RA S,

H5WZIES AR, Python RREFMHEINNR, FIRPEMIARETALS, MENETHFIH. K
It, BANSEZHWN D EAFHAERR AR~ id, FF HIXEH TR TC0ES:,

Q: CH++STL HHH std:: list CANE T WARER, HIFG-ERED EAE2EZEEHNE, BT2REN
At RRMENE?

—JiH, BAVEFEE FREABEHEIRE, mAELENAEHER, EREAWER,

- BEFFE: BTENTRFENDESMUIEH (—PMHTRI—MeE, —PMHTE—MTR), M
std::list j@% kk std:: vector B 5 H=A],

CBEAKRG: HTEIEARRIESLGTRD, KW std::list M EFRAHRRK —BRBERT,
std::vector IMERESH LT,

55— 77, A EAE R AR O 3 R AT, BRI PASIE = (AR 6 = T2 45HY stack AT queve
MAERER

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

NEILH, B4R, FrERT [0] SR 2R — MRS M, RBAMESHF—DITER, KM
I ROX B TC R A S B2 23

WRAE —HEH R E [0] MR, FICA#EH res = [[0] for _ in range(n)] SRSZHEL, XFh
TR FEBRIIA T n MESZHY [0] FIEMN R,

Q: #HfEres = [0] * nZERT — AR, Hivdg—NEE 0 #RRIZAIIG?

FEIZINRA, FrA T 0 #Z R — P RIYSIH. XZRA Python X/NE# GEHZ -5 2 256) RH T4
TR, DMERARMNREN, M HERE.

BRENHEAF DR, ERIMBAA DHIZESSIRTIENITR, ZX2EN Python FEEIE “AA]
BWR”, YEANMELIFEANTCRN, SR LY G —DINRI5IH, T RSRERENEAS,

R, HHIRITRE “AIENRT I (BlAnAER, FIEERSHIE), BRENITRIERLE RN R A,
AT 512N R IR M R,
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Abstract
Fean F 50, R SIS IE I HER o
ME AR NG R N B A,




H5E RS www.hello-algo.com 88

5.1 %

t (stack) J2—FmEfEL NG HIZE LM R,

BATAT AR AR EON Rl B — R8T, MERRHERSI— T, IIABBHHREE T, MRk
FHRE TR E, BATRE TS MERIRTTR W 75, AR5, sifRE FHIXA RS
e

aniE 5-1 FoR, BAHEHEBSTRIITEA Oy “FRT0, JREARN “ARIR”. RAETCRAMBAL AR EI 7 A
BT, MERERITOTR A BRI E “HAR”,

= A% A% Hi% Hi%
stack push(5) push(&) pop() pop()

mlmfﬂm \ / /

HRE

B 5-1 FAJe A JE AL

5.1.1 RS REE

el FIREIN 3R 5-1 FT/R, BARR 754 T ERAE T RIS = ke, i, FATCUE WY push ().
pop(). peek() #ga 1,

R 5-1 FREYFRIERCR

Ttk fiipuy I ) A2 2%

push()  JEEAME GRIERTD  O(1)
pop()  IRIULH I o(1)
peek()  VilRIITER 0(1)

EHEEOT, BAT]DEZERREES MBS, A, KEESAIRERE IR, XA
DRIZIE SR B s “RERT SRR, FHERPIZEE LRI SHIC R ERIE,
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// == File: stack_test.go =

[* Matx =/
// 7 Go H, HFER Slice H{FtkK{EA

var stack []int

/* JTTENE */
stack = append(stack, 1)

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

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

/* TEREHE */
pop := stack[len(stack)-1]
stack = stack[:len(stack)-1]

[* FREVRRIKE «/

size := len(stack)

/* HItRE B AT */
isEmpty := len(stack) = 0

5.1.2 RByscm

NTRNT AR TS, BAPRZE DR — M

HIEE T N Ja AR, BRI BT REAEARTRAS NS ERTT R, PR, A AIBERRER A] DAEAE R AL B AR
MERTCE, EtHenl DAMOA —Rh3Z BRI B s BE R, Het0ilin, FRATATLL “BRil” e sk aRagEt n ok

BfE, BHXINRBIEEEAT SHARHE,

1. BTFERNEN

(P BER SCIIARIY,  FRATTAT DARFRER A SKT AR T, BT AR
i 5-2 iR, T ARERE, BAIRTRITRMABERLES, XM R m AT AR A", mxt T

HARAE, HFRSLT ONBER AR HBRET AT

EETIRSR ]
HINERAE

BER

Step 1 Step 2
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pop() ST

AT

r
00O
- -

RETMEER
HIMRAAE

[-I-]-]-]
_
"
o-©

o
a4t
ELd
N

‘ Step 3

Bl 5-2 B THERITIMERAI AR HARERE

AT 2 5 T HER LA A R I -
// == File: linkedlist_stack.go =

[*x BEFHERLINE +/

type linkedListStack struct {
// ERARES list FSLI%
data *list.List

IF

/* WiEE +/
func newlLinkedListStack() *linkedListStack {
return &linkedListStack{
data: list.New(),
+
}

/* Ni& */
func (s *linkedListStack) push(value int) {
s.data.PushBack(value)

}

/* Wik */
func (s *linkedListStack) pop() any {
if s.isEmpty() {
return nil
+
e := s.data.Back()
s.data.Remove(e)
return e.Value

}

/* IhRRINTTE */
func (s *linkedListStack) peek() any {
if s.isEmpty() {
return nil

+
e := s.data.Back()
return e.Value

}

/* FREMRRIKE x/
func (s *linkedListStack) size() int {
return s.data.Len()
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}

/*x FIMTRR B AT +/
func (s *linkedListStack) isEmpty() bool {
return s.data.Len() = 0

}

/* 3REX List FAFITEN x/
func (s *linkedListStack) tolList() =list.List {
return s.data

}

2. BFHANEH

(RS STIURRY, BT ARSI R AR T, Q] 5-3 FTR, ARG 5 bR 43 RS R/ §OL R
TITER SRR, RRERERN O(1) .

PN -
push(4)
#IR > BUARIRSE( -
N l 1“’*‘" | [« ] RRE ;;iﬁ;ﬂligﬁ
ERTIR A R n a ERTRERA
g g
. o RMA% n HIPRMAE
3
W g HRE
lﬂ‘ o step 2 |
i
pop()
B RARTE
g ERTREA R
a I RMA
R
Step 3

&l 5-3 FETHUEHLIARMI AR AR AE

AT ARBITCER AT RESTRIER T N, R BATT AT AR B8], IXARt T B AT AL B )
PAR A7 RS -

// == File: array_stack.go =

/* ETEHALHMBE *«/

type arrayStack struct {
data [lint // #*KiE@

}

/* WiakEE */
func newArrayStack() *arrayStack {
return &arrayStack{
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/] IKERNKERN 0, REA 16
data: make([]int, 0, 16),

}
[* HRHKE */

func (s xarrayStack) size() int {
return len(s.data)

by

/* RREAT */
func (s xarrayStack) isEmpty() bool {
return s.size() = 0

hy

/* Ni& */

func (s *arrayStack) push(v int) {
[/l JR=8m &
s.data = append(s.data, v)

}

/* Hix %/

func (s xarrayStack) pop() any {
val := s.peek()
s.data = s.datal[:len(s.data)-1]
return val

h

/* IREVRTNTE */
func (s *arrayStack) peek() any {
if s.isEmpty() {
return nil

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

h

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

h

5.1.3 FFhSCINFTEL

SHEE
PRSI SRR ST & TR, SR SN RV I, (X LB T R X, (Rl — A
FLE,
ITEves

FERT RN, ABMIHAR BB E R D ACAFRESE N R T, BARGFIERFARINY, K%
R KM, WRAENEHBHA R, 2T AVH, SBOXRARERNNREREZHR O(n) .

TEAETHERMISCIID, BERMIYBAERIE, AEE LAY ANBCRERINF -, B2, AMHREFRE
PG RO I HE AR, ILRCRAXRAR. A, WRABTTRAGIR T RNER, A2 DA X4

P IR, TR MR,



B5E RS/ www.hello-algo.com 93

LR LR, YRS HEARIERTR B EA BRI, HI40 int 8¢ double , FATATLAGHLATREEIE,

- BT UAHSTBINRAE A ANPCR SR, Bl T AR 0RE, R FI8eRER,
- BT RERSCEIRIR AT DR AL S RS E RURCR R I

K1Y &

TEWHAIIRN, RGERNFIRD “WIaAER", WARAREBH SRR, HH, ¥ Al 2L
TEREER (BN 2 %) TV AN, P RENARBAREBEHIRTER, Fit, JETHALBR N EEmR—
SE 2 TR B

SR, ETRERT T EHIM O TEEr, PBLRERTY RLE 2 MR,

gi b, FATIASRERT St WERP SEEL AN & NAF, T Z e AR DU T 04

5.1.4 XRpHEEINA

- PSPPSR SR, PO S RABE. SETRANTITHRIM DT, WY a0 E— R
FINKR, AR AT DOEIS IR 1R AR 2] E— D TT, JEiRBRESShr B2 AT hikk, aRE RN 3
FHEIRFIRTHE, AR MEORAC S L,

- BERPAAERL, SR RN, REMSEARTNIN— MR, HTICRE S T SUER fEiE
PRELHR, A IR Be S WA T ARRERSE, T LRI B S AW T AR R

5.2 BA%I

PAZI (queue) J2—FiEIEJC AJCtH UM LI RAREE I, B8 S, BRARIL T HEATRR,  BIFrRAT AN
IMANAFIRERR, AL T-BASISLHERH NB A BT

aniE 5-4 FioR, BATREBAIISKEFR A “BAE”, EEFRN “BARE”, RATTCRAMANRERIERENC “ A",
BREAE TCRAERIEN N “HIBL”

BAZI HBA HBA
queue pop() pop()
BAE [

ik | /

Ak | /

BAR

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

5.2.1 BAYIERIRIE

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

% 5-2 PAFIBRAERR

VIR i P I i) A2 2%

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

FATAT AE R FH A2 15 = IR RAAIE «
// == File: queue_test.go =

/* FIEIEEATY «/
// 7 Go H, R list {EAPAFTIKREER

queue := list.New()

/* JTTENBA */

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

/* nEAETTER */

peek := queue.Front()

/* TTEEEA %/
pop := queue.Front()
queue.Remove (pop)

/* FREXPATIROKE */
size := queue.Len()

/*x FIMBAGIRERNE */
isEmpty := queue.lLen() = 0
5.2.2 BAFISEIR

TSRS, AT ZE —RPRARSSHS, AT DAME— ST R, eSS —ImERoTR, RERMBEHATS =
*O
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1. BTFERNEN

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

BHR &

NSRS
_ ABA _
- ) push(4) s (@
i 1
) ©
-8 2 ¢
a EEERERS @ - ] EERMERE @
o FHIVRIHAT (Tk o TNRIAAT /f
M)‘I BTHR e\ \\?E
- "E - EwHA ()
| Step 1 | Step 2
HA
pop() BERAT R
P @
1
-] EESRESR @
o HIMEELIAT] T\
]
RE&
| Step 3

& 5-5 FETHERIIMASIAIABNHIBAIRAE

DA 2 FABER SR PA S AR -

// == File: linkedlist_queue.go =

/* BETFRERITIAPATI +/

type linkedListQueue struct {
/] ERREE list FLIPAT
data *list.List

I

/* FIaBATI */
func newlLinkedListQueue() *linkedListQueue {
return &linkedlListQueue{
data: list.New(),
¥
}

/% NBA %/

func (s *linkedListQueue) push(value any) {
s.data.PushBack(value)

}

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

}

e := s.data.Front()
s.data.Remove(e)
return e.Value

hy

/* AEIAETTE */
func (s *linkedListQueue) peek() any {
if s.isEmpty() {
return nil

¥
e := s.data.Front()
return e.Value

i

/* ZREXPAGIRIKE */
func (s *linkedListQueue) size() int {
return s.data.lLen()

}

/* FIHFBATIRE AT *+/
func (s *linkedListQueue) isEmpty() bool {
return s.data.Len() = 0

}

/* 3RBY List FATFHTED «/

func (s *linkedListQueue) tolList() =list.List {
return s.data

by

2. BETFHAMSER
TEHAH PR E RN A EAEN O(n) , XRSFEHBIREBCREBAR. AT, BATAT LR 5275
R IX A AT

BT AEA — 12 & front FEAIANE TR RG], HEF — 1ML & size A TIERINFIKE, EX
rear = front + size, XPNAXIEHA rear fEFMINETTEZEH T — MU E,

TR, B PRECERNAEUXBN [front, rear - 1], SAHRIERISCELTENE 5-6 Fim.

- ABAER(E: R A TTRMMES rear RIIAL, FIE size WhN 1,
HiBAIRE: HFR front B9h0 1, FK size /D 1,

FIDAEER], ABAFHHBAERAEES TR T — X8 ME, IWNRERERN O(1) .
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front IERMASIETR
rear fEEMFIBTR + 1

1. itWRIES rear
2. BTERME rear &

rear = front + size 3. % size B 1
i+ A T
BB push(4)
n front > n n front >
R I BAFHCEE BAFIHREE
n n size = 4 a size = 5
u EEER2HRA n a EEEREHA
] FHIMRILIBAS a ] TSMRIAAZ
| rear » rear »
AR .
l Step 1 J Step 2
1.4 front B 1
2. 4§ size BA 1
HBA
pop()
front > PABIHREE
a size = 4
n EERER2HA
a MR APATI
Step 3

B 5-6 FET IS HI AR HI AR

IRATRER B — DA FEAWTHE T AR AR REH, front #1 rear HRFEAIGISE), HENSIAEA
FEERI R TICTRAR SRS AN 1o O T RO, BRATTAT DRR RN B AR PR

MNFIPEEA, BAITEIL front B rear ERUSBEH RN, ERAEEE SRS T, XM TN

FRATLOEN “BORERE R, A TAR:

// == File: array_queue.go

/* BEFIFREATINABAGI «/
type arrayQueue struct {

nums [lint // BTFEHMTITTENEA
front int // BAESE, (BAMETER
queSize int  // BAFUIKE

queCapacity int // BAFIBRE (BIRAKBATEHE)

S

/* FE1GBATI */
func newArrayQueue(queCapacity int) =arrayQueue {
return &arrayQueueq

nums: make([]int, queCapacity),
queCapacity: queCapacity,

front: 0,

queSize: 0,

}

/* FRENPATIRIKE */

func (g *arrayQueue) size() int {
return q.queSize

I
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/*x FIMBAGIRERNT */
func (g *arrayQueue) isEmpty() bool {
return q.queSize = 0

I
VAIPNINEY

func (g *arrayQueue) push(num int) {
// Y rear = queCapacity FLFIEH
if g.queSize = q.queCapacity {
return
Iy
/] ITEBARIEE, IERERS| + 1
/] BIEVRISESI rear HIEAERIBEEELE
rear := (qg.front + g.queSize) % q.queCapacity
/] & num FIMZERAE
g.nums[rear] = num
g.queSize++

}

[* HBA %/
func (g *arrayQueue) pop() any {
num := q.peek()
if num = nil {
return nil

}

/] \EEHEEBH—, SR, NRERHRERS
g.front = (g.front + 1) % q.queCapacity
g.queSize--

return num

}

/* iFRAE TR */
func (g *arrayQueue) peek() any {
if q.isEmpty() {
return nil
+
return g.nums[q.front]

}

/* 3REX Slice FTFHIEN %/
func (g *arrayQueue) toSlice() [lint {
rear := (q.front + q.queSize)
if rear >= g.queCapacity {
rear %= @.queCapacity
return append(q.nums[q.front:], g.nums[:rear]...)
}

return q.nums[q.front:rear]

DAL SRR BASI R A RIBRE . LA A2, JRT, XN HERRER, BT TAT DORF B Hoh 3 58K

H, MMgIAT B, A rBriRE a] A B TS0,
PRPSEELRON ELES e S — 8K, fEA AR,
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5.2.3 PAYIBRBI ]

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

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

5.3 WFEAFI

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

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

push_last(4) pop_last()

B 5-7 XAASI A

5.3.1 WFEPAFIEREE

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

%5-3 WANTHRIERR

TiiEs filiid ff ) A2 2%

push_first() HILRFMENE O(1)
push_last() K THRRMEE O(1)
pop_first()  MIBRBAEICER O(1)
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Tk fifiik I ) 2 2%
pop_last() FHERBAFETEZR O(1)
peek_first() IiMIAETTR O(1)
peek_last()  ViMFAREILER O(1)

[FIREdD, BT DAE g IRIE 5 BRI ABASIZE :

// == File: deque_test.go =

/* FsaApAT */
// & Go HA, 3§ list ERXNEPATIER
deque := list.New()

/* FTTENBA */

deque.PushBack(2) /] FINZERE
deque.PushBack(5)

deque.PushBack(4)
deque.PushFront(3) /] HINEE

deque.PushFront(1)

/* iFRlTTE */

front := deque.Front() // FAETZ=
rear := deque.Back() // BAEBTE

/* jTEHBA */

deque.Remove(front) // BAETTE=HPRA
deque.Remove(rear) // BAETTEHBA

/* FREUREPAFIBIKE */

size := deque.Len()

/* FIETEPATIRE AT */
isEmpty deque.Len() = ©

5.3.2 WRPAFII *

XEIBABI A SERL S BABIZRAEL, AT DA RE R B 1 R IR B R A

1. BEFNAHERMNSEN

(BB _L—T P, Bl P 8 D B A BERORSEBRAS, - R & mT DAY (R Sk 19 s O B EHBAFRAE) e

T UG TIRIETT L O BLABAERLE) o

X XEASITT S, SkEBAIE AR AT AT ABAFIHI AR, emgibiid, INAIBAA TR ZE LB 5S — A FR T 7]
AU, ik, FRATRA “XUABER" 1EN ARSI R = BHRE5

G 5-8 AR, BATTIRE DAV BE R AT SK T mM BT oA XX EI BASI I BA B FIRARE, [ A SEELAE PR R A B

T RRISIRE.
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BAEXNBA BHER 4
s push_last(4) FNEHERE
ne | ue soa (@ s (@
HBA ABA a
ERERBWAER @ a ERERENEER o/
a T RIMATFEATI a TP RIMATUFBATI
w19 s © 6
ne EER
| step 1 | Step 2 |
BHER 1
FRINERERLL HIBRET =
BAETABA BAEZEBA
push_first(1) eSS @ pop_last() P ?
|
m ° o
] 2 i
a ERERRWFEER a REEXRRENEER G
a PRI A EAT] a FHIPRIMAMEAT] g<
(s ) rer (@
B¥R 6
| Step 3 J Step 4
BAESHHBA
pop_first() BRI R
sex (@)
a EREHRENEIER @
a T RIMATFATI
RHA @
Step 5 |
5-8 EETHERSCI ARSI AN BN AR
SEERAHRSUT R PR
// == File: linkedlist_deque.go =

/* BETFWAERTIMAIN@EPAT] */
type linkedListDeque struct {
/] FERAEE list
data *list.List
I

/* FIRIHRBAT */
func newlLinkedListDeque() *linkedListDeque {
return &linkedListDequed
data: list.New(),
¥
I

/* BRETTEN +/
func (s *linkedListDeque) pushFirst(value any) {
s.data.PushFront(value)



B5E RS/ www.hello-algo.com

102

}

/* BABTTENBN +/
func (s *linkedListDeque) pushLast(value any) 1
s.data.PushBack(value)

}

/* PABTTEE */
func (s *linkedListDeque) popFirst() any {
if s.isEmpty() {
return nil
}
e := s.data.Front()
s.data.Remove(e)
return e.Value

}

/* BAEBTTEERA +/
func (s *linkedListDeque) poplLast() any {
if s.isEmpty() {
return nil
+
e := s.data.Back()
s.data.Remove(e)
return e.Value

s

/* hRIAETTE */
func (s *linkedListDeque) peekFirst() any {
if s.isEmpty() {
return nil

}
e := s.data.Front()
return e.Value

}

/* IhRIBAEBITTE */
func (s *linkedListDeque) peeklLast() any {
if s.isEmpty() {
return nil

¥
e := s.data.Back()
return e.Value

}
[* REBAFIBIRE */

func (s *linkedListDeque) size() int {
return s.data.lLen()

}

/* FIBRBATIR B AT */
func (s *linkedListDeque) isEmpty() bool {
return s.data.Len() = 0

}

/* 3RBX List FAFFTED x/
func (s *linkedListDeque) tolList() =list.List {
return s.data

}
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2. BTHHENIH

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

front $EAMNATIETR 1. itERIEH rear
rear 1EENFIRTE + 1 2. BERFMNE rear 2
3. 46 size B 1

rear = front + size

BAEBA
PAE push_last(4)
it 1 l e front > a MELKE 0 front > B
size = 3 size = 4
EREREEFSRE a n ERER2ERRA
a HSEAPREINT (5] ] TSN RIITUAAT
R :
ABA HBA
B AR . S
l Step 1 ) Step 2
1. % front BF 1
2. BTRFME front & R
3.5 size B 1 1. % size B 1
BAEENBA BARZHFA
push_first(1) pop_last()
n . front »
1
BABICEE BABIKEE
size = 5 size = 4
n EEFRRREFHA n EEERRRIFHRA
a FIPRIMATFEATI a FIPRIMATFAT
( Step 3 Step 4
1.4 front B 1
2. %8 size R 1
IAE [+
pop_first()
o front IABHEE
size = 3
a REERREFHA n
] FSMRIAIREIAT B
Step 5 _,

B 5-9 FTHEH SN E ST ABA AR

TERAFIR BN b, AT “BAE ABR” 0 “BARHIBA” BT k-
// == File: array_deque.go =

/* BETFIREEHATIMAIINEPAG +/
type arrayDeque struct {
nums [lint // RATFEENAYITTEREE
front int // BAE#EE, fEAPAETE
queSize int  // WATIHKE
queCapacity int // FAFIBRE (BISRABHTEEE)
I

/% FIREATY */
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func newArrayDeque(queCapacity int) *arrayDeque {
return &arrayDeque{

nums: make([]int, queCapacity),
queCapacity: queCapacity,

front: 0,

queSize: 0,

}

/* FRENNEPATIRKE */
func (gq *arrayDeque) size() int {
return q.queSize

}

/* FIETNEBATIRE RS */
func (q *arrayDeque) isEmpty() bool {
return q.queSize = 0

I
[* HEIRTERAERS] «/

func (g *arrayDeque) index(i int) int {

/] BEEGRRELII A E AR

[/l H 1 MIHARRE, BRIk

/] B 1 IR EE, EIEIESR

return (i + g.queCapacity) % g.queCapacity
}

/* BABBA */
func (g *arrayDeque) pushFirst(num int) {
if g.queSize = q.queCapacity {
fmt.Println(" Wm@PAFIEH")
return

}

// BAEfsstAAR—I

/] EIEVRIZIESS front #dEAELE SRR EER
q.front = g.index(q.front - 1)

// % num HRINENE

g.nums[qg.front] = num

g.queSize++

}

/* BAEBNBA */
func (g *arrayDeque) pushLast(num int) {
if g.queSize = q.queCapacity {
fmt.Println(" W@EPAFIEHF")
return
+
/] ITEBAEREE, IERERS| + 1
rear := ¢.index(q.front + q.queSize)
// ¥ num FINZEE
g.nums[rear] = num
g.queSize++

}

/* BAEHBA */
func (g *arrayDeque) popFirst() any {
num := q.peekFirst()
if num = nil {
return nil

h
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// PAEEEREEI—{L

q.front = g.index(qg.front + 1)
g.queSize--

return num

hy

/* BARHIBA */
func (g xarrayDeque) poplLast() any {
num := q.peekLast()
if num = nil {
return nil
¥
g.queSize--
return num

i

/* HRIAETTE */
func (q xarrayDeque) peekFirst() any {
if g.isEmpty() {
return nil
}
return g.nums[q.front]

h

/* IhRIAEBITTE */
func (q xarrayDeque) peeklLast() any {
if q.isEmpty() {
return nil
¥
!/ tERTEERS
last := q.index(q.front + g.queSize - 1)
return g.nums[last]

}

/* $XBY Slice ABFITEN =/
func (q xarrayDeque) toSlice() []int {
/] (IR EMKEEENMNYIRTR

res := make([]int, q.queSize)

for i, j := 0, qg.front; i < g.queSize; i++ {
res[i] = qg.nums[q.index(j)]
j++

¥

return res

5.3.3 NRPAFIRZA

XABNFIH R EAR S BAFIRIZ R, Rt E ] RSB B A R 5, TRl RS i) B

TATHIE, AR W™ DRedEH ARSI RGO R ENARIE push Eikrh, RJ51EIT pop SEEL
Wo AT, FIEFIRATIRAIRG], KA SRHEEADE BT RE 50 22, SHRRKEEY
50 I, AR EEARIE (BNE) HATHIBRIRIE, ERICTRSCBIZIIGE, BT EERDN AR . 15
TR, “HEH” R LZ RS SE AE RN, FUZXR ARSI RERS B8N R 1S SE B — LB NS .
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5.4 &G

1. EREEH

- SR MRS NS RN A BdESS A, Al B el R S,

- AERNTRRERTTH, ARSI A ARREFIRCR, BEY ALEP, BIRAMIRENN B2 E R
HUEO(n) . MHHZ T, HRMBERLIMAA ENFRENBCREM,

R ARCRTTH, FABASIARESH—EREN RS, HREERENR, SRS A

fad ] LB TR R,

- BAAIZ — ARG e A JE MR B EE,  [RIAE AT DOE IS B s BE R ST, FE I RICR R 23 [RI8R
RIXTEE B, PAFIRISESIE S AR RIS e M Bl

- OREIBNSIR — MR S E RIS, B AR VFE SR TIC R A TSINAI R R

2. Q&A

Q: MIVEERATATIE IR A2 XA BE R I ?

MEERATATIE S IRIREA B B2 "8 BUMRIL, S P sl —SF DU, %0 SNSRI, 4~
R EIRAZ LN, I UUH 2 MARTHSH o B8 R XA A AT DATS (A SR B — SR AMEAE, X DNE “XXERAS]”
ETHEE,

Q: G, BERERKHHET RIAE?

WRIGEASTEE AT N, WAFERRNGT, G2 RERE], Java fl Python FFIESHH Halhi
P, AR EFIRRANT; £ C M C HHREFIREBNTT.

Q: WIAASIRR M MEPHERE T —il2, BRAIREMHA?

L ERABRASZ I A S B & B D EPRE 1 i, BRI + AFIREH, [KIita] DAL SRS
AIRTA RLA], 7 H AR TE,

Q: ¥ (undo) MK (redo) BEAKZUNAISLELAT?
ERMMER, A FITHEE, B TR,

L FLAPHRIT R, RIX D RIEEAR A, FFESEB,
2. HRPHIT BT I, MR A e ERIT TR, HRHEEARB .
3. HMFHIT “RIMEET I, MR B AR RO RIIRME, FRIEHIEARRA .
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Abstract
TEHFENIH R A, BmRME—IEENE B ER,
ELEI A ERBS, M DAPEERE] AR E
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BER (hashtable), XFREFIR, TEIETH key 51H value ZAIAIRLET, SZEIEMACEER, B
ma, FMAEHERPHEA— DR key, WETLAE O(1) BHENIREY MAYE value .

E 6-1 R, @A n ML, BNPARA T N EET IEYE. BBIIm RS “mA—
F5, RERAEES" FERIIEE, WATDARAE 6-1 FrRiIigfi &R,

BRHE

hash table

BA—T¥5 key, TiHWHEH value
A RPERENREERER 0(1)

K 6-1 M RIHRER

PRI RSN, BAAMBERMAT IS IRIIRE, EMBIRER I 6-1 Fir.

© OWMCE: (FEETRRNELE (555R) MREERIRT, fH O(1) M,
- AR BT BER REUTH, FFEeAESRNFETE, A O(n) NiE,
- MBRCER: FEEEWIICR, HMEE GER) PR, £H O(n) N,

®6-1 TLREWIBCRILL

o HER AWK

#H5tE  O(n) O(n) O(1)
wIEE  O(1) O(1) O(1)
WiEZ  O(n) O(n) O(1)

Mg, TEMA R TR SN g R O(1) , FER &R

6.1.1 MBERTEHIRE

G RAE WIEREERS: Witath, BIERE BIEEXNNIPREEEXF, RO
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// == File: hash_map_test.go =

/* FaRHER */
hmap := make(map[int]string)

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

hmap[12836] = " /J\Ig"
hmap[15937] = " /h\IB"
hmap[16750] = " /J&"
hmap[13276] = " /J\&"
hmap[10583] = " /h\gg"

/*x BIERIE %/
/] AMRERTBEAE key , 32E value
name := hmap[15937]

/% MRIBRIRIE =/
/] TERHERPHEFEE (key, value)
delete(hmap, 10583)

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

// == File: hash_map_test.go =

/* BRBHER */

/] BHEEX key->value

for key, value := range hmap {
fmt.Println(key, "->", value)

}

/] BIREHE key

for key := range hmap {
fmt.Println(key)

I

/] BIEH{E value

for _, value := range hmap {
fmt.Println(value)

}

6.1.2 MAFEREHEITY
B E BB AIER, - ANRACREIIET R, ERFERT, BATERL PG 22O
(bucket), BFAMERITEME—NEUERT, Uk, ZEHRIERZIE] key X RAUME, FELERTFIRE value .

2, GAIET key TEALN M HIMENE? X 2IEL IR FHEER (hash function) KPR, MG EREEIMERZR—1
RIS B B — DR DR S B, fERGAT R, MASHZATE key , WHZ=EIZATAR (B
R5Do HANEH, WA key , AT UBRIGA REBUHENZ key X RLAIEEAFEDN 768 P LA R AL B

A key , MaAmEEHTTHREEED WIS,

L. B IERIEREIE hash () HRESFETE,
2. KT ENEE (BEKE) capacity BUE, MMZREGZ key XIRIAIMG (BZHZRS)) index,
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index = hash(key) % capacity

BjE, FATEEAT AR index {ENG A R AP AR AR, MITEREX value

WA K capacity = 100, W7 HEL hash(key) = key, ZIFEAFECH key % 100, & 6-2 DA key
M value BER AR, JRIR T AT BREHY TAE R,

DUNAHESEI T — ME IR R, Hrb, IO key 1 value BEER —1K Pair, DAFRREHEN,

BN key

ED—
B -

[

// == File: array_hash_map.go

[* BEX */

type pair struct {

key int
val string

S

[*x BETFEHALIMBER +/
type arrayHashMap struct {
buckets []xpair

}

[* IREmRER */

#=al

— 36

37

IRREH | 5o
key % 100

83

o
key

15937

i 16750

et 13276

10583

(B MERRE—MEE
%)

e . ven . e . e ' a ven

|

value

TN

“haEr

“hgEr

“E

“) By

6-2 e R TR EE

func newArrayHashMap() *arrayHashMap {
/] BkEE, 85 100 M

buckets :=

make ([ ]*pair, 100)

return &arrayHashMap{buckets: buckets}

}

[* BTN */

func (a *arrayHashMap) hashFunc(key int) int {
index := key % 100

return index

Wil value

— &3

—&3
— &3

J
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[* EEIRIE */
func (a *arrayHashMap) get(key int) string {

index := a.hashFunc(key)
pair := a.buckets[index]
if pair = nil {

return "Not Found"

h

return pair.val

}

[* BIRE */

func (a *arrayHashMap) put(key int, val string) {
pair := &pair{key: key, val: val}
index := a.hashFunc(key)
a.buckets[index] = pair

I
[* MIERRIE «/

func (a xarrayHashMap) remove(key int) {
index := a.hashFunc(key)
// BA nil , &M
a.buckets[index] = nil

}

/* FREXNFRBE%IS */
func (a *arrayHashMap) pairSet() []xpair {
var pairs []xpair
for _, pair := range a.buckets {
if pair != nil {
pairs = append(pairs, pair)
¥
+
return pairs

}

/* RENFREHE */
func (a xarrayHashMap) keySet() [lint {
var keys [lint
for _, pair := range a.buckets {
if pair != nil {
keys = append(keys, pair.key)
¥
}
return keys

S

/* REXFRBME %/
func (a *arrayHashMap) valueSet() [lstring {
var values []string
for _, pair := range a.buckets {
if pair !'= nil {
values = append(values, pair.val)
+
}
return values

I
[* FTENIGHRR */
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func (a *arrayHashMap) print() {
for _, pair := range a.buckets {

if pair != nil {
fmt.Println(pair.key, "->", pair.val)
IF

6.1.3 RFHRSHTE
MR EE, WaRmEEHIERZEIE key M HA LS MU ZIEHFT A R IH R E S, Az
AT A TR E, i, P E—EfE “B A EAM AR .

T ERRGIFFRIIG R ERE, SRR key JE AR, B7 R B f A SR BARTRL, N, ERFESH
12836 #1 20336 HIPPMEARF, FRAGH]:

12836 % 100
20336 % 100

36
36

WE 6-3 Firr, MNFESSER THR—NMESR, XERZBANM, BATEIXFRZ N AT R [F—) RS R
HNEZEHR (hash collision),

BN key #=35| o b | iatH value
key value
MR# R

@—// 37 15937 | “iiB” \\_’m
/ Gt 5@ 16750 : “pE" \
= : —

key % 100

" I.'

76 13276 | “/NiE”

83 10583 | “/\Fg”

K 6-3 WA IHIERHAl

AT, BARER nBK, 21 key WECEIFE— M AIBERMBIE, MR, Fit, T
YA A R D I A R

il 6-4 FoR, §aATi(EX (136, A) 1 (236, D) RZAEMZE, ¥ AEMRHK,
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MEREE - 100 WERNE 2 8 BERSE - 200
IEFREB key % 100 » TR key %200
#3| key value 3| key value

36

36

136

50

150

83
183

Kl 6-4 MR A

KU TG R, TR BRI AT REBEIAHE, RN Lo FIah R R
capacity M2, RIS WA EEOR IR S A RA 077 B, 05800 T i 2Rt
ST i, GBS KRR RAR, B,

fAHEF (load factor) ZMAH R —DNEHEEME, HE OVGHRITREERDMSE, AT EHEBRAH
REEERE, WEENRAERY FRME R, BIE Java i, S7EE D 0.75 I, RGASKER
RITHEFILH 2 %

6.2 MR

B e I R U i 1 RV U BRES 4 G NE NG [T N s vl I PR v ol o R S e AT 7Y P w1
AR 2HRY, WS BEHE RN, WA 2 MBS E R — R
G IR SEE WL RIR, TEPIABHRIAT M. N Tz, 582 AR rmRn, A
HATIERRY R, EEMRHIOVIE. BIEEAHREAR, ERERKR, FARARTAREH TR
R EEREIRIZ SR ETT R, 0 THRIIRER, AT PR DA 5,

1. BRI R AR, AETFIRA Fn] DAL B s RN IEH LA

2. (HERLES, BISIGArRR LA™ B, AT AR

WG RAVEA R7TE T EARS “aEsCthht” "I SHIE™,

6.2.1 siEziithsit

fERGEIRTR R, B MAEEFME— N MERXN, 5EXHhE (separate chaining) N TREH RS, it
ERENBERTI R, RATE KA REVEE X AR B E R —BER . B 6-5 R 7 — PNk a7 R A5
To
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=il e R (WanEE)
- | n-0n -0
itk E E
= | G0 -00-00-00
H@&smMEhREns o n
PRI key % 100 7'6 276 :n
Eﬁifﬁmﬁﬁﬂ key :
REERTHR o m

Kl 6-5 HEAMALIGT &

E T et SRR IS A RAGIRIE T TR R AL T DUR AL,

- HJTER: WA key, ELRAEEISEINRS(, BIRTTRGERLT R, ARG HRERIFXT L key PA
AR HREE{ERN

COWMTER: E/EE IR REBOMBERSLT R, RERTR GREXD) IInEIER .,

- BRI ARAENR T PR EAOZE R BERSLH, 1B I HER AR B R T R H R,

HEFCHIHE 7 42 DU R R,

A RERIR: REREE T R, A B SR 2R A A
- EIBCRIK: ROV AR R R E SO BT R,

PATAHSZE T i CHbAE RS 7 RV R A SEEY, FTREERM .

- ERAIER GISEED) ROERER, MM, EXME T, Bmk %) ga2 M, 80
R — IR,
DURSBI ST R A%, SFEN TR 2 0, ROV R AEREN 2 15

// == File: hash_map_chaining.go =

/* BETLHIALIEF R +/
type hashMapChaining struct {

size int /] BEHE

capacity int /] BERRE
loadThres floatésd // ki ANGHHEFEHE
extendRatio int /] ¥ BEE

buckets [1[1pair // t@%R4A

F
[* ¥HEFE «/

func newHashMapChaining() *hashMapChaining {
buckets := make([][]pair, 4)
for i := 0; i < 4; i++ {
buckets[i] = make([lpair, 0)
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}

return &hashMapChaining{
size: 0,
capacity: 4,
loadThres: 2.0 / 3.0,
extendRatio: 2,
buckets: buckets,

}

}

[* WEFSEEL +/
func (m *hashMapChaining) hashFunc(key int) int {
return key % m.capacity

}

/* GEEATFT */
func (m *hashMapChaining) loadFactor() floaté4 {
return floaté4(m.size) / floaté4(m.capacity)

}

[/* EEIRIE */
func (m xhashMapChaining) get(key int) string {
idx := m.hashFunc(key)
bucket := m.buckets[idx]
/] EFAE, BXE key , NLREFR val
for _, p := range bucket {
if p.key = key {
return p.val

}
¥
[/ BXRIKE key , MIRE|Z=FRTEH
return ""

}

[* FIMEE +/
func (m *hashMapChaining) put(key int, val string) {
[/ BHHEFEIRER, RiTT S
if m.loadFactor() > m.loadThres {
m.extend()
}
idx := m.hashFunc(key)
/] BHE, HBEIEE key , WEHIML val FHiR[E
for i := range m.buckets[idx] {
if m.buckets[idx][i].key = key {
m.buckets[idx][i].val = val

return

+
}
!/ BBXiZ key , MEREMRNERES
p := paird{

key: key,

val: val,
}

m.buckets[idx] = append(m.buckets[idx], p)
m.size += 1

}

/* MIBREIE */
func (m xhashMapChaining) remove(key int) {
idx := m.hashFunc(key)
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/] BHHE, MKERERGRER

for i, p := range m.buckets[idx] {
if p.key = key {
/] PR BR
m.buckets[idx] = append(m.buckets[idx][:i], m.buckets[idx][i+1:]...)
m.size -= 1
break
¥
¥

h

/* I BRER +/
func (m xhashMapChaining) extend() {

// BERMER

tmpBuckets := make([][]pair, len(m.buckets))

for 1 := 0; i < len(m.buckets); i++ {
tmpBuckets[i] = make([]pair, len(m.buckets[i]))
copy (tmpBuckets[i], m.buckets[i])

¥

/] BT REMmIEH R

m.capacity *= m.extendRatio

m.buckets = make([][]pair, m.capacity)

for i := 0; i < m.capacity; i++ {
m.buckets[i] = make([lpair, 0)

¥

m.size = 0

/] BREMNERRERBEEMISHR

for _, bucket := range tmpBuckets {
for _, p := range bucket {

m.put(p.key, p.val)

+

by

/* ¥TENRRFHR %/
func (m *hashMapChaining) print() {
var builder strings.Builder

for _, bucket := range m.buckets {
builder.WriteString("[")
for _, p := range bucket {
builder.WriteString(strconv.Itoa(p.key) + " -> " + p.val + " ")
¥
builder.WriteString("]")
fmt.Println(builder.String())
builder.Reset()

EEENE, MEERRKN, FEER O(n) B2, HINTTRUSEERFEIN “AVL R B “C0HR”, Mifi
KA R RN R 2L O(logn) .
6.2.2 FIuk

FFrEFk (open addressing) 5| ARSMIEHESEY, m/EE “ZRRN” SRAAEIGAR S, A 3E
FRLFRZRMEIRM, S RN 2 IR IGF55
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N DAL B, A ERITIRSHE G AR R A AL

1. &N

ERMEARINR &1 P RAUZR MR FORBA TR, HAR(E 77 1% 5 E @A R A AN,

- BAJTR: EREARBOIREMRS, HLBMANCATER, WA RAERELEEN (P RKIEFEN
1), BEEKEZM, KooRmAHH,

- BHOLR: ARG/ PR, WERMRS KEEETEEED, BREKEINNITR, &E value HI
Al WARIEEISA, W ERTRAERAERS, J&E None o

B 6-6 o TSIk (SRR WA RAVEE(EX oA, ARFEIEIG L, SEMAHFR key #R L
SRR, THEE LMERM, EMNTARIRAAELE 2R DA N RIM .

#3| o |
00 <
Hisht 01
SR, HKR 1 0z
76 <
IEFH R key % 100 77
ERAIERR key 8
SRERF R

B 6-6 JFiSak (SRR Wafm RAVSE(E X 0 Ai

SR, ERVEIRINZE 54 “REMR”, BRI, ARSI G RN BB, XSRS A E R AR TR
REFTREMEECR, MM E— P eI BRRMEA K, TEBORIEIEIR, REASECHMESIRIEREA L.
EREERE, BOFRAETISURA R P EEMER TR, XZ2EMERTR ITEBAEN L — D2
None , MiH#&EMITRM, SMERMENZSHHIZIRE, FIEZTM 2 SRTTRETCIEHPI RS, B a]
RERFNIXETCRAFLE, W 6-7 R,
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3l b

00 <
01

02

76 <
RTE 2Zf&E,

REFEHIEZ FHTERT
78

6-7 TEIFRSHE PR TR S BRI A

KT FRUUZEE, FATTA] DR AR (lazy deletion) Al EAREZMNBAERPERICE, M4
5 B TOMBSTONE SRbRICIX /M, TEiZALHI S, None F1 TOMBSTONE #RAFRZSAH, #Fnl DURERRE N, BRI
FE, ZelERIZ] TOMBSTONE N RIZ4kSm A, [RoME 2 RelRERFERHE X,

SR, PEMIER n) BE 2R A R PEREIRIL, X2 RN SR BRIR(EER == 4 — MHERFRIC, fif%& TOMBSTONE
s, RN RWSIEN, EAZEFRNATRETR ZEkIT 21> TOMBSTONE A #EkEHirTE,

A, FEESMRMAIE SIEEE S TOMBSTONE &S|, HFHE RN HARTE S51% TOMBSTONE 23 #t
A8 IXFEMIIGFAL R S B RE R SIRINTTER, RS E 2 SR E (FRIRG ) FIRRH, M
A AL E T RCR,

PARARRSSEZEL T — NS BRI S0 (MR W, N7 EhnFe ol G w2 E], 341
BB FmBREE—D ", YOI RN, [[2) LIRS T,

// == File: hash_map_open_addressing.go =

/*x FRFURER «/
type hashMapOpenAddressing struct {

size int /] RENHE

capacity int /| WBERDE
loadThres floatés // f@&i ANGAHEFHE
extendRatio int /] BEE

buckets [1*pair // #@%k

TOMBSTONE  *pair  // MIERARIC
hy

/* ¥ERHE */
func newHashMapOpenAddressing() *hashMapOpenAddressing {
return &hashMapOpenAddressingd{
size: 0,
capacity: 4,
loadThres: 2.0 / 3.0,
extendRatio: 2,
buckets: make ([ ]*pair, 4),
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TOMBSTONE: &pair{-1, "-1"},
h

[* BEFSREL */

func (h xhashMapOpenAddressing) hashFunc(key int) int {
return key % h.capacity // RIEBITEREE

I3

/* BEHEATF */
func (h xhashMapOpenAddressing) loadFactor() floaté4 {

return floaté4(h.size) / floaté4(h.capacity) // itEYmitEHEF
I3

/* 3R key WNEERS| %/
func (h xhashMapOpenAddressing) findBucket(key int) int {
index := h.hashFunc(key) // FREX#I1AZ5]
firstTombstone := -1 // iERBRIWIE—" TOMBSTONE HINIE
for h.buckets[index] != nil {
if h.buckets[index].key = key {
if firstTombstone != -1 {
// BZanaE T HEREE, NRREXNBHNEZERES L
h.buckets[firstTombstone] = h.buckets[index]
h.buckets[index] = h.TOMBSTONE
return firstTombstone // REISEHEREZSI

}
return index // R[EHXEIRIZED]
+
if firstTombstone = -1 && h.buckets[index] = h.TOMBSTONE {
firstTombstone = index // iERBINE MIBRTIZHNME
+
index = (index + 1) % h.capacity // ZMRN, &I EEBNLREKER
+
/] & key REFEE, MRELRIMNANZERS]
if firstTombstone != -1 {
return firstTombstone
+

return index

S

[* ZEERE */
func (h xhashMapOpenAddressing) get(key int) string {
index := h.findBucket(key) // #Z= key MWRAIIEZS]
if h.buckets[index] != nil && h.buckets[index] !'= h.TOMBSTONE {
return h.buckets[index].val // EEIBEX, MIREFN val
+
return "" // HREWNFEFEE, WikE "
}

[* FHRIE =/
func (h xhashMapOpenAddressing) put(key int, val string) {
if h.loadFactor() > h.loadThres {
h.extend() // HAFAFBIHRNEN, HITHF S
}

index := h.findBucket(key) // 3% key MMAIEZS]

if h.buckets[index] = nil || h.buckets[index] = h.TOMBSTONE {
h.buckets[index] = &pair{key, vall // EREXNFEE, WRINZEEX
h.size++

} else {
h.buckets[index].val = val // &EFBEY, ME=E val
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/* MIBRIEIE =/
func (h *hashMapOpenAddressing) remove(key int) {
index := h.findBucket(key) // % key MWHHIFEZESI
if h.buckets[index] != nil && h.buckets[index] !'= h.TOMBSTONE {
h.buckets[index] = h.TOMBSTONE // &EikEIREX, NARFRFICESZE
h.size--

b

/* T BRER */
func (h *hashMapOpenAddressing) extend() {

oldBuckets := h.buckets // BERWRER
h.capacity *= h.extendRatio /| EHARE

h.buckets = make([l*pair, h.capacity) // #aHT BENFHEER
h.size = 0 /] EEXN©

/] BREFNMERERBEEMRHR

for _, pair := range oldBuckets {

if pair != nil && pair != h.TOMBSTONE {
h.put(pair.key, pair.val)
+

hy

/* FTENRGAHR */
func (h *hashMapOpenAddressing) print() {
for _, pair := range h.buckets {
if pair = nil {
fmt.Println("nil")
} else if pair = h.TOMBSTONE {
fmt.Println("TOMBSTONE")
} else {
fmt.Printf("%d -> %s\n", pair.key, pair.val)
+

2. FHEFEN

SEF RIS LMEBRMIZEA, ARRIFSHERF WRIE 2 —, MR EMRE, 7 N2 b pod — 4N E
ERE, mEskd “BRMER s b, B 1,4,9, ... 5,

SEF R BB DAL,

ST AR INE I BRI RN RECT T EE R, I SR AR MR TN SR B R
F R 2 BOS ORI R SR E, A B T EdE 1S AN A,

SR, P75 RIFH A Z 52 £/,

- BRTFAERENR, AL B HAN B E A S A .
HTFA K, Fr RN ATREA RN NG R, IXERE B ISR R A 2, ~F75 IRt n] fE
TRV R E,
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3. BRBE

R, ZRERTTEERZNBHEE f (). fo(x). fy(z). ... TR,

- HEATCER: ERTEEf) () HBPR, W fo(x), DASSHE, EFEBAEmATTER,
- BPOLR: EMHFERIGREEINF FHETER, BEEHEIEATRNRE, FERE s e A
AR, AR AR AFAEIZILR, WER[E None o

SEMRMMELL, 2RE/HITENZ T ERE, B2 NG/ EEST RSN R E,

Tip
THER, JPRSHE GRIERI, PRI 22 RIET) IGMEREEE “TREEEMER TR MR,

6.2.3 {RIZES AR

BAGIRIE 5 R T AN ARG RIS, D2 LM+

- Python RSk, it dict fEHIARENLEGE TR,

- Java RMAHEAMEE, B JDK 1.8 DK, >4 HashMap WEEZH KEIAT] 64 HEERKEIAT| 8 I, BERZR
AN LT R DA T AR R PR RE

- Go RHEAMlE, Go MUE B MR Z A 8 MEX!, BHARNMER ~MRHM, HiHmmdz
i, ST IREIRIFEY A 5AE, DIRIERE,

6.3 BMEEZX

AT T/ 48 1 MG A R A AR ENIIG rP S RO AC BT T, SAMITC IR BT S I 2 etk TV REAR Ik
WA 2 n] DAE R E RIS I3 AR, mieiiisl P Ia th R &L,

QRIS IS THE, IMmROERNZZR S, WE 6-8 Frr, M THEAMAIGT R, FHARNIL
EXEIS RIS I, RBIREERNER, KREBOTIEREXEFERIF — M, KRS 2REER
t= O(n)
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sETUAERS TR

R{EER:
T BENTFHDHES MER
BfiEIEZE 0(1)

—— E— —— ] —

RERR:
BENSEIIRESMEP
RHEEZ~E 0(n)

K 6-8 M RIVRERILS REWH I

D o TS DL R BB . [AZIG T R BT R IR, SEIH RIS E, AR KU

index = hash(key) % capacity

ML EAK, HRAEAR capacity FEIER, MAHRIL hash O YU& 7 HihE, HMOE THREXNER
BRI

XERE, T RIS PRI AERR, AN SREE N EPERTEE hash O BRI L,

6.3.1 BREFRZENEIR

NTRI “BRRXAR” R R EIREH, e RIAN B AR A,

- OWEPE: STMHEIREA, WREIENGL AR XA RER ORI T R AT SRR,
©OReRE: HREIRREEENIZ RS HR, HEIFHE, I6R RS,
- B G REIANAE SR ER I S DA ER T R, TS, BRI R AR R,

Kk b, MAEEER T A DU TR R, & A T HA SR,

© WA N TR P RN ZE, RIUEE NS ERAMER T RIISCER, TR EED RIS
fHo HHMANEEN, REGWHMARNEHEITREGAE, K55 EERGHEEITHEL, MRMH L
Fie, AB2E AL IE#.

