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

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

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

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

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

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

O krahets | hello-algo

> Code ), n Security

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

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

ocal
krahets i

B clone
github

HTTPS SSH  GitHub CLI

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

@
g
2
3

[ Open with GitHub Desktop

Open with Visual Studio

[ Download ZIP

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

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

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

chapter_tree

array_binary_tree.py

binary_search_tree.py
binary_tree.py
[ binary_tree_bfs.py

binary_tree_dfs.py

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

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

ax 0 0®:

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

""*Driver Code""" nums

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

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

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

Awon n > Y ErE G 3/"‘1‘325[0‘
res

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

B EOR @ > print (HBAKESBE 8

T R0E B > : —

L ENE HF >

e WRE B >

RN >

B wee wmsny > [<Prev] [Next>

@ EBBE T > Step 17 of 22

@ E6E MR 5 Visualized with pythontutor.com

BEXR

)& 2EBE

0-6 Python FXEHIRRMAHIT
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Bl 31 smamos % %o it
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& Bam R 1@ @) &2 2588
31 BRI 4
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5 ES ST
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FIRERSETT HII N A

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

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

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


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

PR — PR — RER=
SR ERENFT {RF R EENRER

WA

EEGENFIE RIRRER RRRRIESR
EEEER

ERATEEIRR EEMBEE

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

# 0-8 {HERIASE AR

0.3 /&

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

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

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

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

- BEYEERRRG AR, MU TIRRE R B AR S,

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

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

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

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

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

FRERHEFEROAFHT

EFRER: HIEE—EHSETER r BF —HERE

EFHASR:

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

Step 1 Step 2
—HREER —HRAEER

EFRSR: EFRSR:

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

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

e
—¥EHE
EFHRSR:

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

Step 5

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

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

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

1-2 BErHEp P ER

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

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

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

FRRE, 7TEA204+ 10+ 1 = 3175

ok wn e
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BiEtH 31 L2 11 = 1 =» 0

HEHB -20 -10 -1

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

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

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

1.2 BRERMHE
1.2.1 BEEES

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

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

1.2.2 BHEEES

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

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

a5

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

1.2.3 BRGIBRETEIENRE

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

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

BE—RIUREES

eSS L
BN ‘ RELE with
 —
input algorithm output
HEESE

data structure

RESERLHEEFNER
BN MR ERHRIES &

1-4 BRI BT BIARIR (R

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

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

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

*® 1-1 R BRI L 2 PR

BRASMEEETL PR

LN =¢ RPFERAIFEA

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

i R TR

EfFRARE, EREMREREERREZNERGE SN, BRI, AEGDUIRHERZEEXESNE
B,

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

1.3 &

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

- HWHENPBRAE EREBHEE, 5 PWRIE B AR RTFIERE,

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

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

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

1. Q&A

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

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

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

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

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

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

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

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

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

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

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

RERGHE AT R oy i EEHIEL PR LR

2.1.1 EZAR

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

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

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

2.1.2 IPHEE

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

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

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

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

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

BEHERE St s il o EEREIIA Ty TR i, BEERAE DA A8 7



2w EREEDN www.hello-algo.com 19

- BERERTEN, B OEHRE,
- CEBNIRHIERERSE, ARSI AT A T,
- BRI DAEERAFE R R THERIRRCR, THRERERHE P HE B IRREE.

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

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

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

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

2.2 EELEE

AL, EEPTEEEHRRE RR, SRR AT R (R, 75745 AR R AN 23
W20, e T e R BB E R TERS, RIMTEEE AR Ui IR AR, B,

2.2.1 #%

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

1. foriEBE

for JE[E 2 i RANEIERZ —, EEERERIE R BIREEH]

PURBRTIE for SMEEB 7TRM 1 + 2 4 - +n, KMGREFABEEY res siik, HFETERZ, Python
H range(a, b) ¥IERERE “ZPAART 1Y, HERGESRES a,a +1,...,0—1:

// === File: iteration.kt ===

/* for @E */
fun forLoop(n: Int): Int {
var res = 0
// EEXM 1, 2, ..., n-1, n
for (1 in 1..n) {
res += i
}

return res
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I 2-1 2 %R E A TR [

=2l

i+

#
=1

i 2-1 KA PR A REAE

i=1
K
%

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

igfiEl “HRPERMR”. BN A EE N —HiTEEA A

2. whilei@E

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

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

// === File: iteration.kt ===

/* while 1@FE =/
fun whileLoop(n: Int): Int {
var res = 0
var 1 = 1 // ¥IaIREGEE
/1 @ERA 1, 2, ..., n-1, n
while (1 <= n) {
res += i
L+ /] BHIREEH
}

return res

while JHE Lt for MR H S HE S, 76 while SR, FRATATDAB o R G (28 B 9 4R AL T BT 40
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BT DL AR, VPRSI ¢ SR IUCERT, SRR A 77 (1 For M BESTR:
// === File: iteration.kt ===

/* while BE (WIREH) */
fun whileLoopII(n: Int): Int {
var res = 0
var 1 = 1 // ¥iafi&eesn
// EEXRM 1, 4, 10, ...
while (1 <= n) {

res += i
/] EIGEEE
++
i %= 2

}

return res

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

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

/* EB for EE */
fun nestedForLoop(n: Int): String {
val res = StringBuilder()
// @B i=1, 2, ..., n-1, n
for (1 in 1..n) {
// 8@ j=1,2, ..., n-1, n
for (j in 1..n) {
res.append(" (51, $j), ")

}

return res.toString()

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

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

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

2.2.2 E@

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

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

MEERNAES, BEEABEEGS = %R,

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

BRI TS, BRIMAFTIEY RN recur(n) , BEATPAZERL 1+ 2 + -+ + n BIEHE:
// === File: recursion.kt ===

[* BT */
fun recur(n: Int): Int {
/] #ELEARE
if (n == 1)
return 1
/] IE: IEEIEY
val res = recur(n - 1)
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// 18 R[EEER

return n + res

2-3 Jeor T kR A AR B AR

AT ‘& Rt “@”
recur(n) return n + ((n=-1)+.+2+1)
| /‘ ‘
recur(n-1) return (n-1) + ((n=2) +..+2+1)
recur(4) return 4 + (3+2+1j
recur(3) return 3 + (2+15
} A
recur(2) ESEE return 2 + (1)
l KRR —/
recur(1) return 1

2-3 SRAIAAIEEERE

HERIEET S A, ISR AT AR B RIA0AS R, eI 1 MRS A A1 A4 R TR B A9 i
E2v8

- B TETTWE” HURIREE, (ERIEMERPERB LG, ARANEEESREMGESER, RN,
- IR B _RWRT MR, IR A /N, B AR R B A MR
AR T AR e 2 BN TR, EEIEAERRE L (BEARRRRZE EAED.

DA ESRSRAIE A, 328 f(n) =142+ +n.

LR fERBEE AR, 7 1R 0, SREUTRRRE, BIRTRE f(n) .
ORI HSRIBEAME A TR f(n) = n+ f(n—1), B CRIEH) S8 F 2%, EREARR f(1) = 1
B L

1. MROYifeE

N PR AF ORI B BrIRe,  ZRSUER & 2 W7 BT R S e RC I e,  DARE I rs By, iU b F At B AR
o ISR /T AR

- BB I CE R A ERE 2y “HEBIAS [T AR RS, EEERFORERA GHRR. Fit,
MR B LEIE A MFE E e i 2 il
- RO R PG AR R MG DR PR U T b P I R AR AR
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QN 2-4 FoR, EMIRAALIRIERT, FIRFAE n FERIREFGERE K, BEHRES n .

AT ‘& Rt “

&

recur(n)

!

recur(n-1)

!
|

BERE recur(4)
! }
recur(3)

|

recur(2) wERE
} I
recur(1)

& 2-4 & E Y IR FE

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

2. BiER

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

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

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

DAL 1+ 2+ -+ 1 20, TRIVAT USSR res BUARASH, HETIEIH IR
// === File: recursion.kt ===

/* BIEE */
tailrec fun tailRecur(n: Int, res: Int): Int {
/] #ig tailrec RA#EE, URRIEEEREL
/] BELEARE
if (n == 0)
return res
/] EiEErEy
return tailRecur(n - 1, res + n)
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JEIRE B TIEREANE 2-5 FR. ¥ HLE @R IR, W B SRAERER TR R AN F Y,

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

AT 98" mLE “@”

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

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

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

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

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

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

2-5 RIREERE

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

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

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

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

[* BRARRHE: &l */
fun fib(n: Int): Int {
/] BRI f(1) = 0, f(2) = 1
if (n==1 || n==2)
return n - 1
[/ IEEIEDY f(n) = f(n-1) + f(n-2)
val res = fib(n - 1) + fib(n - 2)
/] REZER f(n)

return res

Bl DA B HS, FRAMAE R PR T R X, dE RS — R A Y W RIEY 5 32, AR 2-6
R, BREABNEEFEIY NE, REKESE —EEES n FIEER (recursion tree),

f(n)

f(n-3)

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

i 2-6 E BB EA AR

WAE LB, R T YRS RA TN TRIE REHR, SRR ERER,
C MCEEAEES, . Hi. B, 4. BRSSO R R I R R T S
AR,
L AR IEE, BE R RS RIS B, SRR AR, N A e MR E S s A
175347,
2.2.3 mEHL
waeE Dl FNgS, 3R 2-1 FoR, ERRNIREEEE. AEERE R -G TR,

K 2-1 IRAEHEE ARG L
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IER TEE

BEY  HESER PRI B &

X

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

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

i

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

i de TH

Tip

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

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

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

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

B, 28 REIEFER,

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

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

// === File: recursion.kt ===

/* FERIEREEIREE */
fun forLoopRecur(n: Int): Int {

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

val stack = Stack<Int>()

var res = 0

/] iE: EEMENY

for (1 in n downTo 0) {
/] @ NEEIRE R R
stack.push(i)

}

/] 1E8: REEER

while (stack.isNotEmpty()) {
/] FE@ “HERRE SR T
res += stack.pop()

}

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

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

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

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

2.3 BFRIEHE

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

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

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

/] EEHTEET

fun algorithm(n: Int) {
var a =2 // 1 ns
a=a+1//1ns
a=a*2]// 10 ns
/] BE n R
for (1 in 0..<n) { // 1 ns

println(0) // 5 ns

}

}

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

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

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

2.3.1 HEtERERiEE

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

“IRFREIG R SIS Eee i %, FAME B — G TS DARERR, RERE AN ERI AN n, 5T = (EEE
A BFIC:
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/] EEE A NEEEME: B8
fun algoritm_A(n: Int) {
println(0)
}
/] BEE B MKREIEME: R
fun algorithm_B(n: Int) {
for (1 in 0..<n){
println(0)
}
}
/] EBEE ¢ NEBEME: B8
fun algorithm_C(n: Int) {
for (1 in 0..<1000000) {
println(0)
}

2-7 e 7 DAL =T SR R A IR R R

- EEIR ARG 1 ESIENERCE, EERPITIREARES n B R, MR R AR R R E R 2
“HERE

- AT B PRYFIEMRIETR ZIERE n R, FEEEPUTIRMBER n HREAMEE R, HEBAIRARHAE M

- TEEIR C RRIBIENR/ERR 23 E 1000000 X, EABUTRIMRE, (HEiEAERR/N n R, Fit
C AORFREIERERERT A AHITR], (52 “HEBIFE™,

WEE ¢ - HER
1000000

WEE B — fRIER

HEERITRR 10
5 /Mﬂﬁ
/]

] 1 2 3 4 5 6 7 8 9

BNBEEKN
n

fEl 2-7 AR AL B C IR R85

MBS EHEA R HE SRR TR, 5 R R A TR R G ?

- IS RES ARG TRERCR, Flin, AR 8 (OPUTIRM BN R, £ n > 1 FHEER
A1, f£n > 1000000 KeELiETE c 18, FEH E, RE@MABERIUNn BIR, HEED “HE#
BE” ROTESIR B AR MRS, BRI RS,
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- B R HER DR E M, BOR, BT T ERIE AR AR BT S AT IR R A R R S
K| A B R R FEE A v, AP P DA BRI P A S R RS TIR R 2R AR R “BRALIRERE, AT
HCFHEBREUTIR AR R “RHRIRFEESET, B AR AR RRER T,

- IR A AR fIan, R TERE A R0 C RO RIEREEEARTR], (BRI TIR R Z IR
Ko [FIRR, MEEEIE 8 MRHEMEL &, EEMABRA/N n BUNR, R 8 BIEENEEE
Co BRIMIRTETL, TR HE USRS R A B s AR . B, BEFAE LR,
TR AT TR A R RCR i A R R T 1%

2.3.2 HIUEnA 5
e —MER AR /N o R RE

fun algorithm(n: Int) {
var a =1 // +1
a=a+1//+1
a=a*2// +1
// EE n &
for (1 in 0..<n) { // +1 (EB&WHEHMIT 1 ++)
println(0) // +1
}

AT RN R E R R — R AR n X, 528 T(n), RIDALEXERIFEE R

T(n)=3+2n

T(n) B—REAR, SREAHBITIR A RS AR, R e AR P R R AR TR

PSR RS R IR RC A O(n) , BIEBERFHBAK O 25% (big-O notation), FREX T'(n) 1Y
ik E5 (asymptotic upper bound),

IR T AR RS “BERE T (n)” MOiNE BR, ©EEIHRNESR TR,
EiFav U

FAEIEEM ¢ FIEW ny , EEERFENR R > ny, 398 T(n) < c- f(n), HARS f(n) &
HT T(n) M—EHRE LR, 3% T(n) = O(f(n)) .

aniE 2-8 fw, sHEHNL LR SFR—MEERX f(n), F5E n @AREERR, T(n) f f(n) EBHRHERA
AU -RAH, EARZE AR EUH c BIREEG
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c-f(n)
T(n)

izt e

4._.——”‘*-”’—"——7

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

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

2-8 HEARHHE ER

2.3.3 #EGE

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

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

1. -9 GsHRFHE

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

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

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

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

s — MRS, FRAMAT DU B3R B skt R E R :

fun algorithm(n: Int) {
var a =1 [/ +0 (15 1)
a=a+n [/ +0 (FI5 1)
/] +n (%15 2)
for (1 in 0..<5 * n + 1) {
println(0)
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}
// +n*n (715 3)
for (1 in 0..<2 * n) {
for (j in 0..<n + 1) {
println(0)
}

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

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

2. BT HEREHEESR

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

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

R 2-2 AR RSB AR R

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

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

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

2.3.4 EREN

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

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
HHRE < B < GUPERE < SAEBEEE < FI5RE < FREE < RESRRE
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IR IERE
T(n)

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

BNBERAN
n

i 2-0 H FLAIRF R Y Al

1. BHEEO(1)

R AR E R B N RN n R, BIVRRES n HUSE (LT AR (L,

EBFE o(2n)

F5kE o(n?)
4914FE o(n)
HEME 0(logn)

BHE o(1)

#EEx

3 FETON

FEDUFERA, S RIFRE size WREMRK, (HARHBUR AR/, n SR, RIER R 2 O(1)

// === File: time_complexity.kt ===

[* BEPE */
fun constant(n: Int): Int {
var count = 0
val size = 100000
for (1 in 0..<size)
count++

return count

2. 4R O(n)

ARMERE BB F R AR B AR n DARPESRBINE R o ARPERRIE B B3 75 B e el o -

// === File: time_complexity.kt ===

[* ARMERE */
fun linear(n: Int): Int {
var count = 0
for (1 in 0..<n)
count++

return count
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SR A SRR TERIE ST O(n) , Fosh ) 2o Bk BEH 5 R
// === File: time_complexity.kt ===

[* ARMERE GEspRES)  */

fun arrayTraversal(nums: IntArray): Int {
var count = 0
/] EEREER Y| REMIELL
for (num in nums) {

count++

}

return count

ERFERRZ, WA n SRR A SRR R RMEE . LLanESs — 8RBT, S8 n HmAE
RN, S ZAERBI, HAIRE n HERIN,

3. EHKEO(n?)

S5 W ARV OB RR AR I o DA AR . T2 77 B B B SRR e, 4 A T P
TR R % O(n) , FILABIRRIERE 2 O(n?) :

// === File: time_complexity.kt ===

[* FEFHEE */
fun quadratic(n: Int): Int {
var count = 0
/] EEREERERKN n BTEHERER
for (1 in 0..<n) {
for (j in 0..<n) {
count++
}
}

return count

2-10 BHEL T RS, ARMERE R 7 R = AR A
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EE n R
@E n /'A—'
1R E
BSROAESERT BEROMESRE B ROIRSRE
HHME 0(1) 1B o(n) EAB 0(n2)

(] RE—fEasmme

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

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

// === File: time_complexity.kt ===

[* FHEE CEAHRE) */
fun bubbleSort(nums: IntArray): Int {
var count = 0 // FtEiEs
/] MEE: REFFEER [0, 1]
for (1 in nums.size - 1 downTo 1) {
/] WiEE: #ERHFER [0, 1] PHRATERREZEBNRAR
for (j in 0..<1) {
if (nums[j] > nums[j + 1]) {
/] 32 nums[j] £2 nums[j + 1]
val temp = nums[j]
nums[j] = nums[j + 1]
nums[j + 1] = temp
count += 3 // TTEXRREE 3 BETIRE

}

return count

4. $EBEEO(2")

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

// === File: time_complexity.kt ===

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

}

base *= 2

}
// count =1 + 2+ 4+ 8+ ..+ 2%n-1) =2*n - 1

return count

EiE EEH
BE—2/Z MREHE

n ,
2 T
' .22
R
[:] e [:]," [:j . [:]." [:] . [:J,” [:] e [:J 201

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

\|
7t
=]
|

2-11 fEHPEHIRF R e

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

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

fun expRecur(n: Int): Int {
if (n==1) {
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return 1

}

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

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

5. HHKE O(logn)

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

8 2-12 AU FERISEUE T “SIMREI " 1B, WM O(log,n) , % O(logn) :
// === File: time_complexity.kt ===

[+ HEE (BEER) */
fun logarithmic(n: Int): Int {
var nl = n
var count = 0
while (n1 > 1) {
nl /=2
count++

}

return count

BINEFIRES n SEEE 1 @

IR R SR e

©

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

~

[N]

[y

i 2-12  SHERFE AR A E
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BRLFSEAFRAAL, SRR BRI R N, PUNESBS R T — R %y log, n AUIEIERY :

/] === File: time_complexity.kt ===

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

return logRecur(n / 2) + 1

B HBUR BN MRS EET, #BT “—0h2” M CELMET MERREE, e REE,

SRRV B R R AR PR IR R A P
O(logn) MIREUZEZ/D?

HEREAREL, “— %y m” HERRREELR O(log, n) . MEBHEIRKAK, BMATLUSEIAS

AN JERE,  FHRE AR R AR

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

WatE, FKE m T DERN B AR MR, RIRMEE @Ry m, SHEEER

w4 O(logn) o

6. #RMEHEM O(nlogn)

PR B B LT D R RS R 5 B2 O(log m) F1 O(n) » HABIREREEL T

// === File: time_complexity.kt ===

[* ARMEHEIE +/
fun linearLogRecur(n: Int): Int {
if (n <= 1)
return 1
var count = linearLogRecur(n / 2) + linearLogRecur(n / 2)
for (1 in 0..<n) {
count++
}

return count

2-13 R T AR MBS A O 3 T I — IR RS Sy o, BHIE log, n + 18, [

HHEE 2 O(nlogn) o
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EEAIRIEAEN
nx1z=n
Zx2=n
## log,n+1 B
%x[.:n

BRI (EARE
nx (log,n +1)

B RRAERE

0(nlogn)
P

i 2-13 ARk AR R

1R

&

[
=
n

=3

l

&

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

7. BEEEO(n!)

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

nl=nxn—1)x(n—2)x-x2x1

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

// === File: time_complexity.kt ===

[* BERRE (EEHTIR) */
fun factorialRecur(n: Int): Int {
if (n == 0)
return 1
var count = 0
/] 7 1 E5EE n @
for (1 in 0..<n) {
count += factorialRecur(n - 1)
}

return count
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EEH EEH
DEYE HEEHE
n n
n-1 n(n-1)
n-2 n(n-1)(n-2) - £ n B
1 aus see sse n!
2HTINA RS (AIRKENERSE) R
nx (n-1) x (n-2) x .. x 2 x 1 = n! B3P Oo(n!)

2-14  PETRPEHIRF R EE

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

2.3.5 RE. RfE. FIYSHEHE

HETARIN EBCR R EIE R, i Sl A BRI i B Bk A — MR E S n BIMEES] nuns ,
Honuns FHIE 1 2 n BB, SEEBT BB X ECRIEF2REETELR, (5 ERIREDTER 1
HIZR51, Tl RT DATSH DU 455w

© Hooums = [?7, 7, ..., 1], HIEREITER 1N, FECBEEDMEY], EIRZERBEBEE O(n) .
- Hooums = [1, 2, 2, ..., BVEEMETRR LR, HERIEY 2 RENTEEGUET, ERmtERRHE
M Q1)

“ERZEREEREE" SRR AENE R, AR O 9oR. Mg, “BERF R e e TR,
H Q FE9EERR:

// === File: worst_best_time_complexity.kt ===

[* ER—EREY, TES {1, 2, ..., n }, [EFEWITEL */
fun randomNumbers(n: Int): Array<Int?> {

val nums = IntArray(n)

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

for (1 in 0..<n) {

nums[1] = 1 + 1

}

/] FEHFTELFES TR

nums.shuffle()

val res = arrayOfNulls<Int>(n)

for (1 in 0..<n) {
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res[i] = nums[i]
}

return res

}

[* EFAREY] nums FRELFE 1 FRTEERSI| */
fun findOne(nums: Array<Int?>): Int {
for (1 in nums.indices) {
/] BtE 1 7EfEYIEEERE, ZERRERREEEE 0(1)
/] BtE 1 EEYIERE, ZIRERREEEE o(n)
if (nums[i] == 1)
return i

}

return -1

ERHRHNE, BIEERTPIRDEHRERMERE, FA@hEEERIMERTAREES], rIREgHR
—EMREE, MRZN R ESEN, RACHH T E8eR L, SRR IO HEE
%o

T LIRRGIRT AE t, fR 22 I PR AT B (R AT BN “REFRAV BRI M, I8 E 1A DU IR
AIRETR/D, M AREE B BE IR SUTROR, ML, PR RIERE ] AR B R A L e b A\ R
TRPITRCR, M O RN,

ARSI, TRIVAT AR LM B MO R UM, Hn L3RR, 7 A 52 kT
AL, TEE 1 BRSO ERRARSENY, RSN T3 W R 5 R —F /2
| SRR O(n/2) = O(n) .
(BB 2 YRR, RH ST RS R A (A PR TR, DR A IS A7 H LE R 53 1 R AR s
Y, LEXSREIAUL R, FRIPIEEE G 5 2 R i (2 B X (0 A e

BAHERVL RS © 7k

FTREFII O FFSB@EIRA LT, BRI 3 AR o AR i, (LA 3% L, )

R AKRE, EASMEMER D, ZBIEM EHRERE O(n)” MR, HiFHER
Bz O(n) .

2.4 THEHE

ERIEME (space complexity) M s 25 A e IR A 22 M R 8 R SR IR I R 38, G e & Bl
IRFFEIARE L AR R, R “PUTIRGRT” By “(GATRCIRs M,

2.4.1 BEEEMERATHE

T ETREPUTIERE P A B9 RO IR e s P 2 005 DU 267,
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- EAZERE . R RR R A R
- BB AR FERIAERUTBRET AR, Wik, B TEEEER,
- PR PR R R
—REILS, SHEMER SR ER “EEEET ik s
Yt a] DO — 2581 2% =8 77
- EFEERL: AR FEERSTERET SR B YR,
- HEEAAERE . RPN R BRSO R, ARBUAE RO AL bR IR AR & 1 B T R N — (A HE AR
et, PRIFOR[ENE, R R SRR,
- 1RREH: ARG ERFRIERIES, EEER A TEE R A,

FE M —BAR RS AR Ry, SR Stat B A7 ORt, S Be s PRt RORE =37y, anfE 2-15 R,

BEER TERERENGEE

4 A hY
WS e b e
BMAER BEEY wHEY
HBRIE=H
ELEM

@ 2-15 TSI AR B A3
GE[Esa i

/* R */
class Node(var _val: Int) {

var next: Node? = null

}

/> B+
fun function(): Int {
/] BITHELIRE. ..

return 0

fun algorithm(n: Int): Int { // BIANEE

val a =0 /] BEER (F80)

var b =0 /] BEFEER (28)

val node = Node(0) /] BEFEER 4)

val c¢ = function() /] BT (PR )
return a + b + ¢ /] BEHER
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2.4.2 #EBREE

23 I FE RO SRS TR BN R AR BUER), NI SEt e “IRIFEEE” A “fRZRAN,
77 BRI PR FE AN R 2, FRAME 3 BT 2 B A, 182 (M 2 IR i 2 2 — TR MR, TR a6
JAMERIEFT A I N R TG R RIS S 2 M FH R
BRI RS, mETSHERETN “RE” AME SR,
1. DU ANRDRIZ5HE: B on < 10, ZHEMER O(1) ; BE n > 10 K, PALHIREES] nums {45
H O(n) z3f8, HitRZE=EE#ES On) .
2. DAEBIEBUT RO 2o e B, RAERUTRE 17280, 5 O(1) 22M; ERia k)
nums I, G O(n) =M, FEitmESHERER O(n) o

fun algorithm(n: Int) {

val a = 0 /1 0(1)
val b = IntArray(10000) // 0(1)
if (n > 10) {

val nums = IntArray(n) // 0(n)
}

FEIRMEA, REEBSAHEBAN, BRI EE:

fun function(): Int {
/] HUTHELERE
return 0
}
/* BENTEEMES 0(1) */
fun loop(n: Int) {
for (1 in 0..<n) {
function()
}
}
[* IEREN=EEMEESR o(n) */
fun recur(n: Int) {
if (n == 1) return

return recur(n - 1)

B Loop() Al recur () MIBSEIRGAEREAR S O(n) , (HARsEHEE M,

- R loop() TEEE MY T n X function() , FFEHRAAY function() HPIR[EINGRERY T HEEIE 23 [,
I EERET 2 O(1) .
- JEER recur () EHITIBREFR G FREE n EAIRE recur (), #EMIGEH O(n) HEBE=SM,
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2.4.3 ERER
HEMANERA NG 1, B 2-16 JBR T4 RAOSRIE M AR (RS & HER))

O(1) < O(logn) < O(n) < O(n?) < O(2")
WHRE < BERE < SR < TR < fEEE

ISR o(2")

F5RE o(n?)

seiREEERE A/ AMERE o(n)

MK 0(logn)

REES. HEEE

EHE o(1)

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

BNERAN
n

2-16 R TR R A

1. B O(1)

R R R R B NN n SRR L R Wft,

FERRNE, ORI R E I R R T T, A TR e, FIERe
SR, SRS O(1)

// === File: space_complexity.kt ===

[* BETL */

fun function(): Int {
/] BITHRLRE
return 0

}

[* HEPE +/

fun constant(n: Int) {
/] BE. S8 MHER o(1) =M
val a = 0
var b =0
val nums = Array(10000) { 0 }
val node = ListNode(0)
/] EEFRNEEEA o(1) =M
for (1 in 0..<n) {
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val c = 0
}
[/ EEFBEEA o(1) =FE
for (1 in 0..<n) {

function()

2. R O(n)
SPERE R ELA TR WO o BE RS, BRAEERDI. M, (7515
// === File: space_complexity.kt ===

[* BRIERE */

fun linear(n: Int) {
/] RE# n B9REFLAE o(n) =M
val nums = Array(n) { 0 }
/] RE# n BNBEFUEA o(n) =M
val nodes = mutableListOf<ListNode>()
for (1 in 0..<n) {

nodes.add(ListNode(1))

}
/] RE# n BREREA o(n) =M
val map = mutableMapOf<Int, String>()
for (1 in 0..<n) {

map[1] = i.toString()

N 2-17 R, R ANEERE R n, BIRIZALE n AR ER) 1inear_recur() B, H O(n) K/h
A B I 8 ] -

// === File: space_complexity.kt ===

[* KRR (EEEIR) */
fun linearRecur(n: Int) {
println(" EE n = $n")
if (n == 1)
return

linearRecur(n - 1)
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IE-F “ﬁ!l rﬂ]J: ((@)7
linear_recur(n) return @
linear_recur(n-1) return @

n ’ T
linear_recur(2) return @

B&Eg

1 R T
linear_recur(1) return @
RFIEETIHRES n SRIEHEE
H#EH 0(n) BESEII=R i31ERE o(n)

2-17 330 R 3 A A AR PR P s R A T

3. FEHKEO(n?)
SFITRE R R RN, TTEREEE n BT RR:
// === File: space_complexity.kt ===

I* FHBE */
fun quadratic(n: Int) {
/] FEEER 0(nt2) =
val numMatrix = arrayOfNulls<Array<Int>?>(n)
/] ZHERTHERE o(n~2) =
val numList = mutablelListOf<MutablelList<Int>>()
for (1 in 0..<n) {
val tmp = mutableListOf<Int>()
for (j in 0..<n) {
tmp.add(0)
}
numList.add(tmp)

qniE 2-18 A, % PRNHNEBRE S n, EEEE R XA OIEE 7 —@kEsl, RESHIZ ne n— 1,
201, CERER /2, FAEER O(n?) 2H:

// === File: space_complexity.kt ===

[* FHEE (BEOER) */
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tailrec fun quadraticRecur(n: Int): Int {
if (n <= 0)
return 0
// BE%] nums EEA n, n-1, ..., 2, 1
val nums = Array(n) { 0 }
println(" IEE n = $n FH nums BE = ${nums.size}")
return quadraticRecur(n - 1)

S nums RE AT “&" Rt “@"
( n —— quadratic_recur(n) return @
n-1 —— quadratic_recur(n-1) return @

" 1 1
2 —— quadratic_recur(2) EEEE return @

1 e lm At 1
L 1 ~——— quadratic_recur(1) return @
EEERELRAPBRLT —ERET, BRES SREHE
1+2+ .+ (n-1) + n = n(n+1)/2 EHB o(n2)

2-18 TN bR P AR 9~ 75 T s R

4. fEBEEO(2")
SRR LI ER, IRIE 219 , B n 9 TRIERT IOMIRERS 27 — 1, 1R O(2") %
// === File: space_complexity.kt ===

[* HEEME (GEIirmIoiE) */
fun buildTree(n: Int): TreeNode? {
if (n == 0)
return null
val root = TreeNode(0)
root.left = buildTree(n - 1)
root.right = buildTree(n - 1)

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

2-19 i — oA A A RITE B S T M R

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

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

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

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

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

2.5 I

1. EXERE
HRTRCRGTH

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

L ] 2

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

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

- EER R S WD, EeEHRERE, AEHETNL A,

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

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

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

2 I RE

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

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

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

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

2. Q&A

Q: RIEEMZ MBI R O(1) 152

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

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

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

3.1.1 EIRAEIE. AFEERIERE

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

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

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

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

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

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

hash table value

nAR {k” L w}

3-1 #PEER GRS EAR ML RS A

3.1.2 ¥IBGEIE. EERSH

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

00 @1 02 @63 04 @5 06 07

0x0000

0x0010
0x0020 n

0x0030

0x0040

TSR SRRtEREL 0x0012 i%%llﬁﬁ

. BRSBTS 0x0024 , %ﬁllﬁ*ﬂn

M 3-2 FotEfelk. Aol aciefgizit

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

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

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

HATRET SRS T

fEEFETIRDERT M EEREN Eea el ER e R P

aaaan

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

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

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

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

Tip

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

3.2 BFEHES

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

HABPRIRE CPU nf LHFGEATERIR, AREIAHERW N, FEUEN R,

- EEPOUA byte, short. int, long.

- TFEEUUR float. double, FHRAFRT/INEL

- TRl char , AUAFRRESEGE S TR, T IREERIERIE,

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

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

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

% 3-1 FEABRIAURBI (G 2 A0 G

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

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

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

FIT char 2furtd# 0 216 -1 0

itk bool 1fiocdH  false true false

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

- {£ Python /1, EHIUAI int AJDUREREAR/DN, HZMRATT IR, FEE float 2K E 64 f;
%A char BRI, BEFTERE LERES 1 T str,

- CHI C++ REAMEREREAGRAIRI R/, THRERMEER R, £ 3-1 8§ LPe4 &risrl HHR
fAIHE Linux f1 macOS fENY Unix 64 NAEER#.

© FJC char FIR/ME C #l Cr+ iy 1 Aca, 7ERZBUREGE S P BURAREE N Feamis 7%, A
“FICHRIE" Ef,

- BMERRMEMET 1467 (05K 1), iR EENHEES 1 AoH, BRRNABREIEE CPU
TEEAF 1 AT E AR NVEIRL RS BT,

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

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

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

/] ERZBERERERIRAE LT
val numbers = IntArray(5)

val decinals = FloatArray(5)

val characters = CharArray(5)

val bools = BooleanArray(5)

3.3 HFHRS*

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


https://en.cppreference.com/w/cpp/language/types#Properties
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3.3.1 [RiE., —HEM_HE

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

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

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

3-4 JEoR T RS, — w0 B B R R ik,

+0 +5 #F -0 -28

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

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

0000 0000 0000 0101 -t - 0000 0000 1110 0100

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

[ 3-4 RS, — B A A A L R

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

1+ (—2)

— 0000 0001 + 1000 0010
= 1000 0011

— =3

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

— 0000 0001 (J5H5) + 1000 0010 ()

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

= 1000 0001 (J5H5)

— —1

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

-+0 — 0000 0000
—0 — 1000 0000

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

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

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

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

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

(—127) + (—1)

— 1111 1111 (&#E) + 1000 0001 (J57E)

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

— —128

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

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

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

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

3.3.2 FREBURES

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

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

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

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

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

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

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

E
N

124
22+273 = 0.375

1x0.125x%x1.375
0.171875

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

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

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

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

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

* 32 EEAIEER

TEHOL E SEHIN =0 SEBIN £ 0 aHEAR

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

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

o

EEFEE double ERFHBHLUR float MIFRIRTTIE, TEMAMER,
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3.4 FitHwiS ™

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

3.4.1 ASCIl &

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

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

32 0010 0000 sP =23

3-6 ASCII i

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

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

3.4.2 GBK ¥f{&

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

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

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

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

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

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

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

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

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

1 00000000 01101100
0 00000000 01101111
] 01111011 10010111 . _

- REA 2 NP XFT
iE 01101100 11010101

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

Hifi, UTF-8 T AR i &z Unicode 4l5 /5%, ©R—MnEEEN&EE, #/H 13 4 6T
AR E R —HFTT, WIEFETHEREMETSE, ASCII Fo R 1 Aycé, T FEFRIA IR REEE 2 AT,



B3 BRI www.hello-algo.com 62

HRRAPSCF TR E 3 e, HAR—2E Ry ITRE 4 AT,
UTF-8 Hyw s RIS AHRE, 53 2% DA RiAE A

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

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

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

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

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

FIT Unicode UTF-8

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

& 01101100 11010101 11100110 10110011 10010101

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

3-8 UTF-8 4§l

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

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

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

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

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

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

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

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

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

HFE L, BRGESH oGy Bt —EREBIEE, WAFZHEER,

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

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

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

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

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

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

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

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

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

1. ERNORE

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

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

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

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

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

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

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

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

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

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

2. Q&A

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

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

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

Q: char BB RERZ 1 fCaHE?

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

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

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

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

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

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

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

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

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

B, BT AR B AR e 1110 RS, B “JEi 1 AU

1110 — 1101 — 0010

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

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

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

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

fAfFiEs By E R ae = R R A

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

00 04 08 12 16
memory location

EEESEa

- pap sl Al DERTEE el

4-1 [sIE A7 753K

4.1.1 [FE5IERRE
1. #sakmrEs

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

// === File: array.kt ===
[* ¥sa1rES */

var arr = IntArray(5) // { 0, 0, 0, 0, 0 }
var nums = intArrayOf(1, 3, 2, 5, 4)

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

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

TE®Sl o 1 2 3 &4

otEREME o0 04 08 12 16

TTRRE -4

RCERE - EYREERL + TRRE « TRERSI

(BrroE i) (iHHEBE)

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

[ 4-2 FEFITCRARCRR AL R

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

FE BT T AR R, BIFATIAE O (1) RERAPYBEHS R ) (£ — T,
/] === File: array.kt ===

/* BEt&shiETER */
fun randomAccess(nums: IntArray): Int {
/] EER [0, nums.size) FFEHIHEN—EZFE
val randomIndex = ThreadLocalRandom.current().nextInt(0, nums.size)
/] TERILIR BIFEH T2
val randomNum = nums[randomIndex ]

return randomNum

3. fATE

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

:

EEEEC

nums[4] =m5[3]

HETTRIEA

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

N

nums[2] = nums[1]

:

(3 W1 ]s]2]5] ﬁ@ﬁiz’ﬁ 0 B

nums[1] = 3

4-3 [5IHE A TR

ERERNE, HRESINREZEEN, FtfMA—ETRee @S8R “BK" FFEHE

BRI fER T R BETE “H3” BEHEihEtE,
/] === File: array.kt ===

/* TEFEFIANZRS| index BRIEANITTE num */

fun insert(nums: IntArray, num: Int, index: Int) {
/] 1BF&35| index UNZENFABETERAEREEH—L
for (1 in nums.size - 1 downTo index + 1) {

nums[i] = nums[i - 1]

}
/] #& num BR4E index ERRYTTER
nums[index] = num

4. MiBRTE

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

88000

nums[l] nums[2]

1 TTHRMAR
il

RFBE—U
TEREFIFMERZRS] 1 REITER *
nums nums[3]

nums[3] nums[4&]

seRMERR, EIERTRUER 1 ,
KETE 4 BESER, BENEEN

& 4-4 FEFIMERCERA]
R, MBRTRERTERE, FARBRITRES “MER” 7, DRMEENEEBLE,
/] === File: array.kt ===

/* MIBRZES| index BEHITTE */
fun remove(nums: IntArray, index: Int) {
/] 1BFR35| index ZEBMFIATTREMRIBE—II
for (1 in index..<nums.size - 1) {
nums[i1] = nums[i + 1]

}

RENAE, MBI i A B ER RV DA N8R,

- IR RS BRSO AFOMBRA TR AR L 2 O(n) , Horb n 25 R,

- R HRHEAINREARSE, REEHATRE, BHEYREGRENTREER,

- RCHERERER . T DAIan e — 8 L R ARSI, SRR —#R 7y, JERTERABRIRE, ERIARETT
REE “HEERT K, (HIERMEERE RS IR,

5. EHFES
fER SRS, BERTDUBBRE LIS, AT DU Mg 5 7 25
// === File: array.kt ===

[* FEFAREF */

fun traverse(nums: IntArray) {
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var count = 0

/] BEBZR5|IEAET

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

}

/] BEEEFEITER

for (j in nums) {
count += j

}

6. EHfIxE

TERS R & RHEE LR TR ZE A M, BT RER G, VTR EERS
K 7 FE R AR R R A, P AR R E e 2 “ARIEEReT,

// === File: array.kt ===

[* ERESIREHAIEETE */
fun find(nums: IntArray, target: Int): Int {
for (1 in nums.indices) {
if (nums[i] == target)
return i

}

return -1

7. EAET

FERHER RIS, FETCE DLOR Y 2 R A RO IR s A2 PTG, 1T T 22 e i Fre 8 5
FERZERENXE ST, MEIRRER A TSR,

QIR B A, AR ST L — E RS, SRR S T R AR TS, B2

O(n) B#%E, TEMFIRARRIEN NEFFER, W TR
/] === File: array.kt ===

[* IREMEYIRE */
fun extend(nums: IntArray, enlarge: Int): IntArray {
/] et —EERRERES
val res = IntArray(nums.size + enlarge)
/] RS RBFRA T RE R RIS
for (1 in nums.indices) {

res[i] = nums[i]

A1t

—
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3
/] REHEREEZAES

return res

4.1.2 FEFIREEERERYE

PEZ AR R R IR R e Py, EoTRABIHEE, SRR SEEREREN, REn] DFIHELE g
A A RS R R IR,

- ERRCRR: YR SRR, AR NI AR BA S

- SZFEREREEI: S RFFE O(1) RN SRR IT R,

- PRI EARESTRR, sHEEAMEGRA Y, 1B & PRIBCLE R R AER, MR EiE
RS THR SRR TR

SR - E IR, HAFEDAMRRMT.

- FAABUNERRCRIR: BRI hOTRE SR, AR RS ERE R ERTTR,
- REARIEE: HEGHIACRREMERE T, BAMIEEEIH G RHE RG], BASRA,
- BRTREL AR LR R/ NVEB IR, IR RS RBIRE 1,

4.1.3 [E5I|HBIFER

Pzl 2 — AR EL Y AR, BURSE MR E R T, WAl RN E B R R A,

- BRI G SRIRFVEBEM I — LA, IR AT ARSI A7, AR R —MERER S, HRIRRSIEH
(et 51ii e N

- o FARHEP AN S EETARE B REN, tstir, Sty ZoEsSMEEE
Bz b 3EEA T

- AR B E PR RS EER R, A DUERIRESIE R AR, (RN E B v IrE
ASCII WAL, HIIRT BARF 7 7CH) ASCIT BE{EEZ RS, EHERITTER A A BB E.

- BRARVERE . MR TP REMN TR, R, SREZHEMAREREBIER, EEERIECZ IR
RERER, P12 A AR A o AR o s i o S A

- ERHSRREBL: AR DU E IR, (TH, MERR, HERE. ESERRIAENE, BN, R ERE R
TNERR bRl e

4.2 iEEERY

LR SR ARERNALER, £ -EEENRFEPITERET, SRR MR s
P FRARE, il (7 AT RC IR 2 A ZE R TR, T PSR ORI, RO IR m] RESEE AR A AN R Ay e
AU, RS ARSI A RS P S R B AR T

#8455 (linked list) B —MEARME RIS, HAARSETTRSZ —E@EYF, SEHSEES 510" M
AR, Sl HELER T T AR RCIRES AL, EIE T AT DA E B E R R — 8 FiE,
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S AG ER A et (E A A M HTRE A] DAy B (A e R IR A5 e, B MRYRC IR B o SO

A et VR s 1 ()
figiE=T

linked list

—s —a e —3{ —> None
e M TEERGAY J
8 318 GEm B
Bk RIEER s
node

B eomrE | s
s paiiy | PORCEET

[ 4-5 Sk ERAE FR B A7 73X
B 4-5, SEASHRYIVHKEAZEE (node) WIff, SEMBHAIUSWIHER: HEK “E" MHHEAT
—HiRE “5IH7,

- RS ERYINE E SRR A “THETRY, R (AR A R,
- EHEEEAAE 27, BAf Java, C++ fll Python H43BI#%E 4 null, nullptr I None o
© £ C. C++, Go fl Rust HFXFHEEMFESH, Lk “SIH” ByEws “f6i,

MPAPREAREATR, SEALERSIHIES ListNode BR T RIEHHE, EHREIMHEF M5 (51D EILEMRER
BT, AT LRG3 % i s iR =

[* SEEEERTIERRLARR *+/

/] BEF
class ListNode(x: Int) {
val _val: Int = x // ENEL{E

val next: ListNode? = null // #ER TF—EEEERIS| B

4.2.1 $ELERTIEBIRE
1. YafvsEsE RS

BRSSP RIS R, SRR R RIS HBAR. WA e IR,
T n] DATES A5 AR 2 A SHERRG 4%, 3B 5| RITE next MRIKH IR A B,

// === File: linked_list.kt ===

[* ¥IAEEAERS] 1 -> 3 -> 2 -> 5 -> 4 %/
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/] A BB

val n® = ListNode(1)
val nl1 = ListNode(3)
val n2 = ListNode(2)
val n3 = ListNode(5)
val n4 = ListNode(4)
/] tEEERZEN5IA

n0.next = ni;
nl.next = n2;
n2.next = n3;

n3.next = n4;

REE %I R S — AL, ERAn P nums B 5 JT2R nums[0] A nums[1] 55, Tis4s 8827112 B 2 (8 N7 A BT L 1

AHLRFN ., FRAPTIE BT SR B R B VR RS ERHIAOACRE, Lot DA A2 SRS gl ER 2 ] B PR SAT ER ST no o

2. {ENEDES

FESEE R PR A TR AR B . WIE 4-6 PR, (Bt RIS RI A 8 68 no A1 n1 2 R A\ — (&
Bip, WHESEENAERG I GEED Bal, RREEEES O(1) .

M2, fERFIHREASTRNRFEREES O(n) , ERERHER TRREREIK,

il
TS ERTIERE no M nl ZFEMENEIRS P

P.next = ni
EI% P 5@ nl

nd.next = P
B4 no 3E@E P

4-6 AL A HTER G

// === File: linked_list.kt ===

[* TESEAEERTIAVENSE no ZRIENEIRS P */
fun insert(n@: ListNode?, p: ListNode?) {
val nl = n@?.next
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p?.next = nl

n0?.next = p

3. MIBRERES

qniE 4-7 FoR, ESERSE SR IMPRERG thAER T8, T a5 (e B,
AR, B EMPRIERIESE SRR ENRS P U5 1, (HERR FES AT RS CAIARI M P, BRI
P B IR AL B 51 T

nd.next = nl

o] B4 no ¥EM n1

TEaRAE R TIRRIPRERE P

MIPREARR, B8R P {H7A1EM nl ,
B RTIBEHEEHME P,
HLEEMRRER P B

4-7 GG R I PR
// === File: linked_list.kt ===

[* MIBREEAE RFIAVETRL no ZERIEEETR */
fun remove(n@: ListNode?) {
if (n@?.next == null)
return
// n® -> P ->n1
val p = n0@.next
val nl = p?.next

n0.next = nl

4. :HRIENES

TEGRES ERFIP R E R I RCRBAR. 1 L —&imA, eI DAIE O(1) Kefd RRrfRsIrh e TR, s
AR, TR, BEARES, ARSI B, a2, HcERsIneE
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[EEETIOEE i — 1 %, ISR O(n) .
// === File: linked_list.kt ===

[* shfESEAEERFIPERS|% index HIEARL */
fun access(head: ListNode?, index: Int): ListNode? {
var h = head
for (1 in 0..<index) {
if (h == null)

return null

h = h.next
}
return h
}
5. EERS

AERTBEASHR, EAHAER target RUHTRG, @HZERESASBYIFPRIRS] HBEBERGIEER, 2
5N R

// === File: linked_list.kt ===

[* TESRAERYIFREES target NE{EREL */
fun find(head: ListNode?, target: Int): Int {
var index = 0
var h = head
while (h !'= null) {
if (h._val == target)

return index

h = h.next
index++

}

return -1

4.2.2 (&% vs. &L R5

AR A-1 HRAS T B RN SEAS B3 51 B2 SRR 6 L T R FR R AP ER WA B O ot /7 SR, IRt 254
VBRI Rt BT T RS,

K 4-1 Y BLGEAS R A RCR B L
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5] Gk
B gnehEmEm Sy A
FENE  RAR AR
O ERGATEED. ERRESE RGeS
iz 0(1) O(n)

wEE  O(n) 0(1)

MpiE  O(n) 0(1)

4.2.3 HRigEHRTIER

qniE 4-8 Fiow, H RLAYSEAS ER ARSI A =,

- BEEGRER A BRI AR m GRS RS, B A S ER S R ETRS L S E AT FR A T — ETREA 5 | IE
Bkl FRAPI (8 ETRGRE 2 BEENRG, R AR R (RS 2 ERE, RSN None o

- BUBSEASERS: QN RIS B gRAS FR I R EIRGTE R SHETRS (F AR, RSE| (B atas &5,
TERRTESEAS RS, AL TRRETRGHR AT DAAR (R SR ARG,

- BRGEAS IRy B GBI, Brias R sIEci T E T AT . s Ry ETR R
IR L S TR RARENRS (T —(EEED MATHRERS (E—(EERD 51 GEED. AR B A R,
B Al AR S S B, AT DA 77 a0 E A Al FR A, (BN R th 5 A T B 2 R e R e

[* BrRsEE Ry ERAER] */

/] BiEF
class ListNode(x: Int) {
val _val: Int = x /] EREH(E

val next: ListNode?

null // EREERERRSIA
null // $EARIERERFEAYSI A

val prev: ListNode?

Erigisss

singly linked list
00000

IR EES R

circular linked list

0-0-0-0-0

SmigsR

doubly linked list

e D000
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4-8 H FLIEAS HR Y A

4.2.4 §E4ERY|HEIFER

Ba GRS AT N EBIHER, (751, MR R ERAE A

- HEBBUTE: EREAFMBR R EE I SEAS R A0 — I T, ERBINREASER Y, BIERE; B
AIRIEAESRAS RSB — Uit T, MHERIRIEESRAS B AR 5 —ImiEfT, ERBIRR I oo, HE
1751,

- MRS SEAOE R RE RN BRI R —, B RT, A ERITTRA GBI — EsE RS
FRAIH,

- Ml SRR AR A — A T3, I A TR B S S R S R R, S AR S A A A
TLER AR Sl TE R A Do ) L A TE R

B s Aol FR A1 R RDIN TR PRI S AT — eI — T R 5t

- RRERORIAGNE: LLANEALRRE, B P, TRMTEAIHIERGRQENRG, 1ER] DUBE LRGP —(E s
] A BIRG I 5 | FHAREL B, JEUR B [ St B 31

- BRI EEERSEA T, B P ADERNE SRR TGN, BT AR TR NI A e A A — 1
g — A E, B g il BB 51 AR M RIS I AR R A AR 1T P B

- LRU #8k: f£REEIK (LRU) HEES, RIMKEERERE R R D HEHRER, PSR iR
HOE ARG, I8 e (o B el ER S AR B 58

BTSSRI AN R IR R, MR RSR & IR,

- IR A REHERRRTL . RSP, R A E AR R R CPU HHEE A, EFR
BRI, SEREF R T —ERRE f, BN R SR, CPU RUHREI N —EfeF, 8
FEE [ $5R R PT DA @ BRI S4B 51| A B B

- RORMRM: ERERRREEOER T, WGBSR, R, R RIEs T,
ERHA T AE & 15000 B R AR E AT N — (E B S A3 51, DA BB A AR K

4.3 &%l

85 (list) F2—EMRIEREEEEES, ERPTRAERFES, FTTRIMH. B i, MERFE
PR, BZAMEHFE S EARRSIAIRHE, B8 A] DIE A SHAS & 51| sl fis1 BB,

- GEESERIRIRRT IEE— ARSI, HERTR g A SR, i H T AR B R A
- AR TR AN, HBREREARE, Rt REEE—EEE RERGIHIHS,

EEAESERBSR, REAENTEE LSRN EMTERAL, 1S2 R RIME R o R %
fEfF 2 ER, ik PORRATE BRSHRE, GREE/D, RRAREMAMEEMER, HREEX, Al
EiE LIRS TR,

TR IGETRE, FRAMTAT CAGEFHBhRERESY (dynamic array) SRETBLERS, B4 T EFI A& TEERS, M HATRA
ERRERFUTEETIETHREA,
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B L, Fr Rl S B R AL ER 5 R LR B RE RS BB, BI40 Python ) list . Java H1f
ArrayList . C++ 1 vector Fl C# Y List 5, 1E4% FARAIE G, FRMRAE “HB57 f1 “BIReRz|”
RIS,

4.3.1 BRIERIRE

1. a5l

BM@E LA “MyaE” 1 “AYGE” EmEGE Tk

// === File: list.kt ===

[* WA ET */

/] EXIEE

var numsl = listOf<Int>()

/] BEE

var numbers = array0of(1, 3, 2, 5, 4)

var nums = numbers.toMutableList()

2. shETE
YA LS, Fke] E O(1) RN FRMERTTE, SRR E,
// === File: list.kt ===

[* ShEITTE */

val num = nums[1] // EZERS| 1 BHNTH
[* BHTTE */
nums[1] = 0 /] ¥R 1 BHTEEHRS 0

3. HAERBRTER

MHEGRRES, B FITT DL A dr T SR TR, 1RSI R EHTIE TR EREE S O(1) , EHREAFRIMER
TERASCER Y EESIAEE, FEREEREEZ O(n) .

/] === File: list.kt ===

[* BE&RY */

nums.clear();

[* EREPHIGTE */
nums.add(1);
nums.add(3);
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nums.add(2);
nums.add(5);
nums.add(4);

/* EFRRIFEANTE */
nums.add(3, 6); // EZ&5| 3 BRIEAHF 6

/* MiBRTTE */
nums.remove(3); // MIBRZES] 3 BEHITTH

4. E:HHRY
B[ —EK, YA DARIRR 5 1ERN, WAl LERESBITR,
// === File: list.kt ===
[* BBRERS|EHERY */
var count = 0
for (1 in nums.indices) {
count += nums[1i]
}
[* BIZEFBRIITE */

for (num in nums) {

count += num

5. BHEHET

s — (T E S nums1 , Pl A] DURFECDHEZ R B 2T R R
/] === File: list.kt ===

[* BHERIERS] */

val nums1l = intArrayOf(6, 8, 7, 10, 9).toMutableList()
nums.addAll(nums1) // #&&% nums1l $HEE nums 218

6. HiFE

SERERSIHEFIR, FRIERT DA E SR R A E AR B ER “ZoEa” 1 "SR Ak
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// === File: list.kt ===

[* HF &Y */
nums.sort() // HIFE1&, SBFITER/NEIKHET

4.3.2 HBHITER

FF2RERGES WA T H, Hla0 Java, C++. Python 5%, BMERLEEM, SESBNVRERIEES
5T, BIANPIGE AR, RAGEEEE, REERREE Al DR A REE T2,

7 VIR B AR PR, M E S EE —Ef 2R RS, iR =8 SRRt

C PARA R ER-ESEAESA AR, EAOREIT, FRFIEE 10 (ER0IGE R,

- WEECER: B B size, AURRCREBIIERITTREE, WHEETTRBAMMPRERE. R
R, BRI A DUE AL ARSI RRR, DANHIETR & T 2R A

- PRAHH: SREAOTRESIERCN, AITREETES, SoRIREA S BE —EE KRR, i
B RIS TR B RS, ARG, BAFTHE BRI = 2 AT 2 %

[/ === File: my_list.kt ===

/* EBSUEERI */
class MyList {
private var arr: IntArray = intArrayof() // (&% (EEE5TxH)
private var capacity: Int = 10 // RIIE=
private var size: Int = 0 // RIEE (EFiTEH=2)
private var extendRatio: Int = 2 // EXBEFIEEHEE

[* BiEF */
init {

arr = IntArray(capacity)
}

[* EREIEREE (BRitEHE) */
fun size(): Int {

return size

}

[* EBEEFIEE */
fun capacity(): Int {
return capacity

}

/* FHEITE */
fun get(index: Int): Int {
/] BESIMRER, MEBEE, TH

if (index < 0 || index >= size)
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throw IndexOutOfBoundsException(" Z5|#FR")

return arr[index]

[* BETE */
fun set(index: Int, num: Int) {
if (index < 0 || index >= size)
throw IndexOutOfBoundsException(" ZR5|#R")

arr[index] = num

[* EEEIIGETE */
fun add(num: Int) {
/] TEHEBLAER, BHRIBESHKE
if (size == capacity())
extendCapacity()
arr[size] = num
/] ENTEHE

size++

[* EHREEATE */
fun insert(index: Int, num: Int) {
if (index < 0 || index >= size)
throw IndexOutOfBoundsException(" ZE3|#5HE")
/] TEHEBHASR, BHRIBESHKE
if (size == capacity())
extendCapacity()
/] #8F5] index URZENTREBAEBZH—U
for (j in size - 1 downTo index)
arr[j + 1] = arr[j]
arr[index] = num
/] EFTEHE

size++

[* MIBRITE */
fun remove(index: Int): Int {
if (index < 0 || index >= size)
throw IndexOutOfBoundsException(" Z=35[i#5R")
val num = arr[index]
/] #HEZRE| index ZHBMITETHEFIBE—II
for (j in index..<size - 1)
arr[j] = arr[j + 1]
/] EFTEHE
size--

/] EREEMERE TR
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return num

}

[* BIIREE */
fun extendCapacity() {
/] FE—EREAEREREY extendRatio ZHIHMEEY, Miig/RPESIEREFHES
arr = arr.copyOf(capacity() * extendRatio)
/] BHFEBYRE
capacity = arr.size

3

[* fEEBRFNE RS */
fun toArray(): IntArray {
val size = size()
/] EEMERRELENRITE
val arr = IntArray(size)
for (1 in 0..<size) {
arr[i] = get(1)
}

return arr

4.4 GCiSRESAIREY *

FEARTERIRIM I, BARE T S RISEAS 53 518 AR LR B B BORGEME, BN BIRER T “HaifEE”
B ARG,

B L, PBRASHEAERORREE EDuE 1 R BC M PRI R R, s B S A S R B R RE

4.4.1 HEHMEERS

aHE A RS =R S E . BRE (hard disk). 521888 (random-access memory, RAM), REX (cache
memory), & 4-2 J&rr T EMEEH R RSP I ARIE M A RRER R,

® 42 atEMIGEFRE

TULS AL fR PREX

Mg RIGEFER, CAEIERRA. B A7 B ATRTRORESUAIE PSR AR ERAIE S, 18D CPU
. RESRSE TERE B BORE IR EMIEGENE 1

2% BERENAGEKL BRENEGEK BRERNGEAR
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etk A iR PREX
wE KK, TB#AI BU)N, GB #3 FEH/IN, MB #
HE e, KEEIET MB/s B, %+ GB/s FEH R, 2 GB/s
fEfs  EfEE, MEFKT/GB BeE, &% EoC/GB EHH, b8 CPU fTHEHE

T ] DAt R R A7 R R [ 4-9 FoRmIE T HEAR, ST & TIE MG A R BRI, &
BN, SRR, SRR BEEIRER, TR AR SN TR AEE PR R A4S R

- PERCEECAGERM B, Bk, RIRETRERHEEERGEAL, RERNESRAMEER; HX,

FCIR AR A IR %, SRS CHAENEE TS M.

