% |

g
D 4
4

; I-+|(E!!|,|J‘:' i{Eii[ngg!:

B AHTE

~,
~
1>

R4

~,
-
-

—RBITH

7

BEEA

#F1% (@krahets)

i

b ..

—a
¢

9

%

0

0
....

%

)
....

X

"

!
|

"

0
i
i

i

y

«.“

f

y

y



Hello ;BH %
Ruby :5E ik

8& . 171 (@krahets)
EIEER . ERS (@khoaxuantu)

[
= I
I-ELLOJ

Release 1.3.0
2026-01-01



FF

WAERT, BAENI LT “BIHE Offer” RIEME, 322 T HF2m#E IS B, fEMEE RN, &,
BN — R W ANFIERE", Wi, PSR A TR R A B,

AR — PR AR R CL TR e S W 757, B, BRI HAR AmmEMFEDT "B HE, H26E
F138 I NRESINERR B B HE s, TR AR T RERE I AR BRI R D IR A, JE A
PR — R TR, (HEREFSREE G, S, RIRIERE, AR CAEHFE 7 AHER)
K41, V)R BB E AR T — IR EE A RE

GRIR B ORI, RBREEEAE 7 B TR, AFEZRBEEMEMES LSS, IENER
Ef, thEDR MBI ER, ATHHERNE GRIREZEEES] Offer, (HE I EIRRR GG IERIA
Y “RIGRHBIE", TR TR CHIERT AU, RANBRODAAAIE, SERERESE HEETRT. A TEER
4, MMEIRATCASEAN B an bl S B ARk, B R e B R AT R

RIRGRFEE BB S “Knowledge isn’ t free. You have to pay attention.” #EEHE®R LE, BA
TR R “RH” BT AZAMRBAEMNHNEE “TEN”, RGBEITRE, RARKK RN
ARGE A FE AR,

RNEFZGAE, EPNERACEE —RIFHITE, H—EAar 2R, BesS A EmeE sy
A1,

AEFIENBNE I —RBBITIEIGHE, &R github.com/krahets/hello-algo & &,
BE(E PDF WINERSCRARR, Al www.hello-algo.com 48 E b DASETS B A1 R B BE B

HEEE

“ARIEB S EE RS B RIR TS, 7 RS T A AR, SRR AR R E R 7
— ORI, THEERREIEMR BN

MR E TGRSR IEEIERA (Hello HETE), ZEREZEGEE 10 517
—Z2, SSEERERPER



https://github.com/krahets/hello-algo
https://www.hello-algo.com/

TR AT B 2 Tt SRA A 7 EORRYSE E, RIBRE iR HIE B AE ) B s Ry T AR AR R, A T T R
B R PHEORI AV EAR A, SR R DU BRI BT, BB IR, B2 AlphaGo KIRERALE.
ChatGPT W EHAHE), ELEMAAREEIREER LIRYEE,

HE L, R, EREEME RS O RN I RS E RS, FHIRNERIAHE G, fla
AR BT R TR ERSE, REE RS, HRERRWE S IR, R ERTHIEA
B, B E DR A M, BRI THETHRENE, PPN NBENEYER, AR
E NG I A R R,

kR, ERHERERENAE: KRB EMER, DEHERESAR, FF2 /M AR |, KRE—EE%,
B, HENEEHMT SR B RRE ARG “HE", R ERNREAERT;
PIBERERIANE 1757, —WBA —ImEH; FHEtg—E MERRT, sEPuEE R B e,

AE BRI TH R 7 A B e B rT ST RORE SRS EEG, (R B AR R I RS AR O, e
sEmiE et REBREM, AR L, AEBOIREREEIREEM PSS, REEREZ
3%, WEAREREMEIEIK!



E A

]
I AE

N
RRELE

SRR
HERRE .
N
@R R

T RRCRGH
IRREGEE ..
IRFFE R . .
CREME ..
N
BRGiE O
EAGRAR]

Py B dAS R )
(357 R
sEEEES L
=7 | I
FLTE S B PR *
N
ST

2
o .o
Brfry ...

NG

MER
MR ..
MEZEER ..

NG

LSRR
s .



H & www.hello-algo.com ii

F8E R 159
8.1 HEFE . . . 160
8.2 EMEREERME . . . . 166
8.3 Top-kFIRE . . . . . . 169
8.4 KR 172

$oE 173
91 B . . 174
9.2 BBIEEBIRIE . . . . . 178
9.3 BHIER . . . . . 183
9.4 INEE 189

F10E 8 191
10.1 A0S L 192
10.2 T SEREARE . 195
10.3 TSR L 199
10.4 HEEEMEEIE . . . 202
10.5 EEFFESIHETLE . . . 204
10.6 /GG . L 206

B11E HF 207
11.1 HEFFEELE . . . 208
11.2 SBEBHIT . . . . 209
11.3 JIRHIT . . . 211
11.4 AT . . . 214
115 BREEHET . . . . 216
11.6 EUHERT . . . . 221
11.7 HEREHET . . . . 225
11.8 KHHER . . . o 228
11.9 BHEEHET . . . . . 230
1110 BBEHET . . . . 234
TLIT ZNEE o 236

B12E 24 239
12.1 SMRIEETE . . . 240
12.2 SEESEE . . 243
12.3 RERETIUBIRERE . . . 245
12.4 WIPNEERIRE . . . . 249
12.5 GG 254

$13 5 [ 255
13.1 FEIHEETE . . . . 256
13.2 SHEFIRIRE . . . . 263
13.3 FERRIE . . . . . 268
13.4 n BRI . . . . 274
13.5 /GG 277

B 145 EHREREY 279
14.1 WHRBHEERRE . . . . . 280
14.2 BIEEIRBIRIREERE . . . . 285
14.3 BIREIRBIMERERTR . . . 290
14.4 O-1EERIRE . . . . o 297
14.5 ZEEEEE . . . . 304
14.6 SREBFEEERIRE . . . . L o, 313
14.7 GG 318



H & www.hello-algo.com iii
F155 ¥ 320
151 BEREETE . . .. 321
15.2 ZPBOEEERRE . . . L 324
153 BMABERE . . . . 328
15.4 BRUIZFMEMEZE . . . . . . e 333
15.5 /NG L e 336
B 165 ik 337
16.1 BaREEMHREEEE . . . 338
16.2 —EZHEAIE . . . . e 341
16.3 MIEEZR . . . . o e 342



Abstract
THBEIEM SR B L, F— 1T RIS EG R A I
FRIE A EAE VRIS B B NIRRT IR ZI g,




HO0E A

0.1 FRZE

i}

www.hello-algo.com 2

AHEEEEL AR, R, TR ERAS R B RIR AP EE,

- EERMIEEA, NEEWSE, SEEARCEN, 550 E IR B B R IR R Aot

- PRRESKHE A —SEET, HEEVEE AR TR R A BERE, MR T S TR A T B S AR5 8 TP
B,

- REFEE LIRS, BRI H R = AR, e s LR,

0.1.1 BE:8

AIRREHEIESRE, OREERERT, WHCEE LR, R B R a MR R,
FEERAE 2 FRERE, AEAE LR IR E S E !

QRPREAAER AR R, PGERHR AR, BREEAE o] B (R [0 R B BT S TR M B R, 8 IR 5K
AERTDAEME R TEB” 8 “HEET I A,

AGRERE RMT, BIOTIFRERI B B, BE 2 A,

i B
IRIFE RV BARE 35S RERET 5, RES BRI M 5 il B AR KRS,

0.1.2 RNABEIE

AERNTEZENAEWIE 0-1 FiR,

- BRI ORGSR R AT M R BT T, IR R AR s R AR A HE R T TR, R AR,
B,

- BRI EARRRBIRE RS BT R, Y SESERS, HEE. (THI. RERR. B HERE.
SRR T IR, BB, WAHIRE B RAG ER, BETRS.

- OWRR: a3 i, odh. [ BNRERE]. EEEERARER. SRR AeR. ERGE. WE
A ERRIR B 5


https://www.hello-algo.com/chapter_appendix/contribution/

B
o
i
=
i}

www.hello-algo.com 3

A, WIRAGHE for;@M. while B, SiREME

HHIEE EXERDI EREEE { EETURE, RED. BEH
PET NS / ERAEBHY
EEESBETESR RIUALEL E5?
ME RS ZRBRRE AR wEAEZE SR
ERBEEERRS \ BE. RiE THRESRE
srE SIS RS bR EY s+ mEm
REAE, BREE
- emasmns < .
e SENIMH. SN, WAT) MAFIRER
1551 BTSSR TIR S
R — . B8 AREN. NANARISES
- mER < mRER S0 WREl = N o
A N AREIEAR R B o
i, HEM, BB, 98
M, L. A, THTH :;T*!:ﬁ iigf :ii’ftm
HEHIIRT, MIIRT, MEH s ’A;;m;‘ MH;
W W W, R, REED = s EEERE ~

o dethE: FEHEEE. BTROHERE. BBHEF
ZiEsi
AVLA . STARMESE, N

b b1 o .

IR, ATRER. @G A PR =53, Wi, AR

EREFIRTEM, RIETURE o my o MBS EREXE

Top-k F3EE ! S— Gl £H7F. FEM. n25

HEE. EEE. SRE BH28. BEGEL. BR
{ SRR, RGN, WENLL p—— FETME. BETSHN. BEKE

REELED. REBLES BEAREENE S, RESR

BIE: 018, ELNa. B

iy / BEER. —RATHNEEESERREEHE B _< AERERE. RETR
I-ELLO https://github.com/krahets/hello-algo Bl AW, BARR. BAUSRA

0-1 AEILHNAE

0.1.3 Fqst

AREEFFEALAR 2 BE RSN TS, B AR AR EE D ERA, Wi Gz
GitHub HEIZERINETF) : krahets. coderonion. Gonglja, nuomil. Reanon. justin-tse, hpstory,
danielsss. curtishd. night-cruise. S-N-O-R-L-A-X. rongyi. msk397. gvenusleo. khoaxuantu.
rivertwilight, K3v123. gyt95. zhuoqinyue. yuelinxin, Zuoxun., mingXta, Phoenix0415, FangYuan33.
GN-Yu, longsizhuo. IsChristina, xBLACKICEx, guowei-gong. Cathay-Chen. pengchzn. QiLOL.
magentaqin. hello-ikun. JoseHung. qualifier1024, thomasq0. sunshinesDL. L-Super. Guanngxu.
Transmigration-zhou, WSL0809. Slonel23c, lhxsm. yuan0221, what-is-me, Shyam-Chen.
theNefelibatas. longranger2. codeberg-user. xiongsp. JeffersonHuang. prinpal. seven1240,
Wonderdch, malone6. xiaomiusa87. gaofer, bluebean-cloud. al6su. SamJin98, hongyun-robot,
nanlei, XiaChuerwu, yd-j. iron-irax. mgisr. steventimes. junminhong, heshuyue. danny900714.,
MolDuM. Nigh, Dr-XYZ. XC-Zero. reeswell, PXG-XPG, NI-SW, Horbin-Magician. Enlightenus.
YangXuanyi, beatrix-chan. DullSword. xjr7670. jiaxianhua. qq909244296. iStig. boloboloda.
hts0000. gledfish. wenjianmin, keshida. kilikilikid. lclc6. Iwbaptx. linyejoe2. liuxjerry.
llgl1211, fbigm, echo1937, szul7dmy. dshlstarr, Yucao-cy. coderlef, czruby, bongbongbakudan,
beintentional. ZongYangl.. ZhongYuuu. ZhongGuanbin. hezhizhen. linzeyan. ZJKung. luluxia.
xb534., ztkuaikuai. yw-1021, ElaBosak233. baagod. zhouLion. yishangzhang. yi427. yanedie,
yabo083. weibk, wangwangl05. thlnk3r-ing. tao363. 4yDX3906. syd168. sslmj2020, smilelsb.
sigyka. selear, sdshaoda. Xi-Row. popozhu. nuquistl9, noobcodemaker, XiaoK29. chadyi.



HO0E A

i}

www.hello-algo.com 4

lyl625760. lucaswangdev, 0130w, shanghai-Jerry. EJackYang, Javesun99. eltociear. lipusheng.,
KNChiu, BlindTerran, ShiMaRing. lovelock. FreddieLi. FloranceYeh. fanchenggang. gltianwen,
goerll, nedchu. curly210102, CuB3yOnd. KraHsu. CarrotDLaw, youshaoXG, bubble9um. Asashishi.
Asa0oo0o0o, fanenr, eagleanurag, akshiterate. 52coder. foursevenlove, KorsChen, GaochaoZhu,
hopkings2008. yang-le, realwujing, Evilrabbit520. Umer-Jahangir. Turing-1024-Lee. Suremotoo.
paoxiaomooo, Chieko-Seren, Allen-Scai, ymmmas. Risuntsy. Richard-Zhangl019. RafaelCaso.
qingpeng9802, primexiao, Urbaner3. zhongfq. nidhoggfgg. MwumLi., CreatorMetaSky. martinx.,
ZnYang2018. hugtyftg. logan-qiu. psychelzh. Keynman, KeiichiKasai #l KawaiiAsh,

AFFE R TEH coderonion, curtishd., Gonglja, gvenusleo. hpstory. justin-tse, khoaxuantu,
krahets. night-cruise. nuomil, Reanon fl rongyi 5¢i (GZREFRNEFHESD) T AR R
BLRE ), IERMMRECR T %55 5 MRS A s B —,

AEREREP SR E Shyam-Chen #1 Dr-XYZ %/, 9232k yuelinxin, K3v123, QiLOL. Phoenix0415,
SamJin98. yanedie, RafaelCaso. pengchzn, thomasq0 fl magentaqin #Rd, 2R 28 E
R, TEAFA GRS RS L S BT AR AR, S,
AEH) ePub EFFHA K THH zhongfq BHEE, EEMBAVERN, ZRaEERE T EINE BB
EAZFNAEERS, T2 T2 NREB,
- TR AT RPERRS L, RGP IRsEIR “PUTEIREAR”, BE TIREEAFRNDIDL;
- RGN L ARG A AERN E M EE, HER DANAERNGF 2 EEER, EEAEFERS
TR
- RS E. WME. REMBET EEAMENSLT, BERZE NETERXN “Hello World!”
A SE4F BT 5
ISR TE B R I AR T TR AR B E B, EYARIRER SRS T EEEA;
- RN ERTE R A E BT TR ARV logo ,  WiAETRAYIRIEIEAY SR {E T Z R IMB L ;
- B @squidfunk FREEAIHEMGE R, PARABBAZABTE S 3 Material-for-MkDocs

FEREEAED, WA T 2N E RS B RIR MR, SRR AT R TESEA,
R T AENA ARV RSB, E MRS AT A S RN AT HE R BEH B

AEEEFMALAIFE TN, EE R R () FRRESE) MM, Em A miEE
REFHIEE

FOLEHIRA AR, IR R —E DU SR Bz, A i & o 1 s A bk =

0.2 WfAfEAZE

Tip
7 TSR AERRFREER, ERIESTARHINE,

0.2.1 TXRARBNE

- FEEIRARRE « RRIEME, NAMHEINEE RIRERREAIR, AT cBkE,


https://github.com/squidfunk/mkdocs-material/tree/master
https://github.com/d2l-ai/d2l-zh

i}

BOoE A www.hello-algo.com

SRR G RIS (AVELRRR PDF i) s0pTiE REIAR GEERR, Blanes) (array), ki elM,

DA B RSk
HRNA MBS A& I, SRS ES R IR
ARHESEIFAEEM "I98 S, DU RbEs,

BN ERGES Z MR —84 R, AFELL Python 2%, B4 None SRFER “227,
AFE R 7 REGE SRR, DARBCEM BRI N AR, s TS R =R R

B NARERE, ZATRER
HH SRR, ARMEER. ERL AISROE HH
# NBRE, ARERIENE

# 217
# e

0.2.2 EHEERPEHNES

METAS T, SR ME R BAE SRS MR, BRI, fEAET, SRR I

ZOEE TR CABIEIE SR, TS RIE Ry iR B 7t

QERIRAEBIRUA E IR, SEBR BN A TR AN E 0-2 AR A Bh 2 [ 7,
ARPERRNE

L] [ ] 9.2 EEEHRS - Hello MiE X +
<« c % hello-al r_ 1 1
By 92 EEEMEME % o Q EE
- o BRI (EAEAEIS B ——5l, SRS PRANIRER, FEE (n - 1) DRE
Hello 72 "B LB, WA O(n?) B9
ERoE wE

o MR S n MRS, TBAKKER n TARTIR vertices , 8 O(n) Bl MEtkn x n

B B8 JiREE KNIAHEIEIE adinat , $5F3 O(n?) BHiE.

B W28 EHEHME
ESEEE -0
B #4% HasSHx
S #msE BSWI
R EeE BER
HBw7E K
£ BeE i

D Ees @

91 ‘ ‘

S IBRERE A Hrsa RIS oLty

Tmdi&

Cvov v v v v v v

NiE
92 EEREE
93 EmER

9.4 it

T E0E g%

sl ENE HF

- B12E B

29 B13E B

B s samm

®© mr| e r e ©
s & = s =
L e e ke N
m e k& Rk U
®© n b e e

] SPIRERE
Step 1

@ g1z AL
@ Fi6E R B 9-7 SREEREROMLAIL. HREIN. HBITA
SE3i

LT RET RS ENRIHE:

Python C+t Java c# Go Swift Js TS Dart Rust c zig

graph_adjacency_matrix.py

0-2 BhEERGI

ari DA 25 32, DASC7 2, AR

Q% O L 0@ :

krahetsfhello-algo
10006 trsak ¥eak

B

2.1 EFafFayail
922 BFIHERMEHR
9.2.3 WEML



HO0E A

i}

www.hello-algo.com

0.2.3 FIENIEERPINRIERE

AENEERABTLELE GitHub A, WE 0-3 s, TS A MEURE, nT—3##3T,
QIRIRFORT, IR IR BATR . WIRBERMAIR, 520 st A s,
BRI A L, A RIS R R A 2 R, B T5R, AR EIE,

£ hello-algo DQ0Oaos

@ EXPLORER <o @ myheap.py X D~ D © ® O -
v HELLO-ALGO codes > python > chapter_heap > @ my_heap.py » ...

> B gt """Driver Code"""
> % .github if __name__ = "__main__":
v @ codes # AR
>Mmc max_heap = MaxHeap([9, 8, 6, 6, 7, 5, 2, 1, 4, 3, 6, 2])
> W cpp print("\ns#AFIRHEHEF")
> B csharp max_heap.print()
> dart
> M go # REETTER
> I java peek = max_heap.peek() —]
5 () [Eesils 118 print(f"\n#McHk* {peek}")
v @ python
> M chapter_array_and_linkedlist PORTS  GITLENS  PROBLEMS OUTPUT  DEBUGCONSOLE ~TERMINAL -+ [(Jzsh +v (D @ -+ ~ X
> chapter_backtracking
> B chapter_computational_complexity  ~/Dow/hello-algo main » || Py base 18:18:47
> chapter_divide_and_conquer
> chapter_dynamic_programming
> chapter_graph
> chapter_greedy
> chapter_hashing
~ chapter_heap
>
< heap.py
2 my_heap.py
& top_k.py
> chapter_searching
(R > chapter_sorting
R > I chapter_stack_and_queue
> OUTLINE
> TIMELINE
¥ Pmaina Iy LOtests @OAO WO GitGraph Ln118,Col 29 Spaces:4 UTF-8 LF {j Python 3.10.13 (‘base:conda) & (@ Prettier [1

0-3 HUTHEEERH
BT ETE TIEEES =5,
B REAMBEHENRE, SNSRI ZGETREE, mREws, R e,
WP vibEs RSN R, 01 GitHub & i, WEREKZRE Git, AIRAUEE DA N2 mbEAR S &
git clone https://github.com/krahets/hello-algo.git

EIR, URR] DATEE 0-4 FsmIfiE, BiHE “Download ZIP” 448l B4 NEFE NS MM L, SRBTE A Hifig
JRERITAT,
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O krahets | hello-algo

Code sues (11

9 hello-algo

main ~ P7 Go 1o file Add file ~ <> Code ~ About
Local

§ krahets fix: Sev

B Clone Python, Go, JS, TS,

.github

HTTPS  SSH

https://git

| Octotree

G2 Open with GitHub Desktop
Open with Visual Studio

[?) Download ZIP

Releases &

0-4 vl EE B R A2 i

H= PTIRREAS, WE 0-5 AR, BTRTHEME AR MRS, AT DEA R codes R
HENFKEN I ER IR IR R IR IR 5] — ST, AR BIIRETE D ARSI, FRIRRES ST

72 Z“XHiEH % 3 Q
EXEEREE Pull requests 10

Python CH++ JV# Go Swift Js >
binary_tree_bfs.py

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

chapter_tree

\Fl, IINBTI= 9 krahets

queue: deque[TreeNode] = deque()
queue.append(root)
# Mak—"1 IR, BTREERFT
res = []
while queue:
node: TreeNode = queue.popleft() # PAFILHEL

res.append(node.val) # fR7FHiAME
if node.left is not None:
queue.append(node.left) # AEFFHEA
if node.right is not None:
queue.append(node.right) # HFTHNA
return res

array_binary_tree.py i

¥
i HEEXHRR
binary_search_tree.py

binary_tree.py

[ binary_tree_bfs.py

binary_tree_dfs.py
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Hello 8% [ @ FARET M ]

@ ®o® wx >

B ®1Em MRNE > Python 3.11 Print output (drag lower right corner to resize)

] ¥2m mAESK N res = (0] * (len(nums) BB nums = (1. 3.2, 5. 4]

& Bow niman s T ¢ BRRAENAETEEM

- for i in range(len(nums %ﬁEFi
B ¥aw maskR - 9 res(i] = nuns(i] Frames Objects il
41 WA 1 # EEY RGMNA
Global frame

extend(nums, enlarg

12 H% 1 return res

43 FI® .
13 ""tDriver Code”"" <

44 WESEG O it name == * main fums o ||z |3 |e 412 WANRSESREE
a5 e werma xtens /1 3|2[s|4 413 WERVTA

extend

S WSE B > nums = [1, 3, 2, 5, 4] e ,
EETERN > print("5 nums =", nu . o 1 e | e
Asraw > enerse 3/4h‘3 Gl 8
7
# KETR res
A wew > nums = extend(nums, 3) i3
G OEOR @ > print CHBARESRE 8
= OE0E 2R > ; Al el
N Edit Code & Get AL Hel
= mNE HE > line that just executed
v WRE HE s = next line to execute
KRN >
B Ruw meay > [<Prev ] [Next>]
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@ Eow HR R Visualized with pythentuter.com
BE X

€ ¢REE
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WEEH, BEEET 3~5 MVERR, MeERHELE L, MRS EAR RS Rt GitHub
B,

3. BEBR = fEENERMIAR, E2E 7, M) DB IR S, SRS RE S, DAANE
SRS R, ERIET T, PIDAE SR AERS R RS, WS E M, M, R EE, A
I Tl L1 T DATE A5 B LA R

quiE 0-8 FivR, AHNEEZ MR “FEB—", SIERBIRE PR —MFE B = 2E,

PR — FEER— REER=
SR ERENFT R A EEAHRR

WA
P ING] RIERER RRRIES
WELEEH

ERAE IR BB

FREL B ] 2 Rl —iB kR BN, FIRRAR
TR AR IR DR IEAR EREENNRER

[ 0-8 {HETRSE AR

0.3 /héE

1. EE5[OIEE

- AENTERZFUEHAENRE, WRIREA &R, AEERHIRASRREEE IR, HrhiE
ISR PERy “RWIRE THEE" EH],

- EPNE T EQREEE AT, ERERAIEETA =R, WREE TR R ) 1,

- BREERR T, ERMEREE -AANMEERER, A UDERZEEE,

- ErPREhEE S R R ER R, FREA SR, B TEERNEE ST,

- HERERARE RS, SRAES T IR SR A R U,

- AREME R EE AR R A fTam R, BODRE R o VR RERK B B AR


https://github.com/krahets/LeetCode-Book
https://github.com/krahets/LeetCode-Book
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Abstract
—N/ DR SR, BEERIRHE R, R RIS E AR,
GBEEIRILEE, FEBRIRMEIPLR, A FTWE R B S R A BIA R,
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1.1 BEZEERTE

ERMEER BRI EEFER, REAMEGHBEE, RMER L, F2EEERLAY TS, m2
O AT, GBI B R AT R ] R,

FEIEXIRRHEAIR 2/, B —EABNEEEEDS: MEKESNARDEG TRF 2R, WEEEe
PR BN LR 7 TPk 08 BRI o7 A8 T — B

Bil—: A, e S, SEETECHE S, My URiRHE T RIEFE IR, RERERMREE
s —EPFE AR v B, B GIZIRE 1-1 FoRp 7 NESL,

L BB EE, WEZERNETRRME, BRETRS M.
2. HRTEPFE FRERF r A0 m 2R, P DAHERR 5 BUAT 57y, ERRRER LB 70,
3. NErEMEPER 1. PER 2., EESRIPHE AR r WHEEER 1L,

FRERHEFEROAFHT

\
EFHER: RICE—EHEETEA » 67 AR
EPRSE:

1. ERFRAB—HEHEE, ¥REFER n
2. @R r 1 m %8, FHBREESES

Step 1 Step 2
—H R —HERE

EFHRSR: EFHASR:

1. ERFRRBHON—HRRE, FREFHE t 1. ERFRRBBIN—FREE, FREFHE p

2. B r # t §0E, FElHREFESS 2. B r 7 p %E, EHHIREFES
Step 3 Step 4

;
—HEBR
EFRSR:

1. BRFRRGRBLN—FRER, BREFHE r
2. ERIEFER r NF, TRES

Step 5

fE 1-1 & e
s A/ AN MEGE, B EREEAN “oEs” WL ERETAAE, I HE T
BrR—ECHFR “FE517; (EHEEERAE, BT DU ERE i — RIREEE “—0EE”,

Bl RPN, WIMMESTIR, SRATEREME TS, EHENEIHS, BB E 1-2 Fr
o
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L e R@ o> 2 “EFT M T WER, G REAIRE MR 1 R EASH .
2. P —REEE, MAEHFEORIEMAE, SRR 2 RECEEHF.
3. NENEENER 2. , Bl SR MICEFEOMBAZ G, BEETHSEEA T,

KHF FHF FHIF
A Ta o X X A [ o > h, " [ &
&1;\5/3\ - _1A5/0.,A / 2[Af5 T
A [ 4 [ "I o
\ ,’ » A ! > B
uis ® 5 e & 5 S s
g 3 -
FHEFF RHEEF
/5 5 ) /'5 ) 2 /5 5 -
A ) /5: 2 /3‘\ 2 A A
\ 2 A
N” A4 4 v
5 5 2 5
< 5 5 2 5_ A A

1-2 B R

RPN EAE R AT R, e e EE MU RERRREER Mk w2 AR GE S Rk
Jr B R AR AP I B,

Bl=: BWR%F, B MEBETEE 7 69 Tivmsh, A M IPERE 100 7, RIBEREBFRZEEINM 31 7T, fil
GIR AR TERKANIE 1-3 FREIES,

ARIEE L 31 T EE/ANYERE, 5 1T, 5ot 10T, 20 7T,
ferEIEP R AR 20 7T, gk 31 — 20 = 11 7%,

R ERAEIEP AR 10 7T, ®ER 11 — 10 = 175,

fERpR P BRI R RRRT 1, #ERl —1 =07t

FRERE, 7TEA204+10+1 = 3175

AR
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BiEsa 31 = 11 - 1 = 0

BEEE -20 -10 -1

TWENTY

\
TWENTY ‘|

& 1-3 B RFiEE
FELL BB, Bl — AR RTE AR AP AR (BRTRER RImBEAIETS), RIS 7 alfTHRE )T
o EEFESHEERIANAES, BEEARE LR "H” WAL,

NEREE—IER, REVEFRWUT, %PArARERRRAEERBEE R, SHREMA MBI ESRMRESEERE
HREH RS R R A RC IR T, FIR SRR USEIT CPU F1 GPU TTHEE, Sh—2k, BIMutaE
TGRSR R A b, DA S R SRR A R R TR

Tip
NRIRETE RIS, EETA, BYIRN ES SRS — R, SR TR, AEARATIE
VR E N B R BT SR TR A R

1.2 BEZERMHE
1.2.1 REEER

wmE% (algorithm) Z1EARFFHINMRREE FER — A5 S o Ev B, EBEALUNRE,

- FERRARERYT, 05T I A T 2R
- BARTY, REMITEEIRAER. RIS T e,
- BOBEAMEH SR, EAHRREMARBITHRET, fWHaaeArE,

1.2.2 BRSBTS

BR4EME (data structure) ZHHMMFHFERIVTN, MEERNE, BRZHBRGRNERRIEE, EA
AL,
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- RS HEED, DS AR,
- ERHRIEATREDUE, MREERIWIML. B, MBR. EHEE,
- RUEERIEREOREEE N, DUEEEIASHIT,

ORISR — e e RER R R, SRR  HBUSR T, EEW A — T HfEH 21, T
a5

- SR ERSMERRES, ERRLET RO PRI L EANERE, (HREE T R DR,
- ERRER A A, ROt T E SR AGEE R, (ER A R R R S .

1.2.3 EREBERREEZNRIR

aniE 1-4 frR, ERHSREEEIRSEME, BEES, AERIEDNT =75,

- BRERREEIANE D, EREERREETAR M VR IER, DUREBERIRTT A,
- HEIRLEREEHIEAL W, ERERA S SRR, SRR EMIRATE M,
- HETREE A AN AR R EDL, HBUTRERATEEMERR, BHESEAE RS2 .

BE—RIUREES

MmN AL
LD ‘ REE Hith
_—
input algorithm output
BHHEGE

data structure

RUtERLHEEFNER
BN PEN B RHRIES &

[ 1-4 BRSBTS IR AR (R

BRI SR R N AN E 1-5 FosiIPHEEAR, —BAR, IRTEST2FHEZIN, B SRS
Fo HMHZIGRIAE D 1R0E, MREAR IR R AREAEA,
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& 1-5 PHEREA

W A EE AT IE R R AR 1-1 B,

11 R R R B R L 2 PHEREAR

BRUEREEETE  PREEAR

B R RPHERTREA

Bk AR, BREER, R @7 5E
[CECRES TR DR B AR BB — Y20 R

it R TSR

ERSAE, ERERREERERINENRGESH. ERM, AEFURHERZEEAESVE
B,

BI5E R TR
TEEPRRT SRR, FATEE A “EREMEREER e “HRIE", s AR LeetCode T
BEE, BPR RIS AR AR R 77 T AR

1.3 &g

1. ERSEIEE

- EEIREHFEAEPEENE, WAZE IR, B L, RMEEENARPEE TR
ZRTE, AR TS RN HEE,
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- AT SRR B o S ERTAEEL T oG 2 B E EERTR AR,

- REPEBETOR)E R B AP R E R AL, MAHE AR S H MU R,

- BWERENSRAH L REBEER, DRI RTE AR S E,

- BRI AR PRI N AR R R — A TS S BIR(E P BR, TR RHET 2 S M rh AR AR 8 17 R
1753

- EORME R B RR R A, SRS R BRI, MRS RS RE AL @,

- B AT DUR B R A R BT R R LE 2 DFRAE R, BURARER, BURKE MRS SRR B R A
i, DERIERRI BRI RR,

2. Q&A

Q: TER—AREAEatN, WAL HH TP IERAERIERDOEHE, ¥REERSEEGESHEREr T, J
BHAMATLAT ; SRS EMERM LIEP R IR A 2R E AR E?

ANFHEEBER TAERRE LRI “1A5K" AOGS, AREEEAERHIERZEGR “N7,

R A E R (DUHAMERRL H) MEEARERELEPREER Y, MaEREN2R0AH, ERk
M RERFRESVE ) B E R SO JEFN A, 1M TAEM R B, B —EfEg 7, SEEXESENE THE
R

C AR A SR BRSBTS, B EE TR, I REREAIE A AR M T, BT
NEWG, RAEEARSE, B LRIMRA M ERE,

- AHANSRENEE AL, BTG HIENEH Y R AR EARE R O(nlogn) ; MR ERERZ
IE]7E AL BL A FE B (BIAnE25R) , BRBEFAMRL r] DARIRBCRE ) “ERBHEE” AR, R IRr ) M R R 2
O(nk), Hrhk 28, EERBERTURR, 818 HARKNSITIRE R ANE R A EE (AR,
BRBEFE) o

fE LRI, KREMEEH DUESIREMRN, F2MEREWN “E127 Mgk T, MENESRE—T7
T AR R REAS B MR, 59— T R B TR O O RIGt #. A\RURTRRR e M, AEBRilZe, ot
IR &R, P RERE R TR 15 B (A
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Abstract
PR AT NS r s B A T P R S
A EBAMAE R B2 S P E A S EIRAIRR, SIRE BT E,
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2.1 EEEMEL

FEMETRR TR, B ARIESR DA 8 g i ) A

L. IREBUBVEMETE : 5 RIR TR ZE A A E A A IR 9 m] 20 SR 1S )R A TR
2. woRERTL: A —ERE R REF R 2R, BRI B IRE ] RE MR TA,

WRtEH, EREFIRIRMERIRTR T, BERSCRE A BHEEES N EETEIEE, EaEI I mfE
HERE

- IR B TR R,
- ARERCR: EEIAG R R AR,

fifimn sz, JMMEERRG “BRXE” WRORESHBRERIE, mA YR RRNCR EMEE, F2
HEER, RMA RN SERERIETHL, EmESEE ARG R,

RCRFETTIREE it BERHIEA,  BEGR (G R

2.1.1 EAR

R AR A MEETA B, EMARREMIRE [, BAEFEH g mEEETARRCR, REXK
HsiER i — et AN, JUTEmMEEER, AR eI TR GRS, SRS
RES S MR L BRI, (HBAAE BRI RIR M,

— 750, HECAHERRIEAERBEH TR, RERGHAC & & B RARRRE R, e — s R A AT R,
M EREE S TE 2% CPU LT, —EHEBERNTIEEREES, 0B ElE S RE B LR &
Hr, Wt BEIREARRH S ERREARATRER A — B, SR RE M TR A A A LT
W, Sat-FEIReR, mER T HER,

77, JERe IR, S AR RIS, EREERGRALAFEZCR, fln, 1M
NERREBUNR, HEE A RTRHELEETR B G, MEMABRRECRR, HEGERIEREHER, K
I, & THEEESIRDRS, ROHEZH SRR AE R, SRR RRAEH R,

2.1.2 IPREE

HRBERRRIE R A RAREIRME, FRAM AT A5 R 5 E — L5t RAREHE T B A RIRCR, SRR T A 2
BAAEREE S (asymptotic complexity analysis), flifGEHE DT,

R RE 70T BE S BELER T SR TR U T i 5 B PR 3 P Sl N R AR 2 T B (R et v R A\ DR
BB, ERIEPI TR R R RN R8s, SEE AL, BATA] DR 73 25 = (8 SR AP
i,

- “RERRIZSREEIR” 4RI ERS RIS (time complexity) FISSRIMEHEE (space complexity),

- “BEE G RHRAIR I RRE RREE R T T BRE B TSR B A\ R R I BRR

- R RS RO AR T B RS SR U TR R El A F S R ) BB, 2 R R el
R “Pug”,

B S s IR EEREIIGEATT TR i, REEAE AN A7
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- EETEEAUTENS, HEinskaEibe,

- e REAEREE, A RIE IR E AT &,

- BRI DB R E AR FTREREERNCR, THEAERERE SHEERNEE.

Tip

ANSRARAT AR AU SR BI R 2%, SZEIE L, FM e EREEE 4,
HERE At 2 AR L T — LR RERCRIY IR, (3R AT DA BT SR R R A R A R R AN
TR, B AR R 2 MIReR,

WA R EEERMS, BRPEREEMSR, SEBEHNEE, CSHEAEE, EREDHAIRETK
B TERRITM AN, 2RI, &R R R R s RIARRr Ry, DORE 7 20 HO IR
s 6 FH 1

ik BRI, HEERIER AR E RSB ETR  Al, JEB BT o WD AR AR, DARERES 52 R B
TR R RE 0T

2.2 EREEDR

TEE, BT 2RE B0, SRR TR B, R, AR 2 i
MR, FRIMSEE T R AT E R R BB S TR, B A R s A R A0, IR,
2.2.1 #*

A (iteration) &—FREBBUT SIS ITHIGERE, ERF, BRREERE — SR a7
s, EEE I R R P

1. fori@fE

R R RRIENEAZ —, WEERRTEERBIREER

bl ipres 3
PANBREIR For JEREIEEL 7RA 1 4 2 4 -+ +n, KNGFUEHZE res ik, FELRAZ, Python
Hirange(a, b) BEMERMEZE “ZRAH" 9, HENEGHEER a,a+1,...,0—1:

for

# = File: iteration.rb =

e for EE
def for_loop(n)
res = 0

# @EXRM 1, 2, ..., n-1, n
for i in 1..n

res += 1i
end

res
end



H2®| RO www.hello-algo.com 20

2-1 JEa% R AN A AR AE [

i=1

2-1 SRFIAFHY A HERE

ISR R P SR B R B AN DRER N o ARE R, SREFIR “SRIERIRT, EIR L, RSN
igfial “HRPEBHR”. ABNAREE N —EiThEEA A

2. while BE

i for JERERAML, while JE[EtHE ~REBUEAITTE. £ while T, BASWE GomERT, 1R
iR, AIRERERTT, & RIS SO,

THEFHMA while EREAREH KM 1 +2+ -+ n:
# == File: iteration.rb =

e while 1OFE #HH#
def while_loop(n)

res = 0

i =1 # VIR HIRGES

# W@EKRM 1, 2, ..., n-1, n
while i <= n

res += i

i+= 1 # EEEES
end

res
end

while JHELE for MRER EHEE R, 1£ while JEREH, Fn] DAE d R sHE A2 BATRIA LA E T2

BIantE AR, R PFAEREL o S ERIE T I OCE T, ISR AN AT B for JEIE EER:
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# == File: iteration.rb =

#H# while 1EE (MXEHT) #HH
def while_loop_ii(n)

res = 0

i =1 # VIR HIRGES

# EEKRF 1, 4, 10,
while i <= n
res += i
# EIRMES
i+=1
i %= 2
end

res
end

A, for WREINREAREHEMERTE, while WREIE MBS, MHHAATAEBUE AR, BIEE A
JERZAR IR T RE A 75 >R AR

3. HikiEE
oM AT DATE — 1188 B A5 0 SR 55 — (I B 45 4, R DA For JEE 2 :
# == File: iteration.rb =

HH EE for TE HH
def nested_for_loop(n)

res =
#E8E i =1, 2, ..., n-1, n
for i in 1..n

# EE j =1, 2, ..., n-1, n

for j in 1..n
res += "(#Hi}, #HiPH), "
end
end

res
end

V] 2-2 J2 5% SRR R Y TR A
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A

2-2 BRI A i A [

RSN, WU e iR n? BB, st RIS TR AR n B P BIR

B ] DR SRIE R, B —REGIRERR — IR “THE”, AF eI S E SRR TRy
B(R”, DA

2.2.2 E@

IEE (recursion) J2—TE{HEIANNE, ZiBRIFIY B B AR EE, €3 EUSHEREE,

L& BATERAMT G S, @ EAENSRER2E, EENER KR,
2. 30 g3 “RRALERIET 1R, BRAICRIRENEE KRG IR M, MRS ERIAER,

MEERNAES, BEEXBEECS = E%EER,

L 8RIbffF: RURDUE M ER R “R” @ T,
2. JEEEM: HE GR”, BRI E B, @A E NSRRI 2E,
3. IBIISER: BIE 7, EADEE R EENR A E R,

B DA NS, M AT recur(n) , BEATRAZERR 1 + 2 + --- + n UETE:
# == File: recursion.rb =

HH IRIE

def recur(n)
# ARIERY
return 1 if n = 1
# IE: EENEY
res = recur(n - 1)
# 8 RELER
n + res

end
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2-3 JEoR T %R AR IE AL,

AT B Bt “@
recur(n) return n + ((n-1) +..+2+1)
| 4 ‘
recur(n-1) return (n-1) + ((n=2)+..+2+1)
| ,,/
recur(4) return 4 + (3+2+1)‘
} -
recur(3) return 3 + (2+1)
} A
recur(2) EEE return 2 + (1)
} #IHEE —
recur(1) return 1

[ 2-3  SRAN R AR i A
HERUERH R AR, IERBLRE T ISR FEAAR, HEMARR T MRS5S 2 A R 0 R85 I DR RS A 3
iﬁo

- B TAETTWE” HRIREE, (ERIETERD BB, AR TEEESREMGESER, RN,
IR CH RN R, R E%%%E/J\EI’J?FEJEE, g e R AN R R B A M R T
P2 NAGH T AR R 2 BN TR, BEIEAE RS L GEARILRIARZ EAED.

PALIRSKRFIER R 250, HAE f(n) =142+ +n,

- fEEEREHERAER, U 1ESE 0, SREGTRITERE, BIARE f(n) .
SR : SR TR £(n) = n+ f(n—1), B GEIEH) S5 2, AEEANWN (1) =
AL,

1. MREOYIEE
IR PR U RN SR, RAESE Ao BT BRI X  BCEC RS, DAREAF I s, MYk R At 3 AR
&, B S EN T AR,

- BRI RE AR S R AR R, EERRERA GRRER. HIt,
AR S ELIE AT MG £ e D
- RIE R R X AR RS MR DR IR Y b VI RIS A

QniE 2-4 PR, FEMBEEARILIRIERT, FRIRHEE n EARREFDEEE X, REREZ n .
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AT ‘@ Bkt ©

&

recur(n)

}

recur(n-1)

!
|

BERE recur(4)
! }
recur(3)

!

recur(2)

WERE
} P

recur(1)

2-4 JRIENFA TR

FEERD, BAFES A IRE RS R A R, BIRAEE AT RE SR B i 54 ER,

2. BiEl

2, MRS NRLEIR NG RE A REPEN ) 5% ] DA s ae ol E s an i (i, HETE
RRCE FEERMEE, EREBN R AREE (tail recursion),

- R ERFOREE bR RR, REESTTREE, FIERARERHT Ll r
e

- R R AL 2 R FOR A AT R AR — A, ERRE ORI R E— kiR, AT T H At
BfE, RIERSEARF LR LT

DAFHE 1+ 2 4 - + n Bfl, FRAATDAURAS A8 res AKX, EMENHEIEE:
# == File: recursion.rb =

HH RIEIE
def tail_recur(n, res)

# #RIEERE

return res if n = 0

# EiREny

tail_recur(n - 1, res + n)
end

IR FAATIERARANIE 2-5 AR, ¥ EEE @R A IR, i SRR RS TR 2 AN R A,

© OWEIRE : SRFIFR(ERAE W ANRRETEHITHY, SR ERE T OORFIR .
- IR SRAHRERE RT REBRTHITH, T rEERTEREIRE,
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25

BT “8

recur(n,

recur(n-1, n)

recur(3,

recur(2,

recur(1,

recur(0,

0)

}
}
|

wt5+4)

|

wt5+4+3)

l

wt5+4+3+2)

|

W+ 5+4+3+2+1)

HRSHEE
SRR

Bt “@

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

f

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

f

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

f

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

f

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

f

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

f

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

2-5 REEERE

Tip

FRTERL, W2 Mine ar Bl ELRR ax A A SO IR AR HEfL, 914N, Python FARA SR RIEE R ELL,
BN EE R R RRIRIEIE I, (755K AT AE €l 24 i 07 Al

3. RO
IR ‘67 MBI E R ER, EEFE RN R E N EE, R EMSE, DA B
B 2,

Question

s — BB EES 0,1,1,2,3,5,8,13, ..., KeZBFINE n MHF.

S n TS f(n), 5w
- WEIRRERE S f(1) = 0 f(2) = 1,

A
ZH B o

WIS ERI AR, B f(n) = f(n— 1)+ f(n—2).
VSO RO TEIEIN, AT EI I 2 e, (T 55 OSSN £ib(n) HIFT{5) 22

BARRBENEIE n fEB:

# == File: recursion.rb =

HH BERARRET: BT
def fib(n)

# #&IERHF F(1) =0, f(2) =1
return n - 1ifn=1 || n = 2
# EEMEL f(n) = f(n-1) + f(n-2)
res = fib(n - 1) + fib(n - 2)



2w AR www.hello-algo.com 26

# REER f(n)
res
end

Bl DA EARHE, FRMAE R PR @ ey 7 i eR o, TE R — AR A 7 R 5 52, qnlE 2-6
R, EEREAENREPEIY N E, REFELE —MREEA n FIEER (recursion tree),

f(n)

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

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

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

[ 2-6 BRI EE IR

WAE B, R T “HRESRAT/NTRIE RS, BEE RS HEE,
C CEERAEEE, . Hir. B 4. BhAEREIS 2 R R R R T S
HAER,
L BRI AEE, BE R RE S RIS R, BRI R, N A e R E S s A
507,
2.2.3 MEEHL
gast Dl g, 03k 2-1 R, IEACHNEELEE B, SRERBEANE EE TR,

K 2-1 EBLRE R RS L

IER R
"B AR BRI B &
K
IR ReRiEH R, SRR i Be g FRUR R UL AR & 22 2R B 3
%
FOfEfE A ERE A NIR R R S R U IU A] REfSE P R R A HE B e = )

fEH
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IER IRl

AR EAREHEEE R, RAER. T EAR TR, R B vE. ESE, R R,
| E253 GLT

Tip
RS DU AR AR R S, AT DAMTERESE “HEE” EMEIREAREE,

AR, IEACRNEIE A (BB BE? DL EIRIRE 20, SREBREERIEN " BEEIET, SRk
B ATV ) R U B LR B AR e AR ARG, ISR LAEHHIBERAY “Jo AR IR Rl ) 1,

FELE, MR R MR ISERIEMTEE CAAR R TR BEHER R EVIRR.

L &: EeR TR, RECELE “PPAHEET b2 S% R SN AR, FH 17 R A
B, 28 REMHEFEFR,
2. 30 ERASEREUTILRENR, SRR R EPE PR ERRR, IRIE AR AT IR,

DR, FRAP AT DASsE Y — i S R M B AR IS S ME B R 7 2, 1RC T R R T 2 ik A T 2K
# == File: recursion.rb =

HH FEREIRRED #HH#

def for_loop_recur(n)
# FE—ERERHEERIRRRGITIHES
stack = []
res = 0

# & EEy

for i in n.downto(0)
# FEE NEBIRE B T
stack << i

end

# 18 REIEER

while !stack.empty?
res += stack.pop

end

# res = 1+42+3+...+n
res
end

B DL EREAHS, EIREE AR, RS EEE 7. MEENIREERZ DN AT AR AR
b, HA—EESERE, AT MR,

- EIRRIRECHS RTRE S N DABRAR, maMEE 2=,
- EPRFLE UM, SRR SN S RIAT 2% RTREE R IR

M, BEREORRIBRE PR E BRI TEE, AR REt EE T, HEAmE B R AR S
HI7T IR R,
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2.3 BSMEREE

FRATIRE ] AT DA BB L AR At S B SRR R, AP R IR P AR TR — BORE SN AP TIRR ], PERZ AN T 5 1
We?

1. e R, EIEHEAE. RGBS, RARES, BRRESGEEREABIHITICE,

2. PHG ARG H IR TR AT IRE RS, BIA0IERAE + TR I ns, FIERIERE « FE 10 ns, HIEMHEAE
print() 7% 5ns %,

3. #iatEEEP A R RERE, WK FT A IR BRI TIR R SR AN, 1Em1S 2B TR

fande UMK, WABRA N

# ERPITTEET
def algorithm(n)

a=2 # 1 ns
a=-a+1 # 1 ns
a=a=*?2 # 10 ns

# 1@FE n X
(0...n).each do # 1 ns
puts 0 # 5 ns
end
end

MRARRA LT, ISR BU TR % (6n + 12) ns :

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

HERE L, SaHERIANPITRBEA SBRABE, 5%, O HENEHEMARRAIIT P28, B
AR R SRR PR BT, HR, FFREERSEIRERPITIRRE, S4a TSR R 1A
ISESIE

2.3.1 FstRFREERES

IRy P M AT A RO R TR B T IR (), T ST T IR IR 8 S R HR BRI A g il 3%

“REfEE REE EEMES b S, FRAMIEE — 5] A0 DAREAR, i NERA N n, 467E = EEE
A BFIC:

# BEEE A BBEEHE: FEE
def algorithm_A(n)

puts O
end

# BEE B RURFEMEHME: R4
def algorithm_B(n)

(0...n).each { puts 0 }
end

# BEE C MREEHE: EEE

def algorithm_C(n)
(0...1_0600_000).each { puts 0 }

end
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[ 2-7 Jeor 7 DAL = (s SR R SR Rr R

- BT A FUE 1 ESIENRSE, EIRHUTREAAREE n BTG R, BAIRE I B IAR IR A A 2
“HBPE,

- AR B HRSIENREREEE n X, HERRTRIFENEE n AR R, HEBIRARHE M
IR 2 “HRIERET,

- TEEIR C PRYSIENRMETRZEE 1000000 (&, SERMITRIFEIRE, HeiimANERA/N n 6, Fit
C RUIRF IR A AR, 1192 “HYBIRE™,

WEE C - Bum
1000000

WL B — MR

RELERITRE 10
5 /Mﬂp&
0

@ 1 2 3 4 5 6 7 8 9

BNEEKN

n

2-7 TEEZE A, B C RN RS

BN B A B RIR N TR, R R B AT TR e R ?

- ISR RES A RS RIARCR, I, HEE B BT 2R, £ n > 1 RHEERX
A8, £ n > 1000000 FrELE R C E18, FE L, HEMABERI/Nn BIR, @HES “HE
BE” AOTRSEIE R BN AR R, SRR REENE R,

- PRI ROHER ) TR R, BSR, BT PRSI R AR B R TR T IR R A0 R A S
DRI A B R R FEE S04 v, AP T AR BRI P A i SRR RO TR A 2 AR R “BRALIRR D, e
#F “FHEBREITR IS AL T S “RHRIRIEBEMEDT, SR AR R R T,

- R A e — R AR TR, BN, EETEER A F1 C IR RIMEAREAEE, (BB BRI TR R 2251
RR. [FIRR, EE AT B MIRHMEMALL C &, EEMABERA/N n BUNR, AR B BIREING
BIR C o BORIEENL, TR 4 DA I R MM B R R AR = . ER, @B LI
i, R AT AR ST SRR RCR A A EL AR 75 T

2.3.2 FRXENELESR

FAE —flEm AR/ N o RO RR

def algorithm(n)

a=1 # +1
a=a+1 # +1
a=a%*2 # +1
# B n R
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(0...n).each do # +1
puts O # +1
end
end

AR AR E R R — R AR RN n R, T2 T(n), RIPAERAKAHERIEBE

T(n)=3+2n

T(n) 22—, HETHBUTR R RESZARIER), DRI e AR SRR 2 AR R

B GREBE R AR O O(n) , EEBERRSIMAR O 5258 (big-O notation), R T'(n) K
#HE LR (asymptotic upper bound),

IR AR ST A EREHE “BE8E T (n)” MHNE B, EEAIHRNEER TR,

PR MIE b5
FAEEEM ¢ MBS ny , HEERFER R > ny, 398 T(n) < c- f(n), HARA f(n) &
HT T(n) —EHOE L3R, 325 T(n) = O(f(n)) .«

aniE 2-8 fiw, wHEWNL SR SRR f(n), SSE n@RREE KR, T(n) M f(n) IR
AUBERARH, (EARZE — (A BURE ¢

c-f(n)
T(n)

A n

4_,——’—‘—””ﬂ—'

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

E n>n, B, BEE c-f(n) = T(n),
FkAIEE f(n) 2 T(n) MN—EIHLLER,
84 T(n) = 0(f(n))

2-8 HRFATHNL_B5Y

2.3.3 BHGE

ML ESRREUERR A RE, TR A2, thEERO, MR DURERERTIE, EAEH
BB, WAl DO B R
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WS, W f(n) 218, RERESIIEEE O(f(n)) . IELMHEINL R f(n) 187 48885
B ECEEAHRIENR, REHIEIHE L,

1. F—%: HsHEEHE

SRS, BT BRI FEHERIAT, R, B LA e f(n) FREEURE c v DABUERER/D, HILERE
B T'(n) "PROSRIREL S BORET DU, ARPRIELER, 77 DA I DU RSB s,

1. 20 T'(n) PR, H2TMHEREE n SR, [T DA A 1 A R 2

2. HWEPAIRE. B, EE 2n Rk, Sn + 1R, AT DAL n ik, %y n Al A RECH R R
MR A B,

3. JERE IR E RIS, SR (ERESRINEE BN R R, &R E R ] P A
EHE 1. BN 2. BEHIETT,

s — MRS, FRIFAT DU B3R Bas skt at R E B -

def algorithm(n)

a=1 # +0 (F15 1)
a=-a+n #+0 (15 1)
# +n (315 2)

(0...(5 * n + 1)) .each do { puts 0 }
# +nxn (FI15 3)
(0...(2 * n)).each do
(@...(n + 1)).each do { puts 0 }
end
end

PATATER T A AR SIS AR, e RS S O(n?) .