- BIRSERER . BR AR5 A] DA R BRI A E R L R E 1RO R DA T R ICGE R
BAERIGTE, HS5RWEINIEREEI T, WERMHILAS, ARABHEREA N,

MNFEMARERN A, N 7RG R ERES R EEEFY A TR, BHREATRERSESSRNL L
Ritto

- Bt JorRiEId M AR (E S O T R A BRI S R
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- PibEENE: SCSHEREIN D RFEIRE, E SRR EM L,
=15 A VAR VNG G IV B '€ el D < = R N R R

BER, “W50A” 5 D" RWAMSIEEE, RS A e e iR, flan, FERERL
B key T, MRMEE key % 100 A UL, AR BEEL TEE, FraamaHE%
) key RO ELARFATE, [RILFRATTAT DR 2 i G 70 (B S HE AT FHA Kkey , AT AR5 S,

6.3.2 MBERZENIZIT

G BIERIH R PR EFRIFZRROERAE, AN TREZRASIR, ROMLRERT L
BHIBRAER,

o MERRA ORI ASCIL A TARNN, RS RIS E NG 7,

- IR FIRFRIERAENE, SRR —IEE, BRDFAFR ASCII &R AE R ES,

© REIGA CRABWER & TR EE R ERE RS MR ET.

- BRI RN ATRY ASCIT A RE —NMERES, SRERZ AT TR EET e R 1F,

// == File: simple_hash.go =

/* AT */

func addHash(key string) int {
var hash inté4
var modulus inté4

modulus = 1000000007
for _, b := range []byte(key) {

hash = (hash + int64(b)) % modulus
}

return int(hash)

h

[* AERFE */

func mulHash(key string) int {
var hash inté4
var modulus inté4

modulus = 1000000007
for _, b := range []byte(key) {
hash = (31xhash + inté4(b)) % modulus
}
return int(hash)

hy
[* FEIEFH «/

func xorHash(key string) int {

hash := 0

modulus := 1000000007

for _, b := range []byte(key) {
fmt.Println(int(b))
hash = int(b)
hash = (31*hash + int(b)) % modulus

}

return hash & modulus
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[* TEREME%H */

func rotHash(key string) int {
var hash inté4
var modulus inté4

modulus = 1000000007
for _, b := range []byte(key) {

hash = ((hash << 4) ~ (hash >> 28) ” inté4(b)) % modulus
}

return int(hash)

WS, RIS RIAR B e — S #UE X KB 1000000007 Bk, PARRERIG i EAE SIERTERIN, EIF
BERRE, N2 ZER N PO, B Ui S BURS R B2+ 2.7 X2 — D EBRI M,

e gt ERRBEBAENEEL, wf DU Kb RUE RS AR I3 2 04, RO 5 H At B 72 R
B, AT DAJRRD R ERUSERR T 2 A JEL IPEAR K, DTSR SRS 7 v 5%

BT, BRIRBNDERESE 9 MBI, el DI 3 2EER, ARZFTE T LASE 3 BEPRAY key AR MU E] O,
3. 6 X=AMATEE,

modulus = 9
key = {0,3,6,9,12,15,18,21,24, 27,30, 33, ... }
hash = {0, 3, 6,0, 3,6,0,3,6,0,3,6, ... }

QSR key TEUFIHRIXFEEBEINEE 10, I2MGRmERS HBIERHE, MMNERRFR, BfE, &
BoRF modulus BN BiEL 13, HIT key Fl modulus ZAIAFIEALIEL, [l H ISR E R 5 1S

TR,

modulus = 13
key = {0,3,6,9,12,15,18,21, 24,27, 30,33, ... }
hash = {0, 3,6,9,12,2,5,8,11,1,4,7,... }

ERRIHIE, REBIRIE key BRI DA, ABLIEREBEEGE GBI MBEEFERATLL, ET#RREH
HES S ARG {E. T key HIDMAFERCMIATERE, X SBEEER 5 HIERENR

RSz, FATNEFIEBEBIENRE, FFHIX NIRRT R, DR ATREHPREMIMAER, fErHamE
BRI,

6.3.3 BRMHEHZ

AHELI, DAEMRR RIS EIAE LR “Hess”, mmi ARG RIRAR T HAR. f1an, s
SR RS, RIMANTRRG A A S B A JC TR X 0 A M EMENR R RIS 7F ER, X ATRES ARG AR PR,
FH5 L n)E,

TESERRrh, FRATEH 2 H—EhRER R EL, fld MD5, SHA-1, SHA-2 f SHA-3 5%, AT PUSERK
JEE Py A R e St B I IR A (o
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E—MELLLOK, IGRBEESETHTRS AR S, —HRA RS TG R RIRERE, 59—

RN AT B BN T S ERIG R EIER 2 2 PER, 3% 6-2 R TIESEPR R i WG R 5 I,

- MDS5 1 SHA-1 EZ R, R eIk 2 e M,

- SHA-2 RHIFFE) SHA-256 B Z 2RI EIEZ —, TIRHBUSEIRIBELRE], FiEHESL L2

BEFR S,
- SHA-3 M SHA-2 (SBUFRIE (S, WA E e, (0 NI SR SHA-2 5.

®6-2 HWURMAREIE

MD5 SHA-1 SHA-2 SHA-3

eI 1992 1995 2002 2008

1]

Gk 128 bit 160 bit 256/512 bit 224/256/384/512

/i3 bit

WBmm Rz L2 R/D R/

%

7% AR, TR &, E#RIK & =

2 hin

AL EWFEH, MHTEEREER BEHFEH B EMZZIAE, %4 TH T SHA-2
= %

6.3.4 HBEMELHE

PATRIIE, WA RAT key AT DUZRERL, /INEELFATARF IR, Hfe1E S0 H SOV SRR AR N E
s mEk, ATIHHERARPIMEERS. B Python N6, FATATLLUAM hash () BECK IR SRR

R A{E,

- BROA/R BRI EUR HA S,

© FRERTATBRRIRRET EROVE S, AXEREEETE BT,

- TCAHNIERERNHPE R Tie R, RRRIXERREHGER, SR —EAHE,
- NRESRES T HEANF A R, BT ETNRIGR T, AT TN A RS E,

Tip
THER, TRWEES N ERTETE RS E AT ERR,

// == File: built_in_hash.go =

// Go FKIBHEWNE hash code %K

EWZHEES T, RARIERRA NIRRT RN key o RINFNTETIR GIEELD 158 key, 45

RONEREZN, EREREDRESE, BITICRERARHEREFLHN valve T,
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BAREE R (FnERY R) R RRE RN, [HEZRAIGRA, XK N R G A i 25
TR R, B RN R A TN, HERNFIERLE, IBRETRRTZR,

AORIIRATRE R REA R G Pis TP, HHRRER TR, X2EN Python R SER RS
Zhif, S AT ERIRA B — A BEPLEE (salt) {H, XAPETEA] LA RS I HashDoS %idi, f27Ha
RIEN L2,

6.4 &

1. EREH

- HiA key, WBAREBE O(1) NMRAINEIRE valve, FERIFE S,

- WIS AR IR, BRI, MHEREEEDN RO P e A R

- IRTHERECR: key WRSOVEEAR S|, AITIVI RIS RARFFZREX value o

- AR key AIRETEL IS AU S EIHFAEEHR S|, SEE WSS, XMBIREIONIE
RULAS

- IBRRAEER, WBARIBRHUER, Fitr] DOEE Y AR R EWRIG R IR, SEAHT A%
L, MRy AERERITTHRA,

- DA FE OV R TRBEPRDAMEER, RO T IR PRI ERE, WA R R A
IIESES

- PRI R B D TRV BER, KT T ROT R EE R — DR, M, R KRR A
WRER, A DOER A BER BN LB R IR R

PR SHEE 2 AR SRACFR G A i 2, BB B EE D K, s AReFRT R, HA S~ AR
%o 2R Z MIGRH EEGHTIRN, AHREMIRNEAR S A RE, H2 M EmEEEn 7 itE
Ho

- AFEGIRIE S RE T RIS REH, B4, Java B HashMap A HERHAE, i Python Y Dict
RIS 4k,

- e ET, BOFERARIEEEWENE. SBCRMEIS Ml R, EERET, IBRERIENIZ
B fubi A A S AR

- IEREIRE R SRR EARE, DR R CRIERS A B 5 704, I D Ia T e,

- WG L ESE MD5, SHA-1, SHA-2 fil SHA-3 %, MD5 % TR 7250, SHA-2 #
TR EN ST

- GRIEIE S IEE N BIE IR N ERAEE, AT HERARFIOMRS @EELT, REra%
KRR A,

2. Q&A

Q: MBARIINFEREEH LN T O(n) ?

UIET IS, TG RO I 2 20B T O(n) o MIAT FEORTHES R, 2RI R R
SR, WPIEHACTEIN, RAEZRE O(1) o AV MGEIE S N EIIAT RN, Wi 22
o(1).

Q: WA TERHBREE f(x) = x We? FHEMASHHRT,
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£ f(x) = x WGWEECT, ST RNMME—RRT], XSBEHESEN. R, WA REFZR T
Al B KE), KIS R A & — P A RN B, Ba)IE s, TR B2 — MR
RS2 I B — NN, FFREE O(1) &R,

Q: MARIRZLIREA., R, XM, ENF2RERA] UL ETE mle?
B, BHRONARNERL R, EEARERERT . WARAEHEY 2 NERER,

Hk, RREREMERI7R PN ARERE R T 1R IEERETS LEAH R A RIS 2% N A B s R S
W, ABLEH LR R E R, XREARARREOHEREITH, N E AR BITE AR,

RIS, RIS 2R TR R S, DI ERE S, TRATREUE R R BT SR AT AR OF,
YREIRILE O(n) I IEIRNE,

Q: ZRIETA T REEREMBRITRAVERENG? bricy CMHFBRAY 2 1 RE A AL A 5 ?

ZUIETRITRFHER) —Ff, THRSHERE T REEEMERTTRAEIE, FRFEEIARICHER. FRid v EmER
Az Rl A] AFHREE . SR TR AR R, B e m BB bnic oy CMEREI AL B, 267 B nT L
BOFrTCRE M IXFEMELRE LRI RAVRIF AL, XRERIEM A R AY 23 R R,

Q: Nt A ELMRN, EHTTRN RS MBI RIE?

A IN B8 e 7 PR A EIR B AORFT BB, & B key UL, IXSUARAMA MR, Bk, LRIERM
R2RIEPCBOE R RAIR A N &R, B HREE R B ER sOCiR R B 1k,

Q: A IGT 2l AR BARIA T W57

WA R B fe — PR N B K E n B (BCR), IR EVEERARSIEEN; £ &h, Sk
& n ZAEZA, T key XM ARG BRI RER LK, FIEER—MEZ A key , I RERRESHIIEC
BN, TSI 7 R R 2% i

Q: WFN TR, TR B B At 1 Ig?

HEHERT key BIESHVINUEREEN, ERAEARN, MRS HY key ZHAMER (BIEIFRFEH) K,
FLTR ZAEBIIG T bR O key BUSIONVEEHR S|, FREIBEGFMITER, XHENEEMERR R,
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Abstract
SRR )], REMX, 2EEkb,
TRHEITER T I 6N STES.
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7.1 =X

—X# (binary tree) Z2—MeELMdRaity, AR “HIE” 5 A ZRMIREXR, BT “—oh="
HIriaiZHE. SREFRIEE, “XWIEARITTRETA, SN YRESE. A i aGIHNE 715,

/* ZXWTHREEE «/
type TreeNode struct {
Val int
Left +*TreeNode
Right *TreeNode
}
[* ¥EFHE */
func NewTreeNode(v int) *TreeNode {
return &TreeNodeq
Left: nil, // EFT=IEEH
Right: nil, // BFT=IEE
Val: v, // TRE

BN EEERNSIH (85, 25HEREFT S (left-child node) FIBEFT = (right-child node), 1%
BTERRNIXPN TR T & (parentnode) s M4 E— D X s, FRATEIZTT T i E
PAR s BRI AR N %75 A4 (left subtree), FRIBEAISAFE (right subtree),

FE X, BRMATSh, HA A YRR S W RER e, Qs 7-1 FoR, A0SR TR 27 R
TR, MHEAFWRMGFRDAE TR 4” M N9R 57, EFmE WA 4 LHDUN RIERRA7,
AR TR 5 DU RUE IR,

—XH ¥R

binary tree

\
Eﬁfy/’\\<TTﬂ

AT aFH

/N N
WVivivi

B 7-1 R, 7S, 75

7.1.1 —XWERARIE

Z XY E FARTEGNE 7-2 FR,
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- IBTH (rootnode): T XMIZMITI R, EERTHA
- M E (leaf node): AT AT A, ﬁﬂﬁ/\?a«’éﬂ’%aﬁ None o

1B (edge): MERM NI RAILER, BITAEIH (GEED,
TRAMENE (level) : MTRERIER, RIWSFERN 1,

- TRMIE (degree): TmRF T RAVEER, £ XM, ERHBETEERZ 0. 1,
© ZXWHBE (height) : MRTRRIEIZH W RFTEEIE RIA R EEE

TRHETRE (depth): MRYTRENZT AT LR
TRIBE (height) : M RIZT RURIZHIH T R BT R L R,

\
/

¥ o3
7 I
n
Y

B
I

i
N

[\ [/

7-2 ZXWEIERARE

Tip
BER, BATEER S M RET 20y “GIrarEEET, BASEH B TRES R HE
SO BTN RIEE", EXAERLT, SEMIREEREMN 1,

7.1.2 ZXREAIRE

1. Miat=XHd

SRR, HIowae R, REWESIE (&,

//

== File: binary_tree.go =

[* IR/
/! %JJ#’*ﬂs*ﬁ =

nl
n2
n3
n4
nS

NewTreeNode (1)
NewTreeNode(2)
NewTreeNode (3)
NewTreeNode (4)
NewTreeNode(5)

PN



BT7E K www.hello-algo.com 131

/] METIRZESIA (F5)

nl.Left = n2
nl.Right = n3
n2.Left = n4

n2.Right = n5

2. ENSHIFTS

SRR, £l NS HIERT R0 DOEI S EE R LM, B 7-3 B T — 1 Rfil,

HAT R BB =
nl.left = P nl.left = n2
P.left = n2

B 7-3 AE = XA SRR A
// == File: binary_tree.go =

/*x ANSHBFT S +/

// TE nl -> n2 HEHEATSE P
p := NewTreeNode(0)

nl.Left = p

p.Left = n2

// BBRTS P

nl.Left = n2

Tip
REERAE, AT R RES L — MR AZAREEH,  TMHER T 0@ 5 R MHBR %7 e N
A FRt. B, E=XR, BASMEREE 2 H —ERE S M, PSR KPR AR,

7.1.3 BRXHEE
1. TEZXH

aniE 7-4 FR, SEEXA (perfect binary tree) A R MBS 2, TE5ER XM, MY RHE
H0, HARAET SRR 2 HRIEEN b, WA SRECh 2" — 1 SIRREIESERR, R
BT B RS WA 2 2AL
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Tip
TEER, EFSGEXH, 5838 X HE RN H Z X,

SR
perfect binary tree

(AR R )

FRB BEYTS RER A7

Kl 7-4 583 XK

2. BTN

El 7-5 FR, T2 XMW (complete binary tree) X ARVFRISZEH T EATEEW, HRRZERT R0
MEBLRIGESIATE, HE, 76385 XHHE e e =X,

T2

complete binary tree

ERETRELER, EttETRSIER

B 7-5 sEe X

3. ER_XH

anE 7-6 AR, SEH=XA (full binary tree) BR 7T RZAh, HARFTH T RHEA DT 5
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SRR

full binary tree

FrETRRERA 0 = 2

Bl 7-6 S — S

4. FH -

WK 7-7 FirR, FHEZXH (balanced binary tree) AR sl B/ FHIFIAS 106 1 v 1 2 ZE 48 0 {E A e
o1,

i

balanced binary tree

BERN ETRBE - SFHBE - d
WFE =N TSHRE d] <1

B 7-7 - X

7.1.4 ZXMeNEk
B 7-8 JER T X R BRARSE M 5B AL S5 K, Y YRR SR, A R W 4R
G EEmA—, YRRl “HER,

- ERXREEERNN, ATDASE AR X aia” L.
- BERNIR S — R, A THREEE R E, RIS RERLE O(n) .
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4
N P
S\ ,
4
Biag J/ iBitE
FEE XA R

B 7-8 XA ERELI S5 R ZELH
R 7-1 R, TERELSWMRZEST, XM PR, TR, SEFRSINCRESWME,

R 7-1 “XRBRESH S =45

SR R
51 BT R 2071 1
FER h R R 28 1
FER h R R 2k — 1 h+1

TRULEON n ORIORE log,(n+ 1) —1 n—1

7.2 ZXbhEH

MPIEEERI R, PR — R T RERMBURS Y, R EE 75 2RISR MR R R0,
PR — AR ERSS A, X E S e P iR N 7, I RRRSI,

XM Wi 7T S NEAR R T, BT, AR AR i R

7.2.1 BFiERH
WE 7-9 Fir, BFEEH (level-order traversal) MIRESEIKENZR E XK, HAEG—ELBMNERGT
i 37 TR0 75 R

BERBHAR FE T EMR%ER (breadth-first traversal), AR Eiki€Z (breadth-first search, BFS),
TR T —f/ “—E—ERINT R B EED 7T



BT7E K www.hello-algo.com 135

IEREER

Eﬁﬁﬁ(ﬁﬁ&.ﬂﬁﬁ
ia]
cerereerereeresesanes /> 1, 2, 3, 4, 5, 6, 7

B 7-9 —XMWHIZFE

1. {XEsci

AL @ A “BAFIT SRS, PASIEENE “JeHESCHY” BRI, i RS s i R
AORLI, P e R AR — B, SRS

// == File: binary_tree_bfs.go =

/* BFBH */
func levelOrder(root *TreeNode) [lany {
/] ¥REMBATI, MNIRTI =
queue := list.New()
queue.PushBack(root)
// ak—NMIE, BFREERFESY
nums := make([]any, 0)
for queuve.Len() > 0 {
/] BAZIHBA
node := queue.Remove(queue.Front()). (*TreeNode)
/] RETRE
nums = append(nums, node.Val)
if node.lLeft != nil {
[/ EFTENBA
queue.PushBack(node.Left)
¥
if node.Right !'= nil {
[/l BFTHEANRA
queue.PushBack(node.Right)
+
}

return nums

2. EREDR

WIS ZREE ) O(n) @ FRET AR —, 6 O(n) BHH, Eh n A5,
- SSMEANEN O(n) : EREWRT, Wil XHN, WHERKEZN, IR 2R 77
(n+1)/2 5, & O(n) 22,
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7.2.2 #iF. BF. BFEH

MNHL, #iF. PRERERIRGEE T REMRLEBA (depth-first traversal), WFRREMRALIEZE (depth-first
search, DFS), BRI T —&h “JeERIREL, FRENHLRSL” 177

B 7-10 J&7R TR — ORI TIR EE AL e P i) AR R, DR PR e Dl Se A TR — S 87 —
e, £ RBSBE=MIE, DHNNATEES. TR R

RERSGBE 7 O,

B 7-10 —XARRMAYRETR.

1. KE35EI

RS eAY RIEH BT 8350
// == File: binary_tree_dfs.go =

/* HiFFBH */

func preOrder(node *TreeNode) {
if node = nil {

return

+
/] BRRER: BTR -> EFR -> 5FH
nums = append(nums, node.Val)
preOrder(node.Left)
preOrder(node.Right)

}

/* HEBH */
func inOrder(node *TreeNode) {
if node = nil {
return
+
/] BEMLER: EFH -> BTR -> AFW
inOrder(node.Left)
nums = append(nums, node.Val)

def dfs(root):

" RO R

if root is None: return

@ BNiginEEFiv
dfs(root.left)

@ EininEFH, BgsinaFi
dfs(root.right)

@ EEFHBMENIE, RBGRE

HIFFER (1 @ iFETim)
1, 2, 4, 5,3, 6, 7
HEFER (£ @ Li5ETR)
4, 2,5 1,6, 3, 7
EFEBR (F @ Li5FTR)
4,5 2,6,7,3,1

SN Es o]
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inOrder(node.Right)
}

/* BEFBH */
func postOrder(node *TreeNode) {
if node = nil {
return
}
/] ERRER: EFW -> AFR -> BES
postOrder(node.Left)
postOrder(node.Right)
nums = append(nums, node.Val)

Tip

SRR M AT DR TR ARSEI, A4l IEE v LB TR

B 7-11 R 7RI — MRS, Halnody "7 M 57 s e,

1. 3" ForITa#iik, BRI — N R
2. 03" FoREEORE], ARLGFTT R EEVI M5,

& ETE
U3: ) EELH

HIFER (7 @ RiplETim)
1

Step 2

B mTEE
13: @ LE

RIFF@FA (7F @ LiAETR)
1,2, 4

Step 4

B mTEE
13: B EEH

HiFBR (7 @ LTS
1,2, 4, 5

[Steps | | step 6 |

& mTE
3: LB

HIFEE (F @ LihiETR)
1, 2

& mTE
A: mLEEH

WFFEE (7F @ LIAETR)
1,2, 4

#: MR
V3: L EEH

HIFBH (7 @ 2i5ETEa)
1,2, 4,5
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B TR
V3: @ e

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

HIFBR (£ @ 2i5iETEa)
1,2, 4,5 3,6

Step 8

#: BTEg
3: A EEH

#: MR
A: A EEH

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

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

| Step 9 Step 10

#: M
A: A LEEH

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

Step 11

B 7-11 wiiRei s R g R

2. BEFRESH

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

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

7.3 “XHHMART

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

A = MR T AR AR
2., FATRES FHEERFR X E? A58 HE,



BT7E K www.hello-algo.com 139

7.3.1 REFTEZXH
BT — ARG, BE—BREE TR, A VETE T SRR B R — AN b, N
AN R B I — A 2B

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

PLUIV L s

AFTARS: 2i+2

7 8 9 10 11 12 13 14
fEREART =X

R @ 1 2 3 4 56 7 8 91011121314
EBFEHFH

B 7-12 5ERXMRIEBEHROR

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

7.3.2 REEEZXH

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

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

BAFEl 0 1 2 3 4 5 6 7 8 9

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

7-13 SRR AN 2R X AT RETE

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

// £ any AR, FEILMER nil FRARIEZAL
tree := [Jany{1, 2, 3, 4, nil, 6, 7, 8, 9, nil, nil, 12, nil, nil, 15}

10 11 12 13 14

EFT ($H) AR = AN

BeaFRs| © 12 3 456 7 8 91011121314

=rEnrs (3000, 0800

=i

Bl 7-14 RSB B ROR

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

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

EAREREH
RERCE e

BRFERFY (#4E)

88680800000

7-15 SEEXRINBATR

DA SCEL 7 —BRE TR AORH X, B DU LR (R,

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

// == File: array_binary_tree.go =

[* BEART T ZXHE «/
type arrayBinaryTree struct {
tree [lany

I
[* WEFE */

func newArrayBinaryTree(arr []any) *arrayBinaryTree {
return &arrayBinaryTree{
tree: arr,
+
}

/*x FIRBE */
func (abt *arrayBinaryTree) size() int {
return len(abt.tree)

}

/* FRERZRS|HA 1 TTHRME */
func (abt *arrayBinaryTree) val(i int) any {
/] BEFRSIR, MiRE null , KR=0
if i <0 || i >= abt.size() {
return nil
}
return abt.tree[i]

}

/* FREFES|A 1 TENAFTRANES] «/
func (abt xarrayBinaryTree) left(i int) int {
return 2xi + 1

I
/* RBFR3|A 1 TREAEFTIRIERS] «/

func (abt xarrayBinaryTree) right(i int) int {
return 2xi + 2

}
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/* FREVES|A 1 HEMNXTHRMNES +/

func (abt *arrayBinaryTree) parent(i int) int {
return (i - 1) / 2

IF

/*x BFBH */
func (abt *arrayBinaryTree) levelOrder() [lany {
var res [Jany
[/ BEizBhEA
for i := 0; i < abt.size(); i++ {
if abt.val(i) !'= nil {
res = append(res, abt.val(i))
¥
+
return res

I
[* REMFTEF */

func (abt *arrayBinaryTree) dfs(i int, order string, res *[]any) {

/] BEA=L, WiR[E
if abt.val(i) = nil {

return
+
/] #iFFiBH
if order = "pre" {
*res = append(*res, abt.val(i))
+
abt.dfs(abt.left(i), order, res)
!l HFiEH
if order = "in" A
*res = append(*res, abt.val(i))
+

abt.dfs(abt.right(i), order, res)
!/ BEFEHR
if order = "post" {
*res = append(*res, abt.val(i))
¥
}

/* HiFFBH */

func (abt xarrayBinaryTree) preOrder() [Jany {
var res [Jlany
abt.dfs(0, "pre", &res)
return res

}

/* HEEH */

func (abt xarrayBinaryTree) inOrder() [lany {
var res [lany
abt.dfs(0, "in", &res)
return res

}

/* EFBH */

func (abt *arrayBinaryTree) postOrder() [lany {
var res [Jany
abt.dfs(0, "post", &res)
return res
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7.3.3 iR 5ERRY

CXRMHPEEH SRR T A LU,

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

M, BEHFOR A LR R

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

7.4 —XRiEFER

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

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

ZRigEm

binary search tree

7-16 —XI4&RR

7.4.1 —IEERBVIR(E

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

1. ERDR

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

EoxaERTERsE (@)

oot
E-ERMPERT R @
W,
AL
00600006

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

cur.right,
cur.left,

E-xgEErERTE (@)

Step 2

Step 4

7-17 ZXAERREET JR Gl

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

// == File: binary_search_tree.go =

[* BEHRTR «/

func (bst *binarySearchTree) search(num int) *TreeNode {

node := bst.root
/] TERER, HEHTREBE
for node != nil {
if node.Val.(int) < num {
// BIrTETE cur MIAFRIE
node = node.Right
} else if node.Val.(int) > num {
// BIrTETE cur BIAFRIE
node = node.Left

} else {
/] HEIBRT R, BEHTEF
break

¥

¥
// REIBIRTS
return node
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2. EATIR

HE—NMFHATCE num , N TR YRR B <RI < AR MR, EAREREWE
7-18 AR

1 EIIHAGE: SELBREAC, MRT R, RIS AT REN num FAVNERIERA MER, |
LA (EJIEE None ) INFBRHHIEIR,
2. EEATERA YR WA A num, KX RET None (UALE,

E-xEEREATR @

2. ERUBBATR

N H1T7 pre.right =

7-18 TEAERMHEA T R

FERRD S, FREERATIM AL

C CXERERMARFFEEE TR, SWRRERE X Bk, HFHEAT REN TR ERE, WARITH
A, BEIZR[MA,

© ONTIEIRAT A, BATHRZEMEIT A pre SR17F E—RAEIAIT R IXFELEIETIZE None I, FRATTAT LA
PRIEIH AN AR, AT SRR A A IR (E,

// == File: binary_search_tree.go =

[* BATR */
func (bst *binarySearchTree) insert(num int) {
cur := bst.root
/] EWAZT, WIIBREET =
if cur = nil {
bst.root = NewTreeNode(num)
return
+
[/ FFEATRZAINT RS
var pre *TreeNode = nil
[/ EBIRER, ST SEHkE
for cur != nil {
if cur.Val = num {
return
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¥

pre = cur

if cur.Val.(int) < num {
cur = cur.Right

} else {
cur = cur.Left

+

}

/] BAT R

node := NewTreeNode(num)

if pre.Val.(int) < num {
pre.Right = node

} else {
pre.Left = node

+

I3

SERN R, BATREH O(logn) WL,

3. MRS =

FElE XM AREREI AT A, FRREMER, SRATREE, ROTFERIEEMRREERE, —XER
PR TR < RTTR < AT BOTEBART L, (RIit, BARIE BT SR 79 m8E, 720, 12 =
FIBEOL, AT R AIAHBR TS A

N 7-19 R, SAEBRTT RRED O I, FoRix T sU2 s, AT DAE R MIRR,

E-REERTRER (@

00000000

cur
v B[R ocur M 2. EHiEMER cur BEIET

. ERFHHRRT = - g
Lo e TR L FrafE =0 $IT pre.left = None

B 7-19 1E = XIEREMAPRT A (BN 0)

aniE 7-20 Fow,  SAEMIERTT AR 1IN, CRERAHR TS O o H7 5 BT
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E=xERREsE (©

v TR ocur B9 2. & cur BHHEFHR

. B TR . = .
1. ERFMETR cur FhHaME = 1 $1T pre.left = cur.right

B 7-20 £ ARRMAPMERT A (2N 1)

HREMIERT RS 2 I, BATCIRERMPRE, MRRZEH DR 0L . BT ZARR SRR
ETR <R R < AT BRI AN R DU 7R BN e BT R
RN LR TR A (PR — D1, MRERRERENE 7-21 Fr.

L EREEMERT S R ps)” R — A, 128 tmp o
2. tmp FMEE S FMERTT RROME, FFAERHIEITMIERT A tmp o

E- g EE (O E-xgRnTsEE @

Y f\
@\ 1. EHEBRTEA cur . 1. ERBIRTES cur
. , /\ B cur HTFAME - 2
@ o 2. BBRTHR cur SH=H:

@ &jﬁ f @ j J»\ /0\ (1) T cur EHFBHNEHTS nex
D € @@@é@ 000000

A

A
cur

[ step 1 \ step 2 |

o T ) (o T T
0
\‘ 1. EREBIREA cur

v PR cur WFHRHKE - 2

1. ERFWRRTR cur

v TR cur WFHRME - 2

2. BIBRTR cur FH=EH: Y o) 2. BITHR cur FRH=D:
(1) B cur ERFEHNEHTR nex (1) & cur EHFBHNEHTR nex
(2) E=XNPEJIBFFTR nex (2) EZXWPRIABERTR nex
€
00000

(3) ¥R nex EEATR cur

Step 3 ‘ Step 4

B 7-21 1 XAERMRPRT A (R 2)
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THIER S AR EFRERE O(logn) WA, HAEERAFMER T ST E O(logn) IHE], FRECH 7 54k 15
T2 O(logn) BRI, REMLADLTT:
// == File: binary_search_tree.go =

/* MIBRTIE %/
func (bst *binarySearchTree) remove(num int) {

cur := bst.root

[/ BEWAE, BiERERRE

if cur = nil {
return

}

/] FHETHRZENTRAE
var pre *TreeNode = nil
/] EHERK, #idHTRENkE
for cur != nil {
if cur.Val = num {
break
+
pre = cur
if cur.vVal.(int) < num {
/] FHBRT RTEA FIRAE
cur = cur.Right
} else {
/] FHBRT RTEA FIRA
cur = cur.lLeft

}

[/ BLFEMBRT S, MEER(ED]
if cur = nil {
return

/] FUREA 0 1
if cur.Left = nil || cur.Right = nil {
var child *TreeNode = nil
/] BHEFRIBET SR F TR
if cur.Left != nil {
child = cur.Left
} else {
child = cur.Right

¥
/] BEET S cur
if cur != bst.root {
if pre.Left = cur {
pre.Left = child
} else {
pre.Right = child
}
} else {
/] BRBETRART R, WEFREERTSR
bst.root = child
¥
[l FRHEEA 2
} else {

[/l FRFEBHPRFRRTSR cur BTF—MHR
tmp := cur.Right
for tmp.Left != nil {
tmp = tmp.Left
}
// BVAMBRT = tmp
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bst.remove(tmp.Val. (int))
// F tmp BZ= cur
cur.Val = tmp.Val

4. WFEHRERF
WK 7-22 AR, XM EEPETE “E — W — A7 eI, moXEEMEE AT A <l
T < BHTHE KN ER,

XERE L~ AERW AT @, SRS eEn T — RN, WSt —PEEER: =X
ERMIP R EI R SR T,

A b 3 e BT, FRATE — AR TR EH e BRI O(n) IR, TEAUATAIMNIHE TR 1E,
FEH =R

ZRIERME R FERFY

2, &, 6, 8, 10, 12, 14

TERAF

~um

PFERE,
TRE @ LA

7-22 ZXARRMEH P A

7.4.2 ZXIEERBIME
E—HEAE, FRAIE A e SRR IS, SR 7-2, A2 TR VRN (5] 4 2% T
BB, BERTE HESIEa, NEIEERI. S ERMREERT R R, B )RRk

R,

R 72 BHGERMEIRCRA

TS RN
#HoLE  O(n) O(logn)
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TFHH X ERR

mATRE  O(1) O(logn)
MERERE  O(n) O(logn)

FEHAEELT, “XHERME P 89, XA BE log n SRAEA A EBERT Ao

ST, SRR AT I7E — AP R HBAE ARIBIBR 55, AL S8 URHE AN 7-23 FURIVEER, X%
FIHRIEROI B 28 208 O(n)

4
RN / s
/N [\ )
M4
T — T8 / SBACR = SIE N

7-23 “XHERMIBML

743 “XERMNEINA

- RERFTZRRG], SHEIIER, A BRI,
- VRN R IR R R RS
- AT SRR, DARREEA RS,

7.5 AVL g *

15 “TUEN SRR HEE], RSB AR, — SRR N, TEXFIET,
A RIS 255K M O(log n) 1K O(n)

aniE 7-24 FoR, S UHBRTT RAR0E, AR S AERME RIB OV EER,
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@ @ BIRRH A 5 WSS 3 @

oo

=314 Bk
R B PR

7-24  AVL WAEMIERTT sG & 4B L

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

o [
@@ BATA 2 @@

By Btk
bt g FH—i B

7-25 AVL WESRA T UG & 4RI

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

7.5.1 AVL fERRIE

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

(balanced binary search tree),
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&

1. TREE
T AVL SPGB TR R BT r M, RIS 0 height 2B &

/* AVL T mEEMER «/

type TreeNode struct {
Val int // TRE
Height int /] TREE
Left *TreeNode // EFTm5|H
Right =TreeNode // AFTm5IH

TREET BEEMNZT REIERRIZH T SRR, RIS 107 (E, FERIEENE, MR
RN 0, M RSN —1 . BATHEEND TAEE, 7205 H T RBR SR i

// == File: avl_tree.go ==

/* RETREE */
func (t *aVLTree) height(node *TreeNode) int {
/| ETREER -1, HETEaEA 0
if node !'= nil {
return node.Height
¥
return -1

h

/* BRTREE */
func (t xaVLTree) updateHeight(node *TreeNode) {
1h t.height(node.Left)
rh t.height(node.Right)
/l TREEEFTRETTHEE + 1
if 1h > rh {
node.Height = 1h + 1
} else {
node.Height

rh + 1
¥

2. HEFEREF

N

T RETFERF (balance factor) & SN RZE FIRTEEIREG AR, [RIRRLUE 2319 R B E 1
N0 BATRRERRICT PSR 7 AU DI REET SRR L, T (IR SEEH] -

// = File: avl_tree.go =

/* FRERFEEF =/
func (t *aVLTree) balanceFactor(node *TreeNode) int {
/| ENRFEEERFH 0
if node = nil {
return 0
}
/] TRTFERF = EFNEE - AFNEE
return t.height(node.Left) - t.height(node.Right)
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Tip
BRI TN f, W—#R AVL REFERT RSB PR e —1 < f < 1.

7.5.2 AVL BihEst

AVL WHIRFRET “Heke” #(E, EREMSAEENN — SR AI R EiE i P AIRIATEE &, (ERETT TR E
i, HEEL, TEERERIEBERECREF “ SRR MR, haEMRERE N P — X,
BATRF I F0E > 1 BT Ry R MR R B ORI, BERAR (e R e,
FEle. Sehleahe. SeiEeE . N SR e R,

1. Kt

G 7-26 AR, TR NPT WIRETVE, —XBHE NI RUZ 1R 37 Bl POZ K
TROVRTT BT, BT RICN node , HZEFHAICH child, $T “HHE” #fE. ElbRE, ¥
PR P, FF BTSSRI = SR

N N\
/z
/1

. RAEREHTRE
ode WIRTRIZH node
BEFBRN child

Step 1 Step 2
\\‘ “EhE BERRE: ’\/ \ “HRE BRI
enzve (@)
1. M child AR, ¥ node ML /[hAI}\ 1. B child HEs=, ¥ node MAHER
i

PN 2. A child BRLUE node WHIE

Q BAHER

/Zh;h}\ A GEEERSE, ETFHERRE T

node
node

Step 3 Step 4

7-26 HHEREL IR

WK 7-27 i, 495 A child A+ 5 (G2 N grand_child ) i, FEEEATETHRIN—4: ¥ grand_child
YE4 node BYZEF Mo
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A
/ grand_child

7-27 # grand_child A HER(E

‘TR BRI RARE, LR bR EE BT SRR SEE, AR R R
// = File: avl_tree.go =

[* GHEEIE +/

func (t *aVLTree) rightRotate(node *TreeNode) *TreeNode {
child := node.Left
grandChild := child.Right
// L child AES, ¥ node MHGHEHE
child.Right = node
node.Left = grandChild
// BMTAEE
t.updateHeight(node)
t.updateHeight(child)
// RENEEEFHIVET S

return child

2. EBE

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

Rk @
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K 7-28 FEhetR(E

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

@ RO @ BRI

N
aleriia \

7-29 # grand_child A HERAE

R DO E], e e e 2 R B G FRI, SRR R DI R TS DL PRI, ST X AR
T, BMIARFRATREIAEHIFTEN left By right , KATEN right Bl left, RIA1F2]
FE TR SEERACRG -

// == File: avl_tree.go =

/% FEHER(E =/

func (t *aVLTree) leftRotate(node *TreeNode) *TreeNode {
child := node.Right
grandChild := child.Left
// BA child AES, ¥ node MAhes
child.Left = node
node.Right = grandChild
/| BFTRARE
t.updateHeight(node)
t.updateHeight(child)
// R[ENEREFMEVIRT =
return child

3. ShhEEERE

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

o

7-30 Sefehgatilie

4. FchHhEfakhE

GniE 7-31 Fow, M RIRH AR BHEIE DL, FEIX child AT “HHE”, Xt node $U4T “ZEHE"

5. BedsRYEsR

ERETH

K 7-31 Jetilela/ohie

K 7-32 oRBIPURI R B 1E S EIRRBNE MR, il TRERMGEE. e tle. Jonhea /ol o

HNEE
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FoAhE FAahE
i e =7 B

7-32  AVL BHPYRIERL 1%

QITRARAIR,  BATEE I S 79 s AP R 5 DR i — M 7 sl B PR A 7 B TE SRS, R R 9
J& T & 7-32 Fr R FE L,

R 7-3 PURPHEEL S AR A

KRR Y FHRREEET  RCRARERE 7R

> 1 (CEfmith) >0 filie
> 1 (Zfmt) <0 Jefehiefa e
< —1 () <0 FElie
< —1 () >0 Jetiliefe Fele

NTETER, BAOTRIERARIEE RN A TIXAEE, BAVRREX SR KB O T ek, R
WV R R P, AR TR

// = File: avl_tree.go =

/* PITHERRARIE, IZFNEMMETE +/
func (t *aVLTree) rotate(node *TreeNode) *TreeNode {
// FFKEXT = node WYFHEF
// Go EFETE, XB bf 35 t.balanceFactor
bf := t.balanceFactor(node)
/] 1w
if bf > 1 {
if t.balanceFactor(node.Left) >= 0 {
/] &k
return t.rightRotate(node)
} else {
VI ) d = =)
node.Left = t.leftRotate(node.Left)
return t.rightRotate(node)
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+
}
!l GfR
if bf < -1 {
if t.balanceFactor(node.Right) <= 0 {
/] TchE
return t.leftRotate(node)
} else {
VIR =) d =)
node.Right = t.rightRotate(node.Right)
return t.leftRotate(node)
+
}

/] T, Taiheik, Hizik[Ol
return node

7.5.3 AVL W& FBIR(E

1. BATR

AVL BT Rl A BRI E S AR RME TR B0, ME—RIXBIET, £ AVL A EAT ARG, METHEE
MR R ERTRES I —RIIRM s, Bk, BOTTHENZAN T ROTR, AR LT hiestiRee,
PR RBP4 R R

// = File: avl_tree.go =

/* HATI= +/
func (t *aVLTree) insert(val int) {

hy

t.root = t.insertHelper(t.root, val)

[* BABNTIR CGEBIRE)  */

func (t *aVLTree) insertHelper(node *TreeNode, val int) *TreeNode {

if node = nil {
return NewTreeNode(val)
}
/* 1. EFRENUEFBEATR +/
if val < node.Val.(int) {
node.Left = t.insertHelper(node.lLeft, val)
} else if val > node.Val.(int) {
node.Right = t.insertHelper(node.Right, val)
} else {
// BEETRREAN, BER[G
return node
¥
/] BHTREE
t.updateHeight(node)
/* 2. PITHERRIR(E, EZFMHERMEFE +/
node = t.rotate(node)
/] REIFHIET =R

return node
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2. MY =

Kot 7E = AERMAIMERT mUTIERER b, TEMWRETTHER AR, fATE LM R T,
A R AR

// = File: avl_tree.go =

/* MIBET=R +/
func (t *aVLTree) remove(val int) {
t.root = t.removeHelper(t.root, val)

2

[* BAMBRT R (GEBIRED)  +/
func (t *aVLTree) removeHelper(node *TreeNode, val int) *TreeNode {
if node = nil {
return nil
}
/* 1. ERTRFAFMER */
if val < node.Val.(int) {
node.Left = t.removeHelper(node.Left, val)
} else if val > node.Val.(int) {
node.Right = t.removeHelper(node.Right, val)
} else {
if node.Left = nil || node.Right = nil {
child := node.lLeft
if node.Right !'= nil {
child = node.Right
I3
if child = nil {
/] FHREE = 0 , BEMFR node FiR[E]
return nil
} else {
/l FHREE = 1, BiEMER node
node = child
Ip
} else {
/] FRHEAHE = 2 , WEHFFEHN TN SMER, HAZTRBRYFTR
temp := node.Right
for temp.Left != nil {
temp = temp.Left
¥
node.Right = t.removeHelper(node.Right, temp.Val.(int))
node.Val = temp.Val
¥
+
// BT AEE
t.updateHeight(node)
/* 2. PITHERRARIE, X FHEMMEFEE +/
node = t.rotate(node)
/] REFREVIET =
return node

AVL WHHT RESIRES ISR —2, AR,
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7.5.4 AVL pigaBYR7 R

- HAFER RS, ST A, SR .

- AT HREIREF R IRG.

- CLRRRHIR — R DR T SRR, HET AVL R, ZLERRIETEE SR E R R, A S IR A
TR B BE e B E S /D, 1 s S R B P B8R B

7.6 N

1. EREIEH

© X AR BRI 2 iRRE, B0 XK R E S — MEDA M E
R 1 =1 R i e e D L S P

© NTEXRREADNT R, HE () FURNEDUNEREIRENONZ T SBE (B .

© XWMBIRHRARTBEAERT A, AL B E b, SEMRESE,

© XORBIFIAL, T RAE AT SRR S AR R T TR

- WIR XA SRR R, e R SR SO SR, 5838 SRR AR AR AR
&, MHERERMERRZERE,

© SXRATDUHBERR, TR R EN AR HES, HARIE R RS T R Z AR
RGO RR LB

C XOMRE s BRI, BT RSN R R, s
BB LI,

- BRI, ERED EETRERCER, ENEIT SUESIURSL, mBRMaks:” fenri, |
6 FH IR RS

- DXERME - MES T R E SRR, KA, AN RE A EE Y O(logn) .
Y IR OVEERN, STNAERERHLE O(n) .

© AVL A, AR SRR, eI e R R ORAE A T i AR ER Y U BTSSR R -1

- AVL WRVIeF IR E RIS A e, ZEhe. Jotahefche. Jeehemahe. fEmABMPRT S5, AVL S
MR TS TR LR AE, (ORI EHT IR -1,

2. Q&A

Q: MFHE—NWRHI M, WA E IR SEREE R 0 15?
B, By IR E SOy "G R R ESE",

Q: X AHEEA S MR — i —EIRIFRC A 7E M, XHEA “—EBRE f52le? AT AR R IRE
TR B RS ?

FEXAERBEREEB,  MHERT SRR =AME DU E, AR LA T ZOHA T 2 D D BRI
Q: Mft2 DFS i —XMAERT. . =R, 2362 HlE?

S e B2, B, . e R =R S 7, BATA] DA e 1S R — R
TN 2SR, PIINE —XHERRF, BTHRARNIE £FPRE < BRERE < GFhxE, FHit
BATHEZI “F2 — R — 67 BURESaEIRE, el DERTSH BRI S5,
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Q: AlEiR e R MY 55 node, child, grand_child Z[AIfJ2CER, FF node MR AA node 5K
EREATRE4EPID? AR EE SR T?

FATFRZEMNIBIHPIARE XN, HHEHRIE right_rotate(root) £ AMZE FHIIR T &, &K
return child IR[EIFER: 2 5 FRVAR T fle FARTAYAR Y AT AT sUBIE 2 7 IZ BR BUR B f5 72 B,
B T H AR ER 4T,

Q: £ C++ 1, HREWISTE private Ml public #, X HAMTLAERIE? N LAZR height () EKERI
updateHeight () BR%ESTAIIKATE public A1 private HlE?

FEEHFENMEHGE, WRGTERERNEMEH, AR private . Filan, HF #AE H
updateHeight() BXRARE XN, BREMA. MERRIEHPR—H, 1M height() 2R RAGEE, KEUT
vector.size() , [KIIZEHRL public DAMEFEH,

Q: Wi \—2H i ABAEATEE— R — A RR? M MR R N R R E

SR, AR 7T TE O Z AR build_tree() AiEdgat, EFRTRIERE, BIEFS
R ANBHaHEr, RERHROTRIENIRT R, BETHARES TR, IXARMA] DA AR PRIER T
Mo

Q: f£Java ™, FRFEXNILES —EZEH equals() Fik?
£ Java 1, N TFEARFIERE = AT RN ENEREHEE, N TIIHRE MRS T/ERE
SEAE,

- o= AR ZREGTRAE—DMNS, BIElENEFH A E S,

- equals(): HRXHER M RIER GHZ.