- PRIR BRSPS, FEE L1, L2, L3RI ARZSE AR, HYHRSF&#K, B CPU

Bz PR EREE B & 500, 1EmE B YRR RN, JTTRAIIMIEBE &, EERSN T, ZEH%
AUTREAS M A R, TR < e A B - T R

CPU

L1 Cache

TREX L2 Cache

~ EE BE

R HDD/SSD

I 4-9 FHEMEREE RS

Tip
AT R RS R IR, A EA = < RIRRS T, B L, SRR AR
FiE T3ERAR, BESRIBAMMEAR A EBMIBR ] < R B - R

AR, REREATIR R R B ROR),  Sete MR IR IR iR £ AU BT E AR BRI RORE, i DRI T2 (o
FEHTRINERAE S, DHERERPUTICR, =FHARE, BRI EERT ST,

qniE 4-10 FoR, ERENBUTR, BRMEEMRRE AR E IR, f#t CPU sHEMH, IR B E CPU
—fR7r, EEBE SRR RERL, 44 CPU Rt mdEA R, 1emei iR HE U BUTRICR,
T8/ D B AR R AR A AR
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. ——>
IR — —

l
l
2

EIRgE REX ECiERE 7304

CPU

[ 4-10 WERE, FCIRESANPRIC [ R ERHAUE

4.4.2 BEHEIBNRCIERIEME

FERCIR RS S IR T, FRAIAISEAS ER A2 B BA B (RIR M.

—J7H, el AR, HRE—BGCR AR S MR, IR B R RE S (8 P RE = R0t
MMz, FEFIRTTREEHS, ANFHEREIMN AR 7 s SRR 5 . (B, BRI EReRE
o SR, MATE— R R MAEAR IR M, SR ESGTINIRE, EY At TR RS MY
FI SR RA, M, SERSERSIDL “HiRE” ZBAOE TR piCmEI, SRt T S RAEETE T,

75, EREBUTRE, BEE R A SR, A P R AR R A AR R R, T A
TRRS A FIRCRFER, FS R RT3, AR ZESEIREEAL. Mk, SERHYIRTR
BRI, FESHEHE A\ BLMPRR(E T, EA 5 SR EL IR A,

4.4.3 BREGIBRVIRENE

REGEATE T M AR B/ AR, HEEERRG 2, EEXHPUTHE HEEMEEEH, bR
PRERAAFRAIR, HRERF —/NBAEH R R, KILE CPU B alahMA BRI AR R, & %%
ARERFREH (cache miss), It CPU M ATERE RS I FLIRHE P EA T TR E KL

BAR, “DRECRanTP” @D, CPU MR RRHRCRES, fEaCRE thatisar, I CPU PR h &
HUERHI LL GRS 25 REXER R (cache hit rate), JEEHEELE R A & PR,

5 T RATREEZE mATRCR, PRECE PRI AN R A

- PRET: PREBUNZ BAE AT R A BN DR, TR DAPRERAT 2 B, A IR BELE LT AH A (i, PR
AT e S A3

- THIMEH]: SRS & B TR RS A (BB, [EE P RIS, MARER 2B
HFERRA BRI P, TR A,

- IR AR AR, TSR ERhER R TRt g, Ei, PRERERAR
FHRE, thESRAHKNIRER, PAEmmaHR,

- RN AR EBIRGEI R, AR EE ARG AR AT REFHR B, PRI IS — B, &
TR Bl vl B A R AR PR s R

B L, BgIRgRaS RS EHR AR RCR R AR, T ER8 8 DA & 7T,
- PR SEESERSIDTR AT RIS S M 2, EEPIR P A ERE R R E D,
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- PREUT: SRS S SIRRLBERCIR R AR, TIRUE “TATEN” 1Y, ISR A LB 5 o
- PR PRSI ELSEAS B SRR ARG B AT TR, AR S A 50 RSN R
- IR [ AR RO TR RS S R, RN BRI I A R SE A RT RE R T

remem S, MYIRA E G RR, R EfERIERCR Ln BRI, 18 ISR R TR
Ry, LR PEA BB R 1 s A2 O

TEERAE, SRR A ERE MFIE A TG DL AR R EAs B 51, BRI AT PSRN AR R A A,
JERUR BB ToRARIE ., Bilan, FEAIFNGESS R I EL “HER™ R (P —EE&sring), Hef
SCLENINEEZ 5=

- EMIEEIAER, TR GRS R RN BB, KA e iR At 1 S AR ERCR NI BE T
RIRES), RUEMER TR E T AR i —E R RC iR R .

CAERERHRARF R, BREMRE. HEBATENIRNGE DAL EE, IR G Af R 27 BB A B N S R
SEAS ER B RESIE AR R BURE A IR RC IR R AR RIFR 73, SIf ELigE S 7 PeiLA 18 2 2 2R R RR S NBH B

4.5 IVES

1. ERSEIEE

- [BIRNSEAL HR AR AR R, o BICRERHE R B IR P RO R R A 7 5 A SR
R R, P ARG B B AR

- BSISZREREREI ., G HIRCIRESEL D ERAFIMBRTRICR, HAGRR AR,

- PEASERSIEMENSG I (GBI EBSAAERGTE A LLMER, Hal SRR, (HERGEHReR
%, (R, RAISESS RIS CAE B sl B 51, BUEaias By, B atas fsl,

- BYEESRHE N E KA TR A PR S, ARG ER, R T ESIRES, [FRA] DI
BRI,

- HRAIRHBURIESE & T AR E A, (HAlRE B i s IR &,

- FERXBUTR, BR R, YA A mAYRC ISR S R, TS B A DI AT I A
AN,

-+ PRIBOZE R PREAT, THIOMEH DAK 2 [T s R AR ] [ S S BRI, %% CPU 1R At PRI BRI ],
BER TR ST TRICR,

- HARSEA B m AP ar R, R R LSS RS A, SRR RS, BRI AR K
R S M 1A I

2. Q&A

Q: FHEFIFEFA/EHEE EAIREA/EHERE b, BRI B MR B A A 2
fif 17 72 HE B L ADHERE b 1 FE BT o A RO IR S Y, EORHRAFRCR AR — B, AT, HEBAHERA
A5 EEREE, EMESL AR

1. ZYBCRIRERGAR : B — BV NRCIRRE, o ECH A aeds B EhTE R THERERCISRARE R, ATDAE

RSB B, HAEBWER . K, HER A9 ECRTRE R (EIE & LR 118,
2. RUNBRH: B O R R, MR AN BZ IR AT FH AT R R A S i o5 f /2 T ek A7
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3. EEIGTE: HEM RRORESIATR/ NG e AR R, TIHERR L FOEE AR/ N AT DATE AT HRF B R
Q: AT ERARIR IR TCER,  MERlSS B 81 A7 A SR AH R ALl e ?

AL ER S HETRGAH A, SRS MEIES I (PR AR, SEEIET ] DA F AR BIRE R, FI40 int, double,
string. object &,

FEEH, FEF TR EEERZRIN, ERAREE RS R B ERCH E TR0 E, fla, FEYERR
& int F long WAETIRI, BEME TR BIGA 4 focsHR 8 MiyctH, WHEAGER A RAXG EIRBET,
ZfHREE T “TTERE,

# TERCIEREAME - EYEEEEAM (BxRaSEiL) + tHZRE * THERS

Q: MIBRENHS P12, RO ZHM P.next 3% 45 None WE?

FAEH . next WATLL, RS ESIMEE, REMmEES RSO CR B p 7, SR p
CA A E B FR RS T, (LI BB p S I R st i 81 A

TERPRAS R, (0D (0fIEE, REFBRZEMIE, NS n @i ERmiT, (mEREy
R, BEE MRS, EEEIE, WEREE, R R B R, A e R
B0 R L,

Q: {EGAS BRI AR AR IR RIMTARE 2 O(1) o (ERBIM.Z FTERTE O(n) MM ERTE, 76
H R R O(n) TE?

MR EHEE, MR, FREREREE O(n) . AT, SEEHESIE O(1) S EESS AT DR
(OREF L ARSIBBEL, B, ST A R A A B, TR — (A A A TS, R
B UE BB RER R O(1)
Q: [B “HRAEERSIE IR h, TEEE B SRS RR (5 P — BT R AL E? S8 R B 4
fli—2f0g?
PR EE RN RR, RSB LI .

- RFIRIF R EEE AL RO R RFRY, AT int, long. double FIBIEMIMESE,

RS T R AR MR T T RO R S A BT, K% % 8 Rredilet 4 Rl

Q: TEARFIREHIMTE 22 B ZIZIE 2 O(1) ?

ERFH TR E L RV RE, AT ARIIENY, REGHE RS, WA BYRIRE
TRMEEE, BRHEREEREREE On) .

Q: “HHIRY BN IR = T RS R B, (HRIREEBGREIRE s HIRE”, SRR S HIRE R EREIN
WmMpEEI AR, RE, BAGSEIMSHIRCIEES?

EHSHERE EEAM T E SR /i, RERE ~EaRE, MR- EREMEEZ; H—
JiH, Z T BEIEAREEY, AR ERE, i x 1.5 Bk, thEtBREsh, BfE
HARESE 2N E M,

Q: f£ Python ##J4atk n = [1, 2, 3]11%, 18 3 A CRAVMALZMER), (HE2WMHEEn = [2, 1, 3] §HH
EMEHETTRA id WARES, T2 HlER 0 PR, JELETTRIN AL, AR m 38 2RSS ?
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U R HI T E R AL R IR n = [n1, n2, n3, n4, n5], EFEEN FE 5 EEHEHHBEEFEER
TSR R, A, %€ —MEBEFRS], FMIARRTUIE O(1) K N EEERSCIRRE AohE, AT 22 e
AURRE, TSR 2 s AR R RIS I, TAEERA B

BlFF 2555 A, Python VBT EEE DY, SHIPMENAZR T AL, M2BEHTI5IH, H
i, B &M ERES AR B E R 8 id, 3 BIGE 8 AR R A SO A

Q: C++ STL #[AY std: : list CAAHB T EAHA RS, EIHE - EEEERSE EANEBEERERNE, 2
R A AT ERRIENE?

—J5H, BOETEE SRR EREER, WA Z A s R, ERAMERER,

- SS[EFE: RS ETRFEMMEESEE (—EARET— @R, —EARE—ETE), AR
std::list BH EL std: :vector HALFHZ,
BN KRG : YGRS AR, R std: : Tist BPPEBF R, — & IE T, std: :vector
XL HE & BB 4F
ST, B RS RSE R R R R E, BT A A EXGE S R AN stack Al
queue , [MIFHEASHS,

Q: #fEres = [[0]] * n BN T —E_4EHF, Hbg—@E [o] #2E 2 HIE?

AR, I HERSIR, AR (o] HER ERFR—EWFRSIH, MREMESHEF TR, %5
P RSB ETC R G R 2,

GNERAE HERRS PRI AE [0] ARRMEILAY, AIDAFEA res = [[0] for
AR WIAGIL T n (EFESZE) [0] HRSIPIF,

Q: #fFres = [0] * n AT —E&EY, Hbg—{E%E 0 # 2B LAINE?

FERZERSIH, FrA%EE 0 #Z R —EMFR5 M. 1ERH % Python B/NVEE GEHFZ -5 | 256) R Tk
B, DMERARMHER, TEMiETHRLRE,

R EMHERARE @Y, (EIRFRRT DI B ES R ETR, ER2E %A Python RYEEIE “AH]
By, ERMEREMETTRR, HEE ERUIRS S WS, MARSEEAEMIEARS,

SR, EERAITTRE AW N (BIATES, e ERIBIESE), BUCLETTR & BRI A S,
BT 51 2RI TC R A & AR M R AL

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

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

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

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

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

- S i/

R

5-1 HEBAYE AR HAER

5.1.1 ST BIRE

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

*® 5-1 HEBRIBRIERCR

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

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

[* RS *
val stack = Stack<Int>()

[* TTRNER *
stack.push(1)
stack.push(3)
stack.push(2)
stack.push(5)
stack.push(4)

[* shfERIETTER +/
val peek = stack.peek()

[* TTREEE */
val pop = stack.pop()

[* BEUEENRE */

val size = stack.size

[+ HIERTRE */

val isEmpty = stack.isEmpty()

5.1.2 HEMNER

7 T RN HE BRI THE, BRIRE R B BB —(EHEE R,

HEBROE e AR AR, AR e AR HE B TET I B MIBR TR, SR,  BeRAIRISE Ak R T a] DATEAE R AL
EHIEFIMERTTER, RIEHER ] DA 2y — RS2 BRI BB sREE &G R 5, #fuatar, FRITATLL MR fes sk
S RS ER o SRR TR AR, (EECS NIRRT S HER AR,

1. BtiiERyINER

(I SEAS B S B BRIy, AP R DURFSE 465 R 2 SRR RG AR 2 HE AR TH, R EREI RHER IR,

QN 5-2 R, BN AHEERIRIE, MRFTRTRE NGRS BB, IS ETRHE AT A A BT,
TR HHE B, RIS E AL a S 3 51 M ERED ]
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HEERs &
A B 5ITRED

push(4)

N lum] e b S°> s )

n‘

g =
ERRREEES B ERRREREES
Y 5h R
. HIMRB A o n M RBIAE °
3
ron () 8 ron ()
R
[ step 1 \ step 2 |
e
pop() TR
men ()
g ERRREEE 5 °
HMRRAEE o
.", EER Q’
Step 3

5-2 LTRSS BRI BB ME B Y N\ HE A AR
DA 2 R R d A £ 471 B B A ) s 51 R 2 -
// === File: linkedlist_stack.kt ===

[* BERIEERFIBRAES

class LinkedListStack(
private var stackPeek: ListNode? = null, // iSEERIBLIEAHEE
private var stkSize: Int = 0 // HENERE

) {

[* EEUEENRE */
fun size(): Int {
return stkSize

/* HIERERERAT */
fun isEmpty(): Boolean {

return size() ==

[* NS +/

fun push(num: Int) {
val node = ListNode(num)
node.next = stackPeek

stackPeek = node
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stkSize++

[* B +/

fun pop(): Int? {
val num = peek()
stackPeek = stackPeek?.next
stkSize--

return num

[* ShREMEBTETE */

fun peek(): Int? {
if (isEmpty()) throw IndexOutOfBoundsException()
return stackPeek?._val

/* #§ List BE{kZA Array MiiR[E] */
fun toArray(): IntArray {
var node = stackPeek
val res = IntArray(size())
for (1 in res.size - 1 downTo 0) {
res[i1] = node?._val!!
node = node.next

}

return res

2. BRETINER

{56 P P27 BB M b, AP R AR 5 ) RE BB A E 2 HEAR TH, QNI 5-3 AR,  AHEEREE i HE B 0E 70 I LE
W5 R FRHT I TR B MR TR, RRIEMEEEAS O(1) .

push(4)

]

&R

- SR
Aﬁll ]mmn

RTR 4
FEERETIRE

N
di
]

EERRRES
HIMRRRER

RERRZET
HIPRRNER

o
di
]

[-I-T-]]
[-I-[-[-[]

I BEE
Step 1 \ Step 2
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i

pop()

MIBRESIR TR
5 | r=x [0
EEERZRES

g ﬂ%ﬁiﬂgiﬁ! a
1 ] uxx )

‘ Step 3

W 5-3  HLHR RS B E AR (1 A SR L A AR

H AR ANHEB AT SR A] RE & IRTE B in, DRI BT n] DUE R ENRERES, ISARmEAEZE B 1T iR BR 81 i 2
DA Z R Bl 2K :

// === File: array_stack.kt ===

[* BEREYIERNES *
class ArrayStack {
/] ¥IaETI (BnRERES)
private val stack = mutablelListOf<Int>()

[* EEUEENRE */
fun size(): Int {

return stack.size

[* FIEEEEERT */
fun isEmpty(): Boolean {

return size() ==

[* NEE *+/

fun push(num: Int) {
stack.add(num)

}

[ LR
fun pop(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()

return stack.removeAt(size() - 1)

[* EREEIETER */
fun peek(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()

return stack[size() - 1]
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/* 18 List E{LA Array IR[E] */
fun toArray(): Array<Any> {
return stack.toTypedArray()

}

5.1.3 METIRHL

SCRHRIE

R B B S SR B O 3R P S TR PRSI BRSO SR RE R, (IS i 1 BB A S dmg, (At
—fAEHIE,

SRV ES

TEEFARA R BB AR, NS AR L B 1 A T S S I O B RO AR R PO 1T, VR R I I PR B i 1,
RISACREE S, AT, QSR AHEBRHE SR, SRR AN, ZEEGRIRONME 15 F 1 R 1 M e
%0(n) .

FER N SEAS PP E B, SEASERVIRIRAARREES, AR RIRMEES AR RCR AR, H2, A
BIRET %m%kﬁ%%#ﬁ%&h%,I%ﬂ?ﬁﬁﬁﬁofﬁ,W%Aﬁﬁﬁ%$ﬁﬁmﬁ%%#,%
JER] DA RO BR, MR MR,

fr LRI, B O\HES B HE B IR ER TR E R A G RPRIIR, HI140 int 8¢ double , FRAMT AT DATS H DA 455

- FETRRRBI B A HE R AR MR R AR R GFRAK, (H R AR IR, I PEIReR E &,
- BTG Y B B A HE A T DASE (4t SRR E B R R B,

Py &

FEWHAESIR, RS RHBFIDE “WIaAR", ZARAREBEHERTXR, MH, HAMHNE R LR
SEMER (BN 2 %) ETHRAN, RARNARDATREELERFER, Fitt, ZHREEIEBIRHER Al GEE R
—E M2 TR

SRIT, RS, A S B RG TR ZERR MR (715, R BEdes eh SRR A PR 0 2 BRI SBHEER
A b, FRNRERG B E R E R N A, RS AR IUE T

0

5.1.4 HERHBIFER

- RIS PRRIB LN, WS SRR, FERMBRRCTAEE, RIS kA E
FINHER:, JSRRIRIMHE AT DOEIB OB BRAERI 2] E— [ H, RIBRIFER LR EPUTHIHES, a1RE R
IRF SCHRFIRIB AT AT, IR JEE T 2 o 8 HE AR AR 5 E 8L

- PSRRI B, ORI R IR, RGTHR & CEHEB TR — (a e, AR s N B RS E R
FEMRE PR, 1) R HERS B ANErHI T AHEEROE, e Lm0 B & AN BT tHHE R,
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5.2 1751

1750 (queue) 2 —REEAESL A\JCH IRIAARME BRI GIME, AL RESR, (T0IRLE THERRERR, RIVHT AR AT A AN
IONATBNREREE, AL T HI SR N IZ B BB o

aniE 5-4 FoR, BAMAHTHISERRE 2 THIET, R “THIRT, AHETTRIASIRRIRIEREZ “AH7,
MR 721 & TCR AR ERE Ry A7,

{751 7 7
queue pop() pop()
s a

s | 5 /

2 | a8a~-a8-»>08-»08

8 8 8 B8
At | /
TSR [

N7 N5
push(5) push(4)

5-4 ATHIRIF AN SEH A

5.2.1 {FHIEBIRE

(THIH RIRIEINR 5-2 R, TETRNR, AREXGES ARG AT AR, FE R B
HEBMRIRT5 R4,

R 5-2 TR

HEs R R
push() TEEAFI, U TEFMEATIRE  O(1)
pop()  AFHIE LR O(1)
peek()  FifITHIE T O(1)

FATR] DLE R AR 3R & B R T SR
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/| === File: queue.kt ===

[* MIREITH */

val queue = LinkedList<Int>()

[* TTENG */
queue.offer(1)
queue.offer(3)
queue.offer(2)
queue.offer(5)
queue.offer(4)

[* SHETYETTER */
val peek = queue.peek()

/* TEL */
val pop = queue.poll()

[* EEUTIINRE */

val size = queue.size

[* FIEMTYIBERET */

val isEmpty = queue.isEmpty()

5.2.2 {FHIER

7 TEBUTHI, RMFE-EERIEERE, AIDE—umirgocR, WA —ImiHBRITER, Sk &5y ERT
BEKR,

1. BiiEERYINER

aniE 5-5 Fow, BATA] DURSEAS R AR “SRERRE” A0 “REHTEET RIS MTAIET M rHIRET, BUETS
FEERTHTE RS, (75 AT I ER R

HEEnE 4

IS E RS R TIRL

P A3
J— mon () push(4) men (@)
| |
= PN
- | EREREREST Q - ] ERRRRRERT e
o HIERAIT s o HIRRBIHS 1
)@JI =t ‘e‘ @
< "y

a

[(

3

g

E
Y
B
®

y

K‘ _4

Step 1 Step 2
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Hl

pop() MIPRTEEIRS
won ()

a8 p

a ERERBR RS @

o HIERAITT l\

o °

R (\é

M 5-5 E:HRGEAS RS E BT AL SR E

{ Step 3

DA 2 F G ER 7 B BU T A AR S -
// === File: linkedlist_queue.kt ===

[* BEREERINERNTYI */

class LinkedListQueue(
// SEEREL front , EEEAZL rear
private var front: ListNode? = null,
private var rear: ListNode? = null,

private var queSize: Int = 0

) {

/* EEUTTINRE */
fun size(): Int {

return queSize

[* FIEHTYIRERET */
fun isEmpty(): Boolean {

return size() == 0

[* N5 */
fun push(num: Int) {
/] EREIRSEFIE nun
val node = ListNode(num)
/] MRITHIRZE, BISHE. REREIERZER
if (front == null) {
front = node
rear = node
/] MRTHIRRT, BRZEEIEE A
} else {
rear?.next = node

rear = node
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queSize++

}

[* HF */
fun pop(): Int {
val num = peek()
/] MIERERERRS
front = front?.next
queSize--

return num

3

[* SHETIETER */
fun peek(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()

return front!!._val

}

[* SHELERYEWA Array WIR[E] */
fun toArray(): IntArray {
var node = front
val res = IntArray(size())
for (1 in res.indices) {
res[i1] = node!!._val

node = node.next

}
return res
}
}
2. EitMEYIRER

FERF R B TR AR RIEREE & O(n) , EEESHIFTIERERCRBR. AT, BT AR LRI 8 75
IRA R IS (E

FAM o] DA — B 22 8 front fEMITHIE L RERS], WiAEE —(E2E size AREBRMTIIRE, ER
rear = front + size, BAARGFEHL rear fEMTHIETTE ZEN N — BN &,

BRI, FAIP R E TR AR % [front, rear - 1], SABEHR(ERVEEL T IEWE 5-6 i,

- NFRAE: R A TRIREAS rear RIIE, W size MM 1,
HIFIHERCE: HFTHE front 3HN 1, i size /D 1

AIAEE], AZIFI SRR T T — iR lE, WRIERRE S O(1) .
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front iEATHIETR 1. 5tHRIER rear
rear EEFFIBTR + 1 2. WTRHIEE rear K
rear = front + size 3. size i1
N7 KR
75 push(4)
front > front »
5 I g FIIREE g 1FHIRE
size = 4 size = 5
u EEERZET a EEERZMET
a HIMRRBITTI a HIMRRHBTT
A5 I rear > rear >
73R
Step 1 Step 2
1.4 front B 1
2.4 size B 1
H3

FHIRE

size = 4

front >

RERERZMET

a
g BIMRRRTT

‘ Step 3 J

fE 5-6 FERFESIE B THIH A RE

IRATRE 32 B0 —MERRE . 7ERBNE T ASIFIHZIAERED, front 1 rear HIEFAEE), WEMENEHS]E
TR AR B 1, A T RTRICRIE, BT AT DR RRA Ly AR R “ERTE RS

BIRERIEIS, BT EE front B rear TERUBMHY AT, EE (RIS SHATAESUE S, EREHIMERA
FIDAZE “EERRIET REB, XIS ATR:

// === File: array_queue.kt ===

[* BRIRFEEHIBIRTY] */

class ArrayQueue(capacity: Int) {
private val nums: IntArray = IntArray(capacity) // BRMEEFTYITTERIEES
private var front: Int = 0 // 1FHIEIEIE, BRTIIETE
private var queSize: Int = 0 // {FHIERE

[* BEUTTINSE */
fun capacity(): Int {

return nums.size

[* BEUTHINERE */
fun size(): Int {
return queSize

}

[* HEHTIIRERE */
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fun isEmpty(): Boolean {

return queSize == 0

[* NI */
fun push(num: Int) {
if (queSize == capacity()) {
println(" {FHIE®")
return
}
/] StEITYIREIER, EERTIIERS] + 1
/] BEBEEMREEIR rear HIAMEYEEREEIZIZEED
val rear = (front + queSize) % capacity()
/] #& nun FOIEE(THIE
nums[rear] = num

queSize++

[* W */
fun pop(): Int {
val num = peek()
/] FHEEEREBE—, EHaRES, RiREIRESEE
front = (front + 1) % capacity()
queSize- -

return num

[* SETHIE TR */
fun peek(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()

return nums[front]

[* REIES] */
fun toArray(): IntArray {
/] EBHMENRELEENNSEYITER
val res = IntArray(queSize)
var i =0
var j = front
while (i < queSize) {
res[i] = nums[j % capacity()]

1++
j++
return res
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DALEERNTIIARRA RIRYE: HREAREE, 2R, ISMERE AR, BT DA 2% Bl B
I, fEms I NEA W], A MR A UE S BT EEL

I B R 3 LAt B A — 2, TR AR,

5.2.3 {T5IH#EFER

- WBGETHL, WEYE TRIR, STRASIASIZI, RthEis & iRIEr EE T h T B, 2+ —H
i, MR EEAERATE, S0RERs TR R EE RSO,

C OB, R EER RAIRET IRERVS R, BIINENRERIER T, R TS,
(THIEIGLE S AT DUE RO R AR B IE

5.3 £mr{T5!

FEATHIH, FFUEREMPREAR TR EE R BT TR, WE 5-7 R, €rIFY (double-ended queue) 12
T E AN, AR BT TR AT S PR R

S rryl FIIEATI fFRIEHT!

deque push_first(1) pop_first()

758 \ /

L] T l A5l

i | |

1r5IRE

THIR AT 1THIRHF
push_last(4) pop_last()

5-7 BrE{THIRIRIE

5.3.1 S£rTHIERIEE

B2 A H R RIEINR 5-3 FR,  BARRY77 IR R T AR T (E AT OAE 355 5 AR

% 5-3 BA{THIRIERCR
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TitEs ik IRF I A P
push_first() MR ETIIE  O(1)
push_last()  MFCEFMEMTFIE  O(1)
pop_first()  MHBR(THIEITTR o(1)
pop_last() MERTHIETTE 0(1)
peek_first() #iFHTHIEITTR o(1)
peek_last()  ahfflfTFIREITR 0(1)

[FREsl, FRMATDAE A R GE S T E BB r T HIE A -
// === File: deque.kt ===

[* FIBERTH */
val deque = LinkedList<Int>()

[* TTENG */

deque.offerLast(2) // HiSZ=(TFE
deque.offerLast(5)
deque.offerLast(4)
deque.offerFirst(3) // HiEZE(THE
deque.offerFirst(1)

/* ShRETTE */
val peekFirst = deque.peekFirst() // {THIETE
val peekLast = deque.peekLast() // (TFIETE

/* TTEHTY */
val popFirst = deque.pollFirst() // {FHIETEHY
val poplLast = deque.polllLast() // {FHIETEHS!

[* ERERTTINRE */

val size = deque.size

[* HEREEETIRTEAE
val isEmpty = deque.isEmpty()

5.3.2 £mTHIER *

B2 BB E TR, AT ARG Ak R 27 sl B2 1 20 JER T R At
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1. BpREmiggsyInER

[IRE b —Hi 7, AV IE S A G RS AR E BT, B2 e ] DAY (M PREA SR (B 5130
FITE RS RO BT ER: CEHBASIERE)

BN ETHIT S, SRR AT ARSI, Aass, s =2 85 —Es
AR, Zitt, FRMERA “SErsdsieRs]” 1% a2 R ERHAE .

QniE 5-8 P, TR RE [ S AR 51 B SR B R A BTRGAR 2 B E T SR S E AN TS R, TR B A P S
AR F AL A ZhEE

1FHIENT TR 4
. push_last(4) S RTIRS
50 50 mon () mon ()
1 l A3 N o ﬂ/
ERRTRS AR @ B cERRRSmRESs) a)
a IR BT je\ a HIMRBR AT /1L
15 175IR EER () (
A5 I l 131 A u \ 4
3R R (tﬁg
Step 1 Step 2
HEHRE 1
YR R IR TBREEERRE
_ I
Tf_ e awn (@) ﬁ?ﬁa:g() wwn ()
& i
a % [+ ] f?
8
B EEERRtEmEss) [9 B =EERRumEGEs) @
] HIMRR SRR N ] HIMRRA AT ﬂ
@ REE a/\
RERS 6
Step 3 Step 4
FHIE ST
pop_first() MBREEEES
moe ()
i
ERRTRS AR @
o SHIMRBA BAIT j
N @
| Step 5
@ 5-8 ELRGAS B 1 B I AT 51 A B4R
B NAUR:
=== File: linkedlist_deque.kt ===
// ile: linkedli d k

[* EmiEERTIER */
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class ListNode(var _val: Int) {
/] ERRL(E
var next: ListNode? = null // BUEEIZLS| B
var prev: ListNode? = null // BiEBENZLS|FH

[* BEREnRERBRRNERTY */

class LinkedListDeque {
private var front: ListNode? = null // EBEZL front
private var rear: ListNode? = null // EHEIZ rear
private var queSize: Int = 0 // EETIIHNRE

[* ERERTINRE */
fun size(): Int {

return queSize

[* HIETERTIIRERT */
fun isEmpty(): Boolean {
return size() ==

[* NFHRIE */
fun push(num: Int, isFront: Boolean) {
val node = ListNode(num)
/] EfgEERTIAS, A% front A rear #EM node
if (isEmpty()) {
rear = node
front = rear
/] fFFIBANTIRE
} else if (isFront) {
/] & node Hi&ZEHELEERTITEED
front?.prev = node
node.next = front
front = node // EFEEENEL
/] IR NFRAE
} else {
/] #& node ¥TIGEHELEBTIEER
rear?.next = node
node.prev = rear
rear = node // EFEHE
}
queSize++ // BHTHIRE

[* ATHIENT */
fun pushFirst(num: Int) {
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push(num, true)

[* ATHIEBNT */
fun pushLast(num: Int) {

push(num, false)

[* HHHRIE */
fun pop(isFront: Boolean): Int {
if (isEmpty())
throw IndexOutOfBoundsException()
val _val: Int
/] 1F5EHRE
if (isFront) {
_val = front!!. val // HG{FEEEIELE
/] MIERERERRS
val fNext = front!!.next
if (fNext != null) {
fNext.prev = null
front!!.next = null
}
front = fNext // BEFEEENEL
/] 15 EFIRIE
} else {
_val = rear!!. val // BiFEEEE
/] MIBREERRS
val rPrev = rear!!.prev
if (rPrev != null) {
rPrev.next = null
rear!!.prev = null
}
rear = rPrev // EEHEL
}
queSize-- // EMTIIRE

return _val

[* fTHIEES */
fun popFirst(): Int {
return pop(true)

[* (THIEHE */
fun popLast(): Int {
return pop(false)
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[* SETHIETTER */
fun peekFirst(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()

return front!!. val

[* hRETYIBTE */

fun peekLast(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()
return rear!!._val

[* REIETIARTIED */
fun toArray(): IntArray {

var node =

front

val res = IntArray(size())

for (1 in res.indices) {

res[i1] = node!!._val

node =

}

return res

node.next

2. BRETINER

qniE 5-9 Fow, BELRBESIE BT HIRALRL, BT AT DAE BRI A AR B R e

| step 1 ‘

f75lE
{75IE l
3

2
a
il

175

fr5IE

A5l
RERRZTERES
HIMRRARAETT]

{751
3

front iEEIFHIETR
rear EETIIRTE + 1

rear = front + size

front »

rear >

PR

THIRE

size =

3

Step 2

{FHIRNG
push_last(4)

EERRRREEES
HWIMRRARATTI

1. stHRIER rear

2. BTEMIEE rear &

3.1 size B} 1

front »

rear >

frHRE

size = 4



F5E HUBETY www.hello-algo.com 108

1.4 front B 1
2. BTEMEE front &

3.4 size B 1 1.4 size BH 1
{FHIENFI TR HF
push_first(1) pop_last()
n . front >
1
FHIRE fPHIRE
a size = 5 size = 4
a ERERZDEES n EEERZOEET
a HIPRRHERTTI a RIPRBAHERTT
@
[ Step 3 ( Step 4
1.4 front B 1
2.4 size B 1
55 (i
pop_first()
front > FHIRE
n size = 3
EERRZEEES] a
a MR AYAETT] a
‘ Step 5 H

5-9 FR IS EELEE A7 K ABI B IR(E
FEATHIREBRELRE b, (EFTHI “fTHIE A" TR [Tk

// === File: array_deque.kt ===

[* BiEF */

class ArrayDeque(capacity: Int) {
private var nums: IntArray = IntArray(capacity) // B EHEEFEERTYITEAET
private var front: Int = 0 // {FHIEEIE, EATIIETE
private var queSize: Int = 0 // #METIIEE

[* ERERTINEE */
fun capacity(): Int {
return nums.size

[* ERERTINRE */
fun size(): Int {

return queSize

[* HIETERTIIRERT */
fun isEmpty(): Boolean {

return queSize ==
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[* StEIREESIRS| */
private fun index(i: Int): Int {

/] EBEEFRFEIR T E EAAE

/] E 1 BiREHERE, [OEIEEER
/] E 1 BiBEHIEERRER, [OEIEER

return (i1 + capacity()) % capacity()

[* AFFIENT */
fun pushFirst(num: Int) {
if (queSize == capacity()) {
println(" ER{THIER")
return
}
/] P EEEm A B
[/ EBEERREEIR front EiBFEYEZRRLEITIEEP
front = index(front - 1)
/] #& nun FEETHIE
nums[front] = num

queSize++

[* ATFIBNF */
fun pushLast(num: Int) {
if (queSize == capacity()) {
println(" ER{THIER")
return

}

/] StEITYIRIEE, EATIIERS] + 1
val rear = index(front + queSize)

[/ #& num FIGEE(THIE

nums[rear] = num

queSize++

}

[* FHIEHS */

fun popFirst(): Int {
val num = peekFirst()
/] TP EEEmEE R
front = index(front + 1)
queSize- -

return num

[* (THIRHS */
fun popLast(): Int {

val num = peeklLast()
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queSize- -

return num

}

[* FREUTHIE TR */

fun peekFirst(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()
return nums[front]

}

[* hRETYIRBITE */
fun peekLast(): Int {
if (isEmpty()) throw IndexOutOfBoundsException()
/] tBERITEERSI
val last = index(front + queSize - 1)
return nums[last]

}

[* REIETIRERTIED */
fun toArray(): IntArray {
/] EEHENREEENNEY TR
val res = IntArray(queSize)
var 1 =0
var j = front
while (i1 < queSize) {

res[1] = nums[index(j)]

i++
j++
return res

5.3.3 €r{TFIER

ATy AR S TYIAER, Kb e EBUEME AN R, IR wr E B,

BAMEIE, WRESMT “HEE” DhRBE R HMEBAED: RAIFEENIRE push BB H, RIZEE pop B
BiEH, A, HEEIREIRIBRMG, s &R 8 (BInE earfEfs 50 ), EHEENR
JEiE 50 IR, AT LA ((721E) PUTERERME, (HHERIGRTEBILIRE, RS 2y
FIAEACHE B, FETERL, “HEH” AR OB RGBS AR AN, R BB T2 eSS N st B
Bl — RS N,
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5.4 /Mg

1. ERNORE

- HEEE MG AR R R R RORASRE, AT I8 fE S s GEAS B S AR E B

- AERFRIRCR T, BRI BB B AR E PR, (BERAIRRET, BIRAHEBIRERTR A ERE
EEHUEO(n) . MHILZT, HOmr e Ry E BB B A TRE R AR,

- AR ERCRTTH, HERAEY| EB A AR E R E RN IR S, HFREEENE, SRS HRTS
FR R e s e L RS TR R

- ATAR TG SE A S R AR R A, [RIARR AT DAOZ 8 P 51 e Ah ER I ACE B, AE IR RCR R 23
RCRAEIEL b, 751 B Al B AR HE B O A5 S AR L

- BTy EAEE BRI, ERFTEmmE T TR AT AN R,

2. Q&A

Q: BITEZRAUAMERIBZE A2 sl Ry EH?

BIBESRAUATERIBIREAE L2 “HB” AURSEL, ERP A —EHr Hmiy, % Hm oy saE, ¥
P BERIB LI, % I G ICHEB TR, (B A (78] DU B B — LE RO MR AR, JSMEE "8
151” EHIARE,

Q: FEHHMEERR, AT ZREMHHE R R

SRR R EE AR, AATRERREGCIEE, B 2RATEME, Java Ml python TFiE = A HE)
B3 [, R TR T ENRAGLIERE, 72 C M G AR T BB GLIR R,

Q: Brfrig e mEHEEBTHRAE 7 ik, ERIMGRMTE?

BTyt G R BT IR S el (e B PHE T, ERBIREHEE + (T2, KRl DA B
BETHIRFTAEM, M H NS,

Q: i (undo) MIMEN (redo) HEZUMAEIIK?
(EFI P B R, S/ A RTIATRLEN, HEE B FHR SN,

1. BEMEMERT 5, SR PR A, MiEsHEE B,
2. ERPHUT “HEH" R, EHER A o D RTRE, MR R AR B
3. HRPHUT “RAEET Ky, (CHER B rROE I RORRIIRME, A HBAMER A,
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F6E HER

helle=algo.com

Abstract
TERT B RS HERNE—REENEEEHE,
MRBEAMIFHERESE, Cma] DAPEERE H A E
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6.1 HER

&R (hashtable), XMEEPIR, EEBEH key BYE value ZAVEIE, BE&MATREN, B
5, BMERERDEA—EH ey, AIRTDE O(1) RN EECEEAIE value o

i 6-1 FR, #5E n A4, SESBARE a7 M RS mIEER. RUOBRMAEER ‘WA —E
258, IREIEERTER” FE#IIEE, R DA E 6-1 FRATHER RACEE,

MER
hash table
85 key s | | |
ez value

BA—ES5 key, EHHMEMESE value
BARRPEMIRENRREEER 0(1)

6-1 MERBIIMRIR

PREEZRASN, FERGEAS R tha] I A INRE, EMARERB R 6-1 Fr,

- OBRCER: (EREOTRIIY RS (GRS MR, A O(1) KR,
- A RS GEESERS) REUFE, RLFEETGHEPNATCR, 8 O(n) K,
- WMBRCE: FELEMIITR, FHARES] (RSB PR, EH O(n) RiHE,

* 6-1 TLREIRHLL

PeHZl SEAGERY MEER

#mEE O(n) Om)  O(1)
FtE O(1) O(1)  O(1)
Mgk O(n) Om)  O(1)

BIsREE B, TEMEERE TN A SR SRR O(1) , IR

6.1.1 MERTHIRE

MERARAVE RAR(EES: OIiaf, el BrgsEsmnmiRe (s s, REREEIT:
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// === File: hash_map.kt ===

[* FRHER */
val map = HashMap<Int,String>()

[* FBIRIE */
/] TEREERPATIEEES (key, value)

map[12836] = " /\BR"
map[15937] = " /\I@"
map[16750] = " /NE"
map[13276] = " /J\E"
map[10583] = " /NEE"

[* EHIRIE */
[/ EFERTEANE key , 2EIE value
val name = map[15937]

/* MIBRIRIE */
/] EHERTHFREEE (key, value)
map.remove(10583)

MR RA MR ANERT: EFES, ERENUERE, ~HIREIEaT:

// === File: hash_map.kt ===

[* EFMRER */

/] TEHRER key->value

for ((key, value) in map) {
println("Skey -> Svalue")

}

/| EBYEEFRR key

for (key in map.keys) {
println(key)

}

/] BEEHE value

for (_val in map.values) {

println(_val)

6.1.2 HERGEER

T EEREEEN, EH MR EBER R, EREERT, TR A (8 23 0078 7518

(bucket), FHEMATfFEF—EHES, K, EFRIEHLZIRE key BERIM, MAEMHER value .

HREE, QT ELRR key SEAZEHERIANE? 1SR ZEEMZR (hash function) BB, HEZEKNHICER 2K —E
TR N\ 23 T 2 — (R Nt S . fERER R, MASHRIA key, Hithz=RHZAER (5
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K51 HAEEH, WA —ME key , FRIFINTLOZBHER I 2 key BIEAISEEEHE RS P47 00 B
TN key , HEEE AU EIEIED 25 LR M

1. BEBFEEMEREETL hash() 5HRASEIREEE,
2. MHERESMEE (MYIRE) capacity B, EMERE% key ¥HERIMESIZR T index o

index = hash(key) % capacity

batx, FMIREATCARIA index TEMER R A RIFIBIEAIMG, FEMER value .

%A FE capacity = 100, FEETHEEE hash(key) = key, SISHEZEMR IS key % 100 . [E 6-2 DA key 22
SRA0 value PS4 A0, JE/R T HEER 0 TAEFRIE,

BN key

527
B3 -

-

3|
— 36 —

37

wREX

key %100 .
— 76 —

83

(SERENREE—ERES)

— e

5

key value

12836 ; “/ha"”

I. “.
J

15937 | “/hig"

“Ij\;"

13276 § “NE"

10583 | “/hig"

6-2 EZHE N TR

Wit value

— 3

a3
- o3

DI S BB T — A AR, Hd, FRDK key F1 value BEER— AR Patr , DAFORBE(ESS,

// === File: array_hash_map.kt ===

[* BEEH */

class Pair(
var key: Int,
var _val: String

)

[* BEREYIBRNMER */
class ArrayHashMap {
/] ¥iELEES, B 100 EHF

private val buckets = arrayOfNulls<Pair>(100)
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[* FEERT +/
fun hashFunc(key: Int): Int {
val index = key % 100

return index

[* EERIE */
fun get(key: Int): String? {
val index = hashFunc(key)
val pair = buckets[index] ?: return null

return pair._val

[* FiiRE */

fun put(key: Int, _val: String) {
val pair = Pair(key, _val)
val index = hashFunc(key)

buckets[index] = pair

[* MIBRIRIE */

fun remove(key: Int) {
val index = hashFunc(key)
/] B% null , REMIBR
buckets[index] = null

[* EEFREREY */
fun pairSet(): MutableList<Pair> {
val pairSet = mutableListOf<Pair>()
for (pair in buckets) {
if (pair != null)
pairSet.add(pair)
}

return pairSet

[* EERFRE#R */
fun keySet(): MutableList<Int> {
val keySet = mutableListOf<Int>()
for (pair in buckets) {
if (pair != null)
keySet.add(pair.key)

}
return keySet
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[* EEBFREE */
fun valueSet(): MutableList<String> {
val valueSet = mutablelListOf<String>()
for (pair in buckets) {
if (pair != null)
valueSet.add(pair._val)
}

return valueSet

}

[* FIENFEER */
fun print() {
for (kv in pairSet()) {
val key = kv.key
val _val = kv._val

println("Skey -> $_val")

6.1.3 MEERMEER

WARE EE, BERXPERREITE key RN A 2 [ B2 51 A A 225 R i 231, g A=
AR AR s, Kk, Plae E—EFE 20N\ B R RS0,

BHA FIRREIR R HEER R, EE8AN key BWINIAHEIRE, MEZEE XA HAE RWAERE, flan, EiaEEsEs
12836 F1 20336 IMIELZ2ARE, FRMISE:

12836 % 100 = 36
20336 % 100 = 36

niE 6-3 Fir, MifEZ2Sism 7R — @5, BEARE AR, B SR MEE A SER — 6 S R
A= 2R (hash collision),
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AL %3l 5 Wit value
B key value
_;S—» 36 —I
m”/ 37 15937 | “/pnm@” \w

76 13276 | “INE"

." I ."

83 10583 | “/hi&"

s
- .

6-3 HEREERTRA

AR, MERRER n R, 2 key HBCEIR —EAEH AR HUERIR, E2RED, Kitk, e
IEERA R ARV MR R

nE 6-4 FiR, JEARTHES (136, A) fll (236, D) /LM, WABERHLK,
BEREE - 100 MERIRE 2 & WEREE - 200

MRE key % 100 ‘ mEN key % 200
&3l key value | key value

36 236

- | CIER

i
- w e .
()]
I
w
=
eee e e
s

- | e

Ll

183 783

oee . ae

6-4 HEERER

RS, MERRIEATRATERERE R RER EERR, IEHFER,; I HARRERRAR
capacity K%, HMTEEEMREZRENERTARESOMEMVE, EE PN TEEERENE
i, Zuitt, MFESER GHE M ARNMERE R, AR EA,

&#EF (load factor) BHEAERN —~HEZEMS, HERMSMRRITTRBERDUMEE, HREENES
RIVEREAEE, WHIELAMRRIAIMRIRIE. BIAI1E Java b, EEEF T 0.75 K, REERKMZ
RIEEZFITH 2 %
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6.2 HEEER
bR, DL R S R R R, KR R E SR AR A, Een,
S 2 R, WS RS R RN, RIAA 2 (B E R — RS
RERER GEBEMAIRINR, REMERRRIATAM. & T RRZEE, SEIESMRERR, T
ETHRERIEE, EEERNRS L, BTEHEHEEEER, ERERKR, RAMRREAHRZEE TR
AR B R BRI, 2 THRTIRCR, TR DASR A DA T Sl

1. R RMERREORAES, AP nT DU R BUHE T [ 5 IE 3 A%

2. {EAELE, BVEMEAERIEEER, A PITIHRARIE,

BRI BT E R RS SR f CBICEL,
6.2.1 $ET{idk
TERGaMEER T, G SRR F — RS, S8V (separate chaining) 1B 7T 2t 2 sk HR %)

AR (ELET RSl Al FR GRS, AT E 2 AR R A A SR R A AE R — S R AR, [ 6-5 o 1 —fls =XAr
HERER R BIT

=3l E17] ARy (AR ES)
00 — —

i@t 37 L], L [

SEMFEE—(AEEET,

HTaOSmEERxE .

HERI key % 100 76

BRMAAERN key

EREREER o

6-5 HEUALAERERR

ER A B B R R ARIE T TR AL T DU L,

- AR WA key, AOEMEREFGEIMRS], RIRTEIRHIGEAS RETHETRS, RBAE IS B S E b
key PAZER H ARSE(EET,
- WL ECEBMERR A A R AT, ARG ERG GRER) BrigRsas sy h,
- MHBRTCE : ARIRMEDR bR A0S TR ISEAS FR S SHET, 5 el At ER 27 DA R F ARG MR LB R
s AL £ DA RIR

- AHEERNR A R S ERNTERR, e LRSI SRR B R IR 2
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ARRBCRRE: R 2T B M E R A HR Y A A R B TR
DA IS4G T S A IR R AV B, R,

ER Y] (B O HEAS RS, emfdEng, EeM&E T, MER () WS 2E,
TpfEtmEr 2 —E A5,
TN EB O SHEARMA IS, AN TS 2 0, RIEGEERBE TN 2 £

// === File: hash_map_chaining.kt ===

/* SERHEEER +/
class HashMapChaining {
var size: Int // SEEHEE
var capacity: Int // HERBS
val loadThres: Double // MESZBEARMNEHEFHE
val extendRatio: Int // BEEEEK
var buckets: MutablelList<MutableList<Pair>> // 1@[E%I

[* EIEF */
init {
size = 0
capacity = 4
loadThres = 2.0 / 3.0
extendRatio = 2
buckets = mutableListOf()
for (i in 0..<capacity) {
buckets.add(mutableListOf())

[* BEEET */
fun hashFunc(key: Int): Int {
return key % capacity

}

[* BEETF */
fun loadFactor(): Double {

return (size / capacity).toDouble()

[* EERMF */
fun get(key: Int): String? {
val index = hashFunc(key)
val bucket = buckets[index]
/] FEHIE, ERE key , BIREIHE val
for (pair in bucket) {

if (pair.key == key) return pair._val
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/] BERIFZE key , AIR[E null

return null

[* FIBRLE */
fun put(key: Int, _val: String) {
/] EEEETFEBRER, JITHES
if (loadFactor() > loadThres) {
extend()
}
val index = hashFunc(key)
val bucket = buckets[index]
/] FEHIE, EBIEE key , BIEIFHHE val WiR[E
for (pair in bucket) {
if (pair.key == key) {
pair._val = _val

return

3

/] EEZ key , AliSREHIEERELS
val pair = Pair(key, _val)
bucket.add(pair)

size++

[* MIBRIRIE */
fun remove(key: Int) {
val index = hashFunc(key)
val bucket = buckets[index]
/] EFE, PmERRES
for (pair in bucket) {
if (pair.key == key) {
bucket.remove(pair)
size--
break

[* BERMER */

fun extend() {
/] BERMER
val bucketsTmp = buckets
/] R MES R ER
capacity *= extendRatio
// mutablelist FEEEA/
buckets = mutableListOf()
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for (1 in 0..<capacity) {
buckets.add(mutableListOf())
}

size = 0
/] BREBRRRERREZHER
for (bucket in bucketsTmp) {
for (pair in bucket) {
put(pair.key, pair._val)
}

3

[* FIENFEER */
fun print() {
for (bucket in buckets) {
val res = mutableListOf<String>()
for (pair in bucket) {
val k = pair.key
val v = pair._val
res.add("sk -> $v'")
}

println(res)

EFERENE, EHESEHIIRRE, &SR O(n) RE, BRI BUFGSS RS “AVL 87 o “407%
B, et &R R R B L E O(logn) o

6.2.2 FMELNE

BIRMELE (open addressing) RE| NEESMUERHERS, T2BIE “SUURR” Rz Es, HmlsRE
SRR, TR 2 A,

ST AR 200, A 4R BRI R 0 TR,

1. fBHRE

ARMEIR A R ] - R AR M S OB T IR, HARE 7 iR B I = R AR Al

- ATTR: BEERERRNAGEMRS, SRBEMNCATR, ACERMERARGNES PRERES
1), BRI, TR,

- BEDTER: HRBMEER, NEAMERDSRARETHMERD, BERKEIBETR, &E value H
Al AESRIEEISA, R EETTRAEREES, IR[E None .
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# 6-6 R T RAUENE (BRIEIRE) MERRISEEE M. RBHHEZREK, REMOCHRN key #8 & #5f
BREHFEIAIA, THEBSIERE, CFMBRIRE T EZN LA Z T EIRH,

=3l = 47|

00 <

R UELL o

02

(S8 ()
=3 (B
=3 (ES)

w
(=)
g
I

REHRR, PRS 1

76
ER kEV % 100 77

EMAERR key
BREREER

n -] S
~ ~ ~
a (=) L=
H a = :

78

~
~
(=)

(=]
~
(<]
e
a H

M 6-6 BAMUENL (BRPEIRE) MERRAVHEES )

R0, SPERER S AL “REBIR”, B¥E, MRS B, EEEs B MR E
RETATREMEECR, fEME— PR BRI R, TEBUEIEERE, SRS M AENRIERCR AL,

EREENZE, WPIARRERBOENER I ERMERITER, 1E2 R & MPRTER & £ RS 9 2L — 24
None , TEEFITERN, MMEREZRZEMMEIRRE], FItEZTEM PRTTREEERREHE, XA
RERRHANGLETLRATAE, AIE 6-7 AR,

%3l e
%0
01 500 D |
. ’ 7% { | (COED
w0 N 2%, 77

MEEEATEZ THTRT
78

6-7 FEBARCEHE AP IMER TR B & R
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27 fRUSZ R, TR DAERFIBEMIES (lazy deletion) #Hl: B AREEMMERPERRICER, mAMH—M
%L TOMBSTONE RIS IG A, 7E3ZHHI N, None 11 TOMBSTONE #RfFRZSAH, #Xnl DU ESEE S, (BRI
&, HMEIRES TOMBSTONE RAIEZABSEES, [N AH Y NrlREE fE e E Y,

SRIM, DENIER AT RE & IR R AAREIRIL, TS A2 BIRMBRIREHT & A A —(EMBRIERD, FE TOMBSTONE
Aosgin, ek thEngn, KasrERE rTRER Zpkid 2 18 TomBSTONE A REFRE| H TR,

A, FEA MRS PRS2 E ToMBSTONE YRS, MiRHE S 2/ B ST R BLi% TOMBSTONE A2 #ifis
B, SRR R B IR E R AT TR, TR B RN E (RIEEGE) EILAA, #®
s ERRCR,

DA ES 7 — A S MR B ioE i (BRPEIRE) MR, & 7 e R R =M, &
(MR RE e — 8 “BRIEMES", ERE S FEERE, [ E AR E

// === File: hash_map_open_addressing.kt ===

[* FAMUELLFRR */
class HashMapOpenAddressing {

private var size: Int /] BREHES
private var capacity: Int /] BEREE
private val loadThres: Double /] BBERNEHAFRE
private val extendRatio: Int /] EREE
private var buckets: Array<Pair?> // t&F&E5l
private val TOMBSTONE: Pair /] MIBRIES
[* BT */
init {
size = 0
capacity = 4

loadThres = 2.0 / 3.0
extendRatio = 2
buckets = arrayOfNulls(capacity)
TOMBSTONE = Pair(-1, "-1")

}

[* HERT */
fun hashFunc(key: Int): Int {
return key % capacity

}

[* BEEF */
fun loadFactor(): Double {
return (size / capacity).toDouble()

}

/* = key HEMN@ES| */
fun findBucket(key: Int): Int {
var index = hashFunc(key)

var firstTombstone = -1
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/] BHRE, E@TTHEY
while (buckets[index] != null) {
/] BBE key , REIHEMNEERSI
if (buckets[index]?.key == key) {
/] BEZENEE T MRS, AR RESHBSHEZRSIR
if (firstTombstone != -1) {
buckets[firstTombstone] = buckets[index]
buckets[index] = TOMBSTONE
return firstTombstone // R[EIFSEIZRIMEZS|
}
return index // REIHHZS|
}
/] seFERREER RS

if (firstTombstone == -1 && buckets[index] == TOMBSTONE) {

firstTombstone = index
}
// stEWRERS|, HBEEPAREEEE
index = (index + 1) % capacity
3
/] & key FFTE, BREFTIEREIZES]

return if (firstTombstone == -1) index else firstTombstone

[* EHIRIE */
fun get(key: Int): String? {
/] #S key HEREERSI
val index = findBucket(key)
/] EHREREE, BIREHE val

if (buckets[index] != null && buckets[index] != TOMBSTONE) {

return buckets[index]?._val
}
/] BREHREE, BRE null

return null

[* FIBIRIE */
fun put(key: Int, _val: String) {
/] EEBETFBEMER, JITHES
if (loadFactor() > loadThres) {
extend()
}
/] #F key HEMIHERSI
val index = findBucket(key)
/] EXFRES, HEE val TiRE

if (buckets[index] != null && buckets[index] != TOMBSTONE) {

buckets[index]!!._val = _val

return
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}
/] EREHRAEFEE, ML ZREEY
buckets[index] = Pair(key, _val)

size++

[* MIBRIRLE */
fun remove(key: Int) {
/] B2 key HENFRSI
val index = findBucket(key)
/] BXREFRES, RARRELEERE
if (buckets[index] != null && buckets[index] != TOMBSTONE) {
buckets[index] = TOMBSTONE

size--

[* BEMER */
fun extend() {
/] BEFEREER
val bucketsTmp = buckets
/] MR MERRAFMRR
capacity *= extendRatio
buckets = arrayOfNulls(capacity)
size = 0
/] BREHREERREEHEER
for (pair in bucketsTmp) {
if (pair != null && pair != TOMBSTONE) {
put(pair.key, pair._val)

[* FIENHERR */
fun print() {
for (pair in buckets) {
if (pair == null) {
println("null")
} else if (pair == TOMBSTONE) {
println("TOMESTOME")
} else {
println("${pair.key} -> ${pair._val}")
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2. FAHFEA

SEF R RIBLAR IR A RE, AR BARCE MR R 2 —, B3RS, 7 RIS E fif B o — &
TEREL, MEPkE “BRRRRERSES” g, B 1,4,9, ... %5,

SER R FE B DU ES,

- P RER ORI BT 7T R R, Sl SRR AR TEIR A R IR,
- PR g POE E R B S AL, AR ER MG E N A,

MM, PO IR AR SESERY,

- BRTFEREHR, AR B HAN B E A S A
- HRCFITRER, PR REA SRR AR R, EEWENERRRT AN, PRIt a]pE
3P S =l

3. ZhiEE

B, ZUGRETTIEERZEMERR £ (2). folz). fy(@). .. TR,

- WALE: EHEERX f) (v) HBUEE, WER fo(x), DUk, EIERIIEMEEATER,
- Ao FEHFEREZRE Y TETER, EIHEIEEITRRRE,; FEIIE s e E A
BRI, RIRERRTPAFEZTR, ARE None o

BURPEREMILL, Z2XMERTTEA D EARSE, E2 MR R G REIMIE R,

Tip
FEE, FcEat GPERE. PRI 2R MEREEE “NeEERMERTR” R,

6.2.3 IENESHEIE

HAEREGE 5 BRI T RNFRIRRER R EBIRNG, s as] 1,

- Python $HRHBIECENL, 8l dict (EHFREMEOETIRAL,

- Java RGN IE, B JDK 1.8 A2, & HashMap ISR EIER] 64 HEAEH YR EET] 8 IR, Sk
FRA| R S KL DR T & SR RE

-+ Go PRHISEAANE, Go HUEBEMRZ M7 8 AMEY, BHAEIER —ERAMN, BRAMNEZ
IRF, EPUT—IRRRIE R IRARLE, DIRECRRUAE,

6.3 MEERE

AP B4 T RER R A AR AR SR R B T 76, R s 2 B poE kg 2 gl sk, e REOR &
MEE R ] DAE B L 5N IE 3 AR, TR R R N 3
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MRMRE B PAE, MRRARERIE 255k, WE 6-8 FiR, BREANEMRER, BN D R
EHI S ME ST, ERREERNCE, RENN NG REN IR — D, RREER
%= O(n) .

sERINLEEER
REEER:
B BENTIDHESERSD
BSREE 0(1)
REER:
BENeIIHEEEED
BERAAEREE 0(n)

lE 6-8 HERERIRAERIIRZER
SEEE I TE DL A DOE . IR R AR RH RV ER, ot BMR(E, AR R

index = hash(key) % capacity

B EAK, EMREAR capacity BER, MEEHRIL hash() DUE VHE, EMPE T EBERME
BRI HHE DL

BRI, & T RIUHEREROEEER, BRMEEFEENSEPERZERIE hash() ARG L,

6.3.1 MREFZNER

& TEB BRUET WRERRERAER, MERE AR R DU TR R,

- OMEETE: BRMHEIRERA, MREEREAAEEAFRE L SR RERE R R R AT SR,
©OReRE: AHEMERERBREZ RS, SRR, ERRAE AR,
- Ao R EIRIE RS E R A R R . MY S, R E R AR R,

PR L, MREEIERR T A AR EBRRR, BB H AR,

- SR 2 T OREMEAIFE RN L e, REUEE NG EEMHEENENISCRN, M2 ETIRE
BEH, EHP@WMANEBR, RAGHMANEGREMRE, RREGFFIEREETHE, MRWE
DLEC, R WA 2 IERE,

- BRI ERRE . ERMENXTT A] DR R R HER B H — R L 30T R DA s SRR IR Y
EORIAHER(E, A SRR R R EDEAT L, WRWE ILAE, AR R 2y e,
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BINERAMBIER], % 7R EREREHRE R a TR, MR AT B E SR %
2R,

- FRAPE: SR R (R S BRI\ R (T
- PiblEEYE: EEMEEREIR AR, EEEMRREEERR,
- T - A BRI N R R AR AR RIS

AHTER, “BA i S “PiniRrE” R m BRI, R S A —E e IR, BN, fERE
WA key T, MEZHI key % 100 A DS F il it RMazREERENEE, RS
Y key HOB L ESARIR],  BRIHFRAM AT AR 2 A HERE SR B AT Y key ,  IETI IR 2 TS,

6.3.2 MmEREZENRE

MR AR R AR AR S AT 2 HRAEMAE, RmEIREE SRR, BT RaEREt—&
il B AR T LT

o OMIEEER i AR EET TR ASCIL BEEATARNN, SRS R MR E,

- ORIEMER: FIRISRIARAHBNE, S A — 8RB, K27 ITh) ASCII i RBEEIHEZE,

- HFEHERR R ORI R T B A R B R R AR AR E

- TSR KA T ICRY ASCIT WS EAEE — AR AT, RREEZ ATET & B R EE T R,

// === File: simple_hash.kt ===

[* DEMZE */
fun addHash(key: String): Int {
var hash = 0L
val MODULUS = 1000000007
for (c in key.toCharArray()) {
hash = (hash + c.code) % MODULUS
}
return hash.toInt()
}

[* FerME */
fun mulHash(key: String): Int {
var hash = oL
val MODULUS = 1000000007
for (c in key.toCharArray()) {
hash = (31 * hash + c.code) % MODULUS
}
return hash.toInt()
}

[* ERFEH#E */

fun xorHash(key: String): Int {
var hash = 0
val MODULUS = 1000000007
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for (c in key.toCharArray()) {
hash = hash xor c.code

}
return hash and MODULUS

}

[* TREHE */
fun rotHash(key: String): Int {
var hash = 0L
val MODULUS = 1000000007
for (c in key.toCharArray()) {
hash = ((hash shl 4) xor (hash shr 28) xor c.code.tolLong()) % MODULUS

}
return hash.toInt()

B, SEMEREEIRNRE —PERE KB 1000000007 BUE, DARECRIEZELE SEAEE N, E
FEEBHE, R EEoR S E B, S S BIRASmR B ? B —EHBrIRME,
JeBEEbASE: SERIREBE B, ol DU R PREEMER AR 4 St (R 25 B BN B B 7 (7 AR A4
B, ATDAJRD R USRI AE AR AR IIMERRK,  fETmie S R 1 2%

BEG T, IREFRMEE AR O MF B, BT DA 3 BB, TREEATE A] DA 3 PRI key # & BEALE] O,
3. 618 —fEMEE(E,

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, ... }

QISR key TaUFim B ZHHIRER M, ARBEMERE & HBIRHER, EmnEREER, BiE,
{B% i modulus BB 13, HIR key Fl modulus Z FIARTEAEAKTEL, K i HH O MER (B A 15 9 M & B
Tt

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,... }

ERFFIRE, WERAEHICRE key SEFREWIY S i, AREDEREEMEHE SEIEAREBERRTLL, EIT#aEH
HESHMHEIRERE, THE key BIMATAERADELIMER;, BEBPREER S HBREREZ,

MME .z, FFEE R EARE, 3 GBS, PUERTREHPREHIMAEN, fEr-REE
FRRIRS RS
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6.3.3 HRMEEEE

AEESEEL, DA B R AR R AE L (s, IR A REEINERE ARG B AR B, R
RN el e e, DRI ANTAMER A L sME R SR LR Oy P A AR RHEIE R AN R 52 B, 35 ] RE & s E
BRER, A5hHiE e,

TEERR, BAMIEE & — R A, fltn MD5, SHA-1. SHA-2 fl SHA-3 %, ‘EIMAT AHER
RN BRI E R AR (E,

At AC DARK, R R R A AN AR S R R AE . —H R P N B S 1R TR T R IR A RKRE,
o — R N BEMEZE NSO SRR EEIRN Z 2 ME, R 6-2 on 1 EEFRIEM H RATHEE
Rike

- MD5 il SHA-1 BRI, FiteMusHL e ERZEM.