T(n)=2n(n+1)+ (Gn+1)+2 5ekmEr -]
=202 +Tn+3
T(n)=n?+n fMEsEr (0.0)

2. BZH: HEREHEESR

ISR RTMEEE Y 1" () e BE IR DUE ., 1822 TE n BRI RI, IRm PRI S TR, Hift
THASZ R AT DA

*® 2-2 Jeon T LGy, Hp—LEssRAVEDR 2 1R REBERIBEIEET M. B n BINERIRR,
S BEG H E E

R 2-2 AN[FIHRA R B T A R ] A

SRS T (n) BERIHEEREE O(f(n))

100000 o(1)
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WOEBR T(n) BRI O(f(n))
3n+ 2 O(n)
2n? +3n + 2 O(n?)
n® + 10000n> O(n?)
27 + 1000019000 O(27)
2.3.4 BRE5
REMANERA N2y o, AT RIANE 2-9 s GRS S RINEFHESD
O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
TR < BB < RIERE < SPEEBRE < FITRE < FRERE < PEIRpE
$EBPE o(2")
F5PE 0(n2) Eﬁ
R S 0(n) o
T i
HBPE 0(logn) i
®
&
HEME o(1)
BNEEKN
(@ 2-9 H RUAYIRE R R YA
1. BERO(1)
WS BRI RE I N RIR/ n R, BIPRBER n RV LAk,

FELUNER, BB BRIFRR size AIREIRK, (H AR H B AR/ n SRR, DRI IMTIERENS 2 O(1)

# == File: time_complexity.rb =

HH BRI

def constant(n)
count = 0
size = 100000

(0...size).each { count += 1 }
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count
end

2. 4R O(n)

HAMERE B ERLE BRI N BRI n ARSI R, SRMERE @ B 7 B e el o -
# == File: time_complexity.rb =

HH ARIERE
def linear(n)

count = 0
(0...n).each { count += 1 }
count

end

7E 3 A A 75 A B 9 S PR R IRF FE AR 2% O(n) . Horb n 2[5l Bt SR 51 ) R
# = File: time_complexity.rb =

HH RS (RERERED) et
def array_traversal(nums)
count = 0

# EEREEAET [ RERIELL
for num in nums

count += 1
end

count
end

ERERRE, AR/ n TRRE A BRI R RS, LLAn(E S — 8RBT, S8 n A K
BN, S ARG, HEIRE n HERRN,

3. EAKEO(n?)

S BBV AT AR/ o DA RN . Py B B U S e
SRR IR 2 O(n) | LRSI IR AR ES O (n?) -

# = File: time_complexity.rb =

HH ERRE
def quadratic(n)
count = 0

# EEXREEHRER AN n KFESRF
for 1 in 0...n
for j in 0...n
count += 1
end
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end

count
end

2-10 BEL 7RG, ARVERERI 75 I A MR

EE n X
1R E
BSRRIRREE B BEROEE
HHE o(1) EREPE o(n) T5MH o(n?)

(] rE—mEmae

[ 2-10 HEEE, ARPERERN-F-75 R AR R

DAETRHE R0, SNEEEERT 1 — 1K, NBEERT — 1 n—2. .. 2. 1k, FH5n/2K,
WIS O((n — 1)n/2) = O(n?) :

# == File: time_complexity.rb =

HH TR CEIAHE) wH
def bubble_sort(nums)
count = 0 # =tEiEs

# SMEE: RHFERMS [0, il
for i in (nums.length - 1).downto(0)
# WEE: HERHIFER [0, 1] PHRATERAEZERNRAIR
for j in 0...1
if nums[j] > nums[j + 1]
# 32 nums[j] B nums[j + 1]
tmp = nums[j]
nums[j] = nums[]j + 1]
nums[j + 1] = tmp
count += 3 # JTEXMREE 3 EBETIRE
end
end
end

count
end
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4. $E8HEO(2")

VR IR R IRBIEN R AV T WIAAIRRER 1 IEMINE, R IR 2 fH, SRR
887y A, DAMREHE, 2% n @WEE 2" MU,

2-11 ADA RS T AR e R, RRIEREE S O(27) o IR, WA n RS RR%E, &E
{8 count FTRBFHIEL

# == File: time_complexity.rb =

HH 152 (UBIEIR) w
def exponential(n)
count, base = 0, 1

# SR —25=, EREY 1, 2, 4, 8, ..., 2*(n-1)
(0...n).each do

(0...base).each { count += 1 }

base *= 2
end

#count =1+ 2+ 4+8+ .. +2"(n-1) = 2*n -1
count
end

EEH BEH
BE—5%H= MEHE
20
21
2 - # B
znfl
ﬁ@!ﬁu¥£§EIQEMEﬂ;ﬁﬂmﬁﬁﬂﬁ§ BRI
20 + 21 + 22 & . 4+ 271 = 2n-1 BB o(2")

2-11 HEBRE s R A A

EEREE LT, 880 E HEREE KR, Flange AR, HiEEth—n%—, K& n R93%
21k

# == File: time_complexity.rb =

HH 1EEIRE (RIEEIR)
def exp_recur(n)

return 1 if n = 1

exp_recur(n - 1) + exp_recur(n - 1) + 1
end
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TR RAER IR, EEEE (BAOEs, [ e R, HRNEREBEERIME, fHEEERT
FIRRBZHY, TR TR B R A S A R AR R

5. HEKE O(logn)
BRREPEAE S, BHEPERML T “BiRAERE T RN, SMAERR NS n, HR RS —F,
T R ER log, n, Bl 2™ B ER
2-12 FILA PRI BUEE T SRS (A2, RIS O(log,n) , A O(logn) :
# == File: time_complexity.rb =
it B (REEIR) #HH
def logarithmic(n)
count = 0
while n > 1
n /=2
count += 1

end

count
end

BNEFIRER N SEEE 1 8

ﬁiﬂﬁ%ﬂéﬂ ﬁfg ﬁ@ 2 ;ﬁ_v_\'i %‘FEE"E{'F

a

EHERIRIEE B REREE
log,n +1 HEPE 0(logn)

=

[N]

[y

2-12 EHERE IR M

BLRBRERAML, SRR th i W BRI R A rp, UMK T — R log, n BUIRIER:
# == File: time_complexity.rb =

HH HERE (REEIR) #HH
def log_recur(n)
return 0 unless n > 1
log_recur(n / 2) + 1
end
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BYREE HBURER IR REERT, BT 002" M CEGET MERIREE, e REE,
TR FEECITA H BARE Fr) FHLAE IR P A R

O(logn) MIKECRZ/D?
HEREACHR, “—2r %y m” BIERIR R O(log, n) o MEBEBHRIRAN, HMATLUFEIRA
TREE. AR R R -

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

W, RECm Al DE BRI N, R RME s @B E m, B ER
% O(logn) o

6. #REHBME O(nlogn)

ARV B BRSO R, e E R R AR A% O(logn) #1 O(n) » MBI :
# == File: time_complexity.rb =

HH ARMEHEE

def linear_log_recur(n)

return 1 unless n > 1

count = linear_log_recur(n / 2) + linear_log_recur(n / 2)
(0...n).each { count += 1 }

count
end

2-13 JeoR T ARSI A E O T e B — EA BRI BB 2y n, BHGA log, n + 1, [Hittiks
BIHREE 2 O(nlogn) o

SRR IEAR
O nx1=n
2
# log,n+1 B
TR LN IR L
T 4 n
@ o S o —
n = (log,n + 1)
FSRfEHEE
1R 1R 1% 1R 0(nlogn)
1 x =
=y €=y) =) €=y) e
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2-13  ARIE ST BRI IRE R R

R R R DR 5 O(nlogn) , BIATHIEHER. & 0HER. MRS,
7. B O(n!)

RESFEREHIERIE B “2HY)” R, 40E n MEAEERNITR, REATTRNHIITE, 7TREER:
n!l=mnx( )X (n—2) x - x2x1

BESFIEE (AR B, niE 2-14 MDA NEXBHUR, B—EoRtn i, S2ErREn — 1, Dt
e, HEE n EREIRER:

# = File: time_complexity.rb =

PSP (GEIDEIR) #H
def factorial_recur(n)
return 1 if n = 0

count = 0

# 1t 1 ENRE n @

count

(0...n).each { count += factorial_recur(n - 1) }
end

ZEH EEN
NERYE HEHE
n n
n-1 n(n-1)
n-2 n(n-1)(n-2)

n
SHFINARY (NRRENEREE)
nx (n-1) x (n-2) x .. x 2

B
x1=n! BEFERE o(n!)

2-14 PSR RS RO R ) 1 e

mEn > AREAE n! > 27, BTDARERME LIRS RIS R, £ n BORKth 2 AN A H52H,
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2.3.5 J®E. RfE. FISHEERE

WRARIR PRI AR EE N, i Bl A BORH A B REim A —ERE S n AR nums |, H
Honums FTE 1 2 n MEFHK, ST HRHBR—0; EREFZERTELR, S5 HEERIREDTR 1
AIZR51, AP AT DATSH DU &5

© Eonums = [?, ?, ..., 1], EERETHER 1 I, TEEEDMY, ESIRZRBERE O(n)
© Honums = [1, 2, 2, ...]1, BVEERECCERS 1K, RS2 RAATZESUED, EIRER
ISR Q(1) o

“ERZR A" BB NGBS, K O sEiRFon. M, “HRARR s B HnE N,
A1 Q) RSRAOR:

# == File: worst_best_time_complexity.rb =
HH ERR—EREY, TES: 1, 2, ..., n , |[EFEWITEL #H#
def random_numbers(n)

# RS nums =: 1, 2, 3, ..., n

nums = Array.new(n) { |i| i + 1 }
# FEWITRLFES TR
nums.shuffle!

end

et ERES] nums FRERE 1 FRIEZRS| #HH
def find_one(nums)
for i in 0...nums.length
# Bk 1 1ERESIEEERS, EIREREERE 0(1)
# Bk 1 EREYIESR, ZIREREERE 0(n)
return i if nums[i] = 1
end

-1
end

MR R, FelIE BERE R R0 PR R I MR, TR 20 8 U A I AR, ATRE @Ak
AR, TRENE R BRI E A ON, AT T IR R R, AR A AL b
%,

e SRR AT, 2 TR AT I R R MR Y “RSTRAOYERI M S R R
ATREARD, A FAEFT B MR R BTACR, M2 R, PRI o DURSIRCS I 1E R MR\ Rt
RIS, O Hskdr,

ARSI, TRIVTAT AR LM B VDR 5 R UM, Hn L3RR, i A\ 52 T
AL, PRTEE 1 HBIEE RS  MORSRERRATSERY, RRE AN T E R R 5 R R —F /2
| ARSI S O(n/2) = O(n) .

(B SRR, 3 BRI P M A b TR, 17 (R 300 E L0 53 5 TSR e
U, (R T, BT 2 SRR M 1 2 B M S T et
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LAHEERVL RS © Ry
FTREFI O FFSDEAEIRA LT, LRI 3 F Ao m AR, (e 2% Lo, o
FEMORA R BI, 7EA TR T, FEEIL TR O(n)” MR, MHFH e
B O(n) .

2.4 TRIEHE

ERIEME (space complexity) FHF & IE R A5 A AC IR 22 A e 2 B RHE BRI UMY R 28 IS fEmE B
P AR R, R “PUTIRG R Bz (SRR,

2.4.1 EEEERITR

TR E ST R P AT PR s i S A0AE DU 267,

- EAZERE R RR R A R
- BB ARG EERIAERUTERT AR, Wik, WL I EEEER,
- i AR TR A R
—REILS, SHEMERSEER “E ST ik s,
s e AT A — 870 2 = (88 o3
- BRI EERIEI TR RS B, BB MR
- HERAAE R PR AR R BRSO R, BRAEAE RN bR IR AR & 1 B T A N — A HE AR

i, PRFGRIENR, B & PR
AW AR s RAERIE 2, EEPRSET R RIS AaT,

T —BAE R S P A Ry, JRAME R BRI A RORE, HEBe = Bl 2OR =377, 4nlEl 2-15 R,

BEER T MERENATEE

AL

4 hY
PN B =
BNER uEEM FHEE
ﬁﬁ@iﬁ
?Ei 71

2-15 TEETAME A AR A3 R

MHBAREHSL :
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HHE $ER

class Node
attr_accessor :val # ENEL(E
attr_accessor :next # M T~ —ERAEYS | A

def initialize(x)
@val = x
end
end

tHH KT HH

def function
# MITRELIRE. ..
0

end

HH CEEE

def algorithm(n) # EINER
a=20 # BHEER (B8
b=20 # BEEER (B2
node = Node.new(0) # EE&ER (W)
c = function # EEIETRY (PEAYRTE)
a+h+c # EHER

end

2.4.2 #EHE

PRI AL DR SRR AR B RSO, RSB PE I RO 2 “RERAN,
TS AR BRI, TRE LT 2 S P AR . S SRR et B e 2 — M R, TRl
SR (RAE A\ SR A RSN ST A P T
B PR, BRI R AWE A%,
1. DREMAKORIZM: % n < 105, SRS O(1) 5 B85 n > 10 B, HIALIES] nuns 15
i O(n) 230, FEEEMERES O(n) .
2. DABSTIEBUT IR 20 fIn, RERIERITRE (T2, (5 O(1) 21; EPiaEs]
nums I, R O(n) 250, FILBESMBIES O(n) .

def algorithm(n)

a=0 # 0(1)
b = Array.new(10000) # 0(1)
nums = Array.new(n) if n > 10 # 0(n)

end

TR Arp, TSR R R, Bl DU RS

def function
# BITHELAR(E
0

end

i BEIN=EEMEES 0(1) #HH
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def Tloop(n)
(0...n).each { function }
end

#HH BT REEHMES 0(n) #HH#
def recur(n)

return if n = 1

recur(n - 1)
end

B Loop () 1 recur () WIRFEIMTIREERS A O(n) , EZEHMIRREAR,

-+ K3 Loop () EEEHIEY T n X function() , &dmHAY function () IR BN T HEBME2=[E,
Rt AR 2 O(1) 6
- JEEER recur ) FEBUTIBREH ERIFFLE n FEARIRER recur ), #EMIMGH O(n) HIMEBMEZSR,

2.4.3 BRES

REAERIR N2 n, (8 2-16 R T H A MEMEERE] TERE=HED.,

O(1) < O(logn) < O(n) < O(n?) < O(2")
TR < BHEE < SR < TR < 1580

$EBPE o(2")

EABE 0(n2) ;ﬁ

SRR R A/ S4HERE 0(n) A
= HUPE 0(logn) gﬂlﬁ

,—/ J HMM 0(1) -

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

BABERAD

2-16 H AR AR R A

1. B O(1)

BIRE R RN B ARV n EEREE, 28 Uk

B
FEERAE, (I T F A T IS, FBEA TR R, W e
SRR, SRS O(1) -
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# == File: space_complexity.rb =

tHH KT HH
def function
# MITRELEIRE
0
end

HHH BN
def constant(n)

# B, 28 UHEAE 0 =[E

a=2=0
nums = [0] * 10000
node = ListNode.new

# EEFEGE 0(1) =M

(0...n).each { c =0 }

# EEFHRGE 001) =M

(0...n).each { function }
end

2. 110 O(n)

ARVEREE AT REE R n BOE LY, SEASERY), B, (TH1%:
# == File: space_complexity.rb =

HH RIERE
def linear(n)
# RE%A n HWEIMEE 0(n) =M

nums = Array.new(n, 0)

# RE%A n WHEERMGEA 0(n) =M
hmap = {}
for i in 0...n
hmap[i] = i.to_s
end
end

qniE 2-17 foR, BERINEERE R n, RIFRRFEE n @ARRER 1inear_recur () BxX, i/ O(n) K
N A I A ] -

# == File: space_complexity.rb =

HH SRS (RIEEIR) w
def linear_recur(n)
puts " IE@ n = #{n}"
return if n = 1
linear_recur(n - 1)
end
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pr— MLt

AT & %@,
linear_recur(n) return @
linear_recur(n-1) return @

" | 1
linear_recur(2) return @

BEEg

l R T
linear_recur(1) return @
ERFVRETFIRRES n CRIEHEE
HEEH 0(n) HHESERTR $ERE o(n)

2-17 3 bR 22 A AR 2 i FE A

3. EHKO(n?)

SFITREH R AERAIE, TTEREEEE n BT RAR:
# == File: space_complexity.rb =

HH RS
def quadratic(n)
# “HBIEE 0(nr2) =M
Array.new(n) { Array.new(n, 0) }
end

aniE 2-18 iR, %R AANEIIRE X n, TESERIEE X APHeIae 7 — M@k, REZ2HZ n. n— 1,

L2001, FHREAN/2, HILLAEEE O(n?) 2
# == File: space_complexity.rb =

HH FAME (RREIR) #HH
def quadratic_recur(n)
return 0 unless n > 0

# fE5| nums BREA n, n-1, ..., 2, 1
nums = Array.new(n, 0)
quadratic_recur(n - 1)

end
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F5) nums R BT @ O
[ n ~——+ quadratic_recur(n) return 0
n-1 ~——+ quadratic_recur(n-1) return 0
" | 1
2 — quadratic_recur(2) WSiEE return @
1 gl ot T
L 1 ~———+ quadratic_recur(1) return 0
EEERDKPHRL T —EMEY, BRES SR
1+ 2+ ..+ (n-1) + n = n(n+1)/2 TAM o(n?)

2-18 R R AL BT 75 B 2 A

4. 3B O(2")

TRBARE R R oo, BIRE 2-19, EH A n i N _Johl” MEREEA 2" — 1, 5H O(2™) =M:
# == File: space_complexity.rb =
i TEEME (BIiDm o)
def build_tree(n)
return if n = 0
TreeNode.new.tap do |root]|
root.left = build_tree(n - 1)
root.right = build_tree(n - 1)

end
end

EENEIRAEE

20
21

22 >

-
W

2n-1

FhA RS S SRIRHE
20 4+ 21 4 22 4 ... 4 2n-1 - 2n_q #E‘HI’E o(zn)
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2-19 i — ek AE A 4R B 2 i AR

5. K O(logn)

BEESE RN maEE DR, GIna 0y, MAREZ n WS, SRR s i B R # o 2w, B
R E 2 log n MIRXERE, fH O(logn) HEmIEZS,

AFIA BT E T8, WA FEIERY n, CRAES [log, n]+1, BIEEFHRES |log, n] +1
, BIEEREES O(log,,n + 1) = O(logn)

2.4.4 (EEEFRESR

BUARTEDLT, TR R R IAR IR R A A s R AR B R B, RTIAE BRI, [RRpEs LRy
F R A PR 2 o A R 0 5 6 T

Rer AR [ R L 300 B T AR T I B R 2 XM, R P8R, TR P B s P AR PR T HE S 2 T
ISR 2 DA R ez, SIUREZy “DARFRR A

IEIRMAE RS B A B EIME T . ERZEUEN T, KRt E e E, Rt DI Rk 8
HREFARR, ER, EERRRARIENT, 2HlaMEmfE i E=,

2.5 NG

1. ERSOIEE

WRRCRGHG

- R RHIRCR A S TR R R SRR 2 I (8 T 2R E AR,

- AT DUEE ERRRIEAE TG T ERRCR, (HEDIRRRARRERE, HERERERIEE,

- BUMERE AT AT DATH PR E PR R W, oA SR R AT A TP &, I HRES IR R I EIR N R
FHRRE T HIRR,

I ] BEHE 1

- TRF R B P A R T SR U T IR R B S R R A, W] DU G IR B I eR,  (BAERELEE
NATRERRR, ANTER A RER R Nl R A R A R, SRS T L A R B S

- RERBBREMEAK O FF950R, BERNE 5, RUE n @ EmRER, SERE T (n)
W RA,

- RN > R, ERAEHRIE R, MEAETIL L5

- H BRI R E SIS O(1). O(logn). O(n). O(nlogn). O(n?). O(2™) 1 0O(n!) %,

- BRI R AR EDE, R B AN R M A R, R 2l E . Bl PR
AR, AR T A, N2 N R — TR 20 R s R I A BRI R B (G L

+ YR A A P S I TE TR BE A RN R TRCR, ci B R IE F PP E BR AR, RE T
EEJIR R MR B A i N DR M AR AR S R B

I
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- SRR M AT SRR AR R, PR BB RS A (8 P TN S I VORI R R,

BB P ORI TR T 4 2 AR, MR, ISR, BRI R, WASIRIR
NSRRI SO, WA T 5 2 MR kY, MBI RIEG 2R, b A 2P 3 P IR
B S S R

Pl EE RS R, IS TE RS A VR 2B TR RS R M

- R SERRE R EEHESIE O(1). O(logn). O(n). O(n?) f10(2") %,

2. Q&A

Q: RIBEMZEHMERE O(1) 152

Fam b, R A SR ] s BN E O(1) o MBERZEIENAGES (B4 Java, Python, C+
+. Go, C#%§) FAIFFEEIRMAMEEE, FHEFRAZEEREZ On).

Q: HFCHITT TRIE AT AE A& A2 B ?

BT (function) A DABENZBIT, A28 ABAREIR, 757% (method) B—{EPPFRANE, wfaHikin
WEILE RGP, REFVEREERIABIE O SRR RIET TR R,
N DR R AR IR S R B
- CiEm RERFARRAKAES, RAEVMFERNRE, AUUERI E3RIF AT DUZ # #3745 i
(struct) AFEEEY PG AR AT,  BAal i e AH R gt ) bR SRR B R AR SR = T T
- Java f1 C# BYIFERENGES, BRI 0575 EHEERIEERIN —ER). FRETTTARIT A
ORI, R BRG] L, AREFIFRE R BITEEE R,
- C++ # Python BEc R AR (50, WSt EmERsEt 05k,

Q: [ElfE “H AR RIBI™ S M2 732 A s P A AR 3 /N2
ANE, ZERRR RS AR, HME R RS, ARG 2 R R B,

B n = 8, {RATREE B AR (E SR K EER b, 2N RIARARE S —EHB0H, HRR
S o R ) A B 1 [

FEEPET, RAIRMEFNADERHE AR “HEB0H” @R 2/, Frbh— Bk AR AR E n = 8
Z NIRRT, HEH 0 = 8° MR T, BRI RBHCAETET,

Q BAFAEMIRER ML R, BRRVERE (SEH) AGREHEREED?

EBISIER T, KBS TR I I, BIAE RS |, TRIDE RIS B+ sk,
(K B R, DR O (log n) $%8 O(1) M,

FEEERE RN R, EBRRERR s, fInEmA RS, KECERREE, TR
GREMERMRR, BREHEYIET AR, DTSRG, REREREE,
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Abstract
B A A [R] — AR [E] T 2 A FAEZE,,
TAERINE AR AL TR, EEIRS DAE R EAE B AR,
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3.1 BEHEENE

AR R ISR, SRS ARSI, HEE, (TH. MRER. B HERE. [, EfMAT DA @A 1 Y
BRASHE” PREAE T 0,

3.1.1 B SiERiEgH

AT R ROROT R Z WINGERBR, (ErESIESERsT, SRR —EIEFHS, f8TER
AURRIERR (R, WfER TR, BORMETHARA NS, Rt “fHoe” 8 R ZEIRAER R 6
ERIBTNE RN, Sk T AR AR B (R

QniE 3-1 R, GEERARERT 22 “ARPET A1 CIRARMET MIORM. ARPEATRELLECEE, fRR R (R L2
PEHES; AESRIERSREHIN S, Z2ARRIEHES,

- RRTERDRLGONE: Y, SEAGERS. HEE, (73, MERR, TTRZMEEH-RIEFRER
- AESYERDRIARE B, MERE. [, REER

TERRIE BRI ] DU — 25 87 2 BHE ST R A

- BRI B R MERR, TRZMERE -BHZHRR.
- WIRGIRE: [E, TR R B ZHIRR.

SIEEREE JEARE RS
w51 B & 2
array tree P N
g3 —&)—ED)—ED—
linked list —
push I/I ™~
ey e graph o /
stack -
pop
- - - - - — &
751 HH#
queue -— | e heap e
pop push

RS {key v ;}
hash table value
3-1 SPEERHEE BRI B R A

3.1.2 YRR EERSE

EHRAR BTN, IEAE PR ROR 3 R T i . [ 3-2 JROR T —(EEH R R R, A
BT RS — IR IR S . TR A] DURF R IR B AR G — 8 ER A Exccel 3RA%,  HAr 48 BELTTAR# AT DA
filf 7 —E R NIIE R
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FAPUE R LI AT B BATROR, anE 3-2 FoR,  SHRIRIRE I 2y R s P B B TR 70
FoaR, ECREHERC RS A G MR RDIRR AL, A T, AR FERT DA R R AR,

00 @1 02 03 04 05 06 07

0x0000

0x0010 n
0x0020

0x0030

0x0040

FIRIERESR SR 0x0012 , 1SEIEN

. EEEERSR SRR 0x0024 , SRER

E 3-2 GOIRAEMR, ROIEREsSRH. ACRREfik

Tip
EfS IR, RACIEREELIE Excel SRM2 —EMLARELL, BEIRGCIERER TIEMH bk, W
frhb=e i, FRISREEEL, DRIHEHI, R IRRE Y B R A,

ALEREITA RN ZER, ERAMRIER e RS AR, ANE R SRS MEXFERER 7. Hit
TERDRHATRE BB AR Rt b, RCTRR IR B R R, bhn, (ST RO RO IR R I (E
I AR AR RS RO IR, A0 SRR D ISR RO IR 2 ], ISV P38 P 19 ARt R0 ZE RE S0 3 17 1 70 B
FLIR R N,

qniE 3-3 R, PBRASRRR M 1 RRHESH ML IR P R X, I s (S Ao
fifife (AR, WEESHIEREDUE TR, EH, M RIETTE, MY BT RE7E R IR
s ISR T3 T S B ) EL A AR

HATRET SycE it

EEFETIMRR R RN (Eca b plEER ol P )

aaaan

R WEPME | semsempimg
B wemmiemmen permmEm | POCEIEER
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3-3 JHETER AT B B R A

ERSHIARE, BRI R ARSI, SEAG RS B S BB, flan, HEEA{THIREa] DAEEH]
BB EER, Al DAGE SRS RSB T A 09 BB a] RE RN L & T8 A St A 47

- FORBEFIRIEBL: HER, (7F). MERR. M R M. JERE SRE (EE > 3 D) E,
- SRR BB MR, (A, MERR. B R [ESE

sEERYITERIALIR, (9RT DIER U TR B R A TR, (R tumg “EhiBRrRlaimg”, MIfERIas
IR REARTTEE, Rt “FHEERAE", [ERTERNE, MYIRNEEE TR E R RS, 7
MmEM—ER “BIfEN”,

Tip

GUARIRRR SV R S R B R R AR R, R RROEREAT N — &, AARERIEAHNA,

3.2 BFEHES

B NET AR, M ERRCT. B A, fEE. 3D BASEREE N, MEELEERAHEM
JERAR, (HEE RS AR B K,

HARCRRDIE CPU nf LEHGEBATEE IR, (R B i, FROE T &,

- REEOUR| byte, short, int. long,

- FEEOUR float, double, FRAFIR/INEL

- Foeilil char , HRFRSHEEE S TR, BB E B RIERT RS,

- MBS bool, HRER “B7 H “E7 HE,
SEAERPRR DA N RITE AR sT R, — M ARG RN 1 AT, TERRZBIRRIEERAT,
1 fz7cél (byte) H 8 iyt (bit) #HA%
BRI ) BB A [ B R HAS A =S R/ R B Java 2l

- oA pyte (5 1 RITAR = 8 i, AIBAFET 28 (8,

- BREOMRI int (GF 4 fr7eAE = 32 AT, AIRAFR 232 fEBE,
# 3-1 58 T Java HEEEARGRARI G S, BUEHE R TERE, RS GETS, KRB0
Al FRERFR] DAZIEE R AR A1,

R 3-1 HAEERI I 2 R U [

iyl FFo% (=M &/ME BKE THRH
=y byte 1 fiocsH —97 (—128) 27— 1 (127) 0
short 2fiea =215 215 1 0

int 4 fhigegl —23¢ 231 —1 0
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bl Fok iz B ME RAME FHRAE
long 8 frrsl  —203 263 1 0

FHE float 4fges 1.175 x 10738 3.403 x 1038 0.0f
double S fryrél  2.225 x 107308 1.798 x 10308 0.0

FIL char 20t 0 216 1 0

itk bool 1fiycdl  false true false

AATER, 3% 3-1 $HHHYE Java FEARRRVMBIRTEDL., SEEXGESHASBNEREAER, EMrkH
23 [ A [ FE R B RT RE & 6 P AN [l

- {E Python W, BRI int ] DUREREAR/D, RZERATTHGCER,; ZEE float 2EKE 64 f7;
% char BY5l], EEFCERE LERES 1NFH str,

- CHI C++ REFEHERA G RAIRI AR/ N, TR EREREA R, £ 3-1 85 LP64 &k HHR
1S Linux A1 macOS N Unix 64 fi7E3E R4,

- FJC char IJR/ME CFl CH+ FiZy 1 Ao, 7ERZBIERGEE S HER R E N FIeamis /7%, A
“EILARIE” T,

- BMERRMEMET 10 (088 1), CELIBMEPEENEHETES 1o, ERRARKEIER CPU
TEER 1 AT E A N E kR RS BT,

AR, FEABRIR G SRR 2 A (R E? BMRINE, BRGTRR e Rt B P AR S R A7 R 7
Ko EHEERIEER "SR Mk “ER,

RAEFOR “—HEEET, BAME ARG BRI, 182 K 2 PRSI AR MR AT DA B AR 248 B (R AN I
PR, ERERHEFHINAREE int, /I float BRI char, HIEL “¥PRIGHHE" MR,

HtgEhE, FEARRPIIER L 7 RORHY “pas 7, i RERHETRER O 1 ORI “AARDT U7, i DA RE A,
TMTHMHFE R RERE (5 ARG ERFRARINEA BRG], EH5 int, float. char. bool %%,

# Ruby HERSIRIUEHABRESEERERERIMYHSI B
data = [0, 0.0, 'a', false, ListNode(0)]

3.3 HFi4REE*

Tip
TEAED, FEEE * PRI RERERE, WRIRHEARSURS B REEE, TOUERhE, F87E0
A R P R

3.3.1 [FiE. —#EM_m

£ E—EiR RSP EE, AT BB RES SRR Y B BT LEIE B2 — A, BN byte HYHUEHEEZ
[—128,127] , BERRKKER, CRINEREYRER, —fE. —w8eomEpm .


https://en.cppreference.com/w/cpp/language/types#Properties
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HETEAR, BRbL “THBC B R RPN, SRR 2 B, e =
TE o
- DS WITRECT R A HRIRRA RS AR ARG, Hoh 0 FRIER, 1 RoRAE, HERMIERRE
FHIE,
- R IEEE BRI, SR BOR BRI ERAT R AL AN AU
© RREC EB ECRER RS, BB RECR B ER B 1,

3-4 JroR T IR, — B A B RO TR,

+0 +5 BF -0 -28

0000 0000 0000 0101 [REE 1000 0000 1001 1100
PRAFIRAISH
HHERFRE MR

0000 0000 0000 0101 —H¥ 1111 1111 1110 0011
E—HBAvER LM 1

0000 0000 0000 0101 ot -1 § 0000 0000 1110 0100

EMNERTE, —#El. —Hies EHNERE. —HN. —HNEEER

[ 3-4 JRbS, — i e B RO A ELE

B (sign-magnitude) BEARELE, (H{F7E—LERMbE, —77i, MRS FAE ELHRIRIESL, il e
BEREE 1+ (—2), BRNERE —3, BREARTEN,

1+ (—2)

— 0000 0001 4 1000 0010
= 1000 0011

— —3

A T RRIRIERE, FHEMSINT —HE (' scomplement), QIRBAMSCAF RIS EIR L —MEL, WE—HE
TR 1 4 (—2), SRS —mMBuERm R, RafSa e R —1 .

1+ (—2)

— 0000 0001 (J5H5) + 1000 0010 (JH5)

= 0000 0001 (—#H%E) + 1111 1101 (—H#)
= 1111 1110 (—#%)

= 1000 0001 (J5H)

——1
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7T, W BRI +0 Bl —0 MR AR, SR E U B B (AR oS, e
RE@ATARLESS, UITERPRRIBT T, MR AIE A ERREAE, WA SO BA R, TSR
IRFREER AT, TS AESNOHIB R, 2 rTHE @ MR S T 5,

-+0 — 0000 0000
—0 — 1000 0000

SRS —hK, — MBI ATEERMAE, Kkt S P57 /M8 (27 scomplement), 5t
ABR— NEFRRE, —HE —HEEEREE:

—0 — 1000 0000 (J5H5)
= 1111 1111 (—#Hi#0)
=1 0000 0000 (—#H%)

FEETH M N 1 §EAER, Hbyte MBINRERA 87, FIEMAEIE 9 (1K 1 EHHFEE,
WatE, ATKN % 0000 0000, BIEZHN #HBMIE, EREWREE MEFRRTREE—EE, E
AT EEIETS 2R,

BRIRE— 5K byte BUBIMEUEFIER [—128,127], ZHIRN—EE% —128 2UA{SEIRTE? &K
MR, S [—127, +127) NERTEBEEA BRI RS, — o —ahiEL, 0 ERAESR s AT
DA AHE R,

SATI, K 1000 0000 J&—MABISY, BT BIERIRNG, MR ik, RIS S
0000 0000 , EEARFER, FAZEBRRANT 0, TR MBIEZRE S, SRR EERT
%1000 0000 183 —128 ., B L, (—1) + (—127) £ % RIS Bt —128

(—127) + (—1)

— 1111 1111 (J5#5) + 1000 0001 ()

= 1000 0000 (—#i%) + 1111 1110 (—Hi%Y)
= 1000 0001 (=#%) + 1111 1111 (ZHi%)
= 1000 0000 (—#H#)

— —128

IRATRECLACEEBL T, LRFTARIEEZIAESR, ERRE —EEEEE: PRI R 3 2 A
IMTEER S, SRR ZINRE AN HAER (bLansRiE, BRIERIIETE) AR, TR B Bk A o
B, HEAGETIATORER, ERIEEER,

AHER, BN ERE R REMOINIR, BB R INR R — S AGE R R A S, S RRRRES BB & R Ath
MBS, BN, SHRIRIE o — b AT AR ZET SN o + (—b) 5 stRSRIERIBRE AT DU 25t R 2
JI[IRPREIRTE RES

BIERRAT A DA AT A E A B R A BN i BEOR, sHREMERT DU R BB RS AR (R AR AR LI
BB BRI, AR EREt R R R R AR BT, I AR BIEBEIE B TR, ISR
LT iR, $Rm TIEECR,

“HBAREHERRY, RRERRERMRT ARG, B BB AEEE i — P IR AR,
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3.3.2 FERLEURES

AOHIIRATREE 2B int Ml Float RIEMFE, #Z2 4 Ao, HAE float AYEUEEEENE KR int ? &
R RER, HAIEEER float REF/NEL, HUEFEEEZEE A B,

B E, EREATZEE float BRI TARKZGRT Ao GC—1{F 32 (TR M AR 8 :

fR% IEEE 754 15278, 32-bit RIEH float HIPA N =MEFR AL,

CORFRRIS : 116, BHE by, .
CSRWERLE A5 8 R, B bygbyg .. b <
. ﬁ%ﬁ(ﬁi N . 'fljj 23 ﬁZ, %‘TB&E\ 622b21 e bO o

TIEALHIE Float BIEEAIEH R IER:

val = (—1)bs1 x 2(baobao--b23)y=12T 5 (1 b0y, ... by),

LR g T RTRH R AR

val = (—1)5 x 287127 x (1 + N)

A T R ] A -
se{0,1}, Ee{1,2,..,254}
(1+N) = 1+Zb232 (1,2 — 2723
float RES 4 bytes = 32 bit
H‘EF‘LL S ?a%ﬂi E S8 N
.nﬂ.n.ﬂn :
b31b3@ b23b22 bﬂ
HRU LR, 58 IR IEEE 754 124, 2l ENETS
S=20 val = (-1)5x2E°127 x (1 +N)
E = 124 = 1x0.125x%1.375
N =22+23=0.375 = 0.171875

3-5 IEEE 754 #Z2¥ R float FETERH



3w BRAHE www.hello-algo.com 56

HERlE 3-5, HE—ARAERS=0, E=124, N=224+23=0.375, HIf:

val = (—1)0 x 2124127 5 (1 4 0.375) = 0.171875
BAEFRAM AT ARV E AR . Float MR sV SR, EBOHUARIEDZE KRR int . RIRDL LETA,
Float TTFRRABAIESS 2294127 & (2 — 2723) & 3.4 x 1038 | IR SRR 515N,

(R TRE Float PR v HUERIR, (HILHIMEADRRYE VR, BBIUR int 2 32 TN R RECE,
BB RSB HIFAE, TERE Float AYBUEBCR, AHARF(E B < [ A 22 (E & i v ik
Ko

4%k 3-2 foR, 168U E = 0 M1 E = 255 AR ER, MRFR%E, MEA, NaN 3%,

% 3-2 fREUE R

fRHAL E AN =0 AN # 0 AtEAK

0 +0 UIE A (—1)8 x 27126 % (0.N)
1,2,...,254 RIS ERE (—1)% x 2127 » (1.N)
255 +00 NaN

{EASFRBARTR, ORISR 1 IR B RS I, S NE RIS 27120 | BUNEUIERISUR 27120 x 2723

o

EEXSIE double HERAIBALUR float HIFRIRTTIE, fEICMECENR,

3.4 FiohRts ™

FERTEM, A ERHER R A EHI BRI AR, 59T char hAfIsh, 2 7FRyIT, WMHRZER
M—E P, BUERHETITH EMHIBC MK ——EERER, TR R, stRERER g R E
RIE IR B R T IT R,

3.4.1 ASCIl E£t&

ASCI BE 2 i R B oisE, H42M %A American Standard Code for Information Interchange (3EE
B HRIE RS ) . BEH 7 6 &M HIE (—ERTERIR 7 6 Frn—E7IT, mZaEHFRR 128 4
RAFTC, dNlE 3-6 Fir, ASCII BSEHE TR/, BT 0~ 9, —LEASRRTSR, DI —2E45sil
7e QA TRIMIERERTT)



3w BRAHE www.hello-algo.com 57

il i FT a8 R e — i FT s i FIT it e FIT
0000 0008  NUL FFT 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001  SOH 1A 34 0010 0010 " 66 0100 0010 B 98 0110 0010 b
2 0000 0010  STX EXHs 35 0010 0011 # 67 0100 0011 c 99 0110 0011 c
3 2000 0011 ETX EXHER 36 0010 0100 $ 68 0100 0100 D 100  011e 0100 d
[ 2000 0100 EOT [ 37 0010 0101 % 69 0100 0101 E 101 e1le 0101 e
5 0000 0101 ENQ R 38 0010 0110 & 70 0100 0110 F 102 o11e 0110 f
6 2000 0118  ACK U3 39 0010 0111 ' 71 0100 0111 G 103 o11e 0111 g
7 0000 0111  BEL 2 40 0010 1000 ( 72 0100 1000 H 104  o11e 1000 h
8 2000 1000 BS Bt 41 0010 1001 ) 73 0100 1001 I 105 o110 1001 i
9 0000 1001 HT KRBT 42 0010 1010 * 74 0100 1010 3 106 0110 1010 j
10 0000 1010 LF WITR 43 0010 1011 + 75 0100 1011 K 107 110 1011 k
11 0600 1011 VT B3 LT b 0010 1100 , 76 0100 1100 L 108 0110 1100 1
12 2000 1100 FF MER 45 0010 1101 - 77 0100 1101 " 109 o11e 1101 n
13 0000 1101 R s 46 0010 1110 5 78 0100 1110 N 110 e1le 1110 n
14 0000 1110 50 ES T w7 0010 1111 / 79 0100 1111 0 111 o11@ 1111 o
15 0000 1111 SI RARYEA 48 0011 0000 ° 80 0101 0000 P 112 0111 0000 p
16 0001 0000 DLE BE s 49 0011 0001 1 81 0101 0001 Q 113 0111 0001 q
17 0001 0001  DC1 R 50 0011 0010 2 82 0101 0010 R 114 0111 0010 r
18 0001 0010  DC2 R 51 0011 0011 3 83 0101 0011 s 115 9111 0011 s
19 0001 0011  DC3 R 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 0001 0100  DC4 R 53 0011 0101 5 85 0101 0101 u 117 0111 0101 u
21 0001 0101  NAK B4R 54 0011 0110 6 86 0101 0110 v 118 0111 0110 v
22 0001 0118  SYN [EEZ=L 55 0011 0111 7 87 0101 0111 W 119 0111 0111 w
23 2001 0111 ETB AR 56 0011 1000 8 88 0101 1000 X 120 0111 1000 x
24 0001 1008  CAN B 57 0011 1001 9 89 0101 1001 ¥ 121 0111 1001 y
25 0001 1001 EM oriER 58 0011 1010 3 90 0101 1010 z 122 0111 1010 z
26 o000l 1010  SUB e 59 0011 1011 3 91 0101 1011 [ 123 111 1011 {
27 0001 1011 ESC RS {) 60 0011 1100 < 92 0101 1100 \ 124 0111 1100 |
28 0001 1100 FS TSR 61 0011 1101 = 93 0101 1101 1 125 0111 1101 }
29 0001 1101 [ A% 62 0011 1110 > 94 0101 1110 - 126 0111 1110 -
30 oee1 1110 RS STERSIER 63 0011 1111 ? 95 0101 1111 - 127 o111 1111 DEL
31 eeel 1111 us ETHRR 64 0100 0000 a 96 0110 0000 N
32 2010 0000 sp o

3-6 ASCII #§

SRIM, ASCII BEEREFIFORIL, BEE R EMAI 2Bk, 4 T MR RE ZE S M EASCI Pk, E
1 ASCIL B 7 i/ £:0% EARFEE 8 2, BEFIZR 256 AR TT,

e SREI R N, BRI BT — i@ F R A R IE Y EASCIL #oi8, B n it 128 7o —4
ASCIT 5, 1& 128 v uERAM, PUEBEARGESHIFRK,

3.4.2 GBKFrt&

BARNMEEB, EASCII BERMETLIN R FF 23l S BUREOR,  HanE a8 ME, J6H %6 A
AHTE, PREBEFEHELRE R 1980 /M T 6B2312 #iitk, HUER T 6763 iz, HAME TIHEFN
At R,

SRTM, GB2312 SRR R EH T, GBK FILt 2 E GB2312 AR HERSHIN, el T
21886 {7, 1£ GBK MMt/ 4, ASCII FIefE M —Ef TR, EyfAmERTH AR,

3.4.3 Unicode Ft&

BEE R BB R EZ IR, FOTREMIS R AL, MEW AR T2, —JrH, EEynsE Kk
HER TREESNTT, MEELESRE NERTE, H—0H, -GS remyooesE, u
R E AT M IR A R ARSI, e B AR R i & H AR

ARMER AR 7N B AEAE : A SRHE S — i R S s B o 8, R ISR P 9 Bl A 56 5 AT SRR I ik S
h, AERT CARDGES S S BRI ALAS A 1 W57 S EAENBEE N, — KM 27 % Unicode fEE
[

Unicode AU Sc#4f 2y “HE—H8”, Filah LEEAAN 100 2 BEF T, EBNIRK 2RE RN F TS —
o ve e i‘%ﬁt—@iﬁﬁﬁH’J?ﬁ:;’%ﬂé!ﬁf%ﬂ%ﬁm%@%éi?, e/ D ER] 20 i RS AR 88 A ] T 72 2 ) AL RS )
o
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H 1991 4B H PAZK, Unicode FEMEFTHIIIEES BET T, B2 2022 49 A, Unicode B85 149186 i
FIt, AMESEES T, REERETES, f£REKM Unicode Fo®EH, HARNFICIGH 2 Aot
4, BT 3 AT EE 4 foTa,

Unicode 22— @M ¥ILE, AE LZGEMETITOI —EMmSE (RS “WE"), HeMRA e 5
e ik el o i®s. MG E2MREN Unicode MERFIN HBIAE —E 5, REEL
gt oe? BNt e —EHRE R 2 (THRMmES, R e @ 2 Aot FoTE2mE 1 Aot
FHAYFIT?

BN DA ERE, —REE R R v oChif & RIO&IRE. IE 3-7 FUR, “Hello” HAEEE S
Tel A 1A, “EER” EEEEITE A 2 Ao, AT DUE@ S AIHE 07 “Hello HEIR" FHHIAT
AT TR 2 2 AT RE, ERARFRIAT AR 2 AT — 8T, IS EEERINE T,

FIT Unicode
H 00000000 01001000
e 00000000 01100101
RES 1 (ITANEXFT
1 00000000 01101100 > (B
={iiE o)

1 00000000 01101100
o 00000000 01101111
-} 01111011 10010111 o _

- RE#A 2 (riANHRNFT
it 01101100 11010101

3-7 Unicode #mbER4]

SR ASCII WS CAS TR, i s TR 1 At HERF BT %, 3OS AZEB R Mg 2
ASCIT %t FHIMIfE, AFFIRECEES M, Fit, TMOFE-FEEMNSUA Unicode b 75 i%.

3.4.4 UTF-8 #wtS

HAl, UTF-8 B4R - {#H&EZH Unicode #iE 7%, Bt —Mn S RERNSES, HH 13 40T
SHARFR—ETIT, RIBFICREEMEmE, ASCII FooHFH 1 s, i T FRMAIR RIS 2 fiotél,
WS FIr s 3 MoraH, HANR LA TS 4 oA,

UTF-8 AR ABHE, 0% DL S AR o

- BRRER LADTHNT T, MREARER 0, HiER 7 A&E % Unicode MR, EFERENE,
ASCII F#7t1E Unicode “FIC8rH 4R T/ 128 fERSES, W2, UTF-8 %ifl§n] LA % ASCII
. JERIREIRMT AT DA UTF-8 AT AGER ASCIT #5SLF,

- BRREZ n At (Hhn > D, #EEMITEN S n MEEER 1, o+ 1 VS0ER
0; WHE _Mafocbith, MEEMTTHRN S 2 AERER 10 ; HERTA AL REE 7T Unicode
F5 %o
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[l 3-8 ferr 7 “Hello EIR" ¥IER) UTE-8 #nfls. BURHH, Hils n (EEER 1, BRG] LIS
WA AL 1 B EBOR AT TR ES n o

HRH EEZRHER A MoTa Y& 2 AARRoE 7y 10 We? R 1, JEMH 10 RESEE2IMBRITHITEM .. A ARHE
e EghRRI N T BN T, ALTAHEEERRYT 10 RESE B AR e PudH i Bk

ZFCAE 10 B IERERTT, 2R UTF-8 MESHAIT, NalsEa v ik emmnse 10 . IS fFEsE ] LA
[ EATE: R ThRmEmAE 10, M TICRRER 1, BE ASCII#, M ASCII i
R O, BT &,

FIT Unicode UTF-8
H 00000000 01001000 01001000
e 00000000 01100101 01100101
1 00000000 01101100 01101100
1 00000000 01101100 01101100
o 00000000 01101111 01101111
-} 01111011 10010111 11100111 10101110 10010111

& 01101100 11010101 11100110 10110011 10010101

BEE 3 MRS 1 MEMBETENS 2
REPTEES 3 e s 10

@ 3-8 UTF-8 #fs il

BRT UTF-8 Z5h, # R &S 77 2B 4 DA T Mk,

- UTF-16 #ifls: (£ 2 504 AT FR—EF 70, FrA N ASCIT FIohl s FIYAESS oL, #FH 2
(T RN, DEF TR EME 4 ATARR. BR 2 AT T IT, UTF-16 AifEE Unicode HG
o

- UTF-32 %ill§: SEFICMER 4 (ot 1SRk UTF-32 b UTF-8 #1 UTF-16 A=, #Hl
JEEFR ASCIT F LAl ELB R IS

RS HRAEE, HH UTF-8 Ry InlbE @i, WAeE®R 10otil; f#H UTF-16 M3
gy (PN MR, WaeMEs 2 oo, 1 UTE-8 AIRERR = 3 Ayt

WA ES, UTE-8 R@EMMERE, #F2 TAMBEESF: UTF-8

3.4.5 EBREBSHFTHRE
AN AL BRERES, BRXPUTHIZEEERA UTF-16 5% UTF-32 BlE% EHE, 5 EHRET,
FAAT LUK T2 R B VERA A T, SRR B DL R AR,

- BRI UTE-16 MtSAY7 H ] DARA S TREMai . UTE-8 22—t Rawis, ZARIKEISE ¢ 18
Fot, BMFERTFBRIFRREDIE « 5T, BRE O(n) KK,
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- FoiEtE: BPERIIRIEEL, SHE UTF-16 MM FHRIRENRE O(1) Mg, B2, 55 UTF-8
A RS~ HR R JEE e O E A R 7

- PHPRE: 1E UTF-16 MR R b, REFHERE QooHl HEE, A MPRSE) EA5ET, 1
UTF-8 Ml A8 b, TSR E W TR ERIMIGRT R, DR & 24 S UTF-8 i,

BB, BRGSO TRES T Rt R ERESrETE, WA REER,

- Java iy string BUBIMEH UTF-16 #f, SEFITCIEH 2 Moo, BERHA Java w5 weat 2, A
w7y 16 A8 ARRITA AT RERY T TT, 2R, 1&2 —ME N IEMERT BT, 122K Unicode MRS T
1# 16 fiz, FTA Java AU CHRTERTRER — 3 16 fzAY(E (R “fUHEHT) TR,

- JavaScript #1 TypeScript fJ7H#H UTF-16 4 A K B Java $H{0, & 1995 4F Netscape 2 H]
B JavaScript @55 IF, Unicode BRI R, TRIFEEEEA 16 AASRISHE ARRFTE R
Unicode FIt T,

- C# i UTF-16 #ifls, FEZRA.NET FEZH Microsoft #&%&HH, 1fi Microsoft (IRZHi4# (&
i Windows 1E2E £ %) #BEIZ A UTF-16 4,

IR DA A2 3EE & BT SR ARG, RS A ERE RS (975 AR RN B 16 (LR Z) Unicode
FIL, EREMIER/R RS, —Jim, WEESNyET, —MEvICalaeibm 2 focHet 4 A7
JeA, EMIER T ERMESAVES, ST, RRERAES RN RS, SR e 7RG R
PERNPREGEET

HR A LR, # RN SR T — 2R RIS T .