R, QREEXEAE, A% equals O o A, @I String a = ?hi?; String b = ?hi?; %
SRIER AT ER A R AT A B, BHaRE— IR, WEel DA a = b RN FATERE

Q: JEMICEFHEIRREZ R, PAFIHRY SR 2 20 157
I, BN h = 2 S, HT SRR n =7, MREY A4 =2" = (n+1)/2,
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Abstract
Rt R ILEED, EERK, BEESR,
JREJRE L U i EREE V5, T e L R S R S AR 7S
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8.1 i

# (heap) 2R RIEFKIFAITER XM, TEAJNMREAL, 4 8-1 s,

- UNTRHE (min heap): TR AME < H7 1 S0E,
- KT (max heap): LR AIME > H 717 SHME,

N N
/NN N N

Wy Wy

= ‘B2XW B 2 “T2=X# B
HETRNE <« HFHRNE HETRNE : AFHANE
Nk KImsg
min heap max heap

& 8-1 /INTHiHE S R Tvibk

HEFEON e KM — R0, B DA R,

© RIRETRSEEETE, HMEAT AR,
o BRSO EARTT SO CHETR, CRERZE RS BT RN HERR,
- XTFRTUE ChTE), HETUTER (R WEZRKR &I K,

8.1.1 MRYE FRIR(F
FERHIR, TF2HEIE SRR 25T (priority queue), X2 —FMRIVEIRLEH, & S RA R
S HE IR

SKBR b, HEBH N T SCBOLERAS, RTHERT S TooE MREV MRS BRI IETERAS, A M R,
BATATLARE “HRIEASN” T “HE” BAEFTHIRIRETHE, Kk, ABXWENMIEEX 0, G—FiE “HE

HERYH I BRE LR 8-1, T5TEA T ERIERmAETE 5 R,

7 8-1 HERJHRIERR
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Jii%% iR I [R5 2% e
push() TERAME O(logn)
pop() HETRTT 2R e O(logn)
peek() VIFMETOTER G TR [ /NTHED AR K / /IMED o(1)
size() PAGEITT IR o(1)
isEmpty () H b A o(1)

FESLBRR A, BATTA] DAERE(E A 8 S 1R EAIHESR  (SIL/eBAAIZE),

ROTHEREIETR “WNEIRHESN” F1 “WKEVINES”, BATA] DO i B —> flag BU{Z24 Comparator

S ONTRHE” 5 OCKTOME” Z AR, ARBAN R FTR
// = File: heap.go =

// Go EBE=FEILUBIEIM heap.Interface FHJEZREATNH#
// EI heap.Interface FTERBYEIM sort.Interface
type intHeap [lany

// Push heap.Interface B9/7%, SEMMENTEREMH

func (h *intHeap) Push(x any) {
// Push #1 Pop A pointer receiver {ENS#
[/ AAENRXEXTANABTHTAE, FMERTANKE,
*h = append(*xh, x.(int))

}

// Pop heap.Interface H9757%, SCIsEHEINITER
func (h *intHeap) Pop() any {

// FHETEERERE

last := (xh)[len(*h)-1]

*h = (xh)[:len(*h)-1]

return last

}

// Len sort.Interface B9/AE
func (h xintHeap) Len() int {
return len(*h)

}

// Less sort.Interface B/%

func (h xintHeap) Less(i, j int) bool {
[/ WRELIVNTIE, WEZRENNFS
return (*h)[i].(int) > (xh)[j].(int)

}

// Swap sort.Interface B/%

func (h xintHeap) Swap(i, j int) {
(xh)[il, (*h)[31 = (*h)[j1, (*h)[i]

}

// Top IREETNTER

func (h *intHeap) Top() any {
return (*h)[0]

}
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/* Driver Code x/

func TestHeap(t *testing.T) {
/* ¥Rk «/
/] BRI
maxHeap := &intHeapd{}
heap.Init(maxHeap)
/* TTENE */
// JBE heap.Interface BI/5%, RFMTE
heap.Push(maxHeap, 1)
heap.Push(maxHeap, 3)
heap.Push(maxHeap, 2)
heap.Push(maxHeap, 4)
heap.Push(maxHeap, 5)

/* FREUETRITER +/
top := maxHeap.Top()
fmt.Printf(" HMTERA %d\n", top)

[* ETTEHE «/

// @A heap.Interface M7k, KEkTEH
heap.Pop(maxHeap) // 5
heap.Pop(maxHeap) // 4
heap.Pop(maxHeap) // 3
heap.Pop(maxHeap) // 2
heap.Pop(maxHeap) // 1

/* FREVEKR/N */
size := len(*maxHeap)
fmt.Printf (" HETEHEN %d\n", size)

[* FIEHER T AT «/

isEmpty := len(xmaxHeap) = 0
fmt.Printf(" HEENZT %t\n", isEmpty)

8.1.2 HRYSCIM

IR R RTIME, A2 H ROy N, HFRR A AN AW T (flan, K > Bioh <),
S /\iHXB/J-U“%TL/{ ETT“;QIJILO

1. ENEH#ERT
X BN, e S XAAERIE A ABEREOR, BTHEER —Are e Xk, RIBATIRER B

Y HBHFOR XN, JTTRAEN AME, RIMENREXRPIAE, WRARHHEE R IWHA K
ﬂéi}mo

W 82 Fim, AmREl i, HATHANESI N2+ 1, AFHaNEIIN 2 +2, RWMNRIIN
(i —1)/2 GAIFIER) . MRIIMAR, FoRas s R,
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RSN _ : SRR (RETEHE)
B B mRIRW wr 8 ‘B RE TR

%3l 9 10 11
=R ﬂﬂﬂﬂlﬂl.lﬂﬂﬂ
(i-1)/2 i 2i+1 2§42
~— T~
REA HR EF E?
A D
IS FR 5 | BRI T 36T

K 8-2 HEMIFRIR G171k

FATAT CURF 2R 5 [ ipf A BT RE AR B, T7 e S A -
// == File: my_heap.go =

/* FREAFTHRNERS] +/
func (h *maxHeap) left(i int) int {
return 2xi + 1

}

/* FEAFTRNRS] */
func (h *maxHeap) right(i int) int {
return 2xi + 2

}
[* RERXTRHERS] */

func (h *maxHeap) parent(i int) int {
/] ETFERR
return (i - 1) / 2

2. ipiaBgEmTTR

HETTOTZR B — SRR R, tht@ IR E TR
// = File: my_heap.go =

/* IFIEEETRTTER +/

func (h *maxHeap) peek() any {
return h.datal0]

I



HeE M www.hello-algo.com

167

3. TEANMf

TR val, BATEICKHBMBMER, WiN2)E, BT val ATRERTHERHMITE, HERTRLARIFRTRE
CLHRESR, DRIBETRES S AT A EIR Y R 2 LS, XD RIERIONEN (heapify)

FEMAHET R, WKETITHER, W0 8-3 R, FATELEHEA T RS HA mAIME, aEANY
REER, WAHRENZZt, REREPITIHIRE, WERETEEHPIE DT R, BRI K082 T

I RN 2SI

B @ Nt

o . CHET
T =
v BuaRT

(olals]s]7[=lals[s[a[o[a] step 1 |

L7 PN

1. WS 7 IR
2. WEETBAT#A (Sift Up)
CHA 5 < BA T

[ step 3 ]

L7 PN

1. WS 7 IR
2. WEETG#T# (Sift Up)

PR 6 TR

Step 5 |

L7 PN

1. BHR 7 FNEHER
2. WEZETH#TH#A (Sift Up)

v HR 9> PR

O EEEE =

DEarLRREEEEEE

HA @ Mg

1. ¥R 7 RNERE

Step 2 J

WA @ Nt

1. B¥R 7 FNEHE
2. MNEETU#T#AE (Sift Up)

v HR 5 < WRT
- RETHR
Step &
A @ At

1. 7 IR
2. WEETGEFPHE (Sift Up)
v HA 6 < WA T

- TR

Step 6

w4 @ At

1. ¥HR 7 RNERE
2. MEETL#{TH#A (Sift Up)
TTHR 9> R T

~ RHITRIR

Step 8 |
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/‘ \ / \ HR @ e
1. WEE 7 FNEER
2. WEETG#FHA (Sift Up)
/ \ / \ / \ SR, ATHENERENIEE

Step 9

K 8-3 JLRAHEDE

R REE n, WMEEERN O(logn) o HILATA], HEABRERIEIREEERZ N O(logn) , TERAHE
BAERINRIERE R O(logn) . AIBUIRATR:

// == File: my_heap.go =

/*x TTENE %/

func (h *maxHeap) push(val any) 1
/] TR
h.data = append(h.data, val)
[/ MERZETUEW
h.siftUp(len(h.data) - 1)

}

/* WTR 1 FFR, MERETUEL +/
func (h *maxHeap) siftUp(i int) {
for true {
/] FETR 1 BIRTA
p := h.parent(i)
// 8 “UERTR W TRENEE” B, FREN
if p <0 || h.data[il.(int) <= h.data[p].(int) {
break

¥
/] RARFET =
h.swap(i, p)
/] &AL
i=p

4. ETTRLE

HETTTR 2 —XRAURTT A, BIRETTR. MRFNERMIIERFMERE TR, W2 XA T R
KR KAEZN, XRFESREE R TR ELRRINNE, N 7 RERDITRRIIHZR, HATRM LA
TRV IR,

1. ZRHETIT R SHEROTR AR S R T R
2. ZGERE, RHERMAIRAMER GEE, hTogsct, Ftsehn EmEREZESRIHETTTR) .
3. MR RUTSE, MIERITTHEL.
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aniE 8-4 R, “MIREJRHEL” HHRIETTIYS “IRETHEL” MR, FATRARY miES HMADF 1 R
EHTEAL, BRI F T R SR RS, SRR TER T I RRME, EBOE M7 BB B TC A
IR

TR SETRTR LS
1. BETTRSHETRZR
" Step 1 8D 2 J
BTRTRLE SETTRLE

1. BEMTRSERTRZR
2. B UBIREETTR

1. BHTMTRSERTRRZR

2. B HREEETER

3. MIRER#THA (Sift Down)

v EHR 5, 8, 7 H, TR 8 R

Step 4

SETmTRLE TR LS
1. TR SHERTREZIR 1. BERTRSERTRZIR
2. BHHEIRMETER

2. PHHRIERETR
3. MIRER# T (Sift Down)

w

. MNTREFEFTHEW (Sift Down)

TR 5, 8, 7 %, BA 8 BK
- PR 5 5HR 8

v fETR 5, 6, 7, TR 7 |A

sw-:] (OOO0D0080800 st

SEMTRLE SETTRL S

-

. BEMTRSERTRZIR
. B UATAERTER
. MIREE#THEW (Sift Down)

v TR 5, 6, 7 W, TR 7 RA
o TR 5 5T 7

1. BHTMTRSERTRZR
2. HHYEIERTR
3. MIRER#THM (Sift Down)

~

w

“ PR 5, 3, 6 B, R 6 BA

e [a s [ 3o 3] =] (ODS000000000 step s |
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SRR TR
1. BRTEESRETETSR 7 ‘ 1. TR SHETETSR
2. WHLFRETE K{% 2. BHMFRETE
3. WIRER#{TH#M (Sift Down) ) ) ’e 3. WIRERE#{TH# (Sift Down)
v ETHR S5, 3, 6, TR 6 &Kk = s
e s o g I/ RS, ATUENMEEEIES
;QG; (2]
002000800000 step 9 0880006080800 [ step 10

K 8-4 HETHITER tHHED IR

SRR AHERIEEM, HETUTR B HEIREN R E 200y O(logn) » ARESINRATR:

// == File: my_heap.go =

/* TTEHE */
func (h *maxHeap) pop() any {
/] HI= b
if h.isEmpty() {
fmt.Println("error")
return nil
+
/| REBETREREHTR RIGETRSETR)
h.swap(0, h.size()-1)
/] BIBRT =
val := h.data[len(h.data)-1]
h.data = h.datal[:len(h.data)-1]
!/l MIRZE[RHENL
h.siftDown(0)

/] REBETTR
return val

}

/* W= 1 FFi8, MIREREL +/
func (h *maxHeap) siftDown(i int) {
for true {
/] AR SR i, 1, r PERAKNTR, B84 max
1, r, max := h.left(i), h.right(i), i
if 1 < h.size() && h.data[l].(int) > h.data[max].(int) {

max = 1

¥

if r < h.size() &% h.datal[r].(int) > h.data[max].(int) {
max = pr

¥

// BHA 1 RARHERS| 1, r @57, Whmdssty, B

if max = i {
break

}

/] REETR
h.swap(i, max)
/] TEIRE TR

i = max
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8.1.3 BN

- DRFEBAFI: HEIEE SR SE A B AR E S, BRI AR ERIIN B 2 2428 O(logn)
, TEHEERERN O(n) , IXEEHAEERIRE @R

- HEHRE: g —dHEdE, AT BTN — D, ARG AR T TR HHERE, IS EIE P
o PRI, FATEE SO —ME R T NSSBE T, TR “HEHET” E

- RIERE) kA X NIRRT, [FNE AR, GIEREAERT 10 FHE
PERNPIRRAY, R AT 10 FIR A%,

8.2 FEIMHIE(E

TERLAROUT, BAWEMH— NIRRT TR E D, XN “EHERE,

8.2.1 fEBANMHZ(EIIR
BATEOTE D, RERHYIR, KOIOHENTTRIT “AHEHRE", BSRTRBINEHE R, &
IZTCRIUT “WRET” HEfL,

LY —DITRAME, HERRKERMN— BT AU NTRE AR AT = XK, Fites “8 Em R
PR

BItRHE R n, BPOTRMAMEREMSEH O(logn) IR, K IHIZEMEFIENREE 25 R O(nlogn)

[e]

8.2.2 & BT

Kk b, BATA] DASEEE— RN S HE T TR, R,

L. FPIRITA TR B AR E A, I HER B RIS 2
2. @i nie (BrEimER), OSSN R RHRT AT R,

TN RUE, A ROV R PR R — A SN . M TR E R, RHER (A
SR A,

Z R OER B T, BRONIZAERENS CRIE L AT R PR T ELR SIEN THE, XL ST R4 2
AR,

ESFHARE, HTHNRRA TR, BIETIRRR SN, Tk, W MUEIrR, &&
—MNEM T R RE DRI, BATWETT A7 AT HE(

// == File: my_heap.go =

[* PERER, RIBUISEE «/
func newMaxHeap(nums [Jany) *maxHeap {
/] BHRTEFES AR
h := &maxHeap{data: nums}
for i := h.parent(len(h.data) - 1); i >= 0; i-- {
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/] HERRBEHT R UMY EMEFE T =
h.siftDown(i)
}

return h

8.2.3 EXELSM

N, BATPRZE AR S AR HE T TR RV A

RS S — SURI AR n, TR (n+ 1)/2, FoR /i R, RIS
MR (n— 1)/2,
C AENTEEHELAIRR, AN R M1, (RO — RS log n o
5 AP T, WA RNNAERES O(nlogn) . XA HEEHIARN, FARIE
B URROE T A R S T TR 1A PR,
B TORTRA AT S AMERBAT L B, A T R SINERE, BHRLAE — AR n o IR h Y “58%—
B, IR R B R E

TRRE BETANE

(RMgfb R AIECRE)
h 20
/\ 1
T T 5
NN |
e =2 i 2

[N NS )

[T JE— 23
e — 2h-1
(8ZE, HhasER e e 2h

()]

B 8-5 SEE XMHIHZET R

e 8-5 AR, Tl “MTEJRHENL” AURAIEAUEEF T2 B R e, MiZEEIER TR
JE”, [, FRATATDON &S RH “I 8 x WREE” K, SR TR R B S,

T(h) = 2°h + 2Y(h — 1) + 22(h — 2) 4+ - + 2"V x 1

et EXTEEB AR BEIENR, Je¥% T'(h) FLL 2, 155
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T(h)=2h+2Y(h—1)+2%(h—2) + -+ 2"t x 1
2T(h) =2'h +22(h — 1) +23(h —2) + -+ 2" x 1
RIS RAIREE, R 27 (h) W LR T(h), 74:
2T(h) —T(h) =T(h) = —2°h + 21 +22 4 ... 4- 20—1 4 2h
Mg LK, BT (h) B2—DEFHES, ATERMHARMAR, BRINRE2E:
1—2"
T(h) = —
_ 2h+1 h )
_ O(Qh)
M—3b, BIRER h SR UMM AR n = 20T — 1, BEERERN O(2") = O(n) . DAL

R, FNFIFIFFRHERINTIE A O(n) , AERERL

8.3 Top-kirlEH

Question

BE—MKER n WEFEA nuns , THIREIBHF KRN kR,

TR, AV PR ERS LB E R, B AReRE SRS,

8.3.1 Fii—: BHiEE

TATRT DOHATIE 8-6 Fmi k 5037, 23 BIERHCHREGE 1, 2, ... kK RITH, WHEREN O(nk) .
WHIEFGERT k< n 01BN, FRY k5 n lEEan, HEREEZRE-EET O(n?), JEEFER,
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k =3
nums n 7 nn BHERRATE
N

B E—WHEE 1 ATE
N

B BoRHBE 2 ATHR
\\

én BSWHREE 3 ARE

K 8-6 i Sk AR k TR

Tip
Hk=nh, BATUASEERBOARFFY, WHENT & Bk

8.3.2 AFix=:. HF
i 8-7 Firs, FATATLASE$EH nums METHER, FHIREIEAILN kAR, MEEZE N O(nlogn) .
BAR, T A RS T, WARMAER RN kAT ENE, MAEEHFE TS,

k=3
mns (L EIEIEIZ)

FHEEAFITHEF

- 4O
RESA k TR

000

K 8-7 Ik AR k MR

8.3.3 FiE=: i

BATTAT AR T HEBE A Rot g ok Top-k M, iRAZ4NE 8-8 Ffim,
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L. WIefe— A/ NTiiE, HHETTOTR &R/
2. SR EEHRIET K DNITRIRIRNHE,

3. MEB k + 1 MndITs, HERTRATHNUTR, WARHETUTRHHE, FFR AT R AL,

4. WhreRa, HEFPRIFRIRUR RORH kDIt

k=3

(2000

A
i

1. BHE1 k MTENE

s

k=3

- @0000)
:

i

1. 880 k MRENE

Step 3

k=3

w @0000
:

i

1. Ra k MTENE

2. ME kel DITEFIRHINT
v YEITEE > BITR

- FPETRTHR S

k=3

-~ (2008
.
i

1. B# k DMTENE
2. M3 k+1 DITRFHEHIE
v HEITR < BIMTR

:tm@

ZRWET
BART

ztm
o 0

ZRWET
‘ 2 BART

:tm

ZRWETR
# K] BART

#10 (::)

ZRIET
‘ +J BUART

Step 4

‘ Step 6 ‘

Step 8

k=3

w: (E000
.

i

1. a0 k DEENE

w @0000
:

i

1. 0 k DTENE
2. M3 kel DITEFEAIT
v HEITE > EITE

k=3

w: (2008
.

i

1. BH k DTENE

2. M3 kel DTEFEHIT

v MEITR > BINTHR

o TR
EERITTRENE

k=3

w: (0008
.

i

- BE k DTENE

« ME k1 DITRFEHIT
v YEITR < RITR

~ B

[N

TR

ZRWET
BART

e (@0

iem
o o

ZRWET
‘ & WART

sm (@)
O o0

ZRRWET
WART

#m @)
o 0

ZXWET
‘ < BART
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0

g — £y

WA, BE heap BIE]
ZRIET

HART

Step 9

8-8 HTHEI AN k L&

BRI
// = File: top_k.go =

[* BEFHERMAPRAN kK NTE +/
func topKHeap(nums []lint, k int) *minHeap {
/] Wia T
h := &minHeap{}
heap.Init(h)
/] BEANE] k DNTENE
for i := 0; i < k; i++ {
heap.Push(h, nums[il)
}.
[/l M%E k+1 NTEFR, FEFENEKER K
for 1 := k; i < len(nums); i++ {
/] BHEBITERTHEITER, WRHETUTRLE. SFicRENE
if nums[i] > h.Top().(int) {
heap.Pop(h)
heap.Push(h, nums[i])
IF
}.

return h

EHEHUTT n SR, HERERARKEN k, RIENTRIEZREDN O(nlogk) » ZITTANRERIRE, 2
kg, NEEAEER O(n) ; 2 kRN, NRASRERZEDT O(nlogn) .

BAN, %I EIE R TR ABHERIE R s, ERWTI SRR, FRATA] A4 e I e, TS2El
BRI k ANTTEM A ER,
8.4 Ih&

1. EREH

- HERERTER TN, MRIESRGLERA AT MR TIHERI/NE, K O TIHERIHETUTR 2R K () 1,
- ARIEBIEE SUZ A HBAIL TR AIRNS, 38 5 1E I HER ST
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R PR R L B 4 25 04 TEEAME O(logn). HETTTEHIME O(logn) RV FIHE
7% 0(1) %,

- el T WRHERNES SRR, BB A B A

SRR T AP AOMER, e MR R 2

- 0 NTEES R I AT MR O(n) , JEHERL

- Top-k B MNEMEDANE, USRS, 7N O(nlogk) «

2. Q&A

Q: BUR&K) “HE” SNFEHR “HE” 2R MEE?

PEARR S, FUZRIGHE “HE”, THRNLRGENFHRIHER SIS A R — 87y, BRFP BT
A DAGE A ERAF iR, R rl DOESR — 2 BAUHENTE, M T BN AN F R e, SiXeEEdEA
HWREN, BFRERBOZENT, DUIEAEE, AR TRNT, AR ERENE R EEIEE, &
P AT BE & T BOAAF IR AN B 1855 )
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IR

F9HE
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Abstract
EAEmRIES, BTG E— DR, HIEEENWILHEIE,
HF—RIMHIRSHEE, #EX5KE KRR 2SR 8RR EDID,
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9.1

(graph) 2 —FhAELM BB, M= (vertex) FIi (edge) Ak, FATATDLKE G gtz n—
ARV MI—Hil E EE. ANRAIER T —MLE 5 N 7 ZaavEl,

V ={1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5),(4,5)}
G={V,E}

WERRTURENET R, RIDBEEERS DT RSN (a8, AR DLRF B 7E— M BE R R A EX
45, N 9-1 AR, MIETEMRR (BER) FIMGRR (W), PIgERR (B) MAmEES, HimE

!

| /\ S
!

i # &

(BHEXR) (SHE%R) (REXR)

ENZEEmERS, AMtRASER

B 9-1 #ER. M, BEZRIRIRR

9.1.1 EIMERAEBSKIE

iR G EA TR, a5 hEEE (undirected graph) f1BEM@EE (directed graph), 4N 9-2 FfizRe

- FEEET, BFORMTURZEIR AT ERRR, BINIEE QQ HHY “4FARART,
- tEAMEY, PRGN, A — B A« BWRANAREE TN, Flanm s -
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ZHE A
(aFxAm) (aBrm)

K 9-2 HHESILHE

WRIBATE TSR G EE, ] NiEEE (connected graph) FI13EE@E (disconnected graph), & 9-3 Fi
Ro

- NTEEE, WNENTRA, AR HARERTR.
© OTHREEE, WEADTURHR, 20D TRICIRENE,

N

8 B
(AT EEE) (FEMRAEE)

9-3 EEESAREEE

PATERT IOILEsm “FEE" &, MMSEINE 9-4 FiRiEIE (weighted graph). BIAITE (EHRE)
FEFWerh, RGN RN R RIS 2 MR “SRERE”, XM E M4t n] U A ERRR,

T HRE
(Fr&B%EAM) (LRAEWNER)
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9-4 HIESTEANE

BRI & DU B AR,

- ¢F% (adjacency): MM Z AIFIEILAHZER, FOXMITUR “QFHE"7, TEE 9-4 ) TR 1 ARRHE TR
TR 2. 3. 5o

-+ BB (path): MR A FITWR B S R REIFFIRFR UM A 2 B 1Y “B&127, 7EE 9-4 Hh, 4%
Hl| 1-5-2-4 2 TR 1 BT 4 19— SR8 12,

- E (degree): — M IURIMARILE, X THME, NE (in-degree) Fonf Z/ D FULFRMNIZTIN, HE
(out-degree) KA Z/DFIBMNLIURTEH,

9.1.2 BEIMERT

EH R T N “RRERERE” 1 “ABERT, DUNERI T A T2501,

1. 4BiERERE

RN AEE N n, $MEERE (adjacency matrix) HH—1 n x n K/NHEIERFRE, 8—17 ) 1R
T, ERETENRRD, H 180 ZRmAD S B RS EEN,

HIE 9-5 R, WAMHERRER M., TUSHIRN V|, ILmHIEE M, j] = 1 FoR V]i] #1105 V]
WD, ]2 M, j] = 0 ZRMIAZ TG,

mR%IE

#l o 1 2 3 &4
o e, 1 10

‘ ‘ \ 101 e 1 0 @

SRIREERE
graph adjacency matrix

9-5 EMMRIEFEFRIR

WIEHEFEEA AR,

- TERIRE, WURARES B SHE, HEIRRRRERE X A LOTRIAE
- TR, BRSO T X SR,
- RFARREFERITTRM 1A 0 BN E, WA Ron A A,
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i FH AT AR RN IR, FRATAT DAE R RIAE R R DAREGS, (R N E SR E IR IR &, IR A4
B O(1) . AT, MEFERZEEZERN O(n?), PfES RS,
2. SPiER

$BiER (adjacency list) fEH n MEFRRFTRE, HERTRFRTUL 8 1 DMER NI ¢, HAEME 7%
TBUSHIFT A BEETUR, (SGIZTUSHERITUR) o 1B 9-6 JBIR 7 — M ARRER R K BI7R B,

R SERAREENFER

™~
[ e« eole

Wiz
graph adjaceney list

B 9-6 ERIBERIR

AR MUF MR F R, THAMREOEH N T n? , WItEEN T, A, ENERPTEE
i P EERORE I, R RISCR AN A R R

WIZEE 9-6 , AREREEH SRR “BERIBAE” TR, RUARA 0T AR AU 7 R ARALRR,
HOA S A KR, T DU RE AL AVL RSRTSBA, MM O(n) L% O(logn) ; AT
DHEgEREEHONIA TR, TN E 28 O(1) .

9.1.3 ENERA
R 9-1 R, VFZEISERGUR] DU EDRGERE,  AH R A AN AT AL & TR R

#9-1 BAETEFE WE

i b el
RS R GFRRAR TBHELT I HERE
HEkERES  whe SRR R EHER

ENIEER 2k BARREDTESINER  TRPUEHE
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9.2 EREhLIRF

EIRSELAHRCERT 0o xt “I07 BORBRCERIN “Ti” AU3RME, £ “QBRAERE” R “QBEER™ MAFRTIAT, %
B AR AN

9.2.1 EF4BIEEEAYSCIR

NIRRT n BTEAE, NSRRI ER LB AnE 9-7 R,

ORISR : ErBEE AT R SRS R AR, A O(1) WAL, mid TREME, HtFEER
BB T 7 O,

WU (AN IR 1T %1, A 0 BIRT, A O(n) KA

MBI FEAREEERE bR 1T 5, UMM AT ESINA SRS, BB (n — 1)2 A EE
“Ffe LREE”, MR O(n2) I,

WM A n NI, WIAMCKEE N n TSI vertices , T O(n) B, 1B n x n K
INIARBESERE adiMat , 5 O(n2) B,

TRFl& bttt
® o 1 2 3 4 ®w e 1 2 3 4
o o 1 o 1 o . 0 o 1 1 1 o
—— MeaE —— winn )

\\\\ 110 1 o o \\\\ 11 0 1 o o

//// 2 0 1 0 1 1 //// 2 1 1 0 1 1

— 3 01 0 1 0 1 — 3 01 0 1 0 1

4 o 0 1 1 o 4 o @ 1 1 o

SBIEERE B PHEIERE
Step 1 Step 2
T TR (<)
® 0o 1 2 3 4 ®l 0 1 2 3 4 5
o o o 1 1 o 0 o o0 1 1 0 o0
— rz € —— Fm O
\\\\ 1 e o 1 0 o \\\\ 1 e 0 1 0 0o o0
//// 2 1.1 o0 1 1 //// 2 1.1 0 1 1 @
— 3 01 90 1 0 1 — 3 01 0 1 0 1 0
4 e @ 1 1 o :iy 4 o @ 1 1 0o o
N Y
. 5 o ] '] o ] [}
SPIERERE SPIEAERE
Step 3 Step 4

TSR (5
#w o 1 2 3 &4
o pr—s e o 1 1 o o
\\\\ 11 0 1 1 o
\\\\‘ 2 1 1 0 1 o
//// 3 0 1 1 0o o
CD 4 o @ o 0 o

3] BIEAERE

Step 5
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B 9-7 AREEIEFERIRIAGIL, B, SEMTTN

DA R 2 TR0 R M 2R [ O SE B -

// == File: graph_adjacency_matrix.go =

[* BETFMEEMESITHES +/
type graphAdjMat struct {

/] TARFIR, TH2AF “TIRE", R3INEK “TMRER5”

vertices []int
/] SB¥EEERE, 1THIFREIMR “TRRZERS]”
adjMat [][]lint

}

[* FRIEREL */

func newGraphAdjMat(vertices []int, edges [][]int) *graphAdjMat {

/] AT

n := len(vertices)

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

for i := range adjMat {
adjMat[i] = make([]lint, n)

+

/] #aE

g := &graphAdjMat{
vertices: vertices,
adjMat: adjMat,

+
V)15
/] EEE, edges TERRINAZERS|, B3R vertices jTTHERS|
for i := range edges {
g.addEdge(edges[i][0], edges[i][1])
+
return g

}

/* RENIN=#E */
func (g *graphAdjMat) size() int {
return len(g.vertices)

h
[* BT */

func (g *graphAdjMat) addVertex(val int) {

n := g.size()

/] ETRR P RPN IR E

g.vertices = append(g.vertices, val)

/] TESBIRFEFERAIN—1T

newRow := make([]int, n)

g.adjMat = append(g.adjMat, newRow)

/] TESBIZFERERARIN—5
for i := range g.adjMat {

g.adjMat[i] = append(g.adjMat[i], ©)

I
h

[* BIBRTRER */

func (g *graphAdjMat) removeVertex(index int) {

if index >= g.size() {
return
}
/] TEMSRFRBPIBIRZRS| index MITH=
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g.vertices = append(g.vertices[:index], g.vertices[index+1:]...)
/] TESBIZAEPEHMIPRZRS| index RY1T
g.adjMat = append(g.adjMat[:index], g.adjMat[index+1:]...)
/] TELBIZAEPEMIPRZRS| index BYF
for i := range g.adjMat {
g.adjMat[i] = append(g.adjMat[i][:index], g.adjMat[i][index+1:]...)
}
¥

[* FIA */
/] &% i, j R vertices FTTEHEZHSI
func (g *graphAdjMat) addEdge(i, j int) {
/] REIHEREREFLIE
ifi<0 || j<0 || i>= g.size() || j >= g.size() || 1 = j {
fmt.Errorf("%s", "Index Out Of Bounds Exception")

¥

[/ EXEER, PEEEXTERALEN, BEE (4, j) = (G, 1)
g.adjMat[i]l[j] = 1

g.adjMat[j][i] = 1

}

/* MiBRIA */
// B8 i, j WM vertices TTEHZES|
func (g *graphAdjMat) removeEdge(i, j int) {
/] F5HARSHEELIE
ifi<0 |l j<0 |l i>=g.size) Il j >= g.size) || i = J {
fmt.Errorf("%s", "Index Out Of Bounds Exception")
¥
g.adjMat[i][j] = ©
g.adjMat[j]1[i] = O
¥

[* FTENSPIZFERE */
func (g *graphAdjMat) print() {
fmt.Printf("\tTm%I& = %v\n", g.vertices)
fmt.Printf("\t4BEERE = \n")
for i := range g.adjMat {
fmt.Printf("\t\t\t%v\n", g.adjMat[i])
¥

9.2.2 EF4BiERAICIY

RIEAE TSRO n, WWEBOY m, WIRTRYEE 9-8 AR  TRE IS AR,

©OUSINGA: AETRRON R ER AR IR ENAT, I O(1) N, Ey2EmE, Fr AT Z N amm A
JITAIIIA,

- MHBRIG: AR TR0 B BER rh A HOT MR R, EH O(m) WA, ETEmES, FERRMERRE 77
[QESpuR

© WD FEBEERTISIN—ER, FRRFTE TR RER LR, (A O(1) Il

- BRI FEREA R, MBRE ST ETRAFTAL, 8 O(n + m) W,
IRl TERREERPAIE n DT 2m %38, EH O(n + m) I,
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Step 1

Step 3

irsia E-©

Step 5

SRIRABESNFE IR

SHMRABENATE TR
-0
0-0-0-0
0-0-0
o-0

mirsTsR €

wnn @-0 | g

@€

Step 2

BiER

B 9-8 ABREARAIFIGGIL, WML, HEMH TS

AN ERREERAIRAG LI, XA 9-8, LR A LR AR,

© N T B IE BRI, DARSRIEARD, BAIEMSIFR G RCERR,

R SEIMRAEENFTE TR

PRER

L SEINRAEERTE TR

HER

- ARG FRAAEER, key NTURSLM], value MIZTRAIAHETRSIR (BEKR).

FAIN, BAHERER B Vertex ZORFURTIA, IXFHMAEVIRAE : ARG MRHEFE—FE, MSIRRTIRK
XAARRTR, AR EMERRG Dy « TR, WFEHRENBERE, KA RT « IRI[EME 1, %X
HIRML MR TUARZHE R Vertex LB, MIBRAE — TRz FEs s HAh TR T

// == File: graph_adjacency_list.go =

[* BEFHMERTIMNTEEZE +/
type graphAdjList struct {
/] SBER, key: T, value: &INSMIFRA SBIETRS

S

adjList map[Vertex][]Vertex

/* SR */
func newGraphAdjList(edges [][]Vertex) *graphAdjList {
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g := &graphAdjList{
adjList: make(map[Vertex][]Vertex),

}

[l AR T =AA

for _, edge := range edges {
g.addVertex(edge[0])
g.addVertex(edge[1])
g.addEdge(edge[0], edge[1])

¥

return g

}

/* RENTN=#E */

func (g *graphAdjList) size() int {
return len(g.adjList)

I3

[* AN %/
func (g *graphAdjList) addEdge(vetl Vertex, vet2 Vertex) {
_, okl := g.adjList[vetl]
_, O0k2 := g.adjList[vet2]
if lok1 || 'ok2 || vetl = vet2 {
panic("error")
}
/] OB vetl - vet2, FMER struct{},
g.adjList[vetl] = append(g.adjList[vetl], vet2)
g.adjList[vet2] append(g.adjList[vet2], vetl)

}

/* MiBRIz */
func (g *graphAdjList) removeEdge(vetl Vertex, vet2 Vertex) {
_, Okl := g.adjList[vetl]
_, 0k2 := g.adjList[vet2]
if okl || 'ok2 || vetl = vet2 {
panic("error")
}
// BBRA vetl - vet2
g.adjList[vetl] = DeleteSliceElms(g.adjList[vetl], vet2)
g.adjList[vet2] DeleteSliceElms(g.adjList[vet2], vetl)

}

[* AT +/
func (g *graphAdjList) addVertex(vet Vertex) {
_, ok := g.adjList[vet]
if ok {
return
+
/] TEBBRPRIM—DFER
g.adjList[vet] = make([]Vertex, 0)
}

/% MRS */
func (g *graphAdjList) removeVertex(vet Vertex) {
_, ok := g.adjList[vet]
if lok {
panic("error")

¥

/] TEHERPRFRINS vet IFRZAYEER
delete(g.adjList, vet)

[/ BHEMINSNER, RRFMEEE vet A
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for v, list := range g.adjList {
g.adjList[v] = DeleteSliceElms(list, vet)
¥
}

/* FTENSHIER */
func (g *graphAdjList) print() {
var builder strings.Builder
fmt.Printf(" 4pIER = \n")
for k, v := range g.adjList {
builder.WriteString("\t\t" + strconv.Itoa(k.val) + ": ")
for _, vet := range v {
builder.WriteString(strconv.Itoa(vet.val) + " ")

+
fmt.Println(builder.String())
builder.Reset()

9.2.3 RERLL

REFHA n ATREM m 58, R 9-2 WH T MR EER AN RIBCR IS MR, BER, WHER
(BER) XMASCSEH, MAER (BHKR) THRITEREREHOVIRTR RIS,

R 9-2 ARHFENE S MRARXT L

WRERE  ARHER (HER)  AWR (BRR)

HRESE  O(1)  O(n) 0(1)
VIS o1)  0(1) 0(1)
Wik o1)  On) 0(1)
VRIS om)  0(1) 0(1)

WIS Om?)  Om+m) O
WiEzEEA  O(n?)  O(n+m) O(n+m)

MERFR 9-2, PLPAREER (IGMER) RIRTAIRCR SRR R, H%PR L, fEBEAEM A RIELRINRE
=, /\ﬁﬁ_“(}\ékéﬂlﬁl'ﬂjimﬁ{ﬁﬁgﬁzﬂﬂjo LRAKE, AEMEMEAELT PSRN R AN, meRRER A
BT “DARF IR R T,

9.3 EER

MHRERRR “—X2” IR, MENAEAESNERE, ATUFRRNMERERN “2H2" KR FHit, TR
RSB CERIR— R B, AR, B3 Do PR i P ks s — FRE Bl

PEIROIBRHR T 2 N R R R LB 1R . A 77 77 MR o s T ERBHIRER B,



Bowm KA www.hello-algo.com 189

9.3.1 "EftFiEHh

VAR Dy — R R i i iR, WAV R, WREURTiMBER RN TIUN, 2R
P5Ke WNE 9-9 FivR, MW BTG R, B/uenziu- I a BRI, ek~ — MR ATE 2R
I, DAUHEHE, BERTA TS,

BEr-ERiEn
(BFS)

BATAR ek,
HiERGT. BEY KBRS

BAFESHA
@, 1,3,2,4,6,5,7,8

K 9-9 ErELICE

1. BETHM
BES J@HBBIATIRSEH, AN RATR, AFIEAR “Je NSE” MITER, X5 BFS Y “HLMiz” i8R
SFefifFE T,

L. K JifiaTisas startVet ARSI, FHIHFBIER,
2. PRI, A TUROFCSIAT, SRERIZ DU BT B T A ZIBAS R #R
3. TEMPIR 2., EEIFTA TSR TSGR,

NTPIEER TS, BAIFEED — PSR ES visited RICFRMPLT L OHTHL,

Tip
MGG A ABE— N AE M key M value BT R, BRIDME O(1) INAIEZE RHT key
WS A ki e ARYE key IUIE—1E, IemBEEEREM TERERESFT R,

// == File: graph_bfs.go =
/* T"ERIER */

func graphBFS(g *graphAdjList, startVet Vertex) []Vertex {
// Ti=BHhFES
res := make([]Vertex, 0)

visited := make(map[Vertex]struct{})
visited[startVet] = struct{}{}

// BAFIRFSEI BFS, fEREYIFIEIAAG!
queue := make([]Vertex, 0)

queue = append(queue, startVet)

// TS vet AEEs, BHREEIHAITAMENS
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for len(queue) > 0 {
/] PAETIS A
vet := queuel0]
queue = queuel[1:]
// BRIFETNR
res = append(res, vet)
/] BHZINSBIFRE P EI R
for _, adjVet := range g.adjList[vet] {
_, isExist := visited[adjVet]
/] RNBAKIGRIFTR
if lisExist {
queue = append(queue, adjVet)
visited[adjVet] = struct{}{}
I
}
b
/] RETNRERFS
return res
Iy
AN IS, BB RRE 9-10 SRANTGRFEfAE,
BHEFF res BHFY res
[ J @ J
BAZ que PAFI que
o (1]
S o T Yy
BREES visited e o R Ty —— BEES visited
[@ } 1. BEBRMNBEFS) res {@@@ ]
2. BETAREFREETSAIT
[m NBA que HHIA visited @
BHFT res EHFY res
(00 ) (000 )
BAFY que BAFY que
000 000
T S S -
WA o L, HAFLFERE IMFES visited . 6 A, SRR BEES visited
1. BEIHRMNGEFS res [@@@@@ } 1. BEBRMNABEFS) res {@@@@@@ ]
2. BZTREFTE SBESARIT 2. BETAREFE ETSAIT
ABA que FHMA visited ‘stT NBA que HMIA visited m
BHFT res JEHFS res
(0000 ) (00000 )
BASI que PAFI que
000 000
T S T w

M () HIK, AT

1. BEURMNEDFF res
2. BEMREFE PEMRAIT
NBA que HIMA visited

RIS visited

(0000000

R () A, AT

} 1. BZMSMNERFF] res
2. REZMREIFTE PEMAIT
ABA que FHAIA visited

BEEE visited

(00000000 |
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B

ma () B, AT

1. BENRMNEDFS res
2. REMREFE PERRAIT
ABA que FHIA visited

e () B, FHATUTHRIE

1. BERMNEDFS res
2. BEIRREFTE SBEIRSAAT
ABA que A visited

EHFF res
(000000 J

BAFI que

o0

HHBA U

EHES visited

(00000000 |

[step 7|
BHFT res
(00000000
BAFI que

(]

BEES visited
(000000000

s

= BAF que A,
« HEEE], SEREH

T () B, AT

1. BEZMRMNERFF] res
2. REZMREFE SPEMRAIT
ABA que FHAIA visited

11

- ——6
M () s, FATUTHRE

1. BZIARMNEFFT res
2. BEMREFREBETRAAT
ABA que HBIA visited

BHFF res
(000000000
BAF que

MBES visited
(000000000 |

\ Step 11 ‘

B 9-10 BRI e i 3R

D) res
(0000000 |
M5 que

BEKS visited

(000000000

‘ Step 8 J
BHFT res
(000000000
BAFI que
. e

BEES visited
(000000000

‘ Step 10

) BT D R e 512 15 W —2

ANME—, RS EE D R R “HE NI RN, 1 2 A IR G T ok D I s e V8
FEEATHEL. DAE 9-10 MM, Tkt 1. 3 BT AN AT BAZZ ke, T 2, 4. 6 RT3 RN th Al DAE R 56t

2. BEFRESH

IR A PR TS AR —1, 65 O(|V|) I, fEmpiass s, TR,
LA AR 2 2 0, 6 O(2|E|) Il Sk O(|V| + | E|) B,

THERE: FIK res, IBTHHES visited, BAF que MINTUREERZ N V], fH O(|V|) =M,
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9.3.2 FEMRFEIER
TR R Se i — R Se R R, JERnlE M IS 77 R, Q& 9-11 Fs, M LMTSHR, ik

RIS AR R TUR, ERDERVR KGR E], BgkSUERRSLHRE, DU, HEAA TR 5
o

1

o ) 1: (1) 3 (2) s
2

(DFS)
w|ia wife wms (@) wese,
o @ ° 6\ KRR, BERLAE,
) B (J DUt - BEFRER
e B

0,1, 2,5, 4, 6, 3

-

9-11 KEIRIRELICE T

1. B5EsEH

XA SERVRSKENR AT ARETEEFEE TIB IR, 5 EE, fEREEnT, A
MFRBMEI— TR S visited RICK ORI, DO % EE 15 R T,

// == File: graph_dfs.go =

/* REMIFTBHIHEBIREL */
func dfs(g *graphAdjList, visited map[Vertex]struct{}, res x[]Vertex, vet Vertex) {
// append R{E=REFNGIAE, HALLES|IBEHREEF slice BI5IA
*res = append(*res, vet)
visited[vet] = struct{}{}
/] BIZINSAERE $BIETI =
for _, adjVet := range g.adjList[vet] {
_, isExist := visited[adjVet]
/] BFF R LBIET R
if lisExist {
dfs(g, visited, res, adjVet)
IF

I
[* REMFTEFH */

res := make([]Vertex, 0)

[/l WMEEES, BTFEREHIFREHINR
visited := make(map[Vertex]struct{})
dfs(g, visited, &res, startVet)

/] RETNSIEHFS

return res
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HoOE K

RS 1 SRR A 9-12 R,

- HBSARA B, IR T — DRI T R I R H TR
- MR M B, FoRIMEIATRC AR, BIHE] TOTE AR E,

NTIEREERE, EUCRE 9-12 5RMEERK, EMPRLL (ERZE ~R) B4 DFS 3, Sfgh
BITTIEINIT S, AR (A,

BAHFF re EHFF res
@ J CI) J
BERE ted BFBES visited

R

BN
wiam= @) s () somEms
sz @)
Step 2
BHFF res

BRERE visited

©00 ) o 0000 |
o 2) 3

IRRES visited

000 ) CLT LI
M e
sarT () soomETs s () msmEmR
s @) amsams )
Step 4 |
B res

BAHFF res
(00000 | (00000 |

TS visited

(00000 |

BEEE visited

(00000 |

e EANE:
sermm () somzms s () WA SETEEE b
savams @) RitssEmE, mnEms ©)

[ step s Step 6 |
BEFY res

(000000 o 000000 |
o ‘

IRRES visited WBERE visited

(000000 | (000000 |
EHME: ELHRNEL:
T (O momems s () smamEmBET
BIHETRR FtZHRE, EHERR

Step 8 |

[’ Step 7 ]
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WHAEFG res BHEFS res
MEEE visited A A BEES visited
3 . 2 3 . N

4 ‘ 9 ‘ J 12 4 ’ 9 \ (’j‘

|8 J /“\\Y‘ 5 J
@ ,

7 ‘ ¢ R ! ’ ¢ BRI
TR BIFf A SRR B E 518 AT BOSBIETRR
Atz EEE, EMERR SEITH RS (\w

BAHSHE - RABZETR

Step 9 Step 10

BHFF res

A A BHEE visited
3 .
e

‘ ¢ LA e
TR ) wFEsEmRBEsn
Bt g HEE, EHEmS
ma () 55xtEE, MRmER

Step 11

9-12 EMIERE ALl 5 3

DREE DL et 3 FA 51 75 W —2

SRR, WIS SR A R MR, AR, JeEIR T R RAR AT
PA, BNRBHEETISAINY o] DMERATEL, &R &,

D@ A, ‘R —7E =57 E R85 T —a - R 2pINNERE. BE JERE
P, eoR T =fumPiisedk, Amix =58 TREMLE,

2. ERESR

IR ALE: S TUSE SR 1k, 60 O(|V]) BHE; Fraasasiyin 2 %, 8 O(2|E]) ki
KB O(|V] + | E]) W,

SIS 5% res , IRTEA visited TSRS N V], BIAFRESEAS V], HiEm O(|V])

22 [H],

9.4 NG

1. EREIEH

- EHRTUSAAARN, AR — TS — 4RI R &
- METERIERR (BER) MniakR (), MXR (B) BAE&NEHE, RimENER,
- ARERZEATTAYE, EEEPIERTUEANE, ANERNERIU S ET R,
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- ARRIEFEMERERRRE, 81T B RPN, ERTRREE, 180 Rm P TiEs
AR IAETE, AR M e I & 2 L RCR IR, B3 A) S R Z .

- AMERMEM Z MERRFORE, 5 DEERN MR ¢, HAPEE DZTURRIATA WU, WRERM
X T RRFEFERE AT A 3R], (H TR R R A, PRI A RCR R,

- HATERPAVRERIS KN, A DU HONL B eIG R, MR E IR,

- WRIERVERIAE T, AHEERHATLT DA AR A", SRR T DA (R s A7,

- EIATH TSR RGE, W4, HIRERIE 5,

- BB —RRRE, BRE ¢ ikt P e O ) — AR 1

- ERT s R R EE ML, REY KSR, GBS,

- ERRERSCE LR M ERIR, ToR EN ERIARHER TN, HETIEIRLIL,

2. Q&A

Q: HREHE SRR FHIERIAFHI?

HFHER EARESRARNE XA —8: g “BiER—MaFy”, mhsaig “BiRR— PR
HI”o PATNBHESCRRIE S : In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.

FEARSCH, BEPAN— DA, AR DI XREAMANTRZ B R REF A2 5RI0 5, It
{NESZ S UL ) A i IR

Q: AREEE RS XA iR 22

FEAREEE S, MWRADTURHR, 20— PMRICEREE, whiREaEmREREZ NN, PoEhzE
HIRTAEIE 7 &

Q: TEAMER, “SIXNRAERNFTATR" TR 25 ZK?