- SHA-2 Z5|H1) SHA-256 BT EWNHREELEZ —, ARHBRIINBEREG, NitE AESEE
2 FH B e R

- SHA-3 tH# SHA-2 BB ER, sHEMCRE S, (HHAIHEZEE AU SHA-2 251,

*6-2 W RAEREER

MD5 SHA-1 SHA-2 SHA-3

HEH 1992 1995 2002 2008

il

R 128 bit 160 bit 256/512 bit 224/256/384/512

& bit

R 0% 5% R R

%

etE 1R, EBRINEE K, EBINK & =

R e

JEE FH EWEA, MAREREREEN SR InEEBZ S5E,. BFssa  nTHRESR SHA-2
& &

6.3.4 BHERESRE

BAVRIIE, HERERE key ATDUREEEL, /NEELTHBEFERAR], FGE S G A5 BRI At R
AR, FRGHRMEZR AR, B Python 231, FRMA] DAREAY hash() BRI =R G AL R R
HURER(E,

- BEGm MR ERE R A S,

- TERREON T ERRRER ERT R R, A BB AT S BT,

- JCAHAVHERER EH A T REI TR, ARG ERERER SR, S —HEEE,
- VIR ER N H IR R A L A R, B ERYFRIRER TR, TEBRER AL KR E,
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Tip
FATERL, AFIREEE 5 P R (E R R e A E AN 7T TR AN

// === File: built_in_hash.kt ===

val num = 3
val hashNum = num.hashCode()

/] BE 3 BHEER 3

val bol = true
val hashBol = bol.hashCode()
/] THE true HFEEES 1231

val dec = 3.14159
val hashDec = dec.hashCode()
[/ 'NEL 3.14159 WUHEE(ES -1340954729

val str = "Hello JEEHZX"
val hashStr = str.hashCode()
/] F&E “‘Hello BEE" HIMEES -727081396

val arr = arrayOf<Any>(12836, " /\I§")
val hashTup = arr.hashCode()
/] FESI [12836, /iG] HIFEE{ES 189568618

val obj = ListNode(0)
val hashObj = obj.hashCode()
/] EREEYIF utils.ListNode@1d81eb93 HIFEE{EA 495053715

ERF 2 GEE T, RANTEYHEA PIE2HERE R key o (RINFRATIG RS (FIRERHET) 1ER key , H &

PRI AR AL, CRUEREDRRE N, RIMPUEA AR R AR E LR value T

MR EE YA (LLangias SRR AU BB BUR Y, HERrIHERR. T8RRI 2P R ain

SRR L E R,  BIEEMIERI N A A T, (HERIRCIRBE AR, MERETRR AR,

AORIIRATRESEBIE AR R P TRECR, B R ER AR, 82K % Python HiESERIRRL
B, RS Ry AR R — RSB (salt) fH. SREMIART AR IE HashDoS %8, $27H#%

HRE L2,

6.4 &L

1. EB4[OEE

© WA key , MERRAESIE O(1) KINERS value, BERAEHE .
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- W RRERRRIRE AR, BTG E . BRI BRI E SRR,

- MR key BB ZA[HANZR S|, ET A AR UG EE value o

- WEARFERY key ATREFESIEMEZ KBS R R AR, EERER N, SRR A
RER,

© HERRRARBKR, BZEERIRIES, K n] USSR R R AR R S, By i A E
1, HEERIBEAIRENFEHRA,

- AERETERABRERYICEBERDMEE, RELTHEERNEERE, WA EERES
FIE LS

- EAIHEIE S B T R M AdaE B, ISR S ST R A R — S R Y, AR, SEAS A
B R EREENCE, A DUEIEE— D i 5l 2 i 2 4T SRR AR HE 3%

- BARCENLIEIE Z IR R R S, IR EEREES R, BV AAREMERCE, BB ELR
B 2R 2 8RR AETIRN], HBRATIREEAG EAERE, H2EMEREM T3 E
HEo

- RARERGE S R T ARREEERER, Hla0, Java 1 Hashmap i SEZNA28E, M Python 9 dict £%
F B,

- (EREERY, BRMAERREEEEAWEE. SN R, EEIESD, MREERE
JEEZ B PRl A S R RUE,

© MEEEEIREE A RER AR, DU KRR A (EI D 0, R E S,

- W RRREAEER RS MD5, SHA-1, SHA-2 fil SHA-3 25, MD5 # FAARERRE 52280, SHA-2
PR 22 22 F B ek

- BERESET LGN EMERE AL, FAREITREMERPIINES, BEERT, REAA
YR AT HEE

2. Q&A

Q: MEERIRF MBI N2 O(n) ?

EERER IR ER, RRENREEREERLE O(n) . EMERAREHMS L, ARFRE R
AR, ERBCTR, REEHRER O(1) . TMAEREGES WEMRRRR, WHER AR HEHRE R
O(l) o

Q: HftEMIAMZEER f(x) =« We? BRMAGHERT,

£ f(x) = x MEBEEGUR, SETREEME—IMRG], SRS E, R, A 8RR 6
] (AR, FIHMEZERIRE P ETRBEYHR R, RaEE, MERRE B —ERR
AR RE 2 T — R N s, R O(1) &R,

Q: MRERIKEEBRMS, SEAERS], ok, HE2M B D efE mlg?
B, MERERIRRRCRES, EEMEPEREIRT ., MREAMHE R E,

HR, HBERPE SR PR RERCREE S 1o Q1R —ME T RERES 75 AH R AR Al A E 2 T~ {5 P Pei 271 e g A 5
SIEH, JREER LR RE R, EREAMZERNAGI AR, REEHEENEBUEE R,

%, MR RIS IR AT RS S, BIANTERRARIHEeR Pl ERER 1 GiAc o ISl AT SRS o7 25 2
1k, (BRI O(n) HRIER,

Q: ZIRMEEANGEEFEMBRITRAVERIETE? A 2 CHERAY 2 & RE P E IS ?
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ZUCHER IR BACE LR — 1,  BARCE HHEAE A REEIEMBRITRAVERIE, FHEZBFLMER, T mER
A2 AT DARRRAE A B FCRIm MR AR, Slf H O 22 bR U AT 2 MR A B IRF, %A E AT DA
BOFTCRE M ISRRMBLRE LR MR RIIRI P I AEE, RERAEMER R AV SRR,

Q: AftEL EMREN, EyTRAVRHRE HBTREEERIE?

B A IRF A 1 0 A 122 oF SR B S RORE RO S (B, 33 key ANITRE, EMMICRAEMIAES, Ftt, SHERE
EEMBRTRICROE N RARA N &3, BEEHE MRS E S SRRk 2y 1

Q: AT EMERRIEA RES R R ER?

HER R MR R — DR R AR n B (BER), (AR RT[EE N, EEFR, YR

& n 34, T key BHERIRSBRIRER A, JFUTEIER —EMATZE key , fEIRAETREFHI DAL
BN, e BB E IS AR .
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Abstract
SRR FMAEM ), RIREK, 7Rk,
TABMER TERIMEIEEEEE,
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7.1 =i

—7okd (binary tree) 2—MEIRARMEERIAGR, AR " B R ZMRIREREFR, 8BRT “—0%
=7 W inE, BSEAEERYIREL, “UTEREARITRER, SEERTESE,. £ RS G TR
ElLiER

[* ZITiHENEREER */

class TreeNode(val _val: Int) { // EAEL{E
val left: TreeNode? = null // AFEIELS|A
val right: TreeNode? = null // BFEIELS|A

BEHEEAEMES I (51, 2 RsAEFEE (left-child node) Fl1#EF&i% (right-child node), #%HiEs
VR 25 i T ST B IIRERES (parent node) . 447 — M8 — IS I EEEIE,  FRAPIA 5% 6B 1 /2 1 6 G A L
DU BT AR RS A% B A 748 (left subtree), [RIBEAISAFM (right subtree),

fEekh, BREEERGSE, FAbPTA @R a S EaRES i, aniE 7-1 FoR, WERIE HiRG 27 AR
g, A FERGHA FEIR AR “HIRE 47 0 “HiRG 57, ETEE “HIRG 4 MHDUNHEIRSE A,
ArEE “HiR 5 NMH DU ERTE AT

i RENRE

binary tree

|
Zﬁfi// \\<TT$

T aFi

ANV
Vivivi

M 7-1 HiELE FHiRG T8

7.1.1 —iiEts Ri:E
IO R R E 7-2 B,

- 1REARL (root node): (R —JCKATHERIEIRG, A KHIH,
- ZHEIRL (leafnode): A THIRGHIENRS, HAETEEREIFEI None o
- 18 (edge): HEAAWIHHIEGAIAREL, RIEIRGSIH (F6H0).
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- HIBSFTERIE (level): ETHEFEN, MRERTIE”Z 1.

- HIBSHIE (degree): HBLAYFHIBEHVER, £ —Johih, ERBMEFEZ 0. 1. 2.
- ZIUMIUBE (height) : fEMRETRLRRIR MR FTAC R A IEATEE,

- HIRGHRE (depth) : (MR ERAGE 5% 6 B AL E HIE AU B,

- HIBEHRE (height): ERRAERZHTR: I AT SEHTRL 2 % BB T AR IR R BLR

IRENRS
o — T

= [ /)

¥

)
I
Y

EE

7-2 ZICHHRYE TS

Tip
AL, BIMEHES ST M W TR KErNEBREE", (B8 B TR HE
Fay RBREREE", EEEEN TS, SEMRESTEEN 1,

7.1.2 ZioiEEAIRE

1. #ai o

BLgEGE RTIERL, e RIR LR, RERES I (B,
// === File: binary_tree.kt ===

/] #ALERRS

val n1 = TreeNode(1)

val n2 = TreeNode(2)

val n3 = TreeNode(3)

val n4 = TreeNode(4)

val n5 = TreeNode(5)

/] BEERZENSIA (ER)
nl.left = n2
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nl.right = n3
n2.left = n4
n2.right = n5

2. HENRRIPRERRS

Bglah R AERL,  (E R rhad A\ BN ER R ] DOZIB BB EH, [# 7-3 %4t T — 8RB,

// === File: binary_tree.kt ===

val P = TreeNode(0)

// 1 nl1 -> n2 HREHBNER P
nl.left = P

P.left = n2

/] MIBRERRL P

nl.left = n2

NS fHBRERRS
nl.left = P nl.left = n2
P.left = n2

& 7-3 A e A SR HER AR

Tip

TETERAZE, AR A]RE & o TR A AN, T I R AR TR R I PR % B R N
FTE TR, R, oo, ASMERER R H —ERERS2RE, DUEIRAERERIERE,

7.1.3 BRZTHEER

1. TBEZHE

qniE 7-4 FvR, 5=k (perfect binary tree) Ff & RYBIRGER# e 2 IHI, (E5E2 ok, TEENRGATE
0, HERFTEESBOEE S 2 ; HEER b, BIESARS 2T — 1, REEREETERRGR, R
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By BT MR R

Tip
FRTERL, TEFRSCHBE, 5838 TR B HORE 2 — okt

SeETTH
perfect binary tree

(AAE 2 W — TTiH)

FiE B RIBREE AR

[ 7-4 523 okt

2. TR

GnfE 7-5 FR, SE2 el (complete binary tree) R 5 JiRJE A B BIOR ORI, ELAR VR 6B 8 & 5 /ol
Feo FHIER, SEETTRIthE—MRSE R Tk,

T

complete binary tree

RREHRELER, EtERRSBIEN

& 7-5 e —Jukt

3. SEim—rcid

aniE 7-6 Fow, sem—roh (full binary tree) FR TR A, HERFTH ERGHETA W18 5 HiRG,
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SEm T

full binary tree

FREENRERIER 0 =X 2

7-6 SEM _JTiE

4, T

WniE 7-7 iR, 7okt (balanced binary tree) AT GBS I /2 T BIFNAS T8 Y = S 2 Z2 4B EHE AN
B,

o

balanced binary tree

RERSH AFHRE - SFHEE - d
A —oiRFR A ERERE d] <1

& 7-7 P ookt

7.1.4 —iniEik
8 7-8 JET T eI AR A RE BRI AR, & TR e S B REIN , ER SR TR WS
HHEEE R —IE, —oEhRE “HEEERY,

- SERTITRHEERNN, ATDAEr S I Toie” MBS
- SEAEERAIRILE S — (b, S TEER A R AR MR, ERIEIRERLE O(n) .
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4
N P
S\ ,
4
pikiiet: J BILESHR
b S SBALERT

[ 7-8 IR B CE Al B i 2= A
IR 7-1 s, (EREEASRENRESNE T, —IUBRIEEREE, SRR, SRR MO E e ME,

R 7-1 TR AL B R A

FEXR T SRS
55 0 JEAVERG R 21 1
FE R h T A R 28 1
%y h BB B R AR e | h+1

HIRARE 2 n ORI EE log,(n+1)—1 n—1

7.2 ZciE:s

TEVEAS R AR, KR — TR BEAS ARSI RO BRGNS, DRI HE R 77 sUR B B FE R (E i PR e R, AR
i, e MR RSN, IS ESE SR LS sl A S SEANERE, TR SRR E L,

oot RRGERT AR e AIEER . RRER IR ERF.

7.2.1 BFEH
wnlE 7-9 FivR, BREE: (level-order traversal) #ETEESZNRERIZE R ook, WES— BB LEZIGN
JIE 2 575 ) 5

@R ESAE FEREERLES (breadth-first traversal), tHFBEEE:IESE (breadth-first search, BFS),
AT “—E-ERSMER B ET T
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EEED (HR7E @ Rik)

1, 2, 3, 4,5, 6, 7

79 ZIRIE R ER

1. BERBER

B ERNE R RED “TH” AEBL, (THIEE “JoE sl A, R A G e
AORERN, MEERA SRR, EERET:

// === File: binary_tree_bfs.kt ===

|+ B */
fun levelOrder(root: TreeNode?): MutableList<Int> {
/] FRKETT, INAREGRS
val queue = LinkedList<TreeNode?>()
queue.add(root)
/] Ma—ESRS, BREFEERFS!
val list = mutableListOf<Int>()
while (queue.isNotEmpty()) {
val node = queue.poll() /] BXFI B
list.add(node?. val!!) /] REEENE
if (node.left != null)
queue.offer(node.left) // AFEIZEATI
if (node.right != null)
queue.offer(node.right) // BFEIZENTI
}

return list

2. EHESH

WERIBEEIE 25 O(n) « FVA SRBHER— R, M O(n) K, Hr n ZBiee.
- OSEEBIE S O(n) : EREWIT, B B, ESRRE 251, 1750t 52 R
(n+1)/2 fEE%, 158 O(n) 22,
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7.2.2 mifF. HFF. BFED

HE#, wiF. FRREFEREE RN RESRLES (depth-first traversal), HWFHRE@LES (depth-first
search, DFS), TCH#H 17— “JoERSHE, HRWEE” 1EH T

7-10 JoR 17 TR TR S E R 10 AR, IR BB RS R S R TR A —
W, fEREEREERE =(aE, 2hBERFEES. HRERNREET.

def dfs(root):
" TR RE B
A if root is None: return
k ® EEE AT H
dfs(root.left)

@ ENMAETFH, EgDREFE
dfs(root.right)

O EEFHIMELR, HEE

REWEED 0 O,

HiFFEDS (f @ RaARENE)
1, 2, 4, 5, 3, 6, 7
HREES (F @ BRI
4, 2,5, 1, 6, 3, 7
wEFES (f @ RHRER)
4,5, 2,6, 7,3, 1

[ 7-10 —IJCiSERIRTE. TP BFET

1. EXBER
IR B @ H R B
// === File: binary_tree_dfs.kt ===

[* BIFFER */
fun preOrder(root: TreeNode?) {
if (root == null) return
/] FREBEIER RETR -> AFE -> GFE
list.add(root._val)
preOrder(root.left)
preOrder(root.right)
}

/% SRR */

fun inOrder(root: TreeNode?) {
if (root == null) return
/] HEBEIER: £FE -> REE -> GF&
inOrder(root. left)
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list.add(root._val)
inOrder(root.right)

[* BFE */
fun postOrder(root: TreeNode?) {
if (root == null) return
/] FREBEIER. EFE -> 5FE -> RER
postOrder(root.left)
postOrder(root.right)
list.add(root._val)

Tip
REESc S MA] DR IAREH, A BEAHEE v LA TR

7-11 JEoR T R ERT oI EAE, HATpZy GR” A0 T WERE AR

1. “B” ForRBRGTTE, BB T — iR,
2. 7 FoRFORE, ARERIHIR OS2 HR,

B: BTEgE
@: ke

l Step 1 Step 2

i#: mTEE
@: @ EEH

BIFFERDS (£ @ MEaRIENR)
1, 2, &

Step 3 Step 4

@

&

B TR
@: e

BIRFES (75 @ MR
1, 2

B TR
&: @

WIFFER (75 @ Rk
1,2, 4
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B g
@: EEEH

HIFFER (1F @ MRIRIER)
1, 2, 4, 5

s

B: mTER
a: ke

HiFFERS (f @ MIRIER)
1, 2, 4,5, 3

[ step 7 | Step 8

& B TR
@: @ LEE#H

BIFFERS (F @ EERIENR)
1,2, 4,5,3,6

[Step9] step 10 |

& TR
a: e e

HIFES (@ M)
1,2,4,5,3,6,7

Step 11

7-11 HiFERH PR &

. EHESR

N

INFRIBEE R O(n) @ FTAHEEEEIR—R, A O(n) K.

iB&: TR
@: @ L

HIFED (£ @ maRiEEs)
1,2, 4,5

B AR
@: ke

HiFEES (F @ M)
1,2, 4,5,3,6

B TR
&: @

WIFFES (7F @ MR
1,2, 4,5, 3,6,7

THBGRER O(n) - EEREBIT, HENEMLAHASRIIR, WIEREES n, REEMH O(n) H

B,
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7.3 ZridfEYIRT

TESESE RPN T, —IrRIE7 BT 2 i8S TreeNode , HiRh 2 MIZIBIEEAHEAR, L —iM4E T AL B
TR NI ZTTR S IHE AR,

AR, FRARES FIMS AR —ektle? B2 HER.

7.3.1 RRFTEZTHE
ST — IR B, BT —MEIE TR, TR SRR I S R IE Y B — A, R
] B S R O — [ BB 223

IRVERE A ORI, FAF AT DR SR ER B R 5 | Bl T JiRE R 5 | Z IR "B A" HEEEENRS % 0,
WIRZEE FHBE RS2 20 + 1, A FHEIBRSI2 20 + 2, 8 7-12 R T A EHRER 5 | 2 FIRTH R
o

aﬁ%azjy ) \
//1\\ //2\\ MRS i

¥ swmes

PLUPLV L PL s

AFHRERS|: 2i+2

7 8 9 10 11 12 13 14
fEFARE% Foom — ot

HIRGERS| 0 12 3 456 7 8 91011121314
BRETFS

@ 7-12 Se3 —TrRIpEAIRR

B A A CREREEES YRR ERG DN GEED. AR R —E R, FRME] DOEE BN
AARFHEERE () FHiEh

7.3.2 RREETH

SE3E —IuitE —ERHE, £ TR s H A AERT 2 None o HHIRE 2 AE A7 AL AN B 5 TG 2 None , (A
I FRAM I TRAE IR 525 5 AR AR None VBB AN MG AL B, T BMRE A 1E 2 R oSSR AT & W@ 1y AL vl v
Fl,

qniE 7-13 FioR, S —PRAESESE T, RIS IR EAE R
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ZFT (FEFl) foAM—tRRm = ok

pEFI&s] 0 1 2 3 4 56 7 8 9

| 35 l(1]2]3]4]6]7]8]9]12[15]

8 7-13 J& Rl 5B 2 A TR Rl e

P T MRDRIEIEIRE,  FRAPTAT DA R AERE AL 9 e S UM R W A None o 2111 7-14 DR, SHUETHR, &
e B A a] DAME— R — ook 1o RBIRRINHEATT :

[* ZIoiBETIRR */
/] EA null KRRZMIL
val tree = arrayof( 1, 2, 3, 4, null, 6, 7, 8, 9, null, null, 12, null, null, 15 )

000

10 11 12 13 14

ZFT (7)) AME—#hRTIh = ok

EFIRSI 012 3 456 7 8 91011121314

mrEnss (BOE0 G000

7-14 EERIR = o A R

EERINE, e oBHER B MR ESIRIOR ., FIFEEE T ER, None {HBIERIKE HEH
RINCE, BRIBEFTA None —i2 RBRAERG R LRl SR RS,

ISR (A SRR e 2 i, RTDAEISREE AT None , BRI, [ 7-15 & H T @K1+,
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ERESFT ()

ERTETH
AR TR

BRFESBFS ()

8880800000

7-15 584 IS FRR

AR E L 7 —BRIE RS ORI s, B45 DL R 2R A,

MESCHTES, BINERME. £ (B) FHiR KHiE,
- WG ES. RRER. BFET. BFERT,

// === File: array_binary_tree.kt ===

/* BEFIRR TR ZoiaiaEnl */
class ArrayBinaryTree(val tree: MutableList<Int?>) {
[* BINBE */
fun size(): Int {
return tree.size

}

[* BEERS|A 1 ERSHE */

fun _val(i: Int): Int? {
/] BERSER, BERE null , RRE(L
if (1 <0 || 1 >=size()) return null
return tree[i]

}

[* EEFE5|A 1 BRI A FERHZERSE] */
fun left(i: Int): Int {
return 2 * 1 + 1

}

/* EENERS|A 1 BN AFERIERS| */
fun right(i: Int): Int {
return 2 * 1 + 2

}

[* EEE5|A 1 BRMRERENERS| */
fun parent(i: Int): Int {
return (1 - 1) / 2
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I+ BFES */
fun levelOrder(): MutableList<Int?> {
val res = mutableListOf<Int?>()
/] BE¥EEFET
for (1 in 0..<size()) {
if (_val(i) !'= null)
res.add(_val(i))
}

return res

[* REBEES */
fun dfs(i: Int, order: String, res: MutableList<Int?>) {
/] BE#R=L, BRE
if (_val(i) == null)
return
/| diFESR
if ("pre" == order)
res.add(_val(i))
dfs(left(i), order, res)
/] HEFETF
if ("in" == order)
res.add(_val(i))
dfs(right(i), order, res)
/] BFES
if ("post" == order)
res.add(_val(i))

[* BIFESS */

fun preOrder(): MutableList<Int?> {
val res = mutableListOf<Int?>()
dfs(0, "pre", res)

return res

/% SREEER */

fun inOrder(): MutableList<Int?> {
val res = mutableListOf<Int?>()
dfs(0, "in", res)

return res

|* BEES */
fun postOrder(): MutableList<Int?> {
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val res = mutableListOf<Int?>()
dfs(0, "post", res)

return res

7.3.3 BRSRREMRE

TR RIS SRR A DL R

- SIS IR S R, EHRBOYE, s AT b,
- AREFHAEE, AR,
- FURFRERE T TR

SR, PEAIFOR AR — 2R IR M

- PRSI GEF R IO RIS S [, RIS & R B R R E R AR,
- HETH R R RO I P S N\ BB R AR BB, R,
B ZITETR AR R None R, SRR ST AR EOR L EERAR, s IR A R,

7.4 —igsE

anE 7-16 FivR, —iciEE# (binary search tree) g DA R &M,

1. BIRENES, 7= TR EEHIE < IRETESHVE < A B ArE ER5HIE.
2. [ERERHE, AFEHE —orias, RIFEBGN IR 1. .

ZiEan

binary search tree

7-16 —JriEsist
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7.4.1 i SEIRE

BAM — et = Rt e 2 — (@ 4E 51 BinarySearchTree , MiE & —{EKESEE root , FEFIMHIIAREES,

1. EHENEY

FE B ARERRGE num , AT DURSE ool SRR MR RS, WE 7-17 FoR, BOTES @8R cur , 0T
RAHIAREIRS root ek, JEE LLEHIRSE cur.val 1 num Z FRIHTR/NE R,

- Fcur.val < num, EAEEEEE cur 9G TR, FEUT cur

cur.right,

© #cur.val > num, FRPAEEEHEE cur AR, RIEEIT cur = cur.left,
© %5 cur.val = num, FRPAERENEFEENES, Bk R N R (O] % R
TS E B

EFE ETEl
EZ RSP IES EZ RSP ENR
o )
VA ANVA
o -]
[\ T NVIVIVY
Step 3 Step 4 .

& 7-17 o= R iR RG]

ZoniE BRI R S R TAR TR 3, AR MR HERR - 1E Tl BB 2 5 —
AU, & ook PRy, R O(logn) Wi, RBIFEAESLNT:

// === File: binary_search_tree.kt ===

[* EHERL */
fun search(num: Int): TreeNode? {
var cur = root
/] EEEH, HEERENkE
while (cur != null) {
/] BEiZEEETE cur MAEFEH
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cur = i1f (cur._val < num)
cur.right
/] BIFERETE cur BYEFHEH
else if (cur._val > num)
cur.left
/] HEBIREE, BHEE
else
break

}
/] REIERER

return cur

2. {ENEDRY

S —EFEATCE nun, A TR JTESE F T8 < IREE < AT HE, HmARERENE
7-18 Fliro

1. AFHHAGCE: BAEREAEC, OREBHEE, RIRERIEEMER num FAONRFRIERE N NS, J
FIHOBZEEES GEFIZE None ) IRFBEHIIE R,
2. TERZA EIAENES: VIR LIRS num , KEZEEEETR None I E,

E-rsETEADE @

fE 7-18 A& —JCil s i AHRG

R EE S, TEERLL N HE

- oiSBIARRT AR EEER, SRRRESIUER, B, HEMASBEETEEE, AT
A, HIZR[ME,



BT7E M www.hello-algo.com 153

7 7 EBURAGIRE, BT EREDHIRS pre 7 L — I BRI, SEHRTEERZE None IR, (AT LA
JEHRBIELACENRG, TET e AR EIRG AR Eo

// === File: binary_search_tree.kt ===

[* HENEARL */
fun insert(num: Int) {
/] BB, B LIREDRS
if (root == null) {
root = TreeNode(num)
return
}
var cur = root
var pre: TreeNode? = null
/] BEEH, HEEMRENkE
while (cur != null) {
/] REIEEHEHE, HiERE
if (cur._val == num)
return
pre = cur
/] FENLEE cur NEFEF
cur = if (cur._val < num)
cur.right
/] FENLEBEE cur HEFEA
else
cur.left
}
/] HENEF
val node = TreeNode(num)
if (pre?._val!! < num)
pre.right = node
else
pre.left = node

[}

BRI, FAEEER O(logn) KR,

3. PREDES

JCE IR PR R FAREIRS, FOEEMIER, BLEARREC, FMFEZAEEMERRIEERIR, —oods
R e TR < ARETRG < A TR RMEEAIE. B, TR B RERE T HREE, 2o 12 =
MEN, FUTHIEAIMIPRETERE,

GniE 7-19 Frw, EFMIBRETBRAYE 2 O R, FonaxEiRi 2 SEaiBG, T DAEREMIFR,



COE ) www.hello-algo.com 154

et L2 L T )

] 2

00000000
cur
- v HE B . Bk BpaE]
1. EHRHMREE cur ?Eﬁ%ﬁ@ifé: (] i BAT preflll:ft 2 None

[ 7-19 fE—suid=EhpReEEs (2% 0)

aniE 7-20 FvR, EREMIBRETESAVE 2 1 IE, EARIR AR 0 2 HF i BE RN A

E-RamnRDE ©

v Hi%S cur 09 2. # cur BRAHTHS
FEIREE = 1 1T pre.left = cur.right

1. HHRHMPREES cur

@ 7-20 £ ciE=mrhmBREE (B4 1)
EAAMEREEGE A 2 I, BRMETEERMIRE, Ml — SRS Rz SR, RN oo S
CIETR < IREES < AR MR, RS IE R T DUR A TR R e/ N S sl A R IR e K B
RE R MRS TR/ DN EE (PRERR N —EEE), RIMERERERENRE 7-21 Fir.

L. REIFMHERETESTE P BRI PN AR T — R, 5% tp o
2. tmp AOEFE ZERFIMEREIRGAOME, 16 AE R FOBE B M BRERTRS tmp o
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E-esmrmREl (O
| J@}’
OO @;g

l Step 1 ‘

= D LT )

Step 3 |

EoEaETIRes 0

1. EWFRPREE cur 1. TWHRIRER cur
v HiE cur WFHMHBE - 2

2. MFREEES cur DR=P:
(1) & cur EPFEHNREHE nex

Step 2

1. ERHRIERERS cur 1. EHFEBIBRER cur

v EiR cur WFHIRME - 2 v EE cur WFHEBE - 2

2. MFREDES cur RR=P:

(1) =M cur ERFEHNRMEDE nex
(2) HEZTHTETHEREDE nex

(3) #6HERE: nex ERMAEHEIE cur

2. MIRRERRS cur HAR=Y:
(1) & cur ERFEDHHNREIME nex
(2) E=FTHPEERHREDE nex

Step 4

7-21 fE—Tui= PR (8% 2)

RS B SSHRAEIRIBR L O(logn) WM, FCsia iaFsMIRE RS O(logn) WM, JES/¥ 220 (A A
%% O(logn) WM. ROUEXTAF:

// === File: binary_search_tree.kt ===

[* MFBRERRE */

fun remove(num: Int) {

/| EfinE, BERERHRE

if (root == null)
return

var cur = root

var pre: TreeNode? = null

/] BEEH, BBREHEkG

while (cur != null) {

/] REEGRPRERRE, BidiGE

if (cur._val == num)
break
pre = cur

/] FEMERERRETE cur B9AFHEH

cur = i1f (cur._val < num)

cur.right

/] FEMIERERRETE cur AYZEFHEH

else
cur.left
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/] EEGRIFRER, BIEREHRE
if (cur == null)
return
/] FEIFEEIE = 0 or 1
if (cur.left == null || cur.right == null) {

/] EFEHHHEE =0 / 1 K, child = null /| ZFHER

val child = if (cur.left != null)
cur.left
else
cur.right
// RIBRERRL cur
if (cur != root) {
if (pre!!.left == cur)
pre.left = child
else
pre.right = child
} else {
/] ERBRERRLZAIRETRL, BIEMsERENR
root = child
}
/] FEIRLEIE = 2
} else {
/] EERHEEFRP cur WT—(EER
var tmp = cur.right
while (tmp!!.left != null) {
tmp = tmp.left
}
/] ECRFRERRE tmp
remove(tmp._val)
// B tmp BE cur

cur._val = tmp._val

4. PEFEHEF

GniE 7-22 fioR, —ouMR R ERTENE f — IR — A7 BESIIER, Mmoo SENE AR <R

iR < A FHIE BN R,

EREWEE oS Mg TR RSN, QR GEIEN N ER/NEEE, el - EEENE: O

b e iR THE I

AR ER TR E, BAE o s A P ERHERR O(n) R

ISV

1HE S

s AwR

EATRAINIIHE e HR1,
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S EESFT]

2, 4, 6, 8, 10, 12, 14

TERAF

PP ESR,
ENRETE @ ERAREHRD

@ 7-22 oot setnhEET

7.4.2 ZiESEnNE
e —HHER, FAME R A o SR, BIERR 7-2, TSI A TE AR O AR R 4 A
THEE, BEECHSMMEE. REESEHYE, [REEAMERERER T, B o sBiag

ZE'_JO

R 7-2 [H B SR R RCR B L

Py T

##eE  O(n) O(logn)
mATE O0(1) O(logn)
fpRTTE  O(n) O(logn)

EHARTRIT, —ooiaSfE P 19, BHAT BAE log n il 8 Y 2 s (R RS,

SR, A0 SRR E — e st o AN e AFIIBRERRS, A REE S TR L [ 7-23 FsrIsEss fRsl, 18
R AR AR R & IR 2 O(n) o



COE ) www.hello-algo.com 158

e o
0000

T reie S

BB iESn

7-23  —oriEEhR(L

7.43 —iESEERER

- AERSTZRRS|, BBEEMIER, A IR,
- AR R R S R TAR R B R
- HRGEFERT, DMREEA IR,

7.5 AVL i *

15 “TITiga EERRIES), ESURANIMRRIES, —Teia TR A RS,
WF, PR IR O(logn) 2% O(n)

QniE 7-24 FoR, AGEMRINPRERGERIE, SR TS E SR LRSS H S

o ) o
@ @ BIRERS 5 @ BN 3 @
o O oo o

B Bt
g EiE i el
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7-24  AVL BHEMPRETRR 2R 4EIRL

RGN, fEE 7-25 Fronisese oot e i AR EETER, SRR AR, A SRR R R g
Fitlo

[\ [\ [\

WA 2 AR 1

B Bty
SR FiH sl il

[# 7-25 AVL e A SRR 34 R L

1962  G. M. Adelson-Velsky #1 E. M. Landis 7 X “An algorithm for the organization of
information” F{gH T AVL 8, SSCHEAIRNER T —RYIERME, FERIERERTERINEREIRR, AVL SR
iRk, WREMESSAERERR IR RRE O(logn) A, AJEER, 1EFRZSREEIT Y M &S RE
AR, AVL BSREMRAORFF e B R ERRE, BARIFRIIE A E(E,

7.5.1 AVL 5 RAT:E
AVL SiELZ oot s, Pl oo, FRFRRNEEmE_TTRNrETEE, RitE —EEE —iEsH
(balanced binary search tree),
1. BESE
HY AVL S FERRR M E TR E R =, R 75 B A R height &
/* AVL EEIEEEER */
class TreeNode(val _val: Int) { // ENEY{E
val height: Int = 0 /] EiREEE

val left: TreeNode? = null // AEFEIZL
val right: TreeNode? = null // BFEIEL
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“HIR ST RIECR AR RIS EEIRG M RE, AIATAGEAT BT BE, FERAIEENR, R
MR O, TZSHIBRImER —1 o PPz w8 THE, i FH 8 O 58 7 6 B v

// === File: avl_tree.kt ===

[* EREEEE */

fun height(node: TreeNode?): Int {
/| EEMEES -1, ENMEES 0
return node?.height ?: -1

}

[* BEHEREE */
fun updateHeight(node: TreeNode?) {
/] BHEEEREESFEEE + 1
node?.height = max(height(node?.left), height(node?.right)) + 1

2. HIREFEEAF

HiRiHTFEEF (balance factor) A HIR A RN AL TRIRTEE, [FIRDE S HRE P 1
75 0 o FRARIRRATE IR T K 7RIS REEHR AR 3, 77 fERSIE :

// === File: avl_tree.kt ===

[* BETEERET */
fun balanceFactor(node: TreeNode?): Int {
/] EERTEEFS 0
if (node == null) return 0
/] BHTERAT = 2FEEE - ETEEE
return height(node.left) - height(node.right)

Tip
BOPA 2y f, AI—HR AVL SRR R ERR PR EmeE -1 < f < 1,

7.5.2 AVL #ihess
AVL BHEREEIER “HEll” R0F, TRESTE A TR E S FFIRHE R, e (B R e 7
5, BADEER, TEEEREEEREGREY “ TSR MPEE, WA ENSES P T,

TR 8 A > 1 AURTRERE 2 “RHTERE T MURERRHT IR, BEiEaR e A U e,
e, Jehleg e, SeiEleR G, N AT AR IS L e,
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1. Bk

aniE 7-26 R, HiRE NI R PEA T IERETEE, o EEAIHIRE “HiRG 37, BB DA%
HTRE 2 MR ERRG A T, ASRXEITREAC 2y node , HZAETFHIBERLS child, BUT "Gl #fE. ElGHER, T
PRI, 3 B ORTS TS T A,

@
KR /9/\ / \
© ©O €

4
)
> = @ BAERENTEE
/:ade HIREAREDA node
@ TR child
2] o
1 4
/ hild
PN
@)
o
Step 1 | Step 2
\ “BEE RERE: \ “BEE BERE:
ERETS
1. B child ®R%, #& node MAGHEH Y 1. KL child ®RES, # node MAHESE
i
A 2. A child XA node MMIE
© e @"
it A AR, ZFREMRETE
node
p
4
A
ode
Step 3 ‘ Step 4

& 7-26 HheiEL R

WtE 7-27 FiR, BB child A FHiB (305 grand_child ) B, FBEEATETHE —4: 15 grand_child
{E%s node A T-Hi®h,

/ grand:child /

[@ 7-27 A grand_child (94 ek

‘e B -RPRARRE, BREREERBKERHEEARER, 2R
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// === File: avl_tree.kt ===
[* BHERIE */
fun rightRotate(node: TreeNode?): TreeNode {
val child = node!!.left
val grandChild = child!!.right
/] BA child BIREL, #& node MGHEE
child.right = node
node.left = grandChild
/] EHFEEE
updateHeight(node)
updateHeight(child)
/] REEEE FEIRERS
return child
}
2. khE
FERESE, QIR R FIR KM — oty ‘M7, RIFREHUTIE 7-28 FRl) “LEhE” #1E,
// // BiRE TS
o
Epind (:) (:>
7-28 feliEtEE
M3, Gl 7-29 AR, HEEiES child A7 FHiB (507 grand_child ) K, TREIELRTHE—F: &

grand_child /€% node A% T-Hi%h,



COE ) www.hello-algo.com 163

7-29 H grand_child WA TERAE

R DABER 2, e e e d i 2B SRR, eI AR T DL BRI . LR
T, BMAFSGRNEREXBETTER left BHRA right, AFFTHR right BiRZ left , RIRFE]
T e B AR RS :

// === File: avl_tree.kt ===

[* FEHERIE */

fun leftRotate(node: TreeNode?): TreeNode {
val child = node!!.right
val grandChild = child!!.left
[/ BL child BEEE, #& node MIChed
child.left = node
node.right = grandChild
/] EEREE
updateHeight(node)
updateHeight(child)
/] REIFEEEFRBIRERS

return child

3. FKEhERAhE

EAE 7-30 RV EES 3, (H 0 A A HEsUA HEAT A T R A S, U RS child BT “AEHE,
¥ node $UT “HliE”,
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N N

% child #7 @ ) % node #fT

EhE aliE

o

& 7-30 Selehetg e

4. FHIEEEHE

GniE 7-31 FoR, BN ERKE ITRIRIBEE D, TESLH child BUT “HIET, ¥ node $UT “FEHE

ERETH

& 7-31 JeflEik el

5. HEEERYEIE

[ 7-32 /R PURER G B LIRS GIREAE, S alFR =G e, Jeieheale. Jonhe/ihe. i
NS
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FoAhE FAhE
i &ahE &ihe B

& 7-32  AVL i PUAE e s

GUNARFR, BT M A B S 1 G - ] 5 DA R e v — (R - B RGP M BR RO IE 198, e SR 1 e RG
&R 7-32 Hh R

* 7-3 VUREHEEHRH LR BER IR

RETHIREATPESA T FHEIBACTPESR T R A T ik

> 1 (Zfmk) >0 Hilie
> 1 (EfmA) <0 i 2 )
< —1 (Giwt) <0 TEliE
< —1 CHfwks) >0 JetiBeR e e

2 TEREER, B ieE R SRR, A TisfdmN, RIRRES SRR H IR T e, 8%
(T T V3R O M Eean T 1 L i

// === File: avl_tree.kt ===

[* BITHEEHR(E, EZFREMRETE */
fun rotate(node: TreeNode): TreeNode {
// ¥EEXEREL node HIFEHEHTF
val balanceFactor = balanceFactor(node)
/] Elmts
if (balanceFactor > 1) {
if (balanceFactor(node.left) >= 0) {
=1
return rightRotate(node)
} else {
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/] STEhEERGHE
node.left = leftRotate(node.left)
return rightRotate(node)

}
/] GEfmt
if (balanceFactor < -1) {
if (balanceFactor(node.right) <= 0) {
/] Ehe
return leftRotate(node)
} else {
/] Bk
node.right = rightRotate(node.right)
return leftRotate(node)

}
/] T, EARE, EERO

return node

7.5.3 AVL &5 BiSE

1. HENERS

AVL AR A\ PR F B et s /e TR ERIRL ME—RIEBIER, £ AVL Bhil NERETR, Eaxaiahz]
ARETRABE S L AT RE & B — RYIK MR, (Alit, BRIMEESMEnEEaLG, AR LT, o

Fis R e BRI A, RS R R
/] === File: avl_tree.kt ===

[* FENERL */
fun insert(_val: Int) {
root = insertHelper(root, _val)

}

[* IRIEIENERE (8BNS IE)  */
fun insertHelper(n: TreeNode?, _val: Int): TreeNode {
if (n == null)
return TreeNode(_val)
var node = n
[* 1. BN UELIBENER */
if (_val < node._val)
node.left = insertHelper(node.left, _val)
else if (_val > node._val)

node.right = insertHelper(node.right, _val)
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else

return node // EEEIEARIEN, HiZR[O
updateHeight(node) // EHEIRE=SE
[* 2. BATHEERHR(E, EXFRIENMETE */
node = rotate(node)
/] REIFIErIARERRS

return node

2. MiPREDES

R, 7E TTiE S BRMBRETR AR L, TERIRETEPUTHEERIE, M LR ke T,
FEFCHBUN R R

// === File: avl_tree.kt ===

/* MIBRERZL */
fun remove(_val: Int) {

root = removeHelper(root, _val)

[+ ECRIPRETRE (EWBISE) */
fun removeHelper(n: TreeNode?, _val: Int): TreeNode? {
var node = n ?: return null
[* 1. BHEREIMIER */
if (_val < node._val)
node.left = removeHelper(node.left, _val)
else if (_val > node._val)
node.right = removeHelper(node.right, _val)
else {
if (node.left == null || node.right == null) {
val child = if (node.left != null)
node.left
else
node.right
/] FEAREE = 0 , EH#EMFR node R[]
if (child == null)
return null
/] FEIREEE = 1 , HEMER node
else
node = child
} else {
/] FEIRAEIE = 2 , AP EERN TESMIEG, 1AZERESIRERIER
var temp = node.right
while (temp!!.left != null) {
temp = temp.left
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}
node.right = removeHelper(node.right, temp._val)
node._val = temp._val
}
}
updateHeight(node) // EHEIRSE
[* 2. BUTHEEHR(E, ERTFRIENRETE */
node = rotate(node)
/] REIFERIARERR

return node

3. EENEL

AVL R A s RS o s — 2, A EEIR,

7.5.4 AVL fisaBIFER

- MR RT R, AR AR, O IR R

- HIRREERE R E R RIR G R,

- ALRRRHR — R RAOT TSR, IR AVL B, LSRR TR RO SRR, N BRI R 6 R
R B e R e s /D, H RS IR PR B

7.6 NG

1. EE5[ORE

- ook ARSI R RIS, B C R BRI, SE TR ARG B — A (E DA R (E S
L2 i I =1 R Wi T A SR

- BPATITRTRROSLE RS, HAE () THIRNIDUNE R AR & SRR e (R) TR

- IUEIRIMBANRE LA IRENRG, BEENRG. . E. 1B, SEMRES,

- TCKERIRTARML, BRI ETRE N ER IR ¢ B A ER A R 7T TR

- WRIZITERRIE SR I, e ol SEim TN ook, SE3E Tk R SR AR YR
&, TS HRYRIR MR AR ZERE,

- TR DUHBRSIZROR,  T7 IR SR E A e G e AR A HEA, AR R A B R B R R R
KT BIEE R AR E B SR

- TR R R R T Rk, R T - ERINERT FREERTTR, EEIE
BITHIAEB,

- BRI, RTER RN EE s, EMEE T TSI, BREsT” ks, |
B R A E B

- el SR e TR AR, HA, ARMERERE R EREE % O(logn) .
H oS BIR L R B HIR, SIEREEREESEE O(n) .
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- AVL B, RVl oo, EIEIE e SR CRAE AN i AN ER R A (2R ORaF-
- AVL BfRUIE SR ERii A e, Zohe, Jorhefche. Jehemahe. fEmABMPRERR, AVL &
TEIRAITHH THE R0, vt ST I 15 -

2. Q&A

Q: ¥R RE—EFIE ok, B0 ERAREERIRE A S O 15?2
0, NAGEMMAEEEERLS “SBRSHEE,
Q: ok AavE A B ER— R — BRI ERC A e, BEN “—ERIE” 5t Ee? v DUERRE A IR
B TR O ?
E TS BRG], MR ERIEE ) —EEN R, HA GRS R T 2 BRI SRR,
Q: Z{1)E DFS Ew oo ari. . B=EF, 25IE1EHE?
BRI R E G YRR, B, PR, B ER R = IeES I, A AT DA e MS 2 —E R
TENEF I ERT &S, BIanfE oo sy, HREEA/NNE £FEHE < REOME < AFEHWNE, Hit
BMAEREE 7 — R — 57 WELIERETE, #a] DUESE IR,
Q: GHER(ERRFALMIEIES node, child, grand_child ZREIAIRAMR, 7K node AR EIEEHI node JE AR HELR
AT ENE? HhetER SN 172
T AL R AR A AR E S E R E, 5 HEHE/E right_rotate(root) A M2 B MG B &K
return child JR[EIfEE 2 &I FRITRETSES, TR AR E BRI AL HIBE A AR B E % bR TUR MR 2R Y, A
J& A BRI A s A
Q: 1£ C++ b, ERNpe#1 52| private Fl public H, BAHHEATELBE? LB E height() A
updateHeight() FKF\53 BIKAE public F private HlE?
FEETTENEAEE, QR ERAEERNEREH, ARG 2 private o Hl40, {8 ¥ B0
updateHeight() /EIR B EFEM, BHEMMA. MEREEFII—5, M height() /Erh B & E, BHOUR
vector.size(), [KIHERERK public PAMEFH,
Q: anfalft—aHig N R — IR T S8 REEIEER R ERER?
B, AR % CAE e SRR BN build_tree() LTS, EIEMEAEE RMEE &
i NG RHET, ABIEHEICEEAREE, FEEMERLAS T8, BT IR KRR B R GE 1 F
T,
Q: ffJavaH, FHEIES —EEH equals() 7ik?
1 Java Wb, BREAERAR], == FRB LM ESBERSHESE, SR HRAN, MAERTSE TIERE
EARE,

-+ == FZRMEWEZECESEME—EY A, BEMERE A E RS,

- equals(): FIZR¥LEMiEYIHEIER S,
Kltt, anRZESLE, FRIMESZEEA equals() » #A0M, &I String a = "hi"; String b = "hi"; FIEEILIY
FHAMAEZREES, EMERRE @Y, Kbl PAH a == b K ELEMEF B NEA,
Q: BEREESESPIRINE 2R, (THh s 2 20 152
2, BINEE h = 2 oo, HEEBA e =7, QRESERE4=2" = (n+1)/2,
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HEREL G R Lk, EERR, TERRRA,
JRE R L UG IR BE T, T e e PN LL R A2 i S B N R
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8.1 iR

A (heap) 22— CREMRIFAIERICH, TEa]RmERI, E 8-1 Frr.

- \EHFE (min heap): EEHIEME < HTHIZEHOME,
- KIEMERE (max heap): LEHIENE > Hr#E0E,

N N
/NN SN SN

L] L))

£ ‘B2 B 2 ‘"ems” B
EEERNE <« HFEHRNE EEHINE = HFEHENE
INERR KIBER
min heap max heap

& 8-1 /NEHEFEHL A THHERS

HERAME 2 e 2 TR —ERs ], B DURReE.

- TG ETR SRR T, ELAE A R E A
- B TR RARERRERE Sy “HERRTE”, SRR RS A ERRE S MR,
- BRORTEMERE CNEHERD), HEMTEOTER OREED ERZRKR D) 1,

8.1.1 HIRRVE BIR(E

TERRHAE, F2RAESIRERNREETT (priority queue), JER IRV, ERLHEGHE

FelE R HER T4,

B L, HERGEE R EBIBETS, RIRHERRIE R TR BV IINES HFIR B3, E6E R f
HFE, FMATLAS “EIETH” f “HER” B EREREER, BRI, REHWE ALY, 5

“i&*ﬁlﬁf”o
HERRRO R I HRIE AR 8-1, J5 IR T BIREAE 3 \aE = A E

£ 81 HRIHEINE
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Tk ik I P R P22
push() JEEAMERE O(logn)
pop() HERETE T 2R i HERR O(logn)
peek() AIFHERETEICR CRTAK / /NTEHERE 2 Bl 2 e K [ /IMED 0(1)
size() SERURERAI TR R o(1)
isEmpty() HIETHERDR 5 24 O(1)

FEERERT, AT AE R AR E S TR R HERDE R (BB 8IEAD

FCUAHE PR “TENEIRHFN” 1 “REREVINHES”, AT LUE IR SE — 1B flag BUEPX Comparator
BB UNTEHERE" B CRTEMERE” R, RIS IR

// === File: heap.kt ===

[* VIRIHERR */

/] st IE#ERE

var minHeap = PriorityQueue<Int>()
/] R KTEERE (£ lambda RRZVEEX Comparator ENE])

val maxHeap = PriorityQueue { a: Int, b: Int ->b - a }

[* TTERERNHER */
maxHeap.offer(1)
maxHeap.offer(3)
maxHeap.offer(2)
maxHeap.offer(5)
maxHeap.offer(4)

[* TEEVERIRTTR */
var peek = maxHeap.peek() // 5

[* HRIETTRHMER */

/] HERTRE R —ERARNEFT

peek = maxHeap.poll() // 5
peek = maxHeap.poll() // 4
peek = maxHeap.poll() // 3
peek = maxHeap.poll() // 2

peek = maxHeap.poll() // 1

[* TEEUETRA/N */

val size = maxHeap.size

[* FIERERELR AT */
val isEmpty = maxHeap.isEmpty()
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[* BNSBYMEER +/
minHeap = PriorityQueue(mutableListOf(1, 3, 2, 5, 4))

8.1.2 HIFEMEIR

NXEHIZATERERE, 75 SR HE RS NEERE, NTRATE A NE e T (B, & > B R
<)o RRELERAFE A DLEATEBL,

1. HRNAEFRRT
TR EHENE, e IrBHAFRIE S YRR, BRHEREIER e e ek, I ERAIE R A e
AR it 1 HER o

ERAESIFRR o, JTRAREME, RoMGRERE TR E, @ATEEERR AR
AREBL

nlE 8-2 fivR, #AERGI ¢, HEFERHNRTIA 20+ 1, GFERNRTIA 20+ 2, KERHRIA
(0 —1)/2 (MTHRR), HRTIBARRE, FRBHIBEHEAELE

RS HRIMESE (KBEHTE)
“HEE 2R “mei” £/ ‘I ®E el

#l © 1 2 3 4 5 6 7 8 9 10 11

= (3000000808008

(i-1)/2 i 2i+1 2i+2

 wm | T AT

SLERBS 25 AN
BB B EIR RS

8-2 HEREMIFRRELGE(F
TATA] DUKF R 5 | A KB AR, 7 RS -
/] === File: my_heap.kt ===
[* EEVEFEIRERIZRS] */

fun left(i: Int): Int {
return 2 * 1 + 1
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}

/* EEVGFEIREAIZRS| */
fun right(i: Int): Int {
return 2 * 1 + 2

}

/* FEEYREREEIERS| */
fun parent(i: Int): Int {

return (i - 1) / 2 // ETER
}

2. FARERRIETTER

HERRTE TR R 2% e RUIRERRS, that2 eRsIRyEEER:

// === File: my_heap.kt ===

[* hEERIETTR */
fun peek(): Int {
return maxHeap[0]

}

3. TENER

MAETCR val, BIME SRS RHERR, Bl 218, B val ATREARHEREHHAITR, HEREAI LRI
FIREC AR, XIBL T S AR A E RS B R AR 1 LI S MRS, IS (AR E 2R (heapify).