-+ Python H{# str i/ Unicode #ifl5, WA —MEEENTHRERR, MENFZITREBGRRZES
B A1 Unicode 5%, #7822 ASCI Fit, RIS EFI 5 1 Mocs; mBREF ot 7
ASCII #il#, HERIMEEAZLESFH (BMP) N, HIEFICAH 2 focsl; mREESE BMP
7., AlEEFITi A 4 Ao,

- Go FEE M string BFILENERME A UTF-8 #ifli. Go &5 BIEME T rune BUAI, BEHRFRREHE
Unicode f5%,

- Rust 5= 1Y str 1 String BURITENEEEH UTF-8 #wfi, Rust it 7 char IR, HRFREME
Unicode 5%,

REERRE, bR B EREE S HRRETT X, B BT ER SR bl (s AL s b S
RAFIRIHE, ERESR G EER EEh, PNER &R 7 RIS UTF-8 183, DUZSIRERMAAEMNS

EIRR

3-5 lJ\n:l!I:

1. EB4[OIEE

- BRI T DA A R A Y B R 18 A B T 0B RS RERIA TR R 2 MR EER, M
VB RRA T B R E R B R IR R TP RO R T 3

- W RREREA R AR, BHIARIAIRSE, T8 TFMRIGE SN BRI ) A (Ps, Sl HS
HI. HEB, (TF)) FAERRYE (B [, HERD) WA, MERARAVEHL AT RERIR S AR M B RS R A AR AR
BRI,
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- BIEXBUTI, BRI AR AT IR, BERC IR s R A R R RS A, R EEIE
Seor R RE N HE R TR

- YRRAERS Sy A ST (A RIS ERET GRES R, FTE B REE AR 2 g, G
4 ER B B AR A B BRI

- EHEMI R EAR R B EFEEEE byte, short. int. long, #EiE( float. double, FJT char
FIAAHK bool o MR E {1 88 (B8] R P FH 2 Rl R N R 7 =K

- JRES, — B BB AR B RIS B T I =R A, B2 R AT DA B, BB RS R
NRTFFSRAL, HERN BT IIE,

- BEAERI R R LM R EN, fEMEERR T, sHEMRT DB E BRI A B —HE
=, PRELBEREEEREI RN ER, I B A ZEE AT R RE,

C OIFEBNARTEE 1 AIRFSRAL. 8 AR 23 N BUVAE, HRTEAETEEUNL, TRl B B E (A
ENEAAREE, REREE THE,

-+ ASCII 52 R HBNECFIuE, REA 1A, HUkEk 127 T, GBK Tk A
FIousR, USSR EZEEF, Unicode BUTATRME— 52BN Foo B fmE, gkttt L RS0
T, Ve A e 7T 2R — B B S LIS R,

- UTF-8 BmXEIIH Unicode #7715, BHMIEREL . v —MERNEE L BARENEE
e, BRARTT T REES BRI RERER, UTF-16 #1 UTF-32 B4R ASIE /712, 1EMmETH R, UTF-16
(SRS EL UTF-8 /)N, Java il C# S GE S TER MM UTF-16 4,

2. Q&A

Q: AT EMERRFIR SR EAR M B R A

MR R RS, %y TR E R, BIMTATREE A RO (RS HMRER” BEgH) M
FIpEEEARTa R — AR AT R A, B S ER Y RIEEE — e RI(ERy, SCRTREREL D CEH HALRED.,

WEREFRIAEARTE, MRRIRERES, Hbg @A et & —EE, Mrrset s — il $ 5L
—RRE Rk, FERRATRERIR R SRR ERASE (g1, SEsEeRs)) FARSRIE RS ().

Q: char BUBIMREE 1 foCAHNE?

char BURIHT R E HFEGE S B IIARTS 77 Z204E B, Java, JavaScript, TypeScript, C# #i#%H UTF-16
#nfEs (77 Unicode W55, Kt char ZURIRRE % 2 it

Q: FAEY | EHAERIA AR SRR B0a 2 BT DUETT B A B EFIRE, &
LR RS “EIRET Y,

HeBAEE 0] DAE BN RHRIE, EERESMETIAR TR (REARRE) M, B ENEYIE R
Al ABREH I s PR R, (HEMNERZEEN, WRERE-EH THESE A/, A —EH
YRR KRR, SIS B 1) N A B 2T R 1 v

Q: fEMEEHES (f74]) BIREE, RIFETCHRDN, BEEME “EFeERIEEN" g2
HEEEERESH, RMEEANTIEEHS ((TY) NG EE, B TIEHERNIEEIZER, Hla0, Java
i ArraylList MPIIAA RIEF A 10, B, EARFEOEEIERN, FREEN “B5)7 =i,

Q: RIS B kR “SEBURIBI 17, AR SRR R EE Sk 1 BEUR”, TR
JRESth—ERRT DUEE “SeEUREM 17 158, B2 ERE?
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TSR A 2 IR A R B M R E R AR THEC pdi, eI R: Rta+b=c,
IREFAIRE a 2 b 2] c WHE, RO b2 a 2] c R

fE M n = 4 MRERN ZEMHIE 0010, WSRAEMEEBTEERE (NEEITIRA, TR —HE
wEE el RN 17 3%

0010 — 1101 — 1110
RIME I, A HBHIALZ 0010+ 1110 = 10000, b2, % 1110 2EH 0010 ¥ 10000
1) “HIEC, B LR SRR 17 BEE EREHEE] 10000 g E e,
AR, —AHEC 1110 2] 10000 HY “FHEC 22/ 0We? FMMRIRFTDAH “SeBUEm 17 [31E:

1110 — 0001 — 0010
utER, SRR B A 78 10000 B9 “HIRC, BRI BESE R0 A RS AT DU
HHFIIHERIE CEBUREIN 1) B,

B, BT DU OE R AR A 1110 AYJEAES, BRI “SEi 1 BEUR”:

1110 — 1101 — 0010

MR, “EBURARIN 17 0 Yo 1 IR EmAE R AR AR E] 10000 RURHE, EFMRFEER,

AE LA, BT BEERE EERE 1111 e (RANE REIE + —f8 = 1111); mE—HEEEREL
1SR =R, A2 10000 BIHE

ERLAn = 4 256, HrTaE R S R A B A
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Abstract
BRGS0 RN [E] — 5 R B Y RS,
BB R RE AR HES, B E B, SlAS ER Y AR B iR, JEARIVER 2 B AR A 4% > [,
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4.1 PEY

k5 (array) 2 —REARPEECRIGHRE, HIRARRIZIBIA TR G R LB R s . IR TR RS H
AIRLERE 2% L RAZRS | (index)o [ 4-1 FEoR T[S A 3 SEME A% 7 77 Ko

fEFRET pYsE s R S R R AR RY

TR
element
3
array
;%6[ e 1 2 3 4
index
stERE it

i 00 04 08 12 16
memory location

o] A
B o tarErImEt ISR

[ 4-1  BeEgE S Bk 7 77 30

4.1.1 [E5ERRE

1. #haepEs

T AT DAARAR 75 K% FH B A1 Y iR W) 4k 77 3 IRRIEGME. AT WIME. TEARTEEVIIRERNEN T, K28
FEGE S &k bs TR Iaa 2 0 -

# == File: array.rb =

# ¥saLrES

arr = Array.new(5, 0)
nums = [1, 3, 2, 5, 4]

2. shRTTE

BB TR ARSI RL IR S T, EEWE R RS TR AR A AR A 5. e R IR AL
it (ECsReiEmnat) FRMETRIRG, BMTa] DUERE 4-2 FoRiy ARG RS SRt R rsC g AL,
T BRI HRZ TR,
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2]
TE®Sl o 1 2 3 &
oteREMat o0 o4 08 12 16

TTRRE -4

TECERGS - MIEEL + TERE « TERD
(B &) (fhHRFS 8)

fl: REFIRS| 3 EHTTRRCIEREANE
012 = 000 + & x 3

& 4-2 FEFITTRAGE R AEE R

BlRiE 4-2 , FMBEBEESEFETTRNIRTI2 0, EUPFAERER, KA 1A BEEER, B
HEETEARNAEE, KIIAE LR ERMImWE R, SETROMIERERER 0, BIERNRII%0
AT,

fEpEG TR AR mAL, FRAMATDATE O(1) MR RE Dbl b T A7 FR AR R — DT 2
# = File: array.rb =

H BEMSEIRTTR

def random_access(nums)
# 7E[ERY [0, nums.length) HEEHEHHEN—EEF
random_index = Random.rand(0...nums.length)

# JERNILREIREH TR

nums [ random_index]
end

3. ATTR

FEFTRIELIERE TR “RREN, M ERASEEEREMER, E 4-3 For, 05RAEERS R
BA—ETR, NMIFRERZTR BRI ATITRE R E 0, BT RMESZRI.
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8000 -
EEEEE
N

nums[4] = nums[3]

:

HETTRIRA

=l AEEE—0L n 5 nn
EBFIRE| 1 RIEATE 3 ] .

nums[3]= nums[2]

800800
N
nums[2] = nums[1]

i

BATER,

(s W1 ]s]2]s]¢ MENRERE 0 Bk

nums[1] = 3

4-3 (IR ATTRRGI

fEFIREMTRYE = 4
BXETH 0 BEER

ERERRNE, HRESINREZEEN, FHifMA—ETRoe S8 EETR “BK" HFRIEME

AR T REATE “HB)” B,
# == File: array.rb =

it 7ERESIMERS| index ERIEANTTE num  HHH
def insert(nums, num, index)
# {BF5| index URZENFIBETEREZE—
for 1 in (nums.length - 1).downto(index + 1)
nums[i] = nums[i - 1]
end

# #& num B4 index BRMTE

nums[index] = num
end

4. MIBRTTE

IR, niE 4-4 FoR, SRMERRS] ¢ BRTR, RIRZEERG]  KRHTRE AT E—AL,
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felipRTR

LBEEE

2|2

H
B

n1] = nums[2]

o RERR

o5 RSB

EEIFMRRS| 1 BOTE
Nt

nums = nums[3]

80080 -
~—
nums[3] = nums[&]

seRERER, EBIERTRUEH
1

AETE 4 BEESE, BRNEER

4-4  [FIMHERTT R G

R, MBRTEERE, FARBRIITERES “MER” 7, DRMEENEEBLE,
# = File: array.rb =

#HHt MIFRZ=S| index EBEMITTE #HH#
def remove(nums, index)
# {BF5| index ZEBHIFIBETRERAFBZE—1L
for i in index... (nums.length - 1)
nums[i] = nums[i + 1]
end
end

RRAE, ST B IHERIR (A DA B,
- IR RS AR AR BRI P IR R BRI Y9 2 O(n) , Hih n M5 RE,

- RIOTR: HRESIREARE, FIEmATTRRE, BHEYRERERNTTRE AR,

- RCIREHRE: AT DAY — bR ARSI, U AT &0, SRR RRIR, ZRMRETT

REE “HEERT 1, (HIERMEE R R IR,

5. EHFES

FERZEREAGES T, BMBEA DOEBR5ETMS, tha] NERGEFER S P E R ETTR:

# == File: array.rb =

it ERSPEY
def traverse(nums)
count = 0

# BBRS|EFRET

for i in 0...nums.length
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count += nums[i]
end

# BiZEshEyTE
for num in nums
count += num
end
end

6. EATR

FEREZ &SR E TR T B A, SR HIETOCRER AL, A VLRI G RS,
K 7 FSI R AR RS, P AR iR e 2 “ARIEERT,

# == File: array.rb =

i MRS EHIEETTR  HH
def find(nums, target)
for i in 0...nums.length
return i if nums[i] = target
end

-1
end

7. IREET

AR R ER S, R DRSS 2 R AR IR RE S A2 rT A, P e iR s A &, At
FERZERENES T, MEIRRERA 51,

QIR A B R A RS, TR B TR S — (RS, ARIR SR RS TT SRR E TS, dE2— A
O(n) HH%E, EMZIRARIEN NEFEFER, BXEW TR

# = File: array.rb =

HH BREEVIRE #H#
# EEE, Ruby B9 Array EENREMESI, nJLIEIEER
# ATHEZEE, ARHLE Array BEREARAIEAIET
def extend(nums, enlarge)

# IR —EERRERAET

res = Array.new(nums.length + enlarge, 0)

# 1RSI FRBIFTE TR E R RS

for 1 in 0...nums.length
res[i] = nums[i]

end

# R[OHEREEBFES
res
end
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4.1.2 FEFIREREERERE

BB ARSI RC IR S N,  HorRABIHE, ISRt S EEReBREN, Rea] RIS E R
At B RS R R ERCR,

- ERRCRR: Y BRI TSR ARG,  BEIRR NSRS B8

© SCREREREGRIR . BESIRFEE O(1) RN RHEMTR,

- PRI EARESTRR, StEMAMEGRAY, BEPRIBCLE E R AR, fEmRE R EE
RS THR SR ERIHU TR

TSGR ER IR, HAAED NMRRMY,

- BABUNBRBCRIR: EfEF bR L, A MM R R ER R ERTTER,
- REAWEE: MHIEYIGIRREMEE T, RA YT EA T ERHERERTRES, FSHRA,
- BWIRE: WRES DR NER BRI, ANEZ RS EMARE T,

4.1.3 [E5I|HBIFER

bz — R AL EL W AR, BURBEMESEERRZ F, el AR E B A A R A,

- B G SRIRMVAERERE R — LR, IR AT DU A A, A —EREME T2, RIS EH B
B AR

- Hip RS WY HE P RS SRR R R, ey, S0HPF. s EE
Fei %] b3

- AR B E PR RSO ER R, A DUEARESIE R AR, (RN E B sl
ASCII WSR3, FIRT UK 7 7CH) ASCIT IS EMFRRS|, BIERICRARAE SRR SEA E,

- OBRAREE MECHERTPOREM Tra R, FERE, SREZ MRSIEBUES, SRR DA RITE
R, P AR AT PR O R Al

- ERHREBL: SR DU EEHEE, (TH, MERR, B, EEERESNE, BN, ERAR R R
TNEPR b2 e

4.2 iEEERY

ACERE SRR ARER, £ EEMNRERITEREE T, 2RrEC R ] ERR fE i
ik, BARINE, 7 FpARC IR 2 R AR, TE RS AR KRy, RCIRRE rT RE SRR SR A AN IR
A, R RS ER SR EE TG PSR B AR T

s8R (linked list) Z—HEARMEORIGHHE, HPREETTRARE @RI, SEERNES “5IH” A
AR, 5IFRCER T N —EEB A RO IS AIE, A e AT DA E A R 5 R B R — e iR,

A R AR RS IS A E ERG A] DA B A (e RO IR RE 250, e MARC IR RS A RO A,
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(Eca b N ER e P s )
L)

linked list

0-0-0-0-0-

M TE R
& 518 (s

BR
node

R ER ]

EFHRE | 77 SAE R
ﬁﬁ?ﬁiﬂﬁﬁ,‘mﬁaﬁ%iﬁﬂ

4-5 SlEGERSIE REGEF TR

B 4-5, SEASERYIRHKEAZER (node) WIft, RHEETEACESWIHER: HIBH “E" FFEAT
—HIRR “5IH7,

- PEESERYI e E ST 2 “THETRY, BB (AR A RS,
- REIBEMR “227, BAE Java, C++ fl Python H43BI#%EC A null, nullptr #1 None .
- {E£C, C++, Go fl Rust FXFHEENES T, EIR “SIH” BHEhs “fae,

WPARIEAWS AR, #EA5HR5IETES ListNode BR T HEIEE, BREIMEFE M5 H (i), KHEMERER
=1, JESERY LRSS B 2 it S

# SEAEERTIERLEER

class ListNode

attr_accessor :val # EiZ4{&E
attr_accessor :next # (@ T—EIZAAYS|F

def initialize(val=0, next_node=nil)

@val = val
@Onext = next_node
end
end

4.2.1 IEESERTIE RIRE
1. iMateiEsEERy)

HENTRAEG RS 2, D RIAASEETR R, 58 R R ARG IS B R. WA,
BRI nT DAPESERS ER S HUSHETRG H3E, IZB5 TS next MKW FIFTH Bk

# == File: linked_list.rb =

# tatkiEsEES) 1 -> 3 -> 2 -> 5 -> 4
# YRR EEE,
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new(1)
new(3)
new(2)
new(5)
new(4)

n@ = ListNode.

nl = ListNode.

n2 = ListNode.

n3 = ListNode.

n4 = ListNode.

# 1B ESIB
n@.next = nl
nl.next = n2
n2.next = n3
n3.next = n4

PZI L RS 2 —E 8, Lbanfdyl] nums E15 7022 nums[0] F1 nums [1] &5, T fl4H 58 4712 o 2208 N7 10 B

IR, BRI H I S B A B S eR SRS, bban DA B A RS A Sis 5R 7 TR AR 557 no o

2. IENEDES

FESAS RSB N BB AR R A 5. WNIE 4-6 R, (R IRMTABEARAR A I ETRG no AT nd Z Al A\ — &g 6
Bp, MSRUGEMMERS IR (RED BIn], RREREEZ O(1) .

M2, fEFIEATRINREEIRES O(n) , ERERHER TRIREREIT,

=

P.next = nl

B< P 5@ n1

TR RYIERE no 0 nl ZREANERS P

nd.next = P

B< no $5M

p

4-6 Sk ER AT A\ E RG]

# == File: linked_list.rb =

it 1EIRAEERTIMERRE n0 ZIRIENERE _p

# Ruby B9 "p° B—ENERI,

def insert(n®, _p)
nl = nB.next

_p.next = nl
n@.next =

end

-p

P B—EER, FRLARTLAER

_p RE
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3. HPRENES

GniE 4-7 poR, TESRSS RSP IMPRETRS AR T8, R —MEags DN (hED BT,
AEER, B EMPRIERIESE AR TR P USSR n1 , (HRIR BAEFIHAL RS CAEIUARIFE P, ISR

& P R HBRZEA RS T,

il
TEREAS BRI IFRETRS P

n@.next = nl
B1<% no E@E nl

MIbRTER®R, 32 P H#AiEME
nl ,

BEFEERYISEEEHHE P,
R FIERERE P EWMIER

4-7 Sl ER A1 HI R R

# == File: linked_list.rb =

it MIPRIEAEERTIRIERRE n0 ZRAVEEERR: At

def remove(n@)
return if n@.next.nil?

# n0 -> remove_node -> nl
remove_node = nO.next
nl = remove_node.next
n@.next = nl

end

4. HRIEHEL

TEGEATHHI G BT A BCR B, 1 E—#ipTA, FMATE O(1) IR N aF A R EE TR, B
AR, BARZEEHEER %, ZEAREY, BRI ERHN. MHUEH, FHRERSEHLIREE |

BT i — 16, FERIERE S O(n) o

# == File: linked_list.rb =

HH ShEISEAEERYIPZRE|A index RVERRL HH
def access(head, index)
for i in 0...index
return nil if head.nil?
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head = head.next
end

head
end

5. TEHEIES

ERTEE RS, EHHAER target AUETRG, Bt ZERSEMSTERIITPRIRS |, B MR IR, &2
AL R R:

# == File: linked_list.rb =

HH 1EIRAERYPEAES target NWEERL #H#
def find(head, target)
index = 0
while head
return index if head.val = target
head = head.next
index += 1
end

-1
end

4.2.2 [E5) vs. sELERS

R A4-1 M55 1 RRSIRNSEAS ER AR A5 TERERA AR 3 b 7R ERCR . R E MR AR S O faf 7 R, (It & A
PR AR R th B BB S AR RS

R 41 BB B Al HS S SR B L

%) i ER
BRI N Eal =t
ARWE B F 3ot 1
SRR TEGTTERD, ETMRRNAE RGeS
wilEE  0(1) O(n)

WTEE  On) O(1)
MiEE  On) 0(1)

4.2.3 BRigEHRTIER

GniE 4-8 Frow, W RAYSEAS H RIS =R
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- FEEERETHR A BRI A A AR BEAS ER A B A FR A RO ETRL B S EAIFR A R — EiTRER 5 | RN IE
Bkl FRARE (B ETRGRE 2 R ARG, KRR —(EETRRE 2 R, EHIRGERZ None .

- BYBSGETHS: QRIS B R EAS B S R R AR R SEETR (B R, NS R —EBIE &5,
TEBE A RS, TR ETRER AT DAL BR R

- BEGEATERY B A SR A SR L, B SR R ARCER T E T 1A S . EEIAISEA B S B BT E 3R
[l S TR RAE TR O — (R MATEREIRS (L—(EER) AI5IH (IR, AR ER Mgl 41,
B[k eR A SE BTG, T DASHARN(E 5 B A A HR 51,  EUAH PR th R A Y 58 2 A RC IR 2o

# EmiEsE Ry ERER

class ListNode
attr_accessor :val # ERELE
attr_accessor :next # SM1BEEIZLAYS|A
attr_accessor :prev # SMEAIERERELHIS|F

def initialize(val=0, next_node=nil, prev_node=nil)
@val = val
@next = next_node
@prev = prev_node
end
end

B Ry|

singly linked list

—_— —>| — — —> None

IR iRAS RS

circular linked list

[V V¥ ¥ V]

BriisE

doubly linked list

\m——/ _— —_— — —> None
None <— — —, — -~

4-8 RS R

4.2.4 §E4SERYIHEIFER

BT R AE R R EEHEE, (T2, FHZE R E SR,

- HEBBUTH: AR AR AR S B —ImE TR, ERBRRERER T, HEHE,; &
NSRRI A B — o T, MERIRIEESE AT AR 55 —ImiEtT, ERBRRHE R o, HiE
751,

- MRS ESUAIEE MU IR ER AR —, IR, FrAERICRAGHIs ] — (5
FA1H,
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- B AR FORIE A AR AT 3, I A TERG 0 B — (1 S A SAR B, el R A R (A
TEER AR Sl TE R AR Do ) LA TR

B [l a5 FR 41 B DN TR S PRI S Al — (B 1R — T R A5t

- ERERORMERE: LAITEALRRE, B P, TR AR ETRGR RERG, 15 AT DB L EIRG P — (A s
]RGS | A EEL, JEPUR il 851,

- BISEAREL EEEREAT, BEHPRDERNERRIR TGN, B AR TR BN A A R A A — 1
g —EdE H, gl B 51 R (AT S AR R A AT B

- LRU #8k: Ethpugik (LRU) EEES, JMFHZIERIIRIT R D EHER, SRR
HOERIMIPRETRG, I R (o B [ SiAes ER Sl TE & 5

BV RS H AR TR 2B I B R, U EE R A& TR

I R RO, TE(EE RGO, I R R R R R CPU HPRRILE, U
TR TR, AR R T —ERER T, R RIS, CPU Y Ms R —(ER, &
L T LA L TR G o 51 S

CVERMBIR: 7ESLCYORAEIE I, LA e BITARAS R, HLTER A, AR,
VORI MTATAE BT R (AR B BIAL O\ — (A S 851, DA B BURAEIE L,

4.3 &7l

85 (list) Z2—EMRIEREEEES, ERRTRIAERFES, XFTTRVM. B, Fig. MERAE
TRME, BUAMAE S EERIRGIIFEE, HZ AT DR 51| b A B B,

- SEEERSIRIRRT IEE A RS, HERrR S A R, A H T AR TS B e A
- AR TR M AN, HBREREAAE, Rt REEE—EEE RERGIRIE,

EE A BB AR, REAAENTEE ESRNEMTERAL, SRR AR S SRR e R
flifF 2/ DER, e DO AER ERSIR L, AREE/D, RRATRESTAMEEHER, HREEX, Al
g AR S TR

TR ICETRE, FRAMTAT DA FHBhRERES (dynamic array) AREBLERS, BHEA T EFI AR IHERS, W HATRA
RN TIB RS TEI B A,

BE L, Sr2iGES PR B AL R R SLR B RERFI BB, 140 Python HfY 1ist . Java HY
Arraylist . C++ ") vector il C# H[1 List &, 78 NI s, FRMHEE “EB5)” f1 “ShegpEsz)]”
P 2 S A O RE 2

4.3.1 BRYIERRE
1. a5l

TMNEREH “HEHAE" N “EORE" EMETIGRILTTEA:
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# = File: list.rb =

# ¥R

# EYIRE

numsl = []

# BYRE

nums = [1, 3, 2, 5, 4]

2. hRTE

YA 2], Fkn] E O(1) REFINEFRMERTTE, SRR,
# = File: list.rb =

# HRATE

num = nums[1] # sHRIERS| 1 BATE

# BEHTER

nums[1] = 0 # §FE5| 1 BHNTEEHNS O

3. EAERBRTER

MRS, ERFI AT L et AR TR, (R SRS R IR T R MR & O(1) , {E4E AR
TER AR EEHAER, REREREEZ O(n)

# = File: list.rb =

# BT
nums.clear

# ERIFE TR
nums << 1

nums <<
nums <<
nums <<
nums <<

DNOUOT N W

# EPREATER
nums.insert(3, 6) # ER3| 3 BREANEF 6

# MiBRTER
nums.delete_at(3) # MIRZS| 3 EMNTE

4. EHHY

EHREBI—4K, B AMRIBRSEY], ] IEEETSTE,
# = File: list.rb =
# FBERS|EFH BT

count = 0O
for i in 0...nums.length
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count += nums[i]
end

# BHiZEshRyTE

count = 0

for num in nums
count += num

end

5. BHERY

s —EHTERS numsd , FRAM AT DARFHEPHEE 2 R B 471 AY B2
# = File: list.rb =
# PHEmERs|

numsl = [6, 8, 7, 10, 9]
nums += numsl

6. HiFERY

SERCERFIHEF 1%, FRAMERT DA AL SRR AP R B AR o M B B
# = File: list.rb =

# {5
nums = nums.sort { |a, bl a <= b } # HE%, BHTERNEIKHT

4.3.2 HRIIER

AP EXGES N T H, BN Java, C++. Python 5%, EMIEHR LSRN, SESBHRELEES
5, BlNPIE AR, RAGEEEE, REERREE Al DA R A rSIE T,

7 IS A TAE R, BME S EEH A SRR, iR~ =M ERwsEt .

© PARAR: BRI ES BRI A R, EAORBIT, FRFIEE 10 (ER R A R,

- WEECER: B R size , FIRRLEREBSIERITREE, MPEETRMEAMMERAIRE, RIE
SRR, B A DUE AL ARSI REHE, DANHIETR & T 2 iR A

- PRAR: SREAOTRESIIARCN, AIFREETES, SoRIRIEA IR E RIS, i
E RIS A RSB RS, ARG, AFTHE BRI 2 2 AT 2 %,

# = File: my_list.rb =

tHH EBYEER) HH

class MylList
attr_reader :size # ERRIRE (BEgitx¥=2)
attr_reader :capacity # EHNEIIBE

HH BIBT
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def initialize

@capacity = 10

@size = O

@extend_ratio = 2

@arr = Array.new(capacity)
end

HH# SRR
def get(index)
# R3IMRERA, AEEERE, TH

raise IndexError, " ZS|#HA" if index < 0 || index >= size
@arr[index]
end

HHt HETTR
def set(index, num)

raise IndexError, " ZE5[#5" if index < 0 || index >= size
@arr[index] = num
end

HH ERIPFIGTTER

def add(num)
# TERUEBLHAER, WEBESES
extend_capacity if size = capacity
@arr[size] = num

# EMTERYE
@size += 1
end

HH TERREIEANTTER
def insert(index, num)
raise IndexError, " ZE5[#5" if index < 0 || index >= size

# TRYBBHRER, WEESKS

extend_capacity if size = capacity

# 1¥%5| index URZEBHTREREEZE—

for j in (size - 1).downto(index)
@arr[j + 1] = @Earr[j]

end

@arr[index] = num

# BNMTREE
@size += 1
end

it MBRTTER

def remove(index)
raise IndexError, " Z3|#FR" if index < 0 || index >= size
num = @arr[index]

# #HEE5| index ZEBHTRIARBZE—L
for j in index...size

@arr[j] = @arr[j + 1]
end

# EHTERHE
@size -= 1
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# IR[EAEMIBRAYTTE
num
end

HH BIER
def extend_capacity
# HE—EREARMES extend_ratio {SEIFAFES, WiG/RMEESIEEIFES)
arr = @arr.dup + Array.new(capacity * (@extend_ratio - 1))
# EMEIIBEE
@capacity = arr.length
end

HH GEBRYEIRAREY  HE

def to_array
sz = size
# EENENREGENNEIITER
arr = Array.new(sz)
for i in 0...sz

arr[i] = get(i)

end
arr

end

end

4.4 FCISRSERIREY *

FEARBERIRIPAETT, TR T FEEF A 8 5138 AR A B B A BOREME, EMRIRER T "
I U MBS,

BPEE, VIBESREIROCRE EDUE TR UB SO DA DRI RS 338, e s B e S T e s B AR RE

4.4.1 tHEEHTEFRE

FH A RS =R E . 1R (hard disk). 52188 (random-access memory, RAM), 1REX (cache
memory), & 4-2 J&r T EMTEsH EMEER G H A R A ER AR B,

®4-2 AR FRE

TULS RO IR e PREX

A& R FER, WISERARR. B ENTIRESNE MECHTHIERIES, B>
R, B TE PR R CPU #j[HRC RS IR L

ZRNE BERERAIGEX BERERGEKX BrEREREEKL

R K, TB &I B/, GB &l FEH /D, MB #il

T B, MEEIET MB/s Wk, %+ GB/s JEHR, AFIHH GB/s
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TULS RO RS PREX
fERe (N EBfEE, #EBFHT/GB WE, #TEMET/GB EH &, b CPU fTHAHE

R

TATAT DAAS ST MG 7 RGAER A3 [8 4-9 FIRH B IS4G, BEE S BETHR I G 7 A B AR R, &
BN AR, SR ERNRET ISR, TRar E R S TR AT AE R AR IS R

- DI DRGNS, Bk, RRETTNERERERGEAL, HtErESRIFBEER,; HX,
FLIEAEHY A R RR ARG 115, IS N & E 5 M.

C PR A R SRR DR, BEE L1, L2, L3 ARSI A, HYEA S g8 K, B CPU
Bz R YRR e, 1Em S BCE R IR g, TTRAIRIEE S, RN T, ZER
RUPREUE R R A R, TR A Z P O B (P

CPU

TREX L2 Cache
L3 Cache

soiShe RAM L

m

4-9 BIEMFHETFERA

ZREE B8
] AR

Tip
AT R RS R T, R EARA = IR T, B b, SRR R R
FiTE T3ERR, B RIBAMHEA R I ESMIBR ] <z R E A -

AEAH, BEREATR R KRR, Soim AR (7 R sV T v e AL SE BRI DR, i PR EE R falt
FEHTIRINERAE S, DHERERPUTICR, = AR, MR EMRRE ST,

qniE 4-10 FoR, (EREXPUTIR, ERMETERIE RGN LIEE T, f#t CPU st M. PRI EAE(E CPU
f—&, BEBETMIECERERA R, 4 CPU fRAts s & RHEI, 1EmBE R R AHUTRCR,
TR/ D B R TR A AR
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. —
;< - -

l
l
2

RIPEE REX Bt BB

CPU

@ 4-10 AER, FCIREEAPRECZ AV RE

4.4.2 EREGENCIEENE

FERCIRAS S FIA 7T, FEAIA S ER A2 B B SRR M,

—J7H, seiERbR AR, HRE BRI RE S MRt s, R R B R RE 500 (3 T RE s O
MMz, FEFIRTTRBEEHS, A EREIMNO A7 s B TR RS U (B, BRI EReRE
o SR, MATE— R MAEERL IR M, SR ESGUIRRIRE, YAt TR RS MY
RIS A, M, SEESERSIDL “HiE” ZBAOETEIRE IR piCmEI, fRAt T S RIEETE T,

75, ERHUTRE, BEERE A SRR, A A TR AR AR R, TR
TERERIA I RCR IR, AR IR T X, HEAE S EBGEERE AL, Mk, SEHRSIRITR
TR, FESHEHE A BLMPRR (e, EA 5 EREC R A,

4.4.3 BFRHEERIRINAE

TREUHEAAE S AR B/ VAR, G2, FRTHE HEE EMEEAEN, BR
PREAAERAIR, HRERF —/NRREFRAER, FILE CPU B aluiMA BRI R Ry, & 3%
ARERFREHR (cache miss), It CPU MEAEHE RIS HIFL IR P AT TR E L

FAR, “DrECRarR” @b, CPU MR RORHRCRER, FAUREthatiasr, I CPU PR &
HCEORH LL IR 25 TREXER AR (cache hit rate), JEETSHIEH A AHT B IREGCE,

& T RATREIE R E mATRCR, PRECE PRI AN BRI

- PREUT PR Z BAE AT A A BN DR, TR DAPRERAT 2 B, A LR BELAE LT AR A (i, PR
AT R 2 A=,

- THIDUMEH]: pEFLER & B TR R R (BIanER R, [EE P RESIME), MARBR e
B BRI, TR AR,

- R R ARG, TSR ERhER R TR It g, Ei, PRERERAR
FHRE, thESRAHKNIRER, PaEmma=,

- RN AR EEIR G, AR BN AR AR AT REFHR A, PREBORI IS — B, &
R B B vy I R R AR B e R

B L, EERRESS RSB PRI AR R AR, 32 SR AE DR %675 .
- PR SRS ERSIDTR ST RIS S M 2, ERPIRP AN ERE R R E D,
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- PREUT: SRS SR BERCIERE AR, TIRIUE T TEN” 1Y, ISR A LB 5 o
- PR FES LB B S BRI PR B AT TR, ARG A 5 0 RN R
- IR [ R A RC TR S R, RN R I A R SE A P RE R T

AR S, PESIAA E i a R, R EAERIERCR LB R, IS SRR R TR
e, kPSR A R R 1 S A2 O

T EERAE, S PRI ERE MSIE A TG DL T AR s B 51, B I A FhoSe SRR e A,
JERUR B TORADE . Bilan, FEAIFNGEGS R IE BT “HER™ BRR (P —E s iing), Hef
Sl ESENEEZ 5=

- AEfERTRER, BTG AR R A E B R HE R, K2 AR 1 m AR ERCR AR M
RIRES), AUEEZR TR E TS AR i —E R iR = .

CAERERHRARR R, BREMRE. HEBRTENIRNEE DR, ARG R 2 BB A HE B B N S 8
S HR A RESIE B R0 AU A7 IR R IR AR O N [RIRR 20, 3lf EL3E S 1 Pis) i 2 7 2 A RS M BR S

4.5 Ih&L

1. ER5EIEE

- [BIRNGRAS HR AR AR R, o BICRERHE Rt B IR T R AR R A 77 3 A SR
R R R, P ARG 8 B AR

- FSISZREREREAH, G HTRCIRASEL D EREARIMBRTRICRK, HAG R RN,

- SRASERSIEMENG I (GBI BB SRAERGTE A BLMER, Hal SRR, (HERGEHReR
%, (HHRCERE R, W ARG RS RS CAE B Al B 51, BUR S # Y, Erh i Hsl,

- YR ESRHE N E XA TR A PR S, EE ARSI EE, R T ESINES, [FRAT DI
AR,

- HRAIRHBURIESE & 1 AR E A, (HATREEE il B s IR &,

- BT, BRI TR AR, A AR SRR s R, R S AR R IR AR
NS,

- PRIBOE R PREAT, TEIUMEHI DAK 2 [T s R AR ] [ S S R AL, %% CPU 1R At PRIR BRI B ],
BRE TR ST TRICR,

- HPARSEA E m A PR A R, R EE R E R RS S Ak, (R R, BRI AR K
R = A TA

2. Q&A

Q: FHEF AL LRI /EHERE b, BRI B MR B A A R
{7 72 HE B L ADHERE b 1S BT G A AR SR IR S N, EORHRAFRCRE AR — B, AT, HEBAHERA
A5 EEREE, WEMES L N AR

L ECHBERRCR . HEBE — SR NRCIERE, /L hdnaEes B E5eal, MR IER SR, w] DATE

BB, HABWER . K, HER EA O EORTRE R (FiE & PR 118,
2. KR/NBRA: HESFCIRREA BN, HERRRY AN — RS2 BRI AT FH RO IR AR [A] I A S A5 &5 17 KR
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3. EETETE: HEM RAIREEIATR/ NG SRR R, THERR L RIS BRI T DATESRA T R B RE R o
Q: BB ERMFRBIRKTCER, A ER S Al A R A R R ?

PEAS ER A B BG AR R, GG EESIH (P LR, SEEE ] AR F AR ER, Fla int,
double. string. object &,

M, ST RAMEZMRRIGIR, SR REEE AT Bimis BAERCA TR B, Flan, R E R

& int F Long WFERLS, BAETCRTRIMGH 4 focsEm 8 ficél, R AREA A N ARG AW R T,
K78 & 7 i TR R,

# wRCEREMLL - FrEEEUL (BxiRcEEu) + t&2RE * TRR5I

Q: MHEREES P18, BEFRZAM P.next &4 None IE?

AMEL P.next tha] B, %I HSIRIAEE, (CHERENDEBHMOETERE P T, ERIREHR
P CASTEEAT ERFIPMER T, IEIRFERRS P FRAINEHLAR I & B xSl ah Ry A R

BRI (08 NAEE, NERRAEREFR, REAEREXIERZEMIMT, EEEN
R, BFEMNZ e, BTG, R, REsMERERG ARG H E, R e a R B A
RO AR A

Q: TEGHAS B i \FIMER SR A FO ISR ST FER O(1) o BRI BB O (n) HOIRIEES T2, T
LR R O(n) U2

R RSeATR. BMRTR, EEMRERER O(n) . A, SEEBEIE O(1) M E AT DIEHE
A _EASZIREE, Blan, ELafryE S R Ry EE, RIMMEE (A BUa K IR m BRI R, B
B, BREAEMEREREEZ O(1) o

Q: [E “BASHRYEREG T, B ORI TR — SR R ALY BRI ERE S
fili—-Me?
N E PR E N ROR, RN ERIR AR EIUE T 0T,

- ANFERAIR EEGEAS B2 R R, ER4N int, long. double FIBIEMIMFSE,
- TG RO RC IR RS 2 R/ MIRIR I T PR R It S AR BRI T, K22 %% 8 oTiHEk 4 foTat,

Q: TEHFIRHERE SIS O(1) ?
TR A S R, HITEE ARSI, BGOSR, SRR SIS
TEMEBE, BRI ER O(n) .

Q: “HRFIAYH BT AR S T IR M, (AT AR 4 ST T A PP, P2 R B
ROAUEER AR, B, SRRSO s

ERA RS B AW SR /7, e WG EE, REFEREREES; B
JiTH, A THIEEEHE, WA RaRU—EER, W x 1.5, K, hWamBResc, RS
B REE R I,

Q: 1€ Python H¥lfafk n = [1, 2, 31 1%, j& 3 ECEMBHERAIER, EEMGKn = [2, 1, 31§

BHEMEBFETRE id WAZHER, 22 RIER n RRHEE, ELTRIMIEEE, A n B2 E)
5?2
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BRANHE ER B T AR B AS R A %G n = [n1, n2, n3, n4, n5], JEEHEN NG 5 EHEY DB
fERLISRE R, AR, % —WEFIRS], BMBARIDE O(1) RERE N ERER B RO A L, fEmizhRa 2
HHERHEIE,, BN AP EEEN2EH N5, mIFEEA S,
HFF 2555 AF, Python Bt EAYtr, BYFHENTRETFAS, MB8T5/,
I, B E A E Y PR R B A R id , 3 HE SR A RE R o i A
Q: C++ STL #HfY std:: list ERLEH e mpdssi By, B —SEEEE EAEEEEFERE, 218
R &AM EIRIR e ?
—75TH, FMFEE E PR A ERE AL, mRELERA AR, EEEMERE,
- B HREECEFTEM ARSI (—EART—ETE, —EHARE—ETE), A
std:: list j@H Ll std:: vector BEAEHZM,
PREAR KU BRER AR EEE R, Ktk std:: list ¥R B H Rk, —&IE T,
std::vector FRRAE & FH I,
BT, B A R RGN R B e E, MBI 3 e AR A CEE S PR LAY stack AT
queue , MiAEGEAS RS,
Q: #HfEres = [[0]] * nZER T —E_gEEY|, Hibag—(E [0] &2B A2
B, RS, AR [0] BIE L2R—EYANsIH, RBMERES—FETE, S35
Fiv RO T 280 & Bl > 0,
QSR A 4k RS A [0] ARSI, FIDAE res = [[0] for _ in range(n)] ZKREH, S
TR R R T n (BEZHT [0] =514,
Q: #fEres = [0] * nZAERT—EEY, Hbg—EEEE 0 & 28rHIVE?
1ERZ AR, FrEREEL 0 B2 R — @5 . 182N A Python B/NEEE GEH 2 -5 2 256) £RAH Tk
B, DAERARMCYIEE R, e ARiEeE,
AR T MiEmE @Y, BRI DS B B FREEITE, EZR %A Python FEHUZE “frf
BYIE”, ERMBUETCERE, B ERYVHRAS —EWHER5IH, AR REHAY,

SR, EERAITTERE AW N (BIATES, e ERIBIESE), BUCOLETTR & BRI A S,
BTG 51 2RI TC R AR & R M RIS
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85

Abstract
HEBONFEIEBSET, TSRS S HERK
P 7 IR SE N1& AN S A5 Y A R B 1R
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5.1 &

& (stack) 2 —REIEC AR HEEH AT E RS,

BATR] DR HE B L 2 S B — Bt T, BUE SRR e —ait v, AREREH RS, AIRE.
i L EREROREE, TR T E R A SRR TR (WS, oo, WFsS), mies T HEisy
Qi 5-1 foR, FIHEHERBITRIVTHARE 2 “HEBTH”, IRHAEZ “HEBRR”, HHTITIONH 2 B THA
PERUPE “AHER”, MHERHEBTEOTRAVER(EI(E “HIHEE,

G NES NS HES S
stack push(5) push(4) pop() pop()

A

res | |faes

HERIE

5-1 HEBRITEARHA

5.1.1 ST BIRME

B E FHEREWR 5-1 Fivr, BRSNS IEA R ZMRBE A AR GE S AR M E, fEik, HRMAE RN
push(). pop(). peek() s 2,

R 5-1 HEBATHRAERNCR

ik 0k B TR
push() JEENMEE (HHIZEHEMED  O(1)
pop()  HEBTETEE: HiHem o(1)
peek()  HiMHEBIETH o(1)

WA, BT IERE AR GE 5 AR, AT, FLEE S n] R A SR AEEER, 8
PR ] U R%AE S RO “PA” B “GlAk RS EVEHEB AT, G AERE IR I s B S B 1 R 1
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# == File: stack.rb =

# IRES
# Ruby RENERESEER, AILIE Array BEEEERER
stack = []

# TTENESE
stack << 1
stack <<
stack <<
stack <<
stack <<

DNOT N W

# HREMEETETER
peek = stack.last

# TERLESE
pop = stack.pop

# BEUEENRE
size = stack.length

# YIERR S A=

is_empty = stack.empty?

5.1.2 HEMNEIR

5 T RANBEHEB BT, BMARE M CEBR AR

HEBRIE e AR AR, Rl X REAE HE B TERT I BMIBR TR, SR,  ReHAIA Gl ak R 1T m] DATEAE TR AL
ERTEAERTR, Il DAL 2 — R Z BRI RS el eh 5, fgata, BATATDL M feEs ek
Sl ER AR o SERR 1R, (EECBI MRS S HEB AR,

1. BitigERTInER

(o S AT R S EE R ME AR IRE, AP mT DA SAGS R 8 OB B RG A A HE AR TH, R IR 2 B G

GniE 5-2 FrR, EPRAHEERE, TR TRoTRM AR B GHS, SMEEREE AT IR 5 “BEETRT,
TR B, TR ARG TR A5 B2 A IR B AT

YSREES 4
S RTIEL
Nt s (@
push(4) A
BT }
TR
N ] m
s l Tm* : o I
ERERRREET ! ERERRREST !
HOMRPAEE WM R AL
! {
(30 R

SERE
Step 1 Step 2
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e

pop() AR

o @

|

S
o

EERREREES] I
MR )
PIPR e ,\?

N GD

l!'
|
Step 3

5-2 BLHRGHEGS R A T ETHE R A A B B R E

DA B AR Bl 45 HR 41| B B M i R A S -
# == File: linkedlist_stack.rb =

HH BERIEERYIBIRES HH
class LinkedListStack
attr_reader :size

HHt BIET
def initialize
@size = O

end

H YENEERE T AT HH

def is_empty?
©@peek.nil?

end

HH NES

def push(val)
node = ListNode.new(val)
node.next = (@Opeek

Opeek = node
@size += 1
end

et HIESR

def pop
num = peek
Opeek = (@peek.next
@size -= 1
num
end

#HHt hEEBRIATTER #HH

def peek
raise IndexError, ' HEEAZT' if is_empty?
Opeek.val

end

HH SEEAERYIENA Array WiR[E]  #HH
def to_array
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arr = []
node = (@peek
while node

arr << node.val
node = node.next
end
arr.reverse
end
end

2. BitEFINER

o PRSI B B g Iy, AT A] DU RS R B0 2o HEAB TE, ANIE 5-3 Fio, A HEE SR H B 5 1 o) I S JEEAE
RS R ER R TR B MIBR TR, ReRIEAEEAL S O(1) .

&R r EEFIREIREE
Nt l I s

]

TR 4
RRE FHERIEE

g EERREMET FE g EERREET g
n R A D a HrRRAEE a
n EH \ BaX |
Py o
step 1 | Step 2
bl )
pop()
psmEESIR TR

a8 rez [

] sARRBAS ]

- |

‘ R \

Step 3 |

[ 5-3  Fk R Be 471 B T A4 A ) N A L A R

FR AHE B 7T 3R AT RE & TRIECNBTHE A, R FRAM o] DAGE FHEhRERES, SE ARt AE2H 11T R B S A T
PAR 2l 2 -

# == File: array_stack.rb =

HH ERRESIBIRAES
class ArrayStack
HH BIET
def initialize
@stack = []
end

HH ERUEENRE
def size
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@stack.length
end

i FENEEERTAT HH

def is_empty?
@stack.empty?

end

HHE NIER
def push(item)

@stack << item
end

HH HIEE

def pop
raise IndexError, ' HEAZ' if is_empty?
@stack.pop

end

it ARIEERTETTER A
def peek
raise IndexError, ' HEEAZT' if is_empty?

@stack.last
end

#H REIEYIARYIED  HE
def to_array
@stack
end
end

5.1.3 MESREL

SRR

P e B AT SRR A P A TR, BS IR BRSO BB M 0, (HIS Ot T B A e s s, [tk
—RA g,

RT3

TERLTARRF A BB rh, N\ HEM AN B R (7L TR S0 70 BE A B AT IR T, B RGP PR EUA 1,
RIHRCR B R, AT, QR AHEBRHE S A&, SERMas], SRR R R 6 5
#0(n) .

FERRSEAG RSB, SEATERVIRIIAAE R TS, AP LIRS BA R RBCR R R, H2, A
BIRETREOGC IR SRR, FIRCRAEER, AE, WRAHEBTTRA SR SR,
JERT DA ROV BR, EmiE @Rk,

AR ERTIR, B ONHER B HEBIRIER TR B EAGRIR AR, F40 int 3 double , FRIMTATDARS H DUR 4

2A
Al o

- SRS BB AR A SR AR G R, (H AR IARE, IR 5,
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- BLIRGEAS FR S B TR HE R AT DASE B IR E U RCR AR,
B

FERIEIL RSN, R E R BHIDE AR
TER (B 2 %) ETEAN, BARNARD
M TR

SRIM,  FHAGEAS B S HTRG TR R MR (71 R, IR DL R S R A 1 0 23 BRI R
AR b, TR RERG B AR E MRRE B B N ET RO IR, R AR R UE T O

%EI EHEPRTR, MH, EAWHNEE 2R
B EPRTR R, R, SRR T B A S 4 vl RE S hR

)

H auk

5.1.4 MERHAFER

- RISV PRRIBEAGE, WEPAREEERIBSE. SERMBRCGTIMEE, 28R E—EEEHR
TR, ERREAM AT DUs@ IR R R E 2 E— A H, RIBIRFERR LR EHUT R, IR
IRFSCRFZIRAN R, TR 5 2 o 8] B AL & B

- PRGOS R, BRI R, RES G TEHEB T — (EHE N, AR B B RS E .
FENRAE PR A, 1A R HE RS B & BT AHEBRE, A L B RS B &S BT R,

5.2 {75l

175 (queue) 2 —HLENEL AJCHIRRIRIARIE R RIS, BAETE, (ToIRHR THERREIS, RERA AT
IONATBRERE,  TALIA T SE R NI A B B o

aniE 5-4 FoR, WEGRITHISEERE R “THIE”, RBEES TR, RHETTRIASIRAHRIER S “ A5,
MBRAT 5 E T RAIRIER 2 “HA,

75 7 3
queue pop() pop()

s /.

i | /

i |
A

175

N N5
push(5) push(4)

5-4 BRI NS KA
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5.2.1 {T5UHERIRE

{PHIRH RARIEINER 5-2 DR, TREERRE, ARG SHESMAIRE AT R, BMIEERA
HEBMRIR 5 TR a4,

* 5-2 ATHIRERR

TiEG ik IR A

push() JEEAZI, EERHMERSIR  O(1)
pop()  FFAIETEE A 0(1)
peek()  FHRIFFIKILR 0(1)

FefMr] AE R AR S & R AT 51 R A -
# = File: queuve.rb =

# ¥R TS
# Ruby WERITHI (Thread::Queue) BE peek FIEHFGE, AILUE Array EfE(THIRER
queue = []

# JTENY

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

# SAfETHITER

peek = queue.first

# JTELT
# BER, HNEREY, Array#shift FHARFBIEMES 0(n)
pop = queue.shift

# ERTINEE
size = queue.length

# FETYIRE AT

is_empty = queue.empty?

5.2.2 {THIER

7 TEBUTH, BRMFE—FEEREENE, rTRE Uit oes, WAES —ImMiERoes, SEAS R YIRS ER T
BER,

1. BRI ER

qniE 5-5 Fow, BRI DRSS ERSIRYG “SHERS” A1 “REEIRET RIS MTHIET M TR, BUE(TA
FEMERTHTE RS, (755 AT I ER R
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1758

w | a

A5

175

{ Step 1 |

00060

ERRRRERT]
HIMRABITTI
RER
w3
pop()
Step 3

AT
push(4)

na

Step 2

RIBREREDES

T CO%
EERREREES (-)

HIMRFBITTI e

HEEARE 4
G E G RTIRE

b @P

EERRRRSRT
HIMRRBTTI

R

0000

5-5 BN GEES RSB U THIRI AL HFIR 1

DA 2 St B 1 B B 7 27 O R S -

# == File: linked

i B iR R ERIRAYTY

class LinkedListQu

et EEUTTINRE

attr_reader :siz

HH BIET
def initialize
@front = nil

@rear = nil
@size = 0
end

HH FIEMTIIR S A
def is_empty?

@front.nil?
end

HEH NG
def push(num)
# TEREEIEERINIE

node = ListNod

# MRTIRE,
if @front.nil?
@front = nod

list_queue.rb =

HH
eue

T
e

# BBEAEL front
# EEI®L rear

=

num
e.new(num)

AI<SEH, EEIRGERISMENRS

e

@rear = node

# WRITHIRR=

, RIS ZENRGE R RS
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else
@rear.next = node
@rear = node

end

@size += 1
end

i 15
def pop
num = peek
# MIBREERE,
@front = @front.next
@size -= 1
num
end

HH SEREMTYETTER HH
def peek
raise IndexError, ' {FHIAZ=' if is_empty?

@front.val
end

HH 1&5E4E R4 Array TDR[E] #HH
def to_array
queve = []
temp = @front
while temp
queue << temp.val
temp = temp.next
end
queue
end
end

2. BREFINER
TERRF MR B TR AR RIBARE 2 O(n) , EEESHFIRERCREAR. AT, AT AERA LRI 2 75
AR G IS (A R

AR AU — 52 Front FEATHIE TCRINERS, WiAEE —H2 5 size FARIETYIRE, ER
rear = front + size, EEAXFHEHN rear 5FTHIEITTEZ BN F—EA E,

FRittaeat, MFIrh S CRARBURER 2 [front, rear - 1], REBREIEBTTIEWNE 5-6 iR,

- NFIEEE: iR CERIR(EL rear R1HE, Wiff size N1,
- WA HER front BN 1, Wi size W1,

FIDAEERI, AFIFIH SRR T T — e, RIS O(1) .
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front {E@ITHIETE 1. 5tHEIER rear
rear IBEMTFIRTER + 1 2. BTRMNE rear &
rear = front + size 3.7 size Bl 1
A3l KR
15508 push(4)
n front > n n front » n
e | B o= a B o=
size = 4 size = 5
u EEERZET n n EERREET n
] HINRR B a ] HINRR AT a
)\”I rear » rear »
175IR

{m

Step 1 Step 2

1.4 front B 1
2. 4 size HH 1

FHIRE

size = 4

front >

RERRZMET

a
g HIMRRBITTI

‘ Step 3

5-6  FLRFEHAIEHTHIHI AL S E

IRATRE & S5 B — (R FEFENET ASIMIH SR ER S, front F1 rear H7EIAIG RS, HEMEERS
FETRIN SRR RIS EN v & T ARDILIEIRE, A AT DR RS %y B AR “BIERES,

BIRBRES, WA front 5 rear TERUEMES ALK, BRI A SEMAESUES) . EREHIMR
HATLUEE “EARROE” RED, BRI R:

# == File: array_queuve.rb =

e BERIREETIBIRNTY]  #
class ArrayQueue
HH EEUTIINRE
attr_reader :size

HH BT HHE

def initialize(size)
©Enums = Array.new(size, 0) # FAREFTYITTEHIET
@front = 0 # {THIEIEIE, ERTIIETE
@size = 0 # THIRE

end

HH EBUTSINA S  #HH#

def capacity
©nums.length

end

HHt FIEMTIIR T AT

def is_empty?
size.zero?

end
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HH N5
def push(num)
raise IndexError, ' {FFIBEM' if size = capacity

# FETYIEEE, BRTYRERE + 1
# BEEEERRIEEI rear HIBMETIEERR[EIZIEESE
rear = (@front + size) % capacity
# #& num FIEE(TIHIE
@nums[rear] = num
@size += 1
end

it 5 HE
def pop
num = peek
# (THEEEREZE—(, GHEESS, ALREF|fEYIZESR
@front = (@front + 1) % capacity
@size -= 1
num
end

it SHREMTHIE TR #HH

def peek
raise IndexError, ' {THIAZ' if is_empty?
@Enums[@front]

end

#Ht IREBIRFIBIRTIED  #HHt
def to_array
res = Array.new(size, 0)
j = @front

for i in 0...size
res[i] = @nums[j % capacity]
j+=1

end

res
end
end

DALBEEUTAIIARRA RIRYE: HREAREE, 2R, ISMERENEEARDL, Bl DAKE A i 2% Bl e
I, Mg I NIEA WS, A R n] IS BT EE,

P R LA e B — 5, TR AR

5.2.3 {F5Is#EEA

- WEETHL, BYE N ER, sTERIAMTAIYh, REMEERSRIRIER EHE T H T, £+
i, FERFENEEAFRATE, S0 TR EE RSO,

© ORI, (EATREER UARE ThRERIS R, BIINENRIEAIERS (T, B R TS5,
(THIEIGLE G ] DAUE ROt s SR B IE
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5.3 £r(T5!