A DURAERF . (BAESEPR A, AIRER ZAL IR SUNRHE?, HAMEIR TS AR Ay, BB IR T
RAERDNRIGFSE, XA T RIS “H A EARE” AT,
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FI10E EF

Abstract
HWRZ—ARANER, BAIS8FFZEEEMMZ RPN AT, XaFa] DLPOEEIE B R,
ERXAI IR, F—IREE A RER R — MR ERHENE R,
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10.1 =—H&EX

—5&EH (binary search) BT IGRISH SRR REER, EFHEBIRINA R, SeH)h—FRRT
l, EEHEIERTRSEERXE NN,

Question
HE—NMKEN n WEEH nuns , TTERIEMNNEIRIIFHEY BEAESE, 1EEHIFREITER target
EZBAHAPHIRG |, HEHEANEZTE, MHRE —1 ., REEnE 10-1 Fir,

ERERERTHA
nums

BMANBEFHA nuns , ERBEIFTE target = 6

B 10-1 o EHORGIESE

I 10-2 fiw, BAVEWIGERIES i = 0Ff1 j = n— 1, SilfsREEHE TEMETE, REHERXHE
[0,n — 1] . EER, HESFRRHXE, HOEZL5HEERS,

BRE, TERHUTUL RIS,
L WREHERG I m = (i +7)/2], HP | | KRA FBEERIE,
2. H|Wr nums[m] 1 target BIR/NRR, 2N PR =FEN,

1. Y nums[m] < target i, UiPH target XAl [m + 1, 7] #, REHITi=m + 1,
2. % nums[m] > target i, BifA target EXIAE [i,m — 1] 1, FHHFTj=m —1,
3. Y nums[m] = target I, TiBHHE| target, HHIREIRSI m .

HHANEEETR, HREARERG/NNE, WRHEE -1,
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351 351
| 31 i ; 31 mi
23 2 | 23 %8
i 15 15
: 12 12
sannll sanill
= anl =1 anl
#® o 1 2 3 4 5 6 7 8 9 #l 0o 1 2 3 4 5 6 7 8 9
A A N A A
i b] i m b
RIF=—SER:
WAt i, j HIEABEETR. BTR 1. 8RR m= (i +3j) /2
mERRAXE [1, j]
Step 1 Step 2

| o

o
B
| == 12l
A
b

8"1
1 3 . 3
fom D - |
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 4 5 6 7 8 9
A AoA A A
i jom iom
BR—SER: RF 5T
1. HERA N = (4 +3) /2 1. 8RR m = (i +35) /2
2. ~ nums[m] > target
Step 3 ~ BT § o= om - 1 GNERKE Step 4
23
#l o 1 2 3 4 5 6 7 8 9 #l o0 1 2 3 4 5 6 7 8 9
Aoa A Aoa
m i j im j
BEF=SER: EF=SER:
1. H&hE m = (i +3) /2 1. itBFE m = (i +3j) /2
2. = nums[m] < target
Step 5 S HIT A o= oo+ 1 GNERKE Step 6
o Zm i H
#l o 1 2 3 4 5 6 7 8 9
A
m

EF TR
1. HHbmm = (i +3j) /2

2. v nums[m] = target

(step 7 | - EERS|

K10-2 —orEinkE
ERERRE, BT i f j &R int 288, Wt + j nIRESEIE int ZMIHUETER, O T R EGESR,
BATEHERALR m = [+ (j —1)/2] KHEFS,
AN R

// == File: binary_search.go =

[* ZHEH (WHAKE)  */
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func binarySearch(nums []int, target int) int {
[/ MEeNFXKE [0, n-1] , B) 1, j #PiEABEETE. BtE
i, j := 0, len(nums)-1

[/ &3, HERXEAEHBE (H 1 > j BAS

for i <= j {
m:= i+ (j-i)/2 // TBEHFSEERS m
if nums[m] < target { // WIERiIXEA target EX|E [m+1, j]
i=m+1
} else if nums[m] > target { // WERHEA target EX{E [i, m-1] &
j=m-1
} else { // #%EIB#rxE, REHZES]
return m
}
+
/] KiZEIBtrH, RE -1
return -1

IMIEREN O(logn) © TEZMEHH, XEERG/N—F, BIIERRE log, n .
BRERERN O(1) : 85 0 F j EAFEBOCVNE R,

10.1.1 RiERTGE

BT BRWHAIX SN, X ERREE AT X, #0[0,n), WEBROEEY, HOR
FEEAY, EZFRFN, XA [i,7) 7Fi = j Fha,

FA AT DAL T % S VA M R D RER) — ) B HR G

// == File: binary_search.go ==

[x —5EH (ERGFRE) +/

func binarySearchLCRO(nums []int, target int) int {
/] VB EREGFXE [0, n) , BD i, j KIEREEETE. BxTE +1

i, j := 0, len(nums)
/] 1ER, YERXEATHRE (M 1 = j AT
for 1 < j {
m:=1i+ (j-1)/2 /] HEHFEZRS] m
if nums[m] < target { // WIERIHEA target EXE [m+1, j) H
i=m+1
} else if nums[m] > target { // UtiERIXEE target EXjE [1, m) H
j=m
} else { // ¥EIEWRTR, REEHZRS]
return m
+
+
/] KiXxEIBtrTE, RE -1
return -1

i 10-3 Fow, EMRXEZRR Y, Z0EREERGEM, TERRANgE NX IR & A FTAFE,

BT WHAXE" RIS SO AX TR, RIE TR @ AfEE 5 98X R HE R AR
Mo XFEEAAG W, Bt —B@BCRH “WHAXE” #5734,
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RE |

§§|“0123456789"“@123456789"10
i ERibREeEsss j i AKhReEsas riaRFE58T j
EFKE: WAXE [i, j] ERKiE: fRAFXE [1, j)
adkisst: i =0, j =n - 1 iatkigst: i =0, j = n
BEFEIESEM: i > 5 BEFERIESMF: i 2
GUKERE: i =m+ 1, § =m -1 BIRKEHRE: i =m+ 1, j=m

&10-3 FRPIX[AIE X

10.1.2 i=5RRE

o BEERAE I TR [R) 75 T A A BT B TERE

C BRI AR, TEAKEEE T, MBI RS 28 B B, B, SEdER N n = 220
I, SeMEAERAEEE 220 = 1048576 %AAIK, i /&I log, 220 = 20 418,

- ZOBERTCAEIN R, R T REMEESME RIS REDSE (FliamER), —aBEREnTEs
],

A, ZoESOHBEERTIAER, EEADITER,

- IOBEBRUER TAEREYE. AMABIETRE, N T ER B ET T, 50655 B
HF BN R EREERE N O(nlogn) , HHEMEBM —H&EREES, o TMEMATRNT R,
WA, FEETTRBATREMNE, NHEEREN O(n), WEIFE SR,

© ZOERPGER T, BT Rk ARESH) TR, MmAERERHHAITERERTT FHIRK
BRI, RIAIE G A B s T HER SRR EE

C NIRRT, AMEEIRVEREEME, ALRMEERT, FRAFE LRABHRE; ME_SERH, TE 1R
A, TIRBRIE, 1~ 3 RAIrRIE. 1 00I0E (TR, 3t 4~ 6 MEocife; B, SEIEE n BUh,
S BRI L = &R,

10.2 ZHEREAR

BRI TERERTER, A TRRIFZZRMEE, R B TR E,
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10.2.1 EEETENER

Question

HE—TEEN n ERFEAH nuns f1—JTE target, HAARFAEEILE, I target i
A nums /1, FHERFFHA R, HEEAFPCFEETE target, NEEAZIHEALT, HREFHAG
target TEEAHHIIERSG], REENE 10-4 Fr7R,

nums

BAR i\ target

nums

WAEFHA nuns , BARTER target = 6
N target BUIEASRZERSIA 2

10-4 =0 ESFEARURIEE

U AR b0 Y EERARAS,  MUARTEIEE A R AN
W YEE R target I, HEASIIERS| R A RIOLENRS|?

A H KK target AR ICEN AL, XEWEHH AN target Bt 75K target B E, ik
U, YEAME target I, FHARPEG IR X target &S,

M MEEHPAEE target Y, AR TRIRG]?

AP EFZNEDBIERE: S nuns[m] < target B ¢ B3], XEWETH « FEAKTHT target FTHR
i, FEE, 5 j SRRV TR T target LRSI,

R85 IN—E A o FRFE AT target KIITR, jIEAENNT target F7TR. 595 E
& target I, FARTIN i, RBAITFIOR:

// == File: binary_search_insertion.go =

/* ZHEHIENR (TEETR) */
func binarySearchInsertionSimple(nums []int, target int) int {
[/ BN FIXE [0, n-1]
i, j := 0, len(nums)-1
for i <= j {
[/ HBEHSRES m
m:=1i+ (j-i)/2
if nums[m] < target {
// target TEKXI[E [m+1, j] &
i=m+1
} else if nums[m] > target {
// target EKXE [i, m-1] AR
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j=m-1
} else {
// #3F target , REWEANS m
return m
}
}
// FEF target , REHEAS i
return i
}

10.2.2 FEEETREER

Question
£ F—#n A L, edn S EE TR, HRFE,

R PFIEZ A target, MIEE 2 EKHREREHF— target KRS, MICEME ZTRIA

GiLEti %) target,

A HZR R R A SR, ARG EERBA P R4 target RG], Y105 EEEE

10-5 AR HYA BRI

L T &R, SEEE—A target RS, IEN K,

2. WNRSI kITG, MAETEEn, SEREIRAILR target IR,

target

— EOH

*x ,4‘*\ 7

1. EZHERBEE—T 6
2. BEMERIIRAIN 6

10-5 ZMEKEEITTRIFEAR

IR, (HHESEEER, RENREREN O(n) . GBHADEFERZELN target I, %

TIERERR AL,

P BN R o BN, A 10-6 FioR, BARERFAZ, SRIUHHETRRII m, A target

Ml nums[m] BIR/DRER, 2 WA ILRIE DL,

- Y nums[m] < target B nums[m] > target i, WBHIARETRE] target , [RIHRAHIE 08K

HZe/ NX TR, TEESRER 7 A1 j 1) target 5830,

© Ynums[n] = target i, BH/NT target MICEEXE [i,m — 1]/, FHRHj=m — 1K

Zi/NXTH], MTmEEREEE 7 1AV T target BTCRGEIE,
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TBsEUG, @ fRMARAIAN target , jIRAIE /T target KTTR, BIERS]@ SURHA N,

15} 15}
12 ; 12 |
10 ] ; 10
6 6 6 6 6 i | 6 6 6 66
gl ] g1
*im > m
#l o 1 2 3 4 5 6 7 8 9 #l 0 1 2 3 4 5 6 7 8 9
A A A A A
i J i m J
ER=—SER:
Mt i, j HIEABAETE. BaE 1. HEFRA M= G+ 3) /2
mERTAXE [, j]
Step 1 Step 2
15 15
12 [ 12 []
10 10
6 6 6 6 6 6 6 6 6 6
g1 i 1 {
> im ==l
#®l o 1 2 3 4 5 6 7 8 9 #l 0 1 2 3 4 5 6 7 8 9
A Aoa A A N
i j m i om bl
RS ER: BR=SER:
1. 8RR m= (i +3)/2 1. t8FE m = (i +j) /2
2. ~ nums[m] = target
| step 3 LT G = m - 1 BIMERKE Step &
15 15
12 [ 12 [
10 10
6 6 6 6 6 6 6{6 6 6
P 1 3 ! 5 1 mi i
= L0 = o D
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
AoA A A oA
m i j im j
EFR=RER: BR=SER:
1. 8RR m= (i +3)/2 1. it8FE m = (3 +3j) /2
2. ~ nums[m] < target
step 5 ST A = m e 1 MR step 6
15 15
12 [ 12 []
10 10
6 6 6 6 6 6 6 6 6
3
wE 1 b ‘1‘ ]
#=l o 3 4 5 6 7 8 9 #b o 1 2 3 4 5 6 7 8 9
Ao N
j im i
EFR=RER:
1. 8RR m= (i +3) /2 v FHREARY i< j
2.+ nums[n] — target  BHZHER, EEFS| i
| step 7 LT G = m - 1 BIMERKE step 8

10-6 — N EKEETTRIIFA R ER

WER DA RAAD, HIWr79 3% nums[m] > target 1 nums[m] = target AUFRAEAHRE], EHFE R LG,
BREant, FAMHIRET DL RN SRR, RON OB EE MW, ml ik i,
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// == File: binary_search_insertion.go =

/* ZHEBEANR (FEEERR) */
func binarySearchInsertion(nums []int, target int) int {
[/ M FXKE [0, n-1]
i, j := 0, len(nums)-1
for i <= j {
/] TEFRRZES m
m:=1i+ (j-1)/2
if nums[m] < target {
// target EKXI[E [m+1, j] &
i=m+1
} else if nums[m] > target {
// target TEX[E [i, m-1]

j=m-1
} else {
// BN F target W9TEERXIE [1, m-1] &
j=m-1
¥
}
[/ REFEANS i
return i
¥
Tip

ATHIEER AR Fik, AX4EEEER BT “ERET Fik
BHKRE, 0B ERURATEE 1 j 0 BER B, BRTRER — M RMARITER (B0 target ),
WAlRER —MIeREE (BT target HI7THR),

FEAWTRIIEIA — 0, 485« M1 j MBENEL UL RERI HiR, W2, EMERRIKEIER, sEiidia
FEfE L,

10.3 —H&EHRE
10.3.1 &BEREOR

Question
HE—MKEN n WAFEAH nuns , HPR[RERSEE LR, HREHATRE — TR target
MR, HHEHAFAUEZIZITE, MRE -1,

O = ERIEA S, MRERE (BRRAE— target , RIEEIBA SA R ERIEERE A —
A target RIZ5[,

FRIENESEA SR AR AR, HEE, BHPTRERES target , XMENATRES AR
PRFPEE SR,

- HARIRG] © BS,
- Jt&E nums[i] 5 target THE,
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2B DA ERRE ST, BEEHRE —1 BIR], AR RAR:
// == File: binary_search_edge.go =

/* ZHEHREE— target x/
func binarySearchLeftEdge(nums []int, target int) int {
/] FMTFEH target BEAR
i := binarySearchInsertion(nums, target)
// &iXEF target , &M -1
if 1 = len(nums) || nums[i] != target {
return -1
¥
// #EF target , REZES| i

return i

10.3.2 ERHFILRE

LB — target WB? HEEH T REBKRAI, HH7E nuns[n] = target 1HM FRIHEE
WeiRE, RFSTEILAENG, A 4BAIRE ] LTS,

TR E IR NEG 7

1. ERERELR
SERR b, BATAT AR E RS T RN R ECRERRACE, BIEERN: BEREEA A target #{LH
EH A target + 1,

N 10-7 FoR, BERGERUS, fER 4 SBAERA — target + 1 (WIRTETE), Wi j &AL —1 target,
K3l 5 BIR,

target = 6
nums
A A A
i i joi
EREE—T
target +1
Fih
EHRE—T ERERG—
target target

B 10-7 Re&EHAD SN ERAEID TR

WER, REHARE ¢, BIETEERHER 1, MRS j
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// == File: binary_search_edge.go =

/* ZHEHRZEE— target x/
func binarySearchRightEdge(nums []int, target int) int {
/] BURAERRE— target + 1
i := binarySearchInsertion(nums, target+1)
// j EERE— target , i ERENAT target HH
9) &= Ak ol
// *#EF target , &[E -1
if § = -1 || nums[j] != target {
return -1

}
// #%3F target , R[EIZES| j

return j

2. BLHERTE
BATFNE, YEAEAEE target B, & j 2o0FEAEDNKT. /M target FITE,
Rk, & 10-8 A, FATTAT DAGE— NP EERNITR, ATERAGILN,

- BB target : A DUEELCNETK target - 0.5, FEIREIEE 7.
- BHREA A target @ ATDARELAEER target + 0.5, FIREHEH o

target = 6
« (80000000808
;4 ;o
=i &%
target - 0.5 target +0.5
Fr Fh
EHRE— EREE—T
target target

10-8 RrEHGD AN EIHOTR

RISTEIL R, DURMRESER,

- SEBANE/NL, RERERNTIEAOS LA P E R Do
FOMZTTIESINT /MY, Fr AT s P Y & target BONEREEY (Python TEA4E)).
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10.4 MFMRILER

FEREET, BAHIEE RSSO EDOR R IARN AR, B8 — DR INE
IE%Z':,:O

Question

BTN nums FT— DN HEARICE target , BEREPER “T” N target HNITE, I
REEANTEEE RS, IRENER—MEETE],

10.4.1 &M4EHK: UNEE=E

FEERENE AT RERVAE S, W& 10-9 ArR, BADTE—PMWZRMEH, R N AR SN
target, #HE, MIREIEMIHRS],

target = 13

nums =

BAFFELS, HBEFA
target BU4H SBR[

10-9 SMEEBORMEM

B4 R R:

// == File: two_sum.go =

[* FiE—: BAKE */
func twoSumBruteForce(nums []int, target int) [Jlint {
size := len(nums)
// WEERF, [HEEREN 0(n'2)
for 1 := 0; i < size-1; i++ {
for j := 1+ 1; j < size; j++ {
if nums[i]+nums[j] = target {
return [lint{i, j}
}
IF
}

return nil
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WA AR 2R O(n?) , REZER O(1), fEABRR FAEREEN,

10.4.2 MRFEEK: UTEHRATE

BRMEI - DamER, BENDHINBEHTRNITRRS . TENEHEEH, SHRITE 10-10 FRiP 5,

1. HIWET target - nums[i] BEERARS, G2, WERGREXHMITRIRT],
2. RFREEX nums[i] FIZR5| 1 IRINEEIG A R,

target = 13

nums = ‘ ,k‘

[ ' : | ] s
"0
value 3|

BHEEE nums

= 13 - 2 = 11 FE map
~ TR 2 Fhi#E map
Step 1

Step 3

target = 13

[ ]

TR

- 88 |z

BHBEE nums

© 13 = 7 = 6 A map
~ TR 7 Fhi#E map
Step 2

target = 13

wes = (EDEACAED)

TR

~-[=88 |z

BHEA nums

+© 13 - 11 = 2 7€ map P
~ BREFTRABRS| [0, 2]

10-10 A BHMG A FOR AR L A

SEIARSUT IR, AR EIERETAT
// = File: two_sum.go =

[* A HEEBRAER +/
func twoSumHashTable(nums []int, target int) [lint {
/] HBRER, TEEREN 0(n)
hashTable := map[int]lint{}
// BEEF, NEEREA 0(n)
for idx, val := range nums {
if preldx, ok := hashTable[target-vall; ok {
return [lint{preIdx, idx}

+

hashTable[val] = idx
}
return nil

W BB IA T B HA TS 2B O(n?) K% O(n) , KIRTHEITACE,
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M TR — DMIMIIA TR R, FIERAERER O(n) o REWI, 07 IARRIKN 2208 5 0 P,
Pt e R AR B AL AFA

10.5 ERRERFE

KRB (searchingalgorithm) FIT1ERURSEN (BIANEEH, B3R, REE) AR Pel—HilR e s
fFHITTR,

FERE IR R CILUERE 2 N LR,

- iE I BAREHREN HbRe R, BIANEE, BEER. RIS .
- FIBIRHAG SR BIR RS ERER, SRPOTRER, FI =&, WA E IR LR
EIKF,

AHEREL, XA R EEAERTH A E T AN, RIEREEN T RAPREF AR, AT, 3]
RMEIRGIMATIN, EHra IR,

10.5.1 |HiEE

2R FE e BRI N TR R E M BT R,

© BMEERT G TRAMBEREEMBIRS, EMNBURSHN TR, BOTIRTER, EEEKE
HARTeREENA S —ufise A I E ARt R M ik,

- TTREARERT N IREMC R BRI BRI, R RMIET RO R
R, HIELZMYTREN TR REMERMET RITR, 1HE R EEREL, BRH 2
fbig (e, EEEh e MRS,

ZIERAE R R R HEA L, O SsSB4 .

A1, MRFIEINMISE N O(n) , Hrbn ycsfcg, e RECRIEI FIERER 2.

10.5.2 BiERMEE

HIENALRANABIRAR AR (BInE P RICEERIERE, s & RotE i B R,

CSTEIR FIFRORIE EIBE R, (UE T A,

TR AT R IR B RRECR S R LT, TSI R,

- R TERPERURET (10— SR S T SR DR B HERR T A, T B ERRTE R,
WK AURRCR S, RS AEINEE O(logn) BE O(1) .

SR, MERNXERIAE TR EON BRI T AR, BN, o &R ERUOT A THER, e AR
AT LB BARSG, AEfPIX RS A R EERS M IR A1 2 R 3

Tip
HIENAERFIEF PRV EREE, REA TR EBIRgirh SRR B,
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10.5.3 EFAHEIEN

BERNN n W—HEHE, BATATDAERLMEER, &R WER BHRERFZAMTTIENHERER
TLR. B NITTER TR ERANE 10-11 Fis,

ZM4E% o(n) RHBER 0(1) W\ key & value
- e REE R 7!'9 2 8
oeCoooan e
spaoggaon |7 LI3E4IRL L]
53k 3 pak s €45

ZHEHR 0(logn) WEH 0(logn)
- XR¥EFEHG
EHEFT R

o]1]2]3]«]s]e]7]a]o] e

S~ N

RIESIER F g ERX )

B10-11 AR

ERTURTT IR B ERBCR SRR 10-1 B,

R 10-1 EREFBERX T

LRMHER THER AR AR
EHITR O(n) O(logn) O(logn) O(1)
BATR 0(1) O(n) O(logn) 0(1)
THERTCER O(n) O(n) O(logn) 0(1)
Livlesls)| O(1) O(1) O(n) O(n)
HE b / H7 O(nlogn) ## O(nlogn) R O(n)
YRR SHT T g A TeF?

RREIRANEREIOIRE, RIEREZOR, BUREW 5 iR,
&RIHER
- BTG, FTEAUEMTEIR TS EIRCE, RN MXTEE S —REBUE, T2 HAh =077 R EE A B
AR T FE e M HE AR AN TRDE 2B K
- TG TARREUINEEE, BRI A E A ROR RN,
- ERTEIRERORE &R, EOZTT AN TR B E AT TR ME
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IR

- OIEATAREIERNIEN, BRRMEE, BRENREREN O(logn) .
- BdERATRES R, BEONTE RS RS AR 2
- NEMT IR R, RON4ET R AT R,

IS A AR

- EENEREREE SRR SR, FENRERER O(1) .

- NEAHEAFBIRSGEEERI R, RO RICTR4ET B H P,

- NI RS A R A BRI AR A s, BAARORIIPERES L

- PEAEEEREERIEN, KOG RF LTINS FREA D o, Mt R iy&E 1l

[\
HEo

- ERTEREYE, RO RAERNE R B ER.

- EETREYEA PRI E AR R

- TERPSHENT SRR, AR AT RE AR, NRIEAESEE O(n) .

- B AVL TR, WA THRIERILE O(logn) HeR FREIETT, (A4 -8R /E 8 &
ST

10.6 /&

1. EREH

O ERREEE A, B IERES R R TR, TERRABIEE Y, AL
38 PR T RO S T R ST B 44,

- R RIEI B RSO (R, RPHEZOE T TRARIRER, | BRI e R
SEF AN, HREMEMAEL, A SRR, BRI ZE O(n) B,

CIRFAR, WA S RE TEIEZOE, AR R bR A H AR, R
%, INAEZRERIE Ologn) B% O(1), (EIEH BB HINGRLA,

- SRR, TR RORUEL, MR, RURE A R R ST R, MRS
SERHEZTIE,

- RMHYRER T VS EHORIE; A E RS TR, R R HOE TR A
SRR LI AT R IR RR ;2 HOE T S WU I S A MR A B A R

T A R A R R BT IR, LSS 25 O(n) 1% O(1) .
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F115E HF

Abstract
He it an —HORHRELZ AR P RO BETA AR, (HFRATTRE DATE SR 77 U R 5 A AR
o BN, RE 2T RHA, HramIRiIEr TEIRNFIEER,
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11.1 HIF®EE

HFE% (sorting algorithm) HITX —HEHRIZRKHE N EITHS . HFEREET 2N, KGR
HdfEid H RE B E SRt E R, AR,

e 11-1 Ao, HEr REETHROBERER R A DU RS, TR PR E TS, HE AT RN AT AR R 5k
B, WEEFR/AN, FAF ASCIL RBJIfT 8 E & A,

BRBRBFANEFER
20800800 (o]s]2]s]«]s]e]/]
RRTFHEHFTRES
CICDEIEDED = CHEDECIED
HRERAEXHANHFEFH S

G00A00G OoGcocDd

B 11-1 BESEERAI AL =51

11.1.1 N EE

BT BT EHER RN R EAERER, HEEAERERERD (NRIEMEFREEITE /N, X
FTREGEEMIEN, BITNREETNNEE,

P AR, Rt S T R A AR R RSB, IS BhERAN B, T NAE.
BEBNT, FRHHEREIERs @R D, BITHEE M E R,

ettt BREHFAESHTE, S CEEREHE IR A & 4K ZE,

REHF 22 H R 2B, RIRBNTE — MEEEAEERIRK, 6B 15 2 519524/
FS, EIXRMEN T, ERREHRTRES B0 ABIE A ks

# BMASIERRRY R HIFITS

# (name, age)

('A*, 19)
('B', 18)
('cr, 21)
('n*, 19)
('E', 23)

# BRISERIEREHFEZRERHFIIR,
# £58ch ('D', 19) 1 ('A', 19) HUHEMMIENRT,
# WNSIEREZHIFEREL

('B', 18)

('n', 19)
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(A", 19)
('e', 21)
("E', 23)

FUENTE: BERHERERA M A SR T AR E SR AR, RBERARRRER, BIENHF
SRR B I TR 52 2% 3 (L TP XI N TR B R

REET IR EFHRHHEIFRBTEIEER (<0 =, >) RAWTTRIMSRE, MR,
MIGRANHEAEN O(nlogn) . MIFLLIRHFE A LEIZHERT, NEERENE O(n), EHEHME
LERS R e

11.1.2 IPEHIFEEE

B, b, e, BIEN. @M. B, 25 NEMARLZ ISR E D FITERIERNHE R B, B, fE
R HIAN, FERE B AR R AR R sk R i,

Bk, BATEILEE S SRR, HET FR IR X 5N HE R BRI LR O T 50T

11.2 #&FHF

EEHF (selection sort) AYTAEFEHEHER S THE—MER, SRMARHF XEIERR/DITTR, KHK
FEH P XRARE,

EEHRI RN n, ERHPRRTERENE 11-2 or.

CWEIRESTR, FrETCERAHDE, RIARHE (R5D XEHN (0,7 — 1],

CEEXE] [0, n — 1] FERANER, HHEERE! 0 RTRRH, sEmfE, Bl 1 MRy,
CERUXE [1,n — 1] s R, FHSR5| 1 ARTTRH, selfE, S 2 MRy,
- DA, 23 n — 1 AR S YR, BT n — 1 DTREHR.

AR - NTRBERRATTR, T, BRI M,

g W N -

KHIFRE FHIFXE

. @ e (@0
. i
i k
818 818
iﬁ‘ﬁ*ﬁ”‘?ﬁlﬂx BEFER/TTR nums[k] iﬁl’ﬁﬂ%ﬂﬂ?lzlﬂ, BEER/NTTR nums[k]
ZHBTR nums[k] FRHFXENENTE nuns[i]

Step 1 Step 2
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KHIFXiE KHFXE
i N
!_2 ik ﬁ_z ®ik
SEFRHFKE, SERIEE nuns(k] oS ——

ZHB/TTR nums[k] FFRHFXENENTR nuns[i]

[ Stenks ] Step 4
KHFXE RHFXE
-~ GO0000 - @00008
i k
g_a 0% g 3 ®iE
SR, FERITE nuns k] SEFRARE, HERITTE nuns[k]
ZTTR nuns[k] FRHFRENENTR nums[i]
[ Step 5 ] Step 6
RHFXE FHFEE
- (00000 - (00080
i k
g 4 % g 4 W%
JEHRHFXE, $ER/ITE nuns[k] ﬁl%%ﬁ;ﬁg[ﬂ, $EiER/NTE nums[k]
ZTTR nuns[k] FIRHFRENENTR nums[i]
[ Step 7 ] Step 8
RHFXE KHFXE
nums nums u 4 5:]
A A -
i k
g 5 % g 5 %
BHFRAFXE, EERTR nums[k] iﬁl%%ﬂFﬁEiﬂ, HEERTER nums[k]
ZTTR nuns[k] FIRHFRENENTR nums[i]
[ SxD O ] Step 10
SKHEFEE
nums
TR (RR—TREH
F)
Step 11

B 11-2 &R P R

RS, FATH k RICFARHF XRINAR/NTR:
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// = File: selection_sort.go =

[* EEFEHE +/
func selectionSort(nums []int) {
n := len(nums)
[/ SMERF: RKHFEXER [1, n-1]
for i := 0; 1 < n-1; i++ {
/] AEF: REIRHFXEINNEGRINTTE
k =1
for j := 1+ 1; j <n; j++ {
if nums[j] < nums[k] {
/] BRR/NTEMRS]
k=73
}
+
/] Bizs/hTESEEFXENE N TERIR

nums[i], nums[k] = nums[k], nums[i]

11.2.1 HiESE

C MEEREN O(n?). FEEERHY: SMBEFRE n — 156, H—RIRIFRITKES n, R
HIRHEFFIX I 2, EESAMEFR RIS n, no— 1. ... 3. 2 SINTEEF, offny Ctlnt2)

- MERIEN O(1), BHHEF: H6EH i B j 8RB EOR NN A,

- RREEHY: W 113 FoR, 703 nuns [1] A ATREVCRHEE 5 HAR ST R, SEPHE AR
WP 5 A 22

RHFXiE

oo
MITE—WIER

FHIFXE

FTERE—REREE,
AR 4 BERNNERETHE

11-3 EEHE AR E R B
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11.3 EaHRF

B8 (bubble sort) JEITIESIM LR S R AHBITTR LI, X NIRRT 2 T —FF,
K4 B .
G 11-4 foR,  BIEE R AT DRI TR A B Rl B e T A A o, MR EEE AR TR R
AN, TR ETER > AITRT A BERE, RRRITTR SRS EI AR B .

| Step 1

Step 3

| Step 5 |

s °°°°°°

FHRRRE—H R
TEANSEREFRIELL

- (00000

nuns 090006

MEZGBEHESTR:
v AR > BOTE
o RPN TR

nums oao°°o

MEZEGERHESTE:
v AR < BATE
o BRARE

Step 7

11.3.1 EEinig

REAHNKE N n, BiRANFHPERINE 11-5 xR,

Step 2

Step 4 ]

Step 6

KIE IKE
nums oecooe

®H n-1 PREEHE

BHTERIE,
BAREAT HAE

MNEEGBHESTR:
v TR > GiATE
- RIRXFNTR

nums gao¢°o

MEEGEEHESTER:
v EORR > GOTE
- ZHREFTTR

: oOOOéb

MEEGBHESTE:
v TR > GlATE
- RIRXF TR

11-4 FHTCERSHR BRI E
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L B, Mo AmRNT B, REENERTR R IEMAE,

2. TR, MR n — 1 DARIT “Bill”, $8 ROrRMEIETALIE,

3. DA, &dn — 1% “Hil” )5, #in — 1 KICEARPEHE IEm AL E,
4. PG —PnRBERBRITR, AR, EIEEHHEF 7K.

“BikE  KHFEE
B9TE

- 00008 o,

miTE 1 ®ER.

paonan .

miTE 2 ®EE

HITE 3 ®EER

a0 8 o=

[0, 3]

WITE « B8R

0800

HiT# 5 ®EE

088000

FTRHFE (RR—MaRTAHF)

[o, 1]

[0, o]

K 11-5 BiftHrpiike

RBIESNT :

// == File: bubble_sort.go

/* BiBHRE */
func bubbleSort(nums []int) {
[/ SMER: RkHFEXER [0, il
for i := len(nums) - 1; i > 0; i-- {
/] WER: BREFEXE [0, i] PHRATRERIREZXEIN&EGH
for j := 0; j < i; j++ {
if nums[j] > nums[j+1] {
// #E nums[j] 5 nums[j + 1]
nums[j], nums[j+1] = nums[j+1], nums[j]

11.3.2 ¥=EMRKL
BATEE, anse “Bin” A ITIEM R E, WIHRH S F, rTERIREIGEE, Hit, A
DU A—MREAL Flag SRIETINXARE R, — BBk EDE [,

GO (bAL, BRI 2 I R AT R 2R O(n?) 5 (B0 \SCse 2 E PR, ATikE)
BENEZE O(n)
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// == File: bubble_sort.go =

/* BEHEF (5EML) =/
func bubbleSortWithFlag(nums []int) {
/]l 9MERF: RKHEFKXEA [0, i]
for i := len(nums) - 1; i > 0; i-- {
flag := false // #WIBIREL
/] RER: BRHFXE [0, i] PHRATERBEEZXENEAK
for j := 0; j < i; j++ {
if nums[j] > nums[j+1] {
// Xi& nums[j] 5 nums[j + 1]
nums[j], nums[j+1] = nums[j+1], nums[j]
flag = true // IERXIETH

¥

+

if flag = false { // It® “BER” RKXIfEMTER, HiZkd
break

b

11.3.3 HiEsE

- RHEZER O(n2), EIENHDT: &% BN BPIEAKERI I n — 1. n—2. ... 2. 1,
SR (n— 1)n/2.. ESIA flag (LR, BERTEZETIAS O(n) .

- AN O(1). JRHEHER: $56H 0 A J (RO NGRS,

- REHDY: BT IR dBEISTE R,

11.4 EANHF

WAHEF (insertion sort) 2 —Rifa SHIHEF R, BRI TIERES FahE el —al Ay IR AL,
B, BAMERHFXEEZE P EETR, FizooR 5 HAMEHF XRRTTRE —HERD, R
TR AZEFIIAE,

K 11-6 R T8 AT R ERAE, BREHETTER base , FRAIFEMERRTIE] base ZRIKTH
TLRAEBEE 0, AR base MIES HIRR5I,



H1E HF www.hello-algo.com 220

nums[5] = nums[&]

ExE 3 AR nums S AR
N " SRR
BRI KERERLE ARBE—f | s

nums[4] = nums[3]

BRTER [
sEFRS |

K 11-6 BIRAEARRE

11.4.1 EERIR

ENHERF RV AR RN E 11-7 FoR,

L WSS, BARE 1 D aRe e,

2. JEBCBERE 2 N ICRIEN base , KHBAZIEMAEE, BAMGR 2 ATReH.

3. JEHUEE 3 NTRIFN base , KrHIBHAZIEMMES, ARG 3 MR cH.

4. DUHEHE, fEf/e—ferh, JEEEE — IR base , K HEHMAAZEMAL B, FifixicHy.

gHFEiE

[o, o]
[o, 1]
[0, 2]
[e, 3]
[o, 4]

[o, 51

K 11-7 EAHEE R

ARBIRESANT :
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// == File: insertion_sort.go

/* WEAHERE +/
func insertionSort(nums []int) {
// 9MER: BHIFEKEA [0, i-1]

for i := 1; i < len(nums); i++ {
base := nums[i]
j:=1-1

// RTEF: % base WAFIEHFEXE [0, i-1] FHEHNIE
for j >= 0 &% nums[j] > base {
nums[j+1] = nums[j] // & nums[j] mAG#EH—1L
j__
}
nums[j+1] = base // & base WEIEMIE

11.4.2 HiEisE

- RERER O(n?), BIERHET: fERZEBNT, SURENREANFERAn — 1. n—2, ...
2. TR, K82 (n — 1)n/2, WIERREZREN O(n?) . EBREFEIENR, fHAREIERIL
ke HHABATEEATN, HAHTBRIRENEERE O(n) .

- BRERERN O(L), T 185 1 j SR FEEO RSN AL,

- REHEE: ERARERRES, ROSKTRBAZMHETRNEM, FRBEENRIRE.

11.4.3 {HNHIFEBRRE

AP RS O(n?) , TEAIEREY: S POHF IR R E 298 O(nlogn) . RERMAHET
RURTTRIE 2R s, (HAEBIRREVMOTEOL T, WAHD I E i,

XANEEC S REE A~ ERAEAE L IE RO, PudHFIXE O(nlogn) MERE TETHIAK
WERHER ST, A S E 2 AT R R, MIESEREEVINE, n? flnlog n MEUEHERNE, HAER
m SN, PR TR RS RS POE R

Khr b, WEEHEES (B4 Java) RINEHFRECRA THEAHY, RECEEN: XTR&EH, RAET
SHAERMSHIHER IR, PlnPuEHT; X TR, ERERmAHER.

BOREHET . R A I R 5 O(n?) , (EFESZRRIGETH, 5 NHER R 5
Fe TR mEssy, Z2E TR,

- BiEHPFE T TR, WEMB DR R, R 3 N EITiRE; AR T TR ES
B, R 1DEITEE, B, HiRHbER RO EIEH Lid A HER s,

©OERRHEFAE T E I NI R 2 EE A O(n?) o SEAE — 81 A BRI HE @ 5 ik
PR E R,

- IR MEE, RN AT 2R,
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11.5 HiEHIF

BREHF (quick sort) B—MEET/MERISHIHEFRIE, BITR, MHIZ,
PRIEHE PR ORMER “THIERI D", HEME: GRS P R DNTTREN R, Kira /TR
RITCRBEIEAM, MR TEMERETRBEHAM, BAKRE, W AFiRmE 11-8 frx.
L IR R mTC R N EE R, RGNS 1 71§ 2 EA S AR,
2. WEMES, EERHER 1 (G) 2RISEE - DHEEER (N KR, REHEXm IR,
3. MEIMAMTH R 2., HEI LM j BRI, HERERESCHEN DT HH 57 k.

‘ Step 1 BN Step 2 BEN
left right left right
v v v v
- 00000
A A
i j
def partition(nums, left, right): def partition(nums, left, right):
RS R
i, j = left, right # B nums[left] HEEH i, j = left, right # B nums[left] NEMEH
while i < j: while i < j:
while i < j and nums[j] > nums[left]: # NERAERE NN FRESHTE while i < j and nums[j] > nums[left]: # WNERERE NN FREENTR
j-=1 j-=1
while i < j and nums[i] < nums[left]: # NEBGREMATRERNTE while i < j and nums[i] < nums[left]: # MWERERE AT REMATR
i+=1 i4=1
nums[i], nums[j] = nums[j], nums[i] # SHRERBTR nums[i], nums[j] = nums[j], nums[i] # SRBXTNTTR
nums[i], nums[left] = nums[left], nums[i] # FRESCHIRERTRANS FE nums[i], nums[left] = nums[left], nums[i] # FEEECHRERTFRANSRE
return i # BEEEBIRG| return i # EEHEOESITRZ|
Step 3 B Step 4 %34
left right left right
v v v . v
- (00088 - (00008
A A ) ‘ AT—a
i j i b}
def partition(nums, left, right): def partition(nums, left, right):
RIS " IERRS
i, j = left, right # B nums[left] NEMK i, j = left, right # BU nums[left] HamH
while i < j: while i < j:
while i < j and nums[j] > nums[left]: # NERAERE NN TFRESHNTR while i < j and nums[j] > nums[left]: # WERERE NN FRERNTR
j-=1 j-=1
while i < j and nums[i] < nums[left]: # NERGREMATEESHTR while i < j and nums[i] < nums[left]: # WERGREMATREEMNTR
i+=1 i+=1
nums[i], nums[j] = nums[j], nums[i] # BXFE TR nums[i], nums[j] = nums[j], nums[i] # THXBANTER
nums[i], nums[left] = nums[left], nums[i] # FRESCHRERTRANS RE nums[i], nums[left] = nums[left], nums[i] # BEEHCHRERTHANIRE
return i # EEEERNRS| return i # EEHOEHITRS|
Step 5 30 Step 6 2
: left right left right
v v v v
- (00088 -« (00008
A A
i i
i
def partition(nums, left, right): def partition(nums, left, right):
RIS IR
i, j = left, right # LA nums[left] REMEH i, j = left, right # Ll nums[left] JREEM
while i < j: while i < j:
while i < j and nums[j] > nums[left]l: # MGERARE M TFRESNTR while i < j and nums[j] > nums[left]:  # MARAREMNFRERNTR
j-=1 j-=1
while i < j and nums[i] < nums[left]: # NERGREMATEESHTE while i < j and nums[i] < nums[left]: # WNERGREMATRERENTR
i1 i4=1
nums[i], nums[j] = nums[j], nums[i] # XFETHE nums[i], nums[j] = nums[j], nums[i] # THXFENTTE
nums[i], nums[left] = nums[left], nums[i] # RRENCHRERTRANSRE nums[i], nums[left] = nums[left], nums[i] # BRENCHAER T BANIRE

return i # EEEEBAFRS| return i # EEEEAERS|
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Step 7 BHEH
left right
v v
- (300000
A

J
i
def partition(nums, left, right):
IR
i, j = left, right
while i < j:
while i < j and nums[j] > nums[left]:

j-=1
while i < j and nums[i] < nums[left]:
i4m1

# B nums[left]

# NEREREMINTRERNTE

# NERGREMATRESHTR

Step 8
left  EEH

- 200008

J
i

def partition(nums, left, right):
[N

BB i, j = left, right

while i < j:

i+=1
nums[i], nums[3] = nums[3], nums[i] # TIEFATTR nums[i], nums[j] = nums[j], nums[i]
nums[i], nums[left] = nums[left], nums[i]  # HEEMERERTRANHFAL nums[i], nums[left] = nums[left], nums[i]
return i # BRI return i
Step 9

nums {nanaa

EFHA HFHA

‘RIS TG, REMTEN
EFHHAERTER < BN < EFREERTE

& 11-8 WSl PR

while i < j and nums[j] > nums[left]:

j-=1
while i < j and nums[i] < nums[left]:

right

v

# B nums[left] JEAM

# WEBEREMINTFRERETR
# WERGREMATEEMNTR
# SHBXF TR

# BREHSRERFHANSIRE
# BB

LRI e, RS R =80 T8, Bl A8, Bk "ETBAERETRE <&
R < B TFEAUERITR". B, BT RATIZNAD B THR .

PR HE IR 53 6 RIS

WF SR o0 O SR R — KA A A HE e (R A R O 9 N S O HE 7 e L

// = File: quick_sort.go =

/* HERD */

func (g *quickSort) partition(nums []int, left, right int) int {

// L nums[left] J9EEHK
i, j := left, right
for i < j {

hy

for i < j 8&& nums[j] >= nums[left] {
j-- // MNBEEAEKRENMNTFEERNTE
}

for 1 < j && nums[i] <= nums[left] {
i++ // NEMARENATEESNTERE
¥

/] TR

nums[il, nums[j] = nums[j], nums[i]

/] RBEESTRERFHAND R

nums
retu

[i], nums[left] = nums[left], nums[i]

rn i // REEEHHZRS
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11.5.1 EERE

PRIEHE R R R TTZANE 11-9 AR,

LB, MEEEHRT R RN, BEIRHERER A T BN TR,
2. g, MNEFEAMGFEADIREAIT “THERID,
3. FreuElH, EETBAEKEN 1NEIE, MI5EsEE N EHNHET

- 00080 \
FEEA
L3 [o[5]:)

THEERIS
0|2

A

BRATFHART MRS
BT CBPRAFHAE - EETFHREKERN 1 HAL

, (B aa BIRTSERR AR HE T

RS

08 Be

gibgE | &bg)a &bEIA

8i8
: 8
I

11234

/

B 11-9 PREHEF e
// == File: quick_sort.go =

[* RIEHRE */

func (g *quickSort) quickSort(nums []int, left, right int) {
/] FEHAKER 1 BERIEE)T
if left >= right {

return

¥
// HEXD
pivot := g.partition(nums, left, right)
[l BFAEFEHA. AFEHAE
g.quickSort(nums, left, pivot-1)
q.quickSort(nums, pivot+1, right)

11.5.2 BiESE

- MREZRER O(nlogn). EAWENHNT: EFIER T, WEDHNEEHELCH logn , BEHH
EWERECN n, BUEER O(nlogn) MR, fERZEEIT, SHRIEIERIMRERIEDY n 5
SHRKER O n— 1R T, BAEE0KE n, SERIERECN n, BIERER O(n?)

TRl

- BHERERN O(n), RHHDT : EWABHTE2EFIERT, BRREBIVRE n, £H O(n) ik

iz iFl, HEFPBR(E R R EE B TR, REBHINIEA,
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- AR AW R, FERRTRES P S TR A M,

11.5.3 fREHF AT AR

MEFR ERLRER th, PRIEHEFERCRITENIZEA —ERIH, REREHFRFINEERES “HHHE
B “HEHERT M), EIEE POEHEERIRCR E S, EEAITRE,

- PR RERAUE: BN RS AN O(n2) | Wa R, (BrEdk
LRGN, HEHEYEAE O (n log n) BN AEZREE FIEHT,

- BAFMIRCRES: EHTI SR HRERT, RO T TREINE SIS, BRI AR
B TG “HEHERE KBTI ITEE, MBS X R,

O HRERRRERBUN: fE RS AR, PO I bR, U, SRR SRR D, XY
“ERAHERFE H “EiEHET m A EIEAL,

11.5.4 BEAEERRK

P b A 2k A\ PRI RBSCR AT RERIS, 28— PHSmBl ¥, B ABAHZE 2T, BTHRINERE
BRAITCRIENENERL, B AE e ila, Bt E e i, SEE TEARE I n — 1,
AFEAHARKEN O, WHEATRE, SHRHEXEHE D FEANKEN 0, 2IERIEKRR, s
BN “BiHR" AL BN,

N T R BRI AR OO, AT DAL SR 53 rh A O ORI . filan,  FATTR] ARG — 1
TLRIENELMERL, 28T, AN, FIRENERIAFARRIEEE, BERIIA TR,

WETEENZ, WEESEEERIZE “REYEC . RIATE XS O R L 1A — DR B AR,
IR PO HE P IR TSR AT RES L.

NT PG, AR DERAFIER = MeEeR CEF MBANE. B, FRTR), IHRX=1 %
TCRMIPABAE AR, IXRE ok, B BB BIREREE IR T, 9K, FATER A
EHUE 2 e, DU — SR m IR, RAIXFOTIEE, MRERESLE O(n?) MHERAK
FEAER,

REIRSAN T
// == File: quick_sort.go =

[* EER=MEETENRUEL +/
func (g *quickSortMedian) medianThree(nums []int, left, mid, right int) int {
1, m, r := nums[left], nums[mid], nums[right]
if (L<=m&8&m<=7r) || (r<=mé&&m<=1) {
return mid // m £ 1 # r Zjd
}
if (m<=18&& L<=1r) || (r<=18&& 1 <=m) {
return left // L& m # r Zjg
}
return right

hy

/* WHEXSD (ZEHEHRE) */
func (g *quickSortMedian) partition(nums []int, left, right int) int {
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// LL nums[left] JEEHK
med := g.medianThree(nums, left, (left+right)/2, right)
/] BRI E A R R
nums[left], nums[med] = nums[med], nums[left]
/] BL nums[left] REEE
i, j := left, right
for i < j {
for i < j 8&& nums[j] >= nums[left] {
j-- /I MNERERENMNTFREERNTR
+
for 1 < j && nums[i] <= nums[left] {
i++ //MNEBRAERENKTFREERNTR
+
/] TR
nums[il, nums[j] = nums[j], nums[i]
}
[/ BEERIEER AN S R L
nums[i], nums[left] = nums[left], nums[il]
return i //iREIEEHHZERS]

11.5.5 BI)TFERL

TEREEA T, POEHbP T RE S BRI, DA R ARG NG, R FEHREN m
FRMHSCXI R T A Ry O BAE FREHMKE Ny m — 1 A 78, RXEWE S —R1E R
RIREEAEAE RN CURD—A T R), AN EE RSB n— 1, HINFEZESH O(n) K/ E L,

BT BRI B, AT DAE I R SR, R TR K, O 75t
B, TR TREL KBRS 02, BT ARSI A logn , MTKHEESS
A Ologn) .« (ARIUIFRIR:

// == File: quick_sort.go =

/> REHE (BFREML) */
func (g *quickSortTailCall) quickSort(nums [J]int, left, right int) {
/] FEAKERN 1 AL
for left < right {
/] EHEXIDRIE
pivot := g.partition(nums, left, right)
/] SN FEARBRIEA NI TIREHEF
if pivot-left < right-pivot {
g.quickSort(nums, left, pivot-1) // &)IH=/FEA

left = pivot + 1 [/ FFKHFXEAN [pivot + 1, right]
} else {

q.quickSort(nums, pivot+1, right) // BJFHFEAFEEHE

right = pivot - 1 // FEFHFEXERN [left, pivot - 1]

11.6 AHHRF

JAFHHRF (merge sort) B —FETIERIEHIHFTER, WEE 11-10 Fosmy “Xin” 1 &3 M.
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L RIorRiBe: 8RR B A U IT, R A A HE e ] AU A J 2 O e 1) R
2. AR LT BAKEN 1 INEIERy, THAGH, R A2aM BRI E PR S H N — P
KRG T, B4R,

FEEECEEE

U EER

) mmwin
IR

BHME

B 11-10 VAFFHRPRIXI 5 EFF T ER

11.6.1 HEHRIE

i 11-11 Fow, “XIp BB IR R A i 82 b s ) 0 A 54

1 HREEHD R mid, B0 A TFEAE (XA [left, mid] ) G FHH (XA [mid + 1, right]

Do
2. BARITHER 1., EEFEAHXREREN 1 &1L,

“BHME” WERETUMR £ T RANEG FEHEH N MR, TEERENE, WKEN 1 THRETT
wmadt, SHMEPREN T EEHBRAE T,

(7[> ][] | Goaa
#AEANS #ANS
S L R
( KR ( KIERPE

EEH - EWEH -

B
R
3
i

[ Step 1 Step 2



F11E HF

www.hello-algo.com

228

| Step 3

[ Step 5 ]

=

=0

B2
EJ1% 40

i1

T

RE
EJ1 40

1]

Ry

Step 4

Step 6

Step 8

[s:ep 10

B 11-11 FAFFHE P 3R

MR, VAFFHEFF5 SO e i 3 3 U e 2 — B

- Rl SR TR, EEBIIA T, RIEEEARTT A

#EANS <

E¥EH

#EAYS

EMEH -

#EANS <

EHEH

#AYS <

EMEH -

- VPRHEE: SEBTE TR, BIRNA TR, BELHEEH.