ARG, RORBHPITHERL, WIE 8-3 R, FRIMELEi AHRE S QBB A(E, IR
NEABGEE R, R ez, RRESPITIIR G, WRERBEHERAPISERR, HEBaRER=08

FIEZA S ERG A SR

SN |
/\ /\ Bk @ Nem
L

MR
e —C _T
ME5IRT

| Step 1

N |
VA
VIVe

)
“\ /)

[7] Step 2
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o8 @) e

1. 1GEE 7 PSR
2. WEETREITERWK (Sift Up)

8 @) N

1. EEEE 7 SEEMRME
2. REERETERK (Sift Up)

v EiB 5 < HE 7 v EBE 5 < EARS 7
o SHATEIR
3| (000000000000 step 4
ks @ Nem e @ g

1. HEE 7 FMEEHRE
2. WEETREITEREWK (Sift Up)

1. S 7 SMEEMBR
2. REERETHERL (Sift Up)

v HE 6 < HE 7 v HE 6 < Hil 7
- AR
[step s | 0000000 sten s |
% @ e 8 @ e

1. fSEES 7 PSSR
2. REZEBETERL (Sift Up)

1. feEEs 7 FMEEMRBR
2. REERETHML (Sift Up)
v HiEE 9 > HiES 7

v iR 9 > HiRs 7
~ FEITRR

=7 (000000000000 (s

% @ Mg

1. GEE 7 MEEHRER
2. WEEBEETERL (Sift Up)
TR, ATERNIEEERIEE

Step 9 ‘

e 8-3 JLR AR ER

IR 0, QIR O(logn) o HILATA], HERCERERERREERZ 4 O(logn) , JLRAHE
BRI B & O (logn) o FRWSA RAR:

/] === File: my_heap.kt ===

[* TTERENHERR */
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fun push(_val: Int) {
/] FIEEnRL
maxHeap.add(_val)

/] WEETEHREWL
siftUp(size() - 1)
}

[* TEERRL 1 BAtR, WREIEHERK */
fun siftUp(it: Int) {
/] Kotlin MR BERAIEE, FIhiE7RIFEES
var 1 = it
while (true) {
/] TEENERRL 1 BIKEIE
val p = parent(i)
/] B “HBIRERY o “ERMEAREN K, ARHEEL
if (p < 0 || maxHeap[i] <= maxHeap[p]) break
/] IR EIRE
swap(i, p)
/] EE R A
i=p

4. MRATETRELER

HERRTE R 2 I r AR, RIASIETTR, (R EREERSIHMERE TR, AR ok A iR
MIRSIHR G R LR, SIS R NERETBEEG RN, & TEERDITRRIIIES), KPR
AN B B

1. SRR TE R BHERROT R R IREN R Bl iR A5 S R ) o
2. ZHRGENIR, AHERERICHSIRINER GER, ROz, KSR EMERARFEARRHERTETR) .
3. MEAREIRIRALG, RIHRICITHERIL,

QniE 8-4 Fw, “UETHECHEREIL” HFRIE T B “TERRETHMERAIL” MK, FRAPIATHR GRS (B H o 8 -
BEAEMETEERR, E R 7 B RG BARETRG i, PRI PR T IR 1, B2 3 6 Y i 2 S JR S R
FTRGIRF A o

O@/a\e SRR Q/Q\Q R
2 2 s " 1. BERRTRRUERET R
AW AR

SRR w1l T g

R5IRT

0000000008000 w1 (000000008000 S
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SERRTR R

1. RERETRBERRTERR
2. BHERMEREETR

RRIRTRLER

1. REFERTRESFERTRZSR
2. BHEFNSEMETER

3. WEERETHMK (Sift Down)

v EEDEE 5, 8, 7 W, HiRS 8 MK
- SRR 5 SIERS 8

Step 5 ‘

SRR

1. RERETRBERRTRERR

2. BHENMEREETR

3. WEERETHEMEL (Sift Down)
v JEENEE 5, 6, 7, Eik 7 Bk
- RIAERS 5 SAENRE 7

2000000800 step 7 |

ERIETRLER

1. EEATRUERET R

2. BHERESERRTE

3. WRERETERK (Sift Down)
v EEDEE 5, 3, 6 W, Hilh 6 ®A
~ ZIGEIRS 5 SRS 6

080000800000 £

0LEFEEEEEEE

H - B 0aEanaEEE

[ 8-4 HERETETTR HHERP IR

SERIATR R

1. ERIATREERRTRRR

2. BHENMERETE

3. WEERETHEWL (Sift Down)
v {EHiB 5, 8, 7 , W% 8 BK

Step 4

ERIRTREER

1. RERRTRIVERRTRTR

2. WHENRERETE

3. WEERETERK (Sift Down)
v fEHIRE 5, 6, 7 W, HiR 7 BA

Step 6 J

SERIATREER

1. ERATREERRTRRR

2. BHENNERETE

3. WEERETHEWL (Sift Down)
~ 7EER%S 5, 3, 6 o, Hik 6 ®A

Step 8

ERTRTREER

1. EEBETREERERTRZINR
2. BHEFNBRETR
3. WEERETERK (Sift Down)

ERTRE, ATBERNMEESRIEE

Step 10 J

BT AR R EARAL, MR TE TR IR AR R 2 O(logn) » FESESAI RATR:

/] === File: my_heap.kt ===

[* TTERMER */
fun pop(): Int {
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/] HI=ERIE

if (isEmpty()) throw IndexOutOfBoundsException()
/] RIRREB R AENE (RIMETREETR)
swap(0, size() - 1)

/] MIBRERES

val _val = maxHeap.removeAt(size() - 1)

/] WIBE[REERN

siftDown(0)

// REBERIETE

return _val

}

[* VEEiRh 1 BAtR, WIRERERK */
fun siftDown(it: Int) {
/] Kotlin RYRTNBEAARRIES, FIhiE7ERRHEAEN
var 1 = it
while (true) {
/] FVERERES 1, 1, r PERAVER, 5 na
val 1 = left(l)
val r = right(i)

var ma = i

if (1 < size() && maxHeap[l] > maxHeap[ma]) ma = 1

if (r < size() && maxHeap[r] > maxHeap[ma]) ma = r

/] EEiR 1 HRARKRS| 1, r @R, NSEBEEERK, B
if (ma == i) break

/] RIAERRS

swap(i, ma)

/] BER T HEEL

i=ma

8.1.3 MIEMERER

ST R 2 B (T S R VORI RS, H IR SR R R AR FE R 2 O (log )
| TEMERHRES O(n) , JELERERIER B,

- MERHE: HE 0N, BelPTRT DA P (AR, SRR RETHIBT T R R, (e
Rk, AT, TRIEH o G — R ARy BBy, BER HEREE S,

- OFEHUR ORI K EIER: TR AR R, R RS, (AR A 10 (O
BRI, BB EAT 10 RORT RS,

8.2 EIETRIR(F

FERLEARILT, B R — 8RR TR AR — (A, ISEEREE S R,
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8.2.1 FEBINMIRIZIFEIR

WM E e — AR, RBGEF S, R RETTRIUT “AHERERE", MU SR R
i, FBITRPUT WREHE" HEREL,

BE TR AAERE, HERRESN — BRERGRIETESRAR SO i e, FitERE "8k
R R,

RITREE 2 n, BRI AHERIRIEMLH O(logn) IR, FItEZ AR AR EEHE 2 O(nlogn)

o

8.2.2 EBRESMRLEIR

EFE E, B a] DU B R 2% e R T 1R, o B,

L. ARSI A ORI E R ENT g SIHERA D, MR HERE RO M B RS 2T 2
2. B ERERE (R ERRE), RKEHHEREMBHUT TR R

TR R — MR, DARZETRG 2B RS R — M8 S TR HERE ., 1 R R R, R AR
2 “ENIMLE” R,

ZFLOEREFEY, REAISHAEMREE NN TR EERATEN THEM, SRR E TR
A RARHI,

EfFRIINE, HREHERA FE, RIEMRRMEGIAN FHER, JRMERIE. DI REITR,
B (R MEAESE ARG R % — (ARG SIS, BT e RasA e E 7l U T HERR AL -

// === File: my_heap.kt ===

[* KRIEHET */

class MaxHeap(nums: MutablelList<Int>?) {
/] EFRBYIMIAERES, EREAERIBEARLRE
private val maxHeap = mutableListOf<Int>()

[* BET, RIBWNRTEHER +/
init {
/] HERFTRRERRENFIGERR
maxHeap.addAll(nums!!)
/] HEBRWBREE R LI E PR B RIS,
for (i1 in parent(size() - 1) downTo 0) {
siftDown (i)
}
}

/* JEEVAE FERREIZRS| */
private fun left(i: Int): Int {

return 2 * 1 + 1

}
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[* EEATFERZRE| */
private fun right(i: Int): Int {

return 2 * 1 + 2

[* EERERENZRS| */
private fun parent(i: Int): Int {
return (i - 1) / 2 // BT

[* 3ATER */

private fun swap(i: Int, j: Int) {
val temp = maxHeap[1i]
maxHeap[1] = maxHeap[j]
maxHeap[j] = temp

[* EEUERA/N */
fun size(): Int {

return maxHeap.size

[* FIERERER AT */
fun isEmpty(): Boolean {
[* FIEMERET AT */

return size() ==

[* shREMERRIETTER */
fun peek(): Int {

return maxHeap[0]

[* TTENERR */

fun push(_val: Int) {
/] HIBERR,
maxHeap.add(_val)
/] RIEETEHREL
siftUp(size() - 1)

[* WEEREE 1 FsR, WRETBERL */

private fun siftUp(it: Int) {

var i = it
while (true) {
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}

/] TEENERRL 1 BYEIRL

val p = parent(i)

/] & “HuBIRERRE” 3 “ENRNEAEE B, SREHEK
if (p < 0 || maxHeap[i] <= maxHeap[p]) break

/] BB ERRG

swap(i, p)

/] BE M EHERY

i=p

[* TTEREER */
fun pop(): Int {

}

/] HI=ERIE

if (isEmpty()) throw IndexOutOfBoundsException()
/] RIIRER R AR GHRETRERTR)
swap(0, size() - 1)

/] MIBRERFS

val _val = maxHeap.removeAt(size() - 1)

/] RIEERHETEL

siftDown(0)

/] REHEFRIETTER

return _val

[* EETRL 1 BAtR, WIRERERK */
private fun siftDown(it: Int) {

}

/] Kotlin RYBRTUSENRAIES, [KIhiE7ERRFEE
var 1 = it
while (true) {

/] FIERERRS 1, 1, r PERANER, 584 na
val 1 = left(i)
val r = right(1)

var ma = i

1

if (r < size() && maxHeap[r] > maxHeap[ma]) ma = r

/] EEiE 1 RAWERS 1, r @R, NEREEERL, Bk
if (ma == 1) break

/] RIATERRS

swap(i, ma)

/] BEmTHREL

i=ma

if (1 < size() && maxHeap[l] > maxHeap[ma]) ma

/* FUENEER (Zoohe) */
fun print() {
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val queue = PriorityQueue { a: Int, b: Int ->b - a }
queue.addAll(maxHeap)
printHeap(queue)

8.2.3 EHESH

T, Tl S AR T IR

SR IR 0, AIEEEEORS (n+ 1)/2, Hef ) AR TR, FLREERERIL

FOBER S (n— 1)/2,

- TETEE AR, SRS R FISE S, KR U0 — TR logn .
W5 LIRRE AT, ARSI RO RRS IR 2 O(nlogn) » (LI NHAS FEAS S AR, R 2 3RIMi%
A5 5 TE R G R 2 TR TE BT L
B TACTRPIACEAT B A R R 50, 7 T MR STRRRE, I e — A BN n o A b1y “5e6—
TER”, RS O A A RO IE R

HREE EEERHE
(EMEMERAEARE)
h 20
/ \ 1
L 2
SN N |
SR Y O — 2
SIS
e =3 23
IR 2h-1
FER, REMSES 0) 0 2h

8-5 e _ITRIAIE iR EE

GniE 8-5 Fr, HiRG “fETHERHER” RIS IRBEE IR E S ERE A EERE, MisZiEREER iR
T, I, PRI DA AT “HIRGEE < ERG AT SRR, 192 SRS HERTLIZ IR B AR,

T(h) =2°h+2'(h— 1)+ 22(h — 2) + -+ 2h-1 x 1

fefili L XFREEREB ARG, SEis T'(h) LL2, 1530
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T(h)=2h+2Yh—1)+2%(h—2) +--+2"1 x1
2T(h) =2'h +22(h — 1) +23(h —2) + -+ 2" x 1
SR, AR 2T(h) BELER T(h), A1
2T(h) —T(h) =T(h) = —2°h + 21 +22 4 ... 4- 20—1 4 2h
B b, BB T(h) 2—EFLES, ATERMERARMAN, S2IRREEREES:
1—2"
T(h) = — b
_ 2h+1 —h )
_ O(Qh)
M—b, RIS h 5% TR n = 20T — 1 BEMMES O(2") = O(n) . DAL

R, WA RS HERI R BE S O(n) , JER &R

8.3 Top-k %8

Question
B —ERE A n EFEY] nums , 55IR AR R KT K BT,

BN, M A WS LR E R, B AERCR E R TR

8.3.1 FHiE—: EiH#EFE

By DOEATIE 8-6 AR k Bi7ER, S BIERIMAEECE 1. 2, ... K RIICR, KEEEER O(nk) .
WA IRFGEAR k< n B8R, WA kB n lEna, HIFREEEEmR O(n?), JEHFER,
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k=3

nums 7 naa EHEBRARE

N\

\‘-77—.;

BoBRIE 2 ARE
\\\

aﬂ HZBIIIE 3 ARE

8-6 EFITIHEAN k HILR

Tip

Hk=nlk, KMIUSEIZRBIERFY, WRSER “EEFT R

8.3.2 FiEZ: HiIF

aniE 8-7 FivR, BT LSS nuns JETTHER?, FHIREIRAIEN K ECR, FEERER O(nlogn) .

BROR, woiik R ERUER T, HARFRTHKHERE kTR, AT EHE HEATER,

k =3
— @008

HEFEITHF
HEEEO
RESA k BxH

0o

8-7 iy & KM k fETR

8.3.3 FiE=. iR

AR DAFE R HERS SN = RO TR Top-k FIE, iRl 8-8 .
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Hw e

k=3

~ @0000

A
i

1. a0 k ETENER

~: (2008
.

i

1. 0 k ERENER

~: (@008
.

i

1. 80 k ETENER

2. @5 kel {EFTRFAGHIE
v EHITR > BHEETR
o ERIRT R R

l Step 5

k=3

s (@0000
:

1. HA0 k ETENER

2. @8 k+l {EFTRFGYIE
v BHITR < EERTR

| Step 7

e —fE/NESERT, HHERTETCR RN,
S REBIRIRG Kk AETCR AR AR,
5 k + 1 AR,

HEATTRANNMEREEICR, HGHERTE TR B, WA EATCR AR,

ERITERR, HERP RO RO k TR,

] @

o ZRER
2 L EFIRT

heap

SRR @
o 0

o ZRHERT
¥ K EFIRT

v (EDEDED

SRR @
o

4 ZRERR
| S

ERR @
o o0

SRR
EHIRT

\::*ﬂ

k=3

~: (32008
.

i

1. #a0 k @BTRNER

Step 2

k=3

— ([@0000
:

i

.

. AT k ETENER
. W k+1 ETERBEHE
v HERITER > BMETR

~

Step 4

k=3

~: (2008
.

i

1. #880 k ETENER

2. 1% kel fEFTEFAMGHIE

v EETER > EEETR

- ERIRTR LR
RERITRNER

Step 6

k=3

~: (@008
.

i

1. 180 k ETENER

2. % k+l fEFTRFAGHIE
v BEITR < EERTR
o BB

Step 8

AT @
o

4 2@ ZRMET

PR
heap 1,7 l

e @

\ R
3 PR SR

v (@00

#AE @
o o

ZRHRT
EHIRT

4 nm

BB @
o 0

= o
EFIRT

v OO

$uem
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o &ﬁﬁ/ﬁ?\
— @0080 oo
EFH5ER, BB heap EPa]
e ZRMRE
" moim
heap

Step 9

8-8 HPHERE SR AN k HTE
IR AU
// === File: top_k.kt ===

[* BEREREAEYIRRAN k BxE */
fun topKHeap(nums: IntArray, k: Int): Queue<Int> {
/] Maf/NIEHTR
val heap = PriorityQueue<Int>()
/] #ERESIRE k ETENER
for (1 in 0..<k) {
heap.offer(nums[i])

}
/] ®%E k+1 BTRRFR, RESEBNRES Kk
for (1 in k..<nums.size) {
/] BERITRERNHEREIETER, AHRIETTRERLHR. Eani AR
if (nums[i] > heap.peek()) {
heap.poll()
heap.offer(nums[i])

}

return heap

HIEHT T n B ) EROR R, MR IS kb, BRI O(nloghk) o i EIIReRIR
W, B kBN, SRR O(n) 5 % k BoAI:, SRR EEE O(nlogn) .

SIAb, TR PR BRI RO I, FE B AR, Bl AT DU RN TR, e
BRI k EE BB,
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8.4 /&S

1. ERNORE

- HERR RS e IR, MBI AR 4 2 K TR RERNEERS, kO TEHEREA R T 2R I
KON,

I SR BT BRI, SR (R B,

- HEREI R R K L A R R (045 . ST AMERS O(logn). HERETEIEZ iR O(log n) il
DiFHERTEEE O(1) %,

- sed T IEhERE & IR, [T R 0 R 1 MR

R P A RO VR, 1 ) SRR R b & PR 5,

- n AT R R R B T DU L O(n) , JEREL

. Top-k ARSI, o DA R R AR L, R % O(nlog k) o

2. Q&A

Q: HRIIRER “HERE” BECTRRERER “HERT 2R —(EMESNE?

W AR A, FUEREE “HERET, stREARSRC R PR R B R R o ) — ), R
FEPUTIRE AT DME R 2R 7 kL, REICAT DARE SR — & B AHERERC IR AR, TR (7 AN P A Be 51 S5 4 A 1
ElEEERAERER, BATERRUSEER, DPERRERk M EERC R, AR
BN TR AN, fAAE AT RE & RS R R AN B Fa AR R
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Abstract
TEAmRIES, MG —EEEE, #EEEA RS HEE,
BRI, #R7EIERE RIAERS E - B N ERRFYENGD,
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9.1 [E

(graph) B—MEARIEERIAGHE, HTERE (vertex) FIiE (edge) M. F(MAILAFE G MR RS —
AHTER: V I —#i8 B RREG. DUVRBIRR T —EEE 5 [ETER 7 s rE,

vV =1{1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5), (4,5)}
G={V,E}

NGRS THRGE (RS, ANBE (FEARS ARSI GERD), BlFmta] DA% 5 (F — R e skt & S R A
AU RIS, Qi 9-1 Fos, AHEBIRGRPERAR GESSHSD) RsriaRR (B, MisEiR (8) KB bEE,

y
| /\ I
! / \\ ‘\\\\\‘////
: -

s3] ﬁ B

(1R (S332M1E) (HEEIRE)

ENEEEHERS, FAMtiRAEH

[ 9-1 HEAGERS, K, [E < FRIBR

9.1.1 EYERBRIEATEE

Rgg RS EA M, "5AERE (undirected graph) fIEME (directed graph), 4NME 9-2 AR,

- TESEEE T, BFORMIER R g EARRR, BIANRIEE QQ HHY “4F ABIR”.
- tEAmES, BEEAME, A — B A« B RS RE BN, FlanmieielE -
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FREE BHE
(B m) (BHAHM)

& 9-2 5[] [ Hil 4 ] ]

RIEFTA THEL R 788, 745 4&E @B (connected graph) AI3EE&E (disconnected graph), 4f&E 9-3 flf
o

- BREDEE, CRMETERHE, ATDAREH AR TR TERS.
- BRAEEEE, LT, B0 ETEREIRENE,

N

EiBE IEEEE
(FrETRA B EE) (FETRRAAE)

9-3  Ja i f Bl | i [

BAVERT DAZIB WY “REE” S2E, CMISEIANE 9-4 FRiUBEE (weighted graph). BIANTE (EHZENE)
HEFE, REGREHLREER MR R R < MR “BE ", SRR A n] DU A R E AR R,

@“@ .

SRAEE BiEE
(FrEB%E) (BERAEERT)
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9-4 5 Hek [ LA [

I S A A 0 5 AR B AR RE

- #BiE (adjacency): EWIHBGZ ARSI, ROISTITERS “MHE", 12 9-4 i, THE 1 RUAFIETHRS
FTERG 2, 3. 5

- BBf® (path): {ETHES A 2ITHE: B KOBRNERRAIFIIBREZTE A 2 B B “BRIE", 1EMH 9-4 1, 1BFF
H1 1-5-2-4 J2THRG 1 2ITHRG 4 59— REETE,

- E (degree): —fATHMHEENNEH. HINAFIE, NE (in-degree) Fonf 2/ MRIETEFZIAE, HE
(out-degree) Fnf 2/ MRIEIEAIER TG,

9.1.2 EIMRT

W ) P AR 7 NELAE “HRHERE R A MR, DU A f e [ A T ER B

1. HpiEsERE
R E TR R & n, ARIZERERE (adjacency matrix) HF—{E n x n K/NHEERFRE, 8—17 ) 1R
F—ETEES, MEREOTENRERE, H 180 BRmIETER 2 RS E S,

W 9-5 Fim, SRS M, THEEERGIS V , IR M[i, j] = 1 oRIE Vi) 21 V()]
YRR, B2 M, j] = 0 FrmTas> i,

TRRsERTI

#E o0 1 2 3 &4

0 @ 1 1 0

\ 101 a 1 0 o

‘ ‘ / 2 1 @ 11
— 3 1 o0 1 B 1

HBiEAE R

graph adjacency matrix

9-5 [ AUMS A PR

HREE LR DU R,

- TEMEEE D, THRSNRESL B B, CERP R A AOTRIA B
- BRIErE, WETT NS, R R S A AR TR
R EERATTRIE 1A 0 B iR, RInT R AHERE,



IO www.hello-algo.com 192

(RIS R R B, Bl A ECHE SR AT 2 DUEGE, DRI A B R RO R, SRR
it O(1) . 4RTH, KEREROZSRINEEERES O(n?) | SehB(G B,

2. #pER

AR (adjacency list) (] n (ESEASBRSAEIRIE, SALH DI ETREFRORTHRL, 58 4 (85 AS ER o E I THRS 4
, HAPAE 7 RZTER R T A AR TR, (B X TERAR IR A TR o 8] 9-6 Jeeom 17—l {5 A 12 R A 1 ) [ ) /s
1l

IRR  ERIRRSRENFTEIRR

™~
[ e« 2ole

R
graph adjaceney list
9-6 ERARERLR

MR AR BRGNS, TR AROE /A n? , NIbEEINE SR, A, EMERPREE
IR SEAL R A RIS, R LR RO AU e

BUSRIE 9-6 , MBHRATHIBUMER RPNy “GEsUONE” JEFAMCL,  DXIREERAP el CLER VBB 75 T2 SR B AL 3K
B, L E ARSI R, AT DA R 2%y AVL BHalAL R, MR RBIREERE O(n) R s
O(logn) ; &R DUEGESE ERFIEHR 2 MEE R, TEMFRRERERS O(1) .

9.1.3 EMVEREHR
% 9-1 FR, SF2BIE RS AT DA E A, A P Rt ] DASY AL 22 B 2 R R

®9-1 BIEAETH A E

HE & f = AR
HEEE RE KRR TEELT RCHERS

HhSRARES U it ] e BRE I SRS
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ENCES

9.2 EIRVEREEF

HE 2
B 2RENEAIIIEM

I &t R
ITREYIER

W SRR E T 0 2 3 187 AOTRCERIE “THRE” AURRME. /£ “HPREEM" A1 “MRR” WERRTIAT, '

B G,

9.2.1 ERHMIEEMENEIR

A — (TR R 2y n AOSEMIE], Rl AR BB 7 5NNl 9-7 P,
- WIERINRRIE . B MR B AR E AR RIRT, (A O(1) Refl. T d i 2 e, R 7

i SE T P 18 75 T

©OBTETERE: FERREERRR AT T4, i 0 BIET, [ O(n) R,

- RRTEEE: FEAREEE R bR TS, MR TSI RN, BRI (n — 1) fE
“Ffe LRSBY, FETEA O(n2) I,
C Wt A n (ETEES, WA RS n TEBEERY] vertices , M O(n) BERT; WML n x n K
AN R AR adiMat , BEFE O(n?) KR,

TRBsERT
=3l
)
EE— MaE
\\\\\\\ .
////// 2
.\ 3
4
E
Step 1
TRRGERT
=3l
0
1\ MigkE EH-
\ )
/ 2
3
4

Step 3

s r © R © ©

S kB & o ©

s & r & r B

S & r & e =~

B R e R e N

b S ke R
S kB B o ©

HpiEAERE ]

Step 2

bR e ke
b e ks koW
s kr r o e

ez ]

Step 4

TS
%3l

[}

s @)

\ 1
/ 2
3

4

TS

=3l

. 0

s @

1

2

3

o A

\ 4
5

S Rk B R e ©

®© o r B o o ©

S o B o B &

® o o rB o o =~

T N
B e ke kW

ABIEIERE

R N N T
®© kB & B o kB W

AbiErERE

S B B e o &

s s r B o & =

A
s o e o o|s u {§
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ms @O0 000
[} 1 2 3

=3l 4

) @\ o 0 1 1 o0 o
G—ta/\ msT: ©)

_ 11 0 1 1 o

/\\\\\y’ /////!E!) 2 1.1 0 1 o

QgD} 3 0 1 1 0 o

4 o o @ o o

] HPIENERE

‘ Step 5

@ 9-7 AFHEFEMATRIGAI. IS, MY THERS
DA 2 HS A P [ i B A XS
// === File: graph_adjacency_matrix.kt ===

[* BERIMREREEIRNERBELER */
class GraphAdjMat(vertices: IntArray, edges: Array<IntArray>) {

val vertices = mutableListOf<Int>() // TERLERF, ;THEMR “TERE", R5IREK “TBRERS)

val adjMat = mutableListOf<MutableList<Int>>() // #BiZ4E[E, 175IZR5|4E “TEERLZ=S|”

[* EHETF */
init {
/] IBTERL
for (vertex in vertices) {
addVertex(vertex)
}
/] FigGiE
/] R, edges TTERNRIEIZES|, BNEFE vertices TTERZES!
for (edge in edges) {
addEdge(edge[0], edge[1])

[* JEENTERLEIE */
fun size(): Int {

return vertices.size

[* HIGIREL */

fun addVertex(_val: Int) {
val n = size()
/] IR FIR TG IERAE
vertices.add(_val)
/] TEAMEEIERER IS —1T
val newRow = mutableListOf<Int>()
for (j in 0..<n) {
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newRow.add(0)
}
adjMat.add(newRow)
/] TEABEREE TS —7
for (row in adjMat) {
row.add(0)

[* MIBRIEEL */

fun removeVertex(index: Int) {
if (index >= size())

throw IndexOutOfBoundsException()

/] TEIEEAEBHIPEERZRE] index BYTEEL
vertices.removeAt(index)
/] TERBEEFERERRRIPRZRS] index BITT
adjMat.removeAt(index)
/] TEAFERERERRIFRZRE] index BY5
for (row in adjMat) {

row.removeAt(index)

}

[* FigE */
/] BE 1, j HEE vertices TREKSI
fun addEdge(i: Int, j: Int) {
/] RSB EHAEFRIE
if (<0 || j<0]|]i>=size() || j>=size() || 1 == 3)
throw IndexOutOfBoundsException()
/] EEEETR, AEEERNEHARETE, BRE (1, j) == (3, 1)
adjMat[i][j] = 1
adjMat[j][1] = 1

/* MIBRE */
/] B8 1, j HEE vertices TRERSI
fun removeEdge(i: Int, j: Int) {
/] R EBERIE
if (<0 ] <0 ]| is>=size() || j>=size() || 1 ==13)
throw IndexOutOfBoundsException()
adjMat[i][j] = ©
adjMat[j][i] = ©

/* HUENARIZRERE +/
fun print() {
print(" TEELERF = ")
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println(vertices)
println(" #P#EIEMRE =")
printMatrix(adjMat)

9.2.2 ENMMIERMNER

RS ] [ ) TR AR ., ARy m, AUPTHRARIE 9-8 PRy T TR BB A1 1,

W (ETES S AL ER SR R OE R, M O(1) IR, DR, BT AT R
T T,

- OMRREE: TETEEEETREGAS RS A MRS IR, (T O(m) KR, (EREAE T, R
(TR,

- WTRTES: (e N — (RS R, R TE s A R ST, (5 O(1) WL

- IMRRTESS: AR, MRE AT AR, I O(n + m) B,

- WGl TERREER ST o THEEA 2m HOR, G O(n + m) K,

TS RSSO T RETEREEATATRS
Y y 5 ) «
o—ie/\/ M -0 @ @\ mue @0 | 0-0
| o 0-0-0 -] 0-0-0-0-0
3 -0-0-0 e 0-0-0
oo >-0-0-0 oo -0-0-0
0-0 0-0
] HpER & i 2
Step 1 Step 2
T RETRREENATER T T S

. r ' . . )--0-0
0—©0 " 00 g <5~@\ wrs O o
>@’ ’ | o 0-9-9-0
o—©o o—©o gtg»o
CD @ @
] HpER ] i3
Step 3 Step 4

TEE  EERREENFEIRE

A 2 @

O 0-0-0

\ 0-0-0
' o-0

] ahER

Step 5
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# 9-8 MPREEARAUKIIAIL, HEMHIE. HEMH TERS

PUN @R AE S EEL, BLLE o0-8 , HIFEXIEH L NARFEL,

7 TR BAMBRTERG, AR (EAR NS, BMER &S (BB AR A S,
PR R AR GRS, key ZTHBGBIIE, value 2% HBGAPEETEE A (BlALEB)

7N, BEREER P E Vertex BRIARFIRTER:, SRMAVERAIZ: QRIEEEIERE—FE, FHHBSIRTIHK
BRI ANFITERE, AREERAEMIERER 5 (% 4 ROTERG, RIFREFRERMER, MSrERR ¢ RS2 1, &
RIRMK, AN R THRGER 2 ME— ) Vertex BIITH, MPREE—THALZ B E B HAMTER T,

// === File: graph_adjacency_list.kt ===

[* BRENERBRNERERR */
class GraphAdjList(edges: Array<Array<Vertex?>>) {
/] #BIER, key: THEL, value: ZIBBAMVFREHBIZIERS
val adjlList = HashMap<Vertex, MutablelList<Vertex>>()

[* EIEF */
init {
/] FEFRETRRANE
for (edge in edges) {
addVertex(edge[0]!!)
addVertex(edge[1]!!)
addEdge(edge[0]!!, edge[1]!!)

[* FEEUERHE */
fun size(): Int {
return adjList.size

[* FigE */
fun addEdge(vetl: Vertex, vet2: Vertex) {
if (!adjList.containsKey(vetl) || 'adjList.containsKey(vet2) || vetl == vet2)
throw IllegalArgumentException()
/] FIEE vetl - vet2
adjList[vet1]?.add(vet2)
adjList[vet2]?.add(vetl)

[* MIBRE */
fun removeEdge(vetl: Vertex, vet2: Vertex) {
if (!adjList.containsKey(vetl) || 'adjList.containsKey(vet2) || vetl == vet2)
throw IllegalArgumentException()
// TIBRE vetl - vet2
adjList[vet1]?.remove(vet2)
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adjList[vet2]?.remove(vetl)

[* FIGIREL */
fun addVertex(vet: Vertex) {
if (adjList.containsKey(vet))
return
/] TEAMERETE — (@i R
adjList[vet] = mutableListOf()
}

[* MIBRIERL */
fun removeVertex(vet: Vertex) {
if (!adjList.containsKey(vet))
throw IllegalArgumentException()
/] EARERPMIBRIER vet HFERVEEAERT
adjList.remove(vet)
/] EFEMIERAVEEE RS, MEFMEEE vet B2
for (list in adjList.values) {

list.remove(vet)

}

[* FIEN#BIER */
fun print() {
println(" #MER =")
for (pair in adjList.entries) {
val tmp = mutableListOf<Int>()
for (vertex in pair.value) {
tmp.add(vertex._val)
}
println("${pair.key._val}: Stmp,")

9.2.3 REHLL

Al RIA n ETERFD m R, 3R 9-2 BHEL T AR IR AR FRD A0 R AR R RCR A 2 AR

7R 9-2 HRTEFEREELAL R L



IO www.hello-algo.com 199

MRPEERE  RRER GERSET)) R (R

wERsmE  0(1)  O(m) on)
e o1 o) 0(1)
b o)  O(m) on)
T om)  0(1) on)
R TELR O(m?)  O(n+m) O(n)
AEEEEGEE On?)  O(n+m) O(n+m)

B 9-2, PUPMEER (MHER) WIRRHISCRE SR RE, HEE L, EREE R R ReRE
i, ARSI ESRE BRI ERIRT, ARG 2KE, MEAEMEREEL 7 " DS AR, kR
BT “DARpR e R,

9.3 EMIE:H

ORI “—82” BR, mENEAESREHE, fJUFRNMERR 282" BR, B, PR
ERE VR 1 — R B, BEAR, RIIE ahifRre i e 9 s i — RERE Bl

V1 RE S e M PR R R TR AR E BUE A 13 E . B RIE 75 ] 7 R Wit BB ESN IR EBEED.
9.3.1 FEERKED
R el Wt — R SO a5, PR IA R 3, AR Eeni PR L R TS, 3E— g sk

sk, WlE 9-9 R, WE/C bATHEGHEE, BEIUERXIERARTER IR, RRE T —EIER AT E#
PRTERG, DUCSEE, HEATETHR M e ®,

| ERREEELES (BFS)

| LATRES s,
HERGR. BRERSR AR IR

| FEHFETIE
e, 1, 3, 2, 4, 6,5, 7, 8

9-9 &I & E BT AER
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1. RWEERER
BFS JEHFEBNTHIAREE, BAWW TR, THIEA “eAkt” FPEHE, 1G5 BFS Y “Hia fHE” #9fE
AR SHh A T,

1. #&EFHEEIRTEEY startvet TIAZIA, 3 BHROEFE,
2. (R EmENRA, BT S TEENG GOk, ABAF 2 TEEL P A A R TEE N A 2751 BT
3. JEREDER 2., BERITATEESEI M RBAE R,

7 TP IEEAGERI TR, AT ERER —EMRE S visited AALERIPLHIRE TG,

Tip
MR ORI ABE— A L FETE key MAGETE value FOREER, TRIDME O(1) IFFEIEREE TIET key
MO E R R, ARTR key UME—E, MERIESIEHE HIRBERREFS o

// === File: graph_bfs.kt ===

[* BEBKLES */
/] ERAMERRRRE, UERIEEIRRAIFTE A EIER,
fun graphBFS(graph: GraphAdjList, startVet: Vertex): MutableList<Vertex?> {
/] TEREERFS
val res = mutableListOf<Vertex?>()
/] WRES, BREHRERHEBRNIER
val visited = HashSet<Vertex>()
visited.add(startVet)
/] fTHIRREIR BFS
val que = LinkedList<Vertex>()
que.offer(startVet)
/] VATEEL vet Z&icEh, EEEZERTAEIRR
while (!que.isEmpty()) {
val vet = que.poll() // {FHIETEEL
res.add(vet) /] ECEREARITERL
/] EhZIERERIFAA ABETERS
for (adjVet in graph.adjList[vet]!!) {
if (visited.contains(adjVet))
continue /] BhBERARRIER,
que.offer(adjvet) // RAFIRFHFBIIER
visited.add(adjvet) // 1REEIBREEWKM
}
}
/] ERETERETFT

return res

FEFUHSAHBR, ERERIE 9-10 AAIRERAR,
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FEHFT res EWFF res
[ @ ]
1751 que 1751 que
L Q 00e Q
HF A3 51 A5

mas () w5, WATLUTIRME

1. WRETERMANEDFS res
2. WA EAREIER ST
AF que IHIN visited

TR () 5, BRTUTHRE

1. WZIAMMNESFT res
2. REIRRSHIFTAHETRRST
A3 que IMA visited

o090

g () w5, WRTATIRE

1. WZIRRMNEDFS res
2. WEBENFEMERERT
A% que IHIN visited

S8

0o

g () 5, WRTATIRE

1. HEREMAESFF res
2. HEIREHATEMERERIT
A%l que IHIN visited

HRES visited
o )

ERFF res
CI) }
751 que
000
- -

MEES visited

(00000 }

(0000 )
751 que
0006

MEESE visited

(0000000 |
[ster 5]

FEWFS res
(000000 )
75 que

00

WBEA visited

(00000000 |

EHFF) res
(00000000 |
751 que

(-]

BRIRE visited

(000000000

o—0—9

e () 5, WRTUTIRE

1. HEBRMMAERFT res
2. RETARHFTEMIETREERIT
A%l que IHN visited

ms () 51, BRTUTIRME
1. WZBEMAERFT res
2. IR EAMETRRE AT

AZ que IEMA visited

it () 65, BRTUTHRE

1. BZBBMNESHFT res
2. RETAMNFTEEREERIT
A% que AN visited

0o—© 0

s () w5, WRITLUTHRE
1. WEREMIAERFI res

2. HEERNFEAEEERT
¥ que AN visited

0—© 0

|

A )
0—0 :
A 4 . i

g () w5, WITLITHRAE

1. HERMMAERFT res
2. EEIARHIPTE MIEREERIT
A% que M visited

HRES visited

(000 ]

EHFT res

(000 ]

1¥51 que

000

-— —

51 A3

HBREE visited

(000000 |
[step s

(00000 )
1751 que
000

EES visited

(00000000 |
[ster ]

FEBFF] res
(0000000 |
1751 que

00

BEWEL visited

(000000000

EHFF res
(000000000
1751 que

BERES visited

(000000000
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EDFS res

= ra— 751 que

—\ 1\ HEY A3
HRRY visited

= {75 que B,
« FEEE, SERRED
Step 11

& 9-10 &l & B e R A B

ISR 51 72
R, O e R A% N ROE™ RONE 0, T2 A B TERRG ) A 7
FERCHTAL, DUR 9-10 20, THES 1. 3 AmiRINGF T bLsce, THEG 2, 4, 6 AUAARANER: ] IAFERE A2
1,

2. EHMESH

IR . P THES & AFNE R —IX, A O(|V|) Refll; (EER MR TEB @R, 2 e
UL EIBE g w2 ik, A O2|E|) Wi, 4&8EH O(|V| + |E|) K.

DB : $75 res, ARG visited, 77 que TITEESHERZ % |V, H O(|V]) =M,

9.3.2 REBKED

WO e ESR, MR aE R RBRED T, WE 9-11 FoR, 7 LA TERHEE, S5
H ATTER AR AR TER, BEEERISRUERIRM], AESUESISENR M, DA, EErATERE <
’J&O

11 10
v BHREBAEEDS (DFS)
2 3
1312 4 ? LUTEES A,
’ EHEARE, BENEAEE,
6 DUEEH - EERRED
e ELFIA

0,1, 2,5, 4, 6, 3

[E 9-11 [EIREESE
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1. BHZEER

el EFISRUEFR AT AEEEARREE ENERAREE, BEEEIETEM, ERERENT, &
LR ZREB — AR R S visited AGRLEk EARIFIRITERG, DUk EE S TERS,

// === File: graph_dfs.kt ===

[* REBFTEAFBIRKT */
fun dfs(
graph: GraphAdjList,
visited: MutableSet<Vertex?>,
res: MutablelList<Vertex?>,
vet: Vertex?
) {
res.add(vet) /] ECEkEhRETRRS
visited.add(vet) // 1ZsCZIEEEE#HM
/] EFZIERENFRE AP IETRR,
for (adjVet in graph.adjList[vet]!!) {
if (visited.contains(adjVvet))
continue // BKBBE#ARMBITER,
/] EEshREARETERS
dfs(graph, visited, res, adjVet)

[* REBSFTES */
/] ERAERRRTE, UEREUEEIRRAVFIA A EIRR,
fun graphDFS(graph: GraphAdjList, startVet: Vertex?): MutablelList<Vertex?> {
/] TEREEREFS!
val res = mutablelListOf<Vertex?>()
/] HRES, ARGHRERHEIENIER
val visited = HashSet<Vertex?>()
dfs(graph, visited, res, startVet)

return res

REESER AR AR E 9-12 AR,

FLHERRRR ) NIEHE, FRBARC T —{IEGHT AR IR 75 125 A4 i Pl TE R
HEARACR P L, FoRIEE 7 A TR A, [EE] T RO T AR B

T INERERRE, R 0-12 BARISAS S, SR (BE R T B(E DFS 8, Wit
R 5 TR IR BRR,  ATERFIR
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FEHFSI res

(@ J

MEES visited

o )

TBAEPEEL:

wrmes )

FEHHFY res

(000 )

RIS visited

(000 }

RIS -

rewns (6 ospszTans
wavmms @)

FEMIFSI res

(00000 |

MEES visited

(00000 |

TBAEPEEL:

w0 pompszmms
wesmm @)

FEHHFY res

(000000 |

BRIRE visited

(000000 |

Ben:
rewns (O sosszTmns
wavmmEs ©)

FEMIFS res

(000000 |

MEES visited

(000000 |

ERE:
ws O wrEmEREREEH
Rirrsam, Bnzns O
sueme - BeEmEms ()

Step 10

EWFF res

1) J

HRES visited

(00 )

SBAEREEL:

v () sompzmms
wevmmy @)

EHFT res

(0000 )

BRES visited

(o000 ]

BAEPEEL:

rewRs () osmizTn
mevmmEs ©)

EWFF res

(00000 |

HRES visited

(00000 |

R
wx () wrEmEEEEHn
Rt mnzmEs ©)

EHFT res

(000000

BBES visited

(000000 |

R
mx O wrsmEEREEn
Ritwossas, Em=ms )

EWFF res

(0000000

HRES visited

(0000000

IBAREER

rewmss () sompzmes
wevmmy ©)
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‘ 8 ETARER
E ) wrEBEERESE s
Rt HEE, EHEHER
B () #tEE, BEmEs

Step 11

fE 9-12 [E IR B A0 BR

BRI A2 A ME—?

SRS E AL, IR ITE R FPARIIE R AR ME— [, A BETERS, SerEMRE T IR R AR AT
PA, BISRFETHRGHINA o] DMERATEL, R RE R E.

DUSHER 2B, “R— 7 = H" “E—-R=>0" £ —H - R 2hIEEFE. F7. BFE
&, MR T =HGERBILIERE, RIME =% &N REEIET.

2. EHESH

WERBIEEI T TR S 1k, A O(|V]) IR PP eI 2 %, M O(2| E|) F;
Wl O(|V] + |E|) W,

SRIBRIE: 5 res, MEAHEE visited HEWURR S V], EEREEAS V], EREH O(|V])

';‘I? FEﬁO

9.4 /Mg

1. ERNORE

- B ERTERSFNSAN, A DAFROR 2 — M TER I — BRI R S

- FHEBIRARMERR GEESERS) FoiaRR (8, MG () BAEE&IE B, KimE R Emk,

- ArErREERATT AN, EEEPAERIERAE, AREE SR SRR,

- WRREREPEA A RORE, 1T (FI) R ETERS, FEETTRARE, M 180 HrRmEER
AR SIS, MR R & e ERCR R, (B HERZ,

AR 2 ESE AL RS AR AORIE, 5 o (AL YIBETERG ¢, HA Rk TR IER AT A SR TER,
I RFAR B R P NG A 2, (BN TR EE A A R A AR g, AR R R AR,

- EERAR RS BB RN, A] DU HEHR AL R R R, TR A RRCR,

- PEERTR AR A AT, MEEEMREE T DAY, BRI T DR,

- E RIS EBE R, WA, MR ST

- BRI AR, e R R O R Y — R A

- EREEEESTET R EEL MR, EE RIS, @RI EH,

- ERREERER R EEERR, R ERE RS, IR A ED,
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2. Q&A

Q: FIERERBTERFIRRIBFHI?

HERER ARG S RARNERA - g “BER—EEFy”, mhshivd “BRISE —ETER
17, AN R ARIES: In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.

FEARSCH, BRSSP — R, AR —EER 7S, SRR % M ETER R REfF A 2 R HAR, It
fRp FR R A AR S0 TEE — R

Q: dAFEiEE R & & H A ET EIHR?

FEAEEE E P, R IETERG A, B0E (ETERMERRE, R TR0 E T R 2 AR, DUERTEE
AT A EIE 7 &

Q: 7EMRESRT, “BLRZIERSMIEAAT A THR" FITHRGIEY 2 & H ZK?

A URERERS, (BAEEPREM, AIREREgifae SRR, UG IRTER R Ay, BB LIRTH
BEERVNIINERFSE, SEHRA IR PIEEH WA ERE” ATER,
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Abstract
HEE—GARNE R, BRMEEFHEEREMENESE A, XaErn] DAPEEE B2,
EEGZBZIRY, F—RIREA ] GES 2| —ER G RN EZR,
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10.1 —HiEs

—9#8 (binary search) BN GRS AHE S AR, ENHERNERE, S —F s
filE, EEKFERTTRSIE AT Rk,

Question

M —ERE R n RIS nums , TTRIZIEDEIRIINERFHES AR, sHENRETTR target 1E
ZHBIF RS, HEPIAEEZITR, ARE —1 . /~EIE 10-1 Fir.

35
31
26
23

15
12

ERERERTRET]

nums

BANEFET] nums , EHERTE target = 6

10-1 =S RHIEOR

nlE 10-2 R, FMewbtattc = 0f j = n — 1, iR ETERMEITR, AEESEMH
0,n — 1] GEER, HERFRHEE, HOZBREES,

AR, MEEHITA R,
L GtERERT I m = [(i +j)/2], | | Fomm FEEE S,
2. HIEf nums[m] F target HYAR/NBAMR, 732 LPATS =FEEN,
1. & nums[m] < target ¥, #PH target fEIEM [m 4+ 1, 5] H, EHHITi =m+ 1,
2. Hnums[m] > target I, #AH target 7EMER [i,m — 1] H, WHHUTj=m — 1,
3. & nums[m] = target I, FRAAKE target, AIMIR[FIZRS]I m .

AR S HE TR, EaEMER R N e, HRERE -1,

wEi1 3

w1 3
#® 0 1 2 3 4 5 6 7 8 9
N N A

® 0 1 2 3 4 5 6 7 8 9
j j
EE=5188:
Mk i, j HREAETIETR. BTR 1. SEFE m = (i +j) /2
MERTHER [1, j]

Step 1 Step 2
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| 6 8
w1 3 |
= alll
#l o 1 2 3 4 5 6 7 8 9
A Aoa
i iom
EE-5ie8:
1. HEFEE m = (i +3j) /2

2. ~ nums[m] > target

m ST j o= mo- 1 MNEBER Step 4
7R 1 EED D
®l 0 1 2 3 4 5 6 7 8 9
mij
EE—ER:
1. BEHREE = (i +3) /2
2. = nums[m] < target
Step 5 LSBT L= mo+ 1 SNMEBER Step 6

ey Nl
#w o0 1 2 3 4 5 6 7 8 9

EE—SHEE:
1. SESE m = (i +3j) /2
2. = nums[m] == target

« EEIFRS| m

Step 7

10-2 Zorisms

6 8
1 3 i
n*i,,s = i [I

#/l o 1 2 3 4 5 6 7 8 9
Aoa A
i m j
EB=5E8:

1. HEFEm = (i +3j) /2

®l 0 1 2 3 4 5 6 7 8 9
Aoa
im j
EE=EE:

1. StEFE m = (1 +3j) /2

EFEREACE, B j &R tnt 2UAI, BBk + 5 nTREEDEI int RUGIAGIUERIE, 7 7 ik s R BB,

BRI AR m = i + (j — 1) /2] Aatsirms,
BRI FHTR:

// === File: binary_search.k
[* ZHEs (BHEM) */
fun binarySearch(nums: IntArray, target: Int): Int {

/] MRLERRERE [0, n-1] , B 1, j DREAMETIBETER. BtE

var 1 =0

var j = nums.size - 1

/] BB, EESERASEEE (B 1> j BAD)

while (1 <= j) {

valm=1+ (J

-1) / 2 /] HEPHRS n

if (nums[m] < target) // IbiBEHEREA target TEER [m+1, j] H

i=m+1
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else if (nums[m] > target) // ItiBEWEREE target TEER] [1, m-1] &

j=m-1
else // #FBETR, REHZERS]
return m
}
/] RIFKFBERER, &E -1
return -1

ML 25 O(logn)  TE—sriafE, SR EHRG/N—F, BIHEERES log, n .
BB 2 O(1) « 81 0 Al j (ER R BOR/NVAS R,

10.1.1 ERERTAEZ*

BT RSEERS, HRNENRREE AR B, E%5 (0,n), IOERASHEY, HER
REEES, (EFFTT, 8 [i,)) i = j A%,

FelMeT AR A R BB B AR — SRk
// === File: binary_search.kt ===

[* ZHEs (CEAARER) */
fun binarySearchLCRO(nums: IntArray, target: Int): Int {
/] RN AEREBRER [0, n) , Bl 1, § KREAMEIIETE. Bk +1
var i = 0
var j = nums.size
/] BB, EESERASERE (B 1 = j BAD)
while (1 < j) {
valm=1+(j-1) /2 // stEPEES n
if (nums[m] < target) // ILiBEHEREA target TEER] [m+1, j) &

i=m+1
else if (nums[m] > target) // ItiEWEREA target TEER [1, m)
j=m
else // ¥EIBETER, REIHZES|
return m
}
/] RHEFEZTER, &ME -1
return -1

qniE 10-3 AR, fEMERMER T, —oESEEERGAM, RS R R R A AR,

MR “EEPAIER” RN A E RO FAAPAIRE, RIEB IR ¢ FIHERE J A/ R AR 1 B2 B
Mo EREAA S S, Rt —RERR “SPERE" AR,
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TE |
%3 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 10

i EGERNEsES j i EaEReEs8H KERFE88E  j

ERERN: @HERM [1, j] HEEMN: CHEREEM [1, j)
Miatkisi®E: i =0, j =n - 1 Mafkigi®: 1 = 0, j = n
EEEIERESF: 1 > ) TEERIERRAF: 1 2 j
SENERMEME: i =m+ 1, j=m- 1 MNERHRE: i =m+ 1, j =m

& 10-3 phfElE R e

10.1.2 EELE{EIRE

oy R AR IR TR A3 P T AT A AT B RKRE

: _éﬁ% R R ACR B0 FERRERHR T, SHIRE IR S R L RS B30, B0, RN = 220
, BMEATE 220 = 1048576 #ERE, i M 9SE log, 220 = 20 #HiEHE,
. géﬂﬁ P HERRSN S [ BN T ZRE SN MR SRR (Blaniizas#), o EmEe
e

R, s ARERRA AR, EEATRE,

- Do EERNERER. HWMABRHER, & THEH o RamErTETHY, SAMEK. KAk
PR RE B 2 O(nlogn) , A& S E S, BVAEHATRIER,
ARSI P, FERTRMAZREME, MHEERER O(n), WRIEESER,

- ZofEsEEARES, o Me RN QRESD) SIFTR, MERSS TRk
AORCRIGAI,  PRIMEANIES &5 1B P A S £ 71 e B R ER 1 ER B S RS

- NERET, SUEERSEEER, A EMERT, FRAE 1 OHERE, mE_ O ESF, {FEIR
A LIRBRIA. 1~ 3 UCHIETHRE, 1 ik (BTR), 3k 4 ~ 6 fEBITiRlE; Bk, EERE n BUNF,
S R AT 2 A i 2 SRS

10.2 Z“HHESEAE

s AMER NS AR, Ea AR SR, s B ETRIEA G E,
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10.2.1 EHETEMNER

Question

HE—MHEES n A TS nums F1—{EICE target , FFINFEHEEEILE, BiF target A
H nums H, i fRFEEA P, EEPIHEAFETLE target, AIFEAZIEAET, ERMEHEAZ target
TEREFHR RS, REIanE 10-4 Fis,

nums

BAR ffiA target

nums

BMABEFEY| nuns , BIETE target = 6
Al target BUBARES|R 2

10-4 a4l NERBE R

GRERAR A E—#i0 i SRR CHS,  RIFRZE R DA mi(E R,
P —: EMEYITHHE target I, HABMIRIEGZZITTRNRI?

R HZR A target I AZIMHEITTRIAEIE, EREREFHHAN target B T 5K target (U E, thpid
#t, WSS target I, HABMIRTIHIEZ target KT,

Pl BN AIETE target I, flARZIMETTRAIRG]?