TEATHI, FRMEREMFREEE TR SAE R HTE TR, WE 5-7 R, @5 (double-ended queue) 12
7 ERmAEEM, AR BT TC R A B PR R

Erryl FFIEAT FHIEESY
deque push_first(1) pop_first()
il =}
wo ||| A

2o {1 |

DooDE—
0ooe g

F5IR

THIRAT bndl)==t k|
push_last(4) pop_last()

5-7 BEATHIRERIE

5.3.1 €RTIIERARE
BRI T AR FHEREANER 5-3 Fow,  EBRAY75 A M 7 ZEARR A A1 AR 2AE = AR E

%53 BFIRIESE

TTiEA fifii I i A e

push_first() HCEFETHIE  O(1)
push_last()  HMcEFEE(THIE  O(1)
pop_first()  MERTHIETTHR O(1)
pop_last() HERAT5 BT 2R 0(1)
peek_first() #FFTHIE TR O(1)
peek_last()  FFTHIEITLR O(1)

IR, FRAITRT DAERE T AR GE = C BRI A {51 -
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# == File: deque.rb =

# B ERTY
# Ruby RENENEIRTS, REEE Array B1EEIRTYIZRER
deque = []

# TR

deque << 2

deque << 5

deque << 4

# sBEE, HNEMEY, Array#unshift FAERIBSRIEMES 0(n)
deque.unshift(3)

deque.unshift(1)

# T HR
peek_first = deque.first
peek_last = deque.last

# JTELT

# AR, HNERY, Array#shift AAREREEHEES 0(n)
pop_front = deque.shift

pop_back = deque.pop

# ERERTIINRE
size = deque.length

# FIERERTIIRSRT
is_empty = size.zero?

5.3.2 Em{THIER*

BT AR BB T AR, n] DOSSFRGEAS FR 2 sl e 410 20 R e R At

1. BRtEmigSHTINER

[ b — B9z, Pl A g B S AR BT A, R e m] AT (M PR AR, G H A1)

FITE RSB BT TR CEHB SR

BREE(THIT S, SRR AT ARSI, RAass, rfrs|REZ EH S — s m

AR, Zuitt, FRERA "Gt ers)” 1E 5 B2 R B RS,

QniE 5-8 7R, TR B e G A5 E 21 F) SE R TR AR 2 BE T S BT S E AT B R, TR R B A P S

AR B RS A EE
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1758

mm p| | e FRERS %
gyt T3 ~
EERRES AR (2 )

a HPRRHRETT]
751 1 l 751 R
A5 5

EERRESMEERT 0
HPRRHRETT]

{FHIRNG HEEES 4
push_last(4) =R RIS
FREDRS
a ERERERREERT @
a HWIrRRAYATT
o
R
Step 2
TR ERS
1FFIRHF!
pop_last() EREPRS
, o
a EEERZEREERT 0
a HMRBERERTT]
FEEREE
Step 4
RIBRTRERES
TREDRS
)

5-8 NG R BB A2 NS SR E

1F5IR
| step 1 |
EEE 1
YR R DERE
1FFIEAT
puslh_firfst(l) FAENES @
g @
a EERRRE RS R @
a HPRRBEETT]
rin (@)
[ Step 3 ]
P53
pop_first()
a
a
a8
[ step 5 |
BRI NAUR:
# == File: linkedlist_deque.rb =
=begin

File: linkedlist_deque.rb
Created Time: 2024-04-06

Author: Xuan Khoa Tu Nguyen (ngxktuzkai2B80@gmail.com)

=end

HH EmiEsL RYIENR,

class ListNode
attr_accessor :val
attr_accessor :next # BALENZLS|A
attr_accessor :prev # HISBEAELSIF

HH BET

def initialize(val)
@val = val

end
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end

it BEREMEERBRNERTY] HH
class LinkedlListDeque
#HH ERERTINRE #HH
attr_reader :size

HH BT
def initialize
@front = nil # SEEHZY front

@rear = nil # E2EIE rear
@size = 0 # ERTIINEE
end

it FIEERTIIR D AT #HH
def is_empty?

size.zero?
end

HH NDIIRIE 1
def push(num, is_front)
node = ListNode.new(num)
# EfEsERYAT, 8BS front # rear #S[ME node
if is_empty?
@front = @rear = node
# (THIENTIRME
elsif is_front
# 18 node FIEEHELELTIESP
@front.prev = node
node.next = @front
@front = node # EFEEENZL
# (THIRNTRME
else
# #& node FIEEIEELRTIED
@rear.next = node
node.prev = (@rear
@rear = node # FFEHIZL
end
@size += 1 # EMITVIRE
end

HHE (THIBENY
def push_first(num)
push(num, true)

end

HH THIRNG
def push_last(num)

push(num, false)
end

et HYIRIE
def pop(is_front)
raise IndexError, ' EmTHIAZT' if is_empty?

# THIE TR

if is_front
val = @front.val # E7FEEEIRLE
# MIpREEENEL
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fnext = @front.next
unless fnext.nil?
fnext.prev = nil
@front.next = nil
end
@front = fnext # FHEEENZL
# TR EYIRE
else
val = @rear.val # EZEEE
# MIBREERS
rprev = @rear.prev
unless rprev.nil?
rprev.next = nil
@rear.prev = nil
end
@rear = rprev # BEIEENZL
end
@size -= 1 # EMITVIRE

val
end

HH (THIEWY

def pop_first
pop(true)

end

HH (THIEWY

def pop_last
pop(false)

end

HH SHREMTYIE TR
def peek_first

raise IndexError, ' #R@E{FHAZT' if is_empty?
@front.val
end

it SHRETYIRBTE
def peek_last
raise IndexError, ' ZRITHAZ' if is_empty?

@rear.val
end

it IR[EIPESIRRTIED
def to_array
node = (@front
res = Array.new(size, 0)
for i in 0...size
res[i] = node.val
node = node.next
end
res
end
end
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2. BREFINER
qniE 5-9 AR,  BAELR RS BETAAML,  FeffIth ] DAGE FHERTE M8 A B B E (A 751

front iEMEIFHIETR
rear IEATHIRTE + 1

rear = front + size

1. stHREIR rear
2. WTHIMEE rear &
3. 48 size BI¥ 1

FHIRNTI
27 push_last(4)
o | B rrone- ([ tovmm front » P
size = 3 size = 4
ERRRRIDEES B n ERRRREEES]
] BHIMRRABE(EF B ] HIMREABAET]
73R I l fr5IR
AT H3 rear > rear >
551 . ;
[ Step 1 ‘ —J Step 2
1.4 front B 1
2. BTEIME front &
3.4 size EH 1 1.1 size EH 1
1FFIEAT fFHIRHF!
push_first(1) pop_last()
n . front >
1
IR HHIRE
a size = 5 n size = 4
u EERRZTEES a EERREEEMET]
a HPRRBEMETT] a VKRR R YERTTI
[ Step 3 ] ( Step 4
1.#% front B 1
2.8 size BH 1
(5] kR

pop_first()

1FHIRE

size = 3

front >

ERERZCEMES
a HIMRRAYATT]

Step 5

5-9 FLR b B AT A AL SRR

TEATHIREBIELRE b, ST “ITHIE NS 1 ATFIRHA" 771k

# == File: array_deque.rb

i ERIRESBIRVERTS
class ArrayDeque
HH ERERTYIINRE #H
attr_reader :size

e

HH BT HH

def initialize(capacity)
@nums = Array.new(capacity, 0)
@front = 0
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@size = 0
end

HH ERERTIINEE #HH

def capacity
©nums.length

end

HH FIEERTIIRERET  HH
def is_empty?

size.zero?
end

HH (THIBNTY
def push_first(num)

if size = capacity
puts ' EmETHIEM'
return

end

# (TYEEER A E—L
# FEBEERIREEIR front HIERESIZESFEZLIZEIEEE
@front = index(@front - 1)
# #& num FIEETIIE
@nums[@front] = num
@size += 1
end

HH (THIRNG
def push_last(num)

if size = capacity
puts ' EEITIIER'
return

end

# SETYIEREE, EafTyIERS + 1
rear = index(@front + size)
# 1§ num FIEE(TTIE
@Enums[rear] = num
@size += 1
end

HH (THIEWY

def pop_first
num = peek_first
# (THEEEREEE—
@front = index(@front + 1)
@size -= 1
num

end

HH (THIRWY
def pop_last
num = peek_last
@size -= 1
num
end

it SAEITIIETTER i
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def peek_first
raise IndexError, ' ZR{THAZ' if is_empty?

@nums[@front]
end

HH ST TTR
def peek_last

raise IndexError, ' EmTHAZT' if is_empty?
# SEERTERSI
last = index(@front + size - 1)
@nums[last]
end

#H REIESIFARFIED e
def to_array
# EENEYNREDENNSEIITE
res = []
for 1 in 0...size
res << @nums[index(@front + i)]
end
res
end

private

HH STRIRZMESZRE|
def index(i)
# EIBEEMREE IR & EAEE

# B 1 HiBMEYEEE, [CIFIEES
# B 1 HiBESIEEEE, EIEIEEP
(i + capacity) % capacity
end
end

5.3.3 €mTyIEA

BT AR AL HE R TS AR, Rt e n] AR BUEME TR IERY R, RN EEE w5 A B,

BAMEDE, BN WO DIREEE AR EN: KA ERESARIE push ZIMERF, RBIBEE pop
BHREH, AT, SEERGEIRARE], EhEE GREIBEHR S8 (FIUNERTFF T 50 ). EHEBK
R 50 K, WRETHREAHBIR ((THE) BATMERERE, (HHEREER T BIZIIGE, Bhk 2
{PFIAEARHE S, FTER, "™ AR CB R SRR HE B Je AR R RN, U B[ {751 REH 50 22 75 1
I LRI NE R,

5.4 IhGE

1. EEL[OIEE

- HEEJE - RENEIEE AR R R RS, Al Y s AR A AR B,
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- FERFREIRCRT T, HEBARES BB EA SR PIIRER, EERAERET, BOO\HEB R R R
EEHNEO(n) . MELZT, HEBAGAS RS BB EA E R RE R R,

- AEZERHRCRTTH, YRR EE RS R RS MR, (AREERENR, S H S ETR G
EISERA =S il iti] = e 557 bave 27N

- ATHIR - REEE S A S R RIR R GRS, [RIAR AT DUEIE S sl A5 AR AR BB, IR R R0 A 23
RCERHEIEE b, 751 Al B i HE A O A5 SRR DL

- BATAR RS H AT, EARREMSETTIT R AT R PR,

2. Q&A

Q: BITITRHURMEIRIRZE A2 sl Hh A T Y

BB S RNERIBIREAE L2 “HE” RSBl B PN —E Bk, ZHEE e e aE,
P BERRIB AL IRy, A% E i G B IE (AT 5 n] DT [ BB — LM, EMEE “HA
T5” EHIHRE,

Q: FEHHEERR, 2R HHER ARG IRRE?

GUERIR T Z A R RS, HIATR RGN, BB AFREME, Java Ml Python S HEA HE)
B [, R TR T e LIRS 7E C A C+ iR T B REGL IR,

Q: BTG EmEHEBIHEE Tk, R E?

B2 LG AT SR S B M B HE B L T k. EAREREHEE + (2R, (KR DI B
BEUTHIRFTHEIEM, X H 308,

Q: i (undo) MHEH (redo) HBLZANAIEIIAY?
P AR AR, S A FTRNIREH, HEE B AR SCHRUEH,

L. HEEHEPIT AR, RSERIERALER A, WESHERB.
2. BPBAT “HEE” K, 1CHEE A PRI EOLRIRRME, MR HBAMEEB .
3. BHPBIT “IBEH” W, (CHR B P tHEBOLIRE, MAFHBEAHER A



106

F6E MER
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Abstract
TERT B AR MBERNE—RENEEESHE,
REIN A EREDR, €T DAPREER R B A E .
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6.1 HER

&R (hashtable), XMEFIR, TIERETH key B value ZRIVEML, EHRSMTEEH, HEl
ma, FHMEMEERRPEMA—E# key, RIFTLAE O(1) ReRINEBCH ERIE value .

i 6-1 FiR, 4A7E n (E24, SE2AEE “Wa” M 2577 WiEEk, RuBRMAEER ‘WA
2a% RIS ENEA” EHDIRE, R ARAE 6-1 FRiEHER R BB,

HRER
hash table
25 key
| | | |
e value

BN—E25 key, TAHMESR value
HERPIMIBENRERES 0(1)

@ 6-1 HERRIMRER

BPRAEZRASN, FEEFD A R tha] IEBI A IIRE, EMAIRERBEINE 6-1 iR,

- OBCER: (EFRAOTRFIN RS GRS MR, A O(1) KR,
- A mRES] GRS ZEUTH, RLFREETHPRATR, A O(n) K,
- MR CER: FRELERDTR, BIEMY] GELGERY]) PR, R O(n) Kk,

*® 6-1 JTLREMTCRE L

PeHZY GRS HERR

s@iE O(n) Om)  O(1)
FatE O(1) O(1)  O(1)
WiiE O(n) Om)  O(1)

Blat s, TEMERFRIE TN E SR IEEDERR O(1) , FRER0

6.1.1 HMERTERHRE

MHERAH RIRIEAS: Pldafk, SR, b ERIMPREESSE, REEENT:
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# == File: hash_map.rb =

# R EER
hmap = {}

# FIBIR(E
# TEMRERPIICHEEY (key, value)

hmap[12836] = " /\I§"
hmap[15937] = " /]h\i@"
hmap[16750] = " /J&"
hmap[13276] = " /J&"
hmap[10583] = " /\gg"

# TR
# EFERTENE key , BE/E value
name = hmap[15937]

# THIFRER(E

# EERTPMIFREEY (key, value)
hmap.delete(10583)

MERRA —REERHNET X R ES. ESHRAETE, AR R
# == File: hash_map.rb =

# EHHEER

# FEHBER key->value

hmap.entries.each { |key, value| puts "#{key} -> #{valuel" }

# EBEREFHHE Key
hmap.keys.each { |key| puts key }

# EWEFHE value

hmap.values.each { |val| puts val }

6.1.2 HERMEER
A% R B S, R — AR R B B R R, TR R, TRV RS o ) £ 23 LA
(bucket), SHENAIREFE—HEEY, FHit, ZHRERERT key BEANE, WAEATHEER value ,

AR, AR key EACEERIMNE? ISR &M ERT (hash function) EEIR, HEREXAIERZAF—ME
TR\ 2 R — fEf N e, AR RT, MAZERITH key , W= HEZATER (5
K50 WAEhH, WA —E key , B LUZEMEZ R key BHERISEEHE RS P I7 AL B

A key , HMEZREXAEHREE D 2L TR2,

L. BIEFAEEREEEE hash () sHESEFEEE,
2. MAERERMEE (MYIRE) capacity BUE, {EMEHGZ key HIENIM (FEFIZRS5]) index.

index = hash(key) % capacity

BETR, FMIWEATDAMIA index FEAER R I FIBERIN, #EMEHK value o
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M5 F capacity = 100, FEZEIHEE hash(key)
key 22551 value W4 A0, /R T HEZE R XM TIERE,

key , S1SHMEZER NS key % 100, [E 6-2 DA

BN key =5l <27 B value
key value
& - DD
:

R '
B = 16750 1 ¢/ T e
@/ key % 100 ) —m

13276 | “ihiE” —w
W 83 10583

~
o
| I. ". I. ".

“/\pgr

e .

J

(’é@ﬁ?ﬂé%ﬁ—@%fﬁ

6-2 AR R AR

DU ER 7 —AfEMER, H, A key 1 value B —(ESER] Pair , DAFRREE(ESES,
# == File: array_hash_map.rb =

HH REY HH

class Pair

attr_accessor :key, :val

def initialize(key, val)

@key = key
@val = val
end

end

i ERMEYBIRNMER
class ArrayHashMap
HH BT HE
def initialize
# ¥liafviEs), & 100 {@iE
@buckets = Array.new(100)
end

def hash_func(key)
index = key % 100
end

HH TEHIR(E

def get(key)
index = hash_func(key)
pair = @buckets[index]
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return if pair.nil?
pair.val
end

i FTIGIRIE

def put(key, val)
pair = Pair.new(key, val)
index = hash_func(key)
@buckets[index] = pair

end

it MIBRIRIE o

def remove(key)
index = hash_func(key)
# BA nil , RFRMER
@buckets[index] = nil

end

#Ht EEFTERES  HH
def entry_set

result = []
@buckets.each { |pair| result << pair unless pair.nil? }
result

end

it EEFREE

def key_set
result = []
©Obuckets.each { |pair| result << pair.key unless pair.nil? }
result

end

HH EEFTEE #HH
def value_set

result = []
@buckets.each { |pair| result << pair.val unless pair.nil? }
result

end

HH SIENFERR  #HH
def print
@buckets.each { |pair| puts "#{pair.key} -> #{pair.val}" unless pair.nil? }
end
end

6.1.3 MiEEHRHEIES
WAE LE, HMERRRER RIS key MR N 23 RS 3 51 AT G 225 | RE R A0 L 23R, idh A%
RIS AR 2, Ft, PR @ “ SRR BHEMEGL .

BN BB RREZE R, E AR key RAAHRIRE, FERR A AT R AR, B, EHR5E%
12836 1 20336 AIMIMESARE, FIHGH:
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12836 % 1060
20336 % 100

36
36

WniE 6-3 Fiow, MEESEEA 1A — @4, SRR NE, BRS8N\ B R — S RS
2iEEEE (hash collision),

83 10583 | “/h\E_"

BN key #35| <27 &@itH value
key value
— e
e R ; D
/ BRI | o \
@/ key%l(:;@ 5.e . \m
s

6-3 HEEEZTIRG

BoHE, MHEREE n WK, 2H key HMECEIA —EMH AR PR, EoRatiD, Kk, ML
GniE 6-4 FR, PEARTE(ESE (136, A) M1 (236, D) #AEMER, WABRERHK,

HRREE - 100 HRRRE 2 1 HRREE - 200
MHBREN key %100 » MEEX key %200
#5| key value #5| key value

36 236

ase
s

- | e

3

N
e w e
-

o
o
e e

- | IR

150 550

.

83 783 “c”
183 783 “c”

6-4 HMERRIEA
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FCUAA IR, MEREEATNATE R EEE R RER SRR, FHFER; I BRRERRAE
capacity ti8#, (MR ZIE MR KA REHE BT RENNFEVE, SE DN 7 EFEERNE
BB, Ait, BAGESEEGHE R RNMERSE, PIHAEHEA,

B#HEF (load factor) BHRERI—HEEMS, HERSMRERITREERDMEER, HREEMES
RIVBERRE, WEMEAMEERANMBIEECE. BIAHE Java b, EEEETEI® 0.75 K, RHEEGHRHZ
RIEAEIFICH 2 15,

6.2 HEES
RS, EE NI PR R A B KR AR, R ERREE R E AR, bk,
AT M Ay M HAAEEA/)D, RINRE 2SS R —R R,
MHAER G ERE NS RIER, BREEMERN TN, & THRRZEE, 58 83\MEERR, M
BITHERIER, EEERMEESAIE, WHEHEHZERER, BEERRK, NAERERBEFEBETAKE
R E BB ERT B, & TIRARE, B0 DR LT IR,

1. BB IE R ORISR, (IS T DULE BRI I R R T A%,

2. (E1EERE, RIEMZERIBRER, APUTIESHRE,

FHE RGN R AR " A FE L,

6.2.1 SETC{idk

FERR AR R, BERERER 7 — (R (EY, 38U (separate chaining) B8 TR L 7 HkS ER 471,
AF BT 2 Sl At ER SV BT3RS, RSP 3 AR T R A SE B PRR R 7 AE [R) — B R S rh, 1 6-5 R T — MRl XA
HEAERRAIBI T

=i (s fBEE R (HEAREN)
00 > —>

iR TE: 37 L s —l

FEMRET (A5G 2

5, H H

HPE8mEERTR 50 L],

BERX key % 100 76

BRAMEREN key

BREREHR o

[ 6-5 SEANHHEZRR
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FR A B B REE R IR E T IR 34 T UMK,

- EHILE: WA Key , AGBMNEEAIIEINGES, HIAT TGS TISRANE,, A IS
He ey DA g (A,

- OPIRER: EBEEERR SIS T, ARSI R FMESE S,

- OWMRRER: HRIRA VRS 5 SR S R USRS, B At £ ) A3 T R,

SEAAIHEAFAE DA MRFR S

- AR S ERY R S ETRGTERR, E A ELRES E IRE B R IR
- BERRRCRERIK: K7 TR AR R A ER Y A A B TR,

DA RS AG T SRR R AV BB, SRR,

- EAES (BhREMES) ERAE RS, EmEeEg, FEmRE T, MRk () &2,
TpfEtmEr 2 — A5,
DU BB SHEARIRA IS, RN TRIE 2 0, RIMIGEERIEEIREN 2 15

# == File: hash_map_chaining.rb =

HH BENOINER  HH
class HashMapChaining
HH BT
def initialize
@size = 0 # BEHH=E
@capacity = 4 # HERAE
@load_thres = 2.0 / 3.0 # BRERNEHAFEHE
@extend_ratio = 2 # BEA(ZEL
©buckets = Array.new(@capacity) { [] } # @7
end

def hash_func(key)
key % (@capacity
end

HH BEET HH#

def load_factor
@size / @capacity

end

HH TIR(E
def get(key)
index = hash_func(key)
bucket = @buckets[index]
# EHE, HERE key , BREIHE val
for pair in bucket

return pair.val if pair.key = key
end
# EHRKE key , BR[E nil
nitl

end

HH FIGIRIE o
def put(key, val)
# SEaRETEBMER, MITHES
extend if load_factor > @load_thres
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index = hash_func(key)
bucket = @buckets[index]
# EHE, BBINETE key , BIEHHE val IHR[E
for pair in bucket
if pair.key = key
pair.val = val
return
end
end
# EBEZ key , HISREHMEEED
pair = Pair.new(key, val)
bucket << pair
@size += 1
end

it MIBRIRIE ot
def remove(key)
index = hash_func(key)
bucket = @buckets[index]
# ER, KPRIBREER
for pair in bucket
if pair.key = key
bucket.delete(pair)
@size -=1
break
end
end
end

i IERMER
def extend
# HERMER
buckets = @buckets
# RIERBIMMER
@capacity *= @extend_ratio
@buckets = Array.new(@capacity) { [] }
@size = O
# SREBTEMERRETHER
for bucket in buckets
for pair in bucket
put(pair.key, pair.val)
end
end
end

i DIENMEER
def print
for bucket in (@buckets
res = []
for pair in bucket
res << "#H{pair.key} -> #{pair.val}"
end
pp res
end
end
end

ERTERIR, HHEESIRER, 2R O(n) 2, HISAIDUSHES AR “AVL B” 5 “400
B”, T as i R R R AR B % O(log )
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6.2.2 FELE

BMGELL (open addressing) 8| NEEAMURIERS, Ti2BEE “SURHD sREMHMEES, HlpR3
TAFEGIEIRE. SRR 2 OE S,

N AR 200, A48 BRI A R R 00 T AR,

1. B4R E

BIERER A EE S ROV SAGEITIRN], HaR (k@ rz R a iAo

- AR BRMEEAGHRERRG], HRBMNCETR, MEERVERABRRIET (PRER R
1), EEHEZM, RTRmAHS,

- EFCER: ARBREER, NERHRS RAERETHRIEE, BEIHEIBEITR, &E value B
A AnFGEEISA, S EETTRAEMERERST, IRIE None .

[ 6-6 fon TRARCE L BRIEIRE) MEERIVIER i, RIRLAEEE N, REMMMHFIN key #EHE
BREHFEIAIA, THEBSRIERE, CFBARIRE 2N LA Z IR,

#®3| i3]
00 <

B ELE o1

BIEER, SRS 1 o
76 <

MR key %100 77

HMAAERN key -

SR MEER

@ 6-6 BAMCEIL (BRIERE) MERERAVEES 2

R0, BPERER S AL “REBIR”, AR, MRS B, S BRI E
REJATREVERER, TEME— D e A BRI K, TMRCEIEERE, SAREEO M ENRIERCR A,
ERERRE, BRI REERBOEI R R P ERMER TR, SR E R MERTTER & £ N & A — 825
None , MiHEAMITERR, MUERERZEMMEIRE, KItEZTN 2 NTRAEERRZ], 2]
RERRHIBLEICRAFLE, WA 6-7 o
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3l e 37

00 <
01

02

76 <

Mg Dz,
MEETHE T FTHTET

78

I 6-7 AERBUEHE A MBRIT R S AR

Ry T REDGAIETE, BATRT AR MR (lazy deletion) Hfl: TN EREEMERRPIEERICR, MM —M
H W TOMBSTONE SREFERCIS M. 1E=%1MHI T, None Fil TOMBSTONE #RfRF=ME, #inl LU ERES, (HAH
(2, SRPEIREZ] TOMBSTONE RFIERZAEAUE D, NAHZ NATREELF (A,

SRIT, EMIRR AT e SR R NAREIR IL, 1S 2 A 2 SR M BRIR F 8T & A —(EMBREERD, BE# TOMBSTONE
Aosgin, Rt Enn, KasiERErTREFR EPkiE 218 TONBSTONE A REFRE| HIFT R,

Bt ERBEGMHRE P ERER M E 8 TOMBSTONE 1R 5|, =20 BT 2 E3% TOMBSTONE 2
A8, BRMGF RS SR ERSGI TR, TE G EI RN E (RHEGE) Hianom, 1
ML ARCR,

AR BB T — A G SRR B BoE I (BRPEIRE) MEBER, & 7 EmsE s el AR R, &
MR MERREE—E “BIRRES”, ERuEk R, [R2 AR

# == File: hash_map_open_addressing.rb =

HH FREUHRR  HE
class HashMapOpenAddressing
TOMBSTONE = Pair.new(-1, '-1') # MIFRIZs

HH BT
def initialize
@size = 0 # EEHH=E
@capacity = 4 # HEXRAS
@load_thres = 2.0 / 3.0 # BRESNEHAFEHE
@extend_ratio = 2 # BAEE
@buckets = Array.new(@capacity) # 1@fE%I
end

def hash_func(key)
key % @capacity
end
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HH BEET
def load_factor
@size / @capacity

end

HH 1£2= key HENIRZRS| #HH#
def find_bucket(key)
index = hash_func(key)
first_tombstone = -1
# HBERE, EBITHREBL

while !@buckets[index].nil?

# HiBE key , REIHEMNFESI
if @buckets[index].key = key
# Ezandas T MRS, B REREIHEZRSIER
if first_tombstone != -1
@buckets[first_tombstone] = @Ebuckets[index]
@buckets[index] = TOMBSTONE
return first_tombstone # R[EIEBNEMIRZERSI
end
return index # R[EIHFZEES|
end

# CEIBEIREER MRS

first_tombstone = index if first_tombstone = -1 8& @buckets[index] = TOMBSTONE

# FEMRES|, HIBEERREIEE
index = (index + 1) % (@capacity

end

# & key FFE, BLIREIFILEZES]

first_tombstone = -1 ? index : first_tombstone
end
HHt TEIR(E
def get(key)

# 122 key HEMNFESI
index = find_bucket(key)
# EFIRES, ALREHE val

return @buckets[index].val unless [nil, TOMBSTONE].include?(@buckets[index])

# HREHAEE, BRE nil
nil

end

HH
def

FIBIRIE
put(key, val)

# SEFETEBEER, MITHES

extend if load_factor > (@load_thres

# 8 key HEMBESI

index = find_bucket(key)

# GIXFIREY, EE val BRE

unless [nil, TOMBSTONE].include?(@buckets[index])

@buckets[index].val = val
return

end

# GREHAEE, FMLZREH
@buckets[index] = Pair.new(key, val)
@size += 1

end

HH
def
#

MIBRIEIE  ##
remove (key)

28 key HEMRRSI
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index = find_bucket(key)
# ERIREY, AARRELEEE
unless [nil, TOMBSTONE].include?(@buckets[index])
@buckets[index] = TOMBSTONE
@size -= 1
end
end

HH BRMARR HH

def extend
# HERMER
buckets_tmp = (@buckets
# RIIBERBIMMEER
@capacity *= @extend_ratio
@buckets = Array.new(@capacity)
@size = O
# BRESURMERKEENMER
for pair in buckets_tmp

put(pair.key, pair.val) unless [nil, TOMBSTONE].include?(pair)

end

end

i PIENFEER
def print
for pair in @buckets
if pair.nil?
puts "Nil"
elsif pair = TOMBSTONE
puts "TOMBSTONE"
else
puts "#{pair.key} -> #{pair.vall"
end
end
end
end

2. FHIFEA

FITRRBL R PE IR AR, AR R PO IR RIS 2 —, IR, TR 2 i BBk —{E E

TR, MRS “GRRBT B, B11,4,9, ... %.
TR B DA R %,

FITRRNE PR RTECE 7T R, SR AR AR IR R R R,
TR G BOR E R AR SR AL E, A BN BRI BN A,

SRIM, P75 PRRIAL A2 52 £/,
- BRTFAERER, ALl B HAN B A B A

HFCET B R, ~Fr R AT REA SRR R 2R, SR RE IR R a2, ~F/ IRt r] RE

mEAHEE,
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3. BRHE

B, SUGEENEERSEEERR f1(2). fo(z). fy(). .. ETHRN,
AR RN £, () MBS, BB f,(v), DU, EEHREISEAIEEATE,
- EEIEER: ENRNMEERRIEY AN, AR RIRE; EBE S Ak O R
BER, RUMERTREEZITE, HBEE None .

BARPEIREMLL, Z2UGRRTTEAN D ELERE, B2 RGBSR R,

Tip
FTER, BIMCELE (BRYERE. PRI 2 0ER) MEEREEE “TREEEMR TR AR,

6.2.3 IEESHNRE

AR AGE 5 BRI TN RIRER R EBIRNG, s el 1,

- Python $RABAMCENL, T8 dict 8 ZBEMBOE TR

- Java #R AN HE, B JDK 1.8 PASK, & HashMap NFEFI R EES] 64 HE4E R4 REZES 8 IF,
i RS B R S KLR A DR T 2 R RKRE.

- Go BRAEAAIE, Go MUE MR Z M7 8 (MY, BHARAER AN, ERfmmEz
IRF, SPIT—IRRIIRIFEIE AL, DARECRSIAE,

6.3 MEEEE

AP B4R T FER R A AR A AR S R EE 75, AT e 2 B e B 2 3 XAk, e RO
AR T DME SR RN R AR, i R R 34

NSV E SRR S, MEROAEEG 2R AL, WiE 6-8 FR, $RGEXAAERR, FARND &
E¥IS D HTES MM, ERREERRER, REBN TG REREE D —Efh, RREHEEER
t= O(n)
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SETCAIHERER
R{EER:
B BEHTISHESERS
RIRMEREE o(1)
REMSR:
BEHSIOHEEEES
RERIESERE 0o(n)

I 6-8 e R RAEH IS 2 1K I

SR TS DLHREZ AT, IR R S ATRT R BR, JUatRARE, BRI U

index = hash(key) % capacity

BIRDLERS, ERERAR capacity FIER:, MEREEIA hash O Ju vlihE, MEME 7B
MEE R BYHE DL

EREIRE, &7 RIUHRERBEMR, RMEEFEENEPEMZEEE hash() FIREF L,

6.3.1 MREFEZNEE

7 7 EB BT RRRRRERAGR, MERE AR AR DU TR R,

- OWEETE: BRMHEEIREA, MREEREAAEEAA RN SR RERECRIER R R AT SR,
©OReRE: AHERERER R RS, SRR, MEERE .
- Ao R E SR E R G R R . MRS, MR E SRR R,
B L, MEREERER TR AR EBRMRR, BRI AR A,
- R AT REMAEEBNLE, REEE NG ERHFENEISCER, mRH 7 EHHE
RIE, ERPmAEWR, REEEMANES EMRE, ARG FIMREETHE, mRWE
DLRC, AR WS AR 7 IERE,

- ROREREERRE: BRHMENX DT A] DA SRR RO RE R (E MR HL— (R 0% 1RO R DA A R ICE R
BRI (E, 6 SRR R EDET L, WSRWE ILRE, AR R 2 e

BN RAHBIEM, 2 7RI ORER (A R A i e TR, MR AR TR A SR L
2R,

- R RS FER(E S B A BT A
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- PibEENE: EEMEHLEIRENFEERA, FEEMRREEEMR,
- TR RN (T R R BERE B R TR RS

ARG, Ao B “DIRERETE” MRS, RS i e PR, BN, 7EREHE
WA key T, HMZEHE key % 100 7] DUELIG MR E . AT RZAMREEIRENEE, FraRmAAH
M key R HESMHE,  [KIHEFRAM AT DR A 2 O ER E S P key ,  TETBR AR TS

6.3.2 MEEEERGE

R R AR AR E S A 2 R R EMRE, RN mAg R, BITRaERE—&
i B AR T LT

- OIIEEEE . EE AR EHETTHY ASCIT BEEITARNN, S RIRARRIIE R A,

ORI FIRFIERAHBINE, SRR ERE, FEETITH ASCIL IS RAEHERE,

- WG R ANERIPEETTRIER O SR E RS AR E T,

- TR A IR ASCIT HS RREE — AR EN, R EM AT & BRI T e 51k,

# == File: simple_hash.rb =

HH NEME
def add_hash(key)
hash = 0
modulus = 1_000_000_007

key.each_char { |c| hash += c.ord }

hash % modulus
end

HH SREMEE  HH
def mul_hash(key)
hash = 0
modulus = 1_000_000_007

key.each_char { |c| hash = 31 % hash + c.ord }

hash % modulus
end

HH DRSME HH
def xor_hash(key)
hash = 0
modulus = 1_000_000_007

key.each_char { |c| hash = c.ord }

hash % modulus
end

HH TEEEEE
def rot_hash(key)
hash = 0
modulus = 1_000_000_007
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key.each_char { |c| hash = (hash << 4) ~ (hash >> 28) ” c.ord }

hash % modulus
end

B3, SREMEEEE RN RE PR B REE 1000000007 HUs, DARECRFEZELE S @A =D, E
SEBRR, A EZREE E R, S S S USRI Som 2 (1 E? I8 — AR,

Jesn s SRR E BRI, W DUR R R E R 2 i, (K7 H B A B P R R AR
B, nT DA R U R e T 2 2R B AT ERR S, AT e R 1R

AT, PR RMEREE 9 MR, B DI 3 BERR, JREERTA W LABE 3 TERRAY key &R & #EEILE] O,
3. 6 18 =MEHHEE,

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, ... }

RE N key 1IN RIS ZBYINE R, AREMEEEM & LR, EmmEMEER, BHE,
%5 modulus B a8 8 13, HR key 1 modulus ZRARTEIEALIBL, Ktkss B AR EN St E
HHEETE o

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,... }

ERRIIRE, WIREEHIRTE key EREW 2 i), JREBEHEBEGEE SBERSBEEFERTL, EMHERRE
HEIE D GRIAERE, TE key M MifF EXAENIMNRE, BB ERS HBRERS,

MinE 2, WMEFEREEEAEE, I BEMEBRIFRHIA, DUEATREHPRBIIMERR, SRz
RIRRIRR M

6.3.3 ERMEEEZ

AERIEBL, DA RO AR A L aes”, BRI AR EEE ARG AR, B, e
RN el e s, DR ANTR AR A 5 sl STk 18 o N A AR RHELIE AN R 52 B, 38 A RE & s
HER, Ao 2,

TEERE, A G H SRR ER, fla0 MD5, SHA-1. SHA-2 #1 SHA-3 5%, EfMn] DUKHE=E
TR Y A\ R IR B R AR (L
(AL DA, MR IREAE A B TR R A RERE T, — MR N B S NIRRT R R RIRURE,
R N BRSO SRR AR L 2 RE, R 6-2 or T EE PR i RATHEE
RPN

- MDS5 1 SHA-1 EZIRHEINAE, RteMpH e el mEm,
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- SHA-2 RHIFFE) SHA-256 B Z2FHEHER IR —, ToRHEBBEDKRERREG], FitH eSS
I S ik
- SHA-3 tH# SHA-2 FUE BRI E AR, sHRERCRE R, HERT#HEZER A SHA-2 R4,

®6-2 HRHMREAE

MD5 SHA-1 SHA-2 SHA-3

M 1992 1995 2002 2008

5]

W 128 bit 160 bit 256/512 bit 224/256/384/512

E bit

MEEE 0 RE Ly E4 R> R>

%

ZeE AR, CHERYIRE &, EWEIIR & =

# E £

JEH EWEEH, MAREREREEN  CEEA IMEEEZ D, BrHg  nHRER SHA-2
# %

6.3.4 ERGENMRE

TMHITE, FERRA key AT DUZREEL, /NEELFH SRR, B SET G 2E BRI RR AR
MEEE R, RRNGHEMERPIIMERS]. DL Python 26, (AT DAREAY hash () ARG AR BRI
HITHER(E,

- BB M ERERER AR S,

o IR T ERRAER E R R R, A RSB RIETE E B1TRE,

- TCAHRVMERER HH S T RE TR, RRREEMRER SRR, S35 —AERE,
- VIPFRORER RN AR O A K, BB ERWIERIAEE TR, A EBAE RN AL ORI,

Tip
AR, ARIREREE 5 RN E R A E A TT IR A

# == File: built_in_hash.rb =

num = 3
hash_num = num.hash
# g 3 WEEES -4385856518450339636

bol = true
hash_bol = bol.hash
# TME true MEEEEA -1617938112149317027

dec = 3.14159
hash_dec = dec.hash
# /8L 3.14159 RUMEE(EZA -1479186995943067893
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str = "Hello EE&X"
hash_str = str.hash
# FEB “Hello EEE” BIHEESA -4075943250025831763

tup = [12836, ' /hBg']
hash_tup = tup.hash
# JoAR (12836, ' /\g') HIEEEES 1999544809202288822

obj = ListNode.new(0)
hash_obj = obj.hash
# ENEEYIE #<ListNode:0x000078133140ab70> AYBfE(EZA 4302940560806366381

TERF 2 EAGES T, AR EYEA A2 R key o RUNFRIMKEHY] (BIRERES) 1E% key , HH
FIRIN A3y, ERMERENRRE 5%, FMERERERPERZFER valve T,

MR EE R (LEanslss iRpIEnRG) R BB BUR AT, [EERr RN, JE R 2P R (i
LR GE SN E AR,  BVEVIPFR AR T8, HERIREIERA TS, FHEETRR RN,

MO RIPRA] BEFEBIE A AR TR IR, AR E R AR, &R % Python HRRSEREKI
BIRE, W& 2 AR UM —HRERAIEE (salt) i, JSREMIERT AUARPT 1L HashDoS K, 1@7HiER
BRI 2 21,

6.4 INGE

1. EE5[OIEE

- HIA key , FEERAEHMIE O(1) RRINEDE value , RERIER &,

- W R RR AL AR, BTSSR E. MR EBAE SRR,

- MERETUR key BMRZSEAIZRS], TEMTR M EAEEER value o

- MEARFEAT key AREFEASBAER M ARG EIHFAISIRG], EEERGIRIEE, ERESEN A
RER,

© MEERAREKR, MREHRIOMCRIEE, R DOEEE AR R AR MR E SR, B A
X, MERRIEA BRERIBHIR AR,

- AEETERAMRETOTREERDNEE, R~ T EREROBERE, R EEENERES
HIERES

- EFNAEE I R E TR B 2 S A, AT B RTTR G ER —ERE RS, SR, AR
B R RERARRCR, Al DOEEME — Sl il 5 S S AR B AR MR

- BABCEHEEIR 2 AR A R PR @R, sPEIRERAEE DK, SREEAREMERTR, HASELR
%o ZUHHE M 28R R UE TN, MESRIEIREE A~ 7 A RS, B2 EMERER N T EE
Ho

- AAREAGE SRR CARERRES, f4, Java B HashMap AL, 1 Python B Dict
PR BACE HE

- fERERRT, B EMEREEEE AT, SRR MR, EEmES, MREERE
V2 HL AR AN 5 R AU

- MEREEREE R KE B, DU R CRERRREIT D 0, B MERE SR,
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- W RRREEEER RS MD5, SHA-1, SHA-2 #1 SHA-3 2, MDS5 # F A REatE e, SHA-2 &
FHTA 24 FH B A7 ko

- BEGESIEE @ LB RE RN EMEREEE, FAREHEMRERPIMRS, EEEN T, RE R
B E rTREE T

2. Q&A

Q: HEERIR MM BRI N2 O(n) ?

EMERE R LR R, MERRREEREE GRE O(n) . EMERAREHMS L, ARRE R
BE, ERLBCFN, MEERER O(1) . JMEARRGESNERMERE, BERAMN LR
O(l) o

Q: AftENMIAMZEER f(x) =« We? BRMAGHERT,

£ f(x) = x MEBEET, SETREEME—MRT], SRS EE, R, A 8 R
i (RFIREE), FIHMEZER R E DT BRI R R, Ra)EhE, MRRE BN — a8
AR Bz R —fEd N SR, AR O(1) IERRCR.

Q: MERIKEEBUZMS, fGHRS, i, E2 B DI E mle?
B, MERRIREYCRER, ESHBCRERT, MERAHE o BRI,

Hk, HBERE SR PR ERCREE S 1o Q1SR —ME I RERES 75 AH R AR ] 4R FEE T~ {6 P et 271 e i 4 5
SIEEL, AEEE LUMRRE R, SRR MRANGH RN, RN EIHE R,

1%, MEERIF IR R RS S e, BIANFESRR RO rR, BPTERIR (F Gkt s 5 S AT SRS A 25 2
1k, (BAEIRME O(n) BRI,

Q: ZIRFEEATREEFEMBRITRAVBIEIE? a2 MRy B e A R 5 ?

ZUCHER B CE N — M, BARCE HEREA S REERMIPR TR AV, FEEIBELMER, R EmMpR
AU T PT DARRREE . AR Fe i MR SR, Sl H OB R U R 2 CMRRAO G IRy, %A E AT DA
BHTCRMEM SRR RHE R AR F I, RERRMER RS R 2R,

Q: AfTEERIRES,, EHRyTRAVRHR S HBREEERE?

AR B E MR R RS BRI S (E S, 3B key NIERS, EMARAMEER, Kitt, HMIERE
EERIBTHCRUE NP RARR G 23, BB AREIE MERT S (B A S R BBk 2y 1

Q: Rl EMRRIEARESRAERE?

MR ANRE P HEEEHEEYIRE n B RED), S EEREMYIRSEEN,; EHRAR, MR
J& n 35458k, T key BHERURSLRTRESREAAL, RICIAER —EREIZE key , FEMARATRES B
FZafmh, 1EmE IR E R AR,

Q: GNSRZy T ERRAAFER, IR BT AN AT 107

EERI key BEBH/NEEERE, ERMMEYIRIR, fHE&S%K HE key BHMAG] (Bla05H) K,
AL ARG IR R U key BRRZ[HFIRT], FIEBMMSIGH LR, BRI HERR,
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Abstract
SRABFEWAEM S, RIREX, 2R,
TARMER T &R RE,
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7.1 —ciE

—5oh (binary tree) 2—fEAFARMEERIGERE, AR " B RN ZMIIRERKR, @R “—0%
=7 WG, BGEASERYER], TR BITRER, MEERTESE. £ ERS ARG TR
ElLiER

HH ZITRIENEAEER

class TreeNode
attr_accessor :val # ENEL(E
attr_accessor :left # AFEIELS|HE
attr_accessor :right # AFEIZESIH

def initialize(val)
@val = val

end
end

HEHEHEAMES I G5, 2FEAEFEE (left-child node) Fl1#5FEiB: (right-child node), #%HiZ,
WiRG 2 B P T Ei B R EES (parent node) . & &G — M8 ORI ETEGIRE, RIS 5% S BL 0 /2 T HT B M =
DA BB B AS AZ F B A 748 (left subtree), RIFEAITSAFH (right subtree),

fE ek, BRIEERGSE, HAA SRR S FERRE R, Q0 7-1 R, GnSUKE RS 27 AR
iR, AHZEFEIRSAG T EIRE B CHTES 47 F0 CEIRG 57, =R “HIRG 4 L DU EIRGE AR,
ATiE “HiR 5 MU EIRE AR,

=i SLEPRE

binary tree

|
E?;W ﬁm&

AT aFH

ANV
Vivivi

B 7-1 AQHIRG, FEIRE

7.1.1 ZcistsE Ri:E
TR R B ANE 7-2 F.

- 1REAZY (root node): HIA oI THEROEIR,, RA XHIB,
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- EEERk (leafnode): 1RAFHIBGMVHETES, HMEFEEEIFEA None .
- B (edge): JHELAWHHETEEAIAREL, RNEIRSSIH (a0,
- HEIBSTERIE (level): ETHEIENY, RETEFERES 1,
- HIRSHIE (degree): HIFGHYFHIRGAVELE, /£ —Julih, ERIEEEEEZ 0. 1. 2.
- ZIURUEE (height) : TEHRETRGE BOR TEEIRE T AS I 12 AU RE
- HEIRSARE (depth): TEARENRLRIRXEIREFTASIBAIB HIRUE
- IRV (height) : FRCIRAERZ B R A I A SE BT R B 3% B RGP A@ A 1O B
1RENRS
BhRs
/ \ / \ r
Eﬁ%& E =3
e [ /)
=on
& 7-2 —JTRRYHE TR
Tip
TR, BB “EET M RET R KESNEET, BASEERBTREE R EE

Ay BNEREET, EEEN S, SEMREREEm L,

7.1.2 ZEBEAIRE

1. A=

SAGEASERAIRALL, EColan LR, ARSI e,

# == File: binary_tree.rb =

# Waafb—ro
# YIIATLENRS

nl = TreeNode
n2 = TreeNode.
n3 = TreeNode.
n4 = TreeNode.
n5 = TreeNode.

# BEEMZENSIA (B

nl.left = n2

.new(1)

new(2)
new(3)
new(4)
new(5)
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nl.right = n3
n2.left = n4
n2.right = n5

2. ENEMIBRERS

BRGEAS ERAIRAL, £ T rhim A BLBR AT ] OB B SIS AR B, 8 7-3 & 1 — (R,

EE PN TPRERES
ni.left = P nl.left = n2
P.left = n2

(& 7-3 1E—JCh I A\ B PR RS

# == File: binary_tree.rb =

# RN ELRIPRETES
_p = TreeNode.new(0)
# 7 nl -> n2 PRIFENEREE _p

nl.left = _p

_p.left = n2

# MIBRERRS

nl.left = n2
Tip

REERRR, AR ATRE & TR R A R AR, T I R R e 5 TR T PRk B A
e ¥ BRI, Eookd, MARMBRER 2 —ERER SR, NEIABERERIEE,

7.1.3 BRI
1. F=E=sTE
Qe 7-4 R, SeET7h (perfect binary tree) S fE i BE I HY 5 R, 1E5825 —ooirh, HEERBER

P50, HORATH B 2 AIEES b, IS0, 2M T — 1 SRS BIRIER, R
BT B RS AT REBLAL
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Tip
FRTER, TEASGHERE, 583 TR BN 2w — T

SEFR T
perfect binary tree

(iR R —Toh)

FRE FE R B REET S

7-4 SER Tt

2. B2

aniE 7-5 Fior, Se2 7ok (complete binary tree) 70T & IKfEHIEIRS A 7E RIEMNW, HERICRE I HEIR4H
MAEBAGRIEFIET, HEE, TEITHtZE—REe =ik,

b b

complete binary tree

RREHRELER, EttEEReRIEn

7-5 SERJUK

3. TR

qniE 7-6 AR, SEm—sof (full binary tree) R 7IEHIREZ AN, HERFTH BIRSHEL A M flE 7 HiEh
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FEmTTH

full binary tree

FREEERERS 0 = 2

& 7-6  SEim ookt

4. FEZroH

GniE 7-7 piR, FZsoil (balanced binary tree) F IR 1 42 iR A T8 ) 2 2 ZE AR SBHE
W1,

o

balanced binary tree

RO ETHSE - SFHEE - d
I TR BERE d] <1

7-7 okt

7.1.4 ZiEn0Eik
@ 7-8 &R T e i BARAE RE BLR AL 5 R, TR0 SN BT R, 2“2 TRl WS
A EIEE R — I, —eEhRA “BEEERY,

- SERITRHEERNN, ATDAEr T iR MEE.
- GEESERBIAILE 5 — (AR, A TEBREEE 2 AR R, IERIMIRERILE O(n) .
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4
N P
S\ ,
4
pieiet: J/ IB{LEEHE
b S— | fRA5ERT

[ 7-8 —JTRARIR AT B iR A
R 7-1 AR, TEREMSHENRZEGHE T, oM ERREE, RRE. SEFEIIRAESR]ME,

R 7-1 TR R R i 2= A

SER Ik s H
5 1 JERIEN R B PA 1
FE A b BRSO 28 1
FEE A h B ERREs 2h -1 h+1

MBS n ORI log,(n+1)—1 n—1

7.2 ZychliERR

YRGS A ERE, B —EERAS R SRR, REES N EE R EREE R, A
m, BE—EIERIEERGEN, BESERMLET AR EMEM, FEEESEEEREH,
ookt RRER A NEERE R EN . miFES. HERETMEBEETE,

7.2.1 EBFEH
E 7-9 FR, BEESR (level-order traversal) #ETEERRIEERIZ G LR ook, WitES—EHZBIE ARG
JIE 7 575 R i 2

J@RESAE FEREERLES (breadth-first traversal), tLiEEEBLIESE (breadth-first search, BFS),
BT “—E-ERSMER NREET T
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RE@SED
(EIRSTE @ ERREH

/.x\/.\ 1, 2,3, 4,5, 6,7

7-9 ZITftE AL

1. EXBER

B ERNE R RED “TH” AREBL, (THEE “JoEe” A, R e RIEE CEEE”
AORIRN, ME EIRA SRR 2, BEERET:

# == File: binary_tree_bfs.rb =

HH [EFiERh
def level_order(root)
# IR ITE, MAIRERES
queue = [root]
# ¥ai—ERY, BRFEEESFY
res = []
while !queue.empty?
node = queue.shift # Bx%IHEK
res << node.val # {H#7ZEIENE
queue << node.left unless node.left.nil? # AFEIZEANG
queue << node.right unless node.right.nil? # AFEIZEAT
end
res
end

2. EHESR

- WREBRIEZ O(n) © FTEEESHEHT—, @ O(n) B, Hrp n AEBER,
- OSEEBRRIE S O(n) : ERZEWIT, B o, ERIRIRE 2 a1, 17500 52 F 7
(n+ 1)/2 fHE%, 158 O(n) 22/,

7.2.2 #iF. PF. EFEH
FFEHL, i, PR ETTERREB%LE (depth-first traversal), WRREELESE (depth-first
search, DFS), ‘THH 7 —fE “SLEZIRIE, HHWHAES MESTT

7-10 J&oR T TN TR BT E AT LRI, RSB G R S AR TN B —
e, EEEERAEESI=A0E, DHBERFES. TRERMERSE.
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def dfs(root):

" TR RE s
A if root is None: return
; @ EPHSInRAF
dfs(root.left)
@ BHMEFH, MRHHAETH
dfs(root.right)
O EEFHREECHM, fER

BiFEDS (f @ EaAMHENE)
1, 2, 4, 5, 3, 6, 7
REFEEDN (T @ ERaARIEE)
4, 2,5, 1,6, 3,7
#IFEDS (£ @ EaAfEEnE:)
4, 5,2,6,7,3,1

@ 7-10 —oeiSBRIATF. . BT ED

1. EARER

TR (RS 1 = @ o BRI B I
# == File: binary_tree_dfs.rb =

HH HIFERh  HH
def pre_order(root)
return if root.nil?