VAFFHE R R SEERAN DU ARG R, TETERE, nums URFEFFIXFN [left,

[0, right - left].

// == File: merge_sort.go =

[* BHEFHRENMETFHA «/

MRER
LR

AR
1= 40

rightl, T tmp BYX R X AN
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func merge(nums [J]int, left, mid, right int) {
/] EFHAXEA [left, mid], HFHAXESN [mid+1l, right]
/] BIE—IGEEE tnp , ATFEREHENER
tmp := make([]int, right-left+1)
/] ¥E A FEAAFA FEARERIRZRS|
i, j, k = left, mid+1, O
[/ BEAFHABEETERN, #THRHBRNNTRESEIGRTEA
for i <= mid && j <= right {
if nums[i] <= nums[j] {
tmp[k] = nums[i]
1++
} else {
tmp[k] = nums[j]
j++
+
K++
¥
/] BEFHANAFEANRIRITEEFZIRESEAF
for i <= mid {
tmp[k] = nums[i]
1++
k++

for j <= right {
tmp[k] = nums[j]
J++
K++
+
/] BIEBIEER tmp FEITREFIEIEELE nuns BIXTRZXE]
for k := 0; k < len(tmp); k++ {
nums[left+k] = tmp[k]
+
}

/* VEAHHERE +/
func mergeSort(nums []int, left, right int) {
/] AIEEMH
if left >= right {
return
+
!l RIDNER
mid := left + (right - left) / 2
mergeSort(nums, left, mid)
mergeSort(nums, mid+1, right)
!l EFMEE

merge(nums, left, mid, right)

11.6.2 EHixisiE

WIS 240 O(nlogn), JEENBRIHER: XI5 7L log n (EIN, 24 MMRIEE R
Hn, FEHAERFEZEN O(nlogn) .

- SMEREN O(n). ESHE: WIAREEH logn , #H O(logn) K/MOKIRASN, AFEEMAR
TSI, I O(n) A/ MOBNIAL,

- REHbY: AT, METRIR R,
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11.6.3 §#ERHIF

MTRER, VT A Rk AR BN, WL RERHIAESS B RS O(1) .

- RIorREE: ATDAMER AT B A7 SRSSNBERNI > TAE,  MIME 0836 I AR ],
© AIEREL: fERERT, TRIEMERCE TSI (EED BIRTSeE, RIEEFFME CRNADREE P EE
RAEHFN—DRAFHER) THOEBIMER,

HAASCIANTT LR 2%, A% A] DA R BRI T4 5

11.7 fHiE

Tip
PIBEATIR, EHRE S “H” E=,

R (heap sort) & FHERHREH SRR P B, BATA] DA B AR " HEHR(E"
“TURHHERRE" KIHEHE

L S NBEHIFRES/NTIHE, TR TR AT HET
2. AUWAIT HHERRME, MRUGCSRHHETR, RIS EIMWNEIRHF RIS,

PAETTIREIRAIAT, EFREMEY— NN R R HATER, AR, LR, ANER
— RO SE BT o

11.7.1 E&ERiE

BEHRIR N n, HEHERFRORURRANE 11-12 Fow.

L B ABEHFFRENLRTE, 5ehUE, RATTRATHEL,

2. BHEWOTR (B—IER) SHERTER (BE—1MIEHR) . e, HrIRER 1, EfFT
=HEML,

3. MWHETRTTEFFR, MIRBNRHITHEIRIE (sift down). SERUELSE, HERIMERSENES.,

4. FEINAATER 2. WM 3. o 1B n — 1§25, RIAISERcE T,

Tip
KPR b, JTREHEREPREESE 2. P 3. P, REZ T PHHTRNPE,
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- |
o ©
000

R RNET

t SERBAERT

nums
TR
| Step 1

o000

ENENKE SHFXE

A

N

nums

Step 3

U -

HNERXE BHFXE

e

nums

000

MNERKE SHFXE

nums

s

6 o

0060

ERRE EHFXE

~

EETR

IEHIF

1. MNBARFEE

S

1. BABEF R

2. EFMERRIBATE
(1) ZHSEMTRSHETE
(2) MTRERBITHEN

IEHIF

1. MNSRFERE

2. EFMERRIBATR
(1) ZHEMTRSHERTR
(2) MTREREFHTHEMW

S

1. BABEF R

2. EFMERRIBATE
(1) ZHSEMTRSHETER
(2) MTRERBTHEN

IEHIF

1. MNSRFEE

2. EFMERRIBATR
(1) ZHEMTRSHRTR
(2) MTREREFTHN

o ©
000

ERENKE BEHFXIE

Is =

| step 2 ‘

o000

EMWENRE SHIFXE

I N

nums

Step 4

[}
e ©
000

HNENXE EHFXE

Is I ~

nums

| step 6 ‘

6 o
ooo

MARKE BHIFXE
—

nums

Step 8

000

NENXE EHFXE

laeYs - ~

nums

[ step 10 ‘

SEHF

1. MINBERF R
2. BFRMEFRRBATR
(1) RETRTRSHETR

EHF

1. WABERHEE
2. fEFMEPRIBATE
(1) ZWEMTRSHERTR

SEHF

1. MINBURF R
2. BIRMEFRIBATR
(1) RETRTRSHETR

EHF

1. WABURHEE
2. fEFMEPIRIBATE
(1) ZBEMTRSHERTR

EHF

1. MINBERF R
2. BIFMEFRIBATR
(1) RWETRTRSHETR
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(] o
<> <> eHF C) C)

1. MNBABFHEE

@ @ @ 2. EFMEERREATE @ @ @

(1) ZEEMTRSHETR

$W§&E@ Emgzm (2) MTREE#HTHL Emszm
- @000 — 00000
Step 11 \ Step 12

B 11-12 Hefpr i gg

2. BIFRMEFRBATR
(1) HBETRTRSHERTR

3. FR—ADTEREARE, HFTR

FERRSEI, BAMEA TS “HE” SRR sift_down () BR%, ESTERAZE, HTHER
KESFEERBEEATTEMIR/D, HEBRMNFES sift_down () BERIM—MKESH n, HTHEEHN

LRI E, R FAR:
// == File: heap_sort.go =

/[* HHKER n , MNTR 1 FFE, MINEREL +/
func siftDown(nums *[]int, n, i int) {
for true {

/] FIET =

1 := 2%i

r o= 2%i

ma := i

if 1 < n & (*nums) [1] > (*nums)[mal] {

ma = 1

i, 1, r HERANTR, B4 ma
1
2

+
a

if r < n & (*nums)[r] > (*nums)[mal] {
ma = r

/I BUR 1 RARES 1, r @R, WEREEHEL, Bt

/] REETR
(¥nums) [1], (*nums)[mal]l = (*nums)[mal, (*nums)[i]
/] TEIRE T

i=ma
}
/* EHEFE */

func heapSort(nums *[]int) {
/] EEERME: HARHT RLIMIEMAE TR
for i := len(*nums)/2 - 1; i >= 0; i-- {
siftDown(nums, len(*nums), i)

}
[/ MERRERATE, BF n-1 B
for i := len(*nums) - 1; i > 0; i-- {

/| RBBRTHTRERAHTR (RRETESETR)

(*nums) [0], (*nums)[i] = (*nums)[i], (*nums)[0]
/] UIRT RAEs, MINERFHFITHE

siftDown(nums, i, 0)
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11.7.2 &S

- BRI R O(nlogn). IENEMHT: EHERIEMR O(n) WA, MHEFREUR AT
i O(logn) , 3EEH n — 1 46,

- SRR O(1), BB : TLAMSSS R O(1) 22, T2 5B L R e 4 R 1 R b
HETHY,

- AERUEHY e R AR RN, ST BRI (LB AR R A

11.8 1@HiF

AT LR P IR R T “B T R RIR”, EEE TR AR AN R, R EIRR
IS RETCEER O(nlogn) o #E K, BATRHRNUM “GEHEBRHPRIE", ENIRIN 2 AT DUA
BB

#@HEF (bucket sort) Z/IARIGHT— DIRIN ], EIEdIRE L EBAR/NMIFEINE, &M — 5%
PECH], KRR TP AECEIS I, 5, EBIMNERDBIRITH  REHZIRRIIN R A 8RS
it

11.8.1 HERiE

FER—ANKEN n EEH, HoTRREHE [0, 1) WAE RS WHEF R mARaE 11-13 Ar.

L. WIefe kM, R n DITRIECE] kDA
2. MM APITHY OXERAGEIE S NN E T EED .
3. A NEIR BN & FF45 R

Rididon il (0.45 ] 0.5 [0.52 [0.09 J0.57 [ 0.43] 0.91 [ 0.75 [ 0.15] 0.57 |V Vg oerees
=/ = SEEIRRIBIET
1 HWEMESF
buckets HTHE
HEBE [@.z.," 0.4) [e.4, 0.6)
! Y RBREMIRE
SHER
SR

nums

K 11-13 MHiEE xR
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(AN
// == File: bucket_sort.go =

/* BHEE */
func bucketSort(nums []floatés) {
[l B k = n/2 ME, MRS MENE 2 t&H
k := len(nums) / 2
buckets := make([][]floaté4, k)
for i := 0; i < k; i++ {
buckets[i] = make([]floaté4, 0)

}.
/] 1. BEHATREAERIZMEP
for _, num := range nums {
/] BWANEIESEEAN [0, 1), A num * k BREIFIZESISEE [0, k-1]
i := int(num * float64(k))
// & num FIHE i
buckets[i] = append(buckets[i], num)
}
[l 2. WEDEHRITHRFE
for i := 0; 1 < k; i++ {
/] ERRETIRHFRER, WrBRAE MR EE
sort.Floaté4s(buckets[i])
}
/] 3. BHREHER
i:=0
for _, bucket := range buckets {
for _, num := range bucket {
nums[i] = num
i++
+
}

11.8.2 HixisiE

FHEEE M TP A BIRRREHE, Bilan, MABIRES 100 HIcR, HTERRG, RENFLE R
PEMEFTE AR, T, ATRCREEHE 7752 1000 M, X5 25 MEETHY, SEREREH .

- INMERER O(n + k)« RICRES DRI, BAGEIRARTREEN T o RHF
AR O(% log ) I, WIHFERTEREH O(nlog %) WE, %R k BRI, W%
JEWERIT O(n) » &HFEERNFEZRAARTE, €25 O(n + k) WA, EREELT, Fra
AR ECE — M, BHEFIZRER O(n?) I,

- BRERERN O(n + k). EEMHDT : FEED kMRS n ANTTRNEVNE L,

- MR SR BUR THEFP A TR RN R SR

11.8.3 YNAISCINFEIY 53 L

Wit (I R A BRI ERTDURE] O(n) , REETROTRINMEEIE D, FovShrEdadarg
550 AaE, BN, FRATEENR = BRI B R TS TEEFEI S EE] 10 M, ERRITS 1A,
8T 100 JTTAYAER 2, @&T 1000 TTAYAER D FRMEXENFIRID 0 10 D, SRR S SEZEER
FEH K,
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NI, BT DAY — FREM 0 5k, K Rdafiis it 20 3 M. srlse in, PR mish
BRI R 3 T, HEFHMPRCRBE KRB,
G 11-14 FoR, IXMOTIEEAR B2 —ARIEIAN, HA2IEM RN ER TR, SR, A —ERE
FRBARER TN 3 M,  BAARI 7 75 TR SRS R R TS R

BmiE
e BIBRIRER
BESE — g5y 20% 15%
migXiE SRS
HHREIE —aho 100-500 >500 <1e 18%
10-20 13%
(e 20-35 12%
18% 35% 12% 35-50 10%
: 50-100 12%
<10 10+50 50-100
T _ 100-500  20%
- . I >500 15%
13% 12% 10%
10-20 20-35 35-50

& 11-14 BRI

QUERFA MR AT R S A S AR A, Wl DARRIE BRS04 BE R RS o i ek, ERTERRE,
BARDATFHA—E T LR, R DURIEEERER (ORI SRR B T B,

i 11-15 Fiow, BB s TS IR M IEZAS 2047, XA ] DAS B e O DXTR],  ATITHRE R 125 23 T
EaIES S e

HETE

0.4

0 3 10 25 80 200 +o Bt
« [ 0000 O

MikBE <3 3~10 10~25 25~80 80~200 >200

11-15 MRIEMEZR 5340 K504
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11.9 it¥HIF

IHEHEE (counting sort) JEII ST T EEERTIHE T, 18 M H T EEEE,

11.9.1 {EEASEI

FeRE —DREIIBIT . B8 —MKEN n 0% nuns , HPETRAEE “AR00REC, R RN
FRUNE 11-16 R,

1. e, SHERRRRET, 12 m, REE—MER m + 1 ’HBIEA counter

2. 1#Bh counter Giit nums PEBFIHINREL, HA counter[num] XN ECF num BHEELRELL, Siit
FIERE R, HFEES nums GZ4RTEEN num), E5%F counter[num] 0 1 BIA],

3. BT counter IBANRIIRZAGT, NS TIEBRFZCEHITT 7, # 7K, A1ED counter
MRS HBLR BN DRI IR EE A nums BITAT,

HFSAE nuns nnnnn

WH nums HATERFAHIRE

»' . . counter[num] X% num AIHIRE
#E5l B e 1 2 4

3
B counper

& counter , BT
RBHIVRABIAN nums BPE]

SEFWAE nums

K 11-16 PR

RN SR
// == File: counting_sort.go =

/* ITEHE */

/] TSR, TEBATHIEXR

func countingSortNaive(nums [lint) {
/] 1. FITEEARATE n

m:=0
for _, num := range nums {
if num > m {
m = num
}
¥

/] 2. FITBHFHILIREL

// counter[num] £ num BYEHINREL

counter := make([]int, m+1)

for _, num := range nums {
counter[num]++
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I
// 3. A counter , FETHRENFEHA nums
for i, num := 0, 0; num < m+1l; num++ {
for j := 0; j < counter[num]; j++ {
nums[i] = num
i++
}
I
I
HEHET S5 HHF IR

MHHEFP IR, BATA] DLR HH B R T counter BB RT I — M, Rotit#k
BREEEERS T ITR I A, ABE, T AR SR N — DR,

11.9.2 TESI]
MOAIREATRERII T, MASABIRRN SR, LR 3. s T, B ASER RN SR, Tl 8%
HRF SRS CRIR R R) MR, i FREE AR R I HE R 45 51,

Rl A GRS 2N R BRI HE P45 R ? FAT /55 counter 19 “RIZRANT, WX, RI| i AL
M prefix[i] FFEEHRT i NTEZM:

prefix[i] = Z counter[j]
=0

A ZAEA IR X, prefix[num] - 1fAEICE num FEEREEL res HiR)a — RN RS, X M5
BARF KRR, FNEEIRENS NITRMIZH IS RN B, Tk, BAE7E R EEH nuns
HIEEDIEER num , FERRIERAPITELRFID,

1. % num SEAZEH res FIZR 5| prefix[num] - 14k,
2. ZHIZM prefix[num] /N 1, MAATFE FURE num RS,

e, B res FREHNF ISR, &G res EEFEEAH nums BIA], & 11-17 BIR 75280
R,

FE4A nums ‘,\ (1] 2 [ 4 2|24 ¥4 nums  ([S1 ,‘\,\' 4 | \', 2 ‘

num um
ST 151 e e (@EOOD
(counter)
WBFH nums HEHENEFHIRE 8 counter WHFIEH, iLH prefix
counter[num] 8RR num BIHIVRE prefix[num] - 1 & num 7 res PRE—RHIMNES|

Step 1

Step 2



F1NE HF

www.hello-algo.com

238

R nums

LR res

HF num

HIZEH prefix
(counter)

FIFFER nums FRESANTTR num , SRHAT:
1. ¥ num N res WFK3| prefix[num] - 1 &
2. PHIZEA prefix[num] BA 1 , MSEITFRKE num HZR3|

[ step 3 |
num
ma e ((OEB000000
anxa res ([IDEDED an
BF num 0 { 3 l;
WS prefix nun
(counter)
EIFER nuns REOSNTE nun , SRHIT:
1. % num N res WFK3| prefix[num] - 1 &
lStT 2. QHIEM prefix[num] BA 1 , MEEITRKE num HZR3|
ma oo (000000800
wee - 0000000000
BF num ‘0 1 2/ 3 l.
BIZRM prefix naun
(counter)
HREHAEHLRE, ERENIRIIRER
B res PREEHEFNER
[ step 7 |

RBEA nums

LRV res

HF num

HIZEH prefix
(counter)

BEFER nuns FHSNTR num , SRHT:
1. 3§ num A res WH3| prefix[num] - 1 &

2. SHIEM prefix[num] BRE 1 , MESTXRKE num BZ3|
l Step 4 1

¥4 nums

HERYA res

BF num

BISEA prefix
(counter)

BFERH nums RESNTR num , SRHIT:
1. % num 3N res WFR3| prefix[num] - 1 &
2. SIS prefix[num] BE 1 , MEEITRKE num B%S|

Step 6 |

R¥4A nums nnnnnnannn
LRBA res u. .

BFoum 0 1 2 3 4

B prefix nann

(counter)

IR res BWHEEMA nums BIF]

Step 8

11-17 HEEH P 3

THEHE R Y SEEARES AN R R :

// == File: counting_sort.go =

/% THEHEE +/
[/ RELI, AHENR, FERREHR
func countingSort(nums []int) {
/] 1. FitEARAITE
m:=0
for _, num := range nums {
if num > m {
m = num
¥
b
/] 2. FTEHFHILIRER
// counter[num] & num BYHILRER
counter := make([]lint, m+1)
for _, num := range nums {
counter[num]++
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}.
// 3. K counter HIRIZRAN, B “HIVKE #imAn “BR5”
// BN counter[numl-1 @ num £ res PFEE—XHIMAIZES]
for i := 0; i < m; i++ {
counter[i+1] += counter[i]
}.
// 4. BAFEH nuns , BERTHREBENERIHE res
/] VA EEE res BATFIERER
n := len(nums)
res := make([]int, n)
for i :=n-1; 1i>=0; i-- {
num := nums[i]
// B num HEIIXHZES|L
res[counter[num]-1] = num
/] SEIEMER 1 , BEITRKE nun BIZRS]
counter[num]--

}.
/] ERERA res BERHA nums
copy(nums, res)

11.9.3 HiESE

- WMERER O(n +m). FEAENHET © W& nums AE] counter |, #HEFHLMERE, —%
BHTRn>m, NMASHESET O(n).

- BRERERN O(n +m). EEHEHT: ES8 TKESH19 n Flm K% res Fl counter

- FEHbY: BTA res FHEEFTEMITZ WAL 19, FEIEFIED nuns AT DA AHE T
S AN O E, M. Shrt, EFEFA nums thA] DS EIERHET SR, B85
EAERREN,

11.9.4 BPRE

FEXE, IRUYFLME S IS5, (OIS RORRE AT ASBLR. SAT, MR
FO T AR A

FHRHERE SUB TSR, AR TR R, T SRR DU O TR S, I
RO I R RE R & AN TR 2 IR KNG R, B, X TS GOSN, T DA B
LR, TN IER, HE SRS I 22,

RIS A TR RO BRGNS, F, 78 FRRBI m RREAK, SIS & %5,
i n < m i, HEHRFER O(m) M, AR O(n logn) WHEIF BIHEE1E,

11.10 E#HiF

ElAET U, SIS TR R n BOCEEEREE m BN, BIRRFREN n = 100 M
BHTHR, M52 8 My, XEWEHIREE m = 10% B8 K, HRAHEHRFRE AN
FasfR), TEEEHE R T DOBE I AR DL
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HEHHF (radixsort) RO EES THEHIE —2, @RS MOk, R, BEEHF A

BTS2 ANERERR, RO —AHETHY, WM EIRZRIHF SR,

11.10.1 E&RiE

DAES ARG, BB IIRIACRE 16, Ssfo2ss 8 A, HEEHHFRIRARIE 11-18 ik,

1. etk =1,
2. WS kAT HHEEHNT. EUR, BIRSRIES kNIRRT
3. K kg1, AEIREPER 2. REER, BRI EHET SSRGS R,

NHEFHFTAESIEI, T d RIS o, EREEE kAL, ATRUER R IRE A

HMABAE nums
WAt k = 1

o #EELf 0 HFE 2

10546151
35663510
42865989
34862445
81883077
88906420
72429244
30524779
82060337
63832996

35663510

88906420

10546151

63832996
81883077
82060337
42865989

30524779

356635179

88906427

82060337

81883077
30524773
42865989
63832995

BAZEHE, HEF

HFE 8 fi

B 3~7 fil SR

B 11-18 AEBHFREERE

x
Ty = LFJ mod d

10546151

30524779
34862445

35663510

42865989

63832996
72429244
81883077
82060337

88906420

ot | o] RTAES a RIS, T mod d mt d B (B4, M F£E8ME, d = 10 A k € [, 8]

o

Eoh, Bl IRRZ /MBS R RS, 2 f DARSE R 1SR b AL TR :

// = File: radix_sort.go =

/* FREX7TE num B9E k fi, HA exp = 107 (k-1) */

func digit(num, exp int) int {

F

[* iTEHEE (RIE nums 8 Kk HF)  */

[l ZEXN exp MdE k AILBERELRESHITRRINAGITE
return (num / exp) % 10
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func countingSortDigit(nums []int, exp int) {

[l THENASEER 6~9 , AWFEEKEN 10 AIHEAE

counter := make([]int, 10)

n := len(nums)

/] #it 0~9 BEHFRILIRE

for i := 0; i < n; i++ {
d := digit(nums[i], exp) // 3KBEX nums[i] % k fi, iEA d
counter[d]++ /] GiHEE d BRI ER

+

/] KREIZGA, B “WIINE iR “HERS)7

for i := 1; i < 10; i++ {
counter[i] += counter[i-1]

+

/] BFER, RIEERSITER, BETREN res

res := make([]lint, n)

for i :=n-1; 1i>=0; i-- {
d := digit(nums[i], exp)
j := counter[d] - 1 // 3REX d 1EERAHIIZRS] j
res[j] = nums[i] /] BEFITERENRS| j
counter[d]-- // B d WEER 1

+

/] ERERBEFELHE nuns

for i := 0; 1 < n; i++ {
nums[i] = res[i]

+

I
[* BEEHFE «/

func radixSort(nums []int) {
/] REVEANRATTR, BTFHIERAME

max := math.MinInt
for _, num := range nums {

if num > max {

max = num

¥
}
/] FEERMEE SRR IERD
for exp := 1; max >= exp; exp *= 10 {

/] WEATENE Kk (UITIHEGEE
// k=1 ->exp =1

// k=2 ->exp =10

// Bl exp = 167(k-1)
countingSortDigit(nums, exp)

It 2 AR 4iHE 2

FEESHIHEF R, ey 2B ERT—HeHEFRIEE R 2R, RSB PSR a <D,
M —RRHFER a > b, WLABILHRIZETRICE LR, BT R A m Tk
Az, I NIZSEHE ARG B HE R M AL

11.10.2 EHxi54

MR T i ReHE R, FEHER IS T RUETE R AR TS O, (HRTEER BaRaain] AFor M e R8s X, HAE
BORRER K, B0, 1780 IE & (A, ROV HAE kK, ATRES SR HE 24% O(nk) > O(n?)
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- INMERER O(nk). JEAENHET : SEIEEN n. BdER d Gl SRECH k, NIRRT
T EEEFER O(n + d) BE, HFEE kAER O((n + d)k) BE, BEERT, dFf k&R
BN, WA ZREER O(n) o

- BHERERN O(n+d). FEEMHDE . 5HEEHIFHER, SEHEF TEEBIKEN n fl d F9EEH res
F1 counter,

- ReHby: YitsdEEREn, EEdErtRE; YirEdEE A RER, BEEHEFCIE RIS 2ERT
HeFP45 3R,

11.11 /&

1. EmREH

BB S A AT E A S . B TR MR RS BHRRTR ], TR AT DUK B
[ BRI IS 25 B (AL S O(n)

RN AR K AN E B A CH K MRS, MIseRHr. BAEAH
AN O(n?) , {EHTFATTRIEEED, FIRTE NE R AHER (5P E R o,

R R T I S MRS, TER R, A TR B SO R, SR
REEHIE O(n2) o 5\ RS SR BN R DA GRS (LR, BT it /e 15 T
X, ARG NEITRE, $552 S R ALE O(logn) -

IR AR RIS I AR AL, MU AL T A, TRV, HE SR o B
d, SEE RS O(n) ; SRTTHERF R A S 2B T UL E O(1) .

RS MG SRS, PRI SIS E, CRRKBL T SAHE, SN TSR R A
ORI, AR (55 BEE T B T TR 4,

RO R — N, B SRR IR RSB . TGS A TR A
B E AR, 3 HERBIR Ao e,

- A FEBIR R R SBISRHE, SRR T A R B

- R, BT RE R, BERNCR, R, UL BRI, AT, I
HOMCRELAIRILTE —RE, Y — Ry SEOA RS R R I . (ESRRRE AT, Bl ISR
B ATRHE R 2B MU HE 5004,

C R 1119 M T ERHET EAIORCR, B, AR SR s,
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BfiEE A SRERE i
B 5 -~ - BEl M EEEl ETHR
EEHF O O(n?) o(n?) 0o(1) EEET B EEEN bR
;Engzk)r% . BiEHE O(n) 0o(n?) 0(n?) o(1) BE B BERL (1437
BANHE O(n) 0o(n?) 0(n2) o(1) BE =] &L H i
BuEHF | O(nlogn) O(nlogn)  O(n?)  O(ogn) | HEERE B EEER b
é”}f.fj’f) 1 J3FHFE  O(nlogn) O(nlogn) Ofnlogn)  O(n) BE R FEBEN bR
BHF | O(nlogn) O(nlogn) O(nlogn)  O(1) HEE B EEEE R
#HF | on+k) On+k)  OM)  Omn+k | BE R EEBN IR
iﬁcﬁiri HEHFE  On+m) On+m) On+m) Omn+m) | BE RN EEER R
EXHEF  Onk) Okl  O(hk  On+b) | BE R EEEN kR
n AHEEAN
£ th #* ‘ HHEEP, k hiENE

HHHFES, m URIEEE
EMHED, k ARAMIE, HiER b #E

K 11-19 HEpRENL

2. Q&A

Q: HiFEEREHEMT BN N EAFER?

EHSF, BATERRERTNRNENB I THE, flan, AL SR NEE, B ELH]—
MNPy FeteiREAiHTHE Y, 1550 (A, 180) (B, 185) (C, 170) (D, 170) ; X H&E#HITHF.
HTHFEEARRE, RIikrlaEfS8 (D, 170) (C, 170) (A, 180) (B, 185).

AIDARER, 224 DM C I ELLE T, WaANEREEEIRT, miXERIMNAHEERN,

Q: WHEXIDH “MNEEEEIR” 5 “MNEFEEIR” B R] AR HIE?

BT, HIMARLCUTCE NIRRT, 25E “INEEEER” B “NEFEER, NS ELREN,
BAIRET— TR,

MHSERI 5y partition () MRJa— 22 nums [left] Al nums [1] o SERAHRE, FMER I 7C 2R AR <= 5
R, IR R e fa — 2038 Htiif nums [Left] >= nums[i] BFRKAL, BIZFRAE “NEFEEER”, LR
AR LRERE K ICER, WMSAE 1 = j kSRR, BTEE nums[j] = nums[i] > nums[left],
LR, RGP SRS — D R ERCE R T 2R B A R o, S X5,
B, hEREE [0, 0, 0, 0, 11, WHE “NEMAEEIR”, WHEXls A [1, 0, 0, 0, 0],
XA EERISEARIERR,

FRANEEZ T, WRBANER nums [right] MFEEMEEL, ARAIELF OISR, &0 “DEEAEIR,

Q: XTPIEHFINRIIREMAL, RN LIREEEHRERIEE TR E AT logn ?

JBIRE L Y AT AR B IE T T RS R, BRI X BA TR R BN 5 AR 5, EBTREAN
WG, M REANTFRAEKERANEFEHEERN Y, REREEN, —BEN—FKE, TorK1EH
REFZ logn o

B R GA R B, BRATE T RESIESHNB N K ERRIEE, REBW R AN, n—1, ... 2. 1, &
INRE N n o JBIAIRE M AT DUEE GRS il B
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Q: YA P TCRAMEN, POsHE IR R 2% 2 O(n?) 182 A b EX R L1512

M. NFIXAEN, v DA IS ISR A o =8k /L B RTEMERL (A Rz
JVNFFIRTHIMEL D EIRSTTET, BMATTR AT, NI BRI sE .

Q: HHERF ISR HE 24% 202 O(n?) ?

BEWMT, FrETERAER— M, GERRARA A O(n?) SHkHIFXLETTE, Wi fE
W O(n?) .
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F£128F #74

Abstract
MEHOR 2R, B — IR &S E o E R,
DMEZRT = PERNFEL: NERME, —UEAHEE 2
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12.1 #aEE
9378 (divide and conquer), 2FR3MIG2, & —MAEF EE HH WHYE LRI, /Ma@EwEETEAH, &
8“7 M98 MNP,

L g3 (RUITEED : BVTHCRE R RIS o D2 1o, B R ENE RN T FEN 2R L,
2. 16 (BIHHED : NEAIRER/DTREITR, MRETHCR 1 AT S, I B 5 A

HfiE.
niE 12-1 Fow, “VAFEHERET B TESRIS AN 2 —,

L g3 @A R (RMED K R F8d (7)), E8FHARR TR (Bh TR,
2. 16 WEETHR AP (FRERR) #ETEH, NmEEERREEE (R .

rooa (RIS
B)

BMFiERE

- A (EHEH
B)

B 12-1 JAFHP R R SRS

12.1.1 fATHIERSEIRER

—ANRBREIE S ERA DA, 8 R A% LN L HITREE,

L. FVEIRTCA R [ RI R AT DA RS /)N, RO TR0, DARZRERS DA A1 77 s A st T8 o
2. FIJSURMNIN: FREZ WA ES, DAMKE, A DRSO,
3. FRERMMTAETF: R R & 7 RS K,

BAR, VAHHE R DAL =AW,

L. MUSITCA R B R (RAED I A 78 (D,
2. FRISURMNIE): DR DU THE R (7RI A] DU HE TSR .
3. FREMMTUEH: WNEF R (FREE aJEHF N —DMERSAE (RREERR
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12.1.2 @I EIRAME
SYEAMU] DU RO RO, AT DA EIEReR, TR AT, PudiHi. VAR, e
FHB TR, B, BAHFEE, LR IR T 99450,

M2, BAIREELN: Mt2smian] DRIP RS, HORZZHR2? SaiE, KRRE A2
T, BTN R T RIS IO SR AR, X L RIRCR N 2 LU B R ORI RS R S 2
XA R A] AR EECE A AT TSP 75 TR I 18,

1. BFHEMRK

DL “EHEE i, FALE KRN n BT O(n?) MTAL BISBATHIRE 122 iR,
BEM A NP TAEL, RIS TEE O(n) M, HFESNTRATE O((n/2)?) HH, &R
FREATE O(n) W, MARFIEREN:

2

O(n + (g)2 X24n)= O(% + 2n)

FEEEEEEE FEEEEREE
by

o(n)

BiasF BigHF BiadF
o(n?) 0((n/2)2) 0((n/2)?)

DEEEEEEE

Bfx o(n2) Bk o(n2/2 +2n)

B 12-2 KBt Em B iEHT
FRR, BATHELATAERX, BB 739375 BRI 5 e 5

2
n2>n—+2n
2
2

5 N
- _9 0
n 9 n >

nin—4) >0

XEWES n > AN, QRREREEERED, HipReRRIgER. HER, W0 ERIR R A E TR T
7k O(n?) , RREREHIEBINENT,
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A, WERBATHE AW ARSI A R, B B AE DT RN E R e ?
IXFURESLRR Bt “UFIFHERT, WREZREHR O(nlogn) .

BEE, GRERMNZSBEERINRD R, FEEHIRIDN kAT EATR? ZAEIS “fHr” JEH2E0L,
EAFREAEHFEREYE, it ENEERE ISR O(n + k) .

2. HTHERKK
BATABE, A RE) T B A2, KEt@EHE T DOHTRR. b2, 6 AT ARRE TR
IEEARE, EAHRTIRERFIIFFITRA.

HATMMAE AL AL BB IR U HA R, ROV R GER] DARIIN AL P 22 7[RI, 58 A8 70 HOR A T8
TR, AT D SRR IB TR AL,

FRANTERE 12-3 Fomfy “MiHER” w, BATR iR BRI BCE S M, WIRERE AT A AR B HE PR S5 70
B MR HEIT, EREEAHER

TTE

12-3 PRI THE

12.1.3 8ERMA

—J7H, iG] PARRIRRVE 2 2 LR A,

© FEREGE RN ZEIRE SR R RN, SRIE R PRI B RN, BRI R SR
TR XS o

- ORBEEERIL: U0 Karatsuba Ji%, BRAEEEERE 2N LB N E ISR,

- JERPSRIL: BN Strassen HIE, ERATEREIRIE M0 2D/ INERERISRIENINE,

- DOESERE: POESE TR AT DOBI S AR, X2 BV 6 SRS R .

- ORMEREX: DA, ARATH AR TR, BN DTS — MR KR
W Al AT DA v B AR, (R BhIAHHE R BT SR
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T3, SHAERIENEERAER R M SRRz,

C D ER CoEBRERERFEANTRRIIL T WERSY, REHYE HARMES RTTRE LR,
OUEHERRIR—FIX 1A, FFAERIR X AT R B =70 41

- VPR ATRKENEH, S,

- POEHER . PREHE T R NMEWE, REEBH IR FRE, — DB TTR AR E D,
55— FREAARITCR LA R, B PER AT AR 0180, EEFHANF T IR,

- WHEE . MHEE A AR R EUR D BE 2O, e IRNETTRI T, &ERS R
TERMKIXE, MMRE—ME .

- R Bl T SRR, AVL R, LR B A, B+ BESE, EMIRERL. FEARIMBREE SRR AT DA
THESRME IR o

- HE: HERRPRIRETE A R, HAAMRCE, WAL MHERAIHE(L, SRR EETRR S T 0TRR) B4R,

- A E BRBTH A AERNMAING, (BB RRRTT R BN T 3 iasks, fln, st
HEFP K BER S LR, DU A& IR,

FDAVEH, iRl “EPgies” WRIERA, REESMEERSBURSZ T,

12.2 9812 FEER

B, MREEDNHAK,
C RANER: CEOBFRIESHIIL, HEERER O(n) .,
- EIERHEER: TR BRI SRS B, R A A O(logn) % O(1)
Sebi b, WA O (log n) ISR IRTH RIETSARIGIBIN, HIin — 5 BT,

© S ERNE SR EBAHTERERTR) AN (SRR BT
), XM —ERSEEE s R B BT R ik,
- RN EAIER, TEIERRL AVL R, HESEIRG T, SRR RS2 EE N O(logn)

o

o BRI IHAREEN N TR,

- ISR PR " EPOBFHR R R (TR T EH) DT (B — T &
0, X R T RN H AT R KL,

- FRSURBNIN): £ ERH, SR DR, e SZ H AT AR,

© PRSI EI: o EREEER —MEETR, RARER FRIEEHT S, 47
SRR, BRI 2 R NS E R R

IMAREMSTRTHE R, AR ERENRILREL AR —MED, MG R0 BUHERR—Fi%
Wi,

1. BEFRakn=—a8H

FEZRIETH, Zo&EPEE TR 050 SBIK, BERMET G GBI KREHE,
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Question

BE—DREN n ERFEEAH nuns , HAFFTATRERE K, 1EEHITE target .

MIMEFIRE, TATAERXE [i, 5] M REIFREICA f(7,7) o
PAERIER f(0,n — 1) Jylddh, (@id DA NS EEAT — 2 &k,

L HRIERIXE [i, j] PR m, R EHRR— SR,
2. BRI N —F I F R, AIRED f(i,m — 1) 8 f(m + 1,j) .
3. TEINES 1. BANEE 2. &, HEHE target X AN ZIIR[E],

B 12-4 JoR THEREA A 0 EHOTR 6 B iaiE i,

A

\ 4 m
(o, 3) an 12 15 23 26 31 35]
A
n W
(2, 3) [1 3 nn 12 15 23 26 31 35]
A

m

\ 4

BEREBTE 6 MW&KS|A 2

B 12-4 —ERIIEERE

ESHREH, AT EITFEL dfs O FKRMIE £(i, ) -

// == File: binary_search_recur.go =

[* ZHEHK: \E F(L, §) %/
func dfs(nums []int, target, i, j int) int {
// MRKEAT, KFEEBrTE, MWRE -1
if i>3 {
return -1
}
// TERS PR
m:=1i+ ((7 - 1) > 1)
[/ Al =5 BirmEAN
if nums[m] < target {
/] INFNE)IGEH 4
/] BFFEE F(m+l, F)
return dfs(nums, target, m+1, j)
} else if nums[m] > target {
/] RFWEYIE+EA
/] EVFFEE F(i, m-1)
return dfs(nums, target, i, m-1)
} else {
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/1 #HEIBtrnER, REHZEKSI

return m
}
[* ZHEK */
func binarySearch(nums []int, target int) int {
n := len(nums)

return dfs(nums, target, 0, n-1)

h

12.3 1938 " iin)

Question

A XA RTFIES preorder A1 FEF inorder , 1EMAFATEE A, IR [E] AR

Fo BRIR-_XWHERAEESNT R GE 12-5 Fir).

BB
/ \ BEE-Rin preorder
hiFiERH
inorder

K 12-5 s — R BRI

1. HERREE RS EiEE

JRAEE A M preorder #1 inorder M XM, B — ARG,

- PSR E: NITIRRIFAEYIN, FRATTRTDURE IR RIREKI 2 - [A: MS e 14, MR 1,
bE—5 8 OIAHART e TN TRAR T (D, AR RT AR R DA LRI 771%, FHK

AFENHIFR (FRED, BEEREBERNFRE (BFRD ML,

© FRISURMNIR: TS RO BN, e ARA R, ERAE TN, EIHTXE

P 3 P AT 3 P PR 5 2 TR B AR e 5 TR TR B

- FRIEIEALAS I —BRE T AT TR (FRIBHIA, TR DU e THHERIRTY S L,

(EECAR RN

2. MRS Fiv

ARG LA L7047, IXIE R A] DAE I 0 6 R SR AR, AHQMf3@ i i3 P preorder MIFPFiED inorder KR

TR T RE?
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HHEE X, preorder #l inorder #BA] AR A ="NEE5

- RIFEA: [ RS | EFW | BFR ], BINE 1258 [ 3 1 91217 1,
-l [ EFR | RER | AFR ], BINE 125 L 9 1 31127 1,

DA EEEAE B, BT DS E 12-6 AR BRGRIRID 4558,

1. HiFEINEICE 3 MR EE,

2. BIRIRT AL 3 7 inorder HES|, FHIZRSIFE inorder XA T 9 1 3 | 127 1,

3. MR¥E inorder MRIDEER, BEETRAG TR SEES I 13, MmAE preorder XI5
RAL31912171,

BHRURIRTER

AiFER  preorder

HEHRIRT ARG
@ @ hFEEE  inorder n 3 n aFHE

: - ‘ 3 1MEE
EFHE
o o

RiFFiER  preorder anan

12-6 1 il e ik DA P i s A I 7 g

3. ETFEEHAFHEXE
RIELA BRI 771, BNEEMEURY AL 7R, A 7HHE preorder Ml inorder HRSIIX M, T8 T
RIXEER | X A, FAIFZEB LM ZE,

- OBRY R AAR T SSAE preorder FFIIEFIE N 7,
- BRY R IRR T STE inorder YRS IIE N m o
- Y FIRAE inorder RS IX AT (1, 7] .

Wk 12-1 R, @ DL A & EIA] RRAR 1T 55 1E preorder HIYZER S|, PAK FHLE inorder YR G|IX
[E18

R 12-1 AR SR LE AT R PR e I R R 2R 5 |

R FAE preorder HHJZET| FHAE inorder FHYRFIX

L R i [, r]
T 0 i+1 [l,m —1]
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M5 S7E preorder HAYES] FHTE inorder RS X ]

AW it 14 (m =) [m+1,7]

R, AR RRIITE (m — 1) &R PRI A", BiEEE 12-7 Fig

HiFFEH
o000
preorder
A A A

i i+l i+1+(m-1)

e 00088
- 00800
inorder

A A A

1 m r

B 12-7 MR R FRIEIRG X RN

4, {X33Em

HTRAER m R, BAUSEH— DGR hmap RIEMEEE inorder HITEEIZRS | HYBRLST :
// == File: build_tree.go =

/* WEZXN: 298 */
func dfsBuildTree(preorder []lint, inorderMap map[intlint, i, 1, r int) *TreeNode {
/] FRXEANTBEIE
if r-1 <0 {
return nil
¥
[/ B HIRT =
root := NewTreeNode(preorder[i])
// B m, NXISDEGTFH
m := inorderMap[preorder[i]]
/] FiRlRR: AT
root.Left = dfsBuildTree(preorder, inorderMap, i+1, 1, m-1)
/] FiaER: WEEFH
root.Right = dfsBuildTree(preorder, inorderMap, i+1+m-1, m+1, r)
/] RERT R
return root

}

[* HEZXH x/
func buildTree(preorder, inorder []int) *TreeNode {
/] #BHRER, Fi#E inorder THREIZRS|IAVBRST
inorderMap := make(map[int]int, len(inorder))
for i := 0; i < len(inorder); i++ {
inorderMap[inorder[i]] = i

i

root := dfsBuildTree(preorder, inorderMap, 0, 0, len(inorder)-1)
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return root

K 12-8 J&/R 7AW — IS ISR, BT RURIER N “ET A RENE, miEsL (SR 2IER
B 2 NP UR S SFE VA=

-]
- oOODE @

preoraer (3 (@2 (1 (7 @
inorcer ({3 (127

BEAR EFH HFH N BER EFHR BFH
step 1 | [ Step 2
o D OOOE
e (DO OCE /
3 9 n preorder
@ et
B

Step 3 J ‘ Step 4

inorder @

Step 5 ] ‘ Step 6

/ / 39 a preorder

/ 392 1 n preorder

[ Step 8 ‘
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sreorcer (E)ENEDEDED
nerder (E)E)EEDED @

o o
© o

Cava J 7 | 501 ]

Step 9

B 12-8 My XRAEIIE R

BBV RE N RETF 8] preorder MH T inorder FYRITEERANE 12-9 Fir,

—
-

preorder 392 1 7
inordern3 1 2 7

preorder | 3 |9 |2 n7
inorder | 9 | 3 u2 7

39 2 lnpreorder
BEEE u inorder

I =0

B 12-9 DB BrHRII AR

BT R ECR Y 0, FIGHE— DR (BUT— MBI dfs Q) A O(1) WAl BIEAR 5 A%
R O(n) .

WGARTFE inorder TEREIZRE MBS, EREREN O(n) . EREMILT, 8RB RN,
REEAE] n, B O(n) MRz, IR 2N O(n) .

12.4 SNiEtEiR)ER

FEVAFFHE R A O AR, AT B 1] 08 T I RIS A J ) — 7 (AL, SRR TS E ]
A, AR AR 7 R
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Question

HREMMETF, WHA BFIC, EIBRET, HF A EEEn MEE, BN LRI FZBMWNEIR
HINRFHES . FRATIESS R EHIX n DMEEBERT ¢ |, HRFENNEEITFAZE (WE 12-10
Fim). TERSNEEAEREY, FEEsy LRI,

L RS SBEMN AL T AR H, 53 —HRAE T TR
2. BIRARERE— DR,
3. /NEBRINZIN T KRB Z o

ALl

Y #HEEEM A BHE C
A B C

12-10 PUOEFE RERBI

RAVERBOR @ RDGREE RN f(i) o Blan f(3) 13K 3 DRI A BENE C IDGEE R,

1. ZEEFRER

i 12-11 Ffo, A TR f(1) , B R — RSN, BRI EERM A 3= ¢ Jin),

8 O B

A B [ A B c

BR (1) WER:
EEFRESEM A BEHE C BIF

| (1)

Step 1 Step 2

B 12-11 FEA 1 () @ fig
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Qi 12-12 fiows, N TR f(2) , RREAEMAESEN, BT ENRWEDERERREEZ |, FHREE)

B R5eMFEEN,

1. e EEA/NREMN ABEB,
2. BEKEFZMNABZEC,
3. Rl NRBEMNBREC,

=1

i £(2)

~=1

BR (2) WER:
1. BIEEM A BERHE B

Step 1 ‘ Step 2
A B c A B [
R £(2) WSR: R £(2) WSR:
1. BEEM A BEHE B 1. BNERM A BEHE B
2. BRESM A BHE C 2. BRESRM A BEHE C
—— 3. WIERM B BERHIE C
Step 3 Step &

B 12-12 RN 2 ] R g
fRnE f(2) RERRREEE ) PR B MABE C, Hrh, CFOVERRML B AT,

2. FinEshE

SR f(3), BMA=AREEE, BHRRRME R T L%,
RAEED f(1) F1 f(2) B, FRDAFRMTRT MG MRS, 1% A TR BB A0k, PUTE 12-13
FURIIS IR, IXFE=ANRE RN A FEZE C T,

1. £ B NEIHE, ¢ A%ME, HHRMESMNABEB,

2. ¥ A PEIERF— DR A BEEESIZE C,

3. 2 C HEFE. A NZMHE, BRDMEZMBEEC,

a | | L&l

A B c A B [
BR £(3) WER:
A £(3) 1. BAEDESEM A BEHE B

Step 1 Step 2
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lal Lla

A B C A B C
R £(3) MER: R £(3) SR
1. BEAIEEM A BEHE B 1. BEDEEM A BEHE B
2. BER—ESMN A BEHE C 2. BRR—MESM A BEHE C
— 3. BETESRM B BHE C
Step 3 Step 4

12-13  FUN 3 BN AR
WA EE, BAEERE f(3) R APAFRE f(2) —AFRE f(1) . HIF RN =AF Rz G,
JR AR 2 f 2R, X LR T RSB ARNZHY, T ELA# AT LS It

I, FATAT LG B R 12-14 BRI RRSGEES A 43 6 50 - SRR f (n) RIS AN TR f(n—1)
FI—ANFRE f(1), FHHEIBUL R X = A,

1. BEn— 17 EEMECMNABEB,
2. BFEIs 1R ABEEBEZEC,
3. Fn— 11 REMEBANBEREC,

MNFRBDFRE f(n— 1), WROEHFERT XTIy, BERXERNFR- (1) M f(1) K
R BRI, RFE— R ERERTA],

FirlE f(n-1): & n-1 MERM A BHNE B

L D
FFE £(n): #§ n PEEM A BHE C - 4

Fiel £(1): BER 1 MEEM A BEE C

.—J—.‘—

f(n 1): % n- 1AlﬁMH§niJ§c

B 12-14  fRORDUESE R 73 16 R0

3. HE%Em

R, BATFEH—MB)IEE dfs (i, src, buf, tar), BRWERHREFRE src TRERR ¢« NEEEB%
WHE buf B3 E HARH: tar :
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// == File: hanota.go =

/* BEh—1EE */

func move(src, tar *list.List) {
// M src TiHEH—IEE
pan := src.Back()
// BEEBRN tar TP
tar.PushBack(pan.Value)
// %k src TSR
src.Remove(pan)

}

[* KEEXGEERBR F(1) */
func dfsHanota(i int, src, buf, tar *list.List) {
/l & src RET—IEE, WEZEEHBZS tar

if i =1 {
move(src, tar)
return

¥

/] FiElRR f(i-1) : 3§ src INEP i-1 NRFEMEEY tar BE buf

dfsHanota(i-1, src, tar, buf)
/] FE@m (1) : ¥ src FR—IEEZZE tar
move(src, tar)

// FiE@E f(i-1) : & buf TN i-1 DERMEE) src B2 tar

dfsHanota(i-1, buf, src, tar)
I3

[* REENELERR +/

func solveHanota(A, B, C *list.List) {
n := A.Len()
// % A TER n PNEEEEN B 83 C
dfsHanota(n, A, B, C)

aniE 12-15 R, POESETRETE R — RS n BRI, S0 RE—DFR-, M —MTER dfs )

R, PERMIERED O(27), ZBREREN O(n) .