P ESERE: E nuns[m] < target I i B2E), ERIRETEIR ¢ FEAIRNFR target FITTREE
i, FH, f5IR J BETERVNRER target FITTRFET,

Rt = &SRR —E A ¢ FBAE KRR target BIICE, j IEAIERE/NA target FITE, HIFERYIALE
target I, HiAEKTI A i, EABW FPoR:

// === File: binary_search_insertion.kt ===

[* ZHEBEAE (BERTR) */
fun binarySearchInsertionSimple(nums: IntArray, target: Int): Int {
var 1 = 0
var j = nums.size - 1 // #JMB1LERAER [0, n-1]
while (1 <= j) {
valm=1+(j - 1)/ 2// stBHHE3 m
if (nums[m] < target) {
i=m+1// target EER [m+1, j] &
} else if (nums[m] > target) {
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j=m-1// target EERM [i, m-1] A
} else {
return m // %% target , REFENE m

}

}
/] FHKE target , REFENEL 1

return i

10.2.2 FEEETENEBNR

Question

fE b—RERERE |, BUESIn e S EETTR, HERAE,

(b d 7 AE 22 target , HIREIE —/ri€s HAERAIHA—{4 target HIRS], MMETIAME ZC RIS
MHBIBH 2V target,

H BRI BT RAZIR R, B AR T 2 ARSI i target FIEKSG|, ¥14%[EERIE 10-5
PRI BRE B

1. BT s, 5ETEE 1 target WRS|, iI£B& k.
2. RSl kBGG, MAEEITAEESS, EHEIR/LIEN target FHR[E,

target

— OB

X ,.‘k. i

1. F=HESEEE—E 6
2. BiRMEERERLEN 6

10-5 #RiEAEEEITTRAVE AR,

W7 EEEER AT, (AHE SR, FERMERES O(n) . BHSITEERZEEN target FF, %77
TERRRAR,

BEENR o e, WE 10-6 For, BEMERRAE, SHTsHREPERT m, FEHE target
F nums[m] BIRVNBRGR, 797 DA 2B DL

© & nums[m] < target B¢ nums[m] > target If, FRAHIZIREIKE target , KRIMERAEE 7 =104E
INERFERAE, EmERSEE < Il j 4] target SEIA,

© H nums[m] == target I, A/ target MTTERERM [, m — 1] H, FMHERA j = m — 1 K4
/NERE, FEmfEREE j /VR target TR TRIA,
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HESERER, @ fRAR/AIEN target , jHRAIEFE/NL target BT, KBLERS] @ SUZ AR,

15}

10

: 3
T | [

%3l

o 'Pr

Mt i, § HREERIIETE. BTE
MERTHAEE [1, j]

Step 1
15
12 []
10
6 6 6 6 6
= § 1 §
SCE R R | \
®l 0 1 2 3 4 5 6 7 8 9
A Aoa
i jom
EE=5E8
1. HERB N = (s §) /2
2. = nums[m] == target
Step 3 2 BIT § = m - 1 GIESER
15
12 []
10
is 6§ 6 6 6
7E 1 i
#l o 1 2 3 4 5 6 7 8 9
A A
m i j
EE=51E%:
1. #8RE m = (1 +3j) /2
2. = nums[m] < target
Step 5 LSBT L= m+ 1 BNMNEBER
15
12 []
10
6 6 6 6
I
7 1 }
=l o 3 4 5 6 7 8 9
Ao
j im
BEZ5EE:
1B = i+ ) /2
2. = nums[m] == target
Step 7 2 BIT j = m - 1 @IESER

10-6 —

BRI, HET9 nums[m] > target Fl nums[m] == target AYIRIEAHIE, [RILMi#E AT PAE O,

157
12 ;
10
6 6 6 6 6
gl
ninr |
#l o 1 2 3 4 5 6 7 8 9
A A A
i m j
EE—53EE:
1. stEHRE m = (i +3j) /2
Step 2
15
12 []
10
6 615 6 6
~alllf
s S |
SelCR BN |
#l o 1 2 3 4 5 6 7 8 9
Ao A
iom j
EE=HEE:
1. stEHR m = (i +3j) /2
Step 4
15
12 []
10
16 6%6 6 6
3
e |
#l o 1 2 3 4 5 6 7 8 9
Aa
im j
EE=HEE:
1. stEHR m = (i +3j) /2
Step 6
15
12 [
10
6 6 6 6 6
3
R \1\7
#l o 1 2 3 4 5 6 7 8 9
»
i
v FmeCEEs i < j
~ BRHT5YEME, EBEHS| i
Step 8

EETTRAVE ARG ER

RIELRIE, BAMHERRT DR HIBI ok (- ORI FEBA, TR 2 HORERE SENTRART,  ml s s 4T
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// === File: binary_search_insertion.kt ===

[* ZHESEAE (FEEERTR) */
fun binarySearchInsertion(nums: IntArray, target: Int): Int {
var 1 =0
var j = nums.size - 1 // #JWA1LERAER [0, n-1]
while (1 <= j) {
valm=1+(j - 1)/ 2// stBHHE3 m
if (nums[m] < target) {
i=m+1// target EER [m+1, j] &
} else if (nums[m] > target) {
j=m-1// target EER [1, m-1] &
} else {
j=m-1// EENR target TEEER [1, m-1] F
}
}
/] BREHENES 1

return i

Tip
AR “BPARM" ik, AREEBEE T ATER “ERART Bk

RHAE, ZofEsEERURRTEE « M j hlRcE s AR, HiEATsER AR TR (Pl target ),
ATRER —ETTREE  (FIU/NR target KITEER),

FEANETHEE — o, 4815 M j ABHNEL FRCROE R B, R, EfERikEIE R, Uiz
FiRfE L,

10.3 —HiESER
10.3.1 EHEER

Question
e ERERA n WAFEY] nuns , HPTREER S EEITE, R A A —ETE target Y
R5l, HHEYIHPAEEZTE, HIRE -1,

AR S 4E A B 77k, S50 ¢ f5AR /A —F target , KA A BAE LR fEA R A —M
target H‘J%?rlo

FEIEB AR ERERCER, SR, MYIPaI A E target, JEREHILATREEE L TR
AR

© ARIERS] @ B
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JLZ nums[1] B target ANHEE,

BT DA ARSI, BHORE —1 BRI, R AR
// === File: binary_search_edge.kt ===

/* ZESKRE—E target */

fun binarySearchLeftEdge(nums: IntArray, target: Int): Int {
/] EEBREH target BUENERS
val 1 = binarySearchInsertion(nums, target)

/] KE target , R[ME -1

if (1 == nums.size || nums[i] != target) {
return -1

}

// ¥% target , REIZE3| {1

return i

10.3.2 EHHESR

A E s AE —1E target WB? HEZN T NEBSRAEREE, FIRIE nums[m] == target [H NAIFEIZELIL
HEtRlE, FAENISTELL AN, FEENEE L EITE,

TNTHTFAM A 4 W e B ARG Y 75

1. EREMEER
R L, FMaT AR ERRETENRFRERRATE, B¥87EL: $EHREA M target L AHE
s e —1H target + 1,

GnlE 10-7 iR, ERHSERIR, FEER ¢ famE A —{E target + 1 (WIRAFLE), M j fafEmA —{# target,
BEiREl 5 BT,

target = 6
nums
j i j i
ERnE—E
target +1
FH
EfmsiE—E TRt —E

target target
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fEl 10-7 A48 T A s /o i i
PR, IRMEIIAARGR «, RHLFRERFHR 1, EmES ;5 :
// === File: binary_search_edge.kt ===

/* ZniESRE—E target */

fun binarySearchRightEdge(nums: IntArray, target: Int): Int {
/] BAEARE—E target + 1
val 1 = binarySearchInsertion(nums, target + 1)
/] i IBAREAE—E target , 1 IEABEEKN target HTH
val j=1-1
[/ KRIKE target , R[E -1

if (j == -1 || nums[j] != target) {
return -1

}

/] % target , REZ3]| j

return j

2. BUAEARE
BMENE, EMEFIARE target B, &4 M j GoaltEmE AR, /MR target FITE,
(Rl GniE 10-8 Frow, M A] DARSE — @A TAEAER TR, HRERAAER,

B — M target : A DAL 2550 target - 0.5, WIR[AERE 7,
EFfAA — M target : A DAL ZAEE target + 0.5, WIR[EFEEE 5,

target = 6
wes [CJEIQEEF@EIEE]
; ;i
=W B
target-0.5 target +0.5
FH FH
ElsiE—E EHRE—(E
target target

10-8 AR A E L AT R

AW AR, DU mEESTER,
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- AE PRSI AL SN, IS TREIREE TR ZE R O A0 R R EEAH S AT
- WZEZITESIN TN, TR EE R AL target M2 REEURA (Python HEZHILEN)

10.4 FERIELERER

TR SRR, BRI AT AR PE AL S 0 2 M T A S R PR TR R R TR BE . TR B — (e SR
AEIMIRER S

Question
4578 —EEE ] nums F1—{E HAZJT2R target , sufERFAIE2R “F1” % target FIMIEITER, Wik
EIEMPEEFIRS ], R EEE—EFEEAT,

10.4.1 4314EH: LSRRGSR

EREEESTA RIS, WE 10-9 Fw, FMBHR— Mg ERE, 75 b A B A 2 6 A
target, fisxe, HIREIEMIRS,

target = 13
nums =
9 13 17
18 22
26

ESFIEHES, SEINA
target BWAASEREE

[l 10-9 ARVEAR SRR B
REFCHSUN RFR:
/] === File: two_sum.kt ===
[* FiE— BIGIER */

fun twoSumBruteForce(nums: IntArray, target: Int): IntArray {

val size = nums.size

/] MEEE, KEEHEES 0(n2)
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for (1 in 0..<size - 1) {

for (j in 1 + 1..<size) {

if (nums[i] + nums[j] == target) return intArrayOf(i, j)

}
return IntArray(0)

T IR R 2 O(n?) , 2RI 2 O(1) , fERMERHR RIERFERS

10.4.2 ¥EEH. LTI

BRERE AR R, SES 0 I R ESITTRNTR RG], WEGERFES, SAITE 10-10 FsrIPER.

1. HBT#Y target - nums[i] BAEEMZEET, H2, MERRFEMEITRRI,
2. FEEEE¥ nums[1] FIZRT] UBTHERER R,

target = 13

e - (06
.
i

[ ey 8 ] b
map =
value %3

FEHES) nums

© 13 - 2 = 11 R map
- o HETTE 2 HME map
Step 1

Step 3

target = 13

s - @OOO
:
i

-a8 =
map =
value |

EEES] nums ,

© 13 - 7 = 6 £ map H
~ f¥7TE 7 FIE map

Step 2

target = 13

e - (EEE
.
i

[ = g } -

map =

value 1 =3
EHEES) nums ,

w13 - 11 = 2 7£ map
~ EETREERS [0, 2]

10-10  FBHMER R M L AN

EHREAS TR, (S5 5 E A

/] === File: two_sum.kt ===

[* AT EERRR ¢/

fun twoSumHashTable(nums: IntArray, target: Int): IntArray {

val size = nums.size
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/] EBNMEER, THIEMEES o(n)
val dic = HashMap<Int, Int>()
/] EEEE, KEEMES 0(n)
for (1 in 0..<size) {
if (dic.containsKey(target - nums[i])) {
return intArrayOf(dic[target - nums[i]]!!, 1)
}
dic[nums[i]] = 1
}
return IntArray(0)

W77 B R A AR R AL O(n?) BEE O(n) , KIBIRFHHITIER,

HIA T B4 — RS R R, B BEEMRES O(n) o MEWIL, 3207 IRRPR IR 22358 & 11,
Pt e R A E I i L

10.5 ERRESEREZ

SEEL (searching algorithm) HRTEE RSN (B, GELSEs, BiekE) PR —HNE
REERHITE,

AR REE TR 7 2% DU,

- BB GERSRAGE A HETER, BIAnNRES, SERSESI, A I B E R
- PRI AR R s RORM S A el al, WO RER, fl—nEa, MREmn —olas
A,
ANEEEH, JELERRRGET CAE AT R AR A AR, SRR R AR AL, A, K
MRS ATIA, ERFERESERL

10.5.1 #HiES

218 8E 8 E R GRS EETTRACE M BT,

© RIS B ESIRISEAS R SE AR RSN, EICE RIS —ImbAYs, BERIFDTR, HE
3| HETTREENE S — R A I E TR 21k,

- CREERSEST M REEEE” RERIR R MEER RS, B SIEIA R 16 e
=, BRI S I ETR, IR SR ERiE, g R EOESIE, F M E
(S, EEDERI TR MEE RS,

RS EREMEE @RS, SRBRORHBTRERL ARSI BN ROR GRS
SRI, MMAESIARIRREE 2 O(n) , Hrbn 2tREE, FIEEREBRARIEN NUREEZE,
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10.5.2 BEfEES

HiEEE A GRS ERE (GGl RetEdsats, 1EmEsdutEs BETR.

“Tois” MRERRE R EEB R, EEHRE,
- RERERT MR R S R B AR A s E B, (e E B R,
- YRR ERPE RIS (Bl T B LR (E A PRIEHERRETR, e A HAR TR,

BRI AA R ER R AR, INHIBGRERNES) O(logn) #E O(1) .

SR, MEANE S EIATE R B AT R, fla, — s REFECHEIETHY, MEEHRn
R BRI R BRSO A, ARG L R R th R AR NI IR R 2 1 B 8

Tip
B s RIA T O A AR R, BRI R E BRSOk R HEDT R,

10.5.3 $#EH{75HEN

MERN n —HER, WIS, —ola, BE#H, BRERESE A EREE
TER. AT AR AR ENE 10-11 iR,

B8 o(n) MEEM 0(1) @\ key T value
key 15 3
ael il L GO €
REEHFET
—5i%8 0(logn) fH#Z: 0(logn)
E ST

EHEARERS
QBBE0En

RBER AR R MESER

@ 10-11 Z =R

IR TTIR A B ERCR ELRF AN SR 10-1 AR,

*10-1 EHBEAEIRICRA L
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s s &R MR A

AFTTR O(n) O(logn) O(logn) 0(1)

AATTR 0(1) O(n) O(logn) 0(1)

MERTTZ= O(n) O(n) O(logn) 0(1)

BRI O(1) O(1) O(n) O(n)

= eSSiVatl / e O(nlogn) #t O(nlogn) R O(n)

EREG AT Iy =152 =152 ey

EaERARERBR RN BRI R, ESMEEER, Bl E# EE R E,
=

BTG, BZAETEORITHRE IR, (RUNRFETR L KGR, IR HA =177 TRA R TR R B
AORe A LR P HE 2 IR DB R

- EARHEREVNTER, BTN R SRR RRCR .

- EARERERURRR SRR, WA AT EREI T TR MERE

e

C EARKE RIS, BCRRIUEE, RERHEEHEE R O(logn) o
- ERHERRERR, K% 7 RS T B A A RO TR R S R
- NERREEEME RIS R, KA A SRR,

HEZ A

- TEEBERMEEE R RS, PR REREES O(1) .
- NEATREAFENSERE ARG R, NARREAEEER I E I,
- SR R FONHE R 0 R PR O (O P s, B ORI RLRE S (LR
C RNEEEREERIEN, AR RE RN AR TR IR D E SR, fEmeft R AR
AE.
oG]
- EARERER, R R RS IR R 0 AU AR Y,
- EETREMEEA AR E AR,
- ERHEUMINERE BT, TOTES B RTREEL R, MEERESEE O(n) .

- A AVL SisAr R, RISIERERLE O(logn) FCE FRBEHUT, (AAEER A5 /E & 18 mEE
SRS,

10.6 /h&E

- SoESAEERE R, BRI ER GRS R AOE TER, BERMABREF, H#
108 P A ReE 71 i B A P 27 B ) A A
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- BRIESERE GRS RACE A E R, AR SE RS RIS RS, R R S IR B
AR E A, RS M, RCERERLE TR, (BRI O(n) B,

- MERAR, MIEWN oS ERERIERTTE, AER BRI R ol 7 BT R, TR
e, KEEMERDE O(logn) £ O(1) , HI@HFHEHEEINE R,

- EBE, RMTEAEREER, EaMREER, WA R ERRETRE O, EmEEs
ST,

- MR EEANNUSSREERIER, o ESEARNAR, HIPRER, MR ERE AN B R
SREOR e H AR 0 R A AR, R i R TR A R NE e A SRS R s B RE R

- FMER AR AR I AR — R T MR R TIR R B SRG, ATREIRFRTEARETE O(n) B O(1) o
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F11E #HF

Abstract
HEFP R an — R AL ARk e RO BE TR SR RL, ERAM AR DABE Sy 7y PR B iR R
e e N, BEREMN Y, HiralmBfMER T 'R SRR,
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11.1 HIFRHZ

HiFEEE (sorting algorithm) AIRS —HERHZ IR EIEFEITHY, HFEEEAERZIEN, B
ARrFERNER REHIPCE SRUt &R, o rHIERE,

GniE 11-1 R, HEFEEIRP R R AT DU BB, TRRGEL sl BRSE, HE ROHIETR I AT AR SRR 5K
ROE, R/, T ASCII SIER B H 2 #AAI,

BRBFXNHFEY

RIRFHAFHFFS

BRIEEESERAAFF S

Ml 11-1 BRI AIFDH B R AR B

11.1.1 HELHEE

BETReR . BRI RIAM R R R AL, HARRHR(ERERD (R P Ay BOEEE/N) o
BRREREEN, PUTHRBEILAEE,

APE: B, RMHEEREE Y ERRFEB Y, EAREBREIMNEBI S, (M A iR
i, WHBILN, Rt ErHRER D, SUTIER R EDR,

Rt BEHRFAZSHFR, METRERSTAHENER AL,

TEH B 2 S R BB, REFRM A —ERE PR RMARAS, 58 1 51 2 50 A2 4
ik, EIEMEBIT, IFREHFATREEEM AR A PR

# BANEREIRBHEHFITRY
# (name, age)
('A', 19)
('B', 18)
('c', 21)
'D', 19)
E', 23)

# BREPIFBEEHFEREFRERTFRT,
# #GRP ('D', 19) M ('A', 19) BAEH{IENRE,
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# BMANERHRERZHIFHEE R
('B', 18)
('D', 19)
('A', 19)
('c', 21)
('E', 23)

EUBRETE: £ EREHE R AR B SR D RO M D B, S s BRI, R
S A I M 5 R T R R M

RERIE: ERESWHFRBLEEE T (<. = >) JCHBCEIMEIER, R ),
SRR IR R 2 O (nlogn) o MIAEHCBHER A FLBOEE T, HERIMMEATE O(n) , (HEGEMIH
FEBE,

11.1.2 BEHIEEE X

AT, EHh, B, HEE, @G, BR, 1255 IEMARREIEA D EITERERNHEFEELE, R,
TEEEHE R EE R, TR B A& R R BRI 7 SR AR R E

R, BMigttm s S EE s, WA LIRS A S B A8 HE 7 18 A A B BB T 0 #T .

11.2 FZEHF

BIEHE (selection sort) HYLAERERAER M : FAM—EERE, SEICRHEF EEDERER/NITTER, KFHEK
FIEH P EFERARE,

RFEPINRER n, SR EERRENE 11-2 FiR,

. FIGIREER, FTETCRAMT, BIARHET (R5D B [0,n — 1],

CEEUER [0, — 1) B NTR, HHERS| 0 BRITRHR, sEkiz, IR 1 ETTRCHT.
IR [1,n — 1] PRR/NVTER, KHEBERS| 1 RITRSHR, 5EiE, I 2 ETRCHT.
. DARSEHE, #6080 — 1 SRR, MSIET n — 1 R e,

. ERE TR ERRATTR, AT, RIS e,

a A~ W N

FHFERM FAFERM

s D nums nm

i ok
# 1 WS %1 WEm
EMRHFER, EER/TE nuns[k] EHFRAFER, BER/NTE nuns[k]
ZR/eR nums[k] FRAFEMEMETE nums[i]

Step 1 Step 2
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KHFER

nums

% 2 mEE
EWRHFER, BBR/)TR nums[k]

Step 3 ] step 4 |
SHFER
- 990008
R .
i K

# 3 mEE
EWHRHFER, BBR)TE nums[k]

Step 6

Step 5 ]

KHFER

nums

B 4 WRE
EWHRHFER, FBR)TE nums[k]

Step 8

[ster 7]

RHFER

nums

# 5 WEE:
EHRHFER, FBR)TR nums[k]

[ Step 9 ] Step 10

KHFER

~ 0080

SERHF (RF—ETRRARF)

Step 11

RAFERN

B 2 WmEE
EHRAFERY, BBRTE nums[k]
TR nuns[k] FRAFEMEETR nums[i]

RHFER

- G080a8

B 3 WmEE
EHRAFERY, BBRTTE nums[k]
ZBTTR nuns[k] FRAFEMEETR nuns[i]

FHFER

—
nums .B Aj
-~

B 4 WEE
EHKRAFER, BEER/NTR nuns[k]
TR nuns[k] FRAFEMEETR nuns[i]

KHFER

I
- 000808

B 5 WmEE
EHRAFERY, BBRTE nums[k]
BTR nuns[k] FRAFEMEETR nums[i]

B 11-2 EEH DR

FEREESH, MM b ARECERARHE B N A RN TR
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// === File: selection_sort.kt ===

[* BEEHE +/
fun selectionSort(nums: IntArray) {
val n = nums.size
/] MEE: REFEES [1, n-1]
for (1 in 0..<n - 1) {
var k = 1
/] WEE: HERFFERNNRNTER
for (j in 1 + 1..<n) {
if (nums[j] < nums[k])
k =3 // &/ TRENRSI
}
/] BEENTREREFEEBNEETERSR
val temp = nums[1i]
nums[i] = nums[k]

nums[k] = temp

11.2.1 EEZFH

BERIMEERE 2 O(n2). AFEDEMEHY: SUERSE 1 — 1 6, S RIRIEFERRRES 0, RE—h
HIRHEFF R RIS 2, EIEMINEBARIES n, n— 1. ... 3. 2 SpiBE, Rz Ot
- SRR O(1), HuHER:: HEEE 6 RO (8 PR MO NIAENER

- EEBEHDY: WIE 113 F0R, TEE nuns[1] AT RERC R SEASRAO TRV, R
WELF 45

RHFEM

oo
PITE—WEE

FHFER

eoa00a

TRE—WERE,
METE & AESMERET RS

11-3 EEH R ARRE R
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11.3 @%HiF

#BAHF (bubble sort) JZ @AM LR ESHRMR TR EBHT, IS IEBFEMRSIE R TH 2ITHR — 4%,

A5 2 1R

GRlE 11-4 FoR, B iREREA] DI TSR S e A msde : 1My | B e mBR A G B, MR EEBAH#TTER KR
N, AR ETER > AR SRR, ERISERIR, BORHITTR GBI Y R A .

ums °0°0°0

HEEEFIARME—H R
TEANTEEBBRIELL

~ DEEDEE

l Step 1 J

nums 09\0090

WEEEEHEMTE:
v EBTR > GETR
o ZEMIETE

Step 3

nuns 060°°0

WEEREHEMTE:
v EBTE < AETER
o ST

l Step 5 J

Step 7

11.3.1 BEZRE

nuns 9¢°9°°

WEEEEHEMTR:
v EBTE > AETR
o RIMEMBETE

Step 2

nuns Qeoaeo

WEZEEHEMTR:
v EBTER > BETR
- RHEMETE

Step 4

eaoeéb

WEEEEHEMTR:
v EBTE > AERTR
o RIMEMBETE

Step 6

IKIE IKE
nums oeoooe

WM n-1 EREERE

EHTERE,
BARERT HAE

11-4 FIHTTERZREREREER i

RESIRER n, (EIRHFEIDERANE 11-5 AR,
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1 B, ¥ n E7TRHUT “BilT, IFRSINERA TR IR IR E,

2. BN, BFEERn — 1 ETRPT “Eil”, FE IOTRRM BN E,
3. DAMCEHE, &l n — 1 “Hil2” &, Ain — 1 KECERARPE IR IEMA E,

4. RN — TR R R/ VR, SR, HIERSIHER 2.

Bk
BT E

- 000088
BiTE 1 WmER
0oDoBno o

BiTE 2 WES

- 0

BITE 3 ®KER

=
- a0 el
=l
=

HiTE « WEE

0800

BiTE 5 WEE

08000

TRHF (RiF—ExRREHF)

11-5 JEKRHEF AR

EN/iESa N I

// === File: bubble_sort.kt ===

[* AERHRE */
fun bubbleSort(nums: IntArray) {
/] SMEBRE!: RHFERR [0, 1]
for (1 in nums.size - 1 downTo 1) {
/] WEE: ERHFER [0, 1] PHRATERREZEBNREGH
for (j in 0..<1) {
if (nums[j] > nums[j + 1]) {
// 33H2 nums[3] E2 nums[j + 1]
val temp = nums[j]
nums[j] = nums[j + 1]

nums[j + 1] = temp

SRHIFFER

[01

[o,

[o,

[01

[o,

[o,

5]

4]

3]

2]

1]

o]
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11.3.2 MEREK

WMEEE, MRK R “BiR” PRAPUTIEMS GRS, SRS Rk, ATERRESR, Fit, [
DA N —{EFEEEAL flag ARESREREE L, — BB ENR M,

KB EM, IR R IE R R A R R 0 5 O(n?) 5 (HE ARSI 2GR, fE
FIRAERRIEREE O(n)

// === File: bubble_sort.kt ===

[* BEFRHE (FstEEl) */
fun bubbleSortWithFlag(nums: IntArray) {
/] SMERE!: RHFERR [0, 1]
for (1 in nums.size - 1 downTo 1) {
var flag = false // #J8A1KAZEEAL
/] NEE: #FRHEFER [0, 1] PHEATERREZEBMNREGIHK
for (j in 0..<1) {
if (nums[j] > nums[j + 1]) {
/] 32 nums[j] £ nums[j + 1]
val temp = nums[j]
nums[j] = nums[j + 1]
nums[j + 1] = temp
flag = true // FEEHBFEXMITE
}
}
if (!flag) break // IR “B/8" RIMEMRITER, HEBH

11.3.3 EBEZFH

- RIS S O(n?). EEMERDY: &8 “EIE ESIMIIRERKSn — 1 n—2 ... 2 1,
RIS (n— 1)n/2. TE5IN Flag FE(LTE, REERRIMEEATES) O(n) .

- IR 2 O(1), EHER: $5H 0 A j B RO MIAESNE R,

- REEHE BRME CEIR PBEIS ERAH,

11.4 {HENHEF

HNHRF (insertion sort) /2 —fEHHAVHEFIEATR, ©H0 TR P B — R AR EF AR L

B, FAMEARH I EEE TR, FZorR E AR AP R TRZ — oD, A
ZICER I AZIERERIN B

11-6 J&/R T FFITE A TCRAVIRIERiIE, REMETTERS base , TMFFERMEHIERT1E] base ZHRIFTETT
RIAGREI AL, RIRAF base MUEAG HIERS
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nums[5] = nums[4]

& 3 EAE nums I N
. SRR
EHFERSERIE BEBH—{ ) 2 )2

nums[4] = nums[3]

BRTER [
wEEREs| |\

11-6  BEIRIRANIRME

11.4.1 EBEZRIE
SN 1R AR AN 11-7 FoR.

1. VGIRRET, FESIRYES 1 TR sedE .

2. BEEHFINIES 2 [EITRER base , AFHAMAZEREAER, PEFIRGN 2 ok CHbT.

3. BEHEE 3 (HITRIER base , FFHMATIEMIER, PEFIREG 3 R CHbT.

4. DULKEIE, 7ERB—RT, EEURIE —EICRIER base , I HMARIEMAER, FifixRICHT.

EHFER

[0, o]
[o, 1]
[0, 2]
[0, 3]
[o, 4]

[0, 51

11-7 f@AHEF AR

N/ ES N U
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// === File: insertion_sort.kt ===

[* FANHEF */
fun insertionSort(nums: IntArray) {
[/5MEE: EHfFETES 1, 2, ..., 0
for (1 in nums.indices) {
val base = nums[i]
var j =1 -1
/] WIEE: & base HWAFIEHFEM [0, i-1] PHERUE
while (j >= 0 && nums[j] > base) {
nums[j + 1] = nums[j] // #& nums[j] EHEBEI—I
oz
}
nums[j + 1] = base /] #% base RREZIEMREMIE

11.4.2 BEEZFH

- WERIBERE 2 O(n?). BEMEHDY: {ERZEMNF, SUEABRESIFEEE n — 1. n—2. ..
2. 1R, KFHEEI (n — 1)n/2, FIREIES O(n?) , EBSIERFYRE, AREaRIK
Il B NBESISE AT, A SRR R O(n) .

- SRS O(1). Bk $5I 6 F j MERIR O MRS,

C RBEHDY: EEREEET, BT RE SRS TEOEN, AaSEEEFIET.,

11.4.3 {EHENHIFHES

ANHEF R 2 O(n?) , TiFMEIRERE Y PodHeF IR R 2 O(nlogn) o REEAHER
AOiRe R EMERE B8, HAERDRHRBUMOTEDLT, idAHEmEE E ik,

X 01 45 i BRAR ML A RN — 0P S 108 Y IR R A R L, PRIEHEIE 8 O(n log n) BOTR BRI R 7316
RESHOHE PR, S S BUTE R, MiEERHREBUINRE, n? 1 nlogn MUBUEHLESEE, #H
JEAMG AT, AP R BTSRRI PROE MR

HFEE, FF2ERGES (B Java) RINEHFFEAEM THEARY, RBUSES: SRR, SRR
SHARMHIH A, FlntkiEdtr; BiRERs, ERERBEARER.

BESRIETRHE R, B IEHE R RS A F R R 2 O(n?) , (EAEERR RN, AT I SR
FH RN IERHE AR IR, T EAIRER,

- RHF RN TR E T, RERE AR, P 3 (BT, MAHE R TR EE
Bl, {475 1 EEITRME FHitt, WRHDF IR RS E R Ll AHE 5,

OREHUF AT R RS O(n?) o WURESE ML AFINEOR!, FAHDT @ L%
PR T .

- BRI AEE, EERERRZ T,
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REHE B RN M IGRIS P ERE, JUTERL, BRI,

PIEHE R ORI “THIE 2", HEER: BRI ETTRE R R, AFFTH /IR
RUTTRBEIHAR], MAREEERE TR RGN, BREAGR, THICE 2R RrEaE 11-8 For.

1. JERPEY iR Ao TR A BT, WAL RIEEAR L R0 5 2 BldE ) s R e i
2. woE—EEE, EmHER L G) 2hlE RS EHEREER () KR, RBHBEHETR.
3. T ER 2., HE UM §ANBRHELIE, AR RO S W 1 P 7 AR

(quick sort)

Step 1 BEY Step 2 BEH
left right left right
v v

-« (OE088

i

def partition(nums, left, right):

x
bl

nums

def partition(nums, left, right):

CERIS e
i, j = left, right # Bl nums[left] AEae i, j = left, right # B nums[left] ZERsy
while i < j: while i < j:
while i < j and nums[j] >= nums[left]: # #EEAREEMCEEBOTE while i < j and nums[j] >= nums[left]: # HHEMAREERELEBNTE
j-=1 j-=1
while i < j and nums[i] <= nums[left]: # WEEGREEANEEHNTE while i < j and nums[i] <= nums[left]: # ftEBEREEANREEHNTR
i4=1 i=1
nums[i], nums[j] = nums[j], nums[i] # REMETTR nums[i], nums[j] = nums[3], nums[i] # IERETE
nums[i], nums[left] = nums[left], nums[i]  # HERBHEMFRIINS R nums[i], nums[left] = nums[left], nums[i] # HERBEMERMFMIINIFR
return i # EEERHNRS| return i # EEEREHHRS|
Step 3 BEY Step 4 B
left right right

def partition(nums, left, right):

left
v

gn-nag

rtition(nums, left, right):

AR BTSSP
i, j = left, right # Bl nums[left] AEAEH j = left, right # L nums[left] ZAZasy
while i < j: while i < j:
while i < j and nums[j] >= nums[left]: # #EEAREEIMCELBNTE while i < j and nums[j] >= nums[left]: # HHEMAREENRELEHBNTE
j =1 j-=1
while i < j and nums[i] <= nums[left]: # WEMAREBEAREEHNTE while i < j and nums[i] <= nums[left]: # HWEMEREEANREEHNTER
i+4=1 i4=1
nums[i], nums[j] = nums[j], nums[i] # REMETR nums[i], nums[j] = nums[j], nums[i] # ZEmETE
nums[i], nums[left] = nums[left], nums[i] # WEEHZMERFEIINSRE nums[i], nums[left] = nums[left], nums[i] # WEEBRERFMIINS R
return i # EEEEHNRS| return i # EEBEHHRS|
Step 5 BEM Step 6 BEy
left right left right
v
- ~ @00080
‘ A
i g b
i

def partition(nums, left, right):

def partition(nums, left, right):

"UREEIS Bt
i, j = left, right # Bl nums[left] AE¥EH i, j = left, right # B nums[left] AEERH
while i < j: while i < j:
while i < j and nums[j] >= nums[left]: # #EMAREENEERNTE while i < j and nums[j] >= nums[left]: # #AEMEREENEEBNTE
j-=1 j-=1
while i < j and nums[i] <= nums[left]: # #EMEHREEAREERNTE while i < j and nums[i] <= nums[left]: # #AMEREEAREEHNTE
i4=1 i4=1
nums[i], nums[j] = nums[j], nums[i] # SEMIETER nums[i], nums[3] = nums[j], nums[i] # SHMEMIETE
nums[i], nums[left] = nums[left], nums[i] # KEFHREMFEIINSFES nums[i], nums[left] = nums[left], nums[i] # KEFFATHFEIING TR
return i # EEEEHNRS| return i # EEEEHMNRT|
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Step 7 BEY Step 8
left right left BEH right
v v [—— v
. e\
- (3000808 ol [ [-[-]-]]
A ) T —
j 3
1 1
def partition(nums, left, right): def partition(nums, left, right):
"rUEEIS "I EREIS
i, j = left, right # B nums[left] BEEM i, j = left, right # B nums[left] BEEH
while i < j: while i < j:
while i < j and nums[3] >= nums[left]: # HEMAREENABERNTE while i < j and nums[3] >= nums[left]: # WEMEREEINABERNTE
j-=1 j-=1
while i < j and nums[i] <= nums[left]: # WEMGREEAREBEHRNTE while i < j and nums[i] <= nums[left]: # HEBEREEAREEHNTE
i+4=1 i+=1
nums[i], nums[j] = nums[j], nums[i] # SERETTR nums[i], nums(3] = nums[j], nums[i] # SHMEMIETE
nuns[i], nuns[left] = nums[left], nums[i] # MEEHTHERTEIINHFEL nuns[i], nums[left] = nums[left], nums[i] # HESEBHREMFHIINSFE
return i # EEEEHFS| return i # EEREENFS|
Step 9
‘ BEY
v
- (080008
EFES HFES

“HRBIS SRR, MR
EFESIERTR < BEY < AFEIIERTR

11-8  MEIedl 720 Bk

W SeE e, JRBESIE R =Rk T RS, AR ATk, Hiwe A rESHEETR <&
B < ATEFUEREITR". B, W TARATEIGEWE 7 ST

e
PR R 53 6 R
VS ) 7 ) B B (I IR 7 ) P T e 2 i M0 e ek 571 O P R

// === File: quick_sort.kt ===

[* TTERI */

fun swap(nums: IntArray, i: Int, j: Int) {
val temp = nums[1i]
nums[1] = nums[j]

nums[j] = temp

[* HESD */
fun partition(nums: IntArray, left: Int, right: Int): Int {
// LA nums[left] AEZEE
var i = left
var j = right
while (1 < j) {
while (1 < j && nums[j] >= nums[left])
j-- /] REREREENREEHNTER
while (1 < j && nums[i] <= nums[left])
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1++

/] EREREERREERHTER

swap(nums, i, j) // XQEMETE

}
swap(nums, i, left) // BEEHZBQEM SIS FRIEZ
return i /] REIEZEHZRS]

11.5.1 BEZRIE

PRIdHE P R AR E 11-9 For.

1. B, BEMEBBIT R “THEE”, SRR L T SR A T RS,
2. 1%, BT RESIRAG TR BRI T I,
3. R, EETHESIRER 1RL, R E RS HE Y .

|
- 00080

FRGEE

B EEE

RS

oA - Bae I W

BT RS ;ﬁ@t?ﬁﬂ ~ HEFEIIRER 1 Kb

' e 53
5 BIe] e Rk R HE

TR LS b

- @

BINEE | RIHET ERIEEE

11-9 PudHER e

// === File: quick_sort.kt ===

[* REHE */
fun quickSort(nums: IntArray, left: Int, right: Int) {
/] FEIIRES 1 K&IEEE
if (left >= right) return
/] HEED
val pivot = partition(nums, left, right)
/] BEEBEFE. HFET
quickSort(nums, left, pivot - 1)

quickSort(nums, pivot + 1, right)
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11.5.2 EEZIFH

- EHBEEZ O(nlogn). FHEREHT: EFIEHT, WHEESINEEES S logn , BEHH
HEEE A N, SR O(nlogn) Kiflt, ERZEMN T, SRESE S RESITERE 2 n (IBESIE]
DEARESR M n — 1 NWMEFEY], HREHEEEEED n, SREPERES n, AR O(’nz)
IR

- BHEEEES O(n). KT : E#A Y E2EFER T, ERRZEERE n, HH O(n) #
B, HEFIRE RS FEITHY, RFEBNEHINES,

- AgEEHT  EEEEISNRE D, EERETREEHCEIEHE TR,

11.5.3 REHIFAMHER

s ERiREE t, PORHFERCR T HEZEA —EHESS, @8 PR PR R E R S ok
BP0 R CHEREHERST M), (EXE R PasHE R RIReR Em, EEA U TREL,

- HBURZERE DU RIME: SRR R ERIERE S O(n?) , WHAHITIRE, BEEA
ZEUBEN T, POEHNTEELE O(nlogn) R R FET,

- PREERIRCR S FEPUTIESRBIBRERE, RO A EAE 7RSI BONE PR, AR T 2R A R
mo MR “HEREHEE” A ET LT HITR, Rmi=iE Rt

- BREREBURRUD . £ DR=EEERES, PulHT AL RE, SSHRERER AR RD, G
AT L kT E AR AL,

11.5.4 BEHREWL

PoidiHb A 2ol A\ TR ISCR AT RERRIS, 28— (Ehism Bl -, IR ARSI 2 e 2R, B/
RACITCRIE R RIS, RN 8 e iR, BRI E A v, EEE TRSIRE S n — 1,
AFEAIRER 0, WHEE RE, Sl aE B2 8E —Er B RER 0, IERIEKRRL, s
BTy “HRHEE" AL OB,

TR IS EE L, AT DU AR Sed) oy v R BL R BB IBGR G . BN, TR AT DAREHOE R —
ETCERIE AR, AT, WERIESUNE, SRENESI BRI, BeRMAATRIAE.,
FREEENE, BAESERARE "R, RIS MR RE BT IR —ER 2 R R R B,
TR PO HE 7 IR TSR AT RES L.

7 VE—DUGE, BT DERS IR = Ee0ETR GEEAMAIRE, B, PRICR), WhikiE =afxiE
TURIIP B2, SRR, BER “BEAANMEAKKR” BIMRIERIETE T, ER, BATEA LA
BEHCE 2 RIEITE, DUk — IR m AN RR R, AR A, MREERESLE O(n?) R
RFEAR,

RIS :
/] === File: quick_sort.kt ===

[* BEEN =B TR AIER */
fun medianThree(nums: IntArray, left: Int, mid: Int, right: Int): Int {
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}

val 1 = nums[left]

val m = nums[mid]

val r = nums[right]

if ((min 1..r) || (min r..1))
return mid // m E L r 2

if ((Linm..r) || (L in r..m))
return left // L & m # r ZfH

return right

/* HERD (ZHEFHE) */
fun partitionMedian(nums: IntArray, left: Int, right: Int): Int {

/] EE={EEET RN P AIEL
val med = medianThree(nums, left, (left + right) / 2, right)
/] PRI E SRR
swap(nums, left, med)
// LA nums[left] AEIEE
var 1 = left
var j = right
while (1 < j) {
while (1 < j && nums[j] >= nums[left])

gos /] RAEAEKREE N EEHNTE
while (1 < j && nums[i] <= nums[left])
T+ /] REAGHKREEANEESRNTE
swap(nums, 1, j) /] RIEmETER
}
swap(nums, i, left) /] BEEEIMEM FETH D RER
return i // REIEZEHRIZRS]

11.5.5 BEOR{EL

TERLEERA T, POEHbP T REMS BRI . DS A i AR 25, SR i) F 5 R E R m
TR SCE IR AR A R LS O B TRSIMRER m — 1 UG 7R, SRR — IR >
RIRTERBAER /N (D — AT, BEMNSEEES n — 1, HRFEGH O(n) K/NEHRIE=S

FEﬁ o

2T SR I R, FRTAT DAY SRR SR s i, HORH I TS R, RN Thiis]
HEFTIBE, A TSI R R I n /2 , RIS A OB A8 log n , HEMIHHR %
SR B O(logn) o FESNTBA FHTT:

/1

=== File: quick_sort.kt ===

[* REHE (BREEREN) */
fun quickSortTailCall(nums: IntArray, left: Int, right: Int) {

/] FREFIRE# 1 B&LE
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var 1 = left
var r = right
while (L < r) {
/] HEDRE
val pivot = partition(nums, 1, r)
/] EWEF IR EIERAME I TIRIEH =
if (pivot - 1 < r - pilvot) {
quickSort(nums, 1, pivot - 1) // IEEHIFEEFES
1 = pivot + 1 // FEREKRHFEMZ [pivot + 1, right]
} else {
quickSort(nums, pivot + 1, r) // IEEHEAFET
r = pivot - 1 // FEREKHFEMZA [left, pivot - 1]

11.6 &HiF

BHHE (merge sort) 2 — RN MARISHIHPHAE, WEE 11-10 Foriy “Eln” M1 “G07 FEE.

1. B PEE:: IEEEE B S bR R o B, R B8 AR HE 7 ] 45 2 R B 21 e
2. AR B ISR ER 1 IKIEE 7y, FIMGEH, RHEU o mIEEIE R A & OF 25— (EE
RIVAEFESI, BEAHHR,

B PEER

) mman
S

SRR

11-10 AfFHEFRIEI 7 B S BEREER
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11.6.1 BEZRIE

GniE 11-11 Fow, “BIorREER” RETHZ RGN Mt Fei 51 1€ Fh B 1) o 2o T {18 - i3

1. HEEFHEL mid , RS LY (ER [left, mid]) A FES (& [mid + 1, right] ),
2. IREHATHEE 1., EEFRHYEEEES 1 RKIE,

“EORER” TR THMR e T SR 1 (5 & O 2 — A RS, FREEERR, RRER 1 HFH5I5
wmadr, AUFREEEEE AR A P,

l Step 1

Step 3

[ Step 5

(st 7

BO#ES <

EMEH <

BEES <

Ef&Es <

BEES <

EEs <

BEES <

EfiEs <

7 ]a]2]s6]

7 [2]2]6)

BRE

T2

HREHEIE
EJ12000

RERE
AR

HREHEIE
EJ12000

Step 2

Step 4

Step 6

[ step 8

BITES <

EHEs <

Bk b,

Enat

BTEIS

E¥Es -

BE#S <

EEs -

oaoa
ao

st

R T

7 ]s]2]¢]

IESEE
[J313500

HaRE
315500
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28080
BEES < aa BERS -
q r‘ [’— BREE (
( it (
E#Es < %J ( ] E#REst <
Step 9 Step 10

11-11 AfHF L ER

B E, SOy B TR P E R REE NE 72 — 2,

- Rk SRR TR, FIEEG TR, REEFREIR,
- Ay SREE T, REEG TS, SREEE O

EHHEF N ERO A FRERIER, R, nums NRFSOFEE % [left, right], M tmp FUEER R %
[0, right - left],

// === File: merge_sort.kt ===

[* EHEFEFING TR */
fun merge(nums: IntArray, left: Int, mid: Int, right: Int) {
/| EFESIERER [left, mid], AFMEFIEMA [mid+1, right]
/] BI—EERRES tmp , ARERSHENGER
val tmp = IntArray(right - left + 1)
/] MR FETIRAFEFIRIAERS]
var 1 = left
var j =mid + 1
var k =0
/] EEAFEFEERTERER, ETIERIERE/ R TRES T ERRES
while (1 <= mid && j <= right) {
if (nums[i] <= nums[j])
tmp[k++] = nums[1++]
else
tmp[k++] = nums[j++]
}
/] HEEFREFIEFEYRF iRt R AR EI B S R
while (1 <= mid) {
tmp[k++] = nums[i++]
}
while (j <= right) {
tmp[k++] = nums[j++]
}
/] TEEEERERES tmp HRRYTTREHEIRMES] nuns KRR R
for (1 in tmp.indices) {
nums[left + 1] = tmp[1]



B11E HF www.hello-algo.com 242

}

[* attHE */

fun mergeSort(nums: IntArray, left: Int, right: Int) {
/] IR HE
if (left >= right) return // EFEFIEEA 1 ERILED
/] BISDPEER
val mid = left + (right - left) / 2 // stEHE;
mergeSort(nums, left, mid) // IEEAEF[ET
mergeSort(nums, mid + 1, right) // IEEAF[ES]
/] EPEE
merge(nums, left, mid, right)

11.6.2 EEZIFH

- IS 2 O(nlogn). AEE@MEHE: #1734 E R log n KNIRER, S8 & 0RIARIEEE
A, KHIAARERREREZS O(nlogn) .

- RS O(n). AREHHPT : JREFRES logn , A O(logn) A/NAHERIAZM, &HHEME
HEFED IS EI, EH O(n) K/NEESNER.

- By fEathErth, MEETRNRT IR,

11.6.3 fEEERTIHF
BRBEAE RS, A OEHEE B EA HE R BE R S0, W] DA Ak FR I HE T R 00 2 R AR 1 I
k= O(1).

- EREBE: ATDAGERT IR MR RN AEBSEAL FR A > AR, (ETE 2R A HE AR e
- APIREE: ESEASHSIR, ERANEMERMHERSEES I (B HATEH, RtEHREE GEmlEEa
Ptk R SOt R — AR A FHAE R AL RRINESS R,

HEGE B M LB, A B p - v] A R b T2,

11.7 MiEHIF

Tip
FIREAAEIRT, SEREMRCSSE “HERE “EH,

HHEHE (heap sort) 2 —MEEAHEREE RIS E B AP A R, FRATATDIAH TSGR " i
BIE” R TR HHERERIE" HBHEREHT

1. 8 ARSI/ NESERR, MR/ N TR HERETH,
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2. NErHUTHIHERRE, RIXELEEMERDTR, AR SEIE NEIRHE R 5,

DA LT IREESRRIAT, (EFRZEREM — RN A o th TR, HEIRE S, EEED, RIMEE N
— SRR BB T 3

11.7.1 EEZRIE

RPEAIHRER n, HEREHEPRIAZE 11-12 s,

L. i ARSI KTESERE, SERfR, BRTTRANHERETE,

2. FMERETE LR (B—iics) BHMERROTR (RE—ETR) . Eisig, HRRER L, B
Her o REEm 1,

3. TEHERETH TR, TETHB R THRE LRI (sift down), SERCMEREILIR, HERRIMEEIGEIBIA,

4. EEBITE 2. D 3. P, WE n — 1 Wi, BIASERESIHER,

Tip

HFEE, STROMEREREPRUEE 2. PNE 3. P, )

HR% 1 — (BT RAP R,

J“ f

\G/\JL/
BRN_TRRT
EMIRETIRT
~ 00008
ERMATR BRETER

Step 1 \

f" >

/ /\
) oo
$EWEHEH EmﬁEﬁ

.ﬂﬂlﬂﬂ

| Step 3 ‘

@

o o
400

HOTEREN SHFER
Bﬂﬂ

Step 5 \

SERHF

1. EINREDIEER

SERHE

1. ENREDI R

2. EEEERPRRRATE
(1) ZEMATRAERETE
(2) REERETERL

SERHF

1. ENREDIEER

2. CEEEPRRRATR
(1) HERRTREEERTER
(2) WREFREITHERML

o

A4

o
V .4

-

(
A

-]

!fﬁWERQEH EHFI:?EI'&

Step 2

(

o

/\J
000
*ﬁwg%@ﬁ EWEE&
- 00000

Step 4

@@@

!ﬁf‘B‘JEHEFﬂ EHH‘?EF&
- 00008

Step 6

SETRHIF

1. BNREDIAERIER

2. EEERPRIBATE
(1) ERRTRIBERRTR

IR

1. BNFEDARIER

2. EEPERPRIRATE
(1) REHETRIERETER

SETRHIF

1. BNEEDIAERIER

2. EEERPRRRATER
(1) ERRTRIBERRTR
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@
© o
0060

ERANERER BSHFERN

~: (00000

l Step 7 ‘
5\) Q
o @

000

HANERER CHFER
w (00008

| Step 9

-]
o o
000

$EW§MEH Em&ﬁm
— 00000

[ step 11 \

SERHF

1. ENREDIE R

2. CBEHEPRRRATR
(1) HERRTRIBEARTR
(2) WREFREITHERL

SR

1. WAREDIGEER

2. EESERPREURATR
(1) ZERATRERETE
(2) REBERETERL

SERHF

1. ENREDIEERER

2. EEEEREPRRRATR
(1) HERRTRIBEARTR
(2) WREFREITHERL

_4

o
e o
0060

ERNENER SHFERM

nums  ([ERERE a

Step 8

®
\;//

e o
000

ERNERER ERFER

~ (00000

Step 10
EHFEN
w B00000
Step 12 |

11-12 HfEHER P BR

SETRHIF

1. BNREDIAERIER
2. EEPERPRIBATR
(1) ERRTRIBERRTR

R

1. ENFEDIEER
2. EEGERPRIGATE
(1) ERBTRIVERETER

SETRHIF

1. BNREDIAERIER

2. EEPERPRIBATR

(1) ERRTRIVERRTR
(2) WIREREITERNL

3. Ff—ETHRRARE, HFTR

R ER S, MR 78 " FEH R AR THERAEREL sift_down() B, HFERNZE, H
MR R SR E R B R TTR MRV, IR E4G sift_down() BRFUHTYE —EREZZS 8 n, W
TEHERRE AT AR, P TATR:

/] === File: heap_sort.kt

[* HRORER n , LER 1 FHis, RIEERERK */

fun siftDown(nums: IntArray, n: Int, 1i: Int) {

var 1 = 11
while (true) {

/] FIERERRE L, 1, r PERAHERS, A na

val 1 =2 * {1 +1
val r =2 * {1 + 2

var ma = i

if (L < n & nums[l] > nums[ma])
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ma =1

if (r < n & nums[r] > nums[ma])

ma=r
/] EEIRE 1 |RAHES| 1, r @R, MEEEEERK, Bd
if (ma == 1)

break

/] RIAMERRE

val temp = nums[i]
nums[i] = nums[ma]
nums[ma] = temp

/] EER T HERE

i =ma
}

[* IR */
fun heapSort(nums: IntArray) {
/] EETERIE: WRRPREERL ANV E P B EIRS
for (1 in nums.size / 2 - 1 downTo 0) {
siftDown(nums, nums.size, 1)
}
/] VEHFEPRIEATE, EBE n-1 &
for (1 in nums.size - 1 downTo 1) {
/] BSMRENR R R AR IMETREETR)
val temp = nums[0]
nums[0] = nums[i]
nums[1] = temp
/] VIAREARE AR, EIEERETHRAWL

siftDown(nums, i, 0)

11.7.2 EEZFH

- RREEEEES O(nlogn). AEEBHEHES : EHERIRIERH O(n) R, TEHAETIRBURKTTRIR
BIEE 2 O(logn) , FEE n — 1 ik,

- BHEEEES O(L). by BEHEEEHER O(1) 22M, TTRAHRAHER IR EAT 2 1E 5 )
AT,

- AR fERBUERIETT BRI T RN, TR A E AT RERE AR L,

11.8 BHIF

AT AERE PRI Y "SR L HHE I RR”, e MIER LB TRER AR NRE BT, AEHER T
FUAMR M A O(nlogn) o BT, HMIGREIERE “EHLBHERFEEIR", BIMRIRRHE R
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JE AT DOE R SRR,

@ (bucket sort) 2 IEHRIGH —EMAER, EEBBE —LERAI/NMEFIIN, a0 E— 188
TRELE, AFERPEEI BRI ER T, MR, EREMNE O BIRITHY, REGLIRRIIET T B RS

s

11.8.1 EEZRIE

EE AR n RS, HoTR2EE [0, 1) NATZRE. MHEFRmARaE 11-13 Fis,

1. WAL K fEmd, & n ETRBCE] & @R,
2. ¥HgfERE o RIBTHEY CERAREGE S R NEHF ),
3. TZIRIE NEIRRINEF & DS R

R B °-26 ] ©-52 [ERRUNNNRNN - o' ORI 037
1%
buckets
BFEE [o, b.,_.z) [m.z,“" 0.4) [m.4'; 0.6) [e.a'.. 0.8) [?/8/,1.@)
\ | / /
L S t L £ w
sl (B 0.37 0.49]0.57]0.75]0.820.91]0.96]

11-13 Ml EE LR

FEFCHEUN R FR:

// === File: bucket_sort.kt ===

[* BHEE */
fun bucketSort(nums: FloatArray) {
/] ¥R k = n/2 BHE, REERSERIE 2 BxER
val k = nums.size / 2
val buckets = mutablelListOf<MutablelList<Float>>()
for (1 in 0..<k) {
buckets.add(mutableListOf())
}
/] 1. BEFITEDERRERFFH
for (num in nums) {
/] BANEREER [0, 1), FA num * k HIRFES|EE [0, k-1]
val 1 = (num * k).toInt()
/] #& num FTIZER 1

EHET, BEHF
S ECEIH AR

HEEES R
HITHR

BERRERIRT
aHER
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buckets[1].add(num)

}

/] 2. HEERRITHF

for (bucket in buckets) {
/] FERRERFERN, LSRR EMHIFEEEE
bucket.sort()

}
/] 3. EREHER
var 1 =0

for (bucket in buckets) {
for (num in bucket) {
nums[i++] = num

}

11.8.2 EEZEIFH

MHE P E R R B R ARORAUE R, BN, ABRIEE 100 EEDTER, HRsHRE, RetaciEieEs—
RMEMAFTEE R, IR, ATDGFE R 1000 E4H, R0 BIEHEERETHY, RE~EERE O

- IR 2 O(n + k) @ RETRIESERAN P, AEFEMNKTREES T o B
BEMER O(F log ) Wifd, RIHEFRTERGH O(nlog 7) i, AR & LRBOKI, IRFRIBEHE
JERIBIIR O(n) . BOHERNFRZEETAMMITER, €% O(n + k) K, EREENT, HE
FHE MBS — (BRI, BHEFZAER O(n?) KR,

- BEEES O(n + k). AR TEHED kAL n 8T R8N H,

- W R A RE B H PR N TR I ETR R GRS,

11.8.3 MMEIEIRFIYHEC

e R R B _ LT POES] O(n) , BABERIG R RIS, RAERERMEEANE
B AR, G, PR ESREE L AIRTA S I E RS R E -2 B E 10 E,  (ER s ERS 2 ALY,
IR 100 JTERYAER 2, Wik 1000 TTHYARH Do F5 i A P28 0 2 10 18, SEMPRI RSB EZE S
FEH K.

RBEBLFEI I, AT DERE — KRB 0 47, KR 2 3 (A, rll7e SR, FHiF R
B2 HARSE 5 2 3 MM, EEFTHMPRTRBE AR,
QN 11-14 FoR, ERETEARE BRET -PHEER, B REMmBNERATRE T, B, A EEHE
A RO 2% 3 18R, EESEI 077 AT AR R R B R T
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BmEE
HEHBR4ER
RRE — g5x 20% 15% -
EREM BEM&LL
HREM — b 100-500 >500 <1e 18%
_ 10-20 13%
3 : C 20-35 12%
18% 35% 12% 35-50 10%
. 50-100 12%
<10 ~10750~._ 50-100 100-500  20%
~ | S~
oy (4> e >500 15%
13% 12% 10%
10-20 20-35 35-50

11-14  JEEE) 534

QSRR AR o A (EUAR AR 24, BT DURRBE ORI o iiist s IR IE AR (RS 70 8. (ES RV,
BRI A —E RS, R DARGRE RN B ER ) A R R T L

aniE 11-15 AR, BB S ERSARTE L& i, JEAkmln] DA BE s e (RS I ), (R Ao P25 23 iC
FBEE

WREE

0.4

0.1 ¥

+oo iR

‘ ﬁ@ﬁﬁ@ﬁ

{EHiReEE <3 3~10 10~25 25~80 80~200 >200
11-15 ARIEMEER 717 ) 53

11.9 =HEHIF

stEHEF (counting sort) IEIBMAHTREEAEH Y, 1EH BRI,
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11.9.1 fHEEIR

ek E —E BRI T 45 —ERE A n B nuns , EAPR TR R “AEEET SHEHEFREEER
FRANE 11-16 Fimo

1. EFRE), IRHEEPRRAERT, e m, REET—ERES m + 1 MY counter o
2. #EB) counter #Hint nums AL HNBLIREL, HH counter[num] BEELT num FIHIBRIREL, #EMTTTA

R, HFER nums (7%

ERIETE A num), BRI counter [num] 3511 1 BIA],

3. HIJR counter MHMRTIRAAR, KILHERITHBFC&EHFLr 7o T, FMES counter

MR HERBIE DN EIRAINEFEA nuns BlTAT,

FHFEES nums 1 nnnnnn &

® W 0 1 2

HEES counter

EREY nums

11-16

PRSI N R

/1

/*
/1

=== File: counting_sort.kt ===

sTEHE */
MEER, EERARHFYT

fun countingSortNaive(nums: IntArray) {

/] 1. BEtREFIRATTE n
var m = 0
for (num in nums) {
m = max(m, num)
}
/] 2. GETREFHHIRRE
// counter[num] XF num AYHIRREL
val counter = IntArray(m + 1)
for (num in nums) {
counter[num]++
}
// 3. FEFF counter , HERITHRENERES] nums

var 1 =0

ERF nums MHEFEHMFHHTRHK
counter[num] T num MHRRY

iELH counter , BEHF
RRHIUREEAN nums BRE]

At B
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for (num in 0..<m + 1) {
var j = 0
while (j < counter[num]) {

nums[i] = num

j++
}
}
}
s BHE 3 B HE 3 ) B Wit

MR MAIEE, BAMTA] DU B R EH RS counter HIBHEIR S 2 — (A, HEstatEia
AIBFEE MRS TR D RCE S BRI, A R, s8R AR MR — R,

11.9.2 TEER
MOHEE TR T, MR AERYE, R EE 3. ST, R NGRS, FMAE
TR SR RS CEBIMR B0 IR FETHER, M R H REAA B AV HE R 45 51

BRERGNAI A REAS B F R HE R 45 SRR ? TR Se5HE counter B “RISRAN”, BHEAEZ, K51 EAIRILRA
prefix[i] FRMEFIRT 1 (ECEZ M-

prefix[i] = Z counterfj]

RS IR, prefix[nun] - 1 AAFITH num TR R E res iR —IRINBIR S, EMEE
EH B, K2 e SRS TR LB A A RS R E AL B, 3R, BAFEFER R nums FY
BETTER num, FEERIEHFUTATRD,

1. # num EEAH] res IRS] prefix[num] - 1 J&,
2. DRI prefix[num] BN 1, REMSE] N IXE num 92251,

EFTERAR, Y res R HNFEFRIAR, HERHEH res BEEFEMEY) nums BI7], [ 11-17 R 752 aEt
B,

[RRES) nums [REEZ nums

SRS res ..........‘

HF num 0 1 2 3 4 BF um 0 1 2 3 &

T T e s [IDOOD
FE# nums WA SEBFHIHIRK 5tH® counter MFIGA, 2% prefix
counter[num] % num AIHBRH prefix[num] - 1 % num 7 res HRERHEMESI

Step 1 Step 2
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:
- (000000000

SERMET) res

BF num
B prefix unn

(counter)

BIFED nums FRSETR nun , SHHATT:
1. # num A res W%5| prefix[num] - 1 &

2. SHEA prefix[num] B 1 , #WEITRKE num W3]

[ step 3 |
num
v
REES) nums
SERET) res
BF um 0 1 2’ 3 4
wax oo (@OO0E
(counter)
EIFFEDS nuns FRISETR num , SHRHT:
1. #% num A res BFR3| prefix[num] - 1 &
e 2. SHIGEA prefix[num] B 1 , #AEDTRKE num HF3|
| Step 5
RFES) nums
SRET) res
BF num 0 1 203 4
wan e (OOOO0
(counter)
HRERIGEDIBE, HIRREIITRED
B res FRREEHFIAR
[ Step 7 }

At BB SN R R

// === File: counting_sort.kt ===

[* stEEE */
/] TEER, THEYE, LEEREHRF
fun countingSort(nums: IntArray) {

/] 1. SEtREFIRATTER n

var m = 0

for (num in nums) {

m = max(m, num)

}

/] 2. GETEREFHHIRRE

// counter[num] X3 num AYHIRREL

val counter = IntArray(m + 1)

11-17

:
= (000000000
[TTT 1]

RS res

BF num 0 1 2 3 &4

B prefix annn

(counter)

BIFEDS nuns PRSETRE nun , SHIIT:
1. # num A res MF3| prefix[num] - 1 &

2. LBIEH prefix[num] B 1 , HMBHTRKE num B3|
[ Step 4 ]

num
v

REE5) nums nnanuan
808880080

SRS res

HF num

BB prefix
(counter)

BIFEDS nuns FRSETR nun , SHIIT:
1. # num N res WFR3| prefix[num] - 1 &

— 2. SHIEM prefix[num] B 1 , ATWEHTRKE num HFR3|
| step 6 |

ERET) res

el o [o[o [ [1[2]2 2]« ]
o]

BFoum 0 1 2 3 &

B4 prefix
(counter)

FIER res EERMY) nums BIE]

0

At B 28R
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for (num in nums) {

counter[num]++

}
/] 3. K counter RVEIERAN, #& “HIRE” @in “BRs5!7
// B counter[num]-1 @& num £ res HFHEE—RHIRNZES|
for (1 in 0..<m) {
counter[i + 1] += counter[i]
}
/] 4. BIFEES nums , BETRENGERES] res
/] WEKES] res FARGCIRAER
val n = nums.size
val res = IntArray(n)
for (1 in n - 1 downTo 0) {
val num = nums[i]
res[counter[num] - 1] = num // #& num HEBZHEZRSIE
counter[num]-- // LBEIEMER 1 , BEITRHRE num BIZS|
}
/] ERERES res BERES nums
for (1 in 0..<n) {
nums[i] = res[i]

}

11.9.3 EBEEZFH

- BEHIEEES O(n +m). IEABEEHET : W XGER nums FIZER counter , HBMHFIARIERIR, —R&IH
MR n > m, REEREER OMm).