# SHEEBLIER: RER -> A7 -> AFE
$res << root.val
pre_order(root.left)
pre_order(root.right)

end

#HHE FRPFERERh
def in_order(root)
return if root.nil?

# EEEBEIER: £FE -> REIRY -> GFE
in_order(root.left)
$res << root.val
in_order(root.right)
end

Ht BFFRERR  #HH
def post_order(root)
return if root.nil?

# SHEMBLIER: A7 -> AFE -> IREEL
post_order(root.left)
post_order(root.right)
$res << root.val

end
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Tip
REEc = W] AR RE, AR FEE v AR TR,

[ 7-11 J&oR T R ERT —CRRNRIEIERE, a7z “B” " FE A EE .

1 B” FORBABCHTT1%, R T —E iR,
2. " FoRAIRME], URE RTHIR QAT 7EER,

B mTER
@: i e

WIFFED (@ RIRIER)
1

B BTERE
@: e e

HIFED (7 @ MR

Step 2

iB: mTER
@: fLEH

HIFFER (7 @ Rk
1, 2

B TR
&: AEE

HIFEN (7F @ mURIENE)

1,2, 4 1,2, 4
Step 4

B B TFRE iB: MR

@: e e a: @ EEH

RIFFERS (7F @ mRIEE)
1,2, 4,5

B FTEE
@: fEEH

RiFFERS (75 @ EasfIEEs)
1,2, 4,5, 3

Step 6 |

Step 8

WIFFED (7F @ EIRIER)
1,2, 4,5

iB: AR
&: L LEH

HIFED (£ @ BRI
1,2, 4,5 3,6
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B TR

@: e

WIFFED (7F @ RIRIER)
1,2,4,5,3,6,7

Step 9 Step 10

B mTEE

&: A e
BiFFERD (7f @ ERasfaEnes)
1,2, 4,5,3,6,7

Step 11

& 7-11 A ER R @R

2. EHMESR

- EEBAEES O(n) - PRAEEREIR—R, EH O(n) K,
- IR O(n) © (ERZENRT, HEHRL A ESNE, SEEREES 1, R4 O(n) %
égé[héigig ﬁ§1o

7.3 ZifEdIRT

TESEGERAIFR R, IR BT A HiBS TreeNode , HiBG IEIBFEEMHEL, F—HiM4H T HATH
FIFTR B TR A TEE AR R A

AR, FeAFIRETS FIPEAI AR R —oekifle? A58 HEhl,

7.3.1 RERFTEZiE

Jeotr— (ARG, e —MRoee ook, PR ATE BTRHL I E e v FIE A 7 —(EpEs b, Al
18] 5 R 1 S I — RO PRSI 2R 5

IR e RO, AP AT AR AR R R 5 | Bl HTRE R 5 | IR "B A" HEEENRS 2y 0,
WIEZE e FEEE RS 2 20 + 1, AFEBERSI2 20 + 2 B 7-12 R T B EEIRR 5 | 2 AT H R
o
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EFHEES 2i+1
EFERARS|: 2i+2

18 P P 5 2R — e Al

EOEA®E] 0 1 2 3 4 5 6 7 8 9 10111213 14

Lzl 11234 [5]6]7]8]9 [10[12]12[1314]15)

& 7-12 583 TSR

B A ERE R BEAT RSP ERGS (66D 467E s R R — (R, FMEnT POZE B A
ARFENE () FHik,

7.3.2 RREE

e e R — ARG, 1E ot R EE E FAERT 2 None o HITRJE P ERT 7 FINE AL 21548 None
A SR A 1B S AR None RUBCRAN ZMITALE, TEEWREAA1E 2 M oA Rl TY i v 8 Wi )y
5l

qniE 7-13 fow, #AE—HRAEER T,  EIRMSIRORTT TR E AR

T (FE5)) SeAME—MRRL ok

pEFI&FwS] 0 1 2 3 4 5 6 7 8 9

[ 13Tz 0 1]2]3]4]6]7]8]o]12]15]

[ 7-13 JE e 78 B IE S R TR AT RE
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T TRDRICEE,  BRATn] DA A e L v S h U RS A None o 4NIE 7-14 AR, ERERR, &
FAE P8t a] DAME—FoR ook 1o aRBIEEZIEEAN T :

HH ZoRIBIESRR
# A nil KRTZ(AL
tree = [1, 2, 3, 4, nil, 6, 7, 8, 9, nil, nil, 12, nil, nil, 15]

600G

10 11 12 13 14

ZFTI (7)) mME—#hRTmI = ok

FEFIRSI © 12 3 4 56 7 8 910111213 14

artors @BE00 0008 | 8 @

=i

7-14 R SERHHIIS %

ERHRURE, 522 JuBHERE G RSN, FEEEE " TEiER, None {HBIERIKE HEEH
AR, IKILRTA None —s& tRBUEME ) EHIFFIRA R,

TSR (S R e 2 —TehiiRg, FTDAEISREERTA None , AERTTME, [ 7-15 45 H T —(EHI

BRESFT (FE)

ERFETH
FIRES: fea=i)

EBEEGFS (FE5)

8880008000

7-15 sEe ITRHIRESIRIR

AN B 17— BRI RS ORI ok, B0AE DU R 2R A,
- MUEHLETES, EHERME, £ () THIRL KHIE,
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BRI ET . Wi, BFEN. BRETTF.
# == File: array_binary_tree.rb =

HH [BY RN T oTiEiER]
class ArrayBinaryTree
HH BET
def initialize(arr)
@tree = arr.to_a
end

HH BIRE HH
def size

@tree.length
end

e EENVERS|A 1 EIREE

def val(i)
# BR5|IMR, BRE nil , KKRZ
return if 1 < 0 || i >= size
@tree[i]

end

et EERS|A 1 SRR ETFEIRGRIERS|

def left(i)
2 x1i+1
end

et ERERS|A 1 BRNA FEIRRIERS| #H

def right(di)
2% i+ 2
end

HH ERERS|A 1 BREIRERMERS| H

def parent(i)
1-1)7/2
end

HH [EFRESh
def level_order

@res = []
# HEixEskES

for i in 0...size
@res << val(i) unless
end

©Ores
end

HH REBTESR
def dfs(i, order)
return if val(i).nil?
# BIFEH
@res << val(i) if order
dfs(left(i), order)
# FEEH

@res << val(i) if order

val(i).nil?

= :pre
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dfs(right(i), order)

# 1BFES

@res << val(i) if order = :post
end

HH BIRFESH HHE
def pre_order

@res = []
dfs(0, :pre)
©Ores

end

i RREiERh

def in_order
@res = []
dfs(0, :in)
Ores

end

i BEERh
def post_order

@res = []
dfs(0, :post)
Ores

end

end

7.3.3 {BELE{EMRTE

TR YA R R A DL R,

- SRR AL RS S T, BT, R BE R R PR
- AREGHEEE, A s,
- SRR RE R TR

SR, FAIFOR A A — L fRIR

- DBk R RO A R IR R S T, DRI ENE & (ol 7 R B IR
- NI R S 2 R P 1 A\ BB R AR A B R, R,
- BT EAER R None IR, BB LS AU EITRE BORI L EERRAIG, 2 RN A SRR

7.4 ZigsE

aniE 7-16 FioR, —ioi€34 (binary search tree) i & DA NI,

L BRARETR:, e ATA BRI E < RETESHIE < AR Ara TR RE,
2. (EREIRSHYE, A FRHE —ori s, RIFEBEN 2RI 1. .
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7.4.1 i SEigE

S as

binary search tree

B 7-16 —yCiy st

Bk — et B L — (@ BinarySearchTree , Wi & —{EKEEE root , FRAIBIAIHRETERS,

1. EENES

%a0C HAZETRNE num , AT DUARSE el S E AR &R, qHiE 7-17 FoR, TME S —EEiR cur,
TURHHIRRENRS root HiZE, JERE FLERETRNE cur. val Ml num ZFAFI AN IR,

- 5 cur.val
- #cur.val
- #icur.val

Step 1

< num,
> num,
= num,

St B ARERGE cur UG TR, RIEBAT cur
St HAREIRGTE cur BYZE TR, [RIHEIT cur
At TR ARG, Bk R 0 3R [ A

EZ IR BRI IR

cur.right,
cur.left,

ETIRSHNE R

Step 2
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. C\ . @
2 Wa A
NADT NI

7-17 e = A s R RG]

LIS EAR R AN ENEIEN TR B, AR SRR R, SRR R % % — T
FRRRE, % e, 5 O(logn) FE, eI EELT T :

# == File: binary_search_tree.rb =

HH TR
def search(num)
cur = @root

# BEZEH, WeEEEENEH
while !cur.nil?
# BIZENEETE cur MUAEFRIG
if cur.val < num
cur = cur.right
# BIZENEETE cur MUAEFRIG
elsif cur.val > num
cur = cur.left
# IXEIEZENE, BiHIEE
else
break
end
end

cur
end

2. HENERRS

ME AR AT num, 2 TOREE TS e TR < IRETES < AT AOME, MR E
7-18 FiiRe

1. AEHAAGIE: BAGIRIERL, MORER IS, RIRE ATEREN num FVNRERIEE R TS, B
FEETEETRG CGERIE None ) RiBkHIELE,
2. TEaZOC B ARG FIIALETE num , KEZEIRER None FOALIE,
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E-rRsETEAER @

2. EEZIERENEGE @

R #1T pre.right =

7-18 FE—Jrid= b id A RS

FERABEBR Y, TEERLLNmE

eSO A A EERER, SRRNERHER, B, SREmAESBERTCEE, IARITHE
A, HIZR[ME,

# 7 EBUE ARG, T EFER AT pre 7 L —ImIERERIEIRS, EHTEERE None I, AT LA
FEHRE ARG, HEm e TR A IR (RS

# == File: binary_search_tree.rb =

it TENERRL  HH
def insert(num)
# BiAE, AVRTIRERS
if @root.nil?
@root = TreeNode.new(num)
return
end

# QEEN, HAEHERIE
cur, pre = @root, nil
while !cur.nil?

# IEIEREHERL, BiRRE

return if cur.val = num

pre = cur
# HEAMEE cur NAEFES
if cur.val < num
cur = cur.right
# FEAGMIETE cur BYAEFEH
else
cur = cur.left
end
end

# HRNEORS
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node = TreeNode.new(num)
if pre.val < num
pre.right = node
else
pre.left = node
end
end

BREE NI, TSR O(logn) R,

3. HERENES

JotE P AR R HARERE, FHRICMIER, B ABTREEL, RMFEAREMERRIEERR, ool
B TR < AREE < Gl TEERNS, Rit, BFIREERERN THREE, 70, 1M2=
RETEHL, BT B ER e R A

GniE 7-19 Fow, ERHMERETBSAEE 2y O Ry, FROZETRGZ IR, AT AEREMIER,

e L T )

00000000
cur
- - EhEY 5] . EfEmpR
1. TS cur ?ﬁﬁ%‘ﬁ;ér= 0 ’ T pre.clu:ftEﬂ?None

7-19 fEoEEEPMERERS (% 0)

GniE 7-20 Fiw, EAFMBRETRGAEE 25 1 IRF, KRR IHERER B 2 H T B SRR



HTE B www.hello-algo.com 145

E= TS BRI B NS @

v ik cur B9 2. ¥ cur BiaBHTEN

1. EMRMIEER cur FEHRME - 1 847 pre.left = cur.right

7-20 fEJCiES R mEREIRS (2 1)

ERMPREIRG A Ry 2 By, BMBRRERMER T, TR — R R, R R T S
CETR < MRETE < AT BOME, RstiE iE i eg DU 7 R0 B R el A 1 B B B
(RERBAMEE TR RN RS (P Ea R~ —EER, RIMBRRCERRNE 7-21 R,

L B MBRETRSE i ERITE)” S —EEIRE, T2 tmp o
2. M tmp FMEEZEFMPRETRAOE, MAERHIREMERERS tmp o

E-asmTaEE (O EoEaETIREs O

o
1. BSMBRENES cur /n/o\@ 1. BSRIIEES cur
A / \ < BB cur WFEMME - 2
(: ] )

oa 2. MEREDRS cur BR=S:
[ ﬁ\ (1) & cur ERFEHNRBEEE nex

Step 2

\ 1. EHBMSELY cur

)
ur /ﬁ\ v g cur WFBMME - 2
u
) Y o 2. MFREES cur RA=H:

(1) T cur FEHFEHNREEHE nex
(2) FEZTEPIECRHIERER nex
(3) #4ER%: nex {EMEAAEE cur

1. ZHFFHIBRETRS cur
v HE cur WFHEBE - 2

2. MEREDRS cur HHBR=H:
(1) #H cur HEHFEHHERBE nex
(2) E=THPECRHFRER nex

00000

Step 3 ‘ Step 4

7-21 e pRETR (2% 2)
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R ET BRI AR O(logn) Rifl, Hrh&HAHMPRERTE O(logn) Rif, MEECH T ERZE

3 O(log n) Wi, ROEREELT:
# == File: binary_search_tree.rb =

HH MIBREARL  #
def remove(num)
# HilAT, BERgHRMO]

return if @root.nil?

# DEEH, HBEMEL
cur, pre = @root, nil
while !cur.nil?

# IREIFFMIBRENES, PR EE

break if cur.val = num

pre = cur
# SMBREIELTE cur MAEFES
if cur.val < num

cur = cur.right

# FSMFREIRSTE cur RUEFRH

else
cur = cur.left
end
end
# EESHMRETR, BEER([D]

return if cur.nil?

# FEIBREIE = 0 or 1
if cur.left.nil? || cur.right.nil?

# EFEEHE = 0 / 1 B, child = null / ZFEE

child = cur.left || cur.right
# MIBREAES cur
if cur != (@root
if pre.left = cur
pre.left = child
else
pre.right = child
end
else
# EMPREIRLAIRENRL, BIEFIEEIRENRS
@root = child
end
# FHIREE = 2
else
# EEFRFEESF cur BIT—EETR,
tmp = cur.right
while !tmp.left.nil?
tmp = tmp.left
end
# IEIEMIPREAEE tmp
remove (tmp.val)
# A tmp BZ cur
cur.val = tmp.val
end
end

aran

fifi L
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4. HEEHERF
GniE 7-22 fiR, ZIoBIHRERIEE fE — R — 57 WEFIER, o T SBhN e IR < AR
iR < AFHIEE BRNER,

ERWEAE oS8 TR RN, SR GERICET N RN, e EEENE: o
HaBh R E TR THF .

AP EFHTHPEE, BRIMEZ TS EEA B RHER O(n) R, SZDETRIMHET BIE,

FEH =L

RSP EESFT]

2, 4, 6, 8, 10, 12, 14

TERAF

W EEE,
ENRETE @ BEHEAR

[ 7-22 —eissH T E S

7.4.2 ZiESBRRE

M AR, BRI @AY s T S, BURAR 7-2, i S B0 TEIR VR IR R MR L AT
R, BARE Heiikat. RATEREHY, OAERMPRERIFISRT, M o a8

SR,

R 7-2 [ B S R R B

Eii35 L TR )
##rE  O(n) O(logn)
AR O(1) O(logn)
MiExT®E  O(n) O(logn)

EHARTEIT, —oriEfhE “FE” /Y, EHREAT DATE log n il 8 N 2 5 (R R,

SR, ANSRFAAE e SR e A B el AFIHIBR RS, AT REES I TRR (8 7-23 FosrIsEss ersl, 18
R AR AR R A @RI 2 O(n) o
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o o
0000

ERNrcie S

plaa i o s

7-23 —JufE=fhRIL

7.4.3 —iESEERER
- FAERGHRINESRED], BEHEERNER. AL MR,

- AR R R SRR R E B R,
- HREEFERT, DREEA IR,

7.5 AVL ## *

£ ol EETPRMIER], EZREARMPRRIER, —ooaE I RER DA R, EERE

WR, BRI ERE S O(logn) %1E% O(n) .
WIE 7-24 i, SEOERIRIRETEHRIE, ST e fE L A s,

o o 0

@ @ BISEORS 5 @ BIRSERS 3 @
o o (N - o

B B
T o B ol el
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7-24  AVL SHEMPRETRR R AR

B, fElE 7-25 FrRrysesE oo b il A M EERG R, SHREE A EER, ERRTERIERIR A thhE
1o

[\ [\ [\

NGRS 2 HHNEE 1

B B
SR Fig_—i il i

7-25 AVL e A BT RIEAIRIE

1962 % G. M. Adelson-Velsky #1 E. M. Landis 7t & X “An algorithm for the organization of
information” HHEH T AVL S, X HPREAITR T —RYHRIE, FERIERFERTEMERETR®, AVL B0
iRk, M SAERERR IR RRTE O(logn) #l, AIEER, 1T ZSR S T M &SR E
fIEsR, AVL BREMAK IR S B RHREREE, B RIFRIIE A EE,

7.5.1 AVL & R#5:E

AVL BB oo, g Vi ook, [RRWEEmE _JTRiira e, FibeE —MEg s
(balanced binary search tree),

1. BESE

u

HIHR AVL SRR BRSBTS IR =, (R IRAMTR ZE ERGSE BT height L

HH AVL (RIEDREEERI ot

class TreeNode
attr_accessor :val # ENEL(E
attr_accessor :height # EiZtsE
attr_accessor :left # AFEIZLSIME
attr_accessor :right # GFEIZ5|IH

def initialize(val)
@val = val
©height = 0
end
end
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“HIRE T RIRCRZEIRE E N RIRIEETRG MR, RIATAG®AY BT MBE, FERAIEENE, EHR
AR O, TZSHIBAIEEZ —1 o TRz 8 THEBR, 3l AR 588 ORI 58 7 6 5 0 v

# = File: avl_tree.rb =

#HHt BEERSE

def height(node)
# THHEES -1 , EHNNSES 0
return node.height unless node.nil?

-1
end

HH EHEMEE  HH
def update_height(node)

# BMEESERRETHEE + 1

node.height = [height(node.left), height(node.right)].max + 1
end

2. EARFEETF

EiRLATEEF (balance factor) EFAHIR A FEISERESG TS, FRIRSUE iR T A
75 0 o BAIRIRRATIE BT RS T Al 5 RIS REBF B RRER 3, 7 fEIRMA(E M :

# = File: avl_tree.rb =

HH ERTEEERT HH

def balance_factor(node)
# TEIRTFEREFE 0
return 0 if node.nil?

# BHTEHET = ETHEE - GTEEE
height(node.left) - height(node.right)
end

Tip
ROPER 2 f , RI—#R AVL BT R EIRH PR FEwE -1 < f <1,

7.5.2 AVL itheis

AVL BHEOREESTER “Ted” #R0F, EREME T E TR ERF IR T, M ERERTIRE
i, HioEha, TEEERMEEERECRRY “ UoiaR” MPEHE, WRERERIEREES P o,

BT e EHE > 1 AETRRE 2 RHTETRET IRIRETRR ST ULR AN, BEiEaR R A A e
FENE. SABERIENE, JefeheR e, AT S e R,

1. KBt

qniE 7-26 Ao, BRI R PR . WRETEE, oo E R ARG 37, TR DA
ETRE 2 MR ETRGR F1, KFRZENRGEC 2 node , HETEIRGECZ child, BUT “HHE” #1F. EREGHRRER, T
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BRI -, I HAPAORRE TSR,

@
S /\é
)
o o
2 o
o
©
4
/1
N
()
>
Step 1 ‘
\ B RERE:
1. B child RRE, # node EHHEEH
> AR
nit
©
noAde
Step 3 |

BRAERGHNTHRE
HEIREAREE node
RAEFHEEA child

Step 2
“HERE RERIE:
BRETE
1. BA child %IR8, #§ node EHELEH
2. A child BRLE node WHIE
A AiERmE, ZFREMRETE
node
Step 4

7-26 HhEBRELER

UniE 7-27 i, RS child A4 FHi% (it % grand_child ) B, B ATETHH—4: #% grand_child

{E% node A/ T HiiEh,

I// grand:child ///

BESp ] //

7-27 A grand_child 4 HEE

‘e R -RERANRE, BER EREERBKERHEEARER, BB NITR:

# == File: avl_tree.rb =

HH ANTRIE #HH
def right_rotate(node)
child = node.left
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grand_child = child.right
# Ll child &/RE, #& node MGHEE
child.right = node
node.left = grand_child
# EMEESE
update_height(node)
update_height(child)
# REIEER T RRENR,
child

end

2. EBE

FHIEH, AR IR TR BT, RITREITIE 7-28 FIURI “fchie” #RIE.

rIAhEE @
o

7-28 JFEhEfR(E

M, GnlE 7-29 Fiow, EEiB child B THiB (5024 grand_child ) W, TREAELIEFHE —H: ¥
grand_child % node fJ45 7%k,

\
\ ) )

7-29 4 grand_child () fElE
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R DABIE, e etk e e LR B, S IR AR B DL R B, R
M, BAIRFTAHATRR BB SR AR left Bi0Z right, AR right Bz 1eft, HIFITE
B e T B AR 2 U -

# = File: avl_tree.rb =

HH THEIRIE

def left_rotate(node)
child = node.right
grand_child = child.left
# LA child #&[R2s, & node [RIZHEE
child.left = node
node.right = grand_child
# EHEESE
update_height(node)
update_height(child)
# R[ClEE% T ERETE,
child

end

3. TEhEEENE

BHAE 7-30 AR ST ETES 3, (AL Be AR B IA (TR K 1S , MERFRR LSS child T “/AEhE,
¥ node #UT “HiE,

@ % child #7 @ ) ¥ node YT

(Child he HiiE

o o

7-30 Sl tlie

4. FhHhEEihE

qniE 7-31 Fow, B RIS TR R AL, REICHE child ST “HHE”, 3 node BT “FENE
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ERETH

7-31 JehletR el

5. RedgpyRE

[ 7-32 /R PURER MG DL EIRRBIBEEE, 2hlRERAAIE. SeeieRahe. JohieR /e, 7ohe
HEES(EN

hN
o
o
o
ke FAhE
s &ahe &AihE =

7-32  AVL K4 VU A g s i

QUTRARAIR,  FRAMIZ 0 A B o 1o B R -1 R 5 DA R e v — 0 7~ B RGP TR 7 B TE B3R, AR SR R
JE R E 7-32 FRRIURRETE UL,

R 7-3 VUM DA R R
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KETERGH PN 7 TETRAEEIN T R R e Tk

> 1 (FEfwtg)
> 1 (EfmAD
< —1 (Gfwth)
< —1 (W)

>0
<0
<0
>0

filie
JelE R e
Tl
Feti R e liE

2 TEREER, B ieE R 2R, A TigfimX, RIRREB SRR H IR TIe, R

PR E AR, RSB FAR:

# = File: avl_tree.rb =

i RITIREHR(E, EZTFRIENMETE w4

def rotate(node)
# JEEYENEL node BYTFHEEREF

balance_factor = balance_factor(node)

# Fiwts
if balance_factor > 1

if balance_factor(node.left) >= 0

# fle
return right_rotate(node)
else

# FoihEtRAane

node.left = left_rotate(node.left)

return right_rotate(node)
end
# GiEtE
elsif balance_factor < -1

if balance_factor(node.right) <= 0

# FChE
return left_rotate(node)
else

# JohETEREhE

node.right = right_rotate(node.right)

return left_rotate(node)
end
end
# TR, \ERE, HiERME
node
end

7.5.3 AVL &5 BiSE

1. $ENEDRS

AVL R FO BB AR Bt oo s e 88 AL, WE—RIEERITER, 76 AVL Bl ABTEGR, fEaxEiesz]
IRETRAEE S L AR & I — RAIK MR, Aok, MR EIEEMEnRbaLs, AbKm Lgrhessie, (8

Pt Rt R P, FESKRS AN R AR
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# = File: avl_tree.rb =

HHt FENERRL
def insert(val)

@root = insert_helper(@root, val)
end

#HH IRIOIENENRE (EEhTSE) #H
def insert_helper(node, val)
return TreeNode.new(val) if node.nil?
# 1. EHENEMLIHENEE
if val < node.val
node.left = insert_helper(node.left, val)
elsif val > node.val
node.right = insert_helper(node.right, val)
else
# EEMEAEAN, BiERE
return node
end
# EHENSE
update_height(node)
# 2. BITHEEHR(E, X FEENMETY
rotate(node)
end

2. THPRENES

R, £ oo BRI MMERETR T TR SR b, TR IR E TR T he iRk, FATA I E R VR 1R -,
RN N R:

# = File: avl_tree.rb =

i MIBRENRL  tHHt
def remove(val)

@root = remove_helper(@root, val)
end

i EOMIPRENRS (SEBhIE) #HH
def remove_helper(node, val)
return if node.nil?
# 1. EHEIELIMIBR
if val < node.val
node.left = remove_helper(node.left, val)
elsif val > node.val
node.right = remove_helper(node.right, val)
else
if node.left.nil? || node.right.nil?
child = node.left || node.right
# FHIRLEIZE = 0 , HiEMIFR node R[]
return if child.nil?
# FEIEE = 1 , HEMPBR node
node = child
else
# FEIREEIE = 2 , BISPEEFITEERMER, I AZEEEIRE IR,
temp = node.right
while !temp.left.nil?
temp = temp.left
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end
node.right = remove_helper(node.right, temp.val)
node.val = temp.val
end

end

# FEHERSE

update_height(node)

# 2. MITHEEMR(E, R TFREMRETSE

rotate(node)

end

3. EHENEE

AVL SR B E s R e i oo st — 2, TR EEIR,

7.5.4 AVL fiigaBifEmR

- AR R RIUEDRL, Gl AR R, (SRS N B
- HREREREPRT RS,

- ALRBHR — I R oni s, MHEIR AVL 88, ALRBRHCEEIRCEE TR, S BRI BRETRG

TR BE MRS /D, R TR A - PR B

7.6 NG

1. ER5EIEE

- ook —REARSRIERORHERS, BB “— 0 B9MRIEEE. SE TR ARG B S —MEME DA R E S

12, RGN 7 BRI T TR,
- BRITRTRROEEERS, HE () THEIR N E DU E KRB Ak R () TR
- ICEIRIMBEE LA ARERG, SEERG. fE. E. B, SEMRESE,
- ZOURAAURIARIL, TR AN BRI B 1 B A H SR T IR

- WRIZITERRIE SR I, SEe Il SEIN TN ook, SE3E Tk R SR AR YR

fE, TS ERYRIRMLR IR ZERRE,

- oo el DURESIIEOR, J5 IR e R E M S A e B A RS, AR R A iR B 1~ iR = R Y

KT BRI R AR H B SRR

- OB ER R R ST STk, BRI T “—EEmIMERT WBEETTTR, EEE

BITHIAEBL,

- HIE. . RTET EENREE S, EMBEE T SUETIERE, BRI e, |

B IR A E B

- ConHEBR e TR A MR, HAN, AR R EE % O(logn) .

H oS BRI B AR, STHRREREEESEE O(n) .
- AVL B, tORS-PHy oo, CiEE hEimR (R CRAE B AR PRETR RAS 1 IR OR S5 F- 157,

- AVL SRUBEERE R A he. fohe. Sohbeseie. Jofeherahe. A SMPRETER, AVL BE

eI T THEREBRAE, (R ST IR -1
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2. Q&A

Q: BRIA AR TR, MR EAIRER AR AE O 5?2
B, HZmEMREEE ERy RS REE",

Q: ZITRAHAYHE A SR IHPR — M — BRI S 72, SRR “—EBRIE" faHENE? T AR B IR T
FIRGAY  JRE S ?

E el SRR, MERETRE BRIy =M DORR, b R TR 2O T 2 (8P BRIV ET R R
Q: Zf1/& DFS Emi —eha T, . R=MEIEF, 2RIHTERE?

BAIE A3 e E S ARERL, B, PR, B e = orER T, M el DA eS8 — (s
ENERFIER AR, FINFE i siith, BREHE AN E EFEHEE < REE < 6FH8E, Wit
B REIZR “fE — R — A7 EERESR, sl UESEFNEETF5,

Q: e E R RS AI % node. child, grand_child ZMJBAR, I8 node KR EIEEAI node JFARAY
AR T BRI AR RS AR T

T 77 Z1E IR B A R B TS, 4581 1F right_rotate(root) AR Z TR AIMRETE, &K
return child iR [E]5EHE 2 & 00 1R AR TG, 7R A AR £ SR L AQ BT B P 4 S 1 5% R SR B4R S2 AR Y,
AN A A AR E () 4 i ]

Q: f£ C++ 1, PARWE|/2 3] private Ml public H, BA A ESZENE? A EEK height () UM
updateHeight () BRizN53BIIKTE public A1 private HllE?

FEEENMHEE, R7TERERERINEEH, AEBEEr 2 private o HI40, A& B R0y
updateHeight () ZRAERN, THREMA. MERRIEFII—, M height () ZFREIREE, BHLUR
vector.size() , AHFER public PAFEREH,

Q: anfarfe—AHim A B R — PR Tt s ? IRETR AR R AR IREE?

JEN, MR IREA SRR build_tree() iR H. ERRETEEEE, RMER
RN ERHE T, AREATPEITRELRETE, RIS P, BT AR KRR AR A
Loy
Q: 7E Java i, FEHE¥EILESG—EZEM equals() 77iX?
£ Java W, $HUREARERIAR, = R A B E R A, BRI, AT SRR TR
SEANFI,

- o= HREEmEE B SRR E —EYf:, Ble e sc iR T ao A B S,

- equals(): FIZRE L EYHRIER SHESE,

Klitt, WRZEE, FRIMEZEH equals() o A1, & String a = ?hi?; String b = ?hi?; ¥
B R AR R Both A, effMfsmE—EYH, FittnlDAH a = b 2RELEME 7 H N

Q: BEEEIESHFIRIE R, (772 2" 17
R, FIATERE h = 2 (Ui Tk, HEERAEn =7, AREHEER4I=2"=(n+1)/2,
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Abstract
HerERt G R LRSS, EaRR, TBRRE,
JRE PR LU i ER BV, T e e O L I AR A ST B N R B
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8.1 iR

HHE (heap) 22— ERPEMRMAITER o0k, FERIZ2mERA], aniE 8-1 ffn,

- INEMERE (min heap): (EEHIEIE < HHiBHE,
- KIEHERE (maxheap): EEHEIBHE > HTHiEE,

N N
/N SN N N

Wy Wy

B ‘=2 B 2 ‘Re’miE” B
ARMMNE <« HFOHMNE ERERNE > HFHHaE
INEMTR KIBEH
min heap max heap

8-1 /NEHERREBLATEHERA

HERRTE Ry e & el iy —(AREB, BA AR,

- RIS ERG SR AT, LAt I B RS ED RN
- BRI RUAREITRRE 2 “HERATH”, AR ARG AV BRI “HERR
- BPRORTEHERE CNTEHERD), HERRTEDTER (RETED BEZ&EAR &) 1,

8.1.1 #TRRVE FBIRME

TEEHAR, 2GSRI ZEETT (priority queue), BR—FEMRERIEHE, TRABAE

FelE R HER T4,

TR L, HeROEH AR B ErS, KT R R C S RS MANE W et o1, G A
A&, BWMATDARE “BJefra)” M “HERE” BIFFERERASE, B, ABEEWE SHERRIEY, S

“i&%”o
HERRR B I BRE AR 8-1, T3 TAA T BRI T\ = AT

* 8-1 HERAIBRIERCR
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T4 ik IR R R
push() TERAHERE O(logn)
pop() SRR TE T 28 R O(logn)
peek() AMERTETER CBIAK [ /INTEHERE S B A K | /ME) O(1)
size() HERGREARIN T R BUR O(1)
isEmpty () HIBTHER R 5 222 O(1)

FEEPERT, AT AE R AR E S TR R HERDE (BB 81D

FCUAHE PR “ R NEIRHES” #1 “TERENHES”, AT 7] LUEIR 3% E — 1 £lag B{E4 Comparator
BHL UNEMERT BOORTEMERT < RIRE SR, REEEIN N TR:

# == File: heap.rb =

# Ruby RIiB{tPEE Heap %87

8.1.2 fIFEMEIR

NEBIARARTEHERS, 5 2R H 2y NEHERE, NSRRI A BB T (B0, % > Bz
<)o LR P AHITHEEL

1. ERMNFEEFERRT
Tk EETEEE, e JrHAFRIE S HMYIRER, HRNHERIER e e ook, RILBAIRER AR
BlA il A7 HERE

B AEAIFRR o, STRARMEME, RoIMGRERE TR E, WATEEERR AR
AREBL

GHiE 8-2 iR, #ERG 1, HATEHRNRSIZ 20+ 1, GFEMIORIIR 20+ 2, KEFHNRIA
(0 —1)/2 (MTERR), HRTIBGRNE, FRBHIBEEBRREE,
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il

SEREE - SEMMEEN (RS
“HERR :%%ﬁ ‘LT L £ ‘B ®E TR

#5l 0 1 2 3 4 5 6 7 8 9 10 11
= (00000000000
(i-1)/2 i 2i+1 2i+2
~ T~
SLERRS 51 g; ga
ARG | B EIREEE

8-2 HERARYFRIRELfH T

FAF ] DR 2R 5 LA B SR X, 75 R -
# == File: my_heap.rb =

HH R FEIRGERS|
def left(i)

2 %x1i+1
end

HH EEVE FEIREMERS|
def right(di)

2 %1+ 2
end

HH EIREIRENZRE|  HH
def parent(i)

i-1)/2 # [ EERR
end

2. SHRERIETR

HERBTEC R B2 U AR ETRE, a2 RanyEfETER:
# = File: my_heap.rb =

i SHEETRIETR  #HH

def peek
©@max_heap[0]

end
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3. TENERE

AETCR val, TR E o HopT i SIMERE R, BTl 1%, B val RTRERRHEREH HMTT R, HEREASOZIRIF
FIREC AR, RIBL T BB AL A B AS SURR EEGAE 1E_ LR S MRS, 1S (AR Es 2R (heapify).

FREIENHERAATRR G, TERBTHMITHERL, I 8-3 FvR, TR A\ BiRG B EACHTRE IO, N R4
NETREEER, AR e, RIRESTT IR E, TOREHBEHERDISIEEER, BEEERERE0E
B HEIE AT A B B4 5

% @ MR e @) Nem
1. R 7 FRERRE
*NL ' ZRERER \‘
BIRT o
8000066808008 [step 1] 8000000808000 [ step 2

w8 @ AR % @) AR

1. GERE 7 FRIEEREE
2.)&9&2]?3@51&3!% (sift

1. EEE 7 FIEEEER
2.)%}%?]@&?‘?‘&&1& (sift

‘?55555357 'Fm5555§E!67
- STHATRERRS
. 5
A
=3 (IOO00OH00D0008 step 4|
w8 @ NgH 8 (@ NEH

1. GERE 7 FIEEREE
2.)#£F§§]E§ﬁiﬁﬁﬂ: (sift
Uj

1. EEE 7 MEEETR
z.)ﬁélEE]EEﬁﬁﬂﬂﬁ (sift
Ui

-?msssaﬁsu fmﬁssaﬁan
- BRMENES
s | (0500080080800 step s |
8 @ A w8 @) e

1. 6% 7 RIRERIE
2. WEETATARK (Sift
up

9 > Wl 7

1. HSEE 7 FEEERK
2. WEEE&ITHENL (Sift
uf)ﬁﬁsa 9 > ks 7

- TETRIR

4

[9]e]7[6]7]6]2]a[s[3]6]2]5] | ster 7 (o]s]7]6]7]eJ2]a]«]3]6]2]s] Step 8
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/ \ / \ e @ NEE
1. HER 7 FNEHAE
2. WEERHTARY (sift
up
/ \ / \ / \ RS, ATEHOLEREIEE

Step 9

[ 8-3 JTRAHEREIER

SN 0, RIS O(logn) o HILATA] HERULIRERIEE®RERS 2 O(logn) , ERA
SRRV R B 2 O (logn) » FEXTEW R

# = File: my_heap.rb =

#HHt TTRNBR
def push(val)
# FILERL
@max_heap << val
# RIRETEHERN
sift_up(size - 1)
end

HH EETEL 1 YR, WREIEERK #
def sift_up(di)
loop do
# JEENERRE 1 BURENEA
p = parent(i)
# B “HBREEY o “EIEEBEET K, ARERL
break if p < 0 || @Emax_heap[i] <= @max_heap[p]
# RIRWEEL
swap (i, p)
# BB R EREY
i=p
end
end

4, ERIATTRLIER

HERETE LR 2 —rRUARETRS, BIASETTR, (ERBMTERREHRSHMERE TR, AR ok i ks
MRS IR AEEAME, ISR SR RGBT RGN, & TEREBOITTRRI IR, HFR
LN B

1. RBHERATE TR EAHERA IR TT R (SRR S i A5 BEHTR)
2. ZRGERNIR, AHHERERIEHSIRINER GER, mRCrescm, KB EMERAEFEARRHERTETR) .
3. MEARETHIRALG, WEIHRICHITHERLL,

UIE 8-4 R, “BETHEIRHERIL” IR 7B PR TMAL” RUR, TRIPTHS RS S (4 76
W THR:, HERRHY T B SR S, SRR BT IR, 05 R A o B A e
EBRE AR
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SERIATR IR

[ Step 1

SERIETTRLER

1. RERRTRIVERETRRIA
2. BHERBERETR

SERIRTR AR

I

. WHERETRRMRETERSR

. BHEFNERETR

. WEERETHEAL (Sift Down)
= 1EE0ES 5, 8, 7 P, EiBA 8 WA
- SRR 5 SR 8

w o~

SERIETTRER

-

. RERRTRIUEHRTRTIR

. B EAAERRTE

. WEERETERK (Sift Down)
v 1EEEE 5, 6, 7, HIRE 7 RA
o SAERRS 5 SERS 7

~

w

ERIRTR R

1. BERRTRBERRTRRZIR

2. BHEFRERETR

3. WRERETERML (Sift Down)
v fEERRS 5, 3, 6 o, Hl 6 BA
-~ HAENES 5 BLENES 6

SERIATR R

1. SRR RABERETRRIL

Step 2 J

SERIETTREER

1. SERRETRIBERRTRIMN

2. BHEREERRTE

3. WEERETEHL (Sift Down)
- {EENES 5, 8, 7 A, Hils 8 MK

Step 4 |

SERIATR R

1. BERRTRIDERRTRZIR
2. BHERAERERTE
3. WIREREITERMA (Sift Down)

v EEDEL 5, 6, 7 R, HiBE 7 ®A

SERIETTREER

1. BEAET R AR
2. WHEARAETE

3. WIRERGIPERA (SLFt Down)
£ 5, 3, 6 W, B 6 WA

Step 8 J

SERIATR R

1. BERRTRDERRTRRZIR
2. BUHERAERETR
3. WRERETERM (Sift Down)

TR E, ATERNMEEREIEE

Step 10
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[ 8-4 HERHTH TR HiHERE P BR

BT NHERHREARL, HERATEDC R MR ER I R A E 1% O(logn) » F2xNHSAN FAR:
# = File: my_heap.rb =

HH TTERUETE
def pop
# FITERIE
raise IndexError, " fFEAZT" if is_empty?
# IR R AENE (RRETRERTR)
swap(0, size - 1)
# MIPREDRS
val = (@max_heap.pop
# WIEERHERK
sift_down(0)
# REERIETR
val
end

HE EENRL 1 BEMS, WIEERERML #H#
def sift_down(i)
loop do
# FIEREREY i, 1, r FREZAKBER, 5874 ma
1, r, ma = left(i), right(i), i
ma = 1 if 1 < size && @max_heap[1] > @max_heap[ma]
ma = r if r < size && @Emax_heap[r] > @max_heap[ma]

# % 1 {RARES 1, r BR, AEBEEEREK, Bd

break if ma = i

# RMARENES
swap(i, ma)
# EER THERENL
i=ma
end
end

8.1.3 fEMERER

- BESRATH: HERDE AR A E BT TR R BRI, HASIRN SR ERIR R AP 2 O(logn)
, TEMEERHRIER O(n) , BERIERRIRR SR

- HEREY: S AR, MR DU e M@ R, R ETH BT TR LR, EmTS
HRER, A, FINEEGEH —EE R NEBMEEr, SR R B,

- JERUERR) kAR ISR AR, RN tE R, BRI AT 10 AR
BIVE 2 T A, SR BEAT 10 AR haFo

8.2 EMIRIRF

FERLEARUUT, B RGN — 8RR TR AR (A, SEERERR S R,
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8.2.1 FEBINMIRIZIFEIR

WM E e — e, RBGEF RS, ROCHRETTRIUT “AHERERE", RGTsREE S e
i, FBRITRPUT WREH" HEREL,

BE TR AHERE, HERRERIN — BRETRRIETHR RO g oy, HitERz "8k
MR R,

RICRYE D n , SIETTRINHEFRRIEMER O(log n) Wi, Rtk aZE R IR RIBTIERE 25 O(n log n)

o

8.2.2 EBESMBEHER

B E, PR AT DB B 2 A HERR T T, o i

LRSI TR R B A ST 2 AR, R E MR SRR 2
2. BIFpEwHERE (R ERRIEIR), MRCHHHEESERBEPUT TR AL

TR HERL — (AR, DLRZEES 2 FREDRG) 7 B R — N8 S0 7 HER, TR R IR, DRI HEAR
2 “BRmET R,

ZFRCOEEREEER, REAISHAEMREE TR TR AR ATER THEM, SRR E TR
A RARHI,

EFHINE, HREMRRA FEl, RIEMRRME GIAN FHER, MRMERIE. DU RETR,
R AR SE ARG R A R — (W ARG ACHTES, BT ERRIAMEI R E I I THER L :

# == File: my_heap.rb =

HH BIET, IRIBENRTIEER w

def initialize(nums)
# BT ERNABIILEER
©Omax_heap = nums
# R PRERMB LI E MR B BT,
parent(size - 1).downto(0) do |il

sift_down(i)

end

end

8.2.3 EHES R

N, FAMARE B R AR A T TR R IR R

s ORI n, RISEERR S (n + 1)/2, Heb ) 2 R, I REERTL
HIBS R 2 (n — 1) /2.
C{ERTEE RO, R TR MR IREEE, R RS —TeRIEIE logn .

# LRMFE AT, SRR AR REMEE S O(nlogn) o MHIGMHE AT S, K2R
7% B8 21— O e i G i 2 R TR R P
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N ARBEMAGESTHE R AR 2 TIRREH R, Rakda —EREBE S n . WER h 17 "8
TeR”, RSN GRS R A R IE R

BREE HEMRNE

(AR RAISER
)
h 20
/ \ 1
h-1 2
SN N |
SR Y S — 2
/N SN SN )
o =3 23
1 B 2h-1
GHEE, ENMEES e e 2h

0)

8-5 SEE LIS E ER R

qnie 8-5 Frr, HiEG “TETHERHERIL” RIRAOERIRBEF R E R S SE R A B, TRk PEAE 2 “HIRG
T [, BT DB CHTRECR x ETREET SRA, 19 21T EARHERLIE AR B AR,

T(h) = 20h +2Y(h — 1) + 22(h — 2) 4 - + 20h-1) x 1
et FAFEFEY P 2SI, ok T'(h) L2, 155

T(h) = 2°h 4+ 2L (h — 1) + 22(h — 2) 4+ - + 201 x 1
2T (h) = 2'h 4+ 22(h — 1) + 22(h —2) + - + 2" x 1

fEHEENAEEGE, TR 2T (h) WE LT (h), 715:
2T(h) — T(h) = T(h) = —20h + 21 + 22 4 ... 4- 21 1 2ok

Bl bX, #E T (h) 2B, PTERFEHARMAR, 520K RHEREER:

1—2n
T(h) =2 —h
(h) T~
=20 —h—2
= 02"

Wb, R h 52 TR s n = 20T 1, SERBRRES O(2) = O(n) . DL LS
R, WS AR BARE 2 O(n) , JEREL.
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8.3 Top-k fi%&

Question
5 —ERE A n WERFES] nuns |, FHIREIES R kETE,

BONZE, FRIFSC A A RS LB BRI, AR RCR S SRR TR

8.3.1 Aix—: ENEE

AT DOEATIE 8-6 PIRAY K dwER, 7 ITESIRPIREGE 1. 2, ... K KRIICER, RREIBIEEZ O(nk) .
WITEFUERR k< n BN, WA kR n Hisaay, HISREME@EnR O(n?), JEHEER,

nums EBHESBRATE

) =—wnmz 1 xux

~

DB #-wuaz 2 x=x

[:]D[:] E=BHRIE 3 ARE

8-6 ErEHE AN k fETER
Tip

H k= nk, RMAIUSRIZEBEIEGRFS, WRSER BEHFET HERXK

8.3.2 FiEZ: HiF

aniE 8-7 A, AT DUSEE S nums EATHER, FHIREIRAIBH kTR, REEREZ O(nlogn) .
R, o7tk CEET SEER T, RAEMRTHKHERARN kTR, AT TR,
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k=3

s |[EJEE =)

HETETHIF

Baann

RESA k ETH

000

& 8-7 HEFF =i AR k TR

8.3.3 = iffR

P AT DAL R HERR S Atk Top-k I, Fifean(E 8-8 s,

SRS K AETCR AR AR,

W

— @0088
:

i

1. #80 k ETENER
ZRERT

. EFIRT

heap

=1

. :mm@
g [/ [ [3]2] é%é

A
i

1. #E k ETENER
ZRHRTE
EFIRT

v (00

[ step 3 :

Pga e —flE/NESERT, HHERTEICRE/ .

k=3

— @000
:

i

1. #H0 k ETENER

Step 2

k=3

w @0000
:

i

1. #80 k ETENER
2. #5 k1 fEFTRRGHIE
v EHITR > #MATR

Step 4

W58 k + 1 EOCRBALS, HEAUTRARHEREBULR, ARERTECR R, WS ATTR AR,
ERTENER, HEREP R RRH k TR,

:mmé@

TR
PR

heap n

o

MR
PR

v (@00
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k=3

— @000
:

i

1. #80 k ETRNER

2. % k+1 fEFTERAEHIET
¢ EEITE > WRIETER
- RERIRTTR LR

[ Step 5 ]

k=3

w @0000
:

i

1. #80 k ERENER
2. BE kel ETERBBAIER
v BEITR < BMETR

N/ lEa T

# == File: top_k.rb =

xa:‘FD
o

v EFIRT

wam (@)
é é

P ZRMRT
1 4 ki EFIRT

i

k=3

w @000

FERZER, BB heap EIET

Step 9

k=3

— @000
:

i

1. #8680 k BETRENER

2. #5F k+1 EFTHEREHIE

v EEITE > HRETE

- HSHRIBTR LIS
RERITTRNER

Step 6

k=3

— @0000
:

i

-

. Ak ETRENER

. B kel ETTERANIE
v ERITR < BMATH
- BB

~

[ Step 8 |

BT ()
é é
Sy

[ 8-8 JLAHERE= AR k fETTR

e BIOEREAEIIRRARN kK ExR #H#

def top_k_heap(nums, k)

# B/ NEMERR

# AR RFGERPAATRER, EMAAIESRAER/\EHE

max_heap = MaxHeap.new([])

# HERESIMET K ETRENER

for i in 0...k

push_min_heap(max_heap, nums[i])

end

# WHE k+1 ETEMR, FREBEENRES K
for i1 in k...nums.length

# BERTRANERETR, RIBERIETRLER. EfmRENER

if nums[i] > peek_min_heap(max_heap)

Py
00

MRS
3
g IR

R €’

é é
ZRHRR
IR

4 um
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pop_min_heap(max_heap)
push_min_heap(max_heap, nums[i])
end
end

get_min_heap(max_heap)
end

BILHUT T n S NHERDR HMERE, MEREMRARES b, NULRREEMES O(nlogk) o 77 AR
B, E kBN, RIS O(n) 5 & kB, FREREAgEE O(nlogn) o

AN, ZITIRERRBEE RIS BB, ] DA HER N TR, [EmiE
Bl KRR K BT R ABIRE T,

8.4 /&5
1. ERER

- HERER MRS T, ARIRSOZIRIE AT 0 R RTEHERENT N EHERE, K () THHERERHEREED TR 2 iR
K UM H,

- BRI TR E R B A SCERF R T, Gl R A B B,

- HERARH B SR AR AR R 45 . TR AMERE O(logn). HERETE TR HHERE O(logn) Hil
AIFHEREETR O(1) %,

- SERCIURHEHER RS HEAIZROR, R PRSI A i 17 HERH

- HEREACIROE R MEREHERE RO ML, AR NHERN HHERAIRE AR & 2,

- A n AETC R R R AR AT DUR R O(n) , IEE &R

- Top-k J2 —EAS BB SRR R, W] DA FHER RS I S Uk, IR HEAEE 2y O(nlog k) o

2. Q&A

Q: BRI “HERT” BLRCIREEY “HERE" 2 —(aMtEns?

W AR A S, FUZRETE “HERE”, st EMGRGC IR PR R B RE R IR o e — 2y, K
FEFUTIRE AT DME A 2R 7 k. BEaUAT DR SR — & B A HERERCIRRGE, PR (7 AP (A Bel 51 S A A o
EEEEHAAETRER, BARERRUSEERE, DBk, HERHEET R, MRS
BRI TR R, EAAE ] RE e GRS RIS
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Abstract
EAmIRIES, MG —EEETR, $REE T RAEHE,
H— ROV B, ERTEIE TRk ER B AR B HH B R I ERED,
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9.1

(graph) J2—FEAEGIMEORGEHS, HITEES (vertex) 38 (edge) ALA, FIATLUSIE G MgutFms—
UTERE V R —4L8 E RS, RIS T e 5 MEELH 7 R,

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}

GNSRAFTHES B (RETRS, BB (AR AR RIS IR (Fa), TR RT DURFIEN S 1 — RISl Af ER A1 e T 2
AU RIS, QniE 9-1 FrrR, HIBIRSRIERR GERTHS) RIsriGRGR (8D, MsBiE (8) KB dEE,

* [\ TN

b i} -]
(AR 1ERRTR) (533aRR{R) (HBERRR{R)

B EEEHERS, AMthRsEM

[E 9-1 SEASHRS, K, (8 FRIR R

9.1.1 EMERBRISEAE

RIg RS A M, n5rAEmEE (undirected graph) fliEME (directed graph), 4nE 9-2 Ffi7R,

- TEHEEIE T, BFRORMITER IR “EEa” EARBRR, BIANRIEE QQ HY “4F KBR”.
- tEAmES, BERATAYE, A — B A« B WE7 RS R BN, A ieelE -
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SRE FRAE
(B m) (BHFHm)

9-2 A 1 ] B A ] ]

MR ATE THR R EE)E, 7] Z%E@E (connected graph) FI3EE&EE (disconnected graph), &NfE 9-3 Fir
o

- BEEE, (CRMETER RS, AT AR H AR TR TR,
- BRREDEE, AL TR, B0 ETEREIRENE,

N

EBE JEEEE
(FrETRA EEE) (FETRRARATE)

-3 Ju it f] il I 3 [

BTAVERT DAZIB WY “REE” 2%, [CMSZIANE 9-4 FRiE#E (weighted graph). BIUNTE (EHZENME)
ST, RGN ER SR AR IR < R BT, ISR AR R] DU A REE R RR

G)“@ .