B 12-15 {ESEIRNERYIE TR
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Quote

POESE AR 3 — N ERE T, EHEEN—ISEE, BEME=ReRNiatr, Pk 64
MR —HEEE, BEMAEEIEE, MIMEEERE - MREBSERMBENIR—ZI, X1
SR,

SR, BIERIEN1ERMREE—k, BETEEAL 264 ~ 1.84 x 1019 ), &%) 5850 124, Iminid
o TEEN FEHERNG T, TR, WX MEVZER, AT IZAFREROH TR HEEK,

12.5 Ih&E

1. EREH

- iR M IR RS, iR () Fie (BFF) MANE, EEE TS

- HIWTR SR OIEREIANERRIERS . FRRES M. FRER SN, FRERES S,

- VAFHHEE R GRS AT SRR H OB TR R 0 N F KA A, BRI N ITRNTT
wREETF, MMEREHE.

- BIAARBSEER] DARTTEIRRCR, — 77, 2GRS TIRERE; 5—JiH, 2iREaEMTR
GIHIFHATILL,

- oMIAREA] DURORVF 2 RIARIE, B N T EBdREi S BRI, AR H SR,

- ERTRNER, BEMERICRER. NAEREN O(logn) MIERERE R Z2HET ARG I
o

© SO BEBEMGRIGH S — NN, NS T RS T SRS B, TR POEIE
THAKM =73 E K,

- RSO, AR (BRARED AT DARI O A e RIS T (R, IX AT DA R
73 3 A PR P O 2R 5 | X TR R 5K B,

- AEDOESERIEF, — DB n BRIETRT DA AU n— 1 B RIS — DN 1 H9F(R]
Al AZIF ARPRIX = mldle, SR S 2R,
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BE13E [

Abstract
BATANERE R RUIRE S, FERTEAYIERS b rT e 1B 2 KX,
EIWARY D ELEFRATREF B4R, Wik, REIRENEAEHE M,
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13.1 [EIHE*

E#E % (backtracking algorithm) 2 —Rfulid 75 28 KRR BRI V575, ERIR00LEAEZ N — DRI H
%, BNERIEATRERIMRRTTR, HBEEMRIMNNR ISR, ERIREIMSE 20T AT a] RERE AT
TEIFEARENE N 1k,

I ERE R R “REICER” KiEham, £ "R B9, BOURRNF. e RET
B TR R, TR, BTN & IS — D EARE, ZB25 7 iR SRR R TR,

il —
HE RN, EERIFFERAEERN TR, BIRE REIR,

TR, BATTRT R AR, HHWTSRT SRER SN T, B, WK RREMALRYIE res
Z o AR RSN E 13-1 A1 B M RIEFR:

// == File: preorder_traversal_i_compact.go =
/> B fIE— x/

func preOrderI(root *TreeNode, res *[]*TreeNode) {
if root = nil {

return
¥
if (root.val).(int) = 7 {

/] CRAE

*res = append(*res, root)
}

preOrderI(root.Left, res)
preOrderI(root.Right, res)

BB =X,
FIEREHN 7 HTHS

AIFFEH
 @SFTR

13-1 1Rl R A

13.1.1 =iH5ELR

ZFR PR Z ML, REOVZRIR R RN 2R 27 5 “RHR” KRN, HRIAERRY
BRI N IRS TR RS T BT IR G 2 R S5 AR AR, B AOH E— PRk, R E Z AR,
ZIAH AR AT REAIE R
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T —, PiRED T RERAR K 7,

Tk - A R [E A2 E8Y return MIZER “[A)HE

EREIHIE, PIEFFAUNRISEEBORN, NERx—, BTG — M 1En .

g —

TE = ARV 7 (01, TR AT X ey

Bl —

VTS

RS HYEERL |, FRATFEMB— DI path IR VT RN AT RBER, SVTRIZENIERN 7 #9775 S,

NEH path FAIELRIIE res . WHEMIE, res HRFRIHUZITE M, A FAR:

// = File:

/* BB I */

func preOrderII(root *TreeNode,
if root = nil {

return
k¥
// =i
*path = append(xpath, root)
if root.Val.(int) = 7 {

/] ERE

*res = append(*res,

¥

preOrderII(root.Left, res, path)
preOrderII(root.Right, res, path)
// [EhE

*path = (*path)[:len(*path)-1]

ERR 7, BATEE Y /i
path H58H, PAPREARIRZ:

preorder_traversal_ii_compact.go

res *[][]*TreeNode,

append([]*TreeNode{},

*path...))

MU path SRICREEEZ,; maE “[HE
iitZﬁﬁE’J’lf:@m

W 13-2 Fonfndts, ATl BLR AR IGRBEE ) “REIE” 5 “HE”,

S BIBEFH, RS
EE: RERT, RHEE
path = [1]

N

AR

res = []

Step 1
)
Q i BAEFH, ERRS

BHE: MMERE, HHEE

S

G\X‘ path = [1, 7, 4]
//\ , 7 ) res = [[1, 71]
‘© o

Step 3

Step 2

Step 4

path *[]*TreeNode) {

”4_1_

Alf, BAITFERIZT KM
PN RAE H NI,

S BITEFH, BHRE

ELE: RERES, REHEE

path = [1, 7]

BEITIR 7, WBBEFMELR
res = [[1, 7]1]

Sk BI\EH, BRRE
EiR: MERE, RMEE
path = [1, 7]

res = [[1, 7]]
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13.1.2 B9

2R [ I D OE 1 — DB N, AR AT “BIE

£id: BIWH, BRRE
EB: ERE, RBRE
path = [1, 7, 5]

res = [[1, 7]]

£id: BIEH, BRRS
ElE: RERT, REEE
path = [1, 3]

res = [[1, 7]]

20 BIEH, BRRE
ELE: RERE, RHEE]
path = [1, 3]

res = [[1, 7]]

‘ Step 11 |

Step 10

Sid: BINBH, BRRE
ELR: RERES, REEE
path = []

res = [[1, 7], [1, 3, 7]]

K 13-2 ZiL5[ER

i BIEH, EFRRS
EB: RERS, RKHEE
path = [1]

res = [[1, 7]]

S BITEFH, BHRE
EHE: RERES, RECEE
path = [1, 3, 6]

res = [[1, 7]]

ik BITEFH, BRE

EB: RERE, RHEE

path = [1, 3, 7]

BETR 7, WEBEFRNELER
res = [[1, 7], [1, 3, 7]]

il =

FE R ERATEE D 7 BT, IR BT REIX ST SRR, FFERBRTP AR ESEN 31
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NT RN AR, BANHERMBIEARE: EERERES, FH82EN 3 WA, WHRAHEE, T
MEHLR, B NATR:

// == File: preorder_traversal_iii_compact.go =

/> HiFF&ER: GlE= x/
func preOrderIII(root *TreeNode, res *[][]*TreeNode, path *[]*TreeNode) {
/l B
if root = nil || root.val = 3 {
return
}
[/l =i
*path = append(*path, root)
if root.Val.(int) = 7 {
/] BRfE
*res = append(*res, append([]*TreeNode{}, *path...))
¥
preOrderIII(root.Left, res, path)
preOrderIII(root.Right, res, path)
// ELE
*path = (xpath)[:len(*path)-1]

“BIR” R MNERERIAIE, WE 13-3 R, EEZRERET, Bl 9T 7R LSRR R
X, WRFZIERIIZER, MIMiEE TR,

B @RER 3 MHRNREHRE

BRI SRR A TR AR R )
MinferHERME

.............

13-3 HRARLIRAAFBIEL

13.1.3 EZKES

TR, BNZLHEN “20, FOR, 3987 ATMAHEZRIERHSK, TR Ry P,
FEDAUTHEZRARS T, state FORMEIAILATIRA, choices IR AIIAZAS T Al DA HI AI%ERE :

/> EIMEEEZS x/
func backtrack(state *State, choices []Choice, res *[]State) {
/] ¥R T AR
if isSolution(state) {
/] iBFRfE
recordSolution(state, res)
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/] TEBUHSIER

return
}
/] BHAFEERE
for _, choice := range choices {
/] B FIENEERRT G
if isValid(state, choice) {
/] =i MEEE, EIRS
makeChoice(state, choice)
backtrack(state, choices, res)
/] [EhR: HEEERE, MERZEIRES
undoChoice(state, choice)
}
¥

BETRoK, BANTETEZRNAERMBRFIE =, IRE state N AUEFHIKIR, 8 choices MY M AEF
TRAG TR, 5E res BIEEEYIFR:

// == File: preorder_traversal_iii_template.go =

/* FIETHFIRESEE R «/
func isSolution(state *[]*TreeNode) bool {

return len(xstate) != 0 && (xstate)[len(*state)-1].Val = 7
}

/* 1IBRfE */
func recordSolution(state *[]*TreeNode, res *[][]*TreeNode) {
*res = append(*res, append([]*TreeNode{}, *state...))

}

/* HIREHFIRET, ZERREEZE +/
func isValid(state =[]*TreeNode, choice *TreeNode) bool {
return choice != nil && choice.Val != 3

s

/* BIRE +/
func makeChoice(state *[]*TreeNode, choice *TreeNode) {
*state = append(xstate, choice)

I
[* MERE «/

func undoChoice(state *[]*TreeNode, choice *TreeNode) {
*state = (xstate)[:len(xstate)-1]
}

/* [BIREE: BIR= «/
func backtrackIII(state *[]*TreeNode, choices *[]xTreeNode, res *[][]*TreeNode) {
/] WEERTNMR
if isSolution(state) {
/] BRfE

recordSolution(state, res)

+
/] BEFREIEE
for _, choice := range *choices {

/] Bt MEEEFERST AL
if isValid(state, choice) {
/] Ei: MHEE, FIRES

makeChoice(state, choice)
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/] BT —RERE

temp := make([]*TreeNode, 0)

temp = append(temp, choice.lLeft, choice.Right)
backtrackIII(state, &temp, res)

// [EIR: HEEERE, MERZAIRE
undoChoice(state, choice)

MRAERUR, BAHEIRENED 7 B9 RUGRIZREHER, KT R Ik 2 Ja i return IEAMIER. & 13-4
X T R EUMER return IEAIAYIE R,

EREE 4

mrex (@
Q- eeeett
(e}
*E return HIEE return
ICRMBEIRE], FES4EIEHR PERBETERE, HEHER

K 13-4 RESMER return S RIS L

A EE RS TRl G AR SR, T A A AR 2R AR S AR BASIB R, (Hi@m s, 2hn b, %
[ 3 ) J ) PAAE I HEZR PR, FRATTR FFARYE BAR AR E W state #l choices , FFSEEMMEZEAHIEN TS
RN

13.1.4 EARE

N E B TR, BAVEES— N RIRERE HAERS X, FEx B =45 X ROREI, ik
13-1 FfirRe

R 13-1 H W R EIERE

i X Pl =

fi¢ (solution) fRZMEHERERANER, WJREA PN RIEEIT R T B R LR KR A



13 % (Al

www.hello-algo.com

268

17
LIRS
(constraint)

IR (state)

IR
(attempt)

[EBE
(backtracking)
BTk

(pruning)

Tip

X

A FGAF R A BRI TR 250, 85 A
BRI

WEFRMEHER —NZIMEN, GAELMMHA
e

UG AT G PR IR RS IR R, (UG
HERE, RS, RERG AR

[ SR 2 AN L LT R R A ARSI, SRR AT T 8
HiRIERE, [EIF]_E— RS

SRR AR AR A 2 SRR e S TE R R
BRIRRITTIE, PIRRRRICR

s =

BRI ST 3

HRTE VIR 812, Bl path 19 R85

BRI () TR, BRI path
AW REER SN T

HROEMT L SERTT AT BEIEN 3 /Y
TRNZIEER, REORE

LIBFED 3 BT RN, WA EHER

I, R, IRSSEMESRIEHIR, fEoi6, B, s, SOOFRIEPEAE Y Ko

13.1.5 iR5RMHE

I EEA I R MR R A, E2AATA rTRERI RO TS RE SRR R SR, XRTT IR
RTETREAREIITA FIRERTIRIR TR, T HAE SEERISIRARIE T, BAREIRER,
SR, EACHR MR B B 2k, InIRA RIS TR nl REXE DA 52 .

- W) RIS TR RS AR TR RTRE, I TRE 2 A] DOSEIFE R slB sk,

- 2] RV RR R L RTAIRES (B E, AT BTRAMBI R B, SIREMRKRN, =M

FRATRER LG RA,

RIMEEant, I TEATY SR e P AR ) AN 24 S 2 PSR B AR MRS o X TR LB AR, bl T T i Fotil g
LR REPT AR BRI, TR IRAT LSO i ] RERIE B TIE . FEIXMMIBOL T, KRR MRS,
LRI TT 1A A,

- BB RRIERIME AR AR, AT R I R A

Ak R EEREET I LRI EE M THE, WML R A A /e A BRI AR,

13.1.6 [E]¥AERE (5

[l 3125 AT F TR R VP 2 AR R AN, o 2 DA A & LA e
FRMEE: XA H AR REN R SRR R 7T 5o

- IR ARG, REHATEATRERHSIA S
- FEMEE: BE-NMRASM—DERN, HKERSHATERNERNE T,
- DOREETREL: 455 = ARAE TN — R AR/ A [ £

IR RE

Mo — D IEE,

HARER KRB EAE/NEE Lo

ZORR A B B —ARFE T #2230 21 55— HRAE T,
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LI ML X2 R H AR RS A A LR AR

- n2iE: f£n x n RS EREn NEE, EEEMEARSG,
- O A9 x 9 MIRASHIEART 1~ 9, [ERET. BAIMED 3 X 3 FRIMPRETAEE,
- EFEAEE: SE-DEAE, HROHBOAENGITIRER, BSHESTEE AR,

AR XL R HARRE — D G2 A PR ERE 7 i B2 45 1 B BRI e

- 01 EHERE: AE-HYRN-NEE, $MRE - ENMMENER, ERETUAERRHIN,

BV ES S ER K,
- BRATRIAAL: £ DEF, DR, R HtS R REIR AR, SRR,
- ERKHIFE: G- DEAE, KERARREETE, W7 EHREREEMN D TR Z RIEREHE,
HER, STr2HE MRS, RBNRRIEIRTTE,

- 0-1 5 B RE0E s E BN SRR, DAOKE S = B RIS,
- IRATR R D E AR NP-Hard A8, 5 MR A S & BIERE R IR,
- RKHEUZEIE R — DR MEE, AT SUORTRS B A URTORME

13.2 £HHin)EE

EHEA SR PR R R — DN, ERE SRS TE —MRE A — MBI ER) BT,

HHATTRIIFTH RTRERIHES .
R 13-2 5128 T LRGBS, G AR ST HES

®13-2 2HFIRA

LN e FrEHE

[1] [1]

[1,2] [1,2],[2,1]

1,2,3] 1,2,3],[1,3,2],2,1,3],[2,3,1],[3,1,2], 3,2, 1]

13.2.1 THETENER

Question
MA— DRSS, HPh A ESEETE, REFTE TRERHE,

MEITHEIER R, FRATAT DA R RS FRAR R R — RANERR ISR IR (1,2, 3],

i

24

a

REAVeiesE 1, k3, REEE2, WSS [1,3,2] . FIRERRE —MEE, 2RSS HE

fibiZ £,

MEHRISRIfEE, RIESRE choices BRMIABATHIETLR, K& state 2EHEHATCHIEFERTT

R WER, SPMCRAAVFHIERE R, Kt state PHIFTHCRARNIZZEME ),
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G 13-5 Fr,  FATTAT DURHE R0 R T R — BRI VAR, ST RS BTIRES state o MRTTA
T, 2 =REREENAMAT A, BT R N — MRS,

choices = state =

B—IiEE

13-5 ZHEFIIE TR

1. E5%ES
NT LMD ITTERBERE IR, BAFESIAN—DHA/RAEH selected , H A selected[i] R
choices[i] EECHHIERE, HETEIIN L NEIRHRME,

- FEMHIERE choiceli] J&, FAITHKEF selected[i] MAME N True, REFECHIESE,
- IBIEREYIER choices B, BRSSP CHOEEHIT A, BIBIRL,

G 13-6 R, RIEFATE —40EesE 1, 55 4015 3, =500k 2, NIFREAES R eTsTR 1 9L,
TR =H0HITR 1 FTE 3 M3

:

,L &EnEN 1, 2, 3

BT 1

I
I

HREHREFENTE 1

BIRER 3 FmEETER 2, 3
Bl o
i
HEREE 2

B EHEENTTER 1, 3
HREETER 2

K 13-6  2H3BTEORHA
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WIEEIE 13-6 KB, ZITRHARMERHER AN O(n") BhZE O(n!) .

2. fUEEEH

BB EFEREZ)G, BT DIEMERAIE R " 1o N TR A, AT RARSCEIAE
RIS AR EY, TR ENNRITAE backtrack () BEELH:

// == File: permutations_i.go =

/* [BIEE: 285 I +/
func backtrackI(state *[]int, choices *[]int, selected *[]bool, res *[][]lint) {
/] BREEKESTTEHEN, iERfE
if len(xstate) = 1len(*choices) {
newState := append([]int{}, *state...)
*res = append(*res, newState)
}
/] BHEEERE
for 1 := 0; i < len(*choices); i++ {
choice := (*choices)[i]
/] Bt ARTEEIEETER
if !(*selected)[i] {
/] Ei MHEE, RS
(xselected) [i] = true
*state = append(*state, choice)
/] T —REE
backtrackI(state, choices, selected, res)
// [ELR: HEEEE, MEEZERE
(xselected)[i] = false
*state = (*state)[:len(*state)-1]

hy
/% 285 T %/

func permutationsI(nums []int) [][]int {
res := make([I[]lint, 0)
state := make([]int, 0)
selected := make([]bool, Llen(nums))
backtrackI(&state, &nums, &selected, &res)
return res

13.2.2 EEBEFTEBR

Question

AR, BAlPaRERSHE LR, IREATE AEERH,

BB N [1,1,2] 0 AT HEXSRAEETE L, ROBHE-A 1K 1,
i 13-7 FoR, BT IRAEREHS A — R EE R,
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BRIk

BIERE

_—

BAEIR A EE S

K 13-7 EEHA

M2 RBREERIHAIE? RERH, FEME—MERES, ERXNHISERITRE, ARMIXAEHC
U huHE, PUONEREEHIIRHER T A BE, MSGERTRADFIAEE, Xk ] DO — IR RIARCR

1. BEFTREK

WUESIE 13-8 , (ESR 40P, JEF 1 sl TSN, (EXPIANERE S R R HE R RN, Hit
I IZIE 1 87KL,

FIBE, (EE—HRUERE 2 25, B 1R 1 AR EE S, IR e 1 87k,
MARBLEE, B HAR AR —REED, RIS M HSFRT R BHERE—IX,

E—iRE
o B
o=
BRIRE
.ﬁ%§§W1
QR#EE—R

BRERE

K 13-8 EHEHFITIR



13 E [E www.hello-algo.com 273

2. KEBsEm

£ L — B R b, A5 EBES - HIERETIFTE — MEH%ES duplicated, HITICRIZHLHES
ZHEHTR, R EE TR

// == File: permutations_ii.go =

/* EIEE:. 2H% 11 %/
func backtrackII(state *[]int, choices *[]int, selected *[]bool, res *[][]int) {
/] EREEKESTEHEN, iERfE
if len(xstate) = len(*choices) {
newState := append([]int{}, *state...)
*res = append(*res, newState)
}
/] BERFREIEE
duplicated := make(map[int]struct{}, 0)
for 1 := 0; i < len(*choices); i++ {
choice := (*choices)[i]
/] Bt ARTEEEETRE B FAFESEREESETER
if _, ok := duplicated[choice]; !ok && !(xselected)[i] {
/] Ei: MHEE, EIRES
/] BRIEEINTERE
duplicated[choice] = struct{}{}
(xselected)[i] = true
*state = append(*state, choice)
[/ BT —RIEE
backtrackII(state, choices, selected, res)
/] [EhR: HEEERE, MERZERES
(xselected)[i] = false
*state = (xstate)[:len(xstate)-1]

b

/* 2HB 1T +/

func permutationsII(nums [lint) []1[]int {
res := make([][]lint, ©)
state := make([lint, 0)
selected := make([]bool, len(nums))
backtrackII(&state, &nums, &selected, &res)
return res

BTERPF 2 FIE AR, W n ATEEE n! BT (07); FEICRESHN, FEEHKE N n 151%,
1 O(n) WAL, FBLIMFIEZ9E ] O(nln) .

SRR 0, [ O(n) Kbz, selected i/ O(n) 22, A —M%IR %364 n 4 duplicated
. 5 O(n?) %0, HIESREAIEN O(n?) .

3. TBIRAEL

HEE, B selected fl duplicated #BFH T-89AL, (HME M EHARAIFE,

HARRIE: BMERIEFHE 1 selected . BILRKAZYATPRSHEZLETTER, HIEHRE
WAL TTRTE state REE I,
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- M EWE: S (BMERIR backtrack D #EE— duplicated . BICEAEIEA
Bl (for fEHF) AR T E2EMNERS, HIEHBHEHS TEREERE—IX,
&l 13-9 &R T BT S AR RGE L, TR, MR AR R — NG, MR s 3 2
8N A R — MRS,

o 5o
C;P._Q\\ 2
BER— <
BTN (1, 1, 21 [1, 2, 1] [2, 1, 11 nEKF= §

K 13-9 MRBIRI R AFAPE VE

13.3 FEMin)E=H

13.3.1 TEETENER

Question

HE—DIEBEEEA nuns F1— 1 HFRIEEEEL target , EHRHFTARTRENA S, HHRHAGHRITE
ST target ., HEFALEE LR, BNILRADBIERZ R, HUNRERRENXLEHE, 5
KA UEEIHS,

fian, WMAGES {3,4,5} FIERELY, @M {3,3,3},{4,5} o WEERLATIMA,

AR TR DR R,
- FERRATERIE, e {4,5) F {5, 4) BR—AFE,

1. BELHYTIRE
KT LHEA A, FATa] DHE R4 BSOS AR B — RPNERRLE R, FHAEEFI RS B TR
M7, BILEMET target B, FUEFEICRELEEYIR,

M5 2HAI B FEEE, ARSIl DIBCBROGER, FILTCAfEE selected f/RIIFRKIDFR
TR CPOER, AT PO 2HEAI I T MEE R, 912515 2R s -
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// == File: subset_sum_i_naive.go =

/x> EEE: FEM I +/
func backtrackSubsetSumINaive(total, target int, state, choices *[]int, res *[][]int) {
/] FEMZETFT target B, IZFRMR
if target = total {
newState := append([]int{}, *state...)
*res = append(*res, newState)

return

+

/] BRHFEIEE

for i := 0; i < len(*choices); i++ {
// BNy BEFEMBE target , MBI ZIEEF
if total+(*choices)[i] > target {

continue

+
[/ ZiRt: MEiEE, FHTEN total
*state = append(xstate, (xchoices)[i])
/] T —RIEE
backtrackSubsetSumINaive(total+(*choices)[i], target, state, choices, res)
// [ELR: HEERE, MERZARES
*state = (*state)[:len(*state)-1]

+

b
[* REBFEN I (BEEEFE) +/

func subsetSumINaive(nums []int, target int) [][]lint {
state := make([]int, 0) // RE (F£&)
total := 0 // FE&EHM
res := make([][lint, 0) // &RIK (FEFIR)
backtrackSubsetSumINaive(total, target, &state, &nums, &res)
return res

AR A S (3,4, 5] MIEFRTR 9, MlEERN [3,3,3],[4,5], [5,4] « RREIHEH 1A
9 MR, HPIAERER T [4,5] M [5,4] .

IR AR EOE R XOMERIFRY, SR T RAX EENE, & 13-10 R, Joik 4 J5i% 5 576k 5
JEiE 4 RARIDS, AHXRF— 55,
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choices = FoRH
target =
BRI
JTEM >9
B +5

B

B 13-10 FHIERGEFETE,

NTEREETE, —REEN SRR RIIRE TR E, EXDTTERERRIE, APTH R,

- AT ERRZ, THRES target BN, EREESERBNEE FE.
- HETR (D) RFEAFFEREN, TEHIPEE, BHRSAEP R ITRRR,

2. EEFEH

BATE BAEE RSB PEE BT R E, WEE 13-11, EEFREE AR T RN AR,
Ban LA B oL,

L YGRS TR IR 3 4 I, 2AREESEXM N TRNAAFE, 128 [3,4,...].
2. ZJa, HERIERE AN, WIETRMIZBE 3, BV AR FE (4,3, . ] M8 1. SPER
My eEs,

FEERIEY, G ZENERRREMNEEIGHER N2, FIEEEAR 2 B,

1. FIFEERE S5, T (3,5, ... ]

2. WIPHHIERE AT 5, AERTHE (4,5, ...].

3. EE RS, WP RMIENEL 3R A, FENTE (5,3, . R (5,4, ... ] 55 1. BRI 2. Hoh
HRHY T H5e 2 E A,
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choices = a

B Bt 3
BEEEFE

FE O [3,3,.] [3,4,.] [3,5,.]

J

~ — N S

ESTFE ERTHE

ERFE

B 13-11 RREEREIF SFEWEE 758

MEERE, BN (1), s, .., 7, , BIBRIRPIERIN [z, 7, , .y |, WEERESY
FEWE i) < iy < - < iy, , FWERAPHIERF IR RES, PR,

3. %M

NSEPZEIR, BRI R start, AT REMEG A, SHHERE o, )5, BE P —8NAR5IF
YR, IXFE T DULERF IR 1 < iy < - <4, , MIMERIETFSRME—,

BRiELZ A, BABEXS BT 1 DA I L,

- ETFBERET, JefEEE nums HEF . TERBIGFTEIERN, HTHRAEI target I EHEEHRIBE,
NEBRTEE LR, HFEM—T@id target
- BEILEMNLE total, WIS target EHATIHESRGLH CEM, X4 target FT 0 BHER#E,

// = File: subset_sum_i.go =

/* EIMEE: FEM I +/
func backtrackSubsetSumI(start, target int, state, choices *[]int, res *[]1[]int) {
/] FEMZETF target B, IERR
if target = 0 {
newState := append([]int{}, *state...)
*res = append(*res, newState)
return
+
/] BIFREIEE
// BT M start FURIER, BREREE FE
for i := start; i < len(*choices); i++ {
// Bity—. BEFEMET target , MIEFZLEREF
/] XRREAFHECHRF, EUTREKR, FEMN—EEE target
if target-(xchoices)[i] < 0 {
break
+
/] Ei: MEE, F target, start
*state = append(xstate, (xchoices)[i])
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[/ BT —RIEE

backtrackSubsetSumI(i, target-(*choices)[i], state, choices, res)
/] [EhR: HEEERE, MEZFNRE

*state = (*state)[:len(*state)-1]

}

[* REBFEM I %/

func subsetSumI(nums []int, target int) [][lint {
state := make([lint, 0) // K& (FH)
sort.Ints(nums) // 3 nums #HITHF
start := 0 /] BhtEIAR
res := make([]1[lint, 8) // &ERFIR (FEFIR)
backtrackSubsetSumI(start, target, &state, &nums, &res)
return res

1312 B8 [3, 4, 5] IERRIE 9 AL LR ISR YR KA,

M target
choices = B FRog R
target =
EREIE
Q
pel
BRI

i target EETE

13-12 FHR 1 B R

13.3.2 FEEETREIFER

Question

BB — D IFEEECEUH nums FI— N EFRIEEEEL target , IBHRETERTGEMNHE, FREEFHMICE
T target . HERANGEUZTEE LR, BMCERPIERE R, 15 FIRE AR EXLEH
&, YIRPANEESEIEHAA,

HET B, RS RER SEELR, XS IATHINE, filn, HEtdl (4, 4, 5] M EREE
9, WA RBIHELEERN [4,5], [4,5], HHTHEETE,

EROX M EE RS e RS 2 RIERE . £ 13-13 b, BRI = DNERE, HAhm A Ey
4, ZPENTEENERX, Nt EE 74, FHE, #2004 e EEE TH,
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choices = a

[4,4,..] [4,4,.]

J

EETHE

13-13 METRSBWELE FH

1. HEREER

P, AT RIS e R — e L REBOERE — IR, KT By TR EHF
[, RIHMHSFTTRAGEAHNE, XBEREERLERS, HAATRSHAELTTRMESE, MR ECagk
B, FitEEPN YaTTR,

5 IR, ABRE A B TR HREPESE— K, SEIBfZE, BATEA] DIFIHZR start il 2122
S HIERE ¢, J5, B’E T NRI G+ LIHeREED, XERRERIRERE 74, thebia st
E S

2. K85

// == File: subset_sum_ii.go =

/*x BIMEE: F&EM IT */
func backtrackSubsetSumII(start, target int, state, choices *[]int, res *[][]int) {
/] FEMZETF target B, IERHMR
if target = 0 {
newState := append([]int{}, *state...)
*res = append(*res, newState)
return
+
/] BEFREIEE
/] BIRZ: M start FWRIER, BREREE FE
// BF=: M start FIEER, BEREEXIFER—TTEHE
for i := start; i < len(*choices); i++ {
// Bity—:. BEFEMET target , MIEFZLEREF
/] XRREAFECHRF, EUTREKR, FEMN—EEE target
if target-(xchoices)[i] < 0 {
break
+
// BRI MNRZTESEATERES, HAZERSSEE, BiZd
if i > start && (xchoices)[i] = (xchoices)[i-1] {
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continue
+
/] Zit: H%E, B3 target, start
*state = append(*state, (*choices)[i])
/] T —RIEE
backtrackSubsetSumII(i+1, target-(xchoices)[i], state, choices, res)
// [BIR: #EEE, MERZ VRS
*state = (*state)[:len(*state)-1]

}
[* KEBFEM IT */

func subsetSumII(nums [J]int, target int) [][]lint {
state := make([lint, 0) // K& (FH)

sort.Ints(nums) /] 3t nums #HITHIE
start := 0 /] BRI R

res := make([]1[]lint, 8) // &RyIF (FEIIK)
backtrackSubsetSumII(start, target, &state, &nums, &res)
return res

B 13-14 R T8 [4, 4, 5] MIEARCR 9 MEINIRE, SLOETIRBIEHRIE. BIRGER S DRSS
&, BERRNUREE, DIERBIR IR A TR,

choices = n
target = -

Lop ]
ER—iE%
%Eﬁ%?&iﬁ%—;ﬁx CS‘_ X 79°

BR—
I BERERE

&'%A?o [4,5] EETH

=
FAKWEE

as— AT R

TCEMARE
#B target

K 13-14 8/ 1T B

13.4 n EFIR)&

Question
AR E PR RN, 2ER UK EHE S RL—1T. —Fls— &R LT, 47%E n MEREI—1
n X n ARNEE FEMEBRTE 25 2 BJCEHE R TR T %
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O 13-15 FRk, M n = 40, EATDEREIRAMR. MEIEBERAEE, n x n ARG n? M
T, B TTERIESE choices , fERNE BEHEREA, HEDRSE AN, SN2 ER
IRAS state,

W W

W W

— —

13-15 4 2JE ISR

B 13-16 R T AR = DAFGEA: BARIEARRER 1T, [, F—FME ., EEERNE, Xt
LD N ER LN\ MU faZk [ Bk,

FREER—RHAEE BREREFELYREMF

x x‘

W

RRELER—T — x| Yl X
X

:X..

h 1 ¥
/ 4
- £ ]
f S &
. < |/
" i ok
K X S - =
-, | AN
| o] T—
! \

FEER—51  FEER—EHALE

K 13-16 n EJGRELR L&A

1. ZF{THRERE
S2EHEEMEERTEE Y n, REERMNESES—MEe: B TRRr AR RriE 125,
W, BATRTDERBOZITIRE RN : WNB—1TITE, A8 THE -T2, EERE T4,

13-17 il 4 2R RERZTRED R, ZEERS], B 13-17 URJT T8 —fTRHP - MR,
H ERF AL AT F IR 77 AT T 39
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_ T8 ] T %] W
BEE 15
(44188) «/f/”i;77‘<:?“‘~=“ (4488) (4488)
W W ¥ W]
RE® 2 7 (8] ﬁ
' L]
—* Y M w My
RE® 3 7 - = = ‘
¥ [ W
| v [ W w
WEE 4 7 | L] ¥ | W v
W ¥ w o[ [ ] W :
(W] ] | i |

Kl 13-17 BATIHCE RIS

MARBEE, BTRCEREGES ¢ 3ErER, s 7 R—THIlZ N 2RNITHEER D S

2. FISHALERE

NTHRANLIHR, BATAT A —MREN n /R cols iILkE IR EA Bh. EBRIVEHIE
i1, BANEE cols KEHA 2/HISRTEIE:, FHAERMBHINEEHR cols HIIRE,

Tip
THER, MEFERRRA T B, HAPTRIIMNERITRM, 1IR3 MNEEH N,

AL, WAL IS 22T RE? A AL FEAME T IATHIRS N (row, col) , JEE RIS T fLL,
BATRINZN 2k LA FRT RS IBYIRS EHEE, B3R AL LA row — col MEEH,
kW, WREMETIRE row, — coly = rowy — coly , WMEMT—EMER—ZFEXN AL E, FIAX
AR, FRATATCUMEBNE 13-18 FnrYEd diagsl iIDREL TN AL FEGH 25,

I, RN ALL ERIFER TR row + col RMEEM. BATFFEA] DAEBEZH diags2 SRACEIRANT Lk
W,
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BREMBLR
RERER

Goon)

cols

BRIREHER

B 13-18  ALHEBILRFIN LI

3. %M

HER, n 4EHFEF row — col MEREE [—n+ 1,n — 1], row + col WFuREIZ [0,2n — 2], FArPAZEX
FERFIUON F LR AT 2n — 1, BIEEH diagsl Ml diags2 MUREHIN 2n — 1,

// = File: n_queens.go =

/* BB n EF */

func backtrack(row, n int, state x[][]string, res *[][][]string, cols, diagsl, diags2 *[]bool)

< 1

/] SBETFETTH, ERE

if row = n {

}

newState := make([][]string, len(*state))

for i, _ := range newState {
newState[i] = make([]string, len((*state)[0]))
copy(newState[i], (*state)[il])

¥
*res = append(*res, newState)
return

/] EHFREY
for col := 0; col < n; col++ {

/] TEIZAEFR MBI E X A LEFIR S L%

diagl := row - col + n - 1

diag2 := row + col

/] B ARFZSFARIES. EXA%. RNALKLEEEER

if !(*cols)[col] && !(*diagsl)[diagl] && !(xdiags2)[diag2] {
/] Ei: BEEREEZIEF
(xstate) [row][col] = "Q"
(xcols)[col], (xdiagsl)[diagl], (*diags2)[diag2] = true, true, true
/l BMETF—1T
backtrack(row+1l, n, state, res, cols, diagsl, diags2)
/] ELR: FiziEFiRE RZ=AL
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(xstate) [row][col] = "#"
(*cols)[col], (xdiagsl)[diagl], (*diags2)[diag2] = false, false, false

hy

/* K n BfF =/

func nQueens(n int) []1[1[]string {
[l B nxn KDEIEE, HA 'Q' KKRER, '#' {RZTM
state := make([][]string, n)

for i := 0; i < n; i++ {
row := make([]lstring, n)
for i := 0; 1 < n; i++ {
row[i] = "#"
+

state[i] = row
}.
/] BRYIREEER
cols := make([]bool, n)
diagsl := make([]lbool, 2xn-1)
diags2 := make([]bool, 2%n-1)
res := make([I[][]string, 0©)
backtrack(0, n, &state, &res, &cols, &diagsl, &diags2)
return res

BATIE n Ik, BIEFIAR, WNE—TEERE—AT2E n. n— 1, ... 20 1DESE, @/ O(n!) i
[l IR, FREEHIMER state HERINE res, EHHRIEHEM O(n?) WAL, [Hit, SO REZE
JO(n!-n?) . Fhr k., AR AL R RALRERS RIEM MEZRAER), NS RBERAEEMN T DL

A,

¥ state (/] O(n?) 25M, $4H cols. diagsl fil diags2 B O(n) a3, MABITREN n, &
i O(n) Hefizsiel, Hitt, “SMERERN O(n?) .,

13.5 &g

1. EREH

- [PETEARBUR 5T 28R, BN R A TR Lo PR ST & S5 RO fiR. eI, 1B
JRSAFRIMENIC SR, B EREITE e I 72 S 45 3

- E R RS RIS EEW AN, Bl R R Z AR LR, B A
LIHRGEAFRITE O, IR E— P RiEse, IRMAEIZATHIINE, ksl fhgss, 25 RREm
ANTT TR B AR

- [l EDE R A S 2 DA, ENTRT T SEBIBIRAR R, BIRAT AR AT AN AR )5, K
IETRTHERIR,

- GRS AT TR R A SR LT R 2 AL, H ALk Rl R SR mT DU [ A g ok, (B
FAERCR B B RCR A RIS

- PR S EE R AT RS TTRIITA ATRERIHES . BAE I — M EERIER N ITR B BB,
PR SRR TR RN X, RN ITRAPOEE X,
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- AEEHRSIRET, EREAPFEREES TR, NRASERSHIESHY, RNTELRMHETRES
erp HREBOERE—IR, XIEFEB— P Iam SRS RLH,

- TEMPIER H bR ESE RSP ERENN EMERN TS T8, £ AXTRNF, MEREES
WA EER, A EE TR, BAERMRTRESRETHE, HiRE PN EERIERE 1K
WA, MITRE S TR AR R 0 SO TIIRL

C X TFEMEE, BHPOHSTRSTERERES, BNFHEAHCHPRIRTESE, BT HAIBELR
TLRE AAHFESINBIAR, MMHCRAHSE TR AL i L BEBOEF —IX,

- n REMAEEEIHE n NEERES n x n RSPHEE ERTTR, ZRATE 25 MM RITCRBE
Tio ZEILIRFEFAITLAIR, FIZHR, EXAEIIOT LA, Nl RITLIR, BATRAATR
BN, REE—1THE R,

- HILIFRIS FALRLTRAIAL BT SR, X TFHILR, AR —MERIER S SR G ARG, M
TRETRIRE FRE G R XN TRAERLR, BOMEBM MR AIERIZ T, Kk ERGFE
S5, MRETHRELER - B NA% BRI erIToIRS I,

2. Q&A

Q: BB K FR?
BHRE, B “RIAREET, mEAEGRE - TR

- [EEREEE TS, A, FEREHMN AR —, RIEHEERAE RN AL,
- OBAREEEILT CF R RIRETE, A TRRE. B, shESHR GETZeEd) S
i,
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Abstract
NS NCI N ARG V(5
SRR /N B AR SRR BN A 2R, — 2020 5 | SBAT T8 (Al o [l R A8
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14.1 ¥iREhEIEY

shSME (dynamic programming) 2 —PMEZEREIAERX, ER— N RN —RIVE N T FE, 7
AT PSR R R B TR, TTRIEER T RRCR

AT, BN DRMFIBAT, eantierg s, WEHPUSNESTRE, 525 T
B BN S S

JerEEh
BE—DIE n RO, (REEPRTDLE 1 e 2 B, iERA 2/ 0875 58] ARSI RETH?

i 14-1 FoR, X1 3 Birkksd, HHF 3wy 5a] DUEEIRET,

.

TetsE 3 pisdts 3 MpE:
0515253 , 0523 , 05133

14-1 TeZIZ 3 Firid 7y s

AT B AR K77 RECR, BATInT DA R Ik 75 2 A al REME. BRI, KIEMEE SO — 12
FIERRHI R MM A, R b 1 e 2 [, S BNARERR RN R T R AR 1, i e
THURR I R H BT AL, AN R AR :

// == File: climbing_stairs_backtrack.go =

/* B =/
func backtrack(choices []int, state, n int, res []int) {
// H[ERIZE n PABY, HRBLEM 1
if state = n {
res[0] = res[0] + 1

}
/] BHEEERE
for _, choice := range choices {

/] Bt AARUEEEE n M
if state+choice > n {
continue

I
/1 B MR, ERIRES
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backtrack(choices, state+choice, n, res)
// [EhE

}
[* JeHERS: B «/

func climbingStairsBacktrack(n int) int {
// ELEEFEELEE 1 S 2 M
choices := []int{1l, 2}
// MZ%E 0 BhFFIaNe
state = 0
res := make([]int, 1)
// R res[0] BERARHE
res[0] = 0
backtrack(choices, state, n, res)
return res[0]

14.1.1 Fix—: BHiEE
[ B o R T T R TR R, TR R IR R B — RN PR, @R IR Ay, &
B REHIfR

FRATTRT DAZE 1M R 23 AR £ FE S AT IX B R, IRITERSE o B4k dpli] M55, B4 dpli] 2RI, H
Tl A

dpli — 1],dpli — 2], ..., dp[2], dp[1]

BT HEEE 1 e 2 B, RIS IRAGAESS @ Bkl b, bR ATREESE ¢ — 1 HekEE ¢ — 2
b HANEDL, BATHAEMGE ¢ — 1 BTEEE ¢ — 2 BriEmsEs ¢ B

HE RIS H— N EEES: TR ¢ — 1 By ZE0m EIRENE ¢ — 2 By ZECGRS TSI « Bty
8L, AR

dpli] = dp[i — 1] + dp[i — 2]

XEREENCERRE, #40F RSz B ERERR, IRISERT DU ¥ PSR sk, & 14-2
JeoR TIZIBHER R
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dp[5] =dp[3] +dp[4] =8

dpl4] =5

dp[3]=3

|

EEM# n = 1 2 3 4 5 6
HEE dpln] = 1 2 3 5 8 13

B 14-2 TG REBEBHERR

Tl 1T AR A R AFE R IR R, DA dpln] JAas, HEIAHE— Ao BB N B il
BRI, EEFAE/N TS dp(1] W dp[2) B, Hr, BN TRENRECHN, 0 dpl] = 1.
dp[2] = 2, FRMEE 1. 2HHFE 1. 2 FyE,

WEL DA RS, EFFRERH S E TIREM AR, (HEMES:
// == File: climbing_stairs_dfs.go =

/* R «/

func dfs(i int) int {
// B%1 dp[1] # dpl[2] , REZ
ifi=111 1=2{

return i

}
// dp[i]l = dp[i-1] + dp[i-2]
count := dfs(i-1) + dfs(i-2)
return count

b

/> ets: R +/
func climbingStairsDFS(n int) int {
return dfs(n)

by

Bl 14-3 [ T &R ANEAN . N TR dp[n] , HEEAMEEREN n, NREREREN O2"). 1§
e TR R, RENMA—DHERE n, WXFEABRKIEFRFZH,
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dp[9]

dMé] dp[71]

dp[7] dp[6] dpl6] dp[5]

dp[6] dp[5] dp[5] dp[4] dp[5] dp[&] dp[4] dp[3]

EREMBNEINEFEARER FiRl™
SHEEEREREEM 0(2")

14-3  TErEAs XS B3 B

WUEEE 14-3 | SESORII R At i “HA TR SEAN, Bl dp[9] ¥ dp[8) F1 dp[7], dpls]
WA dp[7) 71 dpl6], WEEEE TG dp[7] .

DA, FRIEFAEESENIES 7R, FFIMMES R, B0 HE SIS EIX B+
Al L

14.1.2 FE=: iClZigs
NTRAEEIER, BOHERMANES FREERSHIE R, i, FRATEE—DNEEE nen Kidg &1
FRER, HEMREEPEES TSR,
L MEUOHE dpli] B, BAPKEHEIERE nem[1] , PAEZ S,
2. YFRFEEUE dpli] B, FAMERTEREM mem[1] HIREREER, ik %8 5 5% AL,
KIS RFR:
// == File: climbing_stairs_dfs_mem.go =
/* BIZHER */
func dfsMem(i int, mem []int) int {

// B%0 dp[1] # dpl[2] , &EZ
ifi=11]] 1i=2¢{

return i
+
// BEEIER dpli] , NEFREZ
if mem[i] != -1 {
return mem[i]
+
// dpl[il = dp[i-1] + dp[i-2]
count := dfsMem(i-1, mem) + dfsMem(i-2, mem)

// iBF dplil
mem[i] = count
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return count

hy

[* [CHtE: 1IBIZIEER */
func climbingStairsDFSMem(n int) int {
// mem[i] iERMEEE i MNAREE, -1 KKRELER
mem := make([]int, n+1)
for i := range mem {
mem[i] = -1
¥
return dfsMem(n, mem)

}

WIERIE 14-4 , S fCbBlG, i 57 MR REIHE R, NRERERILE O(n), X2—1E
KHT KEK,

H#
o) RIER,
EiEE

////\\\\ B HERTTANMNBERER 0(n)

FRFREEEFRERBRITE—R

Qo
v

B 14-4 AR R A

14.1.3 FHE=: chsmRl

IR M DRI W7TE: BATMRAE RTTRD) FHEE, 1BV T R 7 R N
M, BEEFOCHNE/DTFRE (M0 R). 25, B EWIE B TR, AR A,
52k, hEMIRE—R/ “DERW” 75 WD FREIETE, SRR E KRR, &
EXCE Nl N

H TSRS ENSAR, Rt A FTREREMERSEE, LA, £ MU, BlTea—
N dp SRAEEFRIBIE, BER T 5122 E R DL nem MHERIIERIEH:

// = File: climbing_stairs_dp.go =

[* TeHERE: ShaSHK */

func climbingStairsDP(n int) int {
ifn=1 1| n=2{
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return n
+
/] e dp &R, BFEMEFRBRIAE
dp := make([]int, n+1)
/] ERE: Tk FiR AR

dp[1] = 1

dpl[2] = 2

/] REEHE: NBNFIREUE D SRR K F 0]
for i := 3; i <= n; i++ {

dp[i] = dp[i-1] + dpl[i-2]
}

return dpln]

] 14-5 B4 1 DA RIS TIE R,

= i e

Miadk:
dp[1] = 1, dp[2] = 2

btz gt N
dplnl = dp[n-11 + dp[n-21

MVNEREF G, #ITRERES, ZLABPREIAL

K 14-5 TeRERRIEN SIS R
SREE R, SRR RE” BRI AREERERRERT B, B IR B — > A A
KHE R JRy B B LA 140, TEREAEE TR RE A TR A SON 2 Rl FERERR I 8 4 o
IRIELL N, BATRT PUR S s aSMUIB H R,

- OB dp BN dp %, dpli] ForARA i R T IR,
PR NTRA IR (5 1 RIS 2 WRERE) FROaIiamas,
- AR dpli] = dpli — 1] + dpli — 2] FRAREEBSRE,

14.1.4 ZiaE{ik

OB RTRERIL T, WMTF dpli| RS dpli — 1] Rl dpli — 2] 5%, KRILIRAIICHEERH— A8 dp kA7
BRI 78RR, RN RIRAT R AT, AR AR

// = File: climbing_stairs_dp.go =

/* CHk#s: =ERIERITIESIE */
func climbingStairsDPComp(n int) int {
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ifn=1 1|l n=2{

return n
¥
a, b:=1, 2
/] REEE: NBR/NFIRBZR D KEFRA TR
for i := 3; i <= n; i++ {
a, b =1Db, a+b
¥
return b

WG AR, T2 TR dp R, AR 2 O(n) B6%2 O(1)

TSNS, SATRSEE G RTE AR MRESE XK, XNBATA] U R OERPRE, wid “FEge”
KT ENEEE, XA BRRh R R” o R,

14.2 EhaSHELR il

fE b=, BAFS TSR AMARE I 5 A) S R SR AR IR AR, SKRw b, [l o e —RfiE
AUSRRERS, 1E0IG. ShASM R A E R ],

- SMERFIB VAR I R R o> 2 MR R, EER/NF R, AR RS R
fi#, ERASENR AEHIfR
- BIESHUKIHA A TIE A 0 iR, BS5MARIRNEZEXANR, ShASMNIARE 7 AEUR A B AR, £
AR & IRV 2 B T R
- [ERIEAE 2R MR g5 A A A AT RERTMAR,  FFIEIT BTRGR e N IR R 0 5. JRIAIEAY R E — 2
FIRFERII K, FATTAT AR NRFP B ATHY T P 1 — D T [l
Kk b, SIS AR BRI, e MUESESEFRE, EEE RN RILTFEHHE, T
JERIIES

14.2.1 RIAFEN

AT TERERS A RS Rk s, 2 EINE & R PR,
TerERi M H
BE— R, IREHEIDLE 1 Ve 2 W, B —BAkRE LERE — AN EFUEE, RRIREIZAM
e Be it B A A — IR B cost , HH cost[i] FRIES « N EMTEER H IR,
cost[0] JHmE GE4ES) . EHHER/DTEN /DR A RERIATIEE?