- BEEEEES O(n + m). AREHHET : #B) 7 RE A2 n Fl m RIRES) res 1 counter .

- RREHT . BARM res PEFILRNNETF R “EAMAT B, FIEFED nuns AT DR GEE ST
E2 S E, emEREEHF, 8L, EFES nuns U] IS EEMENHETER, HER
EARRRE R,

11.9.4 {RRE

BREH, RURFERGHEHFIFETY, (EERsEH RN DEH MR, A, RS
AR B G AR S 2 A%

AP HE OB AR £, A R BRI R, R R RIS L R ] DU 2 A E e iR, I E
FEE OB PR RE ST R Z IR N B R, flan, BN E B BB, UG ITH 8T
b~ RSBl sEy, Hrsepig mEkmE X,

s E B R RO H BRI B TS DE,  Eean, 72 BIRRBIF m REERK, & HIE A A i 2 22
o <mB, sHEHFEER O(m) R, FIRELL O(nlogn) WHF AR EE,
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F—ERE T R, EEARER R n BORE R m BNIED, BER M EE n = 10 (85
SOEATHEY, MiSSRE 8 8 MiT, EREREEREE m = 10% R A, [AEHEHFEE SRR T
TR, A EHE R AT DO s e 1

BEgHF (radixsort) AL EABEEMEHNT 2, MIEBHEHEBERETHF, EIEf b, SEHEF
MBS AL MRRERER, RO —ADETHT, RS EIRARRIH &R,

11.10.1 EEERE

DAESRERL A0, BB IRIAORS 167, mehrEss 8 i, EBHFRRRWE 11-18 Frr.

1. WA k =1,
2. BPEESRAVE k ACBUT “RHEERTT. SERR, BRIERIRSE kA NEIRHER .
3.9 kI 1, RMRIREPER 2. BENE, ERIFTEAEHER SERURA R,

BWAES nums N D3R, HF HEE 8 I
M K = 1 HIFE 1 M RS 2 {1 % 3~7 fi BHFAR
10546151 35663510 35663519 10546151
35663510 88906420 88906429 30524779
42865989 10546151 82060337 34862445

34862445
81883077
88906420
72429244
30524779
82060337
63832996

63832996

81883077
82060337

42865989
30524779

34862445

81883@77
305247179
42865989
6383299%

11-18 HEHE R ERE

35663510
42865989
63832996

72429244
81883077

82060337
88906420

THEHHHEXER, B dELRINEET v, SEERHESE LA r,, ATRMEATEEAR:
x
T, = LFJ mod d

He |a] FRENFEE o 1 NEUE, 1 mod d Fn¥ d B (AR, $HRESRERL, d = 10 HEk € [1, §]

(e

A, TR 2B E A B RS, (2 AT DARIRE RIS b A THER
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// === File: radix_sort.kt ===

/* EBTE num BI5E k i, EF exp = 107(k-1) */

fun digit(num: Int, exp: Int): Int {
/] BN exp MIE k AILLESRELEERITRENRAHE
return (num / exp) % 10

[* sBHE (RIB nums 3B k ) +/
fun countingSortDigit(nums: IntArray, exp: Int) {
/] TEMFINMUEES 0~9 , AtFERES 10 BIHET
val counter = IntArray(10)
val n = nums.size
/] #ist 0~9 BEFHHIRRE
for (1 in 0..<n) {
val d = digit(nums[i], exp) // #EBX nums[i] % k i, 5% d
counter[d]++ /] #EHEE d BHEIRRER
}
/] KREvERA, & “HIRER @i “E5IZRS7
for (1 in 1..9) {
counter[i1] += counter[i - 1]
}
/] BIFE, RBRNGEHER, BETHREN res
val res = IntArray(n)
for (1 in n - 1 downTo 0) {
val d = digit(nums[i], exp)
val j = counter[d] - 1 // JEBX d 7E[E5|HINZERS] j

res[j] = nums[i] /] BEFITRENES| j
counter[d]-- /] #& d BNERER 1

}
/] EREREBERERY nums
for (1 in 0..<n)

nums[i] = res[i]

}

[* BEEHE +/
fun radixSort(nums: IntArray) {
/] EEEYINRATTER, ARFIERAME
var m = Int.MIN_VALUE
for (num in nums) if (num > m) m = num
var exp = 1
/] EBRRMEAIZEAERFES
while (exp <= m) {
/] BEFITENE k UBITHEHE
// k=1->exp =1
/] k=2 ->exp =10
/] Bl exp = 107(k-1)
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countingSortDigit(nums, exp)

exp *= 10

S EGE AR B4R HE?

BRI, Bty S EEN W RASR BEAGE, MRS —Wmira R a <D,
e AR a > b, AREESE —HmAas R BUREE —EmAVAE R, R EBCE RIS AL B SR R
i, RIEERZSEHE A L,

11.10.2 EEESNE

MHEREH R, BEEHE IR R B B R 16 T, (RS e RO ZH T AR R Sl h B X, HAE
BORRER K, BN, TRESONE & (ST, ARk Bk, ATREEEIRRIEAEE O(nk) > O(n?)

[e]

- IEBGES O(nk). ERBEEHF: RERER n. RS dIERHL BBk, RIS

BUTEREHEFER O(n + d) I, HEFFTE & G O((n + d)k) Wi, @30 R, d Ak 45
s, BRI O(n) o

- BHEBRES O(n + d). ERHYY . EEHEEEFHER, BBHTREREDRER n fl d KI5 res

F1 counter o

- REHEE: ERtEdERE Ry, AEdE iR, ERtEiE ARER, REHIREARES 2R

P &R,

11.11 /&S

1. ERSEIEE

- RS AR TR AR E B, B HTY —EARREAAR E B AR M, B A] DU IR HE

R IR L] O(n) o

- AR SRR R ENRTREAZ EH T R ER R AE, [Emsesdy. AT

RFFEAEREE 2 O(n?) , (HERSTTERMEEED,  RIAE/NERHR I HE R AT 75 sk 5 Sz,

- POEHEE I R E D B EE R EIERE DT, A RTRER RIS R 2 A AR, E BRI

BIEHILE O(n?) o 3T R RCLE R R R LR T DA RS (IR, R 7T DA R
MR TRIE, H52RIR RERAEAL S O(log n) -

- AU RS S M AR B, SRHEEER 7 ARG, EA O, HE R R R N i B

5, R R O(n) ; SRTHER SR4S ER 2 B9 s IARERE ] AR AL O(1) o

- WHEP S =P BRI, MNHEF R ENAE R, BRI T oARE, EARERESRRK

TR, AHE R O B S 72 R BRI T2 70 B

- AHEHEE R R AR, EEE st e E R B IREREBI . st E TR E R R R

BRHHEE AR, A B 2R &R REH R IR R,
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- BB ERR A REBE R, ERERRES IR A B E A AR

©ORBRARE, B RIRE - MEH AR, BAESCR, T, R B EEE R, A, B4
HAERHEENTEE R, A ERIRRE S R Rrw R A ALk, EERERS, |
BHYRE R RO R Sl A H 7 A,

- [ 11-19 $Eb T ERHAFEEIRARCR, . it R B E g,

BEERE SmERE i
B _—_ s . BEN it BEAEY B

BmEHF oM  om)  om)  o() | #EE R koEm ke

tgff‘ff wAkMF  Om)  Oom)  om) o) | EE  RM EEE W
BN O(n) 0o(n?) 0(n?) o(1) BE R BiEE [ 33

WEHF  Ofnign) Oniogn)  OM)  Ofogr) | #ME R HEEE

DAY . a#HE Onkgn) Onker) Onkgn) oM | WE  HEE EEEE MR
BBHF  Onlogn) Olniogn) O(mign)  O(1) | il o HEmEm bk

BHFE  On+k  On+k  Om) On+l | ME  FFEE  FOEE e

BOAR | WEsps  On+m) On+m) On+m) Omem) | MR HEE  FEEE  FER
BMAR  Onk)  Onk)  Onk  On+b) | ME  HEE ESEE R

B b
Ak, k AR
= i ® ‘ HEEFD, n AEAEE
BB, k BEAMH, HES b HH

11-19 HEpEE LS

2. Q&A

Q: HIFEERRE M BEEI NRLHRR?

EIREF, BMTETREEPY g e THE R, flan, 2AEuaMaEmEEE, RMmEEH—
2T eiafRERiETHY, 153 (A, 180) (B, 185) (C, 170) (D, 170) ; H¥H G EEITHIT.,
R EEEAEE, FIAIaE53 (D, 170) (C, 170) (A, 180) (B, 185),

AIDAZEEL, BE DRI C AU B I TR, WARAREREEE T, mERERMARERRIN.,
Q: WS#lp “featAd” B “RAAEAER" FINER AT DA HR?

AT, ERMPAR TR A EERR, LRSS “WHEAENT F “NATAENR, BEfgmELERER,
Pl AE I — TR

I 5) partition() MEAZE—H 23R nuns[left] Ml nums[i] o SEAACHRTE, HHEEEUCIBINITRES <= 5
HERY, ISR R 2 ST nums[left] >= nums[i] RZHMNL, RERIKIMIE AT, HREAR
Tﬁ*?”[ﬁt%@%{ﬁjﬁﬁ/ﬂﬁ%, HIETE 1 == jlﬁﬁkﬂjj@@, BERF A HE nums[j] == nums[i] > nums[left], 1
SR, MR R iE — 0 SRR E i — i b B R B R e R R R A B Ao, SO ] 70 SR B

SBEp T, ek e, o, 0, 0, 11, WIFIE “EMGEN", Wl &MHS% [1, 0, 0, 0, 0], 18
Al SRR AN IERER

BRABE T, WIRIMEEE nuns[right] RHLHEE, REIELF SORA, W “TEEFAER,
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Q: FAREIEE RN, A EREEN AR EEEIE A A logn ?
O L VR PEE 7l B T AR [ (3 75 TR A R A T e ) o P51 o ek 71 ) 25 v 8] - P37, 7 R R A

1z, 1A NIRRT YR R A R YR R —F, BEREET, —HAFRIE, IIERARIEER
RERE logn o

[l G PO HE Y, FRIMA FTRE & AR E R R KIS, REBR Fan, n—1, .. 2. 1, &
ERER n o FRIRESAEM AT DU ISR T B,

Q: EMHIHFTE TLRAERE, POdHE R R R O(n?) W52 340 BB MR (LB ?

. BIRIGREEI, w] DA REE BN S RS E] o 2 =R N SRR RIRIRIERL, (A TIE
ENAFUCRISEI MR e FERZITIE S, EATTREMMHEFRIRES], (W Ied] o BT 2 HE .

Q: IR R AL B2 O(n?) ?

BEWMRT, FrETEMS SRR, GRRPHRA 1 O(n?) FEikAcH Fate T s, RN
% O(n?)
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F12E 94

Abstract
MR E IR, B IR TS B A,
STHEZER T —HAEENEE: MHEME, —VEAEEM,
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H128 MG
12.1 98EEx
533 (divide and conquer), RFESAY, B HE{Ew ET H A R IR LR, /@ EEEE,
AHE 97 1 987 WAL,

L g1 GEUSRRBL) : R i1 i T o 8t 2 P I B 22 Al P, L SR B /N 7 PR IRR A U
2. 16 (GOREED . REAWR R/ T FIERLG, FORZETEHS T FRERMEIT S 08, TEmmmEE b

HIfiE,
i 12-1 For, “GHHEET 2RI IAER 2 —.

L. gr: RIS (R 817> Rl 7 (s (R, E2IFEAHRFE—ETR 7).,
2. i WERETEEFHE TR (FRERR) ETa0f, EmEeE RS (REERR o

EEEEEEE

s 5 (BISIRERR)

BNTHE

- (BOHREER)

12-1 AR IE SR

12.1.1 N{EIHIERS A R9-E

— AR S & (A TAREDR, JEHE AT DAS 3 DU AR A B iR

1. PR LAS R TSR] DA MR SR /N, FEACURY IR, DARCRESE DAAH TR 75 OB I e T #1 79
2. VRIERENIN: TRIEZHRAESR, HARE, o] DESZER,
3. PRI AEDE: JRFER SR S O FER RS,

R, A0 I R DAL = EH Bk i

1. R PR R s (D #3107 il s (7D,
2. FRIERBNIN: SEFFEEE AT DR HE THE R (7 IR AT DUBAZE TSR IE) .
3. FHERRT A DE: mfEA s (FRER) ATDAE B A —MEH s (EFEERI .
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12.1.2 B BRIEANE

SHGAMEN] DA RO R DR RIA R, TR R HERIRARR, A, T, SO,
HERHE PR, B, MAHEFER, SU2REASEMER 17060,

AR, FITALEIER: Rt DARRTHERIARCR, HRRE R (& ? fatas, MARRMEDMAZ
TR, BER T, # T RIS OF % R ERERE, ISP AIRCR T B L B R R DR R AR B
fen? S M TR AT ARV E R AN TR R 75 T A

1. BEHEREN

DL YRR 2, EREE BRI n (MBI O(n2) Wi, [RaRiiiEE 12-2 Forir s, 14
BESEr R B 5 2 T8, BUBIS T O(n) BERT, HERFMH TRSITRE O((n/2)2) BRI, & OFmifH
FRSTETE O(n) W, AR 2

2

O(n + (%)2 X2+ n) = 0(% +2n)

DEEoEEEE DEEEDEEE
s

AEHE
0(n?)

DEEEEERE

4888 o(n2) 4888 o(n2/2 +2n)

@ 12-2 & S RTZHIER T
IR, BRI AER, BN %8 70 sl s =R AR

2

n2>%+2n
2
nZ—%—2n>0
nin—4) >0

BEWER n > AR, BIRMOREBEED, HIRReREZER. TR, #0RARREREE TR
il O(n?) , FUBKEMEE I H BOES/N T,
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DA, WERBAHE ¥ RSB E e bR 1 7 2 il - BiEs, 2 I R — (BT R 1L E e ?
EREERER LR “GOHETT, REEREEZS O(nlogn) .

A, WIRBAM L e a3, RS E 0 2 kT REEIE? ISR AT IR,
EAFFEAH R, B LR DUES O(n + k) -

2. FTHERMER
TR, SN TR AR SR, KL TR, WAL, R R AR
HIRERTHERERE, AR SR BN A TR EE T

WATRAENIE S Z BRI BREHICHAR, BRG] DR EHE 208 1 FE, EmsenothfHaHE
G, EmE > AR TR

FRANTERE 12-3 Rl “WHER" o, BRI ERP I P ECEISEART, RIRTRE AT A AR A HE R85 0 L
FIREEHRETT, EREREEIHER

{/@/ \\% |

12-3 P HI TR R

12.1.3 S8ERER
— 75T, A3VATT DA AR 22 A% e B i R

- SIREOEEE: IR E SRR R 7y, MR BRI A L R, AR SR
R B RO R

- RBEWERIL: B0 Karatsuba HEE, EiFRBEEGRIE D R 72 288y N BHISRIERTINE,

- JERSRTL: BN Strassen TR, EHFRHMEMERIE MR A 2 18/ NE BRI,

- ISR - T IE R R] DOZ BRI ARR, ISR R A SRS A

- ORMEREE: ARSI, QRATE AT RN R AR, RS M R A, SRR
Wi B R AR e R A, FEBh & OFHE R TSR
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i, SHATEEEIENERAS RN R B SRR B,

- Zorfis oS E PRSI REIRS IR 0 AWy, IARARIE B ARE B A R TR E LA R,
DROAEHERRIR—F15 ], A2 SRR R TAH R = 0 81

- AP AHBRECAE, AEEE,

- PgHEE . PREHE R RE R AR, SRR ) R W E S, —{E RS TR EE R DN,
7SR ER LA R, FENS M RR AT RIS 2 1%0E, EE TR TR,

- MR MR A BARR R B R BB 2 EA, RRBEEERMNETTRETHY, REFSER
TERMIXE, M2 —EH R,

~ﬁ flan oo, AVL . ALRE5. B AL B+ i, ©MAVER. FARIMPRS SRIEER AT DA 2%

THERMEHIEM
- MERE: HERR RERPIRISE R TUCH, HARERRE, Al MERFIMERRIL, EER LARRE T oARNE
A,

C OMEEA: MENERRA A ERIERI NG, (BRI RERIER T ek, fln, sEa
b rR R RS A ER A & BB S ALRE,  DARTT ERRCR,

AIDEH, it “HYAIEE” fEEIAEA, RS SRR T,

12.2 SA1ESHEK

BMCAERE, B EETR MR,

L RBANE: UEEEHVOREHEE, BT S O(n).
- PR TR R R e, IR AT EE] O(logn) BE O(1) .,

B L, RIS O(logn) S-SR TSR G RIR BN, fan — 08 S A8,

- oSN E - PEERE ERYTH R BETTR) 2N —E/NEE FERAIN— R BT
), JEEEfE— R R s3SI TR Ak,

- BRMIEEBENNRE, £ TES, AVL B MEEEEREET, SERENRBEREZES
O(logn) -

oS A AR IR,

- PER PR o iSRRI I PR (TERRS A T AR s T (TERRAIA —F i T &
i), BB L T RN H TR AR E R,

- PRIERENR): EooEsd, U T HEE, EAZHEM T RERE A,

- FRFENEAS O —oa 5EEm A TTR, HAREG FRENET S0 &7 RE
TSFRRTRIRE,  Ji TRt & (R IR Z TR

MRRESITETHE R RR, AH ERE AR LS LR —EEE, moraiEa s n DUHERR %
H,

1. BRgaBER"sEs

FEZHiESF, o @sFRERNERE 020 BB, BERMERDE (BE) KEBE,
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Question

M ERER n FARFES] nums , HAFTATTRAZME K, FEEH#ITR target o

BEAMARE, BMIHGRER (i, 1] B TR £, 5) .
DUETFEIRE £(0,n — 1) Zitash, B8l U /e,

1. SRS (1, j] NP5 m , RIBTHRR— S,
2. EMESRAEFSE NP RIS, ATREA f(i,m — 1) s f(im+1,7).
3. JEREE 1. DI 2. &, HEIKF target sE M A2 RHR (A,

12-4 o 7RSI Z iS00 6 B iRk,

¥ on
(o, 3) 12 15 23 26 31 35|
S
f(2, 3) [1 00 2EEEE 35]
.

m

\ 4

BIEGRETE 6 MFKSIA 2

12-4 Z =056 1882
BB, BMEE—MEEER dfs() HRBEME f(d, ) :
// === File: binary_search_recur.kt ===

[* ZH¥s: BE f(L, j) */
fun dfs(
nums: IntArray,
target: Int,
i: Int,
j: Int
): Int {
/] EEERT, AREBSRTE, BRE -1
if (1 > 3) {
return -1
}
/] STEHREERS] n
valm=(1+3) /2
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return if (nums[m] < target) {
/] EEFEE f(m+l, j)
dfs(nums, target, m + 1, j)

} else if (nums[m] > target) {
/] EEFEE (1, m-1)
dfs(nums, target, i, m - 1)

} else {
/] HEBETR, REHZERS|
m

}

}

[* ZniEs +/

fun binarySearch(nums: IntArray, target: Int): Int {
val n = nums.size
/] KfgEI=E (0, n-1)

return dfs(nums, target, 0, n - 1)

12.3 1BEciEikE

Question

$BE— M U ET R AR preorder FIFHFESH inorder , SECHEE — oM, IRE o iAR i

B, R ok A EEARHER (WE 12-5 Fir).

@ HiFFED

Rl preorder

@ O «
o o

HFERR

inorder

EEEEE
ElEEEIE

[ 12-5 RS o RERE R

1. FERRERSEME

JRIREE R A1E preorder Fl inorder A T, & — A IERTE,
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- TR DA R R IBRI YL, FRAMTAT DA i R oy 2 o flE R R R, RS TR,

M bE—5 e OIaIRERS, TR ER T (TR, MR ER DA LB 771%, A5 HE
RN TR (FRE), BERERRNTFIE (7D Rk,

- FRPERBNIR: o BAG FREEMH IR, EfMREZ%. EmMEe TRk, JMAERE

PR R RE R FPE Al h B e TR RO HR 70 5 T R AT

- FHERIRATLAEHE: —BREI T ARG TR (FRIERIM, FRIFTA] DU EMIEaE R R L,

12 S E R R

2. YN{arEl 9 Fig

RIRDA Lo #T, IS8 RE AT DA A 0 I6 2K SR g, (B iEi# i £ 5l preorder FIH 3£l inorder K #1571
G 1 Re?

B EFR, preorder F1 inorder #FA] DA 5 2 =565

- HiFERE: [ REDES | AFE | AFE 1, FlWE 12509BEEL 3191217 1.
- HEAER: [ B | IRERRE | BT ], BIE 125A0RIEIE L 9 | 3 1127 T,

DA E Bl 265, FRAMAT DA fE 12-6 R BRI 2 #7045 R

1.

2.
3.

A EFNETE 3 BREHENE,

EFIREIERS 3 F inorder HIIRSI, FIHZZRETIAIH inorder #7324 [ 913 | 127 1,

Y% inorder & 34ER, BISLETEFE FRINEEEESHA 1 3, EMA# preorder #5975
[3]19]217],

HT RS,

BifFE#S  preorder

@ RIS
@ @ HEFED  inorder n .a. EFEE

3 {EEnEs
EFRE
@ 1 [EHK % \

HBIFFESS  preorder nnan

12-6  TERTFERTNIH 7w #7715

3. BRERiERFHER

RIELAEE 27518, RIMEKSEREES. A8, 4 FBIE preorder fil inorder WP ESIIBIE, A 7
RIBLERES| M, FMTHEFER) & E R,

- R E AT IRRETES(E preorder YR FIFLAY 1 o
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- R ERTRBIMRETESTE tnorder IR IIFER m o
- KFERIBIE inorder YRS IERIFE S [1, 7]

W3R 12-1 foR, iEE DA B SN ] FRRAR B ESLE preorder FIYRS], DA TBITE inorder AFAYZE TR/,

& 12-1 AREEHFRHERT P E R R ER AR5

HREBETE preorder FAYERS] FHIE inorder HAYR G| [& R
=111ty ) [Z,7]
ooy i+1 [l,m —1]
et i+14+(m—1) [m+1,7]

AR, AFRRERERT I (m — 1) &2 A0, R aE 12-7 Bg.

o B
preorder an...
A A A

@ @ i i+l i+1+(m-1)
SIFIER

in:r"der aa

o O v s

[ 12-7 MRENEGHZEAFRIIR T 8RR

4. BABER
Zo THEFHESH m MOROR, TRIPTHED)— (AR hnap ACGHTEIF tnorder HhIEHEISRT|BML:
// === File: build_tree.kt ===

[* BRI 98 */

fun dfs(
preorder: IntArray,
inorderMap: Map<Int?, Int?>,
i: Int,
1: Int,
r: Int

): TreeNode? {
/] FRiRBRATRALE
if (r - 1 < 0) return null
/] ¥IRARERRS
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val root = TreeNode(preorder[i])

/] EBH n, RMBDEEFHE

val m = inorderMap[preorder[i]]!!

/] FRERE: BEEFE

root.left = dfs(preorder, inorderMap, 1{ + 1, 1, m - 1)
/] FREE: BEATFE

root.right = dfs(preorder, inorderMap, i + 1 +m - 1, m + 1, r)

/] BREIREIRE

return root

[* BRIt */

fun buildTree(preorder: IntArray, inorder: IntArray): TreeNode? {

/] VIEHER, #1F inorder JTREIZES|IHIEEL
val inorderMap = HashMap<Int?, Int?>()
for (i1 in inorder.indices) {
inorderMap[inorder[i]] = 1
}
val root = dfs(preorder, inorderMap, 0, 0, inorder.size - 1)

return root

I 12-8 feor 7R —TRIREIERE, SEEHERER T R MBEPELN, Mg G 2BER

B b N Dpi7 o SFe AVA S S

5 ]2]]) o

preorcer (3 [ 2 (1117
wnorcer ({3127

T 2] )
S .
Step 1 | ‘ Step 2
2] )
T 2] ) o

Step 3 | Step 4

/ 3 9 B preorder

@ inorder
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/ 3 9 n preorder

9 3 ﬂ inorder

preorcer (3 [0 [2 [ 7
inorder (03 [E§(2 7 @

=] I =B
Step 5

Step 6

/ / 3 9 ﬂ preorder

/ @ 9 3 a inorder

392 [1 R rreoreer
CQ:%IZninarder () ()

=] =]
preorder aa

wore: (O OOB

{step 9 J

12-8 fEE TR AR AR
FfEREIE K X N B AT EH preorder FIFFFFAER] inorder IS &SR AN 12-9 AR,

preorder aa
inorder aa

preorder 392 1 7
inorder°3 12 7

preorder | 3 | 9 2“ 7
inorder | 9 | 3 nZ 7

3 9 21 preorder
9 3 1 2 n inorder

i 12-0 AR oF 3 rh A3 o3 4
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SRR 2 n AT (A (BUT —EEEER dfs)) M O(1) IR, DRLARMIRER B
B2 On) .

MERLLSHF inorder TLRENRTIAVEML, SHEEMES O(n) . EREHNT, R 7olhR 2545 B 5,
EEREES n, HH O(n) FHEEEE, RIS EERES O(n) .

12.4 FANIERE

FEA DR RIREE TR b, TR I R 0 22 T Ml AR 25 S PR — R - PV, ST ST Y £
A, BATER AN RI 70 iR SR

Question

TSR, sAA BAIC, BIGRET, HF A LEE n [AER, BMELE MERIENEIRP
NEFHEA, FRMANER = EHIE n FMEBREIET ¢ b, WRFFEMIEENER A2 (QkE 12-10 Fr
). TERBIEMERERES, FEEF AL

1. [ AR —ARME T THARR SR, 785 — MR T THE.
2. BIRARERSE)—{H[E o
3. /NEVR AR ZIM R KRERZ L.

a_L L

Y REEEslt A SHE C
A B C

12-10 A NEERETRER B

&
H
&
A

o O

RIS @ RO BEREEREAE f(d) o Bl f(3) FRERAF 3 (HEIERAE A BENZE C I AR,

1. EEEFER

Qi 12-11 fow, BHRRE f (1), BERA —MEERE, BRI EERRE A BEIE c B,



128 38 www.hello-algo.com 270

-~ 1l L1l4

R (1) WSR:
BEiEiGESYE A BHE C BF

M f(1)

Step 1 Step 2

B 12-11 MRy 1 ARRERTRE

aniE 12-12 foR, BRI f(2) , BIEAMEEER, BURSERZIN S NAREREEZ b, KR
B RS2 B,

1. Jolf EmE/NERTE A FBE B,
2. HFKEBRIEABEC,
3. W/ NEHEIE B BB ¢,

al l Lil

R £(2) WPR:

& f(2) 1. AR A BBHE B
Step 1 ‘ Step 2
A B [4 A B c
@R £(2) WERE: R £(2) WSR:
1. @ ERE A BHZE B 1. W EEE A BBHZE B
2. AEENE A BEE C 2. AEER A BBE C
3. EBHE B BEHE C
l Step 3 Step 4

12-12 BilEZs 2 AR E R

fRTRRRE f(2) ROBRE AT ARG 2 IS MIHENIEREE) B TE A BB c . Hh, CRBAEBM. B MAREN,

2. FRIESHE

BARTE f(3), BVEA=(EEBR, HISSRmeE L,

RACH f(1)F f(2) B, FTATAMTRIGRE AR LR, #F A TEERA MM B 7 1 — e, BT iE 12-13
PR B, SR = (BB IEF G A T E ¢ 7
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1. 2B A EEME, C A%EME, SWEERIEABEB,
2. 1 A PRIER—E BB A ERBEEIE
3. & CHBEEAE, A BRERE, WEEREB BEC,

A B
&R £(3) WEE:
P £(3) 1. EWEEER A BHE B
Step 1 | Step 2
A B c A B c
fER £(3) WER: BR £(3) PR
1. ¥WEEEYE A BBHE B 1. ¥WEEREY A BBHE B
2. RES—EERYE A BHE C 2. REG—EERE A BBHE C
3. MEEREYE B BHE C
Step 3 Step 4

[ 12-13 By 3 AORERTRHE

WAE LF, BRI f(3) 815 Z2mifd 78 f(2) M—M 7R f(1) . e fRhE =87 RE 1%,
JR RS 2 S 2R, IS T MR IEN LA, T ERERT LS OF,

i, FRATATARAE I 12-14 PRI RSB R 700 SR : KRR f (n) 812> Ry mifEFIE f(n—1)
FI—8 ¥R f(1), MR DuE =08 1,

1. #n — 1 EEEFEE cIEABBESB,
2. 1§FIER 1 (EEIRNE A EEBE C,
3. n— 1 EERE#E AREBBEEC,

BREME 7RIS f(n— 1), WRUEBHIFER T g TRy, ERESR/NFRE f(1). mf(1) 1
R EHIN, KT KEERENA,
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FRE f(n-1): #§ n-1 EESY A BHE B

) 4
FRIE f(1): BRER 1 EEER A BBHE C

[REE f(n): #& n EESEE A BBE C

FRE f(n-1): 4 n-1 EEEY B BHE C

12-14  fRTHA NS RRER) 5316 TS

3. IRABER

EREAEH, FRMESE—EEEKK dfs(i, src, buf, tar), BRTERRIE src TSR ¢ 8B R# 4%
#EiHE buf IR BARAE tar :

// === File: hanota.kt ===

[* BEN—EEE */
fun move(src: MutableList<Int>, tar: MutablelList<Int>) {
/] ¥ src TEEPEH—EEE
val pan = src.removeAt(src.size - 1)
/] TEEREMN tar TEED
tar.add(pan)

[* REFANERE f(1) */
fun dfs(i: Int, src: MutableList<Int>, buf: MutableList<Int>, tar: MutableList<Int>) {
/] & src RPT—EER, BEEFHBT tar
if (1 ==1) {
move(src, tar)
return
}
/] FREIRE f(i-1) : #§ src TBE i-1 {EERRFER) tar #F buf
dfs(i - 1, src, tar, buf)
/] FREE f(1) : # src FEF—EERZE tar
move(src, tar)
[/ FRERE f(i-1) : #% buf TBEP i-1 {EEREFEE) src #EF tar
dfs(i - 1, buf, src, tar)
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}

[* REBANIEERRE */

fun solveHanota(A: MutableList<Int>, B: MutableList<Int>, C: MutableList<Int>) {
val n = A.size
/] #& A TBER n {EEEFER) B 32 C
dfs(n, A, B, Q)

qniE 12-15 AR, INEERTRETE R —ER I 2y n BOIRIERS, FEERR—E RS, BE—ER A dfs()
B, FREERES O(27), THEREL On) .

E 12-15  {a] Y5 il YA X A

Quote

P IERETR B — 8 S E R EE, EHEERN—ESFEE, SGEME=ReRNEaET, D64
TERNA—HE B, BEMAEEEER, MMEEERE — [ ERYOEMRENIR—Z], S
JLIG 87§

SRIM, BN PSR E—k, SEHTEARL 204 ~ 1.84 x 1010 #, &% 5850 f&isE, i
BT BAEE T RS, TR, MEEEERRER, REZATFEREOHEFRH IR,

12.5 /&L

- AR RREERSERE, iR @) MG (B0 mEREE, JEEEREEE,

- ARG RIGHETERER IR MRS, FREZEEL. THREREG S0,

- AP R RIS RSB R, ORI A% Fe 51 0 25 S R A E 81, L E R (B TR A
wEE S OF, TEmoE .
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- SIADIERISER AT DARTHERIERCR . —J5H, 2 IaRISED TIRESE; 5H—J7H, 2aRETR
AT RE,

- oIARER] DURIRGET 2 M EIR M, BN E R B R IARG T, R A R B,

- MHEBRR S, AEEMSICRE R, REERES O(logn) MIESEE B 2R HEARKE
B,

- S ESRIRRIGH S — AR, AR S T RERRRET S OFRIPER, A AT DOZ EIE R
HAEB —oE,

- AR TOTEI R, MRS (SRR AT DS R e TG TR (R, g R DUEEH
TR E RN R A R R 5 | [ PR AR B B

- AEFINIERER, —ERIE S n BURER] DAE o> 2 SR n — 1 B R — BT 1 B95fH
o TRNERF DRI =8 MR, JRFERE SRR,
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$F 135 [o]i

Abstract
BMaFER=E PR RE, fErERER L rT s is s R,
EIWAR D =Rk MEE S E B GR, NETER, RIRENEAEHNE M,
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13.1 [EIEE L

[O¥EE % (backtracking algorithm) J&—fHi%E il 53 2R AR TR RS RE Y 1%, BRI O EAR R —(E R 4GHR 28
a2, BOHESFETRENMIRTE, EIB%|EMNMRRG S, ERIRFIMECEER TE rTREnEE
HREEIRIR B A 1k

[ ERIE SR REE R AGEfRSE. £ “Took” mEEit, RMRERTE. REREFE
SHET BN B S, BT, BRI A AR B A — [ R RE, BT W AR O] T R T AR SR,

ol —
ME MR, fESRCERATEES T RERS, SRR,

BRIE, TAMATETSRE, AHETERTERAER SRS T, HE, HIRZERREMASRES] res
ZH, HHEEREBLNE 13-1 F1 DA RS TR

// === File: preorder_traversal_i_compact.kt ===
/* BiFFE:R: BIE— */

fun preOrder(root: TreeNode?) {
if (root == null) {

return

}

if (root._val == 7) {
/| CEkfE
res!!.add(root)

}

preOrder(root.left)
preOrder(root.right)

REREES

HIFFER_ToH,
WrEHk(ER 7 HIERE

Al E A
£ @ FRHEE

[ 13-1 FERTFED PR RER
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13.1.1 E:x{8[O)R

Z R DARR 2 Z5 IR TR, SN 2 2 AR SR S IR G ER L “EaL” B R RSRIG, ETERIATE
AR B B SR B SR AR T I B TR BT R R AR RO, B RGN b — PR, RAIF AR
ARAE, & A AT RERIEEE,

BRPIE—, FiHEESBEAR R “El”, MR REEREOREICHIFR return HIFOR “[HIR",
ERRANE, PHEIEAMEERRSEGRN, ZRs R, BRIMBFRE MR,

ol —
FE TR IR RATA AR 7 BORTES, SR AR RS L AR S

TEBIE—FE RS EERE 1, FRIMTEFED) — (8 5% path sCis DB A EBIER L, EFFHEMER 7 AOHTRIR,
RIEH path WHTHELL RS res o ERTTEMRIR, res HREEFRINZITE IR, RN THR:

// === File: preorder_traversal_1ii_compact.kt ===

[* BIFEER: GIEZ */
fun preOrder(root: TreeNode?) {
if (root == null) {
return

}
/] ER
path!!.add(root)
if (root._val == 7) {
/] SCEXfR
res!!.add(path!!.toMutableList())
}
preOrder(root.left)
preOrder(root.right)
// [EE
path!!.removeAt(path!!.size - 1)

R “Eal” w, BMEIEFERTERHTIEE path ARELEREEE; WAE “[MFNR” A, FRIMFEEAZEH B
path F5EH, PAREEARKE s Z ATHIRE.

B 13-2 Fonridis, BT DUFESUMENR RS “RilE” Bl “WES”, WiERIE L A,

/\ “\ Wl BOE, EARE / W BOES, BRRE
EhB: tRzikeE, &EEE EL8: trRimikiE, RRmE
path = [1] V(/\) path = [1, 7]
/ \ / \ / \ / \ BRI 7, AR EAR
r res = [] res = [[1, 7]]

Step 1 Step 2
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BEl: BOE, B
EB: tRfEiRAE, RRE
path = [1, 7, 4]

res = [[1, 7]]

BE: BOEN, BRI
EB: RERAE, RRE
path = [1, 7, 5]

res = [[1, 7]]

EEl: BOES, FEARE
ELB: ke, &sUEE
path = [1, 3]

res = [[1, 7]]

BWH: BOES, EARE
ElB: tREiRAE, &R
path = [1, 3]

res = [[1, 7]]

Step 10 ‘

path = []

B BOEY, BMRE
ELE: RERAE, REE]

res = [[1, 7], [1, 3, 7]]

EE: EOED, EMRE
EB: RERE, KRR
path = [1, 7]

res = [[1, 7]]

EE: BEES, EMRG
EHB: 1RERE, KRR
path = [1]

res = [[1, 7]]

B BEEY, BARE
EB: WREIRAE, RURE
path = [1, 3, 6]

res = [[1, 7]]

B BEED, EMRE

EB: tRiERAE, &ERE

path = [1, 3, 7]

BIIEE 7, AR AR
res = [[1, 7], [1, 3, 7]]
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13.1.2 B
0 14 T 9 B 0 & — Ml 2 MBI SR G, SR @ B TR Bk,

il =
TR R RATEE R 7 AVEIRS, FEHIREIRERZNE LRSS, R A SIS 31
HiiBh

7 VIR DA SRR, TG EHNOIEER . A SRR, FBEIER 3 iR, NIEANRE, A
s, BEXRBINIIR:

// === File: preorder_traversal_1iili_compact.kt ===

/* BIFEE: BIE= */
fun preOrder(root: TreeNode?) {
/] BIt%
if (root == null || root._val == 3) {
return

}

/] E&

path!!.add(root)

if (root._val == 7) {
/] ECERAE
res!!.add(path!!.toMutableList())

}

preOrder(root.left)
preOrder(root.right)

// B
path!!.removeAt(path!!.size - 1)

“BIR” R EARRTER G, i 13-3 R, fEfsEiEh, i 9IRS TR SSRGS
X, BRFFZEERROER, Cmidem a0,

Bk BEES 3 MERSANHRALEE

HRAE#RENERENESTH
HMmEAESNE

13-3 MRIBAYAIEIFBIRL
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13.1.3 tEZIENXB

TR, BMEFEM “Ea, FNR, 3987 TR, R asriE T,
FEAHERAEIEH, state FoRHERIE RN, choices FoRE ARAE T A] DA H AR :

[* EHREIAER */

fun backtrack(state: State?, choices: List<Choice?>, res: List<State?>?) {

/] FIETRS AR
if (isSolution(state)) {
/| SCEkfE
recordSolution(state, res)
/] ABlEEES
return
}
/] ESHFRAEE
for (choice in choices) {
/] Bk FIENEERES&E
if (isValid(state, choice)) {
/] Eml: MHBEE, B
makeChoice(state, choice)
backtrack(state, choilces, res)
/] EIE: HEHERE, MEEZAiRIRRE

undoChoice(state, choice)

A, BMEFPAEZRE AR MERBIE = K& state ZEIRGEAFEE,
HIREFIG FHiRG, 451 res BIRTEHRS:

// === File: preorder_traversal_iii_template.kt ===
[* FIETERIREEE M */

fun isSolution(state: MutableList<TreeNode?>): Boolean {

return state.isNotEmpty() && state[state.size - 1]?. val ==

/* FCERAE */

JE1E cholces A E HIHI B L F

fun recordSolution(state: MutableList<TreeNode?>?, res: MutablelList<MutablelList<TreeNode?>?>) {

res.add(state!!.toMutablelList())

[* FIEEERIRRET, RBERTEE */
fun isValid(state: MutablelList<TreeNode?>?, choice: TreeNode?): Boolean {

return choice != null && choice._val != 3
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/* EFTIKRE */
fun makeChoice(state: MutableList<TreeNode?>, choice: TreeNode?) {

state.add(choice)

/* VRIEARRE */
fun undoChoice(state: MutablelList<TreeNode?>, choice: TreeNode?) {

state.removelLast()

[* EEEE: fIE= */
fun backtrack(
state: MutablelList<TreeNode?>,
choices: MutablelList<TreeNode?>,
res: MutableList<MutablelList<TreeNode?>?>
) {
/] BEREAE
if (isSolution(state)) {
/| sCEkAE
recordSolution(state, res)
}
/| ESHFRAEE
for (choice in choices) {
/] R BERERESE
if (isValid(state, choice)) {
/] Eml: MHBEE, TR
makeChoice(state, choice)
/] EITF—EmEE
backtrack(state, mutableListOf(choice!!.left, choice.right), res)
/] EhE: HEERE, MEEZAiRIRRE

undoChoice(state, choice)

RIEE, BMEREES 7 WHRREZ RS, PR 2120 return AIMER, [ 13-4
BIE TR EMER return sEAIAYIESIEFE,
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RHmE L
@iEs |

1% return fB% return
SCEkREIRE, THRESKES SCEkR R ARE], BEES
13-4 FREFEMIER return A48 @2 S L
FEEEER AT B s RFE IS B B, SR B BIAEZR AR IS B R ARG R, (@AM E L, B L,

TP [ ] DA SR TR D, TR R AR R BB R B E % state Ml choices , S EEBIMEZNH#fE
JiiERIA],

13.1.4 E AW

2 7 B AT TR B AR, FRAMARAS — T e E R AR S R, I IR GIRE =45 R,
Nk 13-1 Firro

R 13-1 H AR EE R AR

#iil TR plE=

fig (solution)  fRZMEHERERMIIIESR, FREA e  RETREEIERG 7 2 2 RAIR R AL

Ol KHRIEI R R R R A TR, BHH RSP RUSHE 3
(constraint) Ji: 1253

K& (state)  IREEFORMIEMERE—FZIMEN, CACEMHA  ECHRMAHEREEE, B path HiH]

e e
B BRI SR RS EIERE, AfEl BEmsAL (G) THis, KSR path,
(attempt) HIEEE, THRGE, MEERG AR FIE B ER S A T
[EIEE: EREFBE AN ARG HIARERE, WEsTmiy  EOBEEE, SRR, BREA 31
(backtracking) RS, 5] E—@EikEE g R RGRE
1753 BURCR R R R A R IR MR e R R s BIBREA 3 NEER, R RFEREES

(pruning) FRAERYTTI%, PR E SRR
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Tip
IRE, . REESEMERIEAIN, 1E16. B, BhfERE], SEHRIETEHEY K.

13.1.5 BELEEMRE

[l A AE F R — R e S, T R T AT RN T R E SR B AR R, EAE T
B TE RS R BT AT REMIMRTR T, T BfE SRR RHRIE R, BAEREINE,

SRIT, TEBRFEAFUREt 2 W R RS, o OO S P AR A T T el DA 52,

- WERE [P SR R EE AR R S R AT RE,  IRe AL T DUSE S5 R sl R SR
- 2 R TR G EATARE (BIANESTE, R BIR B ESs), BIRERAR, =M
TR ATRE B IS RA,

RIEEGnt, IR AT R e 1 PRI A A U AR TT R BINIGLERIRE, e R TE
MRLEIEE R ] A A AR, (R R 6 ZH S AT Rl RERIEIEE T AE R, (EIERETETL T, BRsR il iR
B, KRR R T IEA WA,

- BB RIS E N G A RS, T AR R IRe R 2

- ERNE S ERESBREPTI RIS EHE, Tt RE AT REAEE A RUR IR

13.1.6 [E¥AHB(GIE

[ e 7 ] TR R A s TR, &SR e PR A S B EE L TR
R SRR H RN R R R RO TT 2,

- 2HIRE: A —ERs, KEHFrARTRERHIPIE S,

- TERMEE: SE - ERSMN—EEEN, KERSHAENREEN &,

- INSERE: A SRR TR RIIDUNRFER B, ERAE T BRI — AL TS BN E 5 — IRAE T,
AR —EENRE, HAGERBERRBAENEE -,

HIT TR SRR R E SR EREI T 5 SRR A A

- n2iE f£n x n R ERE BRE, #REMEANE,
C B £ 9 x 9 MAHIEAR 1~ 9, #EEET. BHIRNEE 3 X 3 FREBTRETARER,
- ERE G A E, D RBREAS E R A ETER S O, (SR TER A A,

A R SRR AR — (AR & 2 A P PR B i S 2 IR P RO B A

- 0-1HUME: fE YR —EEE, SEmME - ERNEENER, ERETEARRGIN, =
Y S A EECR,
- RATRIMRE: fE—EE N, E ARG, SiRATE B R T — RIR AR, SREIERR .
- ERKEIE: S MERErE, PREIRORRISE e T, B P T W TE R PR 18 A,
LR, BIRFF A G BRI, R R ERITT %,

- 0-1 HHUMEE B EIRER, DOEEIE SRR RRCR,
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- BRATR R R A0 NP-Hard I, W AREA B E R ENSRHERIEF,
- KB E G P — (AR, A] A RS O A BRI

13.2 £H5IR=E

EHA R PERAR —E A E N, ERERRERE RS W — TR FERT, X
HHARTTRIIFTA ATRERIHES .

R 13-2 HIB T RAERBIE R, SIS A RRSIRIS R AT A HES

* 13-2 HHIRA

i A\ e1) P HEZ

1] [1]

[1,2] [1,2],[2,1]

[1,2,3] [1,2,3],[1,3,2],]2,1,3],[2,3,1],[3,1,2],[3,2,1]

13.2.1 EHEETENER

Question
g N\ —(EEc S, RPN S EETE, REIFTE R RERHEY,

TEEIERIAR f R, FRATAT AR RS B A A SR — RTNE AR B A% (1,2, 3],
MRTMEE 1, MRS, RIBEE 2, AUESH[1,3,2] . EIRFRHEE—MERE, BEHER
HnER,

TEmEXERI A ER, REEE cholces BEIAMYITHIFIATLR, IRE state BHZEHATCHIEERTT
Ro iHER, BETTRRFFPOERE IR, KL state PINFTHCRAEZZME 1,

aniE 13-5 AR, BATA] DURHE S8R B K — PRI RS, Rrh AR EnRECRE RTIRRE state . TEARENELF
4, OB —EERRINDEREME, SEEEMBEEE S,
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choices = state =

F—mRE

FEEE

BomRE

13-5 HEFI AR

1. EEEIFNR

% BT E REnEE IR, TMHE E S | A — B MBS selected , HAH selected[1] IR choices[1]
EECHIEE, WEHREEIR D FEIRERE,

- TEMHIEEE chotce[1] 18, FRAMAF selected[1] IRMEA True , AR ECTHOERE,
- EFIEEAS choices I, BRBFTH EHOBIERIEIRS, BI8IHL,

aniE 13-6 Fow, BRI — s 1, B oW 3, M ofmiEf 2, NRWEES “WIIHRITR 1 17
X, 1EH =3 HEITR 1 MTER 3D,

&0

,L AkTER 1, 2, 3

B 1 @ ) a_ |
5 o
AR’

o TR EHEENTER 1

HIRRIE 3 FgrEETRS 2, 3
BE o
e

HoERIE 2

HRERREFENTTE 1, 3
HeFEETTES 2

& 13-6 2HEH BT RHA

A 13-6 3890, SUHREIHE SR ME O(n™) WNE O(n))
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2. BERRER

B LR IR, BIMRIAT DAEREZR R AR i “eIHE” T, 2 7 AR, B ERE
BUEZRFE IS RIS, 2R e MR backtrack() HzlH:

// === File: permutations_i.kt ===

[* EEEE: 285 1 *+/
fun backtrack(
state: MutablelList<Int>,
choices: IntArray,
selected: BooleanArray,
res: MutablelList<MutableList<Int>?>
) {
/] EREREFNTRUER, Mg
if (state.size == choices.size) {
res.add(state.toMutableList())
return
}
/] EFFEEE
for (1 in choices.indices) {
val choice = choices[1]
/] B AAFEEEETR
if (!selected[i]) {
/] EF: MHHEE, SR
selected[i1] = true
state.add(choice)
/] ETT—wEEE
backtrack(state, choices, selected, res)
/] EIR: HEHEE, MEDZariRE
selected[i] = false

state.removeAt(state.size - 1)

[* 285 1 */

fun permutationsI(nums: IntArray): MutableList<MutableList<Int>?> {
val res = mutablelListOf<MutableList<Int>7>()
backtrack(mutableListOf(), nums, BooleanArray(nums.size), res)

return res
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13.2.2 EEHEFTEHFER

Question

i A\ —(EEE RS, MR RER S EBDCR, IR EATE AEERHES,

B AR [1,1,2] . 27 7 EESFEERTE 1, RS 12s 1,
W 137 FR, R RS — R E .

F—mRE

B mRE

_—

RS ERHS)

13-7 EHEA

RGN RBRERRIHESINE? B R, FERE—ERES, BRI T RE, AMmEien
S, 2R BHEIIN I S o o R, IERPERTNE IR, ISk ] DO — IR THE AR,

1. HEREER

BRI 13-8 , fE55 R, JEIE 1 SORIE DRS00, ERMERES FERNFTEHEEERY. Fit
MEZm 1 Sk,

FE, {5 SR 2 218, PR LA 1 he A EESY, RIS s 1 39,
WA 1B, TR E RS —WDBIE, 38 2 WA e R ORI X,
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choices = state = [?

s S
FE—RRE
T mEES 1
QEMRE—R
EREE
EomRE

13-8 EMEHSITIR

2. BEXRER

. ﬁmiﬁﬂﬂ 1

RE#EE—R

£ b —ERRENHERYEERE b, M5 AR — s b B — (AR SR S duplicated , FRECER#AERH AL
EalBrrTR, WHFERTTRIE:

/1

=== File: permutations_ii.kt ===

[* EEEE. 2% 11 %/

fun

) {

backtrack(

state: MutablelList<Int>,

choices: IntArray,

selected: BooleanArray,

res: MutablelList<MutableList<Int>?>

/] EREREFNTRUER, iR
if (state.size == choices.size) {
res.add(state.toMutableList())
return
}
/] ESHFREEE
val duplicated = HashSet<Int>()
for (i1 in choices.indices) {
val choice = choices[1]
/] Bk AAFEEEETR B TAFEEREERSE TR
if (!selected[1] && !duplicated.contains(choice)) {
/] ER: MHHEE, SHAAKRE
duplicated.add(choice) // sCEREIZIBATTERE
selected[i] = true
state.add(choice)

/] ETT—wmEE
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backtrack(state, choices, selected, res)
// ELR: #HEEE, MERIZATAVAKRE
selected[i] = false

state.removeAt(state.size - 1)

}

[* 285 11 %/

fun permutationsII(nums: IntArray): MutableList<MutableList<Int>?> {
val res = mutableListOf<MutableList<Int>7>()
backtrack(mutableListOf(), nums, BooleanArray(nums.size), res)

return res

BT R A2 B AR, B n EEEs nl MRS (IR ; 7Espas B, FEmuE % n 1
5, {5 O(n) W, LIRSS O(nin) .

BB S 0, M O(n) MBIz, selected i O(n) 230, FA—HZIEZHA n M duplicated
, 5 O(n2) 25/, HHZSHBRES O(n?)

3. ML

GEIERE, HEIR selected 1 duplicated EFFRBIAL, (HME B H AR,

HEHHEEITE: A SR A 1 selected , ERCEHIVEERREHEZMETER, HIEHZ
IR TTRTE state PEB I,

- MECRWE: FiERE (BEIR backtrack KT #ELE —fE duplicated . ‘ERCHRINEIEAH
AER (for dH[E) HIPLITROPORSER, HEMZRBEHSETRAPIERE X,

13-9 J&oR T Wi BT AR PHROAE R, TR, Brh RO EERIOR — (IR, AR E SRR RIS b
A5 Ml A B — 8L HE S

~,
0'0

nEEE— <

BT [1, 1, 21 [1, 2, 1] [2, 1, 1] BERF= §
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13-9  PEBI B iGR AF 1F FH i

13.3 FEMME

13.3.1 EEERENER

Question

a8 —EIEEE B nums F1— 1 BAFIEEEEY target , sERHIFTARTRERVAH S, (1S EHHITEM
ER target . #EMYIEEK TR, SEFTRTUBIERZ R, sFAIEREELSHE, BlH
NEASEEES,

B, WA {3,4,5) MBSO | itk {3,3,3}, {4,5) . FEEELFHE,

SR B R T DA R I R,
C FERESTEIY, L {4,5) F1 {5,4) BR—ETE,

1. 2L LHTIRE

R EHESERE, Bl BTN BGBREASE N — RV EBENER, WAEEEENEREN &
7, BICEMER target IR, WS TEELER R4S R F A,

it 2 HEAI AR, AES A PR T n] IR UG, [ #E2HFE D) selected fibKERFIARELIRTT
RERCHOEE, TFa] LA 2RI IEE T/ NEB, FIP 52 REE RS

// === File: subset_sum_i_naive.kt ===

[* EIEEE: FEM I */
fun backtrack(
state: MutablelList<Int>,
target: Int,
total: Int,
choices: IntArray,
res: MutablelList<MutableList<Int>?>
) {
/] FEMER target B, :L8RfR
if (total == target) {
res.add(state.toMutableList())
return
}
/] EFFREEE
for (1 in choices.indices) {
/] Btk BFEMEBIB target , BIPkBZEE
if (total + choices[i] > target) {

continue
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}

/] Exl: MHEE, BHTEM total

state.add(choices[1])

/] EITF—EmEE

backtrack(state, target, total + choices[1], choices, res)
/] IR HEHEE, MERZaiaiRE

state.removeAt(state.size - 1)

}

[* RERFEM 1 (BEEETE) */

fun subsetSumINaive(nums: IntArray, target: Int): MutableList<MutableList<Int>?> {
val state = mutableListOf<Int>() // HKEE (F£&)
val total = 0 // F&M
val res = mutableListOf<MutableList<Int>?>() // 4ERPES (FEHT)
backtrack(state, target, total, nums, res)

return res

DA L AR A1 [3, 4, 5] MIEEUEE O, WithasH2 (3,3, 3], [4,5], [5, 4] . MESAMIIIRI T HitiAl
2O MTR, MIPIEERBN T4 [4,5) A1 [5,4] .

SRR SBIRE M EEIET R, AT FEAENEEIET, WE 13-10 iR, o 41208 5 BUTE S
1% 4 BAFR S, (HBER 875,

choices =

target

EEE

13-10 TEE#4 = BEUA B A,

&7 APREE TR, AR BERINET R, IS IRBCRIRAK, AR R A,

ERATRE S, THEE target TR, HaBREgELRBINER T4,
P& (M3 AOSRFEHERFERE, TEICHFMES, Mg bR ETT R AR,
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2. EEFEER
iM% B S0 E BT b T R, B%E 13-11, =4E 82 DURFEIERF B2 T 2R E A,
Ban DA RIE

1. HBE—WAE RO RNERE 34K, SERUSEMEITRNE T8, 53,4, ... ]
2. 21%, EE RS AR, RIS TEEZENE 3, FEnnBmEsN e (4,3, . I 1 BT AERK
M rEEeEE,

fEaET, B EREERR ARG HREE N, FIEEAR D B EZ

1. BRI 3F 5, 4AMTFE[3,5,...].
2. AiPNERERE AR S, AERTE[4,5,...].

3. BE RS, WIE RSN 3 M 4, HATE (5,3, .. FI[5,4,...] B 1. BRI 2. b
ORI THE 52 2 T,

cvoices - (@D

B PR3, 4
BREETE

F#&  [3,3,.] [3,4,.] [3,5,.] 3 [4,4,.] [4,5,.] 3 4 [5,5,.]