FRAEE BiEE
(FrEB%E) (ERAEERT)
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9-4 eI B ARt ARE

[ A A A L 25 AT B AT R

- $B#E (adjacency): HEMITHELZ HIFIEIBAHEI, REISWIESS “H0HE", 7EIE 9-4 rh, THEG 1 AAFHRETEE,
ATEEE 2. 3. 5,

- BBAE (path): ETHES A FITHES B &EAVBRERNFHIBRE 27E A B B 1Y “B&C7, 1L 9-4 1, BF
| 1-5-2-4 2 TESG 1 BITEES 4 19— REE1E,

- E (degree): —fHTHEMERRISE., ¥NAMIE, NE (in-degree) FnA Z/MKBIEZIES, HE
(out-degree) FnA Z/MEBIEXTHRTE L,

9.1.2 EIMERT

[ ) 5 AR 7T UG AR AT “HBRERT, DU A S [ A TR

1. MBiEREpE

RETHE SR A n, AMEMERE (adjacency matrix) HFH—ME n x n K/NHEERFRE, 8—17 F) 1R
F—HTESS, FERUTENRE, H 180 ZoRmiEES 2 MRS E R,

WE 9-5 Ff R, SRHSBEkER M., TEBGERSI% V| ASEEMITE Mi,j] = 1 FoRIEs V]i] 21 V)]
YRIEER, B2 M[i,j] = 0 FonmTEs: > M,

TRRsETI

#l o 1 2 3 &
o e 1 10

‘ ’\\\\ 101 e 1 0 @

SpIEIERE

graph adjacency matrix

9-5 [EIRABEAE AR

HPEFERLEA DU R,

- TEMEIE, THRGNRESL A, CERP R A AOTRIA B,
- BRSEE, E TS T, AR R R S A AR TR
- R EERIR RN 1 A 0 B, RInRoRAHERE.,
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(AR R P R Ry, TR AT DAERERA AR TR DB EGE, (RIS & R O RCeR R, R A
¥k O(1) o AT, ARSI S O(n?) , iEm s HEZ,

2. MpER

AR (adjacency list) ] n (EEEAS ERSIACRIRE, HEALSHIHIRIRORTHRS 5 ¢ (A5G RSB IETHR o
, HAPlAE 7 RZTER BT A AR L TR (Bl THRS AR A TER) o (8] 9-6 Jeom 1 —flEl (o FH A 42 R A 17 ) [ ) s
1l

TRR  ERIRRSRENFTA IR

e &
[ e« 2ele

RBHER
graph adjaceney list
9-6 [ERMIERLTR

AR BRGNS, TSRO E/NA n? , WItEENEEa, A, EMERhREE
I E AT A RS AR A GIE, TRl ELIRF VSR AN AN AR R e

BUERIE 9-6 , MILRAREEUEERPH “SAE” AERAHOL, DRI ERAM el CAER ATSRL 75 15K B AL 3X
B, L E ARSI R, AT DRSS R 2%y AVL BTaRALRAN, MR RRERRE O(n) R s
O(logn) ; IEr] DAEGESS S5 ER MR R, TEm R mERER=E O(1).

9.1.3 ENERER

R 9-1 R, FFEBIEARFA] DT EACERE, AH AR th n] DAL 25 [ R TR

®9-1 BEALTEH RAYE

HE B [ AL
A R KRR TBAELT JCHERS
HhERARES  uhERE UEREREIAEE M B R BR AR RS

ENZER B ERMEEASINER  TREYEEE
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9.2 EIRVEREHEF

THE 2

V] &+ AR

[ Y SRR E AT 0 29 387 ROTRCEANSS “THRE” BUBRME. £ “MPREIERT 1 “MPREER” MMERRTIE T, B
B AR,

9.2.1 EAMHEIERERETR

A —(E TERR R 2y n ORI (E, RIS RERERER BB 7 S\ANE 9-7 Fm.

- WIERINRRE . ERAE AR B SR E ANEENAT, A O(1) R, iR M, R
IRy SE T 177 T 32

©OBTTERG: 7EABRERRA AT — AT 5, WM 0 BIRT, [ O(n) R,

- RRTEEE: FEASEEE R T, MR TSI BRI, BEE (n — 1) R
“Ffe LRSEY, FETEA O(n2) IR,
- WA (A n TETERS, AR S n (UTEBE S vertices , AT O(n) WS WIGIL n x n K
AN EEAERE adjMat , 5 O(n?) KSR,

Step 1

Step 3

TRRGRT
=3l

MEE

N Y

TRRGERT
=3l

ipRE G-

~ W N ke

S kB o kB o ©

S kB & o ©

s & r & »r &

s & r & e =~

B e ke kW
S r Rk o & =

B R e B e N

HpiEIERE ]

Step 2

B B e kW
S kB o ©

BR e kRN

HpEAERE -]

Step 4

s kB B B o ©

®© o r B o o ©

S & r & »r B

® o o »r o & »

PR e Rk RN
B e Rk e kW

ABIEIERE

®© kB e k| kB N
® B o B o B W

ABiErERE

S B B & o &

® o r B o o &

e o | ® o o
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=3l
@—{\/\ MR ©)
(-]

o

] SBiENERE

men @O0 O00
1 4
1 0
o 0
1 0
1 0
o 0

S & r B o ©
S & B B o w
-

F W N ke

Step 5

[ 9-7 HPREMAIRTAIL, BEME., S TERS

DA 2 A e e ek 2 [ ) A XS
# == File: graph_adjacency_matrix.rb =

HH BERMIERERERNEREER  #HH
class GraphAdjMat
def initialize(vertices, edges)
HH BT HE
# TERLERY, tERMAK “TEENMEY, R3IMLK “TEEAERS]
@vertices = []
# AbiEREME, 1T5IZRSIHME “TERARS”
@adj_mat = []
# FMIETEEL
vertices.each { |val| add_vertex(val) }
# g
# #BEE, edges TTRAKRIEEZERS|, ENEE vertices THRZERS!
edges.each { |e| add_edge(e[0], e[1]) }
end

Ht EEUEREE
def size

@vertices.length
end

HH FISTERL
def add_vertex(val)
n = size
# [AIEERERY|P L HIEREAE
@vertices << val
# TEAMIEIEREHTIE—1T
new_row = Array.new(n, 0)
@adj_mat << new_row
# TEAMEIEEPHTIE—7
@adj_mat.each { |row| row << 0 }
end

it MIBRIERE
def remove_vertex(index)
raise IndexError if index >= size

# TEIERAERYHPIBPRZRS| index HYTEEL
@vertices.delete_at(index)

# TEAREAERERMIBRERS| index BY1T
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@adj_mat.delete_at(index)

# TEAMZAEREARIPRZRS| index RYF

@adj_mat.each { |row| row.delete_at(index) }
end

HH FTIDIE
def add_edge(i, j)
# 28 i, j HFE vertices TEZES|
# Ro|HREBERIE
ifi<0 |l j<0 ||l i>= size || j >= size || 1 = j
raise IndexError
end
# EERES, AHEERERAREEAGEE, Bme (4, j) = (3, 1)
Eadj_mat[il[j] = 1
@adj_mat[jI[i] = 1
end

HH RIBRIE
def remove_edge(i, j)
# B 1, j HFE vertices JTEZES|
# Zo|HFEBERIE
ifi<0 || j<0 || i>=size || j >=size || i = j
raise IndexError
end
@adj_mat[il[3j]
@adj_mat[jl[i]
end

0
0

A DIENZDIRFEME
def __print__
puts " TEELERYI = #{@vertices}"
puts ' #pHEIERE =
print_matrix(@adj_mat)
end
end

9.2.2 EiMERMNER

F S ] [ ) TR KRB . IBARE m , RIIRTHURIE 9-8 Fmry 7 X B BIA MR,

WIS TETERRE EREAS YRR ERTEIERN], (M O(1) Wi, Ry R fmlE, Fr AR RIRHTIY
IE 7T TE1 A

- WMBRE: AETERGEEGEAS R A MBRFE 28, EH O(m) W, FEMERE T, T2 RN R
flE 75 RIS

©OWTRTERS: TEAREER T —(EERAG RS, MR TERG (F 2S4S ER S SHETRS, EA O(1) K.,

- WHBRTERS: FRETIRREMER, MEREESEEEENEE, 8 O(n + m) R,

- VIR FERBER ST n (ETEBSR 2m (OB, R O(n 4 m) R,
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T SR T SRS
@—@ MBKE @_,/@ (G @/\ wee @-0 @_,@ 7
=+ SEREPANEEJgo ++ o
0—© o »éﬁb 0—© é}é i
@ ¢ € >
H mER B miER

Step 1 Step 2

TEE  SRAREERRTETRE

- o-0-0
@\—(@ 7 miss @-© @ @ (\~<°>\/w wiEes O
\ >@ 9-0-0-0-0 | »
oo -4 o—o
A CD
-] HpER ]
Step 3 kStep 4

TEE  EERREENFETRE

] [ ‘ - °
() -0
[} apER

[ 9-8 MEERATWIAGIL, BEMNE, G MHTERS

DUN R RS E L, BLhlE 9-8 , BEENIEH LN,

R 1T T B ERTERE, DA CRESAHS, BAMER RS (BIRERESI) AU HEAs 51,
- fERVERRAH LR, key BIHMBIHE, value ZsaXHRAUARZTHR RS (SRS,

FIh, BAHERZR PN Vertex FRIZRFIRTARS, BRMAVERZ : GUIREMEIER 1K, FEBSIRGIHK
WA RITER, AR EMERER S5 o RITEHRG, RITHERRMEMER, MATA RN « IRII2ME 1, %X
IR, TIANR A THRGEZME /Y Vertex BT, MHERFE—TER 2 R EEHAE HABTERE T,

# == File: graph_adjacency_list.rb =

#HHt BERBERBRNEREER S
class GraphAdjlList
attr_reader :adj_list

HH BT HE

def initialize(edges)
# #MEER, key: TEEL, value: ZIBHBIFAEAMZIER,
@adj_list = {}
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# FEFRE RS
for edge in edges
add_vertex(edge[0])
add_vertex(edge[1])
add_edge(edge[0], edge[1])
end
end

i EEEEEHE #HH
def size

@adj_list.length
end

OISR
def add_edge(vetl, vet2)
raise ArgumentError if !@adj_list.include?(vetl) || !'@adj_list.include?(vet2)

@adj_list[vetl] << vet2
@adj_list[vet2] << vetl
end

it MIBRE A
def remove_edge(vetl, vet2)
raise ArgumentError if !@adj_list.include?(vetl) || !'@adj_list.include?(vet2)

# MIBRE vetl - vet2

@adj_list[vetl].delete(vet2)

@adj_list[vet2].delete(vetl)
end

HH FTISTERL
def add_vertex(vet)
return if @adj_list.include?(vet)

# TEAMERPIIE—(EREESRT
@adj_list[vet] = []
end

#HH MIBRIERE ot
def remove_vertex(vet)
raise ArgumentError unless @adj_list.include?(vet)

# TEAMERTPMIBRIERE vet HIERELESRT
@adj_list.delete(vet)
# FEFEHMIERMNIEESY, MRFAEEE vet HNE
for vertex in (@adj_Tlist
@adj_list[vertex.first].delete(vet) if @adj_list[vertex.first].include?(vet)
end
end

it DIENADIER
def __print__
puts ' #BIE/ERXR =
for vertex in (@adj_Tlist
tmp = @adj_list[vertex.first].map { |v| v.val }
puts "#{vertex.first.val}: #tmp},"
end
end
end
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9.2.3 MEHL

AR E A n (ETERGHD m (Ri8, R 9-2 BHEL T AR A BER AR AR I s R, SRR, MR
(AR BIEASCEE, msiER (MERR) SeRAra s Ry RN MR R RV EE,

R 9-2 Hii KA pe BAR AR B

ARPERE  ORRER GEASHS)) R (MR

ugRsmE  0(1)  O(n) o(1)
wiigE o1)  0(1) 0(1)
Mris o1)  O(n) 0(1)
T O(n)  0O(1) 0(1)
A T O(n?)  O(n+m) O(n)
SRR O(n?)  O(n+m) O(n +m)

B 9-2, OIPAER (RS MRRRCRES MRS, (HER L, AR RReRE
=, R%*M@?U%ﬁf‘nﬁiﬁiﬁﬁﬁwﬁﬂﬂﬂo FREARE, MEFEMERGE T DI RrRET AOJRAN, AR e
By “PARef#e " s,

9.3 ENE:H

BHURAZE “ 82" MBIER, mENAAESNEBE, rJDFRNMEERN "8 2" iR, Kk, FFRT
ERE VR — MR, BESR, RASE S PR i e ) A R A — RERE B

V] A 0 22 P PR R T B TR AR B E W55 [EIAE R 77 SN R] o 2 i . BB ERANIRE B EH.

9.3.1 EEBKAES

JREE AL Wit — R HIE SRORRE T, TESLMAEE 3%, R BRI AR G R TS, 3 — KR s
sk, N 9-9 FoR, 1/ bATHRGHEE, HEIUENIARAIATA MIETER:, RRET T —IE TR R FTA AR
RIERE, DA, BEEFTH THR R,
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©
©

R @RS

0
(BFS)
@ wuess (@) mess,

E RS, fE/E Rt P TR

©
©

EFHFTIE

i @ 0,1, 3, 2, 4,6,5,7, 8

-
©

9-9 BN BB CAE]

1. BREZER
BES JEHFEBNTHIAREE, BRI TR, THEA “eAkt” FPEHE, 1G58 BFS 1Y “HiafE” #yE
1. FETEIETERS startVet AT, i BHROERE,

2. fEIEE R EEIEICH, SEHTHI E TERG RO SR, SRR A TER B AT A ACE TERE A S 51 2 5
3. JEEWER 2., EEITATHEPGIRH SR,

7 7L EAGEFITERG, TR ERER — MR E S visited ARECERMPLEIRS T WG,

Tip
B ST LB F— I RETE key MIARRETE value RUEEER, ERIUE O(1) ReIEAEE NIEST key
SN A A e, ARIR key BUME—1E, FERGESEHHNENRESFS R,

# == File: graph_bfs.rb =

it BEBSTES HH
def graph_bfs(graph, start_vet)
# ERAMERERTE, UEERIEETERAIPTE AbEIERE
# TERLESRFY
res = []
# MEES, BREREWAMBIIER,
visited = Set.new([start_vet])
# {THIRAREIR BFS
que = [start_vet]
# LUJERL vet Ak, EEEEFHESTHAEIER
while que.length > 0
vet = que.shift # {THIEHTERAHE
res << vet # :CEREHRITEZY
# EshIBREHIFTE B IETERE
for adj_vet in graph.adj_list[vet]
next if visited.include?(adj_vet) # BLBEtEARIMIES,
que << adj_vet # R NFIKRAHRIAITEERE
visited.add(adj_vet) # 1ZsCs%IBEAEHEHMR
end
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end
# R[E|EELEFRFY
res

end

RIS, EaR B IRIE 9-10 AR,

mns () w5, MR
1. WEREMANEDFS] res
2. WETRRTASHETRR T

A3 que AN visited

TR () 5, SRAITLUT A

1. REEBMNEHFY res
2. REIRESHIFTAAMETRRSHT
ANF que AN visited

g () w5, ST

1. REREMAESFT res
2. REIRESHIFIAAETRRT
AF que AN visited

FEFT res
151 que
HE A3

HEKE visited
Step 1
FEHFY res

(00 )

1751 que

000

-— -—

Y AT

MEEE visited

(00000 }
s3]

(0000 )
1551 que
0006

MEEL visited

(0000000 |
=0

FEHFF] res
(000000 )
1751 que

00

WBIEE visited

(00000000 |

e () 3, BT

1. WEBMMANEDFT res
2. HIREHFTEAMRIRET
N5l que AN visited

s () w3, LETUTHRSE

1. BZBBMNESHFY res
2. BEIERBIPIEMEIRET
A5 que AN visited

oo o

s () 51, RS

1. WBZBBMNESHFT res
2. HSETRRSHIFI AR ETRR T
A5 que AN visited

TR () 51, R

1. WEBRRMNEDFG] res
2. ETRRSHFRE MR ETRRT
A% que IHIN visited

EHRFF] res

@

1751 que

- I

HRES visited

(000 ]
[step 2|

EHFT res

(000 ]

1751 que

000

51 A3

HRES visited

(000000 ]

e
(00000 )
1551 que

000

EREL visited

(00000000 |

FEBFF res
(0000000 |
1751 que

o0

HBBED visited

(000000000 |
step 8 |
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FEHFS res ERFS res
| ] ’
| —— 1751 que —— mca— 1551 que
| | = ° 1 = 0
@ 3! PN F— @ it PN
- _ MRES visited . _ HRES visited
TR () w5, SEMITUTHRIE B TRRS \) HF, LMITUUTIRE B R
1. HEETERNNESFS) res (7) l 1. RETENNESFS) res (s )
2. REREMFIEMRIARRT b ’ 2. RERMHPAEMBRIERAIT g
A7 que AN visited Step 9 ‘ A7l que AN visited Step 10
EDFS res
‘ | ‘
= = 1551 que
\ A Hyl A

HRES visited

= {75 que A%,
« FEEE, FeRER

Step 11

9-10 [ERIEEEIETIP R

JEE B A HE 1 M —?
ANME—, BEREEITER R BRI WL IR RINEFERT, 12 A A1 AR TERS R AL Sl e SO 1
{EZATAL. DA 9-10 2, TERS 1. 3 AUFIMHINER AT DAZZ e, TERG 2, 4. 6 AFGRHIER tha] DAMERZE R,

2. ERRES

IR . P THES & AFNE R —IX, H O(|V|) Reffl; (EER AR TEBE B AR, 2 e
UL E S E g w2 ik, A O2|E|) Kifd; AR O(|V |+ |E|) Ko

DHIBAEE: #5 res, MBS visited, {75 que HIITEREERRZ S V], #/H O(|V]) =M,

9.3.2 REBKEDN

W — MBS E R, MRl E mEERES TR E 9-11 FoR, 17 EATERGHEE, FifE
ATTECRG RS M8 AR TERY, EEDERIREERIR M, HESUERSRERE, DU, BEEArATERGE <
o
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@ @ ElRREERSTER

(DFS)
13 12 IWQEL BikLhA,
) 6 (J BUlEEH: - EESRED
¢ EETIA

@ 0, 1,2,5, 4,6, 3

9-11 ERIIREESE

1. BHZER

et EFIRUEEIR AT AEEARA SR ENRE AR EE, BEEECETE, ERERET, K
MR EHE B — MR R S visited ARGECECHFIMIAITERS, DB B4 F R THES,

# == File: graph_dfs.rb =

HH REBSTESHENRT #HH
def dfs(graph, visited, res, vet)
res << vet # uaﬁiuﬁFﬁIﬂE
visited.add(vet) # 1ZCs%IEREE AR
# EFHZIBEAVFRE #PIRTER,
for adj_vet in graph.adj_list[vet]
next if visited.include?(adj_vet) # BKBEHHRIRIEE,
# IREFH AP IETER,
dfs(graph, visited, res, adj_vet)
end
end

i RERBRES HH
def graph_dfs(graph, start_vet)
# FRMERERERTE, WEEBIEEIEIPIEANEIAR,
# TERRERFEY
res = []
# MEES, AR REHEMBHIIER,
visited = Set.new
dfs(graph, visited, res, start_vet)
res
end

IR SEE R A R AR E 9-12 AR,

LR NIRHE, FRBHRCT — (8RR 75 75 246 w3 9 TE R
HESCR P LR, FoRHRE 7 A CAGRE],  [EIE] T BT IERA B

o 1 INRERE, AR IE 9-12 BARHEAS A, (ERSPRR (B3 HIEE RO B DFS e, wfhifs
(BRI 77 I RE BB, AT RIR [
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Step 9

FEHFF res

(000 )

RIS visited

(000 }

aen:
rewsns () sompsTans
mavms @)

FEHIFT res

(00000 |

HMEEE visited

(00000 |

TBAEPEEL:

rewsmes () ompzrams
wesmms @)

FEHHFF res

(000000 |

RIS visited

(000000 |

SBHERER :

rewsns () sompsTans
wavmmEs O

FEWFT res

(000000 |

HEES visited

(000000 |

R
s () smEmEEREER
Rirrsam, Bnzns )
i - aeEmERs (0

EWFF res

1) J

HREE visited

Ll )

BAEPEEL:

rewmss () sommrms
wevmmy @)

EBHFT res

(0000 )

BEED visited

(o000 |

pist

rewRs () somETERs
e ©)

EHFF res

(00000 |

HRES visited

(00000 |

PR
ks () opEERREE Y
Ritesisam, mnzms ©)

EBHFT res

(000000

BERED visited

(000000 |

R
(O wramEEREETn
RityossEe, EA=ms E)

EWFF res

(0000000

HRES visited

(0000000

IBAREER

vt () sompzmns
wevmmy ©)
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EDFS res

HBES visited
2 3 p.
LM |

7 ‘ ¢ ELHREER :
Tk () wFfaETRESEES
R HEE, EHERR
R () Sk, BRRED

Step 11

[ 9-12 B AR B TeE FiAb BR

TREEBE AL R A 51 75 W —2

SRE B E TR, IREEIET IR A, 4E SETER, JofEMbE s AR R AR Al
PA, BRASRZTERGAINE o] DUERITEL, #2REBIEE,

DIHHEF 2B, “MR—TE = F" “E =R =6 FE =6 W 2hlEEHF. TP &FE
W1, R 7 =REREITIERE, RS =4 @R R B ET.

2. ERRES

DERIBRIE T TR G 1k, A O(|V]) R TS E I 2 %, MR O(2|E|) F;
Wt O(|V] + |E|) B,

SSRBEIE: Y res , MEESA visited HEBMRRZ2 V|, BEFRERAS V], FitEH O(|V])

'5‘:_" FIEHO

9.4 /Mg

1. ERSCIEE

- EERTERSFBALN, Al DAFROR 2 — M TER A — MBI R S

- METASRIERIGR BERSHS) FoaiamE (8D, MEEER (8 BAHESEEE, KimEHENE

- ArAERGERATT AN, EEE P AERIERAE, AR SR SRR,

- WREEPEA R AR IORE, 1T (F) R ETEE, EETTRARE, M 180 FrRmEER
BB, MR R & e LR R, (B,

WA A 2 SRS B AR ARORE, 5B o fESRAT B Y BETERS ¢, HrhfEE T Rk TER R AT A R TE R,
IR TERAH B A AR S 2, (H R TR EOE RS FR AR RIS, (R SR B,

- ERRARTREAE RSB RN, A] DUR H R AL R R R, TR T A RRCR,

- PEERTR AR A AT, AREEMRREE T DASRHHUR T, ARECREEE T DARRR A,

- BN SEB E AR SE, (AR, MO,

- BRI A AR, AR R O T Y — R R

- BRI R TR R EL MR, ERERRIE ST, @R T ',

- ERREESETT R - EEERR, R ERE RIS, HRERREAEE,
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2. Q&A

Q: FIERERBTHR IR RIBFHI?

HEEER EARESRANERS 8 g “BER—EEFy”, mhsaiig “BRISE —ETER
17, PARZIEHRES: In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.

FEARSCH, BREHARA—EE P, MAR —ETER 7S, &R R %M ETER ~ R REfF A 2 R HAR, It
fR FR {152 AR S0 JEE — R B

Q: AFELEE F RS & A EIRE 2R ?

fEAREEE A, EIETERG A, B0E (ATHRERERE, BRI RO E T o 2 AR,  DUERTEE
AT A EIE 7 &

Q: 7EMRESR, “BLRZIERAIEAAT A THR" FITHRGIEY 2 & H 2K

A URERER, (AAEEPREM, AIRedRZgifae SRR, HUEIRTER R Ay, BB %IRTE
REERNIINERFSE, EtRE B PIEERH WA S ERE ATER,



191

F10E g

Abstract
M2 —IGARAMEbE, BMelir 2GR S e AvE, XEEFRT PAPIEEH E B,
EESG=mRZIRY, SRR A RS2 — AR G RHENE R,
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10.1 =—HiEs

—5#% (binary search) BN IGRIGH SRE SRR, EMAERIE R, S h—FEs
filE, EEKFHETTRSE SR AT 1k,

Question

fE—ERE R n KIS nums , TTRIZNEIRIIIERFHP HAER, #E#HIHREITTR target
PSR RIRG ], HRPIAE SR, ARE -1, /~E4NE 10-1 Fis,

35
31

26
23

15
12

fERERERTES]
nums

BAEFES] nuns , EHEETE target = 6

10-1 =orisonplEr

AnE 10-2 Fior, MRS i = ORI j = n— 1, S BHEABMSIE TEMRITE, (REEaER
0,0 — 1], LR, PERFRMAGRE, HOSEREAY,
R, TR,

L GtRARERE I m = [(i 4 ) /2], Ho | | FoRMA FIOERLE

2. H|Er nums[m] 1 target B R/NEMR, 7224 LL N =F1E M,

1. & nums[m] < target I, &BA target 7EIEM [m + 1, 7] 1, EHBHITi=m+ 1,
2. Hnums[m] > target W, A target &M [i,m — 1], FHHITj=m—1,
= target I, ZRPHERE| target, HRIMIRFEIRS] m .

3. & nums[m]

LIRS HETR, MaERREEH M 2, KRR -1,
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35 35|
| 31 i | 31 i
)3 26 i 53 26
i 15 | 15
: 12 ! 12
”BHH sanill
i . | i = onfl
#®l o 1 2 3 4 5 6 7 8 9 #®l o 1 2 3 4 5 6 7 8 9
A A N A A
i j i n b
EE=3ES:
Weate i, j HREAETIETR. BTR 1. StEFE m = 1+ j) /2

MEXRTHEYD [1, j]

Step 1 Step 2

| X | ' 87 H “
TE | 3 ol | 3 ]
=lanll =.lalll
#®l o 1 2 3 4 5 6 7 8 9 #l 0 1 2 3 4 5 6 7 8 9
A Aa Aoa A
i jom i om b]
EE—31ES: EE=3EE:
1. HERE n = (4 +3) /2 1. 58P m = 3+ j) /2
2. ~ nums[m] > target
step 3 LT 5 = - 1 MESER Step 4
_ s 2 _ VEGB%*H
= :anl = :anl
#l o 1 2 3 4 5 6 7 8 9 #l o0 1 2 3 4 5 6 7 8 9
NooAoa Aoa
m i j im j
EE=2E8: EE—ES:
1. StEFE n = (i +3) /2 1. MEhE W = (i +3j) /2
2. = nums[m] < target
Step 5 LBT A=+ 1 RIEBER Step 6
- H
e B
#l o 1 2 3 4 5 6 7 8 9
A
m

EE=5E8:
1. BB m = (1 +3) /2

2. = nums[m] = target

(step 7 | = EEES|

10-2 o=

ERERRZE, BN f j AR int 2451, Wbk + j nIREEEE int BUBIRHUERIIE, % 7k RBHESR,
BIVEHRALR m = [0+ (j —1)/2] KatEAE,

RN R R:

# == File: binary_search.rb =

e —oes (BERER) #HH
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def binary_search(nums, target)
# AR ERER [0, n-1] , B i, j #iEEESIETR. BtE
i, j = 0, nums.length - 1

# EF, SHSEMATREE (B 1 > j KAT)

while i <= j
# IEw L Ruby MUBIFRIAEIRAR (BUREIEREAN), BEERABMA LS
m=(i+3) /2 #:=BHHERSm

if nums[m] < target

i=m+ 1 # WWERRE target EER [m+1, j1 &
elsif nums[m] > target

jo=m - 1 # IIERRE target EER [1, m-1] &

else
return m # REBEETER, REIEES|
end
end

-1 # REFBEETR, &E -1
end

BERIBEAEIE 2 O(log n) = fE—SYEE, RSN, FILEERES log,n .
SRS O(1)  $518 i A1 J (A WOV,

10.1.1 ERRTAEZE

BT RMEERS, HRNENRTEE AR B, w585 [0,n), IAERASEY, HER
FOEHEG, EZRR T, B [i, ) i = j Ba%,

FefMr] AR R BB A A MR RER — S A
# == File: binary_search.rb =

it —niEs (CEAGHER) HhH

def binary_search_lcro(nums, target)
# IR ARARER [0, n) , B i, j KEEESTIETR. Bxx +1
i, j = 0, nums.length

# OE, EXSERATENE (B 1 = j BAT
while i < j

# FEFPEES m

m=({+3)/2

if nums[m] < target

i=m+ 1 # WERRA target EER [m+1, j) &
elsif nums[m] > target

jo=m - 1# WERRA target EER [i, m) P

else
return m # HFBEETE, REHZRS|
end
end

-1 # REFIBETR, BE -1

end



BI0E Ha www.hello-algo.com 195

qniE 10-3 fioR, EMMEEMFOR S, o ESERIRARGIL, T FR AL R B A T E,

MR “EEPAIERE” RN A S TEOE FRAAPAIRRE, [RIE@ AR ¢ FIHEER J M/ R AR 1t
Mo EREARA S, Rt — Rl Rn “ERmRE MRk,

TE |

i%l\“@ 1 2 3 4 5 6 7 8 9"‘ ‘“@ 1 2 3 4 5 6 7 8 9"‘10
i ERERTEsES j i EERE38% RERTFEZAE
ESER: ¥PER [i, j] E8ERM: £AAHEEM [1, j)
Miadkisi®: i -0, j =n - 1 Miakigi®: i -0, j = n
EEEE IR i > EEARIEEE: i 2 )
MDERHEE: i =m+ 1, j=m-1 MEDERRE: i =m+ 1, j=m

[ 10-3 AL ] 3%

10.1.2 {BREEA(RRME

oS A IR RN 2 P 7 TR A LA O RN RE

MR R R AERYRLR T, S R R R R R I, E R n = 270
IR, ARPEERITRE 220 = 1048576 #EME, i —/MESER log, 20 = 20 HWIEHE,
- TS RRERSMER, BT ZRE IR I SRR (IR AR, oS N

? FEﬁ o
SR, —oriEEaAREARITA R, FEEITNER,

- CoEREERINERER. AWMAERHER, & THEH o RamErTETHY, SMEK. KAk
PRI EIE R 2 O(nlogn) , A& S E S, BAEHATRIER,
AR AP, FERTRBAZRENE, MHEEEEZ O(n), WE2IFEHER,

© DS EEARES, o Me TR QRESH) SIFITER, mERS ST R
AORCRIGAI, PRI ANIE & M P A St £ 271 e B R S R 71| BB S R

- NERET, MUEERSREELE, ERIEE#T, SRAE LR, mE—_ e, FE IR
ik, VIRBRIE. 1~ 3 UCHIBHRIE, 1k (BIR), 34~ 6 [ERTTRME, B, EERE n SV,
SEER R ML = SR,

10.2 “HiESHRAEL

ZorilEAMER AN S BETTR, BRI 22, s B TRIE A E,
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10.2.1 EHETEMNER

Question

HE—MARE A n E R nuns f1—ITE target , [FREEEE TR, B target
A% nums /1, WifRFFEHE R, HESIFHEFETE target , AIEAZIEA T, #EIREHEAE
target EMFIHFRIZRS], REIANE 10-4 AR,

nums

AR ffiN target

nums

MANEFES] nums , BIETE target = 6
A target WHEARZESI%R 2

10-4 = s ARTREIER

GRERAEHE A b —HiR — o SR s, AIFR % DU i fE .
Pl —: EEYIH S target K, HARIRIIZGRZITRIIRT?

FEHZRH target HAZIMHECEN AR, BEWENTHALN target B 7JEK target I E, ik
i, WY target I, WMABNIRSEZEZ target &S],

Pl EEYIRAAETE target I, FABTZWHMETCRIRT?

B EE I MESIERE: B numsn] < target Wi 88, ERMRETEEE ¢ EFRRNERN target KITER
S, [FIEE, 61 J SA%AERVIVRSER target HITTREEID,

Kt = SRR —EF: @ fBAEER target BT, j fRAIEME/NR target HITTR. HIFESIA A
& target N, WARGIR 1, FEXEEUFAR:

# == File: binary_search_insertion.rb =

#HH —HIESENE (BEETR) #HH

def binary_search_insertion_simple(nums, target)
# YR CERRER [0, n-1]
i, j = 0, nums.length - 1

while i <= j
# stEPZEERS| n
m=(i+3)/2

if nums[m] < target
i=m+ 1 # target 7EER [m+1, j] &
elsif nums[m] > target
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j=m-1# target &R [i, m-1] &
else
return m # 3 target , REHENEZE m
end
end

i # KKE target , REHEANZE i
end

10.2.2 FHREEETENER

Question
16 b —ER A, B nfREE S ERITE, HERNE,

s R 7 E 28 target , RIREIE —/ri€s HEBR A A —{F target RIS, MiMEIAHEZCRN /AL
BIHIZEH 2/ target,

 H R B TR EA R R AR, F AR & ARSI b e i target KRG, V1205 EIZ IR E
10-5 FsHP BREHL,

1. YT ==, SEUER—1E target &SI, & k.
2. RSk BltG, mAEETHEME, EIRFIRALEN target FERE],

target

e

x ,.*\ PP

1. £=HESEES—E 6
2. BigEEHERAEN 6

10-5 #RPEE A TR AT AR,

4

W77 IREEAR T, (BHE S IEA ), RIEREERER O(n) . EEFIHEFEERZEEN target I, &
TTIERRRK,

B g e, iE 10-6 For, BEAEAR AL, SR/t BHRRI m, HHE target
1 nums[m] BIRVZNBRAR, 707 DA RERE1H DL

- & nums[m] < target @ nums[m] > target I, FRAFIBIRAHKE target , FILERAEE =
4/ N E R, fEmEfER « M1 j M) target i,

- Enums[m] = target Ff, FFA/NA target MTHEEERM [i,m — 1] 1, HIERH j=m — 1%k
fi/NERE, fEmAEREER 7 VR target BT,

&SRS, @ f8MER/CEN target , 7 HRAEME/NR target 7T, KRS ¢ S2 AL,
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15} 15}
| 12 [ | 12 i
i 10 i i 10
6 6 6 6 6 | 6 6 6 6 6
. E 1
*ia > m
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A A A A A
i j i m j
EE—53EE:
Wiak i, j DREARTIETR. BTR 1. tEFR&E m = (i + j) / 2
WERTHERS [i, j]
Step 1 Step 2
15 15
12 [ 12 []
10 10
6 6 6 6 6 6 6 6
gl mE 1 {
> im = a
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A Aoa A A N
i iom i om i
EE=ER: BB
1. st m = (i +3§) /2 1. 58P m = i+ j) /2
2. v nums[m] = target
Step 3 LT 5 = m - 1 RMESER Step 4
15 15
12 [ 12 []
10 10
6 6 {6 616 6 6
o | E 1 [} |
=R k| = o D
#l o 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A A oA
m i j im j
EE=ER: BB 3RS
1. stEHRE m = (i +3) /2 1. stEFE m = (3 +j) /2
2. ~ nums[m] < target
step 5 SBET Q=+ 1 RINESER step 6
15 15
12 [ 12 []
10 10
6 6 6 6 6 6 6 6
|
b TR ‘1‘ [ ‘
&3l o 4 5 6 7 8 9 #bl o 1 2 3 4 5 6 7 8 9
A
i
EE=51E8:
1. st8PE m = (i +3) /2 v FRETERYE: i< j
2. = nums[m] = target = BhiH=s)iE, EEm3| i
[step 7 LT 5 = - 1 MESER Step 8

10-6 — i TR AT AL BR

B DU NS, HE# 3% nums[m] > target Al nums[m] = target AUFRIEREIE, KILRIE AT DAS BE,
RIfEEanitt, FPSRAT DR R B i CR A R B, Rl 2 FLEHR BE AT, Al M sE 4T
# == File: binary_search_insertion.rb =

HH —NESEAM (FEEERR) #HH#

def binary_search_insertion(nums, target)
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# ¥Rt ERRER [0, n-1]
i, j = 0, nums.length - 1

while i <= j
# stEHEEERS| m
m=(i+3) /2

if nums[m] < target

i=m+ 1 # target &R [m+1, j] &
elsif nums[m] > target

j=m-1# target EERM [i, m-1] &

else
j=m-1# 5@ target WTEEERM [1, m-1] &
end
end

i# REFENE i
end

Tip

AREREARSA R “EHAEMT 5k, FEBNEE T BITEE AR Fik
REARE, —orESEIEURAATEIE 1 Rl e BE, BErTREE—EAERITR (BIA target ),
] gER —ETREE (BIE/NR target KI7TR),

FEAETHEE o, $81% M1 j ABENEL FCROE R H AR, R, EfE2 IkEIE R, sUEiiEis
FgfE L,

10.3 Z—HiESER
10.3.1 EHLER

Question
HE—ERER n WA nuns , HARIRERSEECR, HREMY| M RA—{H7TE target
&5l HEFIP A EZTs, ARE —1,

O =1 S 4H AN B 757, S 5EiE ¢ Bk /A — target , RIEEGEABAE ERiEAHRA—
il target BIZSI,

FRIEAEMBAMNHXEREN/OB R WER, HYIPRETNE target , BMEEATREEHLAT

- HRABTRIRG © B5R
- JeE nums[i] B target FHE,

EBE| DL EmEE R, ERORIE —1 BIAT, REXHEN RTR:
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# == File: binary_search_edge.rb =

#HHt oS5k —E target #H#H#
def binary_search_left_edge(nums, target)
# HEMNE# target AYIENES
i = binary_search_insertion(nums, target)

# KR#E target , &[E -1
return -1 if i = nums.length || nums[i] != target

i # #% target , REIES| i
end

10.3.2 EFHHER

HREEGN A s A — 18 target We? R EEMN TR BBSIER, BFIRALE nums[m] = target & NfE
PR R E, SR ANE, AEEBEE T LEITE,

N EBAM A 4H AR B ANEG 1 77 1

1. EREHEER
B, BMeT DR A ER R A TTENRARERRG TR, BEAEA: WEHRA M target BbA
A M target + 1o

niE 10-7 iR, EIRZERUR, f8EE ¢ faAR A —ME target + 1 (WSRAFETE), 1 j #&MIH&AE —1E target,
RIgE3R Ml 5 BEAf,

target = 6
nums
j i j i
EHRA—E
target +1
*H
EHRE—E EHRA—E
target target

10-7 f¢&EsAIR DA /B 5

AR, IREIAEARE ¢, FIETRERFERE L, MR ;-
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# == File: binary_search_edge.rb =

HH —H1ES5A—(8 target ###
def binary_search_right_edge(nums, target)
# BATHRE—E target + 1
i = binary_search_insertion(nums, target + 1)

# j {EMBRE—E target , i EMEM@EAR target WTE
j=i-1

# F#EF target , RE -1
return -1 if j = -1 || nums[j] !'= target

j # #F target , REIZES| j
end

2. BUREATE

FMAE, EESIAEE target I, B4/ G0 RFRREERR. /MR target TR,
Rlbt, 4niE 10-8 Fivw, FAMA] DIREE — S PR FEERTER, HRERAGER,

Eif A —E target : A DAL &) target - 0.5, MUREIFERE
ARG —E target : AJ DA L A7) target + 0.5, MOREHER

target = 6
- JEOO00000086
; ;o
) i)
target - 0.5 target +0.5
FH FH
EHfRE—E EHEA—E
target target

10-8 RIS SR A RTTR

RS EILERS, DU mBERTER.
M SIS/, IEERE BB DA i B S I TR T

K727 155 N TN B ARR R R P S Y target SO TRRREUEA (Python #EZHMEN),
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10.4 HERR(ELERES

TETEHBIRRE A, FRAM 5 0 A 2 s 46 X i 4 25 a0 R BN THU SRV RO IR TR . TRAMAE B — (s R
ARIMTERBR A
Question

457 F —EEEEEY nums FI—E HFECE target , sEEMAIFIER “F1” & target BIMEITR, I
RE'EMIFESN2RS], IR ENEE—EfETR],

10.4.1 #214EH: LSRR RI

FRERZEFTA TR G, WIE 10-9 For, FMBHR—ERmEERE, 750 A B SR 2 6 A
target, fisE, HERFEIEMIIRS,

target = 13

nums =

EHFEHES, 2ETMS
target BYAE&HFR(E]

10-9 #RPEE RN ECZ AN

RGN R ATR:

# = File: two_sum.rb =

HH HE— BHVIER  HH
def two_sum_brute_force(nums, target)
# MELE, RREEEES 0(n"2)
for 1 in 0...(nums.length - 1)
for j in (i + 1)...nums.length
return [i, j] if nums[i] + nums[j] = target
end
end

[]

end

MBI 2 O(n?) , SRR S O(1) , fERYRHR FIRHFER:
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10.4.2 H#ETH: WUTRIGREER

FREFE MRS, A DB RHYTRNITRRKS] BEEGRES, SRmEITE 10-10 Frsrbek.

1. HIETECY target - nums[i]l BEEMZERT, 52, ERRENEMETTRENIRII.
2. RSEY nums [1] AR5 1 BrERER R,

target = 13 target = 13

nums =

key TR key TR
p ‘ map = ¢ ¢
O © | %3l 1 | =3l
FEHET) nuns EZES) nuns
13 - 2 = 11 £ map © 13 = 7 = 6 FE map
- HTTE 2 FiME map - HTTE 7 FiME map
Step 1 Step 2

target = 13

TR

“”=[HMeEb[§] }ﬁﬁ

EFET] nums ,

© 13 - 11 = 2 7 map
~ BETTHEEGRS| [0, 2]
Step 3

10-10  HHENAEZRFOR AR R A

BEEXIEN MR, (EFREEEERA]
# = File: two_sum.rb =

HH AT SHBIMEAER
def two_sum_hash_table(nums, target)
# EBMERER, THEEES 0(n)
dic = {}
# EBEEE, RREEHEES 0(n)
for i in 0...nums.length
return [dic[target - nums[i]], i] if dic.has_key?(target - nums[i])

dic[nums[i]] = i
end

(1

end

W BB R R B O(n2) BE% O(n) , RIBETHITACK,

IR T A — RN ARE R, BRI MEREE S O(n) o MEEWIL, %07 ARG 2008 o 2 21,
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10.5 EHIESERE

EREZE (searching algorithm) FRTEERIAINE (BIANfHA, SEAGERSY, fHeliE) R — s —Hii e
REERIFRITTR,

AR ARRE TSR 70 % DU R,

- EBERTRRIASRACE N H TR, BIanfEs], SEakeRs, R A E A,
- PRI A R BRI S e, BBIRMBOTREN, flu =i, MR A ool
AHF,

THEEEH, JELEREE ORI R RS, FE SRR M AR A, fEAHF, X
FIRTEE MRS ATIN, HEHEFHEESERR

10.5.1 #hHiEs

2SR E TR R ETT R ACE M BT R,

© RRMEEET B RRESIISEAS RSE AR BRI, IR AT R — bR, ZEFIEITR, HE
3 BT REENE S —unl i A IE HAT R M1k,

C CEEESTEST M REESE R R EFIS I IEE ARG, B ST S IR ETR A6 2
=, HOEMIRMET TR, IR B SERIGERERG, W — R IOESIEE, F g el
A, EEEH e R BRI

2 ER R AL, SERBRRRHSrE PR BIMG RO R

SRIT, MREEIARIRBEAREZ O(n) , Hbn 2uREE, FIHEEREBRARIED NUEEERZE,

10.5.2 BHiEfEES

HEEE SN HERREEE (GInEaFh) Rt isa, 1EmEmsutE s HETR,

- s MAERINA PR EB SR, (SR,
- MEEERT MAMBERHE SR B RRE N B R, 1ET B AR,
AR ERUERTEIEE (B ool Hh, B CRERG E A IR HERR B, e A TR,
SRR ERERCR S, MBS ES] O(logn) £ O(1) .

SR, MEAE R RIAE R E R R THOERL, B, — s RETAEEETHY, Mk
R RN R EAE BN R SN A, MR8 L BRI th 7R SRR SN IRe R R 2 e el B

Tip
A s RTA T N A AR, RRRERE B R R DR HEDT R
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10.5.3 EZ7A57EEN

MER R n BRI DMERR S, e, B, EERS AT R EE
TLR AT TAR TAE R ERUN[E 10-11 Fim,

SEEE o(n) HETM 0(1) W\ key & value

28033539580

AAAAA
KRMEEREDY

Z51E8 0(logn) 7 0(logn)

EZ eSSt

MR R
oJ1[2]s]4]s[e]7]8]o]
—

RIREN AT SR ER

[ 10-11 227 = 50K
IR RERE T IR AR ERCR B A 3R 10-1 B,

% 10-1 EFEHEFNERE

st s 5 i R
AFHTTR O(n) O(logn) O(logn) O(1)
fAATCR O(1) O(n) O(logn) 0(1)
LillEveS O(n) O(n) O(logn) 0(1)
BRI O(1) O(1) O(n) O(n)
ERLFE R / ¥ O(nlogn) ##5 O(nlogn) #ikER O(n)
BRESHF i35 2 A A ELida 2

BTSRRI, a3 0REEOR, BRI AR B RS,
L=
- EAVERGE, HEAETERITER PR, (RUNRFETR L — KGR, IR HA =177 TRA R TR R B
AOHRe A AR P HE 2 AR DB ZE B
- EARHEREUNTER, TN R A SRR
- EARERERURRR SRR, WA AN TR SRR T TR M
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o=

- OEARKERENEDN, SRRBREE, RERMERES O(logn) .
- BRIEAREIRR, R Zyfk i beA R A A A TR e
- BRSNS R, R M A RS A R B A

M A

- EEBE MR R R ESGR, FHEREEIRES O(1) .

- NEAHEAFERSEEERNSR, RNAMRRERMEEERE T,

- PR R S UNIRER 1 SR BRI AU e s, A EORRTRRE S LR R,

- PEEEREIEKIIEDT, BAMRR TSNS AR AR R D &5, Mgt R i &Rk

[\
HEo

- EFRHERER, AR ER A R SRR R R 0 B AR

- EATHREMEE A PR s E AR

- TERHEN M ERRSERR D, ToTiE ST REAE AR MR, RRIBIEEESE O(n) -

- A AVL B SAT R, RISERIERE O(logn) HeR FRREHAT, (R4S E R 0F e i s
SRS,

10.6 /&E

1. EEL[CIEE

- DoEsOEERE Y, BRI ER D GRS E R AOE TER, BERMABREF, HE
188 FH TR L8 B TR 27 B B A S e A

- BRIESERET BRI RACT AR, AR S0E RS RIS B8, R et S IR
0 AR A, WEEEIRE A, SCERRRLE TR, (HIRFREAEE O(n) B,

- MERAER, BIESN o EesEREGRE ST, AERE BRI h PudE 7 BT R, TR
Mo, KEERERE O(logn) #£2 O(1) , H@HFHEHBREINERAEE,

- EFR, RMTEBERR, EaREER, ERERN RSN RE TR, EmEES
NS YARrS

- MR EE AR NUSSREE ISR, oSBT, HUPRIER, REREE AN B AR
FREORE e H AR 0 R A AR R s i 7R S R NE e A SR R S R B RE R

- MR AR AR M A — R T AR R B TR R SRS, AT R RARIETE O(n) B2 O(1) ©
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F115E HF

Abstract
HE iU — O RHRBLE AR P B AR, (HFRIMRE DA &k 7y SRR g B R B ke
R T, BRI EHEY, Hipa R ER TR RIS E,
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11.1 HIFEEZ

HFiEEE (sorting algorithm) AIRS —HERHZ IR EIEFEITHS . HFHEEAERIZAEN, FX
AP ERRE F RES S MO, AT IR EL,

qniE 11-1 s, HrEEEPRERRA AT DURREEL. PR ForsTHSE, HE RO I AT AR SR R 5K
ROE, BRI/, T ASCIIL HENEFP Y H & R,

EREFNFFEY

HRFHFAIFFSH

EREERRUAFES

11-1 BRI B B AR A1

11.1.1 HELEE
BATECR . BAMEAEH R EE LR R S R A, HARRSREEER /) (RRRIEME P EEIEEE N,
HRKEREEN, BUTHRESILAEE,

Rt A ER, RHRIEIR AR - ERAREE Y, SRR RSME N, 1E A R
B, EHEWERT, Bt ERHRE R, SUTIEE D,

RErE: BEHFAEESHIFR, MHSETTRERSHHIABIE P A 34 s,

REH R R 2P 5 R AR E R BRI — A2 EMAIRRS, 5 1515 2 510 B2 2
ik, EIEMEBIT, FEEHFATREEE AR A TR

# BMANBHERRY R AT

# (name, age)

('A', 19)
('B', 18)
('c', 21)
('n', 19)
('E', 23)

# (BREAIEE R BB E R T R,
# R ('D', 19) A (A, 19) WABRIENE,
# BNEREREHENERE

('B', 18)

('D', 19)
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(A", 19)
('e', 21)
("E', 23)

FIEIEYE: B@EaE e s A i AR CARIER B aURED R R, R EENREECR, BEET
T R TR ) B A P R R P 5 (B 1P g B P MR

AR EREBRNHEIFMELEER T (<0 =, >) KHABTRIOHEINER, 7EmHEsE e,
MR R R 2 O(nlogn) o MIFLLEHIF A LLBGER 7, RREMERE O(n) , EHEHME
M,

11.1.2 BEHIFEEE

PUTHR, L, R, BEEE. JEMPELE. B, IESRIEMOREBIRA DL ERTERHERHEE AR, K,
FERHE IR, TR AR B A R R AN R RERR SR AR ERE

R, TR ILRISE SR AR, MR LR SHE M B A HE e T R TR B A ET 04

11.2 #EHF

EIEHF (selection sort) AYTAEFEHEHERE: FM—IEERE, SWRICAHFEMERR/DITTR, fFHK
FIEHFEERE.

RIS n, EEHP BRI E 11-2 iR,

. PIEIREETR, FTETCRAHT, RIARHT (R5D ERMZ [0,n — 1],

R [0, — 1] PERANER, HHEERS 0 BRTRRM, sEiig, MEH 1 ETRCHT.
EEER [1,n — 1) PIRANCR, REERT| 1 RINITRSR, e, MEET 2 Ry,
o DARSEHE, #6080 — 1 WSRE YR, [IET n — 1 EoREHRF.

- ERE—ETRAE R RATTR, HAENT, BIESIHER .

KHIFER FHIFER

. @ - @
Aoa i
i k
21 mE 1R
iﬁ*}#ggﬁﬁx BER/TR nums[k] E%ﬁﬂiﬂﬂ?@lﬁ, BIER/NTE nums[k]
HBNTR nums[k] FRHFEMNEETE nuns[i]

Step 1 Step 2
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RHFEN KHFED
Pk -

%2 nu % 2w

ERHFER, RARITE nuns(k] A

ZHBRTR nums[k] FFHFEMMEETR nuns[i]

Step 3 ] Step 4
KHFER RHFER
- (00000
i k
# 3 W %3 B
: - M
EWRHFER, BBR/TE nuns[k] EHRAFER, BIERTE nuns[k]
TR nuns[k] FRHFEBNEETR nums[i]
[ Step 5 ] Step 6
KHFER FHFER
- 00000 - 08800
i k
; 4 g ; 4 W%
EBFRAFER, RER/TR nums[k] téﬁﬂiﬁFﬁfEFﬂ, SBIERTE nums[k]
TR nuns[k] FIRHFEMNEETR nums[i]
[ Step 7 ] Step 8
RHFER KHFER
nums nums n 4 5:]
A A —
i k
; 5 W ; 5 W
EHRHFER, BBR/ITE nuns[k] téﬁ;ﬁg;[:ii@ﬁﬂ, SBIBRGTE nums[k]
TR nuns[k] FRHFERMNEETR nums[i]
[ Sxp O ] Step 10
KHFER
nums
%ﬁ#ﬁ (RsF—ETRERAE
Step 11

11-2 BEEH PR

AT, WM kARG EE N &N TR
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# == File: selection_sort.rb =

i EEHE
def selection_sort(nums)
n = nums.length
# SMERE: RHFEMZE [1, n-1]
for 1 in 0...(n - 1)
# NIEE: HRIXRAFERNNR/NTE
k =i
for j in (i + 1)...n
if nums[j] < nums[k]
k = j # s/ TENES|
end
end
# s\ TRERHFERNEETERSR
nums[i], nums[k] = nums[k], nums[i]
end
end

11.2.1 EEZXEHE
- WSIBGEREZ O(n?). JREDEMEHERE: SMERESE n — 1, B WIRIEFERIRRES 0, RE
HARHFERRE S 2, ESHANERANIE S n, n— 1. .. 3. 2WPuiEH, kg U2
C BGRRE Sy O(1). BB : f50 0 A1 j (6 PR RO/ NI RSN .

- AEREHEE: aniE 11-3 R, JTER nums[i] A AIREHC BB EHAMSFRITRIAIE, SEERHE
N7 3% A A B

FHFEM

oo
BITE RS

FHIFERM
30 0O
SERR R — IR R,
MIETE 4 EESAEEET RS

11-3 EEHEAERE R A

11.3 @%HiF

EAHF (bubble sort) JZI@IHA M LR B IR T R BB AT, SSRGS R T 2ITHE — 4K,
S AR .
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Gnie 11-4 FroR, B IEERE AT DRI TR A AR F AR (ERRS e e sm B da A E 7, MR LA TR AR
N, WIS HETER > AR MR H, BRI, RARRITTR GRS EIEIA R A .