GHE 14-6 FioR, A% 1. 20 3HERM25 00 10 10, 1, WAETERIZE 3 Bravs MU 2.,
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HEM%E n = 0 1 2 3
it cost[n]

]
)
)
=
(]
)

Tetss 3 piktsdts 3 MAR:
0515253 , 05253 , 05133
H 013 NHE&D, &IENA 2

14-6 TEZNZE 3 s/ M

1 dpli] JTESIE § RIS A0, ET i BTRATRE i — L sk i — 2Bk, (I dp[i] HATAES
F dpli — 1] + cost[i] 5t dpli — 2] + cost[i] o BT RATRERD AT, Tl IRIZERETE NI

IXFEAT LAS | AR LT A5 5 S0 Tt ) B DL AR DA ) e DL AR S 1SR )

dpli] = min(dp[i — 1], dp[i — 2]) + cost]i]

RTIREARAMTFEEH . BAINEN TR dp[i — 1] #1 dpli — 2] R BRI —1, A

EATR R dpli] BRI,

Mz, E—TRITEREREE H A A RO T4a0E? BRI EARNE KT 286, B2 — M-, HinR
H—RhEE: ORBRATTREER", BAOTRINELI, SRS BBUIEREFE60N, R raiiizBitkR
T B MBEARTGTEREEFETE n — LHAE n — 2 MR REE M, PR, &IEFEanMeerK
PR RS, EARFEAP SRR S

HEARASEERS /R, DURRIAIRES dp[1] = cost[1] F1 dp[2] = cost[2], TRAIBRAT ASSIZARIIAHS

// == File: min_cost_climbing_stairs_dp.go =

[* TetERRR/ MU SR %/

func minCostClimbingStairsDP(cost []int) int {

n := len(cost) - 1
ifn=11l n=2{
return cost[n]

}.
min := func(a, b int) int {
if a<b {
return a
}
return b
}

[l a1 dp &R, BTEMEFIREAIAE

dp := make([]int, n+1)

/] AR FugE/)\FiRERIfR

dp[1] = cost[1]



B14E SN www.hello-algo.com

295

dp[2] = cost[2]
[l REEE: NBR/NFIRBUZR D KA TR
for i := 3; i <= n; i++ {
dpl[i] = min(dp[i-1], dp[i-2]) + cost[i]
}

return dp[n]

K 14-7 R 1 PA LIRSS R,

cost[1] cost[3] cost[5] cost[7] cost[9]
m;;“‘——h——”/: m;;“‘————”/: min
cost[2] cost[4] cost[6] cost[8]
MARES:

dp[1] = cost[1] , dp[2] = cost[2]

REBHE:

dp[i] = min(dp[i-1], dp[i-2]) + cost[i]

14-7 Tersihi MU HIEh SR

== File: min_cost_climbing_stairs_dp.go =

/* [etips/ Mt : SR KEIEhSHL */
func minCostClimbingStairsDPComp(cost []int) int {

n := len(cost) - 1
ifn=1 1|l n=2{
return cost[n]

¥
min := func(a, b int) int {
ifac<hb{
return a
}
return b
¥

/] VAR Tk FiRlRAvAR
a, b := cost[1], cost[2]
/] RKEEE: NBR/NFIRBUER D KR A F )3

for i := 3; i <= n; i++ {
tmp = b
b = min(a, tmp) + cost[i]
a = tmp

+

return b

RGBT DOATR AL, KM ERE T, (B RE M O(n) % O(1) :
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14.2.2 TR
TG BB AR RS G SR B SR > —, HE R A — AR, SRR
HuiRASE Y, M5 ELNEIRELX,

DATCREER RN B, ki e, ERERHINE ¢ + TRURES 1 + 2, 25 Rigk 1 Brpk 2 5, it
IXPFNERERS, BATTEHE BIRES « ZATHPIRE, BRS¢ FIARREA R,

SR, ANERBATIZA TEREAS RN — DT, ROUA—FE T
i SR TE RS

BE DA n NHORERS, IR ATDLE 1 e 2 B, (HAREESMEERE 1 B, EiRA 2 DRy
AJATESIRLTH?

GniE 14-8 i, ME_L58 3 B 2 MmT {77558, HAES: =k 1 iY77 BAME LR &N, RIBEF,

BT REEESEMEE 1 B,
FAAE 051293 WEE N

BEM#% n= o 1 2 3 4 5 6

LS 3 ﬁﬁféﬁ?‘(—ﬁ 2 75

92233, 05123

K 14-8 HLIRIERES 3 By )T =R

TEIEIR, G LR 1 B Lokh, ARA TRk 2 B, XK, TR A AR
& CHRPHERBED Burdoe, ERET A RE (ESeiiEbmE 4%,

RRE LB, SRR T R, RS ITR dpli] = dpli — 1] + dpli — 2] 05T, EH
dpli — 1] REAREHE 1 b, (HEPES TES “ 3Rk 1M BRI 7K, T8 THELR, R
HE3% dpli — 1) EHEA dpli] 1,

Wi, Bl VEEY RRASE X WA [i, /] TR EW | IR E 8Bk T j B, B e {1,2). iR
T SUEROX Sy T LBk T 1 BER 2 By, Bl TaT AR 007 4 A A S M TR

MK T 1, bR AR 2 B, B dpli, 1) RAEM dpli — 1, 2] #EER,
C MRk T 2R, b b —SE TR 1 Bk 2 B, B dpli, 2] "I dpli — 2, 1) 8 dpli — 2, 2]
RS R,
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W 14-9 R, fEE R, dpli, j] Fmihas [i, ] MBI SE BN ASEERS /AN

dpli, 1] = dpli — 1, 2]
dpli, 2] = dpli — 2,1] + dp[i — 2, 2]

THREGESRIALRE 1 B
E S

dpli-1,1] —

dp[i,1] dp[i,2]

dp[i-1,2]
dp[i-2,1]

dp[i-2,2]

K 14-9 HELH NHNIEHERR

122, &M dpln, 1] + dpln, 2] HIFT, W% RREIESIE n 0T R
// == File: climbing_stairs_constraint_dp.go =

[* HERCHES: oS */
func climbingStairsConstraintDP(n int) int {
ifn=11| n=2{
return 1
Iy
[/ Wk dp R, BFEETIRIBAVE
dp := make([][3]int, n+1)
/] ERE: Fugs/ N FlalBavig

dpl[1][1] =1
dp[1][2] = ©
dp[2][1] = ©
dpl[2][2] =1
/] REEE . NB/NFRIEERSD KRR K F AL
for i := 3; 1 <= n; i++ {
dp[il[1] = dp[i-1][2]
: dp[i]l[2] = dp[i-2]1[2] + dp[i-2][2]

return dp[nl[1] + dp[n][2]

£ EERIZBIF, TR ZE BT — MRS, BIEBARRT DOEE Y KA E X, 1 n) 7 S i e
TRt AR, FEERBAAIEREERN AR,

JeRERR 5 Bhs /L R

BE—NHA n IR, (REPRILLE 1 EE 2 B MU SRR B, REANIER 2
Fir L ERERY, 2 e SRR R VrRkEISE 24 B o BN, wTREeAIBkEl 7 20 3k, W
JERANREBREIES 4. 6 B ko E A 2/ DRh75 S n] DUTREIRETH?
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FEIRXA A, TIRBRERRIUS RATE RIRE, BN E— IRBRERE = A S s RS R E RS, FFRZMAR
AIBkER, X TIXZEIRI,  BASHUIEEAE DA,

Khr b, FZERNHSMARE (BIEIRITRERED AMeERtt. M FXRm, HANEE ke
MHEAMTTIE, BlanEAF AR, BERE, A, IWTFEE BRI R S 2] AT A& S U

14.3 mhEFYIES B

P T B AR A T BRHE, 5T ORFRATT— IR ST AN SE A A

L. Gl — Al A 2 3 AR ) ?
2. RFEMRNPIEIZMTIE AT, DR 472

14.3.1 [A)REFIET

BRI, RIS SES T WE, RIUTEH, FRETRRE, el iEs HalSmRsRig,
SR, BATRME R E A A B SR X S, R FRATTIE H STESR A, SO SR &3 & (AT )
WA Mok,

TS AR T B e “ORSRRERARL” X (AR AT DARE R TS5 SR IR,  Hh & — T AR
—MRK, BFRRERER - DREF,

HAgTE L, NSRS IR A SRS, B EE — RIS AR, AR BRI e R, 8
AT DAGE A [T R AR R
FEIEHERL b, BhASHIKIRRENE A — LR “An oI,

- AEEERK O iR (O) FRitt,
- AFEIRESBERE R — NAIRR. Z4EREFREORTOR, I H—MIRAESE A BRIRSTA R R R

FHR, HAFFE—L “WRorI,

- (AR EARR R T FTRERIMRIRTT R, TRk R IR,
- IERA AR AIHPH G RIRHE, F&EREIRARRIZ TS,

QIR R R R, FEEAABONIERT i, BAIHtA] PMRIR e — P alS MR R,
R EHRIEE,

14.3.2 [AERELS B

AU AR 2 (R R A PE SRR RE A AT AN, (D@ HEE DA NP IR: iR, & SCIRAS, #57
dp &, HESFIREHBIIRE, WELREAFS

NT BRGNS, TAVER — DRI R/ NRE™ k26,
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Question

HE—Dn x m WM grid , MRS N R E S — DN EREE, FRIZBETEIRNT.
MLEs N LAE B ITAs NEEta s, BIRHRER REE A5 —2, BERINIAG NAHRITE, 1HIR[E
M EFEIA N AR R/ MBI,

B 14-10 R 7 —BI, A MASHI R/ NIRRT 13 6

g

RNKRAN 13
FRRERER 1923293329132

B 14-10 B/ N AR AR B R

B BERRNIUE, &30RE, MWmifRsl dp %

ARG — SRR = M BRI Rl —0 . BRI FRITAIRS DY [4, 5], WIm Rekim &
—%fE, KRN [i+1,7] 8,5+ 1] . Fit, REMEAETRIIMIIRTIHER, 129 [i, 5] .

RES (4, J] MR F RN LG [0, 0] BRI [4, 5] FIBINERR, fch dpli, 7]
2, FATER T E 14-11 Fosiy —4E dp %66, ERSFS5H AR grid M,

i i+

1 3 1 5 dp[0,0] dple,1] dp[e,2] dple,3]

i 2 2 4 2 dpl1,0] dpl1,1] dp[1,2] dpl1,3]
£ S

i+l 5 3l 2 1 dpl2,0] dp[2,1] dp[2,2] dpl2,3]

4 3 5 2 dp[3,0] dp[3,1] dp[3,2] dpl3,3]

grid dp &
SRAE: nEERTER Finldl: MAELEMAEE [1, 5] M5/ B&EN

REEN: 7R3 [4, j] dp +&: R<5 grid #HREER
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K 14-11 KESENS dp &

Note

BNASHXIAN B AT DARSIA D — DR FA, TR H T R B, TN Y 6 & i gt
ERRAELRE, HESTEBNEE, BEARESE F—MRE,

BRSNS R —DFRE, BATSE N dp ZREZMENE T ENRE, RSN A& #
& dp RIN—DNEE, NARF LS, dp BRSBTS,

B R AT, S IR R

FFARE [i, 5], CHEEN BT [i — 1, j] BT (i, — 1] #ETR, FERIETE4E%: Sk
(i, 7] OB NRRIE [3, § — 1] OISR [i — 1, ] MR MR MR — AP

MRPELL LA, AT 14-12 FoRRUIRSHAS TR :

1 3 1 3 dple,e] dpl[e,1] dp[0,2] dple,3]
2 2 AI 2 dp[1,0] dpl[1,1] dp[2,2] dp[1,3]
5 3 2 1 dpl2,0] dpl[2,1] dp[2,2] dpl2,3]
*~— —
4 3 5 2 dp[3,0] dp[3,1] dpl[3,2] dpl3,3]
grid dp &
REEBLE:

dp[i, j] =min(dp[i-1, j1, dpli, j-11) + grid[i, j]

K 14-12 IR FEE SIS T2

Note

FRYEE IFH dp 22, B RSB SCR, I )RR B 0 RAS 18 i (7] @ ) B (LA
7%, BRI FEi.

— BB TR T451, BLaT DA B R B RS

B WA ARIFRIRE RN

AR, AAEETRARES RREMNEAIEPIRESER, AEE VRIS HBEME_ BIBHIRSRR, WILETT
i = 0 FIES j = 0 ZiL5EM

A 14-13 FoR, H TR MR HHZETS FRETTHE TSR, BRI BA 6 R EAkim 7 5, SME
ST, WIERE S
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dple,e] dpl[e,1] dp[e,2] dpl[e,3] dp[e,e] dp[e,1] dpl[e,2] dple,3]
o— *—> o—5> — —

AT T

dp[1,0] dp[1,1] dp[1,2] dpl[1,3] dp[1,0] dp[1,1] dp[1,2] dp[1,3]
L - e

R R e

dp[2,0] dpl[2,1] dp[2,2] dpl[2,3] dp[2,0] dp[2,1] dpl[2,2] dp[2,3]
— o> o=

AT T

dp[3,0] dpl[3,1] dpl3,2]1 dpl3,3] dp[3,0] dp[3,1] dpl[3,2] dpl3,3]
—d —d —
AREG: MRLEITEY RERBIAF: EFELER

14-13 JH5RE SIS

Note

R SFHAESNSHIXIF T RItaMe dp %, TERZREFH TR,

RSB B2 08 BARUEAE T3 Y 5 R B ARRS,  FITE B ARER I B /)N [ N B 2 7 it
HEHIK,

RIE LB, BAICL A IERES Hah SIS, 2810 ¥ (A1 o3 fif 2 — AT AT AR, (R4
“BIER — IR — ST BN SRR AT & B ARSI

1. Fit—: BhER

WIRZS [1, 7] TR, RSN ENGRA [ — 1, 7] A1 [3, 5 — 1], BIRAUEL R,

- BIABEC RAE 4, ] .

- JRIEHE: M [0, 0] F (¢, 5] M/ NERIRA dpld, J]

- BIE&ME: M0 =0 H j = 0/, RERA grid]0,0] .

COBE M0 < OB < O RGBS, HRHRERN +oo, RERANT,

SEELAHS G
// == File: min_path_sum.go =

/* RNEBEMN: BHER x/
func minPathSumDFS(grid []1[]lint, i, j int) int {
/] BERELARETE, WEIHEER
ifi=068&7j =04
return grid[0]1[0]
¥
[/ BITHESIER, MRE] +o i
ifi<o |l j<od{
return math.MaxInt
+
// TEMELERAE (i-1, ) M (1, j-1) BsDEBRERAH
up := minPathSumDFS(grid, i-1, j)
left := minPathSumDFS(grid, i, j-1)
/] REIMNEEAE (1, j) BHm/NEBEAHN
return int(math.Min(floaté4(left), floaté4(up))) + grid[il[j]
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B 14-14 Z5H 7 PA dp[2, 1) ARTT RN, Hbh @S @S mi, HER IS MK grid FRST
R EREE 2 o

MR LR, ERESTREREED: SRR PN LA BRI — Mo,

Bk R5IEA

dplo,1] dpl1,0]

0/ 9 9
o %7 Y

dp[0,1] dplo,2

: : : EEFIEIA:
do = dp[1,0] dp[1,1] dp[1,2] dpl1,3] dpl[i+1, j1 A dpli, j+11 & dpli, j]
P dp[2,0] dp[2,1] dpl[2,2] dpl2,3]
dp[3,0] dp[3,1] dp[3,2] dp[3,3]

14-14 RIEREBIR

FAMIRSEA A FRIEGWNAER, WEEAERGE MAERTEm +n — 28, FIURENREREN
O2m*™), Hrfrn M m A0S EIATERIFIE, EER, XM SORE RIRE AL SRR, 4
FIAPIASID SN RN —Rdse, RIESKRRAs R E R DL,

2. FiEZ: iIiER

BATSIA—FIRIAE grid MHERSTHIIEIZEER mem , A FIERE N TIRBMNE, FHEESTFREETE
i

// == File: min_path_sum.go =

/* BRNEBEM: IBIZHIEER «/
func minPathSumDFSMem(grid, mem [][]lint, i, j int) int {
/] BERELARETE, WEIHEER
ifi=068&7j =04
return grid[0]1[0]
¥
[/ BITHESIER, MRE] +o i
ifi<o |l j<o{
return math.MaxInt
+
/| BEEBILRE, NWEERE
if mem[i][3] !'= -1 {
return mem[i][3j]
¥
/] A AR TR SRR FRALMN
up := minPathSumDFSMem(grid, mem, i-1, j)
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left := minPathSumDFSMem(grid, mem, i, j-1)

// BRHFREELEAR (1, j) HRDNEEALN

mem[i][j] = int(math.Min(floaté4(left), floaté4(up))) + grid[il[j]
return mem[i][j]

aniE 14-15 fvw, FESIANICIZALIG, FrE FIRISRR R T HE—R, EILN RS &R TIRS RS, BT
RS O(nm) o

i BEFER Bk BWSIER

dp[1,1]

dp[2,0]

AN
Sx 2.

Q

[l 14-15 iCZALIE 2B TR

3. FHiEZ: ohEAR
EPEREMSSAE, R HoR:

// == File: min_path_sum.go =

[* BNERFERFN: mhASHIK */
func minPathSumDP(grid [][]int) int {
n, m := len(grid), len(grid[0])
[l %k dp *=
dp := make([][lint, n)
for i := 0; i < n; i++ {
dpl[i] = make([]int, m)
+
dp[B][B] = grid[0][6]
[l KEEH%: 817
for j :=1; j < m; j++ {
dp[01[j] = dp[B][]j-1]1 + grid[0][]]
+
[l REE%: &Y
for i := 1; i < n; i++ {
dp[il[0] = dp[i-1]1[0] + grid[i][0]
+
/] REE%. ER1TH5
for i := 1; i < n; i++ {
for j := 1; j < m; J++ {
dp[il[j] = int(math.Min(floaté4(dp[il[j-11), floaté4(dp[i-11[j1))) + grid[il[j]
+
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¥
return dp[n-1][m-1]

B 14-16 J&/R T B/ NS R FIRSHEAEL R, HomD) TR, RIINBIERER O(nm) .
Bl dp Kb n x m, HEBREREN O(nm) .

i 3 1 5 o o 0 o i 3 i 5 1 & 5 10

2 2 4 2 o o 0 o 2 2 4 2 3 o o 0

5 3 2 1 o o 0 o 51 ) 2 1 8 o o 0

&4 &) 5 2 [) o 0 [ 4 8 5 2 12 ) o 0
grid dp & grid dp ®

iakETT dple, j1=dple, j-11 + grid[i, j]

st dp & VHEAET] dpli, 0] = dpli-1, 0] + gridli, j1
Step 1 Step 2
1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3&>5 0 0 2 2 4 2 3 5¢>9 0
5 3 2 1 8 o 0 [ 5 8 2 1 8 [ o 0
4 3 5 2 12 0 0 0 4 3 5 2 12 0 0 )
grid dp & grid dp &
RERA K&
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j1
Step 3 Step 4
1 3 1 5 1 4 5 10 1 ) 1 5] 1 4 5 10
2 2 4 2 3 5 9 e>11 2 2 4 2 3 5 9 11
5 3 2 1 8 0 ) 0 5 3 2 1 ge>8 0 )
4 3 5 2 12 o0 0 0 4 3 5 2 12 0 0 0
grid dp & grid dp &
RERA REFAS
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]
Step 5 Step 6
1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 11 2 2 4 2 3 5 9 11
5 3 2 1 8 8e>10 0 5 3 2 1 8 8  10e>11
&4 3] 5 2 12 o 0 0 4 8 5 2 12 0 o 0
grid dp & grid dp ®
RERE bt
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j] dpli, j1=min(dp[i-1, j1, dp[i, j-11) + grid[i, j1

Step 7 Step 8
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1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 1 2 2 4 2 3 5 9 11
5 3 2 1 8 8 10 11 5 3 2 1 8 8 10 11
4 3 5 2 12e>11 0 0 4 3 5 2 12 11e>15 0
grid dp & grid dp ®
K& ot iid
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j] dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]
Step 9 Step 10
1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9 11 2 2 4 2 3 5 9 1
5 3 2 1 8 8 10 11 5 3 2 1 8 8 10 11
4 3 5 2 12 11 15¢>13 4 3 5 2 12 11 15 13
grid dp & grid dp &
REEB
dpLi, 51 = min(dp[i-1, 51, dpli, j-11) + gridli, j1 EEIR/NEERR 13
Step 11 Step 12

& 14-16 /NS ERIRIEIESMRNIIRE

4, Fjalit

BT MET R EHEDN BRI AR, BIRERATAT AR — DB TEERIIN dp &
IR, BIOVEEA dp REERR—1TRUIRAS, A ABAITCIERATAAa L B FIIRAS, TR fEiE ST Ere:

// == File: min_path_sum.go =

/* =RNBEEMN: TEMLCERIESME */
func minPathSumDPComp(grid [][]int) int {
n, m := len(grid), len(grid[0])
/] #EE dp &
dp := make([]lint, m)
/] REE%:. 817
dp[0] = grid[0][0]
for j :=1; j < m; J++ {
dp[j] = dp[j-1]1 + grid[0][]]

¥

/] REE%. HR1TH5

for i := 1; i < n; i++ {
[ RE¥%: 85
dp[8] = dp[B] + grid[i][06]
/] &% HR5
for j :=1; j < m; J++ {

dp[j] = int(math.Min(floaté4(dp[j-11), floaté4a(dp[j1))) + grid[i][j]

¥

+

return dp[m-1]
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14.4 0-1 58inE

HHEAEE - MERFRIESMIATTEE, 2l WmEr . HAARZZR, Bl o-1
HEAE, 2eREnE, 2EEEREE,

FEATH, BATPeR R WA 0-1 & [,
Question
BE n AN, B0 MEERR wet[i — 1] MER vali — 1], FI—DEERN cap WEH. &
N RRIERE— IR, MTERRE I A R NSRBI RN E,
MELE 14-17 , TGRS « N 1 RIS, ARSI 0 FFEETHER, IR @« W E & wgt[i — 1] F1
B valli — 1] o

ms EHE tifE

i wgt[i-1] val[i-1] TazE
1 10 50 L cap = 30
2 20 120 ) |~
3 30 150 - “
4 40 210 ¥
5 50 240 >

=AME: 270

BEAR: B @& BAEE
#HER 50 HAEE

K 14-17 0-1 B HAIRGIESE

BATAT LK 0-1 R BEE— D n RIRRARIISRE, N TEMREE RBAFRRAPRRSE, Hit
T2 [P L ik R SRR BT,

AR EAR R “TERET BAR FRERAYMERRME”, BIHRAERZ — D sh SRR,
H—0 BEBGRNYIUR, & RE, WmfHs) dp %

MNTEMEKRE, TRAEE, BEERNE; BASH, SEARRD. HIEAERAE N : L
s M ERE e, 12 [i, ],

RZS (4, ¢] MRRFREN : A ¢ ANMIER RN ¢ RSP RsRIE, 120 dpli, ¢ .

RERMERZ dp(n, cap], RRFE—NRSH (n+1) X (cap + 1) K4 dp %,

B IR, HmiiESs RS E TR

MEAMHHYIE @ WPSEE, FIRIERT— 1 MR R, B9 AR PARRME L.

C BB BEARNE, REZMN [ -1,



B14E SN www.hello-algo.com 307

COAE G HEERED wet[i — 1], WMEEN valli — 1], KEEBUR [i — 1, c —wgt[i —1]] .

ERATEBRATER T AR TR m KB dpli, c] FTF AN « FURAPIE ¢ Pk E b
{ESE R —A,  He ] RS EAS TR

dpli, c] = max(dpli — 1, ¢|,dp[i — 1, ¢ — wgt[i — 1]] + val[i — 1])

TERRNR, EUNYRER wgt]i — 1] BHRIRSEAR ¢, WA R .
W WAL AP RR A R
A R AR O BHEAHMES 0, BIESI dpli, 0] FIEFT dpl0, ¢] #5F 0.,

SRS 1, ¢] M ETTIIIRS [i — 1, o] Az EASHIRES [ — 1, ¢ — wgt[i — 1]] R8Tk, @ F2 08
FRIEFERPTE dp T,

IRIECA L0 #r, BT RGPSl g DR, DR, SIS,

1. FiE—: 8HiER

ERAHUZUTER,

- BHESEC KA .

- JRIEUE: FRBINE dpli, c]

- LM YRGS i = 0 SUEERIRAEN O K, ZKIE@EAHIRENE O,
© OBE EMEYREREN T ERRAE, WHABERE AT

// = File: knapsack.go =

/* 0-1 B8 BHER «/
func knapsackDFS(wgt, val []int, i, c¢ int) int {
/| BEETEYRAEELRHREE, WRENE 0
ifi=01|c=0{
return 0
¥
/| EBIEERE, WREEEFABRAETE
if wgt[i-1] > ¢ {
return knapsackDFS(wgt, val, i-1, c)
¥
/] HEFRBNFMBANYGE 1 BRANE
no := knapsackDFS(wgt, val, i-1, c)
yes := knapsackDFS(wgt, val, i-1, c-wgt[i-1]) + val[i-1]
// REIFEFHSGRFNEEAB—
return int(math.Max(floaté4(no), floaté4(yes)))

niE 14-18 iR, HITE M S AERIEFNEP SRR S, RN RSN O(27) .

WEBIARS, AP RIMHAIFE RS TR, Bl dp(l,10] %, fXyaise, TEARRK, JTHZMHEF
HENYRRZN, EETRENREFTIREEZ,
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MRS YaEE
dp[3,30]

REBRNIG 3

dp[2,10] ik YaERE > Se5E
&fi REHANE 2

dpl[1,-10]

REBANDGR 1

YImRS i 1 2 3 HEEE cap = 30
YmER wgt[i] 10 20 20
YEfE  vallil 60 110 120

& 14-18 0-1 H RS HERIEIIR

2. BFEZ: itiziigxk

N TRIEES FRE R g —k, BAMEBICIZY5R mem SRICSE TR R, Hb mem[il[c] XM
dpli,c] .

SINIEIZZ G, WREZERRT F g, e O(n X cap) » LIRS
// == File: knapsack.go =

/* 0-1 B iCIZiExR «/
func knapsackDFSMem(wgt, val [lint, mem [][]int, i, ¢ int) int {
/| EEREMEYRASELHREE, NRENE 0
ifi=01| c=0{
return 0
}
// BEEBIER, NEHEKR[G
if mem[i][c] '= -1 {
return mem[i][c]
¥
/| ERIEERE, WREEEFAHALE
if wgt[i-1] > ¢ {
return knapsackDFSMem(wgt, val, mem, i-1, c)

+
[/ TBERBANBANY@E 1 BRANE
no := knapsackDFSMem(wgt, val, mem, i-1, c)

yes := knapsackDFSMem(wgt, val, mem, i-1, c-wgt[i-1]) + vall[i-1]
// REIFEFHSGERANEEAIB—

mem[i][c] = int(math.Max(floaté4(no), floatés(yes)))

return mem[i][c]

] 14-19 R T IR R PRI EAE R 7 3
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MRES YaEE
dp[3,30]

EEBRNIG 3

Bk #REIER dp[2,10] Bk WRER > HE%EE

% of

?ﬁ REHAME 2

dpl[1,10]

& BERANYSR 1
o = %
YIRS i 1 2 3 HEESE cap = 30

MRERE wgt[i]l 10 20 20
YEfE  vallil 60 110 120

K 14-19 0-1 B RMEAICIZAE R I

3. HE=: oMK

BASHIRISE i ERUR ARSI dp KAV, R TFATR:
// == File: knapsack.go =

/* 0-1 BE: BEME */
func knapsackDP(wgt, val []lint, cap int) int {
n := len(wgt)
/] ¥tak dp &
dp := make([][]int, n+1)
for i := 0; i <= n; i++ {
dp[i] = make([lint, cap+1)

¥
/] REE%
for i := 1; i <= n; i++ {
for ¢ := 1; ¢ <= cap; C++ {
if wgt[i-1] > ¢ {
/| EBIEeRE, WRNEYHE 1
dp[illc] = dp[i-1][c]
} else {
/] FEMEYIE 1 XFFHEENRAE
dpl[illc] = int(math.Max(floaté4(dp[i-1]1[c]), floatéa(dp[i-1][c-wgt[i-1]]
< +vall[i-11)))
¥
}
}
return dp[n][cap]

Qs 14-20 R, RIS 2R EERI 22 RIS 2R R 8 dp K/NRE, BT O(n X cap) o
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- [ ] U “ - a B “
EE wgt i val 0 1 2 3 4 EE wgt ffE val el oo 1 2 3 4
wgt[i-11 val[i-1] [} [} ] 0 [} wgt[i-1] val[i-1] [} 0 [} [} [} ]
e 55T
1 5 (] ) 1 5 ("] 1
2 11 * [} 2 11 * 2 ]
3 15 - 0 3 15 o 3 )
RS
VEBE n = EEEE cap = 4

Step 1

MEWRTH (n+1) x (cap+1) B dp %EFE

d‘p[i, c] = max( dp[i - 1, ¢] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

Step 2
a & B @& a & & &
EE wgt HfE val 0 1 2 3 4 EE wgt i val e e 1 2 3 4
wgt[i-1] val[i-1] 0 [ L] ) 0 wgt[i-1] val[i-1] 0 ) 0 [] [] ]
+5°0 | _ +55
1 5 () 0 5 05 1 5 o 0 5 5
2 11 ¥ 0 2 11 ¥ 2 ]
3 15 (% 0 3 15 (3 3 )
®: #:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]1] + val[i-1] )
| Step 3 Step &
o - [} [ ] ﬂ - [} ] ﬂ
EE wgt i{E val 0 1 2 3 4 BE wgt i val el oo i 2 3 4
wgt[i-11 vall[i-1] 0 0 [) L] 0 wgt[i-1] val[i-1] 0 0 0 0 [) 0
5N —
1 5 ('] 0 5 5 5 1 5 ] 1 [} ? 5 5 5
2 11 * ) 2 11 * 2 0 5
3 15 (% [] 3 15 (3 3 )
K& RER
#: #:
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
[ Step 5 J Step 6
- ] Il U - [} ] ﬂ
EE wgt i val 0 1 2 3 4 EE wgt ffE val el oo 1 2 3 4
wgt[i-1] val[i-1] ) ) [} 0 0 wgt[i-1] valli-1] 0 [} ) ) 0 [}
1 5 (] 0 5 5 5 5 1 5 ] 1 [} 5 5 5 5
N R M T
2 11 ) 5 11 2 11 2 [} 5 1 16
3 15 - 0 3 15 o 3 )
gﬁﬁ RER
A{p[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) d‘p[i, c] = max( dp[i - 1, ¢] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
[ Step 7 ‘ Step 8
- a @& n - a = "]
BEBE wgt fifE val 0 1 2 3 4 EE wgt fifH val el oo 1 2 3 4
wgt[i-1] valli-1] ) 0 0 0 0 wgt[i-1] valli-1] 0 0 0 ) 0 o
1 5 () 0 5 5.5 5 1 5 o 0 5 5 5 5
x T .
2 1 0 5 1 16 16 2 1 2 0 g 1 16 16
3 15 - 0 3 15 (% 3 0 5
. -

dpli, c] = max( dpli - 1, c] , dpli - 1, c - wgt[i-1]] + val[i-1] )

[ step 9 :

dpli, c] = max( dpli - 1, 1 , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

Step 10
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a - - ] ﬂ
EE wgt ME val el oo 1 2 3 A
wgt[i-1] val[i-1] 0 ) ) [} [} )
1 5 (] 1 ) 5 5 5 5
2 1 * 2 ) 5 ill 16 16
3 15 - 3 0 5 11
REF
B
dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
Step 11
«a & & @
EE wgt fifH val e e 1 2 3 “
wgt[i-1] val[i-1] 0 0 0 0 [ 0
1 5 1 0 5 5 5 5
2 1 * 2 [) 5 -\\Q 16
+15 !
3 15 @ 3 ) 5 1 16 20
Xk*ﬁ
dp[1 cl = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 13

K 14-20 0-1%

4, =SiEfkitk

BT MNRSE R S H E—1TRORAE 3, [RULFRATT AT DUE AN SRR, =R REM O(n?

= O(n) .

BB, BATRES (UH — M LIS RILLlE? IS RIHI,
M, STHREE o T, IZEE AR ¢ — 1 TR,

HURSREGE AR, I spiE dpli, 5] B, %177 dpli — 1,1]

IR, R

o, MRS S EMAIRSHR SR,
QSRR P, WARE RS

) - - (] ﬂ
EE wgt iE val e oo 1 2 3 4
wgt[i-1] valli-1] 0 0 [} [ 0 0
D e
2 11 * 2 [}
3 15 - 3 0

sen—rsrna o - ((DEDEDEDED

WA 1= 2 #f, 5K dp RERENR 1 = 1 WFTEMRE

Step 1

- = ] U
EE wgt i val N 0 1 2 3 4
wgt[i-1] valli-1] ] [} [) [} [} ]
1 5 (] 1 [} 5 5 5 5
2 11 * 2 05 11 16 16
s
3 15 o 3 ) 5 11 16
i
#:
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 12
a a & &
EE wgt fifH val el o ; 2 3 4
wgt[i-1] val[i-1] ) [) 0 0 [} [
1 5 o ] 5 5 5 5
2 11 * 2 ] 5 1 16 16
3 15 @ 3 [ 5 1 16 20

EENFIEMRBAE SRRANE 20

Step 14

SREARIER IS R Ub R S

~dpli — 1, — 1] ETREE.

[, IR AT DUEREE T,
K 14-21 AR TERADEEH TN ¢ = LATHIRER ¢ = 217, 1

- = ] n
EE wgt fifH val e 0 1 2 3 4
wgt[i-1] valli-1] ] ] ] [} [} ]
1 5 ("] 1 5
2 1 * 2 ] A
3 15 - 3 [)

sen—ruina o - ((DEDEDEDED

BFERE 1 = 2 17, MTRERB

Step 2

)

FARSERZHIE LT7ak BT IR 5%

s

R 1E e it P AE] e g P A DXl
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EE wgt A val ~.C

wgt[i-1] val[i-1]

« BN
+
/- KL

o
o
o
]
o

sen—rsrma o - ((DEDEDEDED

P BFEHRSE i = 2 17, HTRERS
Step 3

c a a A &

EE wgt fiE val <o 1 2 5
wgt[i-1] valli-1] 0 0 ) 0 0 []

1 5 ¢ [ 5 5 5 5

2 1 ¥ | . IEEEED

3 15 (% 3 0

sen—ratna o - (DEDEDEIED
) BFBHE 1 = 2 17, BITREES
| Step 5

Step 4

Step 6

EE wgt ffE val .C

i

wgt[i-1] valli-1]

N s |~ | B
v
o o|n|B

o
)
0 —_
o
o

0
1
2
3

@ +ts

sen—raina o - ((DEDEIEDED

BAFERE 1 = 2 17, MTRERB

a a & &
EE wgt fifH val el oo 1 B 3 4
wgt[i-1] val[i-1] o 0 0 0 0 0
s [} 1 0 5 5 5 5
2 11 ¥ 2 [) 5 1 16 16
3 15 - 3 )

sen—rarna o - ((DEDEDEDED

STRERE, #A dp RENHE 1 = 2 WAER

K 14-21 0-1 HRAZFELERSIESMRNE R

TEAREESEIIA, BAULFREE dp BB —4E « EREMBR, JF BICPIEIASE B 17 i B ] -

// == File: knapsack.go =

/* 8-1 B8 TEMKEEIEAR «/

func knapsackDPComp(wgt, val []int, cap int) int {

n := len(wgt)

[l etk dp *=

dp := make([]int, cap+1)
/]l REE®E

for i :=1; i <= n; i++ {
// BIF&Hh
for ¢ := cap; ¢ >= 1; c-- {

if wgt[i-1] <= ¢ {

/] FEMEYIR 1 XA RENRAE
dplc] = int(math.Max(floaté4(dplc]), floaté4(dplc-wgt[i-1]]+valli-1])))

+
+
return dplcap]

14.5 2B 8n)

TEATH, BAVeRBAS —NE NSRRI 228, B T7ReEr—RG: TRk,
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14.5.1 258

Question
BE n M, B AENERR wet[i — 1] WMER valli — 1], M—DEEN cap WEH, &
APrihn] URAGERIR, [F{ERRE S BE R TRERAY MR RIME, ~EANE 14-22 FiR,

we EE -
i wgtli-1] valli-1] cap = 50
1 10 50 o 1 —

2 20 120 : x2 /“
3 30 150 B

4 40 210 *

5 50 240 (>

=AMNE: 290

BRAR: B—1 O AFET . KSR
HEA 50 HEEE

14-22 seeB W REE R EEHE

1. Zh&MRBER

Se T WA 0-1 F R MIEAEFARRL, DXL T A~ BRAIP S EER AL

- AEO-1 HEMES, SRR A, RIS AEEE, HEEMAETQ — 1 MsHEes
- fEEEHERET, SMYRREERE TR, BRI AT EIE, Tnl PG @ A PdhrbiEe.

d

TESERH WIRERE T, K3 (i, ¢] B IHFEDL,

RO G 5 0-1 SR, B [ — 1,
BN 5 01 WRAERR, #EE [i,c — wgtli — 1]

MR RS TR :
dpli, c] = max(dp[i — 1, c|,dp[i, ¢ — wgt[i — 1]] + val]i — 1])

2. RS

X EEIERE H AR, RAESERTHE N G — 130 1, HREE 80
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// == File: unbounded_knapsack.go =

[* E2HE: SR «/

func unboundedKnapsackDP(wgt, val []int, cap int) int {

n := len(wgt)
// #%ak dp &
dp := make([][]int, n+1)

for i := 0; i <= n; i++ {
dpl[i] = make([]int, cap+1)

}

/] REE

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

for ¢ := 1; ¢ <= cap; c++ {
if wgt[i-1] > ¢ {
// BEBIEERE, WNEYH 1
dpl[illc] = dpl[i-1][c]
} else {
/] REMEm 1 X ERNRAE

dp[illc] = int(math.Max(float64(dp[i-1]1[c]), floaté4(dp[illc-wgt[i-1]1]

< +vall[i-11)))

}
}
}
return dp[nl[cap]
}
3. FEfilk

T AIRASR AN EIDRIRAS sk, stz mIRALa R dp R R — 1T T IR &,
XAEANES 0-1 B HEIEGAER. TRfEIE 14-23 RKEERRH X5,

a) - a @& “
ER wgt fiH val A 1 2 3 A
wgt[i-1] val[i-1] 0 ) ) [} 0 [}
T e
2 11 * 2 [)
3 15 - 3 0

wem—remsa o - (K EEDEDEDED

) WA 1= 2 @i, FlFk dp PEENE 1 = 1 BFRENE
Step 1 Step 2
- a = u
EE wgt i val e e 1 2 3 4
wgt[i-1] valli-1] o | o o o o o
1 5 o [ 5 10 [EEREPTS
2 1 * 2 | o [ELH
3 15 © 3 o 1%
wen—rarma o - ((DEDEDEDED
‘ EFBHE i = 2 17, #ITREREB
| step 3 Step 4

EE wgt fE val >.C

i

wgt[i-1] valli-1]

)
1 5 1
2 11 2
3 15 3

@ ~ts

sen—rarma o - ((DEDEDEDED

EFBEHE 1 = 2 17, #TRERS

EE wgt fi{E val c

wgt[i-1] valli-1]

weer—rarma o - (0 EEN SN ED ED

EFBHE i = 2 17, #TRERS
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) [] [ ] ] “ - [} [ ] n
ER wgt i val \i cl o 1 2 3 4 EE wgt i val e e ; 2 3 4
wgt[i-11 valli-1] ] ) [} ] ] ) wgt[i-11 valli-1] ] ] ) ) o ]
1 5 (] 1 5 10 15 20 1 5 ] 1 [} 5 10 15 20
2 1 * 2 ) 2 1 * 2
3 15 - 3 ) 1 3 15 - 3 0
sen—rwins o - D EDEIEIED sen—rarns o - R EDEDEDED
EFBHE i = 2 17, #ITREES SERBAE, B dp RENHME i = 2 WFENR
Step 5 Step 6

Kl 14-23 seedREE S RIULE ISR

RIS AR T B, ANTRRAEEH dp BUSE—ZEMIRR
// == File: unbounded_knapsack.go =

/* T2HE: TEMMEHEME «/
func unboundedKnapsackDPComp(wgt, val []int, cap int) int {
n := len(wgt)
/] #EKE dp &
dp := make([lint, cap+1)
/]l REEH
for i := 1; i <= n; i++ {
for ¢ := 1; c <= cap; c++ {
if wgt[i-1] > ¢ {
// BBIEeRE, WRNEYHE 1
dplc] = dplc]
} else {
/] FEMEYSR 1 XFMHAENRAE
dplc] = int(math.Max(floaté64(dplc]l), floaté4(dplc-wgt[i-1]]+valli-1])))

¥
+
return dplcap]

14.5.2 TR0

HHRFEUE RSB, HAEREZAR, Hlan kit m &,

Question
Y558 n FREET, 58 MEEMNEER coins[i — 1], BARSEN amt , hagh e AEEER, [
RES B HAR SRR/ VMR, RTTIREL Ened, MHRE —1 , REGNE 14-24 FiR,
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RS EfE
i coins[i-1] BirsE
1 1 1 amt = 11
~. =
2 2 $
3 5 @ x2 /

BUOETRE: 3
stiEmas: @+ @+ ©

14-24  FESLH AR GIEHE

1. EHASHRIBER

TR AR RS 21 WS — ARG 00, B DU NRR S A o

. PR DAL, P RIR CRER. CPr R R CREMEE, AR WR “HERE
~ﬁéﬁﬁﬁ&,%%ﬁ@ﬁ@%ﬁ%kk%%mﬁ,Eﬁ%@ﬁ@%£%¢k@mﬁ%o
C RABEREER FEL SEAR FIOR, TEREIER B R0 BRI,

- BERRIUGE, EURE, WEE dp %

ARAS [i, o] MBHO TS : 1 i R AERS M 20 o MR DRETER, 120 dpli, a] .

—4 dp RIS (n+ 1) x (amt + 1) .

Fo: PR T, MRS R AR R

R 5 AT IR AR TR e DL R A2 5,

- AR ME, EIEEHEHT max() EéCH min() .
- R R RE SR TR A, e R T RT 41 BT,

dpli,al = min(dp[i — 1, al, dp[i,a — coins[i — 1]] + 1)

B WA REIIR SRR
Y ERESHON 0 I, B ErROEmEEN 0, BEFIFTE dpli, 0] #%T 0.

YICHEMN, FIRBER > 0 FERER, RETRR. NERESEE IR min() HEEEWBIRHIH
WIRTCRR, TATEEMER oo KETREN], BILETANE dpl0, a] #EHFT 400,
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2. KE5sEH

REEGIRIE S IFARIR ML +oo i, HABEAER int MRAKERME, MXXSSFBOREES: REH
MITRERR) +1 RIERTRER A R H

M, BATRAET amt + 1 RFRTCRR, FREL amt WEHBEEZ N amt . &EIREIE, HkT
dp[n,amt] BEFTF amt + 1, FHRURE —1, RRIEZEH EARESH, RIS FHR:

// == File: coin_change.go =

[/* TRl shESHIR «/
func coinChangeDP(coins []int, amt int) int {
n := len(coins)
max := amt + 1
/] #EE dp &
dp := make([][]lint, n+1)
for i := 0; i <= n; i++ {
dp[i] = make([]int, amt+1)

+
/] REE%:. 817875
for a := 1; a <= amt; a++ {
dp[0][a] = max
+
/] REREE. ERTH5
for i := 1; i <= n; i++ {
for a := 1; a <= amt; a++ {
if coins[i-1] > a {
/] ERIBirER, WAEER 1
dp[illal = dp[i-1][al
} else {
/] REFEED 1 XFHERNR/IME
dp[il[a] = int(math.Min(floaté4(dp[i-1]1[al), floaté6a(dp[il[a-coins[i-1]1]1+1)))
}
+
+

if dp[n]lamt] != max {
return dp[n][amt]
¥

return -1

& 14-25 fon 7 FESURIEIASIIAERE, Mseeh wmmaE AL,

5 & & 6 5 & & 6
RE mE Nal e 1 2 3 4 ws EfE el e 1 2 3 4
coins[i-1] 0 coins[i-1] 0 0 MAX MAX  MAX  MAX
1 1 @ : 1 1 o : ]
2 2 e 2 2 0 - )
3 5 @ 3 3 5 @ 3 0
WH#H% n =3 EffE# amt = 4 WHfE n=3 EiF&® amt = 4
MERTH (n+1) x (amt+1) B9 dp %R MAKETTH max = amt + 1, EYIKR 0

Step 1 Step 2
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s 5 & 8
wS EfE el e 1 2 3 4
o MAX MAX MAX MAX

i coins[i-1] 0
1 1 @
2 2 @ -
3

RER

#:
dp[i, al] = min( dp[i - 1, a] ,

dpl[i, a - coins[i-1]] + 1 )

[ Step 3
&8 & & 8
E il el oe 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® 1|0 1 2 3
2 2 @ [) 1
3 5 @D 3 0
RS
db[i, a] = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1 )
| step 5 ]
i & & 8
wS EfE el 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! ° BN - 3 4
2 2 @ 2|0 1
3 5 @ | o
RER
#:
dp[i, a] = min( dp[i - 1, al] , dp[i, a - coins[i-1]] + 1 )
[ step 7
s & & ¢
HS EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 1 2 ? 4
2 2 @ - 0 1 1 2
3 5 GD 3 0 "
RS
#:
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]1] + 1)
| step 9
s & & 6 €
wS EfE e e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ 0 12 3 4
2 2 @ 2| o | e
3 5 @ 3|0 1
RER
#:
dp[i, al] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
| step 11

Step 4

( Step 6

Step 8

Step 10

Step 12

s & & &
wS EfE el 1 2 3 4
i coins[i-1] 0 0 MAX MAX  MAX  MAX
1 1 @ ! 0 1___)5
2 2 e - 0 *1
3 5 @ | o
dpli, al = min( dp[i - 1, al , dpli, a - coins[i-11]1 + 1 )
s & & &
WS HiE N e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ : 0 1 2 344?;
2 2 @ > ] 1
3 5 Gi 3 [
4ﬁf§¥§
db[i, al = min( dp[i - 1, al , dpli, a - coins[i-1]] + 1 )
s & & &
ws EfE Nal e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® ! 3 1 2 3 4
2 2 ® 2|0 1|1
3 5 ® | o™
RER
#:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
s & & 6
®s EfE Nale 1 2 3 4
i coins[i-1] o 0 MAX  MAX  MAX  MAX
1 1 GD 1 [} 1 2 3 4
2 2 Q@ ] 1 1 2 2
3 5 G’ 3 [ 1
RS
#:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
: & & & 6
WS EE SNl 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 © ! 3 12 3 4
2 2 ® 2|e¢ 1 1 2 2
3 5 @ : ] 1 i
RER
#:
dpli, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1 )
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s & & 8 s & & 8
wS mfE el e 1 2 3 4 wS EfE i 0 1 2 3 4
i coins[i-1] [ 0 MAX  MAX  MAX  MAX i coins[i-1] ) 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 1 2 3 1 1 1 0 1 2 3 4
2 2 @ 2|0 1 1 o 2 2 2 e 11 2 2
3 5 @ - [} 1 1 2 3 5 3 ] 1 1 2 2
#: ®:
dpli, al = min( dpli - 1, al , dp[i, a - coins[i-1]] + 1) dpli, al = min( dpli - 1, al , dpli, a - coins[i-1]] + 1 )
Step 13 Step 14

s & & &

wS EfE \i\a ) 1 2 3 4

i coins[i-1] 0 0 MAX MAX MAX MAX

1 1 @ 1 o 1 2 3 4

2 2 @ 2 o 1 1 2 2

3 5 @ 3 0 1 1 2 2

EEPEEEFERNROETRE 2
Step 15
&2 == T = 113 |
14-25 ZER S Al Y 3 SIS
3. FiEfkii

TR I 22 AL R AL B 75 2R 52 2 75 R Rl — 2
// == File: coin_change.go =

[* ZEE: ohSHR +/
func coinChangeDPComp(coins []int, amt int) int {
n := len(coins)
max := amt + 1
[/ #Ek dp R
dp := make([]int, amt+1)

for i := 1; i <= amt; i++ {
dp[i] = max

+

/] WREE%

for i := 1; i <= n; i++ {
// EFEH
for a := 1; a <= amt; a++ {

if coins[i-1] > a {
/] ERIBrER, WAEEm 1
dplal = dplal

} else {
/] BEFERET 1 XFmitEENB/IME

dpl[al = int(math.Min(floaté4(dp[al), floaté4(dpla-coins[i-1]11+1)))

I
}
if dplamt] != max {
return dpl[amt]
}

return -1
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14.5.3 FERIRE)EE 1

Question
Y57 n FPEETR, 58 ¢ RREEMIEEN coins[i — 1], BEARESEN amt , SMEET A AESIER, W
ZERSHREm A S5, REIAE 14-26 Fir.