BElETH BEETH BEETH

13-11 ANFEEENE P SR EE TR

HAEEARE, HBEMAMY (2, 1y, ..., x,], SAESBEPINREFY A [% sy Ly e
T 1 < 1y < - <4, , ANCEEIFREERT A& ERES, BEE,

Ly ], REORIES

3. EXRER

REBZETEL, BMOIA S start, FIMERERRIGR, BMHEE o, &, &€ WK1 Bk
Elio BRI BRI i) <y <o <4y, , TEMIERE TEHRME—

Prittzoh, FREEREXEEET 7 AT mHR A,

- fERARGE ST, oY) nums HE, TEERHPTEIRERE, B HEARIE target RF ARG HGEE, K24
BIBRITEE R, HFEM—E#BIE target o
- BEILEMNEE total , IBMLE target EHUTIRIERGGICEMN, & target FR 0 FEC R,
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// === File: subset_sum_i.kt ===

[* EEEE: FEM I *+/
fun backtrack(
state: MutablelList<Int>,
target: Int,
choices: IntArray,
start: Int,
res: MutablelList<MutableList<Int>?>
) {
/] FEMZER target B, :CiRfR
if (target == 0) {
res.add(state.toMutableList())
return
}
/] EFFREEE
/] B ¢ start FAE, BREMEEFE
for (i1 in start..<choices.size) {
/] B—: EFEMBIE target , AIEZARIEE
/] ERARESEHRF, BETEEKR, FEMN—EBB target
if (target - choices[i] < 0) {
break
}
/] Esl: HH#EE, FH target, start
state.add(choices[1])
/] ETT—imiEE
backtrack(state, target - choices[i], choices, i, res)
/] ELR: #iEEE, WIEEIZAIRIARRE

state.removeAt(state.size - 1)

[* KEBTFEM 1 */

fun subsetSumI(nums: IntArray, target: Int): MutableList<MutableList<Int>?> {
val state = mutableListOf<Int>() // #KAE (F£)
nums.sort() // ¥ nums ETTHIF
val start = 0 // FEHFCIAEE
val res = mutableListOf<MutableList<Int>?>() // 4&REY| (FEH5)
backtrack(state, target, nums, start, res)

return res

13-12 FlR 251 [3, 4, 5] F1ERETCER 9 A A EAR S E AR R EhE e,
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£ target

choices = BSAE
target =

BE-RE

EowmRE

i@ target BETE

13-12 7R/ 1 B

13.3.2 ZEERTENFER

Question

4 —EIERE BT nums F1— 1 HASIEEEEY target , FEIRHIFTARTRERVAH S, (S EHRITEMN
EIR target . HEMAIR[REMSHEBEICE, BECEARPORE R, HEURIIERIREIELHS,
YA EE S EEES,

FEIES LR, AR ABRSIRT AL A RMER, 5| TR, i, skl [4, 4, 5] L
0, HIRERRIAHLETES [4,5], (4,5, HETEETE

T8 PRI Al M A B R R RS T R A P 2 OB, AEIE 13-13 P, STt (AR, HAmiEEs
4, GEAMEERENRESSS, EmmHEE TR, FHE, B omomE 4 hgEtEErE,

choices =

[4,4,.] [4,4,.]

BEETE
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13-13 MHE CEEBWEE 75

1. BExES

AEDILERE, B RGBS R b L RESORIE IR, HEU By MRS R EHT
RIHARSE LR AL AN, ERWE R IR R, HEMDTREE/ABTRME, AT CARIE

i,

i, FtEZEPNEERTTR,

Bt FIRE, AERUE RHERESI TR AR — K, SHERE, FAMHAT DML start 2N 2R &
e o, 1R, BOE F—WIER51 7 + 1 FGARED . ERERERPRESE T4, bl EREE TR,

2. BEXRER

// === File: subset_sum_ii.kt ===

[+ BIFEEE. FE&EM 11 %/

fun

) {

backtrack(

state: MutableList<Int>,

target: Int,

choices: IntArray,

start: Int,

res: MutablelList<MutableList<Int>?>

/] FEMER target B, 8RR
if (target == 0) {
res.add(state.toMutableList())
return
}
/] ESHFRAEE
/] BT ¢ start BHAERN, BREMBERTE
/] ER=: ¢ start BIAESS, BEEEBEER—TTER
for (1 in start..<choices.size) {
/] Bf—: HFENBIB target , HIEZERIEE
/] ERE®EIIEHF, BETREKR, TEN—TEEIA target
if (target - choices[i] < 0) {

break
}
/] BN NRZTRELETREESE, RPZESSIZEER, BERE
if (1 > start && choices[1] == choices[i1 - 1]) {
continue
}

/] El: MEEEE, T target, start
state.add(choices[1])
/] EIT T —EmistiE

backtrack(state, target - choices[i], choices, 1 + 1, res)
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/] [ELE: #EEEE, MIEEZRIERE

state.removeAt(state.size - 1)

}

[* KERFEM 11 */

fun subsetSumII(nums: IntArray, target: Int): MutableList<MutableList<Int>?> {
val state = mutableListOf<Int>() // #KE& (F&)
nums.sort() // ¥ nums ETTHIF
val start = 0 // FEHECIAES
val res = mutableListOf<MutableList<Int>?>() // 4&R&BY| (FEH5)
backtrack(state, target, nums, start, res)

return res

13-14 JE&/R T 151 [4, 4, 5] FIEEICER 9 WIEINEE, HOSVIRESIERIE, SHIRTE R
wie, MfPR(EESIERE, DS TR,

choices = B
target = T

EEE HHm
ER—HhEET
&_ %F&Eﬁ’f&ig%*;tﬁ CS‘_ (X) 72)
-0f ; Jom
& | REBER
(x;?o (4,5] EHTE
BR=
— FA¥EY
SEEATEE ARSI
28 target

13-14 5/ 11 [[EfE

13.4 n EGHRE

Question
RIREFE SRR, 2ERTAREBEFERE—1T. —FIS—EREGE LETF, 47E n @EE0—E
n x n K/NRIBHE, FHERIE 25 2 A LB NRITT %,
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i 13-15 FR, & n = 4 B, e DUREImER, REEEROMES, n X n KNS n? @
¥, SH TITEIEEE choices . fERMENE 2EHNEAES, HUSIREIE RNEHISE L, SMEREZI 1B
IHRFE state

W W

W W

— —

E 13-15 4 2)5REne

I 13-16 fon 7 ASER = fEAVHRIEF: 200 RIGARAER 17, W51, F—kEE ML EEERNE, B
FaRRor Ty EEHAA\ FIRE AR ) WA,

FEEER—RHAEE REEREFREARGH

i
1

raemA—t x| WL fox !

<
N
N
<
X X, - B e A iy
v N s -
i S 7 7
5 N
X X, ”1”’7‘?”*””’
i ] N —

FURER—F REEFA—THAEE

[# 13-16 n 2JERHERIFI IR

1. ZFTHE R

SR SEMBRRTEER R n, FERMESEE R SRR ey HA fesriicE 6 25,
W, WA ARBORITIRE RS : 81754, EETHE - HEE, EERR 1THH,

13-17 flinZy 4 2/aHENBTREER, ZEERS], E 13-17 #5178 T HP— @273,
Mt R AT B K RS A AR A TR 77 SRETEAT T 398
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W T ] T %] [T ™
HEE 177
(4188) «//////:;77‘?::-\\\\_ (4488) (44188)
W W W w7
BEE 2 7 (8] E
L[] \
W W W O[] W ¥
- T S ¥
HEE 3 17 ] !
¥ [ W
W v W _1
. ¥ W ¥
HME®E 4 17 li! ¥ W | W
[W] %] W

& 13-17 ZBITHCE R

EARE LE, BTREREES ©3ErER, eis 7 R—1THEZE 2R S0 3

2. FUSHAEER

2 TR, FATA] AR — (R % n (RIS cols RiiRE —FIR G H 25, fEBRIENE
i1, BNEE cols KHEH BEHIFBEITIR,, WAERWHBIEEF cols HIIRE,

Tip
AR, JERERRESOINZE B, HAPTRSIE LB, SRS IR,

AREE, el R FEA A AR AT SR IE? AR LA T HIAT ARG 4 (row, col) , e RE R AR B M AR,
MR BZ B AR LA FITRS SRS [EAHEE, WEBRMAS LIER T row — col 2 i,
b2, WRMEREFRE row, — coly = rowy — col, , RIEM—ERER—GIZE A L FIHZ
FifE, FRAMTATLAREDNIE 13-18 A7RAYFES diagsl REBRE IR B A LR EH 25,

I, IEME BRI E row + col BRI, TR AT DAFEBIFES diags2 AREEEIE fARAY
o
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i ERAR
BRERER

T )

cols
RRFIEERER

13-18 FRIRAIXY AN A AR AT R

3. IRABER

IR, n #EHBEF row — col WEIEZE [—n + 1,n— 1], row + col MEEEZ [0,2n — 2], FTLAEE
FHARFIIRE F AR BLE B A 2n — 1, BRI diags1 F1 diags2 HIREHSA 2n — 1,

// === File: n_queens.kt ===

/* BEIEREE: n BF */
fun backtrack(
row: Int,
n: Int,
state: MutablelList<MutablelList<String>>,
res: MutableList<MutablelList<MutableList<String>>?>,
cols: BooleanArray,
diagsl: BooleanArray,
diags2: BooleanArray
) {
/] EMETFRBEITE, CikfE
if (row == n) {
val copyState = mutablelListOf<MutableList<String>>()
for (sRow in state) {
copyState.add(sRow. toMutableList())

}
res.add(copyState)
return

}

/] EHFRET

for (col in 0..<n) {
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/] STEZIEFHENEHAENRE RS
val diagl = row - col + n - 1
val diag2 = row + col
/] B RAFZEFRRET. THAK. REARLEEFEEER
if (!cols[col] && !'diagsi[diagl] && !'diags2[diag2]) {
/] ER: BEEKRETZEF
state[row]|[col] = "Q"
diags2[diag2] = true
diagsi[diagl] = diags2[diag2?]
cols[col] = diagsi[diagl]
/] MET—17
backtrack(row + 1, n, state, res, cols, diagsl, diags2)
/] ELR: HZI&FIMIERZL
state[row][col] = "#"
diags2[diag2] = false
diagsi[diagl] = diags2[diag2]
cols[col] = diagsi[diagil]

[* KEE n BlF */
fun nQueens(n: Int): MutableList<MutablelList<MutablelList<String>>?> {
/] Mak nxn KNEHEER, Hep 'Q' HRERF, '#' AKRZEML
val state = mutableListOf<MutableList<String>>()
for (1 in 0..<n) {
val row = mutableListOf<String>()
for (j in 0..<n) {
row.add("#")
}
state.add(row)

}

val cols = BooleanArray(n) // sCiRFIREEER

val diagsl = BooleanArray(2 * n - 1) // i THAKLETEER
val diags2 = BooleanArray(2 * n - 1) // SRR HABKELREEER
val res = mutableListOf<MutablelList<MutableList<String>>?>()

backtrack(0, n, state, res, cols, diagsl, diags2)

return res

BATIE n R, FEINKR, ARETERET2IE n. n— 1. ..o 20 1IEEE, EH O(n!) K
il B ECORMENE, FRSIMEBUAEE state MHTIGME res, MEBHRIEGEF O(n?) IR, R, AOREIFRIMINEIE 2
O(n!-n?), B L, RBEMGLRNHEER RIS MES S, RMiSS8eeEamn LR
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[ state i O(n?) 23/, B3 cols. diagsi il diags2 ¥fiifl O(n) %M, MAEERES n,
O(n) Heig=si, Nt SHBEHES O(n?) .

13.5 /i

1. ERSEIEE

- BIERIAAE R SR, B R A TIRE B S RS AT SRR, iR, J8E
MR RAFRI AR SR, EEIKEITE MEER IR AR,

- [ RAR M S A A B SR EDR M E A ). EEER T s R E R SRR, BRI
RATRIEAFRIIEDIR, HIHEGH L —DREE, REIZZATRUREE, WARSTE AR, EaliENR2
AIE 77 TETAH S f A

- [l R L 2 AEA AR, BT AR BB TR R, SIRAT DUR AT AL E A 237, K
IETETHE =R,

- [l ST S B AT R R R = R R AN A SR R TR, AH A A R RE R R T DA [ SRR g, H
LA ERCR B m s R B A RIS,

- PSS ST RS TTRIITA ATRERIHES ], FRAMRE D) — (B IS A G B E T R 2 5 IR,
PR TR S0 3, ERETTR A POEE X,

- AEEHPIRES, WRESPFEREETR, ARGERGHBEEEHY, RMTREORHETRER
i L REOEIE IR, JEE R AR R SR E DL,

- TEMEEN HEREATESTENS BEENTE TR, £86RNESTRIER, MigsEEg
AT IEP ISR, EAEE TR, BMERMRTRERREITHER, e MBI~ T — Wi
FERTECAARS, TEMR A i T SR 27 SOEITIIRL

- BRTEMEE, YRS TR GELEERRS, ARSI CHERRTE R, EEAETE A
TEREEHEEBIA, MRS TR LT R RER0EH —IX,

- n BEMESESENE n E2EHER n x n RSP ERTRE, ZRITE 25 MM 2 HHE RS
Tio AFIERIKIRIEIFAITAHR, SIS, TEASMUCE AR, RIMEITAR, TIMERRIAT
BHREE, RS TE 25,

- HURIHNTE A AR AR BE BT AL BIRPIETER, BAIA A — AR s — SR S A 25, e
TRERRIRS TR E AT, BIRBAGRAIR, FMFEmMEESA s Hlaiskaz . XA RO
2J5; WRERSERERIRE—E @) B BT THIRS IR,

2. Q&A

Q: EEEERAR B HBE R ?
RERZAE, IR R TEEIARNGT, THEEE AR M TR,

- [ RS R EREE EEL, A, ERRERNER SR —, BREEE SR ET RN,
- OB T TR RO, WARIERE, [, BhfeE GERELER)
o
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F145 FrERE

Abstract
NES YT ARG VNN 5
B REFR ST/ N AR R R KRR E R, — 45 [HBAME M R =
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14.1 {iREHREIREY

BRERRE (dynamic programming) /2 —{EEZHEHBEEHI X, B —ERE S R L —R5E/ N FRE, 3
G T EREN AR E R BB T, P RIEEE A IR R R

EARHIF, FIME—EKHMBIENT, LAt eR2hmmgs, BREhadnES FE FEPEH
B RN B R AR B R

e Eh
ME—EIE n FEROMEE, UREEPRTDLE 1 BEelE 2 B8, SERA 2/ D75 58] DITEEHE TH?

GniE 14-1 Fow, SR 3 BEEES, St 3 1877 Sn] DUEEIHTH,

BIEES n = 0 1 2 3 4 5 6

TetsE 3 BEgRsts 3 A
0>1>223 , 05233 , 0>1->3

14-1 |5 3 FEAY 7T REER

AR B KA REE, BT DAE EIEE DIk s SR alRErE. RS, RIEME R S —E%
PRI FRAEME: (CHh g, SIS L 1 PR 2 B, ESNEMHIRUR T REEN 1, EREE
THERIR R B R, RESCHBAN RRR:

// === File: climbing_stairs_backtrack.kt ===

[* I */
fun backtrack(
choices: MutableList<Int>,
state: Int,
n: Int,
res: MutablelList<Int>
) {
/] EBICRE n PEEF, HREEM 1
if (state == n)
res[0] = res[0] + 1
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/] EHFRE#EE
for (choice in choices) {
/] B RAFFHIEE n B
if (state + choice > n) continue
/] Esl: MEEE, Tk
backtrack(choices, state + choice, n, res)

/] Eh&
}

/* et [ */
fun climbingStairsBacktrack(n: Int): Int {
val choices = mutableListOf(1, 2) // PliE#EM@E LM 1 sy 2 fE
val state = 0 // €5 o PERHIRNE
val res = mutableListOf<Int>()
res.add(0) // {EMA res[0] EiRHREE
backtrack(choices, state, n, res)

return res[0]

14.1.1 Fi*x—: BHigs
[T 0 B N A B B R R TR R, T B R IBRI B — RV R A B, Ba sk, s
P AT BE AR

TP r DUE A TE R 23 AR A FE AT IS B R, SRTCENSE ¢ BESL A dpli] BT E, T dpli] 2R RE,
T A

N
/i

dpli — 1],dpli — 2], ..., dp[2], dp[1]

R RE b 1 BBk 2 B, RICEIRMIGAESS o BEERE L, b —dm AT RESG(E58 ¢ — 1 FEaEE ¢ — 2 [
b HATEES, FAMHRETES ¢ — 1 BEEES ¢ — 2 RS ¢ P

HH UL RS H—EE . TR o — 1 FER T RB0Um_LIRBNE « — 2 BEMT ZEOR SRS « BT
£, AW

dpli] = dp[i — 1] + dp[i — 2]

IERRE RS, S TP AR R, JRRTEEMERT DL 7 B R K, 8 14-2
JeoR T A HERR R
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dp[5] =dp[3] +dp[4] =8

dpl4]=5 /-

dp[3]=3 .

BRES 0 = 1 2 3 4 5 6
HEE dp[n] = 1 2 3 + 3 8 13
NI

14-2 75 REEIEHERF

BlPTAT DR A A TSSI R  B vk, DA dpln] B Etams, WIS — N AR AR 2 A e 1N
MR, EEEERNTRIE dp[1] A dp[2] BRI, b, B/NTRENRBCHN, B dp[l] = 1,
dpl2] = 2, FRIEEIE 1. 2 BRI 1. 2 M,

BIER DU A2, e RIHAE U AT AR S B s, (BN
/] === File: climbing_stairs_dfs.kt ===

[* B8 */
fun dfs(i: Int): Int {
// BX0 dp[1] #0 dp[2] , iR[ElZ
if (1==1]] 1==2) return 1
// dp[i] = dp[i-1] + dp[i-2]
val count = dfs(i - 1) + dfs(i - 2)
return count

}

[* ef8tg: e */

fun climbingStairsDFS(n: Int): Int {
return dfs(n)

}

[l 14-3 T 7 RIS SURIERE, SR dpln] , HIEEBIRES n, MESRES O(27) . i
WO PRI, AR —H AR n, BB B RS 2,
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dp[9]

dp[é] dpl7]

dpl7] dp[6] dpl6] dp[5]

dp[6] dp[5] dp[5] dp[4] dp[5] dp[4] dpl4] dp[3]

ERERNEDEEEARESR THE
THERRERERIEEME 02")

14-3  JTCAEAH S 8 0 e s
Bl 14-3 , IRBEERRIERE 2 “EB RS B, Bla0 dpl9)] o iE% dp(8) F dp[7], dpl8]
Weonrfi# 2 dp[7] F1 dp[6] , WEEES TRIE dp[7] .

DA, FREPEESENIES FHE, FrRREEED. B0 EE IR E RS L EEN T
il Lo

14.1.2 AE=: stisies
B TARTHEEESCR, BRI EE IR B R R R, Btk TRE S — AR nem AR AT EREF
8 FRIRER AR, M 7E 18 S0E R b B A T R AT kL,

1. EERE dpld] B, FRPREHIRE mem[1], DAMEZ B,
2. BHRTEEA dpli] By, FRMUER] ERE mem[1] FIEEAS R, (Eik o BB % TR,

FEAXHEA N AR
// === File: climbing_stairs_dfs_mem.kt ===
[* IR ESE */

fun dfs(i: Int, mem: IntArray): Int {
// B%1 dp[1] # dp[2] , EREZ

if (1 ==1]] 1 ==2) return 1
/] ETFERER dp[i] , BIERSREZ
if (mem[i] !'= -1) return mem[i]

// dp[i] = dp[i-1] + dp[i-2]
val count = dfs(i - 1, mem) + dfs(i - 2, mem)
// &% dp[i]

mem[1] = count
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return count

}

[* Tetts: SIS */

fun climbingStairsDFSMem(n: Int): Int {
/] mem[i] FCERMEEIE 1 BERVHFHRBE, -1 AR\
val mem = IntArray(n + 1)
mem. fill(-1)

return dfs(n, mem)

=

BUSRIE 14-4 , SRR R, rE EB T IERNESE R, BRSEERELE O(n), E'—
EORHITREE,

N
) ST N S
Hi#EE

/\ SRR S ANBAERES 0(n)

ERFEERFRERBHRAE—R

[ 14-4 Fel s = B e A

14.1.3 A53E=: BHEERA
SRS R CRIERIR W RIS GRETZY BIGE, A TR o i i N T
MR, EEMOHRR/NTFRIE GEEE), 2%, %00N%ENCEFRIEM, R R,

B, BhRERIER —/ “WREIE” W75k e/ FRIERRRLE, ERMMEERFHENE, B
Bt G Pl N

HREN R E A SRR, FIEHABREAEERNER, SAMEERE, £ MERmS, FMeihk
—fEbHA dp A7 T RHIERIE, TR T HEC R ] mem MH R HRCER 1 :

// === File: climbing_stairs_dp.kt ===

/> TegtE: BRERE */
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fun climbingStairsDP(n: Int): Int {
if (n==1 || n==2) return n
/] M3ak dp KR, BIHEFFREERRE
val dp = IntArray(n + 1)
/] ARG TR &/ FREERTAE
dp[1] =1
dp[2] = 2
/] REEERS: RREBUNFRIBEZD KFERAFRE-E
for (1 in 3..n) {
dp[i] = dp[i - 1] + dp[i - 2]
}
return dp[n]

14-5 fsffE 7 DL AR S YU TIE A,

e N~ N, i N N}
N

ek
dp[1] = 1, dp[2] = 2

RSS!

dp[n] = dp[n-11 + dp[n-2]

~

WARRRER S, BT, ZLERRRERELE

[ 14-5 MErERERIENRERI B Em L

B[R TE R, BIREAEIBEER] IR MU RME KRR E R B, IR RE A I — {8 ]’
DARARIE R sk M f B A, B4, TEAEAH T RE IR BB 2 2% B T I A E MR R 8 o

FRAEDA L POy, TRl DARAS B e BTN 3 PR 35
. YSREE dp T2 dp %, dpli] FoRARAE ¢ IHE T RIBEAYE,

CHSEUNTRIEE AR (55 1 BRI 2 BEREED) FRADIAIRRE,
- AREIEAR dpli] = dpli — 1] + dp[i — 2] WARERESE,

14.1.4 TRHREWL

ANDRTEE ATREREBR 17, B dpld] R dpli — 1) M dpli — 2] HBH, KIS — M) dp A6
R ¥ DRI, T (S EOREATE R AT, RSN R R
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// === File: climbing_stairs_dp.kt ===

[* TetEts: =RIRAEERIBRERE */
fun climbingStairsDPComp(n: Int): Int {

if (n==1 || n==2) return n
var a = 1
var b = 2
for (1 in 3..n) {
val temp = b
b +=a
a = temp
}
return b

}

B Dl RS, HRAZ TS dp (5RO, BIAEIERETE O(n) K= O(1)

FEFEMEIFES, EapREEEE R REREAR, ERERMAT AR RELEAIRGE, 8 FEiE”
AR S SR BRI WRE 5 “IRENEEE B B,

14.2 shEEMREIRERE

£ L, M2E 7 BB A ANE A 1 R ACK R R, EFE L, TR R —EE
AUTERER R, fE07a. BREMEE]. mIR RO HIE R AL,

M TRTE SRR O [ R 70 2% 2 (B BN B R, BB/ hFRE, AR RS oF 1 RE
WO, ERAAS 2R R R,

- BENIE S EE TIEE iR, (HEOMEEBIAN LR AIE, BRERIE AT R A B,
FE 7 @A & BT 2 SR R

- [ R AAE B B MR FR S 2R A Al RERYAR, MBS BT RO L A AR 20057, RRERI R —
RYNRFG B, ] DURFREEPR D BR < BT 17816 1 —flEl 1l

HFE L, EhEEMEEIE HAOR iR S, EMMERSERTHME, BEASDINMRRE: BB,
R,

14.2.1 RIBFEIE
FATETErE AR ERS (EE), (2 EIE S BT R TSRS,
e R A /M
E—EAERS, IR TIDALE 1 BEaRE 2 B, S —REiEks LR E —EIE R, FORIRTE BT RE

PR B A, A — AR BB BES cost , HAP cost[i]| RaRAES ¢ MERTEN HAIRE,
cost[0] ZHum GEIGED . whstFE O FEN 2 DR EA REREERR?

GniE 14-6 iR, A% 10 20 3BERARMESAIZ 1. 10, 1, RIFEHmmEsIzs 3 RErm/ MRER 2.,
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IBIHMEE n = 0 1 2 3
& cost[n]

n
(S
=
[y
]
[y

ML 3 E@HHEE 3 BA%E:
0515253 , 05233 , 05153
HAr 0123 NKNESRD, B/IRES 2

14-6 EF% 3 FERTER/NMRUE

#E dpli] ZIEIE | BB HORE, BURS  BRATARE i — 1 Beak i — 2 Bk, it dpli] RATAE:
W dpli — 1] + cost[i] 5 dpli — 2] + cost[i] » 25T HATREM/D 0, Tl IR ZORIEmZ B MU :

dpli] = min(dp[i — 1], dp[i — 2]) + cost]i]

SFERATDAS | AR B T A5 S 7 it TR e A 1R - 0 L) e B A R 19 2R )

AERIREA BT AR BT TR B dpli — 1] f1 dpli — 2] hPoE @R —E, A
ERERHERE dpld] BRER,

EE, E—HR TR H AR A RE T AERIE? BRI BRI REE, B2 —EsHEE, EmR
R ORBRATTRYE", TSN, MR BB A, (HEREE AREBL K
T B BRATTRBEFNRE n — L EMNE n — 2 R RBE M, bR, RETEBIEET
RS, EARMEEE AR &,

FRABIRAEERS TR, DURWIAIRAE dp[1] = cost[1] 71 dp[2] = cost[2], FelMuknl LIEEITHAE B
s

// === File: min_cost_climbing_stairs_dp.kt ===

[* TeZtRem/MUE: EhRERREI */
fun minCostClimbingStairsDP(cost: IntArray): Int {
val n = cost.size - 1
if (n ==1 || n == 2) return cost[n]
/] #iat dp &R, AREETFEIRBE
val dp = IntArray(n + 1)
/] ARG TR &/ FRIERVAE
dp[1] = cost[1]
dp[2] = cost[2]
/] REEERS: REBUNFRIEZRD KIFERAFREIE
for (1 in 3..n) {
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dp[i] = min(dp[i1 - 1], dp[i - 2]) + cost[1]
}
return dp[n]

14-7 R T A EAE (S B Re AR i A,

cost[1] cost[3] cost[5] cost[7] cost[9]
min + min + min
min + min +
cost[2] cost[4] cost[6] cost[8]
HIYEHRRE
dp[1] = cost[1] , dpl[2] = cost[2]
REEE5E:

dp[i] = min(dp[i-1], dp[i-2]) + cost[i]

@ 14-7 et MUBERE) AR E E e
AR DT MR, R R, SRR O(n) BE O(1) :
// === File: min_cost_climbing_stairs_dp.kt ===

[* s/ MUE: SRREMENERRRE] «/
fun minCostClimbingStairsDPComp(cost: IntArray): Int {
val n = cost.size - 1
if (n==1 || n == 2) return cost[n]
var a = cost[1]
var b = cost[2]
for (1 in 3..n) {

val tmp = b
b = min(a, tmp) + cost[1]
a = tmp

}

return b

14.2.2 EHXE

R BN HIRE S A R R E R —, HOER D S —~MoCRGE, SRR
SHEHIRREAT R, i BLi RAE PRI A IR R el
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DATCHERERRRE 2 1, ik o, EEImtiRiE + 1 ARG 7 + 2, o BIBIERE 1 Mk 2 20, 1R/
TS PRI, RIMMZEE IR « ZATHIRGE, BEMEHRE ¢ FIRKRARE,

SR, WERFRAIAG MEAE A R R 0 — (8 AV SR, TRUUA—4K T

W E R TE M
ME—EIE n BEROMES, IREDATDLL 1 FEeEE 2 B, (HAGEMAImmDE 1 BE, S5fa 2 %

A DATEZIHETH?

GnlEl 14-8 AR, € L1283 RE(EFR 2 FEnIAT 55, Hrbadg =Bk 1 FEAYTT =AM SRR, R BHEEE,

HRTREEEmEE 1 fE,
AERE 0515253 HEE N

H

BEEH n = 0 1 2 3 4 5 6

ML 3 FE@HHEE 2 EH%:
85253 , 05153

14-8 THAVRICHIES 3 M7 R R

ERIE T, AR LR L R AR, BB R WAL 2 B, SRR, TSR R TR
M CRETIPTTERRERSEO VI, AN —IHREE (L —WaIifERREREE) A,
USSR A S ke, MR AE RS 7 AR dpli] = dpli — 1] + dpli — 2] T, HB
dpli — 1] REARGEE 1 18, EEFESTHS L RRPk 1 LA 7, Mk T e, RMgA
HES% dpli — 1) EoREEE A dpli] .
B, RIEERRRETER: IR [1, ] FoRBLEE | BEE LWk T R, HR e {1,2) . dike
TR T LBk T 1 BRI 2 B, FRlPTAT IS A AR A A A,

CHEWRBET 1 RER, b b RRCURERIERE 2 B, B dp[i, 1] FURERE dpli — 1, 2] EEIE.

C b WRBRT 2 B, b bRk 1 RSBk 2 B, B dp[i, 2) 7T dpli — 2, 1] 8 dpli — 2, 2]

A,

Wl 14-9 FiR, EREHT, dpli, j] FomuReE [i, ] BIER7T R0, HRARERRS TR L

dpli, 1] = dp[i — 1, 2]
dpli, 2] = dp[i — 2,1] + dp[i — 2, 2]
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TREEFAMERDE 1 P
EETES

dp[i-1,1] ]

dp[i,1] dpl[i,2]

dp[i-1,2]
dpli-2,1]

[ 14-9 ZREAYHR NHYIERHERR
A&, B dpn, 1) + dpln, 2] BIAT, T ZRIRIEEIE n B 773400
// === File: climbing_stairs_constraint_dp.kt ===

[* WHRICIERR: ENRERRE) */
fun climbingStairsConstraintDP(n: Int): Int {
if (n==1 ]| n==2) {
return 1
}
/] At dp &, RARHEFTFEIENRE
val dp = Array(n + 1) { IntArray(3) }
/] ARG AR &/ FRIERVAE

dp[1][1] =1
dp[1][2] = 0
dp[2][1] = 0
dp[2][2] = 1

[/ IRREEEFRE: RB/NFREZRD RFRAFEE
for (1 in 3..n) {

dp[i][1] = dp[i - 1][2]

dp[i][2] = dp[i - 2][1] + dp[i - 2][2]
}
return dp[n][1] + dp[n][2]

£ EHARGT, BERERZSERT —ERE, R OB @i E 2, (E 15 R N2
R, AT, FEEREAAIREERERN AR,

T At B e 1=

M —EIA n BERUMEES, (REPATDLLE 1 BEeH 2 [, BUEETCRE « AR, REEBIE1ESH 20
RE L L REmEY), ZARPA AR A SERFRERISE 24 BE b BN, wimiER > AIBKE T 2, 3L, Az
RLARERREIEE 4. 6 P& L, FhRTE 2/ D75 S50 DUREIMETH?
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FEISERER, TIRBRERAKEA RATE ARG, B2 — R BREEES & 15 5 e AR R R e g, IR
HUBkiE, EPRISHERE, BhRERRE R DR,

HEEE, SFF2EMNHESREMME GINRITRAE) NSRSt BNEEME, JRIMEE ek
ERHAMT X, FlanEEEs, EEEEA sRIFNE, EmfEA RN NS 2] A] A s i .

14.3 EhREHREIREER RS

EFIEA A T BN RE R PR A B, B ACTRAM RGP R

L. dndeph Er—fE PR AN 2 B R A ?
2. RipENERBIFEZIEMREAT, 7D HE?

14.3.1 RIEFIER

RERUZACHR, IR —ERTE SR PR, R TR, W R BRSO, IRl R & B R R AR,
SR, BRI R RN T B R IS e v, R FRAFIE 5 SR O, el MR & iE & AR )
W (5 Mk

T8 IR AR A R e DRI SRR R AT DARE R AR R, Horh i — (R RS AR
—EERK, B IRRERR RS,

HATEEE, WEREE S IR TR RS, I HEER —RVIREELR, AR E RN e IR, @
AT DA P (B A A R
TEMCEENE b, EhEEAREI R A — LB “InorIE”,

- FEUERK (N iRk (D) FRgEAMHIE,
- FRERRRERES E ] — 8 BRI, ZHERRRE AR, i H— iR R8BI (& R e A LB HERR 1R

THE, thiFfE—L “JorIE",

- [HRER B R T A RTRERIMRIRTT R, TR ERH R R,
- FERRH A B SRR, R EREI AR ZE7T %,

QR —fE TR R DR SRR Y, i B R BN “InopIE”, MRt A] DR e R — B e IR, A
RAFIBAE B

14.3.2 RIEKRBTER

Y A8 R ) R R S R R RO PE E R RE A AT AN, (D@ HEE DA NP BR: flADUR, EFIRME, H#7
dp 3%, HEEGREERITE, WEiE RIS,

2 T ETE SRR B, TR — ARSI R/ MRS AR ER B,
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Question

SHE—ME n X m B HERRE grid , #ERTPEEEETTAROE —EIEARY, RZETEIRE,
s NDAE B BT 2uiicindh, BOUHRER REE AR EI—8, BERIEL NAEITE, FHiR(E
e EAEIA S AR B MRS R,

14-10 J&rR 7 —fEfl, 457 Shs i/ NS 2 13 6

\
o

RNREMA 13
HERESRS 1525233325152

14-10 f/NEEFERIR B R

B BHERRAYOR, CRINE, EmER dp #

RS — B IR AL R A TR T ok — 2, SRS T IOTOIRE1 % [1, 7], BUFA Rekrs &
1k, =BR[] R [i, )+ 1] . K, REEEETRIIAIRS REEE, 25 [0,

RAE [7, 7] BHRERO TR FEEAGH [0, 0) 75 [1, 5] MU/ NKER, WETS dpli, 7] .
b, FRITRREE T 14-11 FR 4 dp KRS, HLR SR8 grid M,

i+
1 3 1 5 dp[e,e] dp[e,1] dple,2] dple,3]
i 2 2 4 2 dp[1,0] dp[1,1] dp[1,2] dpl1,3]
i+1 5 31_: 1 dp[2,0] dp[2,1] dp[2,2]  dp[2,3]
4 3 5 2 dp[3,0] dp[3,1] dp[3,2] dp[3,3]
grid dp ®
SRAE. IERATE—HE FRIFE: WAL [1, j] S EEHN

REES:. 77%5] [1, j] dp ®: R<T# grid {AREYIER
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14-11 fARfEEFREL dp &

Note

B RE R B B IE AR 7] AR IR 2 — BRI 2, miikRe A DR B AL, EIEE S A MR
ERATASE, HESTEMNEM, fEfAHRMEEH N —EikeE,

BEREACH E—E &, FMETE 8 dp RARGEENE TRIERRE, ARER S 728
& dp BN—EMEE, IEARE LE, dp RERER TR [ S,

B RN AN, B IR R T R

SRREE [i, 5], CREER BT [i — 1, j] FIESHT (i, — 1] MR, FRE Tas: e
[i, 7] H9B NESEERIER [3, § — 1] U0 NS ECRIBR [i — 1, 5] B /INER RN i NS — BRE

FRAE DL Er#r, mIHEHE 14-12 FrRAiR RERERS /5 2 :

dpli, j] = min(dpli — 1, j], dpli, 7 — 1]) + grid[i, j]

1 3 1 5 dplo,e] dpl[e,1] dple,2] dp[0,3]
2 2 41 2 dp[1,0] dpl1,1] 'dpl1,2] dpl[1,3]
5 & 2 1 dpl2,0] dpl[2,1] dpl[2,2] dpl[2,3]
>~—> *~—>
4 3 5 2 dpl[3,0] dpl[3,1] dp[3,2] | dp[3,3]
grid dp &
KRB 1R

dpl[i, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j]

14-12 5l 7GR B B AS 7 12

Note

RIFERGD dp %, BEEEENTREENRGR, $HEIE TR 5 R A 15 5 5 R Y B g
7715, BB T4,

— BB T 5B 145, BhaT DAGE A E AR R /5 2,

W= WS RHEIFRGIR B RS IE

FEAES, JRAEEITHIRE R REICE B RIRRETS AR, FRAE B YIRIRE N REMEE_ BRI, I E LT
i = 0 FIES j = 0 ZEA05EMF,

GniE 14-13 FoR, R EHERS T2 TSR _E 7R Aok, PRI A (8 A 8 A e # e R, A
ElERTST, WEREET 5,
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dple,e] dpl[e,1] dp[e,2] dple,3] dp[0,e] dple,1] dpl[e,2] dple,3]
dpl[1,0] dp[1,1] dp[1,2]  dpl[1,3] dp[1,0] dp[1,1] dp[1,2] dp[1,3]
— — —
R R e
dp[2,0] dpl[2,1] dpl[2,2] dpl[2,3] dp[2,0] dp[2,1] dpl[2,2] dp[2,3]
— o o=
R R
dp[3,0] dpl[3,1] dpl3,2] dpl3,3] dp[3,0] dp[3,1] dpl[3,2] dp[3,3]
~—d —3
BRES: MRAETET REERBIERF: EFEHERE

[ 14-13 B R EGIREELIE

Note

B FURHAE BN BRI S R OIUGME dp %, EfE=F R,

AR BEHRS NIE 7 FZ O BAR S AE st B R E RV ARIRE, P E EAREA R B /)N 1[5 RE A AR B A 4 (E
AR,

RIELL B4, FMEAER DB S B RE RS, A o e — I THE RA B4, RIAg i
‘BN - RS — BIENE" BNER EB IS B MEEE,

1. BFE—: BhiEs

FEUREE [i, ] BUGIEE, RETRAENGIRE [ — 1, j] A1 [i,j — 1], IBEEREEL FEE,

- JRIES: HREE 4, 5] .

- JRIHE: [0, 0] 2[4, 5] FIE/NRISH dpli, 7] o

- BIEEEE: Hi =0 H j = 0K, REMRE grid]0,0] .

C OB H i < OFFER j < O RIS, HRRRERE 400, REAAT,

BT
// === File: min_path_sum.kt ===

[* BNERISHN: BAOES +/
fun minPathSumDFS(grid: Array<IntArray>, i: Int, j: Int): Int {
/] BERELAETE, KIS
if (1 ==028&& j==0) {
return grid[0][0]
}
/] BETHERSIER, BIRE + K&
if (1<0|] J<0){
return Int.MAX_VALUE
}
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/] HAERELERAE (1-1, §) M (1, j-1) HR/NEBERE
val up = minPathSumDFS(grid, i - 1, j)

val left = minPathSumDFS(grid, i, j - 1)

/] REREERE (1, j) NRNRERE

return min(left, up) + grid[i][j]

14-14 S50 T PA dp[2, 1] 2R EEADRER, Hih@E—LERr e, HEE g orid IR
BRI SEIE 2,

WA LF, ERERTHENEEZ: RS RSRTE PAGE A LA BNEE—ROT.

Bk R/5[ER

0. 9 9,
ox LN LN

dp[0,0] dp[0,1] dp[e,2] dplo,3] T REAE:

dp % dp[1,0] dp[1,1] dp[1,2] dpl1,3] dpli+1, j1 #0 dpli, j+1] #BfkiE dpli, j]
dp[2,0] dp[2,1] dp[2,2] dp[2,3]

dp[3,0] dp[3,1] dp[3,2] dpl3,3]

14-14 2714 2% 0 ks

BHEREACA A PRI W ADERE, e EAERIGE MARKETEE m +n — 2%, FTbARERHERES
O(2™+") . FHIER, ST RS EEDLARIB A, EENEMNIE R R R —REE, Fit

BISMREEHE g/ D —LL,
2. FiEZ: seiEkiES
M5 IN—MEFI494 grid AHFE R STRIECIRERS] mem , FIFRGCERSE T RE R MR, 0128 1[5 8T8 AL
// === File: min_path_sum.kt ===
[* RNEEH: ERIRKIES +/
fun minPathSumDFSMem(
grid: Array<IntArray>,

mem: Array<IntArray>,
i: Int,
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j: Int
): Int {
/] ERELAETE, BKEES
if (1==028& j==0) {
return grid[0][0]
}
/] HITHRSIER, BIRE] +e- LB
if (i<0 ] j<0){
return Int.MAX_VALUE
}
/] EEHBRH, RERERE
if (mem[i][]] !'= -1) {
return mem[i1][j]
}
/] B EBETRNRNERERE
val up = minPathSumDFSMem(grid, mem, 1 - 1, j)
val left = minPathSumDFSMem(grid, mem, i, j - 1)
/] EEIREIE EAR (1, j) NRNREAE
mem[1][j] = min(left, up) + grid[i][]]

return mem[1][]j]

QniE 14-15 FoR, ESIAGEEMIR, A FRERIRAREE R, Bk R R IR A g, B4

RS O(nm) o

Bk BHRH Bk RelER

dp[1,1] dp[2,0]

B 14-15 woIE b8 =00 s

3. FiE=: BERE

FPEREREEHEE L, B TArR:
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// === File: min_path_sum.kt ===

[* RANERISA]: BYREHRE] */
fun minPathSumDP(grid: Array<IntArray>): Int {
val n = grid.size
val m = grid[0].size
/] #Ek dp &R
val dp = Array(n) { IntArray(m) }
dp[o][e] = grid[6][0]
/] REERE: BT
for (37 in 1..<m) {
dp[0][j] = dp[6][] - 1] + grid[0][]j]
}
/] REEZ: 55
for (1 in 1..<n) {
dp[i][e] = dp[1 - 1][0] + grid[i][0]
}
/] IREEEERS . HERTHIT!
for (1 in 1..<n) {

for (j in 1..<m) {

dp[i][3] = min(dp[i][] - 1], dp[i - 1][3]) + grid[i][]]

}
return dp[n - 1][m - 1]

14-16 J&/R T s/ MR ISFIRGIR A AR, HOER TR MEMA, RULRBREEZ O(nm) .

W51 dp J/N s x e, BEARIBERRE 2 O(nm) .

1 3 1 i 0 o ) 0
2 2 4 2 0 o ) 0
5 3 2 1 0 o [} o
4 3 5) 2 0 o o o
grid dp ®
MeatE dp &
Step 1
1 3 1 5 1 4 5 10
2 2 4 2 3 »i [} o
5 3 2 1 8 o o o
&4 3 5 2 12 o ) 0
grid dp ®
IRREEE

dpli, j1=min(dpli-1, j1, dpLi, j-11) + grid[i, j]
Step 3

Step 2

Step &

3 1
2 4
3 2
3 5
grid

5 1 4 5
2 3 o0 o
1 8 o o
2 12 o o

dp ®

MatETT dple, j1=dple, j-11 + grid[i, j]
MesteEF dpli, 01 = dpli-1, 0] + gridli, j]

grid

dpli, j1

5 1 4 5
2 s 5 > i
1 8 ] o
2 12 o o
dp &

IRAEEHS

=min(dpli-1, j1, dp[i, j-11) +grid[i, j]

10



914 % EhREHE www.hello-algo.com 321

1 3 1 5 1 4 5 10 1 3 1 5 1 4 5 10
2 2 4 2 3 5 9e>11 2 2 4 2 Bl 5 9 11
5 3 2 i 8 o o o 5] 5] 2 1 8e>8 o 0
4 3 5 2 12 o 0 0 4 Bl 5 2 12 0 o 0
grid dp & grid dp ®
IRREES RREES
dpli, j1=min(dpli-1, j1, dpli, j-11) + gridli, j1 dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]
Step 5 Step 6
1 3 i 5 1 4 5] 10 i 3 1 5] 1 4 5 10
2 2 4 2 3] 5] 9 11 2 2 4 2 3 5} 9 Al
5 3 2 1 8 8 &>10 0 5 Bl 2 1 8 8 10e—>11
&4 3 5 2 12 o 0 0 4 3 5 2 12 0 o 0
grid dp & grid dp &
RREE RREEE
dpli, j1=min(dpli-1, j1, dp[i, j-1]) +grid[i, j] dpli, j1=min(dpli-1, j1, dp[i, j-11) +grid[i, j1
Step 7 Step 8
al 3 i 5] 1 4 9 10 i 3 i 5 ) 4 5] 10
2 2 4 2 3 5 9 11 2 2 4 2 3 5] 9 11
5 3 2 1 8 8 10 11 5 B 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 ®
RREETS ARREETS
dpli, j1=min(dpli-1, j1, dp[i, 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 11
5 3 2 1 8 8 10 11 5] 3 2 1 8 8 10 11
4 3 5] 2 12 11 156->13 4 3 5 2 12 al 15 13
grid dp & grid dp ®
KRB
dpli, j1=min(dp[i-1, j1, dpli, j-11) +grid[i, j] EEIR/EEHA 13
Step 11 Step 12

14-16 H/NHSIEFIRTB)RE R EE R

4. FHREL

R B RS R EE B BB AORs AR, PRI Al AU — (B TR AR dp 3R
FRTERL, RIZM dp HEEFRR—THIRGE, AR DABRMEEEAERTRIAG L &5 RRE, MR EER TR e

// === File: min_path_sum.kt ===
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[* B NBRISAN: TRIRENENEIRERE] */
fun minPathSumDPComp(grid: Array<IntArray>): Int {
val n = grid.size
val m = grid[0].size
/] a1k dp &
val dp = IntArray(m)
/] REERE: BT
dp[6] = grid[0][6]
for (j in 1..<m) {
dp[j] = dp[j - 1] + grid[0][]]
}
/] REEEERS: HERTT
for (1 in 1..<n) {
/] HKREE: B
dp[0] = dp[0] + grid[i][e]
/] RREEETS: HEFT!
for (j in 1..<m) {
dp[j] = min(dp[j - 11, dp[3]) + grid[i][]]

}
return dp[m - 1]

14.4 0-1 5 EIfgzE

HHMER E RIS AMEE, ZEERETRT RNMEE, HAEARZ%M, Flio-1

HHMEE TeBuiE ZEEURES,
FEAG, WK iR E R 0-1 H EME,

Question

47E n EIE, BRI ER % wet]i — 1), EES valli — 1], M—EERS cap WEE, §
[ SRR, PIERE S AR PR R A,

BIIE 14-17 , BRYIALSRSE ¢ 08 1 BAARHEL, BAIRSIHE O BRGAETEL, Yt « HEER wgti — 1] f1

EfE valli — 1],
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WK EE H{E

i wgt[i-1] val[i-1] EanE
1 10 50 ™) cap = 50
2 20 120 Vo~
3 30 150 s — “
4 40 210 ¥
5 50 240 (Y

=mAEE: 270

RESE K . 8 BAEE
#{EFH 50 HEAE

14-17 0-1 HHAREIEFR
BFATLARE 0-1 B EEEEE—EH n WIRRHRNER, BN EPREE AR RRERE, it
[ R T e TR AR
AR H AR R “EREE BAR FRERAYMIRAREE", FILBRERZ — B e &,
B0 BHERBRNYOR, CRINE, EmER dp %

EAEEYR AR, RS, SRARTE; MANE, SOARM/D . HILrTHREER: S
WK AR C, ®8 .

ARAE [4, c] BB FRIEZ: i ¢ EYEER R ¢ TP mEBREE, 2% dpli, c.
FERfERZ dp[n, cap], RHFE—ERS% (n+ 1) X (cap + 1) K4 dp %,
B PR AR, W SR B 5 R

ERRM Y& ¢ TR, FIBRRAT ¢ — 1 A5 TR T RIRE, Ao % DL R RS i,

CORBONIE i SRR, MRS [ —1,d).
OB AR wot[i — 1], BN valli — 1], WSS [ — 1, ¢ — wgtli — 1]] .

ERRAT IR T AR R BT AR BOREUE dp(d, o] SRR ¢ FURAPIS ¢ WRT R e
(B RAAIR N, Fh b RIS IR RE RS T 7 -

dpli, c] = max(dp[i — 1,¢|,dpli — 1, ¢ — wgt]i — 1]] + val[i — 1))

FENRWR, EENRER wgtli — 1] BUEGETOAR o, IRAERERIA S,
F s HEE S PERIR R
B EA R O BRI O, BT dpli, 0] RIEAT dpl0, ] 85K 0.,

BATREE [i, c] L TOIRRE [i — 1, c] A LITHOIRAE [i — 1, ¢ — wot[i — 1]) EESTIAS, LA MEE
FEIE P E 918 dp RENET,

RIELL L2, BIAHE T ARG ES R NS, IRz, BREwE,

44
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1. FiE—: BhiEs

HaEABEE N ER,

BESE: ARE [0, c]
BMUE: TR dpli, ] .

RALMEIE: EYEmSTERR © = 0 SO URERA RS O I, #KREENHREIFEE O .
#ﬁ AR EREENEORGRA R, AHAREEAIAE .

// === File: knapsack.kt ===

[* 0-1 HE: |BHES */
fun knapsackDFS(
wgt: IntArray,
_val: IntArray,
i: Int,
c: Int
): Int {
/] EEETFEYMEEEERGREE, AIREEE o
if (1==0]] c==0) {
return 0
}
/] EERBEERE, AIREEETHAEE
if (wgt[i - 1] > ¢) {
return knapsackDFS(wgt, _val, 1 - 1, ¢)
}
/] STERBANBAYE 1 NEXEE
val no = knapsackDFS(wgt, _val, i - 1, <)
val yes = knapsackDFS(wgt, _val, i1 - 1, c¢ - wgt[i - 1]) + _val[i - 1]
/] BREIWTEREREEEARNI—E

return max(no, yes)

GniE 14-18 Fw, FIAEHEY) S ET & A A AEFRM RIS 3, FIER EEREE S O(27) »

BleREs, ARBBHPEEERTHE, Gl dp(l,10] %, MEWHKZ, TEARKK, JTHZMHEF
HENYNE R, HETRENEEEEREEZ,
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MRk YaEE
dp[3,30]

dp[1,10] dp[1,-10]

YImERsR i 1 2 3 HEAESE cap = 30
MREE wgt[i]l 10 20 20
mEE vallil 60 110 120

@ 14-18 0-1 750 R 27 18 5 0 R

2. AT miEkiEs

REBRNDS 3
dp[2,30] dp[2,10] ik YaER > Sa5E

‘?o,\%‘ BEHRANE 2

BERANDR 1

7 VIR BT RE NG R, BAMFEEBRCIE Y nem ACEIEE FRIERIME, Hr mem[1][c] BIE dpli, c]

e}

SIAGLIRILZ 1%, IFEIEEEEIDUR FIEEE, it O(n X cap) . EHIFEARNT:
/] === File: knapsack.kt ===

/* 0-1 HE: LRKES */
fun knapsackDFSMem(
wgt: IntArray,
_val: IntArray,
mem: Array<IntArray>,
i: Int,
c: Int
): Int {
/] BEEESAEYRIEEERGEE, RREEE 0
if (1==01]] c==0) {
return 0
}
/] EEBRE, MERERE
if (mem[i1][c] !'= -1) {
return mem[1][c]
}
/] EBREERE, IREEETHRATE
if (wgt[i - 1] > ¢) {
return knapsackDFSMem(wgt, _val, mem, 1 - 1, c)
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}
/] FAEFBNNBNYR  NERAEE

val no = knapsackDFSMem(wgt, _val, mem, 1 - 1, c)

val yes = knapsackDFSMem(wgt, _val, mem, 1 - 1, c - wgt[i - 1]) + _val[i -

// sEEERIREIMmTES EHEEEANAB—E
mem[i1][c] = max(no, yes)

return mem[i][c]

14-19 JEoR T {ErC R i & iy i =00 37,

Yok TR
dp[3,30]

dpl2,30] e L Il dp(2,10]

7 of

dp[1,30] dpl1,10]

&
v = *

YImamsR i 1 2 3 HaEE cap = 30
PRESE wgt[i]l 10 20 20
YEEE vallil 60 110 120

f# 14-19 0-1 75 B A RCIRAL 2 2 e st

3. FE=: ERERE
TIAEHIBIETE ERLRAER R PG dp RIGBE, AW FAR:
// === File: knapsack.kt ===

/* 0-1 HE: BERE +/
fun knapsackDP(wgt: IntArray, _val: IntArray, cap: Int): Int {

val n = wgt.size

/] #Ek dp &

val dp = Array(n + 1) { IntArray(cap + 1) }

/] RREEETE

for (1 in 1..n) {

for (c in 1..cap) {
if (wgt[i - 1] > ) {
/| EBAEERE, IFTEYM 1

1]

BEBRNYDE 3

ik MREE > 5858

?@A ETHAMS 2

BEBRANYSE 1



914 % EhREHE www.hello-algo.com

327

dp[i][c] = dp[i - 1][c]
} else {
/] FEEYGE 1 EMESZNRAE

}

dp[i][c] = max(dp[1 - 1][c], dp[i - 1][c - wgt[i - 1]] + _val[i - 1])

return dp[n][cap]

UNTE 14-20 BT, IR 2 R0 B3] dp A/NSE, B O(n X cap) o

- ] ] “ - [} ] n
EE wgt {H{E val el oo 1 2 3 4 EE wgt (H{E val SC e 1 2 3 4
wgt[i-1] val[i-1] [ 0 0 [} ) ) wgt[i-1] valli-1] [} [) ) ] )
R #5501
1 5 (] 1 0 1 5 ] 1
2 1 * 2 ) 2 11 * 2 0
3 15 (O 3 0 3 15 - 3 0
ARREETS
VEME n=3 EEEE cap = 4
dpl[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
MEWRTS (n+1) = (cap+1) 8 dp %R
Step 1 Step 2
- ] [ ] u - = ] U
EE wgt {H{H val el oo 1 2 3 4 EE wgt HE val el e 1 2 3 4
wgt[i-1] val[i-1] 0 0 ) 0 0 ) wgt[i-1] valli-1] ] 0 ) 0 0 0
550 #5500
1 5 (] 1 ) 5 5 1 5 (] 1 ) 5 5 5
2 1 * 2 ) 2 1 * 2 )
3 15 (3 3 ] 3 15 - 3 )
KRB ARAEES
dpl[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
| Step 3 Step 4
- - [ ] n - = ] n
EE wgt {H{E val el oo 1 2 3 4 EE wgt (H{E val el e 1 2 3 4
wgt[i-1] val[i-1] 0 0 L] ] L] 0 wgt[i-1] wval[i-1] ] ) 0 ] L] )
+5° } _—
1 5 () 1 ) 5 5 5 5 1 5 () 1 0 f 5 5 5
2 11 ¥ 2 [) 2 11 * 2 ) 5
3 15 (% 3 [] 3 15 (2 3 [
RREES TRAEETS
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dpli, c] = max( dp[i - 1, €] , dp[i - 1, ¢ - wgt[i-1]] + valli-1] )
[ Step 5 Step 6
a - ] ] ﬂ - ] ] n
EE wgt {H{E val el o 1 2 3 4 EE wgt (H{E val SC e 1 2 3 4
wgt[i-1] val[i-1] ) ) 0 [} ) ) wgt[i-1] valli-1] [} 0 ) ) 0 )
1 5 (] 1 0 5 5 5 5 1 5 ] 1 0 5 5 5 5
* +11 v * Ta—i
2 1 2 ) 5 11 2 11 2 ) 5 1 16
3 15 (O 3 0 3 15 @ 3 0
AR ARREETS
dpl[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dpl[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )

Step 7

Step 8
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EE wgt (HE val

wgt[i-1] valli-1]

1 5
2 11
3 15

- ] "] “
N
oo 1 2 3 4
) 0 0 [} ) )
1 0 5 5.5 5
+11
2 0 5 1 16 16
3 0

KRGS

dp[i, ¢] = max( dp[i - 1, c]

, dpli - 1, ¢ - wgt[i-11] + val[i-1] )

Step 9
a & & @B
EE wgt {H{E val \i\\c ° 1 2 3 A
wgt[i-1] vall[i-1] 0 0 0 0 0 0
1 5 () 1 [) 5 5 5 5
2 11 ¥ 2 ) 5 1 16 16
U
3 15 (o 3 0 5 11
KRB
dpli, c] = max( dpli - 1, ] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 11
- - "] “
EE wgt A{E val \i\\c\ 0 1 2 3 A
wgt[i-1] val[i-1] 0 ) 0 [} ) [)
1 5 (] 1 0 5 5 5 5
2 11 ¥ 2 ) 511 16 16
+15 T
3 15 (O 3 [] 5 11 16 20
RREES

dpli, c] = max( dp[i - 1, c]

Step 13

4, THEREWN

, dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

- [} ] H
B wgt M val T e 12 3 4
wgt[i-11 valli-1] [ 0 0 [} 0 0
1 5 (] 1 [} 5 5 5 5
2 11 * 2 [ ? 1 16 16
3 15 - 3 ) 5
ARAEES
dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
Step 10
«a & & &
EE wegt {HfH val el oo 1 2 3 4
wgt[i-1] valli-1] 0 0 0 0 0 0
1 5 ¢ ) 5 5 5 5
2 11 ¥ 2 0~ 5 11 16 16
415 T~
3 15 - 3 0 5 1 16
AR
dpli, ¢] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 12
- [} ] n
EE wet {H{E val \j\c o 1 2 3 4
wgt[i-1] valli-1] [} 0 ) [} [ ]
1 5 ] 1 [} 5 5 5 5
2 11 ¥ 2 [} 5 1 16 16
3 15 - 3 [ 5 11 16 20
EERFAENRBNEENRAMNE 20
Step 14

14-20 0-1 HHRERENERE SRR

F AR RE S UL — TR REA ,  DRI U P ] DAfeE P P M R e B e, 1 s R 7 O(n?)