- @000Q0 - 0Q00Q0

REFIARRE—H R

TEEREANEEMBARIELL
WEEREHBMTR:
v EBTE > GETE

nums ‘\nana - RMEMETE

| Step 1 Step 2

- 080000 - 200000

WEEEEHEMTE: WEEEEHEMTE:

v EETR > AETR v EETR > AETR

~ ZIMEMETE -~ IREMETER
Step 3 Step 4

nuns 0°0°°O nums gegcéc

WEEGEHBPTR: WEEHEREMBTR:

v EBRE < ABTE v EETR > B8R

o MR - RHGEMETER
Step 5 Step 6

KIE KE
nums o e o ° o °

(B9 n-1 EREAHE |

EHTERE,
BARERTHKE

11-4  FHTTER R e E

11.3.1 EBEZRIE
MBI RE A n, EEHEF S BWE 11-5 iR,

L B, ¥n ETRIT B, FRESINERTR LR IEMAE,

2. BERAR, HFER n — 1 E7TRAT “BilR”, 8 ORI E,

3. DAMCESE, &l n — 1 “Bil” &, 6in — 1 KECREP i IEmA E,
4. (R —EReE BRI TR, BANR, EIRESIHER 72K,
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B A

B9TE

- 00008
HITE 1 BER
ooDoBno |

7% 2 WES

BITE 3 WEER

a0 e

BHITE « BEA

0800

BiT%¥ 5 WEE

088000

FeRHE (RIgf—ET=ERET)

@ 11-5 R HiE

RIS
# == File: bubble_sort.rb =

HHt SRR HH
def bubble_sort(nums)
n = nums.length
# IMEE: KHIFEMA [0, il
for i in (n - 1).downto(1)
# NEE: EEREFER [0, 1] PHRATERREZERBNRAIR
for j in 0...1
if nums[j] > nums[j + 1]
# 3 nums[j] 2 nums[j + 1]
nums[j], nums[j + 1] = nums[j + 1], nums[j]
end
end
end
end

11.3.2 MEREWL

SRHFFFER

[01

[o,

[o,

[ay

[o,

[o,

5]

4]

3]

2]

1]

o]

BeMEEE, RE R "R PRAPITIEA R ERE, SIS CEseidlly, ATERREGR, Hit, [

DA I —(EREEEAL Flag AREXANGREME DL, — HHEBIRAZ BNEE,

FOBEAEA, IR B2 R A A A R R AR 0 % O(n?) 5 (HEB ARSI 27N, Al

FFR AR O(n) o
# == File: bubble_sort.rb =
i EERHE (ERSREN) HH

def bubble_sort_with_flag(nums)
n = nums.length
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# SMERE: KHFERS [0, il
for 1 in (n - 1).downto(1)
flag = false # #JIATLIZEEML

# mMEE: FRHFER [0, 1] PHRATERREZEBNRAIR
for j in 0...1
if nums[j] > nums[j + 1]
# 33 nums[j] B nums[j + 1]
nums[j], nums[j + 1] = nums[j + 1], nums[j]
flag = true # =CERTHATTE
end
end

break unless flag # IttEs “B/E° RIMWEMTE, BEEHE
end
end

11.3.3 BHEZEH

- IEHIBHE R O(n?), HEREHNE: &6 B0 EFHNEFRERREL — 1. n—2, ... 2. 1,
#FIZ (n — 1)n/2 . 1E5IA flag iR, REMRBERERNED On) .

- BHBGRER O(1), FHHDT: 4865 ¢ f j (R FEEOO RS MR,

- RREHEE: BRE CBIRT B TR,

11.4 EANHF

HNHEF (insertion sort) 22— AGHEFIEIRTR, TR TIEREE PR R — IR AE AR IE R AL,

B, BRI MRE TR, KR BHARCHPERBETRZE — gD, A
LR A IERERINL B

11-6 /R T RSB A TR AIVIRIERE, RAEMETTER S base , RITTFEAIEBIERTIZ] base ZHHIFTH
TLRAGRE 0, K% base MEL HIERS,

) u
880088 -

nums[5] = nums[4]

#&xE 3 HEBAE nums _ . N
" SEiETERR
BB R (i MRl 1 [ 1 [2 ]« [5]s

T~ nums[&4] = nums[3]
B888008E
= 8868000

nums[3] = base

eenss L 2000008

11-6  BLUGH N IRIE
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11.4.1 BEZRIE
$7 N HE S s e Rt [ 11-7 FoTs,

L. WIGIRRET, FAIRYES 1 BT R E e,

2. BEEFINTE 2 HICRIER base , HMHMAZIEMAER, MSIRGET 2 fcR iR,

3. BICH 3 ACRIES base , MFHIAAZIEMAER, WSR3 ek CHi.

4. DURSESE, fEmRE—dnh, EEEE TR IER base , MHEMAREMAER, FifixiRIcHy.

BHFER

[0, o]
[, 1]
[0, 2]
[0, 3]
[0, 4]

[e, 5]

11-7 A7

RIS :
# == File: insertion_sort.rb =

i SENEEE
def insertion_sort(nums)
n = nums.length
# SMERE: BEHFERS [0, i-1]
for i in 1...n
base = nums[i]
j=1i-1
# WIEE: #& base HWAZIBHFEM [0, 1-1] PHERGE
while j >= 0 && nums[j] > base
nums[j + 1] = nums[j] # #& nums[j] MABHBEH—L

j-=1
end
nums[j + 1] = base # #§ base MREZIIEREMUE

end
end
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11.4.2 BEZFH

- WEEREE R O(n?), HEREHDT: (RN, BUEAREIHIFEEE . — 1. n—2, ..
2. 1R, RAMEEN (n — 1)n/2, WIS O(n?) . EESIGRF R, iAREGIRAK
ke BRI RE TR, AAHHTERRERBERE O(n) .

- BHBRES O(1), WHHbT : 4868 ¢ f j (R EEO RSN SR,

- RREHEE: ERAREEET, RMERTRBAZMHETRNGN, TEUEEEMrIER,

11.4.3 {HEANHIFBES

FAHEF R A 2 O(n?) , MFMETIE2 S A POdHF R R 2 O(nlogn) o fREREAHET
AOiRe I AORERE S, (HAERDRHRBOMOTEDL T, idAHE I E i,

TS 18 sl B AR VA SN — 0 S A A I DL AS RO, POl HEFIE M O(n log n) MITEERIE BN 016
SRS HHE PSS, A S S UTE R, TERRHREUNE, n? Al nlogn MBUE ISR, ik
JEAME TGN, B A BT R FBOR AR B DRE MR

BEEE, #r2EAGEES (B0 Java) FINEHDFERM THAHNY, KEUERZS: BIRREZ, SRAZER
SHERMSHIH AR, Flntigdtr; BN, EREREATER.

BESRIETRHE RS, RIEHE RIS A HF R R B # 2 O(n?) , (EAEEBRRENH, FAHEF IR SR
HRRIETRHE AR, 3 EA DR ER,

- RHP RN TTR AR E T, R AR R, RPN 3 (E BT, AR TR EE
B, (7% 1EETHiE, B, WURHEE RSB S 5 LR AT 5.

OREHF AT PR S O(n?) o WUREE ML A IFIROR!, FAHDTIE 5 L%
FRHEP R T .
B AR, BERERR .

11.5 HRiEHF

BREHF (quick sort) 2R IMERISHIHEF AT, BTaik, BHEZ.

PIEHE OB “IHI#l 7y ", HEER: BRI PR ETTRER R, AFTH /MRS
HITT BB HAR, MAREREE I TRBEIHAMN, BREAGR, THIeE R E 11-8 For.

. RIS B eI ER A 2 R TR R, WUALRIETEER 1 70 3 20 BTG AIRES I .
2. o — ek, TiﬁAﬂF‘ﬁﬁH i (3) mhlsE—ELERER (D) BTR, REZRIEWETR,
3. EEHITHER 2., HF 1M j HIBRHEIE, BRI EEC R S miflE 1 FHA ) 7 5.
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[ step 1 |

def partition(nums, left, right):
[R———
i, j = left, right
while i < j:
while i < j and nums[3] > nums[left]:
while i < j and nums[i] < nums[left]:
i4m1
nums[il, nums(3] = nums[31, nums[i]
nums(i], nums(left] = nums(left], nums[i]

return i

ster 3 |

nums

def partition(nums, left, right):
[N
i, j = left, right
while i < j:
while i < j and nums[j] > nums[left]:

while i < j and nums[i] < nums[left]:
i+=1
nuns(il, nuns(3] = nums(3], nums[il
nums[i], nums[left] = nums[left], nums[i]

return i

nums

def partition(nums, left, right):
e RR
i, j = left, right
while i < j:
while i < j and nums(3] > nums[left]:
j=1
while i < j and nums[i] < nums[left]:
i4=1
nums[il, nums[j] = nums[31, nums[i]
nums[i], nums[left] = nums[left], nums[i]

return i

BEY

Step 7
left

nums

def partition(nums, left, right):
gy
i, j = left, right
while i < j:
while i < j and nums[3] > nums[left]:
j-=1
while i < j and nums[i] < nums[left]:
i4=1
nums[i1, nums[3] = nums[3], nums[i]
nums[i], nums[left] = nums[left], nums[i]

return i

# BA nums[left] AEEH

# WEREREE M ERHNTR
# WERGREEANEREMNTRE
# SHREMETE

# BEEHCIAERTHTINS R
# EEREHNF|

# B nums[left] REEH

# WERAREENBEERNTR
# WEBGHEBEARNSRMNTE
# REMETE

# HEEHCHAERTEYINSFAR
# BEREHNFRS|

# B nums[left] REEEH

# EEARE B EERNTR
# WEBGHEBEARBREHNTE
# REMETE

# REEPCHRERTFEIIRS TR
# EEREHNRS|

right

# LU nums[left] HEAH

# QERERE R EEMNTR
# WEBEREEAREEHNTR
# SHERRTE

# RBRYCHRERTHEINS R
# EEREHNRS|

[ Step 2 ]

nums

def partition(nums, left, right):

,. jgyn

i, j = left, right
while i < j:

while i < j and nums[3] > nums[left]:
j-=1

while i < j and nums[i] < nums[leftl:

i+=1

nums[i], nums(3] = nums(31, nums[i]

nums[4], nums[left] = nums[left], nums[i]

return i

Step 4

nums

def partition(nums, left, right):
R
i, j = left, right
while i < j:
while i < j and nums[3] > nums[left]:
j-=1
while i < j and nums[i] < nums[left]:
i4s1
nums[i], nums(3] = nums(31, nums[il
nums[i], nums[left] = nums[left], nums[i]

return i

BEH
left

s

nums

A
j
i

def partition(nums, left, right):
M T
i, j = left, right
while i < j:
while i < j and nums[j] > nums[left]:
j-=1
while i < j and nums[i] < nums[left]:
i4=1
nums[i], nums[3] = nums[j1, nums[il
nums[i], nuns[left] = nums[left], nums[i]

return i

=0

def partition(nums, left, right):
[N
i, j = left, right
while i < j:

while i < j and nums[3] > nums[left]:

j =1

while i < j and nums[i] < nums[left]:

i+=1
nums[i], nums[3] = nums[j], nums[il
nums[i], nums[left] = nums[left]l, nums[i]
return i

# LU nums[left] AEER

# WEREREE N EEHNTR
# PERGREEAREEHNTR
# SREMETR

# BREHSIREMT ISR
# EEREHNF|

# BU nums[left] AEEM

# WEREREE N EEHNTR
# REBEREEARERHATR
# SEMETR

# HEEMCHAEM TINS5
# EERAEMFT|

right

# BU nums[left] AEEM

# WEREREE N EERNTR
# REAEREEAREEHNTR
# ZWEMETRE

# REEYCHAZMFEIIRIS R
# BEREHNRT|

# BUnums[left] AE2EH

# WEREREENEEHNTE
# WEBEREEAREEHNTR
# ZEWETE

# RRRWCREHT MRS RS
# EEREHHFS|
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Step 9
BEY

v
nums ‘nnnnna‘

EFES HFES)

‘YRS SERER, WEMTHRE
EFESIERTE < BEM < ATFRIIERTE

11-8 Il 25 BR

W SeE| e, TR R = ARy e RS, R A, Hike A rESERETR <&
R < A TEIUERITR". Wi, B TARATEISHE T EE THER

PRIEHE I 7 6 R
VS 1) 5 1) B 1S MR R 1) ) I e L 1 2 119 R R 371 I e P

# == File: quick_sort.rb =

HH HER D
def partition(nums, left, right)
# LU nums[left] AEZEE
i, j = left, right
while i < j
while i < j 8& nums[j] >= nums[left]
j -= 1 # AR HREENREESNTE
end
while i < j 8& nums[i] <= nums[left]
i+= 1 # REAAEREEAREESNTE
end
# TR
nums[il, nums[j] = nums[j], nums[i]
end
# EEEHINE TSI FRAZ
nums[i], nums[left] = nums[left], nums[i]
i # REEEHNZES
end

11.5.1 EEZRIE
PRIgHE R RS RGN ] 11-9 TR,

L B, BHREEAIT R “HEED”, BEIRHERE AT ESIRA TR,
2. 1%, BT RESIRAG TR BRERAT i),
3. FHEIRE, EEFREYHRER 1L, 7Em e s E s I HE
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- @00080 \
BARGER
o0D0B80

THECRIS

EE e

ETEFET BEH TS >

00-: 080

RS THEBS

08 -80a0

wBEE || #IbEE EIEEE

11-9  PREHEF e
# == File: quick_sort.rb =

HH IRRHEFLER
def quick_sort(nums, left, right)
# FEFREARS 1 KEE
if left < right
# HES D
pivot = partition(nums, left, right)
# IEEATREY. GFET
quick_sort(nums, left, pivot - 1)
quick_sort(nums, pivot + 1, right)
end
nums
end

11.5.2 BHEZEH

EOFEFI#®T “HEE5”
BEEFRFIRESR 1 &L
BIRTSERR RS

- IR 2 O(nlogn). FREREHNT: 1EF5EN T, WERHDFIEEREES logn , BEHH
SOERE S 0, BRI O(nlogn) Rifdl, ERZENEILT, SEMIEIE M RIEMARE R n H5E21]#]
SRRSO n — 1 IUME RS, ICRERIEEE0EE] n, SERIEEES n, S8ER O(n?)

IR

- BHEBGRES O(n). RHHDT : E@ A5 2B FIEN T, EIREBRERE n, £H O(n) #

B, He BRI AR RS BETR, AREEBHESNES,

- AR HDY . EWEREIDRE W, HEERATRE G R ERETRIAH,

11.5.3 RiEHIFHMTER

e ERiRER t, PORHFFERCR T HEZAEA —ERES, @8 PR TR R E R R S0k

R A CHEREHERT AR, (S DORARRORCRE S, EEARERE,
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- BRI RERAUR: SRR BB B O(n?) , WHETHEFRE, HEEK
ZHIEHT, PudHFRETE O(nlogn) AR FEUT,

- PRIBERIRCR S EHUTIH B MRIERE, RO IRE 7 RS A SIRER, R TT R RR 5
o Mg “HEREHEE” EEHEARENEAGIHITR, Emik=iE R,

- BUHREREBURBUD: £ ER=MEEEAT, POdHEERI bR, BRE, SR RERREER D, ER
AT e “TERHERT SRR R L

il

11.5.4 BEHREWL

POEHE P e R Ll PRI RSCR Al RERRIC, 22—kl 7, IREmAFSIZ 22 fPR, HRTErEE
BREUTTRIE AR, BN RE D IR, AREPEREMY I RA W, B TEYIR-ER n — 1.
AFHPIRER 0, WIRE NE, SR EEIMEAE —~EFESIRER 0, 2IARIBRN, Pudir
BACZRy R RERIE R,

7 T BRI GUSHE A, AT DUR AR el o rp RSSO IGRIE, 140, FRAFTR] DAREHOEE —
ETCERIE AR EL, SR, WSRIESCME, SEDESIA BRI RS, BRI ERIAE.,

RETENZ, BRAGESERARNE “RRERET, RIS RER BT 7R — R R R R B,
R DO HE 7 IR TSR AT RES L

VPG, AT DAERS IR = A g TR CEREAMSIE, B, PRITR), difieE =k
TCRAPPO B E 2 AL E, JEhE o, FEH BB AR BIBRERIERT. B, BINER L
B 2 e, DUE— SR m AR, SRS, RREMESKE O(n?) MHERK
KFEAR.

REIREAEEATT
# == File: quick_sort.rb =

tHH EEN = (EfRETT R E

def median_three(nums, left, mid, right)
# EEN = (BRI RAVP(IEL
_1, _m, _r = nums[left], nums[mid], nums[right]
#mE1LTMr Z2H
return mid if (L1 <= _m & _m <= _r) || (_r <= _m && _m <= _1)
# 1L EmHMr ZMH
return left if (Lm <= _1 && _1 <= _r) || (Lr <= _1 & _1 <= _m)
return right

end

tHH HER S (ZEENRE) #H
def partition(nums, left, right)
#HH# Ll nums[left] BEEE
med = median_three(nums, left, (left + right) / 2, right)
# BRI E S R
nums[left], nums[med] = nums[med], nums[left]
i, j = left, right
while i < j
while i < j && nums[j] >= nums[left]
j -= 1 # tAREREENREESNTE
end
while 1 < j && nums[i] <= nums[left]

i+= 1 # WEMEHREBAANEEHRNTR
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end
# TR
nums[il, nums[j] = nums[j], nums[i]
end
# BEEHMEM TSI FRZ
nums[i], nums[left] = nums[left], nums[i]
i# REEEHHNZES|
end

11.5.5 EEFERENL

TSR R, PutHb aREM SR 2, DIE A 7 v AR 206, SOREH TRy IRE R m,
T E R EE A EA RE S 0 NATFRAIFREZS m — 1 G FEY], 1EERE S — g ik g &b
RERRAERE /N (R —@eR), RESNSEEER n — 1, HRFEGH O(n) K/NIHERIE
FEﬁo

2T -SRI B, FRTAT DAYE SRR SR s, R TS R, RN Thiis)
YEFTRIE, RS TRISIG REER Sl n/2 , RIS AR OB R R log n , TR
SRR R O(logn) » FEREL FFT:

# == File: quick_sort.rb =

HH IRRHF (REREREN) HH
def quick_sort(nums, left, right)
# FREFIRER%S 1 FpEE
while left < right
# HEESD
pivot = partition(nums, left, right)
# HmEFREY R ERAER A ERI T REHEE
if pivot - left < right - pivot
quick_sort(nums, left, pivot - 1)
left = pivot + 1 # FEFRHFEM%A [pivot + 1, right]
else
quick_sort(nums, pivot + 1, right)
right = pivot - 1 # FEFRHFERZA [left, pivot - 1]
end
end
end

11.6 S#HIF

BHHF (merge sort) BN IMAERISHIHF A, WEE 11-10 Forg “81237 1 “G0F BB

L 5y REBE: BRI R B8 8 A o B, S R B 1 P Pl REL LA 2% 6 e O e P L
2. GOREE: B RYIRER 1R IEE Yy, BRGSO, RS mEERE A RS & OF 2 — 18
RIVAFHZI, HELH,
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FEEEEEEER

Bl PR

... WE
S

SRR

11-10  AfFHER RIS 73 B 5 R B

11.6.1 BHEELHRIE

qniE 11-11 Ffos,  “E o BEEL” 8 TH 2 SRR X i Bz (e R 1) 20 25 w1 fei57

1. GRS E mid , RIEE 7MY (&R [left, mid]) A% (&FE [mid + 1, right]
)o
2. BEHITHER 1., AETFMEYIEMRER 1 R ILE,

“EORER” R THMR = TR A & 0F 2 — (E A P isl, REERRE, ERER 1 HFRH5I5
et AUFREEEREE T AR A P,

2880 J 2880
prsch kg RTEIS a
‘\ ........................................... HESHEE ’ ............................................ HREE
( 1= ‘ 31550
Eas ‘ EEst ’
| Step 1 ‘ Step 2 ‘
(7]=]2]¢) [ G880
prizici b ‘ EE#HS <
‘ bt & i
EEs EEs -

Step 3 ] [m
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BERS < Baws -
BEEE REHEE
SR FRUER
EMAH < EHAH -
| Step 5 Step 6
b 4101 U, EOES
_ wmgEa BWREE
EJ1=C50 L3100
E#Est < E¥EH <
Step 7 ] Step 8
BERS < Bews -
REHEE
FRUEE
EMAH < EHAH -
Step 9 Step 10

11-11 SffHEF R

BB, AOFH P B TR AL 3 IR E NE 2 — B,

- RN SRR TR, FREG R, REEFARETR.
- A SSREE TS, ERES T, RIREE S P

AU ERG DA RIS TR. s5ER, nums INFFEDFIERI A [left, right], T tmp FUSHRERE R A
[0, right - left].

# == File: merge_sort.rb =

#HHt S FESIMGTFEY  H
def merge(nums, left, mid, right)
# EFEYERZE [left, mid], AFMEFIEMZ [mid+1, right]
# B —(EERRSRETY tmp, AREHREHENGER
tmp = Array.new(right - left + 1, 0)
# R A TS A FRESIREEZRS]
i, j, k = left, mid + 1, ©
# BEEGTFREIEEGITERR, ETHHRILGE N TR E R E R ES
while i <= mid && j <= right
if nums[i] <= nums[j]
tmp[k] = nums[i]
I +=
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else
tmp[k] = nums[j]
J+=1

end

k += 1
end
# TSGR BRI ER T R N E R RS
while i <= mid

tmp[k] = nums[i]

i+=1

k += 1
end
while j <= right

tmp[k] = nums[j]

j+=1

k += 1
end
# SERRFES tmp FRAVTTREREIREES] nums RYHFEREE
(0...tmp.length).each do |K|

nums[left + k] = tmp[K]
end

end

HH SHHE  HH

def merge_sort(nums, left, right)
# ARIEEH
# EFEIIRES 1 KR LLEE
return if left >= right
# FDPEEL
mid = left + (right - left) / 2 # stEHEZ4
merge_sort(nums, left, mid) # EEEFFE
merge_sort(nums, mid + 1, right) # IEEAFFES
# BHIEER
merge(nums, left, mid, right)

end

11.6.2 EEZIFHY

- WERIBGRIEE 2 O(nlogn). JEEUEMEHEY: 8159 /E R % log n IIEIER, 4518 & DHI 4RI EBUR
Zyn, FULAEFEIE % O(nlogn) o

- EMBHRIES O(n), IR SBERES logn, (#/H O(logn) J/MUMERIER, &0k
FEHB MBI B, 1 O(n) K/NGEINR,

- BRI TECURRER, A5 R R R,

11.6.3 SE4SERTIHERF

SHAGRAEERDY, & DHHER AR A Pk B R 5, 1T DB S (B 2 AR B
E0(1),

- Al REBE: ATDAGERT A7 R IR ACE B R A o> AR, (EIE 2RI i A HE AR e
© APREE: 1ERASESIR, EIREERHERSEES I (e HRTEE, RS GEmfEEs
Frifs R SOt R — A RA P lai R A1) EEEN RN R A,
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HEGE AN L, A R p S v] AR R b E T 238,

11.7 EFEHIE

Tip
BRI AETRT, FERERCERSE “HERE™ =,

MR (heap sort) /& — MR EDRMGS BB S RCHE PP RTR, FRMTA] DA A CAS SRRy “HHERE
BAE” M1 “TCRHHERERIE" EBIHEREHT

L. S PRSI S/NEMERS, IR iR/ N TSR A R HERATE,
2. NEFTHHERRE, XRCEEHERDTR, RInlS2IENEIRHE R 5,

DA BT TRREPARIAT, (AR ERER— RSN S A 7 BT R, R &M, EEPRT, BMNEEEH
— AN AR B 7T

11.7.1 BEZXHE
SREFI RS n, HEREHEE AR 11-12 FTs.

L. #@ PRSI RTHHER, SEiR, RATTRANHERETH,

2. FERETECR (B —irc®) BMERROTR (RE—ETR) . Elsig, HRRER L, B
HiPeREEM 1.

3. TEHERETH TR, TETHBRBITHRELIRIE (sift down)., SERUEREILTE, HEREIMEESINEE,

4. EEITH 2. PIE 3. D WE n — 1 @WER, BRSSPSR

Tip
HFE L, TREMREREPHEEE 2. PHE 3. P, HEZ 7 —EHETRIPER,

N SN

SERHIF SETRHIF

/ \ / 1. BARBIERIER / \ - 1. WAl

2. EEMHSERPRBATR
(1) RIERRTREVERRTR

__4

\ ° 4

[

MY FTRRT
ERMNEFIRT

=

EHFERM

HRNERER

| [
SERRTR HRETE

Step 1 Step 2
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0060

HAENEREN EHFEN

nums

| step 3 |

oo

EMNEREN SHFER

Y

nums

[step s |

@
© o
000

HRANERER BHFERR

nums

| Step 7

e o
000

EMNEREN SHFER
—r

nums

[step s |

000

HENEREN EHFERM

|s:ep 11 |

ST

1. BNEFERER

2. EEMSERPRIRATR
(1) WEFRTRBEERTR
(2) RTRERETHERW

SERHF

1. BNFREFIIEER

2. EEUSERPEREATE
(1) ZSERETRBERRTE
(2) REERETHERL

ISR

1. BNEFEER
SERPIREURA TR
(1) WERRTRIVEBRTR
(2) RTREREETHERY

SERHF

1. BINFEFIIEER

2. EEUSERPEREATE
(1) ZSERETRBERRTE
(2) REERETHERL

ISR

1. ENEFERER
SERPIREURA TR
(1) WERRTRIVERRTR
(2) HEEFEEITHEL

000

HEANERER BHFER

Is —

nums

‘ Step 4 ‘

0
© o
000

ERMNENERN SHFEM

—

@ ©
000

ERNENER BHFERM

‘ Step 8 ‘

000

EMNEREN EAFEN

nums

Step 10

0060

EHFERM

nums

‘ Step 12 ‘

SETRHIF

1. BINRDIEERER
2. EEMSEEPRBATR
(1) RERATRBERETR

SETRHIF

1. BNREDI R
2. EESERPRIRBATE
(1) ZSERATREERETR

SETRHIF

1. BINRDIAERIER
2. EEMHSEREPRBATER
(1) REREATRBERETR

R

1. BNEEDIL R
2. EESERPRIBATE
(1) ZSERATREERETR

SETRHIF

1. BNRDIAERER

2. EEMSEREPRBATR

(1) HERRTRIBERRTR
(2) WREREITERMWL

3. Ff—ETREARE, HFTM



B1E HF www.hello-algo.com 227

11-12 HEREHEF P BR

RIS EEI A, BRI 7B “HiA” SEAERIRIRETHZE FRHERAML sift_down () M, (ESERNE, B
RHERERT R G REE IR TTR MR, IR MFRZELS sift_down () U —ERESE n, AR
TEEHERER B AT A RCRE, RIS R ATR:

# == File: heap_sort.rb =

HH ERBIIRES n , WERE 1 FtR, WIEERKRHERK #
def sift_down(nums, n, i)

while true
# FIEREREE i, 1, r PERANEZ, 524 na
1=2*1+1
r=2x*1i+2
ma = i
ma =1 if 1 < n && nums[1] > nums[ma]

ma r if r < n & nums[r] > nums[ma]
# EEIRL 1 RAEES| 1, r 8RR, QEBEEEHTEL, Bb
break if ma = i
# IAWENEL
nums[i], nums[mal = nums[mal, nums[i]
# EER THERENL
i=ma
end
end

HH ERRHEE
def heap_sort(nums)
# EMTRIRE. HRUPRESR UMY E MG IR,
(nums.length / 2 - 1).downto(0) do [i]
sift_down(nums, nums.length, i)
end
# EHERPIREGATTE, EE n-1 &
(nums.length - 1).downto(1) do |il
# MBI ERAERNRY (RRETERETR)
nums[0], nums[i] = nums[i], nums[0]
# DURENELAICE:, HIEERETHERL
sift_down(nums, i, 0)
end
end

11.7.2 EEZS5H

INFRIBAEIE 2 O(nlogn), AEEEMEHE: BUHERRIEMH O(n) W, e BUR AT R AR
IRREE 2 O(logn) , HEE n — 1 .

- BHBES O(1), JRHYY . A EEEH O(1) 23, TTRIAHER B2 (E R P
AT,
ey TERHERTE TR MR TR, ST RIEE A B ] s AL,
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11.8 #&#HIF

AR AR SR A Y N LA HE PSR, EMEE BOTR M AN REBIHEF . HEHER T
FUAMR A AR O(nlogn) o #FK, BIHRS &R “EHLBHEFEEIL", BITIRRH R
JE AT OE R SRR

#@HF (bucket sort) Z/IARMSHI—ESIER, CiE@ BT — L EAR/MEFRHINE, B30 51— E 2
TRELE, RERPFE BRI AR AR, EREMNE DT RS RTE B RS
{7i8

11.8.1 EEZRIE

FR—ERER n MY, HoTR2HE [0, 1) AR, MHFRRARE 11-13 AR,

L. WIGME k (8, % n 7RIS kJERET,
2. BEEMDIBITHRE GEM MRS INEHFEE0,
3. R NEIRBIIER & OF 4R

idida il (0. 25T 096 [0.52 Jo.09]0.57 [0.43] 0 91 Jo.75T0.15] 0. [ UM ET e
— —~— SR EIH REIEC
-] HEEEI
buckets HITHE
HFEE [0.2; 0.4) [e.4, 0.6) lo.g, @.8)
FRREHIER
L S BHER
KR :
nums
11-13  MiHEFEEERE
TS R
# == File: bucket_sort.rb =

HH RHEE

def bucket_sort(nums)
# MR k = n/2 {EIF, FEEESERPE 2 Bxx
k = nums.length / 2
buckets = Array.new(k) { [] }

# 1. 5 TEDEEZERF
nums.each do |num|
# WMANBREES [0, 1), £A nun * k HIRFZRS|EE [0, k-1]
i = (num * k).to_1i
# #& num FrIZER 1
buckets[i] << num
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end

# 2. HEEBBNTHR
buckets.each do |bucket]
# FRNEHIFRI, to B E MR ERE
bucket.sort!
end
# 3. EFREHER
i=0
buckets.each do |bucket]|
bucket.each do |num]|
nums[i] = num
i+=1
end
end
end

11.8.2 EEZIFH

MAHE R B R R E R AR R, Bilan, SNERMUE 100 BEDTR, mRTSHRS, Rt EEs—
RYERAFTH B R IR, m] DURERI K 1000 flif, AR AIEHHERE THER, RIBHAERE b

- BSEIRIRIE S O(n + k) [EROTRAMRINTLI MG, IR TR RS ™ R
BLARGER O(% log ) WA, RUHEAFAREGER O(n log %) WM, BHIRCR & HBEANS, WERIBGH
REHIRIAR O(n) . SOFEREFREENFTERMAITE, €8 O(n + k) B, EREWNNF,
RIS R, ELHEF AR O(n2) 1R,

- SSRBRIES O(n + k). TEVHAHDY: FEAED) k ERGRIALEE n 7T ARSI,

e R A R B HE T TE RS GT  A RE,

11.8.3 WAIERFEIIHE

REHERP IR R AR PR _ErT DUER] O(n) , BRSAERA TR RS MRih, KA mRE a2
B8 Mif. B, IR EN R _ERRTE R R E RS REE 2 2B 10 Ma T, (HR S ER iR,
IR 100 JTTAYHER 2, @R 1000 JTHYHER Do RS IR P #1932 10 i, SEHrm S 2=
IEH R,

BT, BRI DUSERE — KBS AR, SRR LS 5] 3 (AR, SYRCSCRIE, RIS
B IORTARETINY 25 3 TR, FLATA NP E R SON S,
Q0 11-14 Fm, SR A FRE S — B, BRI TR T, MR, R R
WS ORHEIS 2 3 (BT, BRI R ATAR R R B A A
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R
-— HHEISER
RBE — 65y 20% 15% -
FEIEER BRI
MEEM —1bo 100-500 >500 <10 8%
- . 10-20 13%
e 0 20-35 12%
18% 35% 12% 35-50 10%
50-100  12%
<10 10450 50-100 100-500  20%
>500 15%
13%
10-20 20-35 35-50

11-14  JEEEH| 734

QR BAME ARITE P b S O MR 41, BT DURRDR ORISR 70 i S TEIS RO J0 SRAR. (EISHERRVE,
BRI A —E TERESET,  a] DARIRE R RE PR SR MR R A T AL

qniE 11-15 Fio, B ah AR ARTE I RE 70, ISRl i DA B 3 e (B I ], FRE T R A 125 20 i
FBEE

HWEEE

0.4

- K
0.0

+oo  Em{ERE

’ ﬁ@ﬁﬁ@ﬁ

EHiBsEE <3 3~10 10~25 25~80 80~200 >200
11-15 HABEHER M E

11.9 HEHIF

stEHEF (counting sort) ZEiBMAH T REEAEE Y, 1EH ERREEHEL,
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11.9.1 fHEEIR

FeRE —EMENBIF. 58 —~ERER n (ES] nuns , HAPRTRERE “FEREC, sHEHIPI0RRER

FRUNE 11-16 Fim,

1. EFREA, RHEPHNRKET, L5 m, REEY—ERES m + 1 EBIFY] counter .

2. B counter &t nums HABFIIBLIRE, HA counter[num] HEEF num BIHEBUREL, #iEt
FIFREHE, HFEE nums GRERTEF A num), i counter[num] #0 1 BIA],

3. MR counter AMHARTIRARAF, FHMHERMABZCKH)TY 7, Bk, &ME counter

MR HEIRBIE N EIRBINEFF I nums BlTAT,

#HFm51 nuns ([ nn...ﬂ.

\

\.f’
"B o

s counter

HEREY nums

11-16

AW RFR:
# == File: counting_sort.rb =

HH StEHEE
def counting_sort_naive(nums)
#%ﬁ%ﬁ,,ﬁﬁFﬁFW#
an‘l’[@ﬁuﬂ_jﬁﬂji m
m = 0
nums.each { [num| m = [m, num].max }
2. HEREFHHIRE
# counter[num] & num BYHEIRREK
counter = Array.new(m + 1, 0)
nums.each { |num| counter[num] += 1 }
# 3. EsH counter , R ITHRIENERES] nums
i=20
for num in 0...(m + 1)
(0...counter[num]).each do
nums[i] = num
i+=1
end
end
end

E&F nums WHEESEFHHIRRE
counter[num] X% num MIHIRRE

E&5 counter , HEHUF
IRBHBDREIEN nums BPT]

At B
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A FEICHE > BT HE e 1) R gk
e PRI AER, BT DU E B AR IS counter RIRHER S 1124 —EHE, AFHtatE
BREBRB S ETTR OB BT, AE L, S8R RARHEE R NI — R,

11.9.2 =B8R
ADREEATRERIR T, MR AR DE, R EE 3. ST . R NG REERT e, FhifAEdz
FRRT A ERS CERIR R B2E0 BIREITHE, i LR H A B A HE 7 45 5

AU A REAS 2 5 R HEFP A5 SRIE?. (M Jeat 5 counter AU “HISRAN”. BIAZERE, Rl i EIVETR
il prefix[1] FRESIRT 1 TR M:

prefix[i] = Z counter[j]
=0

RIS LA RN, prefix[num] - 1{RKICE num 7E45 MY res hitg—RIBBIM RG], EEE
ARAEE S, NAT S FRIRMSE T EEZ B A RS R E A B, 8 Rk, BAFEFE 7R nuns
EEICE num , EESRIERPFITLRML,

1. # num ARSI res YRS prefix[num] - 1 &,
2. DHIEA prefix[num] BN 1, MR NRBE nun RS,

EFTERIR, Y res FREHIFIFHIER, KEEM res EERMY nums BIA], [E 11-17 BIR 7525
At B R,

= (000000000 = (000000000

BF num &;i { 3 l: BF num B/ 1 "1 /3 4
&S counter an AIEEA prefix aannm
(counter )
FEF nums W EEBFIHIRE #tE counter MIAIRM, 3TH prefix
counter[num] €& num BHIDRE prefix[num] - 1 &K num 7 res PRE—RHBENES|
Step 1 Step 2
num num
= e (D B0000000 = oe: (000000000
s HEBENENOED
wemm o 17 3 4 BEom o 13 3 4
BIEEH prefix aannn HIEEA prefix aunn
(counter) (counter )
EIFES nuns RESETR nun , SRHT: BIFES nuns HRESETE nun , SRET:
1. #& num BN res WHE3| prefix[num] - 1 & 1. # num N res WF5| prefix[num] - 1 &
2. LHIEA prefix(num] B 1 , HMBHTRKE nun K3 2. QHIEM prefix[num] B 1 , HWEHNTRKE num W3]

Step 3 Step 4



BLUE HF

www.hello-algo.com

233

b
ez e (E)EE0O00DB800
L[ [T [ [2]

ERMET] res

. e s
/ 7 ~
BFnum o0 1 2 3 4

BIERA prefix aann

(counter)

BIFED nuns FHSMETR nun , SHRAT:
1. # num N res WFK3| prefix[num] - 1 &

2. PHIBA prefix[num] BRE 1 , #MEHTRKE num HZR5|
[ Step 5 l

=« (000000000
wewn - (DOOBOE

BEum 0 1 2 31.

WM prefix uu

(counter)

HREHIREDIAE, HENBIITRED
B res HRREHFNER

| Step 7

REF nums

KRS res

HF num

BB prefix
(counter)

EIFFEDS nums FRSETE nun , SHRAT:
1. #& num N\ res BF3| prefix[num] - 1 &
2. PHIMBA prefix[num] BFE 1 , KWEBTRKE num WZH5|

Step 6 |
REEZ) nums
KERET) res
HF num
BISEA prefix
(counter)
Step 8 |

11-17 &P B

AR A B B S0 R AR
# == File: counting_sort.rb =

HH SRR
def counting_sort(nums)
# TEER, IHEYY, TEREEHR
# 1. HEtRESIRATTER m
m = nums.max
# 2. SEREFIHIRRE
# counter[num] X5 num BIHIRXEL
counter = Array.new(m + 1, 0)
nums.each { |num| counter[num] += 1 }

# 3. X counter HVRIZRA, 1§ “HIRAE &Hias “BERsI
# Bl counter[num]-1 2 num 7 res FRE—RHIENZES]
(0...m).each { |i| counter[i + 1] += counter[i] }

# 4. FEIFEES nums, FRTRENGRES] res
# YRS res FARECERAGER
n = nums.length
res = Array.new(n, 0)
(n - 1).downto(0).each do |i]
num = nums[i]
res[counter[num] - 1

num # #% num REZIHERS|R

] =
counter[num] -= 1 # LFERMER 1 , [EITRKE nun BES]

end

# [FERERMES] res BERMES] nums

(0...n).each { |il nums[i] = res[i] }
end

BEEEE

oooanaobon
LEfrEzeEEE

e 1 2 3 &4

LEEEE

R res BHERMES nuns EIF]

:
(N E ==
(o] [ ]
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11.9.3 EEZIFH

- IEEREZ O(n 4+ m). IEEBEHET © ¥ IEFT nums FIER counter , AR FARMEIFRE, —M%
BT n > m, REEEREER OMn) .

- BEERER O(n + m). MY #B) T RESAIZ n F1 m KR res Fl counter

- b BRI res HIEFOTREMIET 2 WAL 19, FIEIFES] nuns AT DU RE#E ST
RSN E, tmEREEHT. EFLE, EFED nuns el IS EIERMHEF R, (HEEHR
FEAERRE M,

11.9.4 {EMR1E
BENEW, (RFFEBEEHEFIERIGY, (5585 SRR AE B S HET ., A, HHEEH
FIRT BT BB A S 2 A

SHECHE SRR R U, AR S LB AR, 7R T R R R T DA (U, 3L

(ERIOB AL PR AR T 2 RO O NBIR, B0, BIRE S E sy, oL B

B EE B, SR E R, HE R T R 25,

SHECHE 8 PR YERHR K ORI MO, LU, 78 ORI m REEAK, 7HIE 5 IEZ 25,
Mo < m I, EHREHREER O(m) B, TTREE O(nlog n) MR REIISHBRENE,

11.10 EE3F

LR T R, EIEA R RHR n SOCE R m BT, R EE n = 100 5
SOEITHEY, MR8 8 MiHT, EEREEREE m = 10% R A, [AEHEHFEE R R T
TERE=ER,  TALEHE R AT DO S e

HEHF (radixsort) AUZLEAHEEHEHE — 2, @ ASREHEBCRESHF., AR L, EEHFA
MBSO FRNEER R, RO AOETHEY, 1S 2R RIHER AR,

11.10.1 BEERE
DAER SRR A BRSO R 16, BEM 2 8 A, HEHIFHRAZWE 11-18 Fir.

1. stk =1,
2. BIEMRRE k ACT CRHEHRTT. IR, BERIEIRIRE kAR NEIRHET
3. M kAN 1, ARIREIER 2. BEEUA, ERIFTAEAAHER SRR H,
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TNHEHFFEABER, B0 dEMVHINET o, BERHE LA o, , ARMERLTEE A

BN nums
WAtk k = 1

B BB 0 HEE 24

10546151
35663510
42865989
34862445
81883077
88906420
72429244
30524779
82060337

63832996

35663510

88906420

10546151

72429244

63832996

81883077
82060337
42865989

30524779

35663517
88906427
82060337

81883077

305247793

42865989

63832995

CALbStE, HF

HFSE 8 fi

B 3~7 1 HHFEER

11-18  REdrEERRE

x
Ty = LFJ mod d

10546151

30524779

34862445

35663510

42865989

63832996
72429244
81883077

82060337

88906420

Her |a| RRBHTRE o 10 FEUE, M mod d Rom¥f d BUR (HXER). BRRRERL, d = 10 HE € [1, 8]

o

Heoh, B2 NMER B A B RS, (2 AT DARIREC IS k ADEfTHT

# = File:

radix_sort.rb =

et JEE TR num BY5E k fii, HAP exp = 107 (k-1) ##H#
def digit(num, exp)
# BN exp MiF k AILBRELRERIITRENRGHE
(num / exp) % 10

end

it sHEHER (IRIB nums 5Bk (IHEE) #HH#
def counting_sort_digit(nums, exp)
# TEMFINUEES 0~9 , AILFEERES 10 WiEkES)
counter = Array.new(10, 0)
n = nums.length

# 5t 0~9 BHFHIHITRE

for 1 in 0...n

d = digit(nums[i], exp) # ¥EY nums[i] % k i,
counter[d] += 1 # #AtEFE d WEBIEXE

end

# KREigRA, & “HIRES &g IR
(1...10).each { |il| counter[i] += counter[i - 1] }
# GEIFFES, RIBEBNGAEER, BETREN res

res = Array.new(n, 0)

for 1 in (n - 1).downto(0)

d
j

digit(nums[i], exp)
counter[d] - 1 # JEX d 7EEFIFHZES] ]
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res[j] = nums[i] # BERITRENES| j
counter[d] -= 1 # ¥ d MNEEHR 1
end
# FRERBEZEREMES] nums
(0...n).each { |i| nums[i] = res[i] }
end

it B
def radix_sort(nums)
# ERESINRATTE, BRAERAAME
m = nums.max
# FREBIMEAIEISMMIBFES
exp = 1
while exp <= m
# HREEFITTENE Kk BITEHEHE
#k=1->exp =1
# k =2 ->exp =10
# BD exp = 107(k-1)
counting_sort_digit(nums, exp)
exp *= 10
end
end

St RARNL B 4G HER?

e PR, Bty @ EEN W HE AR, RO, MRS A R a <D,
M —WmHPAR a > b, BRESE WA — WA R, BRET IS EIEF SRR
iz, RS HE AR AL B HE R

11.10.2 EEESNE

MR G BCHE R, SEBCHE R R B E S BRI IE DL, (HRTTR 2 RORLA SR n] PAFOR R BE GBI R X, HLAE
WARE K, BN, IZBEONE S (BT, NAENE kB, ATREEER A O(nk) > O(n?)

o

- BFHIEEES O(nk). JEAEREHNT : SEREA n. B dENHL REE k, RIEE—0
BATEHBHEEF A O(n + d) K6, HEFATE kAHER O((n + d)k) REf, @SN R, d fk #4H
g, ReERE®E On) o

- BHEBEEES O(n + d). EEMHYE : SETEHIPERE, SEHIF TEHEBRE S n fl d HHEZ] res
F1 counter,

- BeHhy: EstEdHbEEER, REHEROEE, EErEHEE ARER, FEH R A AES R ERER
HEFr4h 3R

11.11 /&

1. ERSEIEE

- R A A TR AR E BT, B HTY —EARREAAR E R AR M, B A] PR iRHE
R R LR O(n) o
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- A SR ARHEE BN TR EAZI C AT R AR R, sy, sEAREAHT R
WM E 2 O(n?) , (R STTERMEE D, R AE N RHR A HE AT H5 Pk 8 200,

- PO R B R EE . IR E T, AR REROCARE IR R R SR R, EBIR R
MESIE O(n?) o 5INHALECE e B ek b i 0 BmT DARE SRR S (L IHR, 138 (B SE IR B 1
R, AR R MEEIREE, KRR ER S O(logn) .

- At EREE S AR R, SRIHEEER 7oAt EA O, e bR R i
5, ZERMHEE R O(n) ; SRTIHER SE4S B2 IS AR RE vT AR AL O(1) o

- MHEP S =P ER: BRI, MNHEE R EMAR, BRI T AN, EAREREERRK
AT I, AR R A B SR CE B BORIEE A T T2 23,

- AMEEEE R R AR, EEEstst E R B IRBR E B . stEdTE R ER R RE
ERHRERARAEDL, A 2R &R RES 5 IR R

- BB EER A H R R EEE R, ERERRER R S B E A BT

- ORRHAGE, B RIRE - EH AR, BASER, T, R B ER. A, B4
HAE RS RENTEETR R, A —HEH R ERIRREM R RN S A ALk, EERERS, JIMH
ZRPR RO R AR R S TR A HE P TSR

- [ 11-19 BT ERHFEEARRER, REtE, st PEA B E S,

Pe— E—
B _ = . BEM it BEfEY B
mEHE O 0@ o) o | dEE  me  kEEE bk
FORF mmmm om  om  ow)  on | mE  Ew  oEE ke
BAHE O Om)  ow)  o¢) | WE R SEm b
HEHIE | O(nign) Olnign) O3  Olegn) | #BE Wit FSEm Lok
DAY . &#HE Onbgn) Ofnker) Onkgn)  O() | WE  HEE FEEE R
BEHF  Ofior) Ol Oibgn)  O() | HEE  AUe  HEER ki
BHE O+l O+l  OM)  On+k) | BE  HE FOEE e
BOAR . Mes Onvm) Onvm) Onem) Omem) | WE  HA  FOEE  FER
EM#F  Onk  Onk  Omk  On+b) | ME  HEE  EEER  FHE
n AEREXRN
B w @ | e

EHHED, k BERAMIH, FHA b &R

[E 11-19 Hir Ak

2. Q&A

Q: HIFEEERE M BB N RORR?

EIRET, FMTETREERYAR BB THE R, BN, 2AEFuamgEmiEEE, RMAEEH—
28 Jeigiai 2 THeR, 5% (A, 180) (B, 185) (C, 170) (D, 170) ; H¥ HEETHR.
HRHE R EE R AR E, FirTaEfS%] (b, 170) (c, 170) (A, 180) (B, 185),

FIDAFEEL, BE DA C MM BE#A T, WANAREREEE T, mERRMAREEIN,
Q: M@y “feAMAEN" B “NAATAER" RINER AT DA HBRE?
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AT, BERMARATR AR, AL AT AER” B REEAENR, Bl ERER,
BATAEHIT— RIR A

5 52#17> partition() HIRE—H A nums [Left] Fl nums [1] . 5EMAc T8, FLERU/E BRI TTRHAT <= 2
Y JE DR R — P 2T nuns [Left] >= nums[i] BHESL, BRI “TEEGER”, AR
A AREGERATER, MEE 1 = j RpkinE, stRsalE nuns[j] = nums[i] > nums[left],
WRLRRL, RFRIE — D S B E a8 L B KRR TR SR B A R v, S EOH I #] 0 K

BEplr, fEks e, o, 0, 6, 11, MRk “WARAER", Ml »®REY% [1, 0, 0, 0, 0],
TS EAE AR S IERERT,

FBANEE =T, GURIMESE nums [right] RS, JREEGROER, BB “EATAER,

Q: BARPUEHEF AREIRE R, At BRI FHEA RE (R 3R E R A8 logn ?

MR TR FEE A 2 B AR [ 3R 77 VR A B, 4 I S 1 AP 7K [ ek 1 1 5 20 o {1 - R, 7RI AEL VR A
Het2, A FRER 7Y R ER K2R RERN—F, BEEERT, —BA—ERE, ERZIIE
TERERZE logn .

[l AR PO HE Y, RIMA FTRE & AR E R R KIS, REBR Fan, n—1, ... 2. 1, &
ETRER n o IRIETR R AT DUk S G Il

Q: EMHIHFTE TLRAERE, POdHE R 2 O(n?) W52 B4 g Bl IR 15 ?

. BIRIEREEN, w] DA RIE BN S R S E] o 2 = EER 7 /R SEIRL RIREREE, (A IR
M NAFUERIS IR e FERZITIE S, EATCR EMHEFRIRES], (s o B ] 2 e,

Q: Wb IR R RIEAEE AR O(n?) ?

BEWMT, FrETENs SRR, GRRPHRA—E O(n?) WELkAcH REtT s, RN
% O(n?)
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F£128F #74

Abstract
HEMOR B, BRI e S B A R,
DMEZER T —AERENEE: HBEME, —UEIEEH,
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FI2E A

12.1 FEEEZE
334 (divide and conquer), £z, BRI EE B RIEETERE, 268 FERIEEEH,
BEE “57 MO9RT miES R,

L g3 (B REEY) « BRI I AR o) it 2 IR B 2l 1 R, B EE R/ 7 R AR 1L,
2. 16 (GOREED - REAIR R/ T IR, PORETEME MR MET S 08, TEmm t s

HfiE.
qniE 12-1 fow, “GHHEET ZoERIH I EHN 2 —,

L g3 JEEMR RS (D S 2mifE ) (7R, E2FRIRE—ETR (G FHE,
2. 16 WREEMEAFR S (FRENR ETE0F, RmEErE RS (REER.

roar (BIEE
E)

BFHIE

- (B
B)

12-1 AP I TSRS

12.1.1 NfATRIERS JERIE

— (TR Al & I SHERRIR, JEH AT A2 DL B R
L. PRI CA R s FRE AT DA OSSR+ FTRE, DA RES DA R 77 sOEE st 1 T 81 7

2. FRIERENIN: FREZMIRAESR, DM, o] DIESZRR,
3. FRIERRT GO R BRI RER & O 7 FRER RS,

UK, A0 IR DU = MEH R iR,

1. PRI DA SRR s (SRR 850 2 1 ps] (R
2. FRIERBNIN: B8 REE T DI HE THE Y (PR ] DUBSLETT KA
3. FRIEMMTAE0E: WEGR Y (FRERE "] EH 2 — RS (RFERR
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12.1.2 BB BIREAME
SYIEAME] DA RO R D R, TR DRI R, TEH A, kY. S0,
HEREHE MRS, B, AHFED, MERATMER T 6%,

AR, FITALEEER: R n] DAPRTHESIARCR, HR s (g fasis, MRMEDMAZ
8 TR, BER T, # T RIS OF % IR ERERIE, ISR FIRCR 2B L R DR T RE AT R 3
o2 IS M T RE A] AR BRI A T 5 5 75 T A Ao

1. BFHERENL

DL kbR A, EpE A RS n SRS O(n?) B, BRBMRIEE 12-2 FrRirR, 1
FBUGE B 20 2 A TS, FIBIA T O(n) WERE, HEF A TRSITRE O((n/2)2) Wi, &OHmME
TRFIFE O(n) B, HOBSESRI BRI %

2

O(n + (g)2 X24n)= O(% + 2n)

FEEEEEEE FEEEEEEE
b

o(n)

EHE BEHF BEHE
o(n?) 0((n/2)2) 0((n/2)?)