RS HfE
i coins[i-1] BirEE
amt = 5
1 1
2 2 $
3 5 (5)

EHHAGHE: 4
EhAEHER: + + + +

14-26  FER i m 1T FplEdE

1. EAMPIEH
IR b, AR E AR AR, P T i A AERS T th & o LA ROR. T dp
FORRBRN (n 4+ 1) x (amt + 1) 4%,

SRS & BT TR 4 AT s 5 0624 R PR X PR SR S R 2 ., RS RS IR

dpli,a] = dpli — 1, a] + dpli, a — coins[i — 1]]

L EAREACY 0 I, TCAUEREATRE T Rl 2 HAREA, HUR E5IFA dpli, O] #¥laafen 1. 47
REMRR, JokgRMER > 0 MERESH, HEETHE dpl0,a] #5%T 0,

2. fUEEsEHM

// == File: coin_change_ii.go =

[* TR IT: oS +/

func coinChangeIIDP(coins []int, amt int) int {
n := len(coins)
/l %k dp R
dp := make([][]lint, n+1)
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for i := 0; i <= n; i++ {
dp[i] = make([]int, amt+1)
+
[l B ES
for i := 0; 1 <= n; i++ {
dplil[e] = 1
+
/] REEB . HER1THMT
for i := 1; i <= n; i++ {
for a := 1; a <= amt; a++ {
if coins[i-1] > a {
/] EBIBIrEE, WAEER 1
dp[illal = dpl[i-1][a]
} else {
/] FEFEER 1 XFFHARZM
dp[ill[a]l = dpl[i-11[a] + dp[illa-coins[i-11]

}
}
return dp[n][amt]

3. TaElfki

ZZ[A

PLACAEEE T AR, MHIREE 24 R a] -

// == File: coin_change_ii.go =

[* TG 11 TEIRUEEESL */

func

14.

coinChangeIIDPComp(coins []int, amt int) int {
n := len(coins)

// Wk dp R

dp := make([]int, amt+1)

dp[o] =1
/] KEEH
for i := 1; i <= n; i++ {
/] EFBH
for a := 1; a <= amt; a++ {

if coins[i-1] > a {
/] EBIBirER, WAEEm i
dplal = dplal

} else {
/] REMEER 1 X G R
dp[al = dpl[al] + dp[a-coins[i-1]]

}

¥
return dp[amt]

6 4wiEEEE n)EH

gmiEpEE, AR Levenshtein BEE, FEM D4R A EARF B i MESOREL, @ AT EERARNA

3H.
IRIE

= AT A R NS AR B,
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Question

WA DNTIFER s M ¢, RIEPK s ##08 t Fifs iR/ DImE 5

VRA] DATE— DR R AT =R R E . A — DR MBR— 15/, B AIMEE— 1T
?qo

i 14-27 FoR, R kitten $#HON sitting FREGE 3 0, GG 2 WEHURIES 1 IRUSINIR(E; # hello
MM algo FHE 340, B4R 2 DO HURIEAT 1 IRIMBRIR(E,

- 80800 - (38000
lgm lgm lmm mm] lsm lgm
(s[ifefefifn]e] 80000

- 3800800 - (3E00

14-27 Gk EE B AR B EHE

S S} 180 1) S M AT A SR P DR SR BRI AR, A A BB T, —BRIRIR (—IRGmETRAE) XTI 1Y
—4i4,

aniE 14-28 FoR, EABRFHRIEAIEICTS, 80T (8 DURAE HIF 2500, BRI —RRIE, Xk
% M hello ##5] algo HIFLAATRERIIETR,

MRS A IER, ABHEARERBET R hello M A algo Z AIMYRIEEETE,

14-28 B DRI IR g o 12 )
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1. zh&MEBER

B BERRNIUE, &30RE, Mmifesl dp %
B RHRFREXN TR s AT IR R,

T A EAE SRR AR, IRUBOER G/, SXREA BRI T, 508 s A £ IOKEES N
n A m, RIVEEERTRREBOFT s[n — 1] f t{m — 1],

% s[n — 1) Fltlm — 1] IR, RATATCEEEEN], EE%E sn— 2] 7 t{m — 2],
- % s[n — 1) Ftfm — 1] R, AT s TR GEA. R, B0, SRR RRS
BOSEREREIR, ATAT AR AT, % MR NI,

WAtR, BAVEFITE s PHITHE RER (EHRE), MIES s ¢ PRERIFFITAC 7R 428
fto R, RENYFITE s Fl ¢ HBERIE  FI5E § DR, 120 [4, 7]

IRA [4, g] XREF IR ¥ s BT @ AFREBON ¢ IR § ARSI b s 8
i, {BE-PMRIHB(+1) x (j+1) -4 dp &,
B R AT, WS IR R

FRT R dpli, j], HNRMAIWADNFRFRRRBETN sl — 1] M t[j — 1], AIRERFgRERES NE
14-29 B =R 5 o

1. 18 s[i — 1) 2Bt — 1], WEATFAE dpli, j — 1]
2. MK s[i — 1], WS THE dpli — 1, 7] .
3. ¥ s[i — 1) Bm 5 — 1), WA TR dpli — 1,5 — 1],

HERSFM e
00000
(c[o]d]e] (c[o]d
dpli, j-1]
BE% k
s - BB08C 080
‘- (o]
dpl[i, j] dp[i-1, j]
# k BiRH e
(b]oJo]e]
(cJold]e] (c]o]d
dpli-1, j-1]

K 14-29 ZmiHEE RS IR EAS

FRR DA L5347, AT T454: dpli, ] 0 DB 8T dpli, j— 1), dpli— 1, 5], dp[i— 1,5 —1]
SHTIROGRESR, F ARSI R 1 . KBRS T
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dp[lhj] = mll’l(dp[l,j - 1]7dp[2 - 17]]7dp[2 - 17] - 1]) +1

EER, sl — 1] M t[j — 1] HFER, JEAgE a7, XAE SRS 7R

B AR ARIFRIRE RN

RN, RESECY 0, B dpl0,0] = 0, 4 s HEME ¢ FR2sh, BORESHET ¢ K
FE, BIEAT dpl0, j] = jo M s FREHE t A, BOGHREECET s K, B dpli, 0] = i

WMEGRSHRE TR, M8 dpld, j] WBU/E 7. b77. 76 D7 I, DRIHOE I 206 3R IE 7 e P54 dp RENAT,
2. XESE

// == File: edit_distance.go =

/> YREEREES: mHASHIRI */
func editDistanceDP(s string, t string) int {
n := len(s)
m := len(t)
dp := make([][lint, n+1)
for i := 0; i <= n; i++ {
dp[i] = make([]int, m+1)
}
/] REE%. giTasl
for i := 1; i <= n; i++ {
dp[il[e] = i
}
for j := 1; j <= m; J++ {
dple][3] = j
}
/] REEE. ER1TH5
for i := 1; 1 <= n; i++ {
for j := 1; j <=m; j++ {
if s[i-1] = t[j-1] {
/] ERFFEE, NEZKIILHRFR
dp[il[3] = dpl[i-1][j-1]
} else {
/] =VHRIEDE = A PR, BIRX=MIRENRDRESEH + 1
dp[il[j] = MinInt(MinInt(dp[il[j-11, dp[i-11[31), dp[i-1][j-1]1) + 1

}
}
return dp[n][m]

Qi 14-30 Fiow,  gwff e B R RIS E T R 5 1 R AR B 2600, #RAT DAB (RIS — > 4E R A 3
.
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s |

Step 7

[ Step 9 l

h J
0
0 :
8 :
[
s = “bag"”
n=3

t = “pack”
m=4

MEWRTA (n+1) x (m+1) B dp R

(p Q0]

RER

4pli, 31 = min( dpl3,

wase
4pli, 31 = min( dpli,

dpli, 31 = min( dpli,

4pli, 31 = min( dpl3,

o 1 2 3 4

e 1 2 3 &4

j-11 , dpli-1, 31 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dp[i-1, j-1]1 ) + 1

ooan

MeateETT dple, j1=3 « &F dpli, 01=1

Step 2 |
~J
0
0 -
B :
[ < S
wase
pli, 31 = min( dpli,
[ Step & ]

Rt
dpli, 31 = min( dpli,

e oslic1]=tli-1] = ‘a’

[ step s |
jj
o
0 -
B :
[ < NS
it
dpli, 31 = min( dpli,
[Step 10]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

« dpli, 31 = dpli-1, j-11

j-11 , dpli-1, jl , dpli-1, j-1] ) + 1
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; -

SNle 12 3 4 SNle 12 3 4
o |0 1 2 3 4 e o 1 2 3 4
u 1|1 1 2 3 4 n 11 01 2 3 4
a 2 2 2 1 2 3 a 2 2 2 1 2 3

+1 +1

B 3 |3 3 B 3 |3 3 2

#: #:
dp[i, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-1] ) + 1 dp[i, j] = min( dpli, j-11 , dp[i-1, j] , dp[i-1, j-1] ) + 1
|Step 11 Step 12
ooan ooan
i:\j e 1 2 3 4 i:\{ e 1 2 3 4
[) ) 1 2 3 4 o o 1 2 3 4
n 1 1 1 2 3 4 u 1 1 1 2 3 4
a 2 |2 2 1 2 3 u 2 |2 2 1 2 3
+1 +
B 3 |3 3 2 2 B 3|3 3 2 2 3
REH g&ﬁ
dpli, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-11 ) + 1 dp[i, j] = min( dp[i, j-1] , dpli-1, j1 , dpli-1, j-1] ) + 1
Step 13 Step 14

ooan

i{“ 12 3 4

o e 1 2 3 4

[ 5 I IE U G T
a 2 2 2 1 2 3
B s 3 2 2 3

BEIRDREIES K 3

K 14-30 ZmHEEES SIS RE

3. FaEfiik

BT dpli, 7] B A7 dpli — 1, 7). 77 dpli,j — 1], % E77 dpli — 1,5 — 1] SRR, TERRH
SESTE b dpli — 1,5 — 1], BIRFBFHTEENTIEE dpli, j — 1], PRSI T,

ik, FATTAT DA — ANV & Leftup SREFA LTI dpli — 1,5 — 1], MR FTE R LT H#
R RTR LS e e E WEAEE, AIER RS, A NTR:

// == File: edit_distance.go =

/* YRIBEEE: TEMLIWEMIEHESIX +/
func editDistanceDPComp(s string, t string) int {
n := len(s)
m := len(t)
dp := make([]int, m+1)
[/ REE%: 817
for j := 1; j <=m; j++ {
dpl3l =3
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hy

}.
/] REE%: HRT
for i := 1; i <= n; i++ {
!l RKEE%: B
leftUp := dpl0] // &fF dpli-1, j-1]
dpl[O] = 1
/] WREE%:. HRY
for j := 1; j <= m; j++ {
temp := dp[j]
if s[i-1] = t[j-1] {
[/l EWFFEE, WERILGILRFR
dp[j] = LleftUp
} else {
/] RVRETSE = A RibR. BIRX=MEENRVREETER + 1
dp[j] = MinInt(MinInt(dp[j-1]1, dp[jl), leftUp) + 1
¥
leftUp = temp // EFAT—HH dpl[i-1, j-1]
+
¥

return dp[m]

14.7 &

1. EREH

- BIASHKIS FEE T R, JREE A iE T SR R EE TR, SRS RECR,
- ABENRIATE S, FrAshSHRIREER AT AR (B2 EATRAE, (EEIM KRR

HE TR, PR @5 ISR, AT RERTA TR R 7 SRR, AT ERIEE S T
AT H—IR,

© IR MR RAE A AEE, TS 2 M AEh SRR — R AR E TR S, H

gnlA “HEHERET —F. BT SRS IURBREL REORE, FIHIRATAT DAHPR dp RET—D4EE, N
TR AR 23 1R B 2%

© TRE R AE R R RTE R, EE, SIS [h BA AR,

- ISR =R R, RILTEE. ToERUE.

- USRI R AR A B A AT DA T R B LA AT oK, e B R L7454,

© EEBIEEN T NIRE, HRRARASZIKEAX, MEEREHNHEIRESTEX, F2HA ML

A BRI, TCiRE SR PRI R

GRENDE:D

- BERERRMNESMARE —, A6 01 HH, we2ii, BEEUHFLM,
© O-1 BHEEPIREE SCNHT  MIREREN c NFEFRRAME. RESRAT UM T ERAR

R, AMREIRL TN, RIS, EEed, BTN IRESREUE L7y e ETe
A, HIETFRZEE PRI, w5 b7 IR 5.

- SR PR AR S R BECER IO RS, HIERRA T MBS S 0-1 BEMEAR, BT

IRESHUE - T FIEZE DT BARAS, e =S [RIL A P R 2 3 i o

- TERGURAEUR SE 2 WA — MR, BMR TRORT MEZNR RN MR, EIIRASE

BorifEri max() ROy min() o MIBSR “RiEid” HHARINER “WBF” B ERSE, KIS
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Fl amt + 1 KFoR “TRBEH EFREHT (R0,
- RS AR “RBETEOR” Ok BEMAIARIR”, AR TR min() 0
SRR

Zh R 2 124 )

- ZifHEEE (Levenshtein BEE) M THEMNDFATERZHAHEE, HE SO MN—DFrFE 25—
FIYRR R DD E, mEIRIERARTI, MR, i,

- G B B A IR S MK s BIRT 0 DR EBON ¢ BIRET § D FRTR R D HRES . 5
sli] # tlg] Ny, BA=RERE: A0, MR, B, e0IAHERATRER R, I En] DRt st
TFEE GRS R, Wi s[i] = t[j] I, T/ Y w1,

- AEGREIEE D, WESMEUEIE E75. IEATT. A ETTRVIRE, RIS A5 5 s i Tk
P TIRS R, itk, FRAMAA —DEEEFL LIRS, WS 5582w RS HTH
O, A AR AU R A T IR T



329

F158F AN
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Abstract
) H 2%6A%E KPHEE 8, BZIESR B 8 KR KT EE,
FUL RIS — R R BERE D, BP FRREER.
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15.1 JOEZX

ROEZE (greedy algorithm) 22— WLAIARRACIL MR RTR, HEA AR AL WA N RRITEL,  #
R ATE R R LAIESE, HSUOt it BB ILATRR, DIIERG 2R, OO IRREE HEiK,
FEVF KRB E & 2RI

FOLRIEISASMKIER A TR e, ez B E— SR A, HanEs iR a5 e, =
TAEREEA AL,

- BN SRYE Z BT ERIR A IRAOR B & S RIR, I IS 27 1A RS 2 24 A1 [ LA e
- ROLREARFBELRRE, T —BAnithiET ou0Ess, AW NRETEE, B2 R,

BAVREL G TR THERORIEN TIERM, XEMOSE “BeEme” =Y hagd, H
B EFH AR,

Question
57 n MR, 58 0 RPEEMITEIEN coins[i — 1], BN amt , ST AESIER, [
REMS I H BRI MEE, MRITEEH EFRER, NWIRE —1,

AR ZOL RSN 15-1 FioR. 28 HFREA, BSUOMNESE AT HERRE eriEm, THigaaix
S, BEREL BRSOV,

B 15-1 TRk 00 R

SR R

// == File: coin_change_greedy.go

[* BRI D */
func coinChangeGreedy(coins []int, amt int) int {
// 1&i& coins FIRERE

i := len(coins) - 1
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count := 0
/] EFRHTROEE, BEITHREE
for amt > 0 {
/] BEINFBRIEARRESEAVET
for i > 0 && coins[i] > amt {
o
+
// % coins[i]
amt -= coins[i]
count++

¥
/] BERHEFIEITAZE, WRE -1
if amt !'= 0 {

return -1

}

return count

IRATRER A& &I : So clean | SULBIEMHA TR RURR T 2 ER 5L AL,

15.1.1 ALFEZENRAERRYE

CODRTEAOUREERE, SO, m HE R PR RS, £ AT, 2 f R/ NE{EHN min(coins)
M ZDIERERZ IR amt / min(coins) R, WEEZEN O(amt/ min(coins)) . XHLENESMKIRIER
BRI ZE O(n x amt) /N7 —MER,

SR, XM FREMMEEA S, SUORIIFAREIRSIRMM., 8 15-2 4 TR REL,

- 1E#I coins = [1, 5,10, 20, 50, 100]: fEIZREMAE T, BEEE amt , SLEIEHRA] DUKEIRAMN
fiet.

- Bl coins = [1,20,50]: {Ri& amt = 60, ZOEIERREKE 50+ 1 x 10 B HAE, it 11
Mt (EBhZEMKIA] AERE R M 20 + 20 + 20, (X 3 BEm,

- Bl coins = [1,49,50]: % amt = 98, FULHIEHAERE] 50 + 1 x 48 WA S, it 49
Htgih, (EEIESMRIA] DARBIR AL 49 + 49, 75 2 Midf,

Wmas Bir& BOHERRAR MEARBR SR
(BEpRmiAER) (&RRIAHE)

(D) 60 +@*1@ x3
@ 98 +@x48 x2

15-2 FULFIRICTAIR R AL AR 7R B

R, N TS, SORRICERIEE 2RI, HHERIEIERENR, EHES
BRI g
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—RIBOLT, FORIRRE R LU A,

L Al DIBRIERR BN SO0 RIEAEIXAME I METE R RIERE, FOVEEEILEM, SSmXE &,
2. nIDRENERUR MR : SOORIAEIXAMEN TR AT K, M TREERMERY, IR RIME
HRIXE, AE DB R RCRERENR LA 2 AR S,

15.1.2 :=OEEES Y
AR T, 2R R EEES OB RER? 80, JOEEEMTAE R Nl MR B
fig?
M T SR, FOOEIERE S E IR, H 3B A @y e NME R,

CORDERIEIR: U M R R R T AS B B BT, SOOI BRI RS AR

- IR TS RIS AR LS T RS A B AT AR
BMTEHESLE “GISHINT ENHPNAEN, XEAHER, EEFENE, —YRENRILTEHIFR
BASE, 1RSSR F 0 O BETE R,

BTN FEERFT SOOE R AW 7R, BARAERRE EREfEE, A9k BN T2 niE, WS
EREE IS H

BN e e r i, BATRARREWB A B2 H B, X SO PO TIE Dy, EUESCHIMERERR, QiR
AT 2 A E T 2 & a] DU SO S0R Y TR 1A R RE R 6 B B 1) R 4a tH — DRI T Y
R, TAEDASE H R B AR,

Quote

H—RIESXAH T —4 O(n?) WAE & EEE, AT Rk — DREMA SRS 20O EIA R T
BRI R,

Pearson, D. A polynomial-time algorithm for the change-making problem[J]. Operations
Research Letters, 2005, 33(3): 231-234.

15.1.3 ALEEROTE

FOL A R TR R AR AT 73 DU =25,

L. Rl WERS PR R, RARIRASTE X A BRI RS, IX— S AE RIIFI AR
#HAW Ko

2. WhAESDLRIG: BE i afE & — D i SO0, XN RIRREAS (LS — P I N AR, 2 i
RN [l

3. IERATEUER: 38 TR U REEA SO DIE B BRI T4, XD BRA] RERRZ 2 BCAIER, B
ANVAPTRESIETR

HE SO BRI SRR AR O IR, (BSCER AT REFF A S, TEAPUREE,

- FRRENTORMSIIE R, A TS FRER, FORMILRIRE, RIS
SRERE . TN TS ST, FOOFHTREENBIIG, SRR B0 AR R
EEREN T .
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SE SO RIS A BRI R, SBATHIME 0RIHE 200 RE, TR 081T, RATEE

PEER o MAREGITEIRE . KR E NSO R UZ "B 1Y, ESO AR R R
— MR B,

NTRIEERTE, FRAIROZN SUL RIS T EREEAUER, 0 T B SOEE s AL,

s, IEMMIERARATREN R — B, aa iR ke, BANER esmaiiAHenE T A iEs, —
PBEKR S RUE LRI,

- K
&

15.1.4 TROEEHRBEGIE

SOLBIRE N R E SUDIE IR AR UL imdEib,  DURAI2E T — L2 ARG 5O B TR A

- MEMIRFRE: EREETAS T, WORIREEA] ISR TR,

- XML IR — 2555, S MESSTE—BINRINEELT, REERRERRATREZRIESS.
REREOE RN R R AESS, A2 T00E IR AT SRR,

© BRI A YR DN EER, RIERRIERE AT, EREERNEYHER,
SMERR, WREBRANEFEEN tbim (ME / ER) 19Pa, IADRIRE LI~ DUSE|
AL,

- RSN faE A RERIT R, VKA DAOET 2 IRESE, HIRIRE SR AR, IBAAESEH
ZHIARERSE, HANEAREUR AR,

- BRI EREmGE A TR RSN LA, EEREREN, BIRIEREHIRR
RIKKHRADTRETF, REFINERSMITHPERERE GREKE) &/,

- Dijkstra 5i%: B2 RO E IR TS 2 H AR A R Y SRR A R R S0 O 3R

15.2 H#E|inE

Question

BE n DI, B AYISNERSN wgti — 1], HER valli — 1], M—DEEHN cap HE L,
MR REIERE IR, (HR] DUEREMA I —8R sy, BrEmsiesmE R e, REREE aE
TEOHYRRRNE, REIWE 15-3 Fir.
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#S EE tifE

i wgt[i-1] val[i-1]

1 10 50 ¥ BANER HazEE
2 20 120 20 cap = 50
3 30 150 7Y ~ m
4 40 210 bd 8 —

5 50 240 ()

BAME: 120 + (30/40)x210 = 277.5

BRAZE: BB A 30 B ¥ pAES
HEE S0 HESE

B 15-3 3 80H B B R

SHECE AR 0-1 B EAEEAR EAEFMAC, IRSEZ LY« AR o, BME2RRETEER MY
BRARNME,

RNAFIET, AT IR —E7, WA 15-4 s, BT EET Y5, FHigER
EEBR T A B

1 KT, CERAER FIOMEN valli — 1)/wgt]i — 1], BFRARHME
2. B3R5 i, RN w , WEERMIOER w x valli — 1)/wgt[i — 1] ,

Hs EE il  AfifiE

val[i-1]
i wgt[i-1] val[i-1]
wgt[i-1]
1 10 50 5 ] E gy L E kv HERn
EINER BT E Whne &
2 20 120 6 _ T
va -
3o 130 > & YT gl (|
4 40 210 5.5 ¥
5 50 240 4.8 -

15-4 PyinfE s & NHYIME

1. SFDRERIAE
BAAEUAYENE, AR R ER AN E R TP, Bt AR A 15-5 FRaY 00K
[

L. Ryt B BN E M S BRI THE R
2. WA, SR TLOHER AN E RS P
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3. HHIREHARAL, WIEEH LAY A — 8 B B,

RS EE fifd  SAfifiE
val[i-1] RBR{IMNE

i wgt[i-1] val[i-1] wgtli-1] MESEEHEE

2 20 120 6

4 40 210 5.25 % P —

1 10 50 5 ™) RAERRUMEERNY R
3 30 150 5 ™Y

5 50 240 4.8 -

15-5 8Os SRS 50 LR

2. fUEEEH

BATVESL T — A2 Ttem, DUEEY) IR ANNETHEE, WEIRETO00%EE, YT ik Pk
HIR Ol i

// == File: fractional_knapsack.go =

/* ¥ */

type Item struct {
w int // YREE
v int // ¥Y&NE

F

/% DEEE: A */
func fractionalKnapsack(wgt []int, val []int, cap int) floaté4 {
// CIEYmYIR, EEFMITEY: EE. NE
items := make([]Item, Tlen(wgt))
for i := 0; i < len(wgt); i++ {
items[i] = Item{wgt[i], vall[il}
¥
/] REREMMNE item.v / item.w MEEUEHITHIRE
sort.Slice(items, func(i, j int) bool {
return floaté4(items[i].v)/floatés(items[i].w) >
o floaté4(items[j].v)/floatés(items[j].w)

ED)

/] ERZERF

res := 0.0

for _, item := range items {

if item.w <= cap {
/| BERRBERE, WEHFYRENEHES
res += floaté4(item.v)
cap -= item.w
} else {
/] BRRBEFRE, WEHIMRN—FoEHER
res += floaté4(item.v) / floaté4(item.w) * floaté4(cap)
/| BERREE, HILBHER
break
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}.

return res

WEHE BRI E R EEE N O(logn) , ZREREEEN O(logn) £ O(n) , BIRTHREESH
BRI,

BRHbr28h, TERERT, FEEHEMMIIR, FRRBERER O(n), Hibhn Ya.
H TR T —1 Ttem X R5IR, BMEHERIEN O(n) o

3. IEffM4IERR

RARAER, Bl v Z2RAHMER &SI, ERHEEERGRAMEDN res , EZBH LS @
WENE U A EBAEREY R, OV EENYS v . HTY © B MMERS, RIS
WIGRUENME—EKRT res . X4 res RERIMWFE, BHRILGEPLHAREDN © .

AR A, BAIRA] DA ERPE, BMEZ, MG EE RIS R BIERE, X
B 00 SR 2 B R

QniE 15-6 FoR, QNSRS S EE BRI SR E 70 BB 1F — ok —HERIR AR, W 380 B A L
o “SRAEA FRAEHIX AT A B R, 1K EERT DAR BIERAT I LAl R A 50 O SRS A 25

MR GNME
5.25 5 5
* ¢ @ -
YRES
40 10 30
50
B “asE

15-6 s BOE SRS LT #oR
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Question

WMA—TDEA ht , HPRNESPNTRRR-NEERRNGEE, SHPREENNER, DREllz
] 23 B AT AZH R — A

DERNARET @A R (), HosEhEERRRRE, 52N RS R |
2%

TBIEREHPIEEREM DR, ESEHRNESRNERREAR, RERKAER, ~OIA1E 15-7 Fir,

R

e B N W N ®

S
[y
[\
w
=
(5]
[=)]
~

15-7 BRARAEFEHREESE

AHEEEPFERE R, FABRRE A RRERRS], Eh (4, ] .
MR, ARS T RERMGEE, Hrh@hEiove, %ERMBRINEEHERS 22, RARN capli, j]

| WA AR
capli, j] = min(ht[i], ht[j]) x (j — 1)

WHALKER n, AR AE0R (RS0 02 = 20l A mreisist, ST B9k

&, MTRERANR, HEEREN O(n?).

1. HOEIHRE

A B RIS, W 15-8 Fir, BUAI— AR [i, 5], JORERE1i < j B ht[i] < ht[j]
,H KRG, KA
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S B N W N
————] < e
———— <\l

i RN, § AR
YEIARE cap = min(3, 4) x (7-0) = 21

15-8 WIsIRAS

aniE 15-9 R, FBERERHRHR j R ¢ SR, WA RN,

XRRNERINM § 5, HEE j—i §E2/h; MeElERoE, FitsERErZ G IrosiER) 5L
N (BENEH 5 BONRERD o

8

7

6

5 . .
. | ;
3

2

: |

0 1 2 3 4 5 6 7

BRBEER, BE—ER
LRIAE cap = min(3, 3) x (6-0) = 18
B 15-9 [MNBESHEARGEHIRGS

i, ARG MANBERR  , AAREEAFRER, FNEREE —EZ/, HEElfEIER
BNIERIREN ¢ FIRES K)o BIUNTER 15-10 1, BalEia HfRE R,
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i
A
8
7
6
5 :
4
3
2
1
']
(7] 1 2 3 4 5 6 7

MABEHEER, BEAEEEA
WHIRE cap = min(8, 4) x(7-1) = 24

B 15-10 MR EERERIRES

UL AT A AL N WIRG LT, (EELS SIS, N I SRR LTG5, B
s,

[ 15-11 JER T A0 SR TId A

GRS, J5EF R j 4SRRI,

PR RORAH AR capli, 1], IFERRAR R,

Heet § FIBR j BORGEE, FEREETRUIA PR E—Hs.

TS 2. BRI 3. %5, AR 0 Fj HIBINLSR,

sl S

8 8
, , ‘
‘ { ; .
5 J 5 i
4 A - ’
3 ER 3
2 2
1 1
0 [
] 1 2 3 4 5 6 7 ° 1 2 3 4 5 6 7
MACHESH i, 5, EENTIKATS, FREAE res - o UREE cap = min(ht[il, ht[5]) = (j-i) = 21
l Step 1 Step 2 BABE res = max(cap, res) = 21
i i
v
8 8
7 7
5 2 5
ER 4 4 | | 3
3 ER 3
2 2
1 L |
0 0 |
o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
LABR cap = min(ht[il, ht[51) « (5-1) = 24 UMER cap = min(htlil, ht[5]1) x (j-i) = 15
Step 3 RABE res = max(cap, res) = 24 Step & BABE res - max(cap, res) = 24
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i i
v . v .
8 7 8 7
w7 HR 7
6 6
5 5
4 4
3 3
2 2
1 1
o 0
[ 1 2 3 4 5 6 7 [} 1 2 3 4 5 6 7
YEIBE cap = min(ht[il, ht[j1) x (j-i) = 28 YFIBE cap = min(ht[i], ht[j1) x (j-i) = 21
l Step 5 BABE res = max(cap, res) = 28 Step 6 BABE res = max(cap, res) = 28
i i
v v
8 8
7 7 .
s } ’ g
5 R s
4 . 4
3 2 3
a2 2
1 | 1
] o
o 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
UFIAE cap = min(ht[i], ht[j1) = (j-i) = & YEIBE cap = min(ht[il, ht[j1) x (j-i) = 5
listep . . |ABE res = max(cap, res) = 28 Step 8 BABE res = max(cap, res) = 28
ij
v
8
7
6
5
4
3
2
1
[}
0 1 2 3 4 5 6 7
w8 1 5 5 188,

Step 9 . BRHBLET, EEIRARE 28

B 15-11 RARAEERB LR

2. XE5sEH

RIIERRZ n e, FERHERER O(n) .
Wi, jv res ERBEERNOESMER, FtEREREN O(1) .

// == File: max_capacity.go =

[* RRBE: A */

func maxCapacity(ht []lint) int {
[/ M i, j, EEDFIEERR
i, j := 0, len(ht)-1
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capacity := int(math.Min(floaté4(ht[i]), floaté4(ht[j1))) * (3 - i)

res = int(math.Max(floaté4(res), floatés(capacity)))

[/ RAREENFER

if ht[i] < ht[j] {

i++
} else {
j I
}
¥
return res
}
3. IEFA1EIERA

ZFRU DT R, REVERIODIEERT S “Bod” —2RE,

FEANTEIRTS capli, j] F, @ REIR. J AKNKR. & 2DOHRIEIR ¢ AN s—i, 2SHIE 15-12 FRIKRES
W BEE”, XEWAE Z R ICRRIEX RS A R RN,

capli,i + 1], capli,i + 2|, ..., capli, j — 2|, capli, j — 1]

| . } ’ a0 i H
|
CLbctird = Wil
capl[e, 7] cap[1, 7]
b S0 007
' | |
EEEREN NN EEEEE ER RS S AN
caplo, 6] caplo, 5] caplo, 4]
ety | [0 il o U001 ) ] L]
caplo, 3] capl[o, 2] caple, 1]

15-12 sl SFEAENT AR

Mg B, IXERHE ARSI ERUR R KA j NBEINAIRE. MiEEMNESEHNBRR—E R
SEERL/N, RN, WEEAIRESHTTRER RO, B ENAF 23 Rt

DAL AR, BalEmRARiEe “2e” 1, SORIZA,
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15.4 mAY)5 Fefin)d

Question
HE—DNERE n , KEIIDAEDWANEREM, KU EMAEBRENRHNERZZ D, WA
15-13 Ffirro

HWAEER n , R max(ngxnyxngx..x Ny % Np_q X Ny)

15-13 R Y172 AR Al L

BORBATRE n U153 m DRI T, HAss « MRFIE A n, , HI

m

=1
AR B AR RIS A B T s, H
max(H n;)
i=1

BATFREREZNR: VIHBE m MiZZR, 80 n, MizzEz/h?

1. FOHBRIAE

MRAEEE, WAEREEEERFUEELEMNIRMAE R, B n haE— T 2, MENIRFEED 2(n —2)
o TMTRFZFRIG n FEELEL:

2(n—2)>n
2n—nm—4>0
n >4
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E 15-14 R, Hn > 40, P10 2 JERMSER, REIIRTHT 4 BFPEBHERN %S

LRI —: WRVINDTTRFEE > 4 AT, BAEHBIZRARSY) 7T, RARYIITTR AN 1, 2,
3 EX=RAF,

N
=
=
1
N

Y24 b, 1BE 2(n-2) 2 n
AESENDHRIANEE 1, 2, 3 BF

Kl 15-14 Y17 SRR
B RREHEMA R T RRMEN, £ 1. 20 3IX=ARTH, BA1ERZEN, WAL X (n—1) < nfEK
32, BArH 1 Rimie SECRFE/ .
WE15-15 R, Mn=68K, H3x3>2x2x2, XEKEYH 3 YT 2 Bk,
DRI EUI AR, BRERNFERD 2. FRN=A 2 BB IEIARA 3, MRS E KR

Mo

HEFEEZA 2 B, ROZEOMETAED 3

K 15-15 ®&ILYI2 R+

Zi ERTR, FIHERLE DUR 2O0 R,
L WARS N, NHAWHYIHET 3, EEREON0. 1. 2,
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2. AREOVO I, Ak n & 3 IREEL BT,
3. HREOY 2 1, My, RE,
4, MREH IR, HT2Xx2>1x3, HLMERE—3EHN2,

2. KE5sEH

i 15-16 AR, BACABEL IR Y] 88y, ] AR MEPRI2FASE] 3 M o, HEEIZES
FIRED, WA

n=3a+b

R, T 0 < 3 BRI, WA 1, REN L X (n—1).
// == File: max_product_cutting.go =

[* RAYIDTEMR: Ly +/
func maxProductCutting(n int) int {
// E n <=3 B, OS5 H— 1
if n <=3 {
return 1 * (n - 1)

n/3

n %3

=11

/] ER¥A 1 H, 3 1 % 3 BkH 2 x 2
return int(math.Pow(3, floaté4(a-1))) * 2 % 2

;
/I FOHEISE 3, a B 3 BN, b RRK
b

if

+
if b = 2 A

/] EREHN 2 B, MR

return int(math.Pow(3, floaté64(a))) * 2
+

/] EREHA 0 B, AR
return int(math.Pow(3, floaté4(a)))

¥ b at3

n=3xa+b

15-16 Hw AV AR RTTTA
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o} TR 52 A FE R TGt i S IR RSB TL. DA Python Jufl, & FIRYR R EECE =#,

- IBELF xx FIEEEL pow () WINEEZEEH O(log a) o
- B math.pow() MESEA CIESER pow() B%, HHUTIFREGE, NRAEREN O(1).

A o M b FERAFEEOONIESNERE, FRERERER O(1) .

3. IEt#14IERA

HEARIEE, Rt n > 4 BB

L R < 3 RIERMRTIDTTRPFE > 4 WETF o, Ba—En] DUFHASRIS 0 2(x — 2) ,
MIMIRIFER (BAHE) BRI, RS5RIETE.

2. Ui uE 1 BRRIMVIDTTRAPFE-IET 1, Bae—Erl LEFH AR PEFH, DA
PRERIFM, XS5BT E,

3. VInTiRmBUEMA 2 1 REERMVIDTRPUE=D 2, Ia—Er AN 3, FRAHER,
XGRETE,

15.5 /&

1. EREH

- LB T TSR AL, HUE R A PRI B R R, DR A
BARAR,

C RLEESERH N NI RUOEEE, SEEOEOR IR R R — BRI TR, B
BB,

RO, ARSI, M TEANR, 200N A 5 AR,

CEBESBUAE S, TR RS, 0T REREIR A K TR SR A A TR
R, LA RER SRR,

OB SO R B R AR SO R AR T4, UL R 2 5000 I
O R

TR A, SOOI R, AR, AL, B e,

RIRSLFBEEA N W, BE SO, ERMEET, e, B SO RO IR,
EREER G A,

-SRI 0-1 SEAER b, AVEEEIR AR5, BT HA SO R, SO SIS
M T LA P B S HE A,

- R REEAI ISR, WA RS O(n?) . WHEH 205N, SRENEIERE, [
S ZE RS O(n)

- ERARTATRIAE R, BTSRRI A SOOI > 4 WK RS 5, B T
N3, RIEFASTEE, NRERERRTREESIE, & O(1) % O(logn) .
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16.1 (RIZIFIRRE

16.1.1 ®E IDE

HeF IR, B8 VS Code 1ENAHIERIT R (IDE), Vil VS Code F M, HIEERIERGHEAH
MIRAHR VS Code 3T REFIZSE,

a % O 0% i

Visual Studio Code  Docs  Updates + Download

Code editing.
Redefined.

Download Mac Universal | .,
Stable Build

mac0s Universal
Windows x64 User Installer

Linux x64

. & C *
master G014 » ) B CA2 Sonces? UTFE UF
Other downloads or cpen on web
0
T#i VS Code 85
IntelliSense Run and Deblg BONCN Git Extensions

16-1 MWER T~# VS Code

VS Code IR REASRS, KR ZEHREESHIZTHIEIK, LA Python M, 2% “Python
Extension Pack” #" B2 J5, BIA[H#EAT Python fXESVEIR, 230 3UIE 16-2 FliR.


https://code.visualstudio.com/
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Python Extension Pack vi.7.0
Don Jayamanne 7,005,466 % % % % ¥ (16)
Popular Visual Studio Code extensions for Python
Disable v Uninstall |~

This extension is enabled globa

DETAILS

Extension Pack (7)

REHRNT

A B P O AT autoDocstring - Python Docstring Ger

doc

! Install

|
j—ﬁf*?ﬁ% ython Docstring Gen...
@ Python
P

3

Jinja

Python Extension Pack

Install

= ] Python Extended 12M k4

16-2 %% VS Code ¥ B f

16.1.2 REESIFIR
1. Python ifi§
1. F#EFF%% Miniconda3, % Python 3.10 BEEHHRA,

2. £ VS Code idifERi 7182 python, %24 Python Extension Pack
3. (A1) fE@S T8I pip install black, ZEMmHEERTH,

2. C/C++IfiB

1. Windows R&FEELE MinGW (HLEZGE); MacOS B Clang, Toii#dk,

2. £ VS Code @RI R c+ , %% C/C++ Extension Pack

3. ([ &) FTJF Settings T i, 1% % Clang_format_fallback Style fRFSA% Lk, RE N
{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach }.

3. Java ifig

1. R#EF%% Open] DK (FRATEHE > JDK 9),
2. 1£ VS Code WHHFTI IR java, &2 Extension Pack for Java .


https://docs.conda.io/en/latest/miniconda.html
https://sourceforge.net/projects/mingw-w64/files/
https://blog.csdn.net/qq_33698226/article/details/129031241
https://jdk.java.net/18/
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4, C#iIfiE
1. FEFFZEE Net 8.0,

2. £ VS Code iR 71822 C# Dev Kit, %% C# DevKit (FlEZY,
3. WAl A Visual Studio (ZZAE#FE),

5. GoIfig

1. F#EHHLEE g0,
2. £ VS Code idfFfi 718K go, %2 Go,

3. ZFERE ctrl + Shift + PPRHHASEE, A go, 1%#E Go: Install/Update Tools, &HBAIE

FH22 2 R/IAT,

6. Swift Ifi%

1. FHEHFZEE Swift,
2. £ VS Code @RI R swift , 223 Swift for Visual Studio Code .

7. JavaScript g

1. F#EIFFZE Node js o
2. (A[i%) 1 VS Code WA 4R Prettier , MRS IULTH,

8. TypeScript IFix
1. [A] JavaScript SRR 2251,

2. &% TypeScript Execute (tsx) o
3. £ VS Code WyidifFHiA R typescript , &3 Pretty TypeScript Errors o

9. Dartifis

].. —Fﬁﬁﬁg Dart o
2. 1£ VS Code Wt HiipH ¥R dart , %2 Dart,

10. Rust Ifi8

L. FEFFLEE Rust,
2. 1£ VS Code R EE rust , 4 rust-analyzer o


https://dotnet.microsoft.com/en-us/download
https://code.visualstudio.com/docs/csharp/get-started
https://learn.microsoft.com/zh-cn/visualstudio/install/install-visual-studio?view=vs-2022
https://go.dev/dl/
https://www.swift.org/download/
https://marketplace.visualstudio.com/items?itemName=sswg.swift-lang
https://nodejs.org/en/
https://github.com/privatenumber/tsx?tab=readme-ov-file#global-installation
https://marketplace.visualstudio.com/items?itemName=yoavbls.pretty-ts-errors
https://dart.dev/get-dart
https://marketplace.visualstudio.com/items?itemName=Dart-Code.dart-code
https://www.rust-lang.org/tools/install
https://marketplace.visualstudio.com/items?itemName=rust-lang.rust-analyzer
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16.2 —iES 58k

HTEERIAR, HHXERFAE—BERMER, W, RELITER, BERRM. WEHK, X
FEL, A TEWEA TS AN GBS R, BB TBIE, DA IR E LB > B,

Fi 5260 A1 GitHub ID $$EAR B, MU PDF M 30T 3 TRR,  DUBSHIBA T IR X A TE
FAZE TR

JFIREE Sy
205 T AP R ENRI A TR BRI TR AR, PR ST IR 3 A 7T
MEATHRA A, WREIERIR RIS =8 H EE LN,

1. AEMA

e 16-3 iR, SATUERA EAEH “gmERERT. R DEZIE DU N P BRIESCOR B,

1. i “wBERR, WSBE “FE Fork e WIPR, ERRIZEE,

2. 1B Markdown JEXXFNZ, HENARMNIERYE, HRERRHRIE N5 —,

3. TETHIFEE BBORH, RERT “Propose file change” %%, TUHIBkE: /G, it “Create pull
request” %R RIA] &R HIEUE K,

o, o oe
Fudfi wello Bz % o Qoam L Ristiiiotts
Hollo W3k 31 HURLEM ‘ ‘ s
®Hom wE > ' o OEES ) a1 mmem: sesm
EERE R e > 312 MR S5O
8 Wom mRESE > ERMESIOERA. EE K. Wl SRR, B . B, TIIELUAZRGH R
e T
31 HUBESI S
2 WANERE 311 iBIEAN KSR
33 WEHE - Si
a - 7 B . RIET, BT IR TIEmiEHEE
. BHIERR; THERHD, SRS FRRANT), RNEAESERZPNTRERR; ENGTR
36 TR, RIRT BROAGRR.
B H4n mEsER >
& msw ML N 0B 31 B, SEMEEMATR AR A AN TR, SMAMILIEN, EEEENAR L2
= o E il; AEEIEEHNER, 244 i,
@ men nam ) GIET); AEAEEIIIAR, BRI
Aw7E B > - WIS B, R 5 DIL BEE.
A omem > - MG 1 . B, R
G Hom & >
= H08 B% > Erre T AR
] ENW >
- W2E 3% > L] ]
1 HIBE @H > . - JUN N
B E1am pEm s - P
@ His®W AL s .
@ ®ieE MR > = /|
B a H—

& 16-3 DU gm AL T

R TEEERE BN, FEEIHE [ssue BUFICH SREARIE, BAI2REREHIFEIRE R


https://github.com/krahets/hello-algo/graphs/contributors
https://github.com/krahets/hello-algo/issues
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2. RELIE

MREE GBS S5 HITRETE, fEAEBIEREMREE S, T RCENESE, IAFELAT Pull
Request TIEfifE,

. SR GitHub , KRB G F Fork 2D AKS T,

. AR Fork FEMTT, M git clone AR vafE £ A M,

- AEARHGEITNACIE, FHE TR, RuE RS E R,

. B AR CE R Commit, A5 Push FifE G,

. RIFTCEMTL, i “Create pull request” FZH1EIAT & EHBUE XK,

g W N -

3. Docker ZE
1£ hello-algo MRH®F, $UTLAT Docker A, BIRI{E http://localhost:8000 jRIATIH :

docker-compose up -d

{5 FH AR i < R RT R AR -

docker-compose down

16.3 ARiFFE
22 16-1 HIH T Brh I R EAIE, (HEE R L,
- EBOTAZIAR I, DAE SOk,

- B ATAAE AR SOEEAR AR SR BIIMTE AN

% 16-1 BURSHS5RIANEZE AR

English faT RS L {ENSED
algorithm =RFS CCRES
data structure HEaig BRLEig
code (E RS
file XA RES
function PR PR
method VERES T3tk
variable Iy SR

asymptotic complexity analysis ~ #NEE AT BOLEREE T
time complexity N 1) 52 2% P IRF M P


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

Hl6E P
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English

space complexity
loop

iteration

recursion

tail recursion
recursion tree

big-O notation
asymptotic upper bound
sign-magnitude

1’ s complement

2’ s complement
array

index

linked list

linked list node, list node
head node

tail node

list

dynamic array

hard disk
random-access memory (RAM)
cache memory
cache miss

cache hit rate

stack

top of the stack
bottom of the stack
queue
double-ended queue
front of the queue
rear of the queue
hash table

hash set

bucket

hash function
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hash collision

load factor

separate chaining
open addressing
linear probing

lazy deletion

binary tree

tree node

left-child node
right-child node
parent node

left subtree

right subtree

root node

leaf node

edge

level

degree

height

depth

perfect binary tree
complete binary tree
full binary tree
balanced binary tree
binary search tree
AVL tree

red-black tree
level-order traversal
breadth-first traversal
depth-first traversal
binary search tree
balanced binary search tree
balance factor

heap

max heap
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min heap

priority queue
heapify

top-k problem
graph

vertex

undirected graph
directed graph
connected graph
disconnected graph
weighted graph
adjacency

path

in-degree
out-degree
adjacency matrix
adjacency list
breadth-first search
depth-first search
binary search
searching algorithm
sorting algorithm
selection sort
bubble sort
insertion sort
quick sort

merge sort

heap sort

bucket sort
counting sort

radix sort

divide and conquer

hanota problem
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solution

state

pruning

permutations problem
subset-sum problem
n-queens problem
dynamic programming
initial state
state-transition equation
knapsack problem

edit distance problem

greedy algorithm
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