%% O(n) ,

E—PEE, BWIMBES N —EE T 2 MR A Ve? BISaIAl, SEREHRR R HIE BT s BT RINS +
BN, BREAA AR, EBGERSE ¢ 7T, sXEFIREIARE « — 1 1TRIARRE,

W BHRIE AR, BB dpli, ] B8, Z2 k07 dpli — 1, 1) ~dpli — 1, j — 1] [TAEEASH
2 LR AR SRR A R,
U FAREE T, ARG Bs TSR, RS AT DUE R AT,

14-21 JErn T TE BRI NAEEE ¢ = 1 ATEHREES ¢ = 217R0ERE, 55858 B EFmEy EFE Rl
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EE wgt (H{E val ~C| o 1

1
wgt[i-1] valli-1] ) [} [}
1 5 (] 1
2 11 * 2
3 15 - 3

{ Step 1
) - [ ] ﬁ n
EE wgt {H{H val N e 1 2 3 4
wgt[i-1] val[i-1] 0 0 0 0 0 0
1 5 o [) 5 5 5 5
2 11 ¥ 2 [) +11 EETIEEET)
3 15 (% 3 []
aen—answs «» - ((DEDEDEDED
) BFEHE 1 = 2 17, BTREES
l Step 3

o - - II U
EE wgt {H{E val el e 1 2 3 4
wgt[i-1] valli-1] [} [} [} o ) [}
1 5 ('] 1 ) 5 5 5 5
2 1 ¥ 2 [} 5 11 16 16
3 15 - 3 []

et L RR( o [ 5 [ ] o]

BFEHSE 1 = 2 17, ETREES

Step 5 ]

Step 2

Step 4

Step 6

a & B &
EE wgt {H{E val A 1 2 3 4
wgt[i-11 valli-1] [ ] 0 [} [} ]
1 s @ 1 s
2 11 * 2 [} i
3 15 - 3 [

meem—murzres oo - (N OEN) OEN O )

BFERE 1 = 2 17, BITRESE

- - ﬂ n
EE wgt A{E val e 1 2 3 4
wgt[i-11 val[i-1] ) [ 0 0 [} ]
1 5 o [} 5 5 5 5
2 1 ¥ PR 11 16 16

3 15 - 3 [

aen—ansm o - (D EDEDEDED

BFEHE i = 2 17, ETREES

«a a A @
ER wgt {H{E val e e i 2 3 4
wgt[i-1] valli-1] ] [} [} [} [} ]
T s ] 1 0 5 5 5 5
2 11 ¥ 2 ) 5
3 15 @ 3 )

ues—mnams o - ([C)IEDEDEDED

sERRERR, 5 dp R 1 = 2 WAER

# 14-21 0-1 B RS HEEMRIEEREEE

RIS E I, TGS dp FUSE —HE o EREMIER, 7 HA Pl ] 88 2o 2 (8 ZE s B Al

// === File: knapsack.kt ===

[* 0-1 BE: TRREMRNEIERE +/

fun knapsackDPComp(wgt: IntArray, _val: IntArray, cap: Int): Int {

val n = wgt.size
/] #ERE dp &
val dp = IntArray(cap + 1)
/] REEER
for (1 in 1..n) {

/] BIFE

for (c in cap downTo 1) {

if (wgt[i - 1] <= ¢) {
/] TENEYE 1 EMESENRAE

dp[c] = max(dp[c], dp[c - wgt[il - 1]] + _val[i - 1])
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}
return dp[cap]

14.5 T H M8

ARG, WKy — AR RS CURE: 2eht, SRRer—aRp: TR,

14.5.1 25 ERHE

Question
BT n @S, B EYSNERS wt[i — 1], BES valli — 1], M—EEES cap W&, &
flel Py itn] ARSI, RIERRE S AR MR R K BEE, ROGNE 14-22 Fs,

ks BE #E HagE
i wet[i-11 val[i-1] cap = 50
1 10 50 ¢ 1 —,

2 20 120 2 x2 = “
3 30 150 B

4 40 210 ¥

5 50 240 -

RAME: 290

BEAE: K—E @ ImE = BAEE
HEH S50 HERE

i 14-22 seeH ERERREER

1. BREREITER

sE T ERER 0-1 F EREAEF AL,  [RIEAER A BRI S R R R O

- AE0-1 HHERES, SEYRAE M, i MANEER, HeERAT ¢« — 1 [Ey) s,
- fEEEHEMET, SEYmNEERERN, R AT EE, PRI @ fPndhrbiEiE,

fESE T WRERIRE T, IR [i, c] BRI 2 M RETH L.

AR B 0-1 HHEREMER, BRI — 1,
BN BL0-1 HEMEARR, #RE [ c— wgt[i —1]] .
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TEMAR B RS 7T FE8E 2 -
dpli, c] = max(dp[i — 1, c|, dpli, c — wgt[i — 1]] + val]i — 1])

2. EXBER
BLEWE R H AORECHS, REEBhE Rt — 1 8%, HEREe 2
// === File: unbounded_knapsack.kt ===

[* STEEE: BMERE */
fun unboundedKnapsackDP(wgt: IntArray, _val: IntArray, cap: Int): Int {
val n = wgt.size
/] #EEE dp &
val dp = Array(n + 1) { IntArray(cap + 1) }
/] IRRE¥ETE
for (1 in 1..n) {
for (c in 1..cap) {
if (wgt[i - 1] > ¢) {
/| EEBBEERE, AfNEY)M 1
dp[i][c] = dp[i - 1][c]
} else {
/] TENEYR 1 EMESENRAE
dp[i][c] = max(dp[i - 1][c], dp[i]l[c - wgt[il - 1]] + _val[i - 1])

}
return dp[n][cap]

3. TRERER

AR B AR R /B B AR A M AR, Rt MR LR %S dp Frp i —1TI8T IR E
o
EMEERINERF B 0-1 B RIEAF I, FEFEBIIE 14-23 ACERfE M # A,

) - = [ ] “ - = ] n
EE wgt {H{E val el oo 1 2 3 4 EE wgt HE val e 1 2 3 4
wgt[i-1] valli-1] [ 0 0 [ 0 ) wgt[i-1] valli-1] [ ) ) ) 0 )
2 1 * 2 ) 2 1 * 2 ) H
3 15 (3 3 ] 3 15 - 3 )
awn-ansan o - (D EDEDEDED asr—mwinn o - (D EDEDEDED
EW 1= 2 5, B5 dp PRENRE 1 = 1 WFENR EFEHE 1 = 2 17, ETREES

Step 1 Step 2
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o - ] U U
EE wgt fH{E val el oo 1 2 3 4
wgt[i-1] valli-1] ) [} [} ] o 0
1 5 ] 1 ) 5 Ul 15 20
2 11 * 2 [) 5 11
3 15 - 3 o ¥

aan-nsn » - (DD EDEDED

EFEHE 1 = 2 17, ETREES

[ step 3
) - - [ ] n
EE wgt {H{H val N e 1 2 3 4
wgt[i-1] vall[i-1] 0 0 0 0 0 0
1 5 o 5 18 15 20
2 1 ¥ 2 [}
3 15 ®» 3 ) 1
aen—mniren o - (R EDEIEIED
‘ EFEHE i = 2 17, BTREEE
l Step 5

Step &

‘ Step 6 J

- = ] “
EE wgt {H{E val e e 1 2 3 4
wgt[i-1] valli-1] 0 0 0 0 0 0
1 s (] 1 ) 5 10 15 [0
2 1 * 2 [ 5 1 16
3 15 @ 3 [) 11

aen—men o - (DD EDEDED

EFEHE 1 = 2 17, EfTREES

- a & n
EE wgt (HE val o 1 2 3 4
wgt[i-1] val[i-1] [} 0 0 0 0 0
1 5 ‘ 1 o 5 10 15 20
2 11 ’ 2
3 15 - 3 [

aes—mnsms < - |([EH) I ED EDED

STRRERR, @5 dp HENRE 1 = 2 WATENR

fE 14-23 seed WL MR AR B B EERE

FEHEE B LLIR B, (ETRIHS dp HYZE —HEMIPR:

// === File: unbounded_knapsack.kt ===
/* TeHEE: TRSEMENERRRE] «/

fun unboundedKnapsackDPComp(
wgt: IntArray,
_val: IntArray,
cap: Int
): Int {
val n = wgt.size
/] #Ek dp &R
val dp = IntArray(cap + 1)
/] REEE
for (1 in 1..n) {
for (c in 1..cap) {
if (wgt[i - 1] > ¢) {
/] EBAEERE, IFTEYMm 1
dp[c] = dp[c]
} else {
/] FENEYG 1 EWERENERKE

dp[c] = max(dp[c], dp[c - wgt[i1 - 1]] + _val[i - 1])

}
return dp[cap]
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14.5.2 THERIARE
YR - KEEREIF SRR, EaRSEME, FIanEEakiE,

Question
S0 n RS, R 0 RERESINTEE S coinsli — 1], BFESEA amt , R ] DUEBSHEEL, 1
RefizH BRSSO R, WUREGRZE T BAESRE, ADRE —1, REGNE 14-24 Fs,

iReR mfE
i coins[i-1] BiEEE
1 1 1 amt = 11
~ =
2 2 $
3 5 @ x2 /

BOEEHE: 3
smEsEs: @+ ©+©

14-24 FEEOIRFHERRBIER]

1. BEREIRR

TR B2 W — AR DL, W B DU B BN B,
- WIERER DA, YT R R, “PaERT B HREET, HUART HE "HES

E/E\”O
- RECEHEMNR, BeT EMRERERAMY)EE, TEHREER SR/ MR,
- RETUMERR ANEET FEAR TR, TEORER R BE HEERER,

H2 BERRNUGE, CRINE, EmEE dp #

AREE [, ] BER) TRy Wi ¢ REREWERES Pt S o IS/ DI EIR, #5225 dpli, a]
i dp BRSNS R (n+1) X (amt+1) .

B PR A, MR B RS

AREE S 2l UK TR DL P E R,

- RBEZDREIMA, FIEIGET max() ®%2% min() .
B BRI R R S, LD B RS ET +1 BT,

dpli,a] = min(dp[i — 1, al, dp[i,a — coins[i — 1]] + 1)

B WIS RHRIERIR BRI
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HERSHR 0K, BHENRDEEEES 0, RESIFH dpli,0] #%R 0.,

EIERR, MRARINMER > 0 WHESHE, BU2ENE. REREER 7P min() HXREHR
B, TMEEAER oo REREM, BILETHE dpl0, a] #BEFR 400,

2. ERRER

REYRERGE S WAL 400 #H, HEEMAEA int WEKRERRE, MiEXEEFREEA: REH
TTREFFRY +1 1R En] RESE A RN,

i, MRS amt + 1 RERERR, HAEH amt FIEEBERZ S amt . &EIRENE, A&

dpln, amt] REFW amt + 1, FRAEE —1, REMGLED HRSH, RXBFIR:
// === File: coin_change.kt ===

[* SRR BERE *+/
fun coinChangeDP(coins: IntArray, amt: Int): Int {
val n = coins.size
val MAX = amt + 1
/] #MEk dp &R
val dp = Array(n + 1) { IntArray(amt + 1) }
/] KREERE: 517E5
for (a in 1..amt) {
dp[0][a] = MAX
}
/] RREEES: HERTHS
for (1 in 1..n) {
for (a in 1..amt) {
if (coins[i - 1] > a) {
/| EEEEEEEE, BTEEE 1
dp[i][a] = dp[t - 1][a]
} else {
/] TENEEE 1 EmESENE/ME
dp[i][a] = min(dp[i - 1][a], dp[i][a - coilns[il - 1]] + 1)

}
return if (dp[n][amt] !'= MAX) dp[n][amt] else -1

14-25 JoR 7 RS IRA BN EERE, feen EREIER AL,
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w1
wl
wl
wrl

min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1)

i
wi

min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )

min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1)

w

5 & & 6
E [ h 0 1 2 3 4 W
i coins[i-1] 0 i
1 1 (U 1
2 2 @ - 2
3 5 @ - 3
WHESR n =3 EfRSE amt = 4
MERRTS (n+1) x (amt+1) 8 dp JERE
| Step 1 Step 2
s & & 6 6
R [ B 0 1 2 3 4 f
i coins[i-1] 0 0 M?X MAX  MAX  MAX i
1 1 ©® 1|00 1 1
2 2 @ 2| o™ 2
3 5 @ - [} 3
RGNS RS
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 ) dpl[i, al
[ Step 3 ] ( Step 4
5 & & 6
E [ h 0 1 2 3 4 E
i coins[i-1] 0 0 MAX  MAX M?X MAX i
1 1 @ : [} 1 2 | 3 1
2 2 @ 2| o0 . 2
3 5 @ :| o 3
ARG RREES
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1) dp[i, al
Step 5 Step 6
s & & ¢
R i h 0 1 2 3 4 R
i coins[i-1] 0 0 MAX  MAX  MAX  MAX i
1 1 @ 1 0 } 2 3 4 1
2 2 @ 2 0 1 2
3 5 @ 3 0 3
RREEE RRERTS:
dp[i, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1 ) dpli, al
[ Step 7 Step 8
: & & 6 6
E [ h 0 1 2 3 4 Eo ]
i coins[i-1] 0 0 MAX  MAX  MAX  MAX i
1 1 @ 1| o0 1 2 3 4 1
2 2 @ - [} 1 1 2 2
3 5 ® :| o " 3
ARREETS KRR
dpl[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 ) dpli, al
Step 9

Step 10

min( dp[i - 1, a] ,



914 % EhREHE www.hello-algo.com 336

i & 8 & i &4 & 68
R EfE el e 1 2 3 4 £ EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX i coins[i-1] [ 0 MAX  MAX  MAX  MAX
1 1 @ ) 1 2 3 4 1 1 @ ! 0 1 2 3 4
2 2 @ 2| o . 2 e 2 2 ® 2|¢ 1 5 N
3 5 @ - o | 1 3 5 @ - 0 11
ARAEES KRGS
dp[i, al] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 ) dp[i, a] = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1 )
Step 11 Step 12
i &4 & 8 5 & & 6
R HEfE e 1 2 3 4 KRR EfE e e 1 2 3 4
i coins[i-1] 0 [ MAX  MAX  MAX  MAX i coins[i-1] 0 ) MAX  MAX  MAX  MAX
1 1 @ ! ) 1 2 3 4 1 1 @ : ) 1 2 3 4
2 2 @ ) 1 1 i 2 2 2 Q@ > ) 1 1 2 %
3 5 @ 3 0 1 1 2 3 5 @ 3 0 1 1 2 2
ARAEETS RS
dpl[i, a] = min( dpli - 1, al , dpli, a - coins[i-1]]1 + 1) dpl[i, al = min( dp[i - 1, al , dpl[i, a - coins[i-1]] + 1)
Step 13 Step 14
5 & 6 6
£ mEfE el 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ : [} 1 2 3 4
2 2 @ : [} 1 1 2 2
3 5 @ - 0 1 1 2 2
EEEHEESENROEEHRE 2
Step 15

14-25 FESSTHMEAENREFREEFE

3. TRERfER

T2 R R T SR 2 s BB

// === File: coin_change.kt ===

[+ DR THREMENERERE */
fun coinChangeDPComp(coins: IntArray, amt: Int): Int {

val n = coins.size

val MAX = amt + 1

/] #Ek dp &

val dp = IntArray(amt + 1)

dp. fil1(MAX)

dp[0] = 0O

/] RREETE

for (1 in 1..n) {

for (a in 1..amt) {
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if (coins[i - 1] > a) {
/] EBBEEEEE, BINEEE {
dp[a] = dp[a]
} else {
/] REFEEE 1 EmESENB/IME
dp[a] = min(dp[a], dp[a - coins[i - 1]] + 1)

}

}
return if (dp[amt] != MAX) dp[amt] else -1

14.5.3 SERIBRIE

Question

FATE n REREYS, S5 REREWSIOTEE S coins]i — 1], BAEREA amt , SREREAT DAREAER, M
I HE SRR S8R, RBIANE 14-26 FoR,

Et ] mfE
BiREE
amt = 5

coins[i-1]

i
1 1
2 2 $
3 5 (5)

WSS E: 4
RSHEE TR + + + +

14-26 FEETHARTE 1T FRBIE R

1. BEREIRER

FAHE b, A E SR AR, [ TRIES S i 0 EREREAERI TRt 2 o IALAWUR. T dp
FORERS (n+ 1) x (amt + 1) MR,
BRI A & WO SR R M SR TS AT RS S W 2 AT, RIS PR

dpli,a] = dpli — 1, a] + dpli, a — coins[i — 1]]
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HEESRHR 0K, MEERBEMEENARN ESSE, L@ EIE dpld, 0] #enas 1, B
R, SRR > 0 KERRSEE, WHETHE dpl0, o] &R0,

2. EXBER

// === File: coin_change_ii.kt ===

[* BEERM I1: EHAERE] +/
fun coinChangeIIDP(coins: IntArray, amt: Int): Int {
val n = coins.size
/] #Ek dp &R
val dp = Array(n + 1) { IntArray(amt + 1) }
/] ¥R LES
for (1 in 0..n) {
dp[i][e] =1
}
/] REEE
for (1 in 1..n) {
for (a in 1..amt) {
if (coins[i - 1] > a) {
/| EEBEEEEE, BREEE 1
dp[i][a] = dp[t - 1][a]
} else {
/] FETEEE  EmEAEZH
dp[i][a] = dp[i - 1][a] + dp[i][a - coins[i - 1]]

}
return dp[n][amt]

3. TRRER

2 AR IR 7T T, T BREE R A 2 Rl -
// === File: coin_change_ii.kt ===

[* DR 11 THRRECENEIRERE] *+/
fun coinChangeIIDPComp(coins: IntArray, amt: Int): Int {
val n = coins.size
/] #Ek dp R
val dp = IntArray(amt + 1)
dp[0] =1
/] REEE
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for (1 in 1..n) {
for (a in 1..amt) {

if (cotns[i - 1] > a) {
/| EEBEEEEE, BEEE 1
dp[a] = dp[a]

} else {
/] ENEEE 1 EmEREZH
dp[a] = dp[a] + dp[a - coins[i - 1]]

}

}
return dp[amt]

14.6 #mEEEEEHERE

AmEREERE, 1A% Levenshtein ERRfE, fEMIfET A < M EAHEHRAY R MESORE, EH HREE SRR AR
At 5 e L B 1 e B AU

Question
EAMETE s fl ¢, REE s Bz ¢ TR/ D 4niE 0 &
VRAT DATE— {87 Ef A T = A AR R E . A —EFon. MBR—EFT. #FoBhattE—MEFET,

GniE 14-27 R, % kitten B2 sitting FREAWER 3 20, TR 2 UUBMRIRIEEL 1 UOHTHEIRIE; 1 hello B
ks algo FHE 347, GUHE 2 YOS HURIER 1 IXIMBRIRIE,

s - (3880800 s - (0000
1§t§ l@fil%ﬁi‘a‘ Wlﬂﬁj 1@;&]@&
8888800 [at]g]o]

- (0808080800 - (30080

14-27 #mEEEERER R R
il PR AR RS AT DAR A SR DR BB R A RE, =R BRI GRS, —imsR (—IRGmiEIRE) BIER—
Ri8,

qniE 14-28 R, EANRGERIERHEILT, SMEEREA] DURE HFF 208, SRasBE—MERlE, EE%
HIE hello HHRE] algo A FF2HE AT RERIEETE,

TR A ER, AR EERRIEHTE hello MEIRS algo & MHYRRETEL,
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s =

ﬁeg%a/\
o /\

t =

14-28  FEFATR AR i i P Af )

1. BREREITER

B0 BERRNYOR, CRINE, EmER dp #
iR T s BT — R,

TR AR R EIEAER, IS REORNGD, R AR TR, 3 s W £ ORESRIS n
film, % AR IE sln — 1) F1 tm — 1] .

- % s[n — 1) B t[m — 1] MR, RPIATABOBT, EREE s[n — 2] F1tm — 2] .
C % s — 1) 1 t[m — 1] KR, RFMFEEE s 7RG GEA. MER. B0, (7 BRI
SR, AETTAT BB T, % R MR,

BELER, TIVEFH s PETOE - RUSE G, S s ¢ PRI RHITR LA L,
R, RAEAEAGEE s FI £ R0 | A j BT, i (i) .

REE i, 7] EHRERO TR 0§ s MO ¢ M7 C s ¢ AT § T CRT TR DS W,
ik, BEERTS i+ 1) x (j+ 1) =% dp %,
S PRINEREE TR, R AR s R

FETEE dpli, j], HHEERORMMEFERNERTTA st — 1 M t[j — 1], rHREARERCE S 2
14-29 AR =FE1H D,

1. 15 s[i — 1) 2% [j — 1], BUEIER TR dpli, j — 1] .
2. WIBR s[i — 1], HIRIB TRIE dpli — 1, 4] .
3.0 s[i — 1] By t[j — 1], BURIBRTRIE dpli — 1,5 — 1],
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EREHN o
(b]o]o]k]e] 0000
(c[od]e] (c[o]d[E
dpli, 5-1]
Ab:
- - (BB0C 000
- 0000 G000 (cJola]e
dpl[i, jl dp[i-1, j]
%« BinA e
(b]oJo]e] 000
(cJofd]e] (c[o]d[E
dpli-1, j-1]

[E 14-29 #miigEh Rk RE RS

FRARLA LS, FTIHRE TA5HE: dpli, j) RS REER dpli, 5 — 1), dpli— 1, 4] dpli—1,j—1]
SHFIE RS, FI ARG L, BRI TR

dp[27.7] = mln(dp[l,j - 1],dp[l - L]Ldp[l - 17.7 - 1]) +1

g

TR, 8 slo— 1) At[j — 1] MIFER, MERsmiEEaivoc, SR FRREEE s

P R AR RSN

BRI AR A, SRR 0, B dp[0, 0] = 0. % s A2 ¢ RAZR, RSB HER t 1R,
BIRAT dpl0, j] = jo B s RAaE t A2k, R OMEBEWER s (R, BIE5 dpli,0] =i.
BEIRE B TR, W dpli, ] BBTE77. b7, e b iR, DRI i o T A A dp R,

2. BEXRER

// === File: edit_distance.kt ===

[* YmEEREEE: BIRERRE */

fun editDistanceDP(s: String, t: String): Int {
val n = s.length
val m = t.length
val dp = Array(n + 1) { IntArray(m + 1) }
/] REEERE: 5785
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for (1 in 1..n) {
dp[i][e] = 1
}
for (3 in 1..m) {
dp[0][i] = j
}
/] IREEEERS . HERTHIT!
for (1 in 1..n) {
for (j in 1..m) {
if (s[i - 1] == t[j - 1]) {
/] EMFTEE, AEZBBIWFIT
dp[i][]J] = dp[t - 1][] - 1]
} else {
/] RVERESE = A RkR. BME=ERENSDHEESEH + 1
dp[i][j] = min(min(dp[i][]J - 11, dp[i - 11[31), dp[il - 11[j - 1]) + 1

}
return dp[n][m]

Qnie 14-30 Fom, A B i e ] L )R B A O e B v U PR B AL, #R AT DA VRIS — {18l — A A 0

o

o080 o800
Eﬂ 1 2 3 4 ED 1 2 3 4
L [ 0 1 2 3 4
u 1 n 1 1
a 2 a 2 2
B 3 B 3 3
s = “bag” t = “pack”
n=3 m= 4

MeatEsT dple, j1=3 . &% dpli, 0] =i
MEURTS (n+1) x (m+1) B dp &

Step 1 Step 2
aoaon aoan
SNle 12 3 4 SNle 1 2 3 4
o | 1 2 3 4 o |0 1 2 3 4
+1 +1
u 101 1 n 1|1 1 2
e e:|
e .|
ARG KRGS
dpli, j] = min( dp[i, j-11 , dp[i-1, j] , dpl[i-1, j-11 ) + 1 dpli, j1 = min( dpl[i, j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

l Step 3 Step 4
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ooon

TRAEETS

dpl[i, j] = min( dpli,

RREES

dpl[i, j] = min( dpli,

s

KRGS

dpli, j] = min( dp[i,

En

RREES

dpli, j1 = min( dpli,

HRREES

dpli, j1 = min( dpli,

[ step 13 |

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpli-1,

i1 , dpli-1, j-1]1 ) + 1

i1, dpli-1, j-1] ) + 1

31, dpli-1, j-11 ) + 1

i1, dpli-1, j-1]1 ) + 1

31, dpli-1, j-1] ) + 1

RREES:

dpl[i, j1 = min( dp[i,

e

RS

= s[i-1]=t[i-1]=‘a’

[Step 8 ]

RS

dpli, j1 = min( dpli,

s

KRGS

dpli, j] = min( dpli,

[step 12 |
R
o
(5 Y
8 :
[ <
RREES
dpli, j]1 = min( dpli,
[Step 14]

j-11 , dpli-1, j1 , dpli-1, j-1] ) + 1

~ dpli, j] = dpli-1, j-1]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, 31, dpli-1, j-1] ) + 1

j-11 , dpli-1, j1 , dpli-1, j-1] ) + 1
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- |
e w3
A
“ .- - -@

w N ke

)

BERVEESY 3

Step 15

B 14-30 & i Bk ) B REFR B R A

3. TRERER

B dpli, ] Br B 77 dpli — 1, ). %75 dpli, j — 1], % L75 dpli — 1,5 — 1) SRS, TERED
@S LTy dpli — 1,5 — 1], BIFFESRERATRSEE dpli, j — 1], EIHATREEDINER 4R,

#sitt, FRAMTRT DA — 828 Leftup RE/7 /2 LATIAR dpli — 1,5 — 1], 7€M AT 8275/ LTI
R B e e WREA R, AIERIERER . RS N RrR:

// === File: edit_distance.kt ===

[* 4mEEREEE: TRIREMENERERE */
fun editDistanceDPComp(s: String, t: String): Int {
val n = s.length
val m = t.length
val dp = IntArray(m + 1)
/] REEERE: BT
for (7 in 1..m) {
dp[i] =3
}
/] IREEEERS: EHERTT
for (1 in 1..n) {
/] HRREEERE: B
var leftup = dp[0] // E7F dp[i-1, j-1]
dp[0] = 1
/] REEETS: HERY
for (j in 1..m) {
val temp = dp[j]
if (s[i - 1] == t[j - 1]) {
/] EMFTEE, AEZBBIEWFIT
dp[j] = leftup
} else {
/] RVRESE = B Mk BRE=ERENRDRESE + 1
dp[j] = min(min(dp[j - 1], dp[j]), leftup) + 1
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leftup = temp // BFAT—8E dp[i-1, j-1]
}

}
return dp[m]

14.7 IMG

- BIRERIE B TN, MDEIB AT TR AR R, e RRR,

- ABEIRERATE T, FrABIESEIREART DAR [ (B ) EITRME, EREE T EERER
HE M, YR BT AGRAES, TR RS R 7 R, e ORaE A T
A ABEH R IR,

- relEfe R R TH S RANEE AU, B 2 SR B e R 2 — R B THANE R, A
GnlR “HEEARMT —hK HREATIRE AR L I IR, R IR AT ATHER dp RAT—(EHERE,
T R AR R

- THED R EEHEERER, Foih, SIEEE. B REAARRTEE,

- BIREREIEA KR R R, R TR, SR

- ARIR R A AR (B R] DAE 7 B A R RS 2R, RIE s B A B 145

- ERBUEREEN —EAR G, HARR IR A BELIREARE, EE BRI ARG, frEHaRE
LT BA SRR, S O A Bl RE A A PR SR i

R

- HUMERRIANEERERE —, Bf 0-1 5., 22T, 2EFUFEME,

- 0-1 BUAREE RS « EYISERES c WEEPRRAEE, RIENRAE MBS QR
R, AREIRE M, WEEKEERTRE, EEMRES, BRSEREREE ERE BTy
RUIRRE, KT EEIFES B, % EITiREREE,

- e W RER AR S SR R IR, IR A IR AL S 0-1 B EMEAR, HiR
ARREMRHIEIE BT FIEZETT HIREE, R TE 2 A A P I IE P AE A

- FBEGREER 2T BRI A, Ik “RRT [EEE AKX RN EEEE, FitikEE
Bo7ifErh i max() KA min() . fEER “NEE” HEARINER “BiF” B EESE, KIE
M amt + 1 3R “HEREH HERE" VRS,

- BRI TR BRI EGRT MR “RENAH AR, IREERS AR min() X
RIERF

ot A 1

. GEREEME (Levenshtein BEME) FHRMGE R MifE 8 2 MIOAIRUE, FoEst kit — a5 —(E5 e
ofs/ AR B, SRR LRI, MIRR, RS

G R R B 3 20 s (O 6 ATk ¢ ORI R R RS,
s[i] # tlj] e, EUESREUGE: B, TRR. B SIS RIS TR, SR DA R
TFAERESHEER IR ERS TR, T s[i] = t[j] ¥, SRR,

- {EAREEEER, MREEREEIE By, EA7T. 2 EOTHOIRGE, IR LA e B D
EREMEEAT IR REIIRS, Zoitt, TPVRIF — (AR A2 b7 IRAE, ETL S5 se 4 0 P RE S5 TR 1
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W, A AR R RIETIE R AE .
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Abstract
] H 2 eHE KR, ReZDEK B & R R KAl HE.
EHRIEE —Imin B EED, BPERREER,
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15.1 E¥EHEZE

BEEEL (greedy algorithm) E—fEE AR R MENEER, HEAREER R EN S ETR R
B, ERIEISRERTE AR ENES, BIE2sthi b ISR R ENTR, DARES 2R ER, S8R
R EH N, Eir2 BRER A EIZNER-.
BARTE RIE AN R R BT T R R LR, M Z B — L 2 B,  PLanE o i 8 s e
BT AE A,
- BRI SRR B A B AT DR E R AR SR, 3 fof P 25 7 Rl ) A AR A il 1 R Y A
- BEEEEAGHEEIBENIREK, MRt T EAEE, N NEEEE, 2R,

TMCEBHIE “FERor” MR e A RIAR TR, SEE AT "EanuiE” EMHh e,
EVRE B

Question
40 n RS SR 0 REREMSINTEE S coinsli — 1], BHFESEA amt , SRR AT DISEEIER, M
Refiz B SRER R/ DR R, WK BAESRE, ABRE -1,

AREPREX AT B AR AN E 15-1 R #4608 BARERE, BIMTEEHNEREA KR Lo ey, AEnkE 2%
SER, BEERHBESES L,

BiEEEE BEER: ARREFANERBLRGRSHENEE
131
’
31 SN g
A 4
1 g
1%
’
l — P
=
¥ (1)
0
15-1 EETIRAEAERNE
B A F AR
// === File: coin_change_greedy.kt ===

[* BERM: §F +/
fun coinChangeGreedy(coins: IntArray, amt: Int): Int {

/] 1’5 coins RFIERE



IS E gi www.hello-algo.com 349

var am = amt
var 1 = coins.size - 1
var count = 0
/] EEETEEEE, BRERREEHE
while (am > 0) {
/] #HEVNR BRIFARER S RRRVEEE
while (1 > 0 && coins[i] > am) {

i--

}

/] E#E coins[i]

am -= coins[1i]

count++
}
/] BERLEETAZE, BRE -1
return if (am == 0) count else -1

TRATRE & A H 3 IR : So clean | EAEHRIAME A HTRENHERIARIR T T8 CTIRE,

15.1.1 BREREZNERERYE

BT TA AR R, TSR, i D@ e e, 7600 EAR S b, SRR sy NEE 4 min(coins)
, HIEAEEIR R 2 8 amt/ min(coins) R, FEEREZR O(amt/ min(coins)) . JEHLEIRERHIHEIRE
MR O(n x amt) /N T —{EEEA,

SRIM, BRI A &, SRR AR, B 15-2 B T mERG,

- IE coins = [1,5,10,20,50,100]: {EMEWHEET, HAEMLE amt, BEAEEEHA RS
B,

- Bl coins = [1,20,50]: fR&& amt = 60, EHHEIENEERE] 50 + 1 x 10 W s, Hat
11 s, (HB)RERIHEIAT UREIR AR 20 4+ 20 + 20, £/ 3 HAE,

- Rl coins = [1,49,50]: fR&& amt = 98, EAEEEEHAEE] 50 + 1 x 48 Wi E, et
49 BenEtE, (HENREHIEI R ARSI AR 49 + 49, #F 2 K.

WS BiR&E RREREIRESR BRERRESRE
(Bt R ER2) (SIRERBAR)

(D) 60 +@x1@ x 3
@ 98 +@x48 xZ

15-2 BRI R R AR B
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WatEd, BRTECREE, AR EREAREIE 2 @R, I B A REKEAFE ZNR, e
6 & FH BN B AR B R

—REIL S, EARERIARE B DA A,
1. nJDMRGEIRE R B B RIAEIE R MET R R EEE, R CHELE, B E =,

2. WIDARBNE RIS BHR: B RIAEIEERT NIRRT R, BIRNR S EE R AR, SHesitRE
AR IREE, BE DAL SRR ER BN A2 A ANEE R,

15.1.2 S¥EFEIFH
HARERIEAR T, BRI REE S A AR AEE? siE s, SEAEAEN SR Fo] MREB RS &
1BfR?
MEGAENEFR S|, SREE LG EETZ], H R R E A AR E
- BNRENE . A ERETEEEEGKT] DER B RERR, EEEEA R ES R R E .
- RETAENE: RRENREEE S TREN R E
BRETEMBOSE “BIERE] ZHPaE, BEAEER, HEFENE, —EMENRE FERBTA
RABE, {EA5PAT] 8 B S AETE AR R,

BT T ERFT AR R E BT, R CRRE R, HEE R 2R, Saik
BRI AR S 3

BIanFEEIRiTE, TMEEARRES A ZHER G, BEANERMEEE TS, BRI WIRM:
TR AT G PF A RE R AH & il DA SRR OR M2 TR X RE IS RE B R BRG] AR AR tH — (B AR W R Y
B, EE DA R AT B

Quote

H—FaasCa T —18 O(n®) WM AR, PRSI —ERE AR & e 35 P A A5 T B TR R
HHE B B RER R

Pearson, D. A polynomial-time algorithm for the change-making problem([J]. Operations
Research Letters, 2005, 33(3): 231-234.

15.1.3 SR ERIRESE

BHARERIfHRITAE R ] 2 2 AR =2,

1. P8 sHr: fist B iR R, EiRNEER, REMEEMARIEIFE, &P EmnE) e
AT M.

2. Wifd SRR FEE AN IR — D it AR, IS RIS RESIE o — DU R RIAR, I A& AR
TREE(E A,

3. IEREVERN: B R EEREE R A BRI E AR T A, ISR REFRE A BB, B
QNERAN IR SR TR

HEE BRI 2 SRR O B, (BB AR A REMEA A 5, TEAPUREE,
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ISR BRI 22 R, BN 2 B A, SRS L EGERE, FRAFIEIE — SO B B
ERURERS o TSR —LEAMERE, SRR AT REAR R IR, SRR DU AR H =5 Bl A\ R ae bl
HEIREESN T,

- HE AR A BRI, ERRMIMERG ORGSR AT, RAT
REFEBLHR MR BIETRIER, ERHRaat R RIS U2 "B B 1, BRI Z il
o (1SR SR

7RG IEMENE, FRFERZE S RMOET BB E, N 2 R R U AN .

SR, IEREMEEMRAIREAR B F, WA, TFDEE &R m el fE TR uBERE,
— B SR E AR R

15.1.4 SRR ZHEGIE

EHBIRE H RN B E B E MR B T MR s R, DURAIER T — 28 g e AR Rk
ﬁ:ﬁ% o

- BTN EREEREHES T, A ERAE N SRR B,

- IPEHERRRE . BRI LSS, AR BN LT, REY R SR REZ MRS, W
REFREE AL RN R e FAOIERS, A AR R TA L n] DS 2 i B

- BRI T AR ERE R, (RIEEREE Y, SRRERENERRER, H
RAEERAR WRGUEREREM RS (EE /=R YR, B ERE LR NS
Bl g 3

- REEHERRE T - AHREERE R RS, (RATDOET 2R EE, (HIRIREARR AR, AREEEH
ZHIARERE, BRI,

- EREHE: EXEMEE AN ERE RGN AR, BEMEEREN, SIOERHBUR
R RHIM AR S0, RESIINERSMIVTFERERE WBRE) &/,

- Dijkstra {35 ©RR MR E TRTER 2 H AR THRGAY SRR A R A B2 R,

15.2 FEEaME

Question

B n @IS, B EYSNERS wgt[i — 1], BER valli — 1], M—EEES cap WEH, &
EY) i R REEE — R, (HA] DUEREI—k sy, [RFEMRPEEENE R LIS, MERES AR
THEUPYRRBREE, REIE 15-3 Fis,
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WKk EE H{E

i wgt[i-1] val[i-1]

1 10 50 ‘ TJ&)\EE ﬁﬂg%
cap = 50

2 20 120 2 20 \

3 30 150 @ u

4 40 210 * 30—

5 50 240 (Y

BAEME: 120 + (30/40)x210 = 277.5

BE5%E: HBE - M 30 58 ¥ maEa
H{5F 50 WARE

& 15-3 7080 BRI RBIE R

EEWHEEN 0-1 B UM EIEFAAN, RENSENYG AR c, BERRRETEERTH
RRMEE,

RNRBSER, AR UEEY A — 8. Qi 15-4 R, BT LAt S & U)oy, g E R
EEBIAE T A EEE

1. G, TR R RS valli — 1] /wgtli — 1], WA GEME,
2. MRS i, ER w, B EMIIEES w x valli — 1) /wgt]i — 1],

Wi EE fmE  EBfEE

val[i-1]
i wgt[i-1] val[i-1] .
wgt[i-1]
1 10 50 5 ) B BRI Hanmn
BENER EB{ifHEE Hn{EE
2 20 120 6 _ alli-1]
v -
3 30 150 > < " : wgt[i-1] ) u
4 40 210 5.25 %
5 50 240 4.8 -

15-4 Pyl fe AR 8 N HYEE

BRAEUNY RAREE, A8 RRERCRAER FRPINEE, Bt s E 15-5 FRrI a2k
HJ%O

L. #A5¥) hhia IR B EE R = B &I THER
2. FEFATEY)EL, e AR R B A AR S P
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3. AR EUARAR, RIEEHE YA — R

R E HE BfUEE

valli-1] IRIRE(EE

01}

i wgt[i-1] valli-1] wgtli-1] HEIHEHER

2 20 120 6 2

4 40 200 5.25 ¥ oy

1 10 50 5 ) B EEEREEESNYR
3 30 150 5 B

5 50 240 4.8 >

15-5 73 8UE R B AR

2. EXRER

BTN T — P R Ttem , DAEASY) SRR BLA BUEEITH Y, WENEITEAEEE, B ucmkpid
AR A

// === File: fractional_knapsack.kt ===

[* ¥ x/
class Item(
val w: Int, // ¥I5
val v: Int // ¥I@m(EE

[* DEEG: 8% */
fun fractionalKnapsack(wgt: IntArray, _val: IntArray, c: Int): Double {
/] BiY)mEs, samEEs: E8. BE
var cap = ¢
val items = arrayOfNulls<Item>(wgt.size)
for (1 in wgt.indices) {
items[1] = Item(wgt[il], _val[i])
}
/] REBEAME[E item.v / item.w HBERETHR
items.sortBy { item: Item? -> -(item!!.v.toDouble() / item.w) }
/] EEEEEE
var res = 0.0
for (item in items) {
if (item!!.w <= cap) {
/] ERFEERE, AREYREEEESE
res += item.v
cap -= item.w
} else {
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/] ERREERE, WEEFMEN—SHoEEE S
res += item.v.toDouble() / item.w * cap

/] EEFGAE, FltPiHEE

break

3
}

return res

BRHEE 25, TERENILT, TEEFHEMEYMHT, FIRREEEZ O(n), Hrhn 2950806,
HIRFIGEIL T — 18 Ttem ¥2FFERSI, RIBLARRBHEIES O(n)

3. IEWEt4SEEA

PR, B v B BEAEERSYM, BRAREEERGRAEES res, HMHALEY M
To

BUEREH B B R RAERY S, WE RS ERNYS . MRS « WEAEERS, FitE
HRIVREEE—E IR res o T8 res REBEEFIE, SURERDPLHEEETN © .

BN A &, B DR BRI, RSz, WOAEEE R MR BRI, &
SRR R A R

qniE 15-6 AR, QnSGREY dn B AP S BB 70 16 1 — ok — Ak I RO R iR Afinh, R0 850 B Rt T
P2y “SRAEA PRS0 T [ BRA BRI IS MBI T DAR BRI A4 AT Ay FEE B A B AE SR (1 2

YREEE
5.25 5 5
* 1 9
YREE
40 10 30
50
A wazs

15-6 7B FERRTROR
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15.3 RAZ=ME

Question
A\ —EEA] bt , HPRSETTEAR—EEERERNEE, FPIFRREEmERR, AR EMz
1A 2 i) A] ASH R — B85
B AERFRSEMSEENFE (M), HivsEHBEARRIE, E =M ERRREREZ2R S|
Z%

SAAE A IR E AR, (SRR A REREAR, RERKE R, REIAE 15-7 Fimr,

R

S B N W B U N

RABES (5-1)x7=28

15-7 BRARARFERREIE R

AT EREARE R, RIAERIRE 2 BRI AR5 ], 5% [4, ] o

HEER, ARSNEERUGE, e hEiive, SERmbaiRmEsRs 22, AR capli, j]
, FIATEEHE A

capli, ] = min(ht[d], ht[5]) x (j =)

AR S 0, WERRISIA TR (R % C2 = "L, gvnkehn, Sl USSSATAIR
f, WTIRIBRAAR, FREIES O(n?).,

S BEE E  RCRIRL, W 15-8 R, BRI —EIRGE [1, 7], HUMERS1i < j B ht[i] < htlj]
B BSERR. § A ER.
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K

S B N W U 0N
pE——— < e
———— <\

i 2R, § ARIR

EHAE cap = min(3, 4) x (7-0) = 21

15-8 WJGAHREE

QniE 15-9 Fow, FHBLRHRERAR J§ rEmR @ 50k, MIAR 8N

RN EBERN j 18, "E j— 1 §E8/); MeERERRE, FitsERTRERE (28R 5L
/N (BENMER § AT o

8

7

6

5- .
| ;
3

2
1EEEEER
: |

e 1 2 3 4 5 6 7

HRBERER, BE—ER
ZEHAE cap = min(3, 3) x (6-0) = 18
159 MNBEIRAREZIIRGE

B, BMARBEERR o, AATREEAREER, HAMARTEE T/, HEElReEgER B
BYRAVEN ¢ TREEEER) . BIANTERE 15-10 H, BEEREEEER,
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i
8
7
6
. j
4
3
2
1
[*]
0 1 2 3 4 5 6 7

FPBENER, BERHEEX

EAIAE cap = min(8, 4) x (7-1) = 24

15-10 AN EREHIZ AR GE

P I AT AR R S A SRS . RDAG ML ER, B P asmivh, Rl PR B AT, EEW
TEIEAHIE,

[ 15-11 R T S,
PHGIRIET, $51 5 1 § 255,

SR TR BB capli, /], W ERR AR,
FLBOAR i TR j (7, AR RSB — .
JEREEGTE 2. SR 3. %, B F j HERSAS,

N

8 8
7 7
5 2 5 i
, - |
3 iR 3
2 2
1 1
0 )

[} 1 2 3 4 5 6 7 ° 1 2 3 4 5 6 7

MBIGHERR 1, 5 , EEHTIEGITS, BREAME res = 0 EHEE cap = min(ht[il, ht[j]) x (j-1) = 21

Step 1 Step 2 BABE res = max(cap, res) = 21
> i
v
8 8
7 7
5 3 5 .
R 4 R ;

3 |3
2 2
1 1
4 )

[) 1 2 3 4 5 6 7 [) 1 2 3 4 5 6 7

MHIBE cap = min(ht[il, ht[5]) x (5-i) = 24 %MBE cap = min(ht[il, ht[31) x (j-i) = 15

Step 3 BABE res = max(cap, res) = 24 Step 4 BRABE res = max(cap, res) = 24
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< H

< b

8 7 8 7
R 7 a7
6 6
5 5
4 4
3 3
2 2
1 1
0 0
[} 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
HHAE cap = min(ht[i], ht[j]1) x (j-i) = 28 EHIFE cap = min(ht[i], ht[j]1) x (j-i) = 21
l Step 5 BAZAE res = max(cap, res) = 28 Step 6 BABE res = max(cap, res) = 28
i i
v v
8 8
7 7 .
’ ‘ ‘ d
5 R s
4 . 4
3 J 3
R 2 2
1 | 1
0 0
o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
EHIBE cap = min(ht[il, ht[j]) x (j-i) = & EHIEE cap = min(ht[il, ht[j1) < (j-i) = 5
l Step 7 RABE res = max(cap, res) = 28 Step 8 BRABE res = max(cap, res) = 28
ij
v
8
7
e \
5
4
3
2
IREE
o
0 1 2 3 4 5 6 7

i i R j EE,

Step 9 - BHHAREE, EERARE 28

@ 15-11 mAFRMEN B

2. BXABER

FEAHSEE RS ndh, FULRHEBEEZ O(n) .
B j. res (EREEBOUNMIBESNEM, FtEHEEREES O(1) .

// === File: max_capacity.kt ===
[ BAER: AL 4/
fun maxCapacity(ht: IntArray): Int {
/] a1, j, EEDTIETIMNG
var 1 =0
var j = ht.size - 1
/] RRABER 0

var res = 0
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/] EEEEEE, EEMRES
while (1 < j) {
/] BEAEE
val cap = min(ht[1], ht[j]) * (§ - 1)
res = max(res, cap)
/] ERNFEEIFER
if (ht[i] < ht[j]) {

1++
} else {
j_ -
}
}
return res
}
3. IEFEM%:EER

ZFrLAEAE L E B bR, BN A A BRI S PhE” —&iRE,

FLANAERREE capli, 7] T, @ RFIR, j 2RI, A ESHIFR « mNBEI—is, &E880E 15-12 FiRiik

REW “BhB”. JEEMRE 2 RIETAEREIE SIREH A R

cap[i,i—l— 1],cap[i,i—|— 2]7 ,cap[i,j - 2],cap[i,j - 1]

caplo, 7]

cap[o, 6]

|!I Bl

i 15-12 BEEACERAR A AR E

HEER

»

BEBERRE

caplo,

cap(o,

5]

2]

||
1N

cap[1, 7]

caplo,

caplo,

4]

1]

Blsasl, S ppE R B EEE ERURA AR § BB AR, AimRMCEHNE R

HHEER/, MHtEw, WA RT

RE/R i

DA b Hrael, MEEMRARIER “ 2" B, BEERIEEA,

B, BB el ST BEnE R ER
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15.4 mAY)5 FiRRHEE

Question
SHE IR n, FHEY)2 A2 OMEEZRBAIH, KU ERMAEBRENFRERKZZ/D, WE
15-13 ffirro

BNEH n , K max(ng xng xNgx .. xNy o % Ny_q XNy)

15-13  f ARV SeAA I FHIREE 3%

BB n V)72 m (BB, Hrhss @ AR iR n, , B
=1

AER) HR RIS A BN TR AR, H

MRRACER, W ERE AR EMRIAE R, BRI n hart—ER T 2, RIEMfRRER 2(n —2)
o FhfMi RS n (ELLEG:

2ln—2)>n
2n—m—4>0
n>4
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QN 15-14 FoR, HEn > 4%, YIort—E 2 BREEER, EHRARRER 4 KRBT

BRI —: IRVIDTTRPEE > 4 MET, R EEZSAERY) . BRI TR EEEE 1L 2,
3 IE=MKT,

n:> 4B, 58 2(n-2) > n
At RENDHRAEEE 1, 2, 3 BF

15-14 Y)orEssefgss K
R AREEWER FRREN, £ 1. 2 3E=fRFH, A1 Z2REN, WA 1Xx (n—1) < nMEK
37, B 1 R e ESERRE RN
WE 15-15 R, HEn =068, A3 x3>2x2x2, BEWKEYI;N 3 YT 2 B,

BRI YIRS, BB EEEEME 2, FR=(E 2 R IR ZME 3, MRS E KRR
FHo

EFEE=E 2 B, BEamu@iamE 3

15-15 ®&EYI7RT

fr LRI, RIHERLH DUN SARERI,
1. WMABE n, EHAEMYI AT 3, EEHRES 0, 1, 2,
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2. HiRBUs 0, &K n 2 3 MEE, R MEM R,
BRI 2 K, AHEEE D, RE.
4. BB LI, HR2Xx2>1x3, HILESRE 3 &Hhe 2,

w

2. EXRER
qniE 15-16 Fis, FMEEZEEEIRE AT 28, min] DA NERERG 2] 3 (A% o, HEBEESS
FIERE b, MRA:

n=3a+b
TR, B n < 3MBFRIENR, “EKRSH @1, #EAL X (n—1),
// === File: max_product_cutting.kt ===

[* RAVDRIE: B */
fun maxProductCutting(n: Int): Int {
/] & n <=3 K, BAETNHSH—E 1
if (n <= 3) {
return 1 * (n - 1)

}
/] BEMYINE 3, a % 3 HES, b AR
vala=n/ 3
val b=n % 3
if (b ==1) {
/] EREA 1B, 3 1+ 3 EBlkRH 2+ 2
return 3.0.pow((a - 1)).toInt() * 2 * 2
}
if (b == 2) {
/] BEREA 2 B, TMHMEE
return 3.0.pow(a).toInt() * 2 * 2
}

/] ERFEAE 0 B, TMHMEE
return 3.0.pow(a).toInt()
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R# b afé 3

n=3xa+b

[E 15-16 AV MM E 1A

IR ) A P B DR P st 5 IR R BB 5 7K. DA Python %, & FIRYR SRR XA =HE,

L BT+ R pow() IR RIIEREER % O(log a) .
- B math. pow() PIERITI C 38 AT pow() B, FLETIPRNIE, RERIMRERES O(1) .

B a T b (EAFEBOUNIRSNER, R HEBEEZ O(1) .

3. IEEEt4SEEA

A REE, Ratn > 3 BIHEN.

L AT < 30 BRsEVI DT RPEE > ANET o, A —Er] DU HAEEE )5 2(x — 2)
TEmERT ERRYSRAE, SRR &,

2. VI EARE 1 BB T B E R T 1, BEE—Erl LE AR 7, DL
IS HE AR, SRR E,

3. VInTiRm B WEWM 2« (Rekm@EY) 077 R g =1E 2, A0 —En] DUgRasmifE 3, REER,
ISR &

15.5 /i

- BAERTREE AR R S E RS, HE R AR A DR PE Bl i S I i BRI, DA
1SR B

- AHETREIE A — A E A B AR, AR A R A R — AR AR N T, B
T REAR AR

- AMEERAMEEHME, BRARSIRERSCR, MHERBIENIE, SRR RN R R 8 5
/38

- EFE SRS, BN S, SAEEIRA DREIE R, B ERER SRR
R, ARERTARREREITRE R,

- EEAESEERKRFER A WA SRR E R E TN, SRR ERAEER
WA
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- BHASLEIRR, AR IR RN, HIEAGR, BAEMA S, GBS,

CORMRERIE RS A PN, W ARG, IEREMEE, Erh, e AN L B,
M T S

- M ERIRETE 0-1 T RAMRE L, ASPRIEYG s, DRI S R, SSRISHY
Bl T A P A

- R RN SRR, BRI O(n2) . AR NS, SHRANEEIEN,
YRR B (L O(n) o

- AU TR, BB T AN > 4 ), RETSET
%3, RSN, BRI R RS BB IS, B2 O(1) 5 O(logn) .
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E16 E [z

AT

- 16.1 FEREREHRIE LS
- 16.2 —iELSHAIE
- 16.3 ffi:E


installation.md
contribution.md
terminology.md
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16.1 IERREHRIRRE

16.1.1 #FE IDE

HEEEME BT, R VS Code R AMERSFIEIRSE (IDE), #ift] VS Code B, MUBIEERFEEM
JERAE) VS Code HEAT FHUFIZEE,

Q% OO0 F :

¥ Download

Code editing.
Redefined

.... erywhere.

e. Bu
Download Mac Universal | .,
Stable Build

Stable Insiders

mac0s Universal
Windows x64 User Installer

nnnnn

.rpm .
0411 BOAO K1 © Goisby Develo (paisty-grophal-ape)

T# VS Code
Run and Deblig BUNE-IN Git Extensions

& 16-1 EE4 N VS Code

Other downloads or open on web

IntelliSense

VS Code #EARARERAA RS, SR ZEREFESHBITHERS, DA Python 261, Z%& “Python
Extension Pack” #&EH 1%, HIRE(T Python F2xNIBERES, 480 BRAIE 16-2 AR,


https://code.visualstudio.com/
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Python Extension Pack vi.7.e
Don Jayamanne | <> 7,005,466 %k % % ¥ (16)
% Microsoft @ . Popular Visual Studio Code extensions for Python
Pyth — Disable |~ Uninstall |v
‘ ;g #ﬁ This extension is enabled globd
Pontiar Views Stals G extensons fo, :t ——
Python Environment Manager ‘ toDocstri §§%ﬁ1ﬂﬁg
A anage e IG-Pytho.n I?Dcs.!r]ngt
Extension
W : . - el A Python
™ . é &
%Em Egm% n D.ncsmng Gf:n...
@
n Python Extension Pack
":‘l P.ylhonE‘xtended
16-2 %4 VS Code # /R
16.1.2 REFSIRR
1. PythoniIRiE
1. FN#lfiZe4E Miniconda3, FF% Python 3.10 BEHARA,
2. 1£ VS Code MHEFRIRET 5K python , %% Python Extension Pack
3. (AM}%) fE@m2HIEIA pip install black , ZHEFEAEEMR=UL TH,
2. C/C++IB1R
1. Windows R&MFTEZH:E MinGW (BLEZFE); MacOS B Clang , #HZHE,
2. £ VS Code MIHEARINRETIHHEER c++, Z4E C/C++ Extension Pack
3. (A1 %) BA MK Settings H MM, = Clang_format_fallback Style f2 NG XL EH, REH

{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach },

3. Javalgig

1. F#EfiZ%E Open] DK (AT /E > JDK 9),
2. 1€ VS Code MIHEFTIIRET G ISR java, %% Extension Pack for Java .


https://docs.conda.io/en/latest/miniconda.html
https://sourceforge.net/projects/mingw-w64/files/
https://blog.csdn.net/qq_33698226/article/details/129031241
https://jdk.java.net/18/
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4, C#IRIR
1. FENEZEE Net 8.0,

2. 1 VS Code HIHEFINAETIG IR c# Dev Kit, %4 C# Dev Kit (Fil BH),
3. WAl{#iA Visual Studio (ZZ#E#0f5),

5. Golgix
1. F#EGZE oo,
2. £ VS Code HHEAIRET HHIER go, %8 Go,

3. F PR cerl + shift + PHEHHATSMHE, #IA go, 1%E## Go: Install/Update Tools, RHFAIENZ
AERIA],

6. Swift B8

1. F#EfZEE Swift .
2. 1E VS Code HUMBEFATHAEMIS S E swift , &4 Swift for Visual Studio Code

7. JavaScript IRIR

1. F#ilfZ4E Node.js o
2. (A]i#) 1E VS Code WEFARINRETIHHTER Prettier, RN T A,

8. TypeScript I&i%
1. [A JavaScript BRIgZZ 4545,

2. 228 TypeScript Execute (tsx) o
3. £ VS Code WHEFIIRET G HIUR typescript , &HE Pretty TypeScript Errors .

9. DartiRif

1. —Fﬁjﬁﬁ% Dart o
2. 1£ VS Code RYHEFAIIRETIHHTER dart , &5E Dart,

10. Rustigiz

1. FHE6LSE Rust,
2. 7E VS Code WHEFIIRETHHIEEK rust , &% rust-analyzer ,


https://dotnet.microsoft.com/en-us/download
https://code.visualstudio.com/docs/csharp/get-started
https://learn.microsoft.com/zh-cn/visualstudio/install/install-visual-studio?view=vs-2022
https://go.dev/dl/
https://www.swift.org/download/
https://marketplace.visualstudio.com/items?itemName=sswg.swift-lang
https://nodejs.org/en/
https://github.com/privatenumber/tsx?tab=readme-ov-file#global-installation
https://marketplace.visualstudio.com/items?itemName=yoavbls.pretty-ts-errors
https://dart.dev/get-dart
https://marketplace.visualstudio.com/items?itemName=Dart-Code.dart-code
https://www.rust-lang.org/tools/install
https://marketplace.visualstudio.com/items?itemName=rust-lang.rust-analyzer
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16.2 —iicZ2HBIE

HREFREN AR, HrhEe A e —ERRMESER, ST, WIREEE TR, B WARRKE, X
TEER, MRAEWE TS GBS, MinhEMETeL, DAasE R E e 2B I,

P A 58 AR GitHub ID A$7EARE G, #E Rl PDF Al £ H BT RR, DU M5 B IR L REAY
FAZE R

BRI 1)
AR I 35 B P OETR R R R RS R TR, N S AR R AN 5 (s
MAEARBHIRE Y, A B IARIRF R 2 B H BB AR

1. NBRGER

aniE 16-3 AR, SHMEHEMENA EAEA “SEER", AT DU LN P ERIE SOy g s,

1. BhE “4REREDR”, HEE] “TE Fork LB MR, wERIEZIRIE,

2. 8% Markdown JFRERNE, MENANIERENE, SR REHRRE % —,

3. fEEMEREEEBUGR, REBIHE “Propose file change” %8, EmpkE{Z, ZHE “Create pull
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