DEEEEEEE

4888 o(n2) 4888 0(n2/2+2n)

[ 12-2 &7 AR R AR
R, BAEHEATAER, HAEEMNAGE 7 28 7w # o &R R

2
n
n®>—+2n

2
2
s M
oo
n 5 n >
nin—4) >0

EEWER n > AR, BIRMOREBERED, HipReRlZeEn. ST, 0 RNRREMETRR T
JilE O(n?), FURMEME P EUESN T,
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DA, RN 7 RSB e bRl 7 2 i - Bies, B 28 B L — e T R R 1 1 e ?
R ER EAUE “BOHEET, REERES O(nlogn) .

A, WURBAM S e a3, RS E 0 2% K E T REEIe? ISR AT AR,
AR BESH T IERER, M LFREERE DUESI On+ k) .

2. FITHERERL
PRI, 204y TR AR AR hy, RO o DO TR, thRLA, SN AT ARSI
FIRTIRTREIE, AR SRR T AR AL

WATRAENAE S Z R ERH BRI AR, BRG] DRI R 208 1, Emsen A Hat A
IR, REE T DR A TIRE

FRANTERE 12-3 Fomfy) “MHER” d, B ERERPEE S ECE S EA T, RIRTHE AT A AR B HE RS 70
FIREEHRETT, EREREEIHER

{/Eé \\% |

12-3 PRI TR R

12.1.3 8ERER
— 75T, A3VATT DA AR 22 4 e B i R

- SIREOEEE: SRR E SO BRI EE r, SRR BIERH MR 0 AR O R, AR R
R B RO R

- ORBEERIL: U0 Karatsuba 5%, ERRBEEERIE D R 72 2088 N R BIHISRIEATINE,

- JERESRTL: BN Strassen BT, EORFAERHIRIE T i R 2 8/ NE R SRIE R AN TR

- ISR R NRERE AT DOBEIEIE MR, 1SR S IR RIS

- ORMEREE: EEFAI, RATH BT NI S, ISR R E S, KR
Wi pr B T DM R R AR, REBh & OFHE R T SRR
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T3, SHATEEEIAME RSN P SRR Bz,

- DS SRR ARSI EER S R ARy, SAERAR HARE B TR E A R,
DRAEHERRIR—F=[5 [, A SR BRI R A TAH R = 0 1

- AbiEE: AEBRECE, SR,

- POdHEE . PREHE R R AR, SRR ) R M E S, —{E RS TR EE R DN,
b — P RESIRTCR LA R, FHERNEM R EIT RIS 2180, HETHEYIHE T —ETR,

- WHE MR U EA AR R B R BB 2 EA, RRBEERMNETTRETHY, REFSER
TERMIXE, M2 —E A R,

- OB Bl ToTEEt. AVL R ALRE. BRI, B+ 85, EMAVER. fEARIMERSE SRR T DAL A
THERMEHIE

- MERE: HERERR RERPRAVSER TR, HARERRCE, A MIBRFIMERE L, ERFR EARRRE T ARIE
i

- MRS MENMERR S ERIENI G, (BREARRE R R ERIER T ek, fln, s
b rR RS ER A1 S BB S KLR K, DRI ERRCR,

AIDVEN, it AR AR, S SRR R .,

12.2 9ARIESER

BMCAERE, B EHETR R MR,

RIS CEBBETEREHER, RRES O(n) .
FHRRES S SRR VORISR BB, I T2 R O(log n) #% O(1)

TR L, KRB S O(logn) MHESBEIRIE T IR IR GRS EBIN, flan — 70 208,

- oSN E PR RE ERYTH R BETTR) DN —E/NEE FERAIN— SR BT
F), B —EREEINY 22 s S BT R 21k,

C BRMIERENARR, £ TESH, AVL Bl HERESEREMET, SERENREEREZES
O(logn) »

oS E ARSI,

- FRER PR o SR R R (TERRS A T AR s T (TERFIA —F i T &
i), EREE L I T RN H TR AR E R,

- PRBERENE): EooEsd, VR T HEE, EASZ M T HERE A,

- TRFENEHSOR: —oa 5EER A TTR, HARES FRENRET S0 & FRE
TSFRIRTRIRE, i Pl & (R IRF S Z TR

IMARESITETHE R RCR, AH ERK AR S LR —EEIE, moraiEa s v DUHERR %
ﬁ@

1. ERaAaBlR—_niEs

fEZAiEF, —o@sFERERE 050 HEK, BERMERDE (BE) KEBE.,
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Question
s —ERERA n WAEFMEY] nuns , HAHFrATREEME—R, 5E#TE target

FEANasE, TRIHEBER (i, j] BEQTREEES (i, ) .
DUFRIE £(0,n — 1) 204455, @00 F S BET — 588,

1. SHEIGBER [i, j] (R m , R LIS SER,
2. BRI T RIS, TRES F(i,m — 1) 3 f(m + 1,5) .
3. M 1. B 2., EEHE target sRIEM A ERHE N,

12-4 JEoR T ARSI rp 0 80K 6 Bl RIR,

«» 80000008
A

\ 4 m
(0, 3) an 12 15 23 26 31 35]
A
n W
(2, 3) [1 3 on 12 15 23 26 31 35]
A

m

\ 4

BEERETR 6 HRSAB 2

12-4 ZsmninEeE

EEBERBY, BMES—MEEFN dfs (O HRIERE f(d,7) :
# == File: binary_search_recur.rb =

HH —91ES: BB f(1, j)

def dfs(nums, target, i, j)
# EEMAT, AFXEBIETR, ALRE -1
return -1 if i > j

# EtEHRZEZERS| n
m=(i+3)/2

if nums[m] < target

# EETFHE f(m+l, )

return dfs(nums, target, m + 1, j)
elsif nums[m] > target

# IEEFEE f(1, m-1)

return dfs(nums, target, i, m - 1)
else

# XEIBEETER, REHZES|

return m
end



B128E iR www.hello-algo.com 245

end

HH —NiEs
def binary_search(nums, target)
n = nums.length
# KRfEFEE £(0, n-1)
dfs(nums, target, 0, n - 1)
end

12.3 1B ciifkE

Question
457 — R ORI T preorder FIHFERN inorder , sEEHRREE o, IRME I oRRIMRES
B BR_IoE IR G EEENEISR (QE 12-5 FiR),.

HiFERS

/ \ EE i preorder
“. hEERD

inorder

12-5 TR RRBIE R

1. FERERSERE

JRREE R AUE preorder 1 inorder i ook, & —EAR 2GR E,

- TR DA (EM BRI, FRAMTAT AR Jot e ) o 2 R flE - e R . ARG R,
_b—4% 0 WA CIRETRS, TSR ER T (FRE), TRMMIIART DU DL L& 757, R HE
IRE/ N (FRE), BERETIRNFHEE (D78 Rk,

- FRERBNIN: A BAE RIS RN, EfMMRE2%, EmMEe Tk, JRIMAFHTE
PR AE AR P E 7 Fh B A TR IR e 5 TR R B

- FRPENEaIAE0E: —BEE T E TG T (FRERM, BIMHEAT DURE s 2ARERS L,
2 R

2. MRS T

WRIELA L4, IEXERE A] DAE I 216 AR R, ABAMANZ BT EFi preorder MIFpFEi inorder Kl
TR T RE?
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B ER, preorder F1 inorder #A] LAE S 2 =155

- RIFER: [ RER | EFE | BFE ], BIANE 125/BEIEL 3 1 91217 1,
- hEER: [ EFE | RERE | AFE ], BIANE 125M0BEIEL 9 | 31127 1.

DAL BB R 2B, FRFAT DOZEE 12-6 Frni2 8BS 21E| 70 4551,

1. BIFERNE TR 3 2R EE,

2. EFHARETES 3 /£ inorder FIIRSGI, FIHZZESIFIHF inorder &l [ 9 | 3 | 127 1,

3. 1R¥E inorder MEI &SR, DL TEIA TFREIPETEEE DA% 1F1 3, EMmal# preorder &4
HL31912171,

HiTRARER

HiFFESS  preorder

IR
O O ot soorser (ENEDEDEDED s
. - ‘ 3 {EENES
EFiHE
o o

RiFFER  preorder anan

12-6  AER{ R AE R L 7 - #t

3. BEREHEAFHER
RIBLA #7775, BMCEMSIURER, 278, A 7RHE preorder Ml inorder R SIER, 7 T
RIS R W, TR ZRE AR AR R,

- JSERIBIIRRETES(E preorder HIYZT A i .
- HSERTRIIRETES(E inorder SIS m
SEAIIE inorder RIS BRI [1,1] .

Wk 12-1 R, & DL BB ET ] RRIR S B preorder HIYZERS], PAK FRILE inorder FIYRS|E
FEﬁo

R 12-1 AREEEFIFRIHERT R E ST P ERT IR S|

FRENEETE preorder YT FHHTE inorder AR [E R

st i [, r]
Tt i+1 [Il,m —1]



B128E iR www.hello-algo.com 247

FRENEEEE preorder YT FHTE inorder IR ER

HFB it 14 (m—1) [m+1,7]

AR, AERETERS I (m — ) &R A rRNEREE", SR aE 12-7 FiE

(:) HiFFE ST.1/
preorder nn...
A A A

@ @ i i+l i+1+(m-1)
PREET

inorder naa

o O L

12-7 REVERIZA T RIRRS R RR

4, EXBER

2 TYRTEER m IR, BAIFED—EHEER hmap KRS inorder TR EIRS |1y ML
# == File: build_tree.rb =

HH BEITE: 8 HHE

def dfs(preorder, inorder_map, i, 1, r)
# FRIEMATRALE
return if P - 1 < 0

# FRIRERRY

root = TreeNode.new(preorder[i])

# & om, KMBADEGTE

m = inorder_map[preorder[i]]

# FREE: BEELTE

root.left = dfs(preorder, inorder_map, i + 1, 1, m - 1)

# FRRE: EEETE

root.right = dfs(preorder, inorder_map, i + 1 +m - 1, m + 1, r)

# R[EIIRERES
root
end

HH BRETE
def build_tree(preorder, inorder)
# WA EEER, (#7F inorder TTEEIZES|IRVEM
inorder_map = {}
inorder.each_with_index { |val, i| inorder_map[val] = i }
dfs(preorder, inorder_map, 0, 0, inorder.length - 1)
end
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12-8 J&oR TR —TRIRIRIEIERE, AEERRIER N BT BT, Mg (GIRD BER
BT R E R AL,

v OOOOA
- 00008 9

preorder (3 @2 (17 @
inorcer (3 (1 (2 (7

[ step 1 J

Step 2

- T
T S/
3 9 n preorder
@ 9 3 n inorder

Step 3 } Step 4

preorder |3 9 2 7 @
inorder (95 @92 (7

E—
[ Step 5 Step 6

3 9 2 1 n preorder

QGss=0 -
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wreorcer (E)ENEDEDED
inorcer ([E)EEDEDED

Came J 7 | 27 |

Step 9

12-8 feft st AR AR

BRI K N R AT R E T preorder M FERT inorder AYEHI 7 RANE 12-9 AR,

.
—

preorder | 3 92 1 7
inordern3 12 7

preorder || 3 9 | 2 n7
inorder | @ | 3 n2 7

39 2 lnpreorder
9 31 2 u inorder

I =0 B

12-9 {0 2 R X O ) 5 2R

SRR 2 1, DML (BT —EEE R dfs Q) 5 O(1) Wi, [HAIN B
Bl On) .

HMEBERRF inorder TTREFIRSINEB, SHEHRER O(n) » EREBIT, B ICIRK 2545
I, REREEER n, A O(n) MHEMEER, KISz O(n) .

12.4 FANIERE

FEE OFHE R AR T, AP R o PR 08 7 P B AR 25 S R — - - AT, RIS TAT S )
, FAIER AR 70 R RS
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Question

ME=MMT, i A BHIC, EIHRET, 7 A LEZE n FEEE, BEMRELEETHZRIENEIK
RINEFEHES . MR R ZIE n MEBBEET ¢ b, WAREMVEAEFR A2 (nlE 12-10
FR) . fERENERAERES, TEEF IR

1. (A8 HRETE — AL T THER S, 185 —HRAE T THRR
2. BIRAA

b
=
HRERS B —fEl Bl
3. /NEER AR ZIN KB Z .

ALl

Y wEEEELE A BBHE C
A B C

12-10 {RINIERTERBI

TRV BUELR @ R OIERTERCAE f (i) o Blan f(3) FRFK 3 [EERRE A IR C RV,

1. ZEELHHER

aniE 12-11 Fzs, BARE f(1), BVE A —(EESER, M e ERE A 8= ¢ A,

8 N B

A B [ A B c

MR f(1) RBR £(1) TR
BEiESERYE A BBHE C AR

Step 1 Step 2

12-11 R A 1 RS RE A
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aniE 12-12 fow, $HREE f(2), BIEAWERESR, RN MR ERRE b, R
B AR5ERFZ

1. Jeif EEE/NEERE ABEB,
2. HiEKEBEABEC,
3. BREKNERIEBREC,

=l 1l Lil

R £(2) PR
FiE £(2) 1. WERE A BHE B
Step 1 ‘ Step 2
A B c A B C
R £(2) WER: BR £(2) MR
1. #ERE A BHE B 1. #ERE A BHE B
2. RAEZYE A BBHE C 2. BAEEYE A BBHE C
—— 3. RNERESE B BBHZE C
Step 3 Step &

12-12 Ff6E% 2 AR R R
R f(2) B AT AR 2y R EERAED) B R A S C . Hrh, CBABEEM. B MARE,

2. FRESHE

BRRE f(3), BVEE=(HERR, SRR T —L,

RZCHA (1) F0 f(2) Bf, FrARMTATiEmiam RS, A% A TERRIK s BV A 1 —fafi, BiTiE 12-13
PR ER, SR =B IEF e A= C T

1. 2B & HEEAE. C A&EE, HmEEREABEB,
2. 1% A HRIERH—EEIEETE A EREBEIE C
3. X CAHARHE, AR, MMEEBREBHEC,

all Lal

R £(3) WER:
iR £(3) 1. RW{EEZEYE A BBHE B

Step 1 Step 2
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lal Lla

A B C A B C
fRR £(3) MPEW: R £(3) WM
1. BTWEESHE A BBHE B 1. TEEER A BBHE B
2. BRIG—EERYE A BBHE C 2. BRK—ERSRE A BBHE C
3. MR B BBHE C
Step 3 Step 4

12-13  KifsEZy 3 AR R R
WAE LF, BATSERE f(3) 8155 Zmifd 7R f(2) M— 7R f(1) . e RNE =8B 1%,
JRFERE 2 2RI, IS T SR ALY, T ELA#A] LS OF,

b, FePTAT A B 12-14 ORI NS RN 5050 : JSEIRE £ (n) 815 2 TR f(n—1)
(A TR £(1), AL PR RS = (8 7R,

1. #n—1{EEE#ECIEAREB,
2. #FER 1 (EEBME A B ZEC,
3. #%n— 1 AEEFEB AREBEEC,

SHARTE T f(n — 1), USRI g HREES, EEEsR TR f(1) . 1 f(1) 1
RBERIN, R — DB (T,

FRIE f(n-1): #§ n-1 EEEK A BHEB

A |

) 4
FRE £(1): $HE 1 EESNE A BHE C

.é—.*.—

FRIFE f(n-1): ¥ n-1 [EEENE B BHE C

TTA

[RR3E f(n): ¥ n EESE A BHE C

12-14 R NS TR E R 70 16 SRS

3. EXRER

ERERER, BMES —EEEER dfs(i, src, buf, tar), BERTERZF: src THERY ¢ (EEEFE)
REAE buf BEIE BT tar :
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# == File: hanota.rb
i BE)—EEE #
def move(src, tar)
# % src EFEH—(EEE
pan = src.pop
# EEEHRN tar TEIP
tar << pan
end

HH SREEAINIERIE F(1) #HH#
def dfs(i, src, buf, tar)
# & src RPT—EERE, IEZEEHEZS tar
if i =1
move(src, tar)
return
end

# FRIRE f(i-1) : # src TEZF i-1 {EEERFEE) tar B3 buf
dfs(i - 1, src, tar, buf)
# FRE (1) : # src REz—EEEZE tar
move(src, tar)
# FRIRE f(i-1) : # buf IBZF i-1 {EERFEE) src B3 tar
dfs(i - 1, buf, src, tar)

end

HHE SRERINISREIRE

def solve_hanota(_A, _B, _C)
n = _A.length
# & A TEER n {EEARFERN B #E C
dfs(n, _A, _B, _C)

end

QniE 12-15 F7w, {ATNEERTRETE A — AR 2 n BOIRIERS, f M BGOSR — 8 v FlRE, EHE—ER R dfs O

R, PUEREEREES O(27), THEMES O(n) .

-

|

f(1)

12-15 A A 4 TR )R T s
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Quote

PN RETR B — S E e, EhEEN—ESEEE, BEME=RERNEaET, DAk 64
TEHR N —HEE R, BEMNEEEER, MMEEERE — [ ERYOEMRENI—Z], B
TH SRt & AR,

SRIM, BN PSSR —k, SHTEARL 204 ~ 1.84 x 1010 #, &% 5850 {4, isid
8 7R T E AR, TR, MEEEERZEEN, RMEZAFEROETRHNEIR,

12.5 /i

1. ERSOIEE

- oriaR R RREETARGET RS, EAE o @) fe (B0F) Mg, 8 RRIREEE,

- BRSO IGTEEIAFE IR MRS R, TRER SR, TRIERES S,

- AR R TR RIS SR ER], R bR P A 03 2% R AR E RS, EE R AT R R
wEa v, 1EmsERidHET.

© BIAARIGERE R DARTHERIERCR, — 750, 2ERIEED TIRIERE,; H—Jim, SHaREAIR
RHIAMATIREE,

- oMIAREA] DURIRET 2 IR, Rz B e R B RA RS, R n] R B,

- MEBR RS, BEEMSECRER, FEEMEZ O(logn) MRS ZERHERIRE
B,

- S ESEIRRIEH S IR, ENE SR T REERRET S A RIP B, I AT DO E IR
THAEB i,

- ERME TR RTE S, MR (SRR AT DAB ) i e TR T (D, g Rl DAEE ]
SR AR R AE AR 5 | [ AR B B

- AEFINIERES, —E R n AR R DAE > 2 MR 2 n — 1 B9 R — BRIy 1 A9
o TZNER RS = 7R, JREERE SRR,
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BE13E [

Abstract
BN ER = R RIR RS, FERTERIER ol sE e 2| K&,
[EIWARY D &R M RE S E TR LR, TETER, RAIRENEAEHNE M,




13 [E www.hello-algo.com 256

13.1 [EIEEZE

5oy

EIEE L (backtracking algorithm) J&—fEiZ & &3 SR AR MR TER /715, B0 Rt —Ewtaikee
3, BAOMSFTERTREMNMIR R, B2 EMIMRAEES, ERREIMECEER TTE rTRENE
AR R A 1k

A E R RS OBV, 1E ookl =Hith, IR, e migraE
AN R et B, AR AT E SRS — (R, R0 e El e SRR LRI B,

i

ol —
fE MR, SR EATEER T RIERS, FHIREEREE S,

BORIERE, Ml BT SR, WHETERTEHRAER SR T, B, RSZERREN AL REBS] res
2, AHBEER EEANE 13-1 F1 DL RS R

# == File: preorder_traversal_i_compact.rb =

HH BIFFESH: BIRE— #HH#
def pre_order(root)
return unless root

# SCERAR
$res << root if root.val = 7

pre_order(root.left)

pre_order(root.right)
end

REEKES

BIFFEI—7ui,
WECIRMEAR 7 AVRNRS

AIFES
£ @ RERs

[ 13-1 FERTFEAE A IR AR

13.1.1 ExHE[O)5R

Z PRS2 ZsIERTE, R R e SR I G BN “EW B CEHR” RRIg, EEEIAE
2B R IB B LR R TR AR STRTE SRS B S (R PP RMRRE, EEHUH L —PREE, IREIF|Z 1Y
RRE, A EUH At AT REATISEEE,

BRBIE—, FEE AR AR X BT, TR REERGEOR A R EIRH return RIFOR IR,
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ERHRARE, PIBEAMEERGERN, ZRE R, BIMTBEGRE MR,

P —
FEZ U PR ATA AR 7 RIETRS, SHIR MRS E L fiR e

FEBIE— TSR L, Fff7RZREB — 5] path sodkaiFDE RV EIRGEAE, HRRZHER 7 RIER5K,
AIEH path W HHDESIR A res o EFIEHIR, res HREFIFLZRITARM. BXNIEWNOR:

# == File: preorder_traversal_ii_compact.rb =

HH BIFEES:. GIREZ  #H
def pre_order(root)
return unless root

# Exl

$path << root

# SOERAR
$res << $path.dup if root.val = 7

pre_order(root.left)
pre_order(root.right)

# [EE

$path.pop
end

ERR B, BRNEE A E AT EIRGTEE path RECERESE; WIAE “[ENR” AT, FRIEZEAFXETRRE
path i, PAVRTEAIRE A ARG,

BUgelE 13-2 FonfiEte, BT CHRE sURBLE 2y “HidE” B “REN”, mERIE 2,

; _
K EE: BOES, BRI
_ N EB: tREiRAE, RRE

path = [1]

B BEED, EARE

ELE: KRG, KRR

path = [1, 7]

BRI 7 , ASREIIEEAR
res = [[1, 7]]

00060 -~
W W W W

‘ Step 1 \ Step 2

Bl BOEY, ERRE
ELE: {RERAE, KRR
path = [1, 7, 4]

HEl: BEES, EARE
BB ARG, EEGEE
path = [1, 7]

res = [[1, 7]] res = [[1, 7]]

Step 3 Step 4
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=0

13.1.2 B9

AR RHEF) [ 1 o R O 35— (B B AR AR R A, AR PFIm TR “BIEL7

BHl: BEEDS, ERRE
EB: tREiAE, RRE
path = [1, 7, 5]

res = [[1, 7]]

BE: BOES, BRI
ElE: RS, REE
path = [1, 3]

res = [[1, 7]]

BEl: BOEDS, BERRE
ELB: kg, &sUEE
path = [1, 3]

res = [[1, 7]]

[Step 10‘

W BOED, ENRGE
ElR: RERAE, RUEE
path = []

res = [[1, 7], [1, 3, 7]]

13-2 EilHENE

EE: EOES, EMRE
EB: RERE, KRR
path = [1]

res = [[1, 7]]

EE: BEE, BHRGE
[EHE: PRERE, KRR
path = [1, 3, 6]

res = [[1, 7]]

B BEEY, EMRE
E1B: RERE, RUEE
path = [1, 3, 7]

BEEE 7, ARERETNESR
res = [[1, 7], [1, 3, 7]]

B =

TR R AT (E Ry 7 HIERS,

IR

AR (AR ARG EIE LR RS RS S, M BRI AR F A 3 1
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2 TR DA BRI, BT R A SRS, HBEMES 3 WEE, RIEEANEE,
Adr s, BEIUHBUN RTR:

# == File: preorder_traversal_iii_compact.rb =

HH FIFEERS: BIRE=
def pre_order(root)
# Bt
return if !root || root.val = 3
# Ex
$path.append(root)

# GCIRfE
$res << $path.dup if root.val = 7

pre_order(root.left)
pre_order(root.right)

# [OR

$path.pop
end

“BIR” R EARETERI G, i 13-3 R, fEsEiET, Wl 9T 7RSS IR S
X, BRFFZEEROER, Cmigs s8R,

Bk BFE% 3 AEEAIRANERE

BB RESRERNESTH
RMEAHESEE

.............

13-3  MRARKTRARAFBT L

13.1.3 tEZIES

TR, BMESKEMK “E5. ENR, 3987 MTREZRIEMIAR, R EasaiaE .
TELLMEZREKEF, state FoRMERIEATIRE, choices FRxE RRAE T AT DA H 1% :

HHE BIEEANESS
def backtrack(state, choices, res)
# JIETR TS AR
if is_solution?(state)
# ECERAR
record_solution(state, res)
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return
end

# ESHFREEE
for choice in choices
# BN FIEMRIERT ST
if is_valid?(state, choice)
# Enl: MUHBEE, TR
make_choice(state, choice)
backtrack(state, choices, res)
# [ER: BEHEEE, MBI ZATRTIRRE
undo_choice(state, choice)
end
end
end

R, AMEAEZRRRE AR R BIRE =, RFE state & EIBLEN LS, B choices A AIHIEH AL
THIESAIE TEIEL, &5 res BIKICEH]:

# == File: preorder_traversal_iii_template.rb =

i FERSRIIREES DA  HH
def is_solution?(state)

Istate.empty? && state.last.val = 7
end

HHHE SCERAR

def record_solution(state, res)
res << state.dup

end

HH FETEERGARET, EERT AL wH
def is_valid?(state, choice)

choice && choice.val != 3
end

i BEETIKRE

def make_choice(state, choice)
state << choice

end

def undo_choice(state, choice)
state.pop
end

HH BIEEE: BIE=
def backtrack(state, choices, res)
# BEEEAME
record_solution(state, res) if is_solution?(state)

# ESHPTEEE
for choice in choices
# BIfY: BEEERTAE
if is_valid?(state, choice)
# E50: MHEEE, FiikRE
make_choice(state, choice)
# BT —EREE
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backtrack(state, [choice.left, choice.right], res)
# [EIR: HEHEE, MERZAIIREE
undo_choice(state, choice)
end
end
end

RIRER, BPHEIRENAR 7 METRRIEZ AR, RHTR Il 21209 return sEAIINER. [E 13-4
BT R EUMER return SBAIRYIE @R,

nEEE <L

fsikigg
Qr et
(e}
¥ return MifE return
SCSRMERIRR], THEEES sCIREETRE], HEES

13-4 CREGERMIBR return RS EfRE L
MR ATREF AR B, SR AR AR AR U BB RS R, (X Py, B L,

FF 2 [l ] BAERZHERR PRRIR, TR A TARIR AR ACE 3K state fl choices , M EBIMEA I
{[i)RERAIETS

13.1.4 ERW:E

7 EIEMTHL AT ETA R, BRMIARES— REERE R AR S 2R, B RE =4 H B R,
N 13-1 fimo

R 13-1 W R EE RN

i TE T plE=

fig (solution) fRZMEHEREHMINIESR, nREA e E  MRETREEIETR 7 O 2 L AR AT A AL

KIHAGE KRR RSB T TR, EEA BRSPAESHIE 3
(constraint) JABTEL
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EAT EFR il =

IREE (state) ARREFRRN A R — R ZIEN, e ME B MR, B path HiZkE5)
EiE

=550 El BRI T R SRR RS ENERE, EEM  REMAE B) THIS, AFEEETEE path,

(attempt) HiES, HEIikRE, MEREAMR FIERE B ER R A T

EpiES ELRFEEZ AN ARG AR AERE, WEHaTEM  ERUAZEEIRL. FREBM. BEES 3

(backtracking) HAEEE, [FIZ| -—EiKE HEGRAR s RAORE]

EiL53 SR RIR B R ARG R EE RS EBRES 3 W, R HEsES

(pruning) BAERTTIE, RS SRR

Tip
FIRE, ff. IRRESFAESZIBARY, 1E70A. B, EhRe#|, S35 mAETEEY K,

13.1.5 {EELELERY

EEEEAE R — RS EEE, CERITE n s T R EERE N IR R, BT
VBB RRESER BT A RIRERI AR T 2, T BAESHISIRIRET, BEARENREE,

SR, FEJEFRAHRIAS B S R R s, ol SRV R TR e DARE 2,

- WRE RIS R E AR RE S IR P A AT RE, R AR A PT DOE 2 B0 s R T FE
- 2R R R R R A E ATATRRE (BIANESTE, R BIRA BN EE), BEIRERAR, =M
FORAIREFEIFRA,

RIEEGAE, Dl Ry SR Lt s B 2 R T e BB B AR DT R BN, iR ik TE
MR8 2 ] A R SRR, R AP0 ZH S AT Rl RERIISEME T AE R, (EIERETRTL S, BSER Al R
B, RBRCR R EE WA,

BB RSN E N G A A R AR, T B A R A

- s A sEETTIA LRSS EEHE, EmE T SR Al REE L BRI,

13.1.6 [El¥AER(GE

(e e 72 ] R R 21 TR, SR e PR S B L R
1R SRR AR RSN R R E R R TT %o

- EHIRE: A ARG, KREHFARTRERHSIE S

- TERMEE: AE RSN EEN, KERSHIEN R EENR &,

- ISR A AR TR — RYIR/NRRIR RS, EORRE T BRI AR TR B E] S — IR T,
BRARER B —EENE, HARER KB BB NEE L,

HIAN T SRR R E SRR R TR SRR R AR
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- n2iE fEn x n R ERE n BRE, #REMEARE,
©BOE: E9 X 9 ERTHIEARTY 1~9, fERRT. BYIMEE 3 x 3 TR THRIBT A EE,
- EFEORE: S —EERE, HEORBES B ETERE G, SIS HEBTERE AR,

A AL : TS RER B AR AE — (8 & 2 R TR T S R A B (B

- O-1 HHEME: A A —EEE, SEYas ENEENER, ERETEEFRRGIN, 3
Y LSRR E R R,

- RATRIME: £ -EE, (E-ERGHIE, FiREATE HARMA L OURIR AR, SRR,

- EROREIE: A —EEaE, PREIRCRRYSE e, R T I TE R < R A 18 A

LR, BIRNFF A G BRI, R RERITT %,

- 0-1 F A B RE A B e, DOE R m AR RAIRCR,
- RATRZ —EEE A4 NP-Hard B, # AMRH B BEEIAMS R IASE,
- ORI R R G P B — RS SR, T S AR R R R SN IR R R

13.2 £HYIRE

EHB R REREAN —E RN, ERERREAE —~EE S W— TR ERT, X
HHATCRIIFTH ATRERTHES

R 13-2 BB T ARMERBIRERL, BTG E A RES A0 A A HES
®13-2 EHFIRHA

LPN ] FR A HEA

[1] [1]

[1,2] [1,2],[2,1]

[1,2,3] 11,2,3],[1,3,2],[2,1,3],[2,3,1],[3,1,2], 3,2, 1]

13.2.1 EBFTENRER

Question

i A\ —ERE s, HrpAEEEETR, REFTH TRERIHES,

FEEIS EA I M, SRR DU RS A QR — R BRI AL, (i A2 (1,2, 3],
WIRRMEIRIE 1, FHRIE S, REORIE 2, AUEEHD(1,3,2] . FEIRER TG R,  rue s
.

TemMrE R AEE, FEES choices BEIAMIIFHIFIAILR, IRE state BEHZE HATCHIEEN
TLR. R, BETTRAAITPIEE R, Wt state T TR AR R HE— 1,

qnie 13-5 AR, A Al DURHE sod 2 e B — PRI, B RV EER R E RTIRGE state . TEARETRS
Bildh, A6 —FSRRENEIENRS, FIEEERAEE A,
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B—mRE

13-5 2HEFHIR G

1. ERBENK

T EHSETERPEE —R, BMFBESIA—EA RS selected , HH selected[i] Fon
choices[i] @A EHOEE, WHRNEEH DL NEIRIRE,

- EMHIEEE choice[i] 18, FeMMmti#f selected[i] B A True, T EEHHEIE,
- FERHEEERY choices I, BLBATHE CHOREMETES, BIBTRL,

GnlE 13-6 AR, (REFRAME —EEE 1, 55 WiEE 3, F=WBE 2, NIFEAES “WiTsTR 1 7,
TEH =8I HcR 1 FITR 3 H03

:

J StRES 1, 2, 3

P—
_ MR TRRENTE 1
BoRR 3 HSAETES 2, 3
BE 09__
ERE 2

B EHSEENTE 1, 3
FRaETES 2

13-6  EHHBTETRA

B2 13-6 3851, ZOURHRIERHE B ARA/ME O(n™) WNE O(nl) .
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2. EERRER

B LB IR, BIMRIAT DRSS i “eIEHE" T, 2 7 Ana i, B reEE
BHESEAIE RIS, MR eMERTE backtrack () Hz(H:

# == File: permutations_i.rb =

et BIREEE. 2HF 1 #HH
def backtrack(state, choices, selected, res)
# ERERESNTEZHUER, CRME
if state.length = choices.length
res << state.dup
return
end

# EFFTEEE
choices.each_with_index do |choice, i]
# B RAFEEEETR
unless selected[i]
# Eml: MULHEE, TR
selected[i] = true
state << choice
# ET F—EEE
backtrack(state, choices, selected, res)
# [BhR: HEHEE, MR Z IR
selected[i] = false
state.pop
end
end
end

#HHt SHP T A
def permutations_i(nums)

res = []
backtrack([], nums, Array.new(nums.length, false), res)
res

end

13.2.2 ZEHESEENER

Question

A\ —EEE RS, MR RER S EHBOCR, IR MEATE A EERHE,

IS % [1,1,2) . BT EESREERTE 1, RS M@ 1251,
WIE 137 %, R3RO7 i OHEE — R,
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B—mRE

BowRE

_—

AR TS

13-7 E®EHE

AN RBRERRIHRSINE? R E R, FRERE—EMERE S, ERBEHGRIETRE, AmEskies
A, N AEREBHSIR S AR, IERGERTRRNINE IR, ISk n] DA — IR HERIRACR

1. HETREK

BisIE 13-8 , (LS —imrp, B 1 slUEE 1RSI, (EE MRS Y R4 R a R, Fit
FERZAE 1 BUAL,
FIE, fESS—RIREE 2 2 1%, SRR 1R 1 eSS, RIS R 1 99EL,

EAHE LE, B HESRAER R, OS2 MR TR POEE — K,

choices = state = ;]

E—imiEE

13-8 EEHSIBTL
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2. EERRER

£ b —RER RIS AR I, B AR —Ims R B — R & duplicated , MIRECEGZIRHE

KERETTR, WMFERTEIR:
# == File: permutations_ii.rb =

HE CIEEL: 2HF 11 #HH#
def backtrack(state, choices, selected, res)
# ERERESNTEZHUER, CRME
if state.length = choices.length
res << state.dup
return
end

# EFFTEEE
duplicated = Set.new
choices.each_with_index do |choice, 1i]
# BIf: AAFEEEETR B TAFEERERSETR
if !selected[i] && !duplicated.include?(choice)
# El: MEHEE, FHE
duplicated.add(choice)
selected[i] = true
state << choice
# ET F—EEE
backtrack(state, choices, selected, res)
# [BLR: HEHEE, MERZFiAvikeE
selected[i] = false
state.pop
end
end
end

HH 2HS 11

def permutations_ii(nums)
res = []
backtrack([], nums, Array.new(nums.length, false), res)
res

end

RETCRmim 2 AR, Jn E7CREE n! EHES] (BE3R); fERCERAT RIS, TEERRES n KRS,

{5 O(n) IR, FHLWRIBIRRES O(nln) .

BAOBIIRRES 1, 65 O(n) HEBIZSE, selected (5 O(n) 230, M K18 2 44 n 18 duplicated

, A O(n?) =M, FSHEBHEES O(n?) .

3. MENRHL

FHTER, BESR selected 1 duplicated #BFHFABIR:, (HMIE ) BIEAE,

EELERIE: B SEEN A selected , Eil#HZERHREHEEWLE TR, HIEHZ

AR TTRTE state REBHHL,

- MTRIE: FEnEE (BMEMFIME) backtrack B0 #ELE —fE duplicated . BALERHIZIEAR

i (for dHfE) FRIPETTROPOERER, HEMAZREMF TR APORE X,
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[l 13-9 Jeor 7 mE ST RGP A A B, TERE, RrP RO IRENRG (OR — (A8, TEMRETRE B RGBS 1 |
A 25 Ml A B — 8 HES

o 5
nEEE— S
WHthHITIA [1, 1, 2] [1, 2, 1] (2, 1, 1] HEEF= §

13-9 PRSI Rk 1E F HE R

13.3 FEMRE

13.3.1 E|EERENER

Question

45 7E — M 1E R B FH%1) nums A1 —1E HAZERE S target , sERHIFTEATREAL S, FSEEFTRITE
A target . AEMYIRERITER, BREITETTUPGERZ R, sEABRFIERIRMENELEHMA S, &
A ER S ERES,

B, WA {3,4,5) FIEEEH O | 2% {3,3,3), {4,5} . FEEED Fik

SR AT AT LU U R MR,
- FERESTERIER, A {4,5) F {5, 4) BR—ETE,

1. S2ELHYIEE
FERUA HEFI R, TR DAE FEA BORFEE R K — RVE RN R, WEE SRR E “cHE
M7, EICEMER target I, Bl FEBREE RS,

iR AN FE R, AEEETPITE ] DI OGER, K SHFER) selected KA S E
TR O, TR IS 2R EI T/ MEB L, P15 IR S
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# == File: subset_sum_i_naive.rb =

#HH BIEEE: FEM 1 #H#
def backtrack(state, target, total, choices, res)
# FEMER target B, sCiRfR
if total = target
res << state.dup
return
end

# FEFFAEEE

for i in 0...choices.length
# BIfY. BEFEMER target , BIBLEZEE
next if total + choices[i] > target
# El: MHEE, FHTHEM total
state << choices[i]
# BT —EREE
backtrack(state, target, total + choices[i], choices, res)
# [BLR: fHtHEEE, MIEEIZAIRIRRE
state.pop

end

end

HH RIEFEN 1 (BSEEFE)

def subset_sum_i_naive(nums, target)
state = [] # REE (FH)
total = 0 # F&EM
res = [] # #&RBY (F&EH5)
backtrack(state, target, total, nums, res)
res

end

m L ERERES A RS (3,4, 5] MEFITR 9, WMbiAEIRA [3,3,3],[4,5],[5,4] o« HERIFRE ¥ AR
%9 B4R, EHAPAERBN 4 (4,5 f [5,4] .

SR E AR E R, AMFRANEERNEF, E 13-10 foR, Jo 4 1238 5 B 5
RIE 4 RAFND, (HEER—E 75,

choices =
target =
R
TR >9
o 9
,O
>9

E=mEE
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13-10 FHi% s BB eIk

&7 APREE TR, RERNERRBEIRNET R, IS IRBCRIRAK, AR R A,

- BEYTREZ, THEE target BURK, EmmEeELRERNEEFE,
- s (M) RUREHERFER, TEICHERS, MR e ETT R R,

2. BETFEERK
BAE Sl R E B BRI T R, BIEE 13-11, S PR DURFENET BT R R E A1,
Ban LA &,

L EHE—RRE o BEE 3 4 1, SARESENETRNIETFE, 8 (3,4,...].
2. Z1%, EEHEWEE AR, W TREZPOE 3, WAL TE (4,3, . ] M 1. SR
HrEEeE,

fEfmidied, S ErREREC A EIG ORI E I, RIS D S8R,

1. miPWERESE 3 A0 5, ARTHE (3,5, ... ],
2. PRI AR D, ERTFE (4,5, ... ]

3. EHWIEE D I HREEPEE 3R A, AT (5,3, ] F1 (5,4, .. ] BUET 1. BRI 2. b
HORHY T 452 R L

choices = a

F#& [3,3,.] [3,4,.] [3,5,.] [4,4,.] [4,5,.] [5,5,..]

EfRFE ERTFE EETE

Bl 13-11 IR SR8 T 7
AT, BEMAM] (1), 2y, ..., 7,], FOBBRAPORIERINS (1, 2, , . ¢, |, WS
TEWIL i) < iy < <y, FWIETIEPEIGEIE I @RS, HER IR,
3. BRAEER

BB, WG start , FINEERRIARE, BIMHERE o, &, & P —WiER5! b
YT, SRR BRI 1 < iy < - <4, , TEMIERAE FHRME—,
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PRItz Ab, BADEBFEEEST 7 LN TER .

ERA RS AT, Sy nums HEFF, fEAEFIFTEBERE, & FENEM target RFE A RIERE,
BEBRITEELR, HPEM—Ti@A target o
- BEICEMEE total , BB target ERATIHIERGGICEMN, & target FiR 0 Rt 8RfE,

# == File: subset_sum_i.rb =

HH BIEESE: FEM I #HH
def backtrack(state, target, choices, start, res)
# FEMER target B, sCiRfR
if target.zero?
res << state.dup
return
end
# EFFTEEE
# BIR T £ start FAtARESS, BREMEETFE
for 1 in start...choices.length
# BIfY—: EFEMBIE target , QIEZFEFEE
# ERREAMEYIEHRF, BREBITEFAN, FEMN—THEE target
break if target - choices[i] < 0
# Exl:. MUEEE, ¥ target, start
state << choices[i]
# ET F—EEE
backtrack(state, target - choices[i], choices, i, res)
# [EIR: HEHEE, MERZAIIIREE
state.pop
end
end

HH RIBTFEMN 1 ###

def subset_sum_i(nums, target)
state = [] # K& (F&)
nums.sort! # ¥ nums ETHIF
start = 0 # EHICIA
res = [] # RSBy (FEH5)
backtrack(state, target, nums, start, res)
res

end

13-12 A 25 k51 (3, 4, 5] FIEETER 9 A DL LR S & AR I E L.
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i target

choices = BRAMRE
target =

BE-RE

B=owmRE

i2if target BETFE

13-12 F5F0 1 [mEE

13.3.2 TEE/|RTENESR

Question

40 E —(E EEE S nums F1— M B EREE target , sERHFTAATREMAA S, HSMHEAHITER
FI%EIR target o 4AEPSIRIRER S EBICR, BMCERTHHER X, D EBSIE R ENELEH
&, PP EaSERAS,

FEIELS LR, AR ABRBIRT AL & RRER, JE5IA TR, i, sl [4, 4, 5] AL
0, ARG RES [4,5), [4,5), BT EETE,

16 P e P S AR A S R AR R b 2 IR (IR 13-13 vh, SR —dRdh =R, A miEE
4, GEAMEEEIES S, EmmtEE TR, FHE, B WM 4 thgEt 5w 4,

choices = a
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13-13 M TRERWERTHE

1. HBFTREY

AEDERE, BAME LR R b L REORIE IR, B By miRESI R EHT
[, RIHMHSETTREEAARR, SRS REET, HEADTREE/EZTRMAS, AR e CAage
i, FtEEEERTTER,

BLIETRIRE, AERUE ARSI TR HREPHRIE — K, SEERE, FRAMRA] DIF B start AR 2 s% 50 R :
EMHERE v, 18, BOE N -WERG1+ 1 FGHERER . ERERERRER T4, thabl % ERERT
ES

2. ERER

# == File: subset_sum_ii.rb =

et BIREEE: FEM 11 #H#
def backtrack(state, target, choices, start, res)
# FEMER target B, sCiRfE
if target.zero?
res << state.dup
return
end

# EFFTEEE

# BIR T £ start FAMARESS, BREMEBETE

# BIfy=: 1% start FAMRE:, BREEEER—TTH

for i in start...choices.length
# BIN—: BEFEMBE target , BEIEERIOE
# ERREAMEYIEHRF, BETEER, FEMN—THEE target
break if target - choices[i] < 0
# BRI WIRZTEELBIIEESE, RAZESSsTEE, BiEA
next if i > start &% choices[i] = choices[i - 1]
# B3l MHEEE, ¥ target, start
state << choices[i]
# EITTIT—EmEE
backtrack(state, target - choices[i], choices, i + 1, res)
# [EIR: HEHEE, MERZAIIREE
state.pop

end

end

HH RIBTFEM 11 #HH

def subset_sum_ii(nums, target)
state = [] # K& (FH)
nums.sort! # ¥ nums EITHIF
start = 0 # FEHICIAEY
res = [] # @&REBY (FER5)
backtrack(state, target, nums, start, res)
res

end
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13-14 R TR (4,4, 5] MIEEITR 9 WENER, HEOSTIREIRRIE, SRR E R 2SR
witr, MRfRR(EESIERE, DIEREBIERRIER WM TR,

choices = n
target = P

EwiRE Lotz
EE—&wPE%ET
&' REReEEEE—NR 09‘_ (X, 72’
-UF 7 Jam
&_ | EERE R
%‘?o [&,5] BETE
W=
FRFEE
Bki— . -
AR EIRES TR
818 target

13-14 F5H0 11 [EfiE R

13.4 n 2/5E

Question
BB SRR, 250 AR FERE—1T. —FIS— R4 LT, 47E n @25 —E
n x n K/, SHESRITE 25 2 MEHE LR N#RITT 2.

i 13-15 fiw, & no= 4K, HEADUREIMER, REWIEEIENAEE, n x n KBS n?
1%+, %At TRTARYIEEE choices . 7ERMENE 2GRS, HEGREE BTSN, SERZIAI B
JENRAE state .

) | ) |

€
€

€
L3

| |

13-15 4 BJ5HIERfE
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[l 13-16 J&oR T A B LR BB AREER 1T, W5, F—E ML EEERNE, ¥
FaRRoT R EE AR \ FIUCE AR / AR,

RRAER— RSB MR R AR
x| x| X W
Faezem—17 x| W foxefox N W

<
N
N
<
., N R
B h N i s
X X. B (R e R W
~ | A P
22 a | |
| Noi 7
N
. i L
X X. RO
AN | —
| N T

FRER—F REEFA—THREE

13-16 n BJERBELT R

1. FITHERE

SEHEEMBRITEN S 0, RIRMESEE @ SURSTH R ER adrsE —E 556,
W, WA ARBORITIE RIS : 8 —1ThM, AETHE FHEE, EERR 1T,

13-17 iR 4 BIRFERZTRERE. ZEERS], B 13-17 (£RH T8 TR HP—Ef 23,
Ml ELAF AN RS AR BRA IR 75 AT T B9

L]
L3

W [ TN X

WE¥ 117

(&ER) (& 88) (HER)

W W N R
WES 2 & % F . ]

WE® 3 17 i T ﬂ

L3
e
L3
L3

3

WEE 4 17

[
3
=
[l
[
e
€

13-17 ZATHCE R

EAH LA, BIBCERIGES] ORI, et 7R T HEZ MR ENATE S50 3
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2. FIEHAREIR

2 T RANFIH, T AT AR — 8 R E 2 n (MRS cols itk —SRE A Bh. ERIVENRE
i1, BANEHE cols fOH L/RRIPIEITEIRE, MAERBHENEEH cols HIRTE,

Tip
FETER, JEMERSANE B, HATRSIE LRI TEmM, IR IEESHEMN,

IO, W R R ARAT SR SRR SRS TROTAIRDI 2 (row, col) , MR MEMEFR I FolE - BHA 4R,
TRIMES B2 o LA 07T 225 R3S, MBS LA 709 row — col 2y
AR, WRFIARS FIE row, — coly = row, — coly , HIEIM—RLER— =SS 1, R
Ff, FRIPTAT LIRERYIE 13-18 FRRARS] diagsl :RBkE T B 4 LR EH B,

R, KEMEH ERIAR I row + col RIHEME, FMFEIRRRT LRSS diags2 AL M AREY
Ho

RHERAS
BEHER

ooon

cols

EHEIIRERER

13-18  RERFIKIHMIS A ARFT R

3. EXRER

SR, n #EHBEF row — col MEIEZE [—n + 1,n— 1], row + col MEEEZ [0,2n — 2], FTDAEE
FAERFICE FR AR B ERR 2 2n — 1, BUF%] diagsl Ml diags2 MREH A 2n — 1,

# = File: n_queens.rb =

HHt BIEEE: n B HH
def backtrack(row, n, state, res, cols, diagsl, diags2)
# ENETEITR, CiRfg
if row = n
res << state.map { |row| row.dup }
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return
end

# EFHFIES
for col in 0...n
# EERFHENTHAGHIREALE
diagl = row - col + n - 1
diag2 = row + col
# BIfY . RASFZMEFES. THAS. "ERELEEER
if !cols[col] && !diagsl[diagl] && !diags2[diag2]
# Enl: BEEHEEZET
state[row][col] = "Q"
cols[col] = diagsil[diagl] = diags2[diag2] = true
# MET—17

backtrack(row + 1, n, state, res, cols, diagsl, diags2)

# [EIR: FEEFIMESTM
state[row][col] = "#"
cols[col] = diagsl[diagl] = diags2[diag2] = false
end
end
end

HHE KEE n B #HH#

def n_queens(n)
# FI8RE nxn KOBIEEER, HAp 'Q' KRER, '#' RKKRZM
state = Array.new(n) { Array.new(n, "#") }
cols = Array.new(n, false) # RRFIESEEERE

diagsl = Array.new(2 * n - 1, false) # ;iR THAGIETEEG
diags2 = Array.new(2 * n - 1, false) # IR AEAKIETEER

res = []
backtrack(8, n, state, res, cols, diagsl, diags2)

res
end

BATIE n IR, FBEIKR, MRETRRET2IE n. n— 1. ... 20 1IEERE, EH O(n!) K
[l HECORMRI, I BERE state WHIE res , WRMRIERA O(n?) Fif, [RUt, AREISRIBIHEE
BO(n!-n?), B L, HRREAARKRNITEADRES RIEG MY SR, TS BER AR R

Fi51 state fH O(n?) %M, % cols. diagsl fldiags2 ¥{#if O(n) ZM, BAGRERES n, {f

I O(n) Hemig s, Wi, SEEES O(n?) .

13.5 /i

1. ERSOIEE

mEAEA R RS, ERH RS HE TR EUEN RSB S HI R, EEsERT, BE

R IFIFRARRIRC SR, B EIRBIFTA RECERT IR S

B3 RA R 2 B R B B BB MR AR 7. EBIR IR Bt S B A R, BB
FRAARMEAFRIEDUR, RIREE E— P r0EE, REIEIZATHGIREE, WAEGTE UL MNEE, EiliEiRZ2

P 75 TR S 3
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- [l e L 2 AEA AR, BT TR BB TR R, SIRAT DURATAT R E A 23, K
IETETHE =R,

- [l B T S B AT R R R = R R AN A TR R TR, A A R A R R R R T DA [ SRR R, H
LA ERCR B e R B A RIRTR.

- EHPIHEE M SA T R SR ATRERIHES . FRAMRED) —(EFHSI AL B E T R 2 5 R,
BIPE AORER R TR S 0 3, MR ETTR AP —IX,

- MRS, RESPFEREETR, AREHERGHBEEEHY, RMTREORHETRES
i L RERORIE IR, IEE R AR R SR E L,

- TEMEENEEZEATESTHEMA BEENTE TR, 86 TESTRIER, migsEkd
AT E IR AUAER, EAEE TR, BMERWRTR ERREITHER, MsE MBI~ T — Wi
FERTERAaES, TEMR A iR T SR A 27 SOEITIIRL

- BRTEMEE, EYRAHESTR G ELERES, BMA A CHEERIRTE R, ZEE B
TR IS EEEIAR, (M RAHSE e RS R o L BEpOE A —IX,

- n BEMESESEN n E2ERER n x n RSB ERTE, ZRIE 25 M FHERS RS
Tio AFIEMIKIRIEIFAITAR, SIS, R AT, R ITAR, BRI T
BN, RESTRE 25,

- HIRIHNTS A ARFT AR AR BT I, BIRAIRTER, BAIA A — AR AR i — SR S A 25, e
TERBRRIR TR E AR, BIREAAIR, FAMFEmMEESA s plrtskaz T, KB AR LR O
25, HRERRHERER — (BD BHALR BRI T Frm e fTHIRT IR,

2. Q&A

Q: EEERAR BRI ) B R ?
MAE, [fE R EEIRRNT, THREE AR M TR,

- A RS ERRE EEL, A, BRRERNER SR, BREEE SR ET A EM,
- RMBERSETREREE T TR R, WARBERE, [, BhREAE GOIELIEE) S
o
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145 EHRERE

Abstract
/INRRE AT, TLIRTRE AN K
EREH SN E R BRI RENE SR, —0 5 [HBRAME MR E R R
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14.1 ¥IREHREIRTY

BREFRE (dynamic programming) & —(EEERHELEE R, i RS A — RV E/ N FRIE, i
BRI E AR B R, e RIEEE AR R,

TEAH, FMEEEMBFEAT, Jeatierg s, BIRHhUSHERTHE, BZEPEH
B B RE R B TR

JerE
fE e n BERUAERS, REEPAIDAL 1 BEEE 2 B8, sERH 2/ 080T 5A] DATERHTH?

qniE 14-1 Fiow, SR 3 BEIERS, Htf 3 M7 5n] DAUEEIHETH,

0

1BUEPES n = 0 1 2 3 4 5 6

et 3 BigpHs 3 EAx:
0513253 , 05233 , 0513

14-1 eZIZ 3 BE 77 8=

AR B K AT RECE, BT AEREIE B IR s R Al REME. BB, RTEHEER S —E%
TREAE AR (CHE At fERIRE L 1 PEe 2 [, SR PR TEAR R T REBEM 1, B
THERIR LR IR, REXCHBUN R RR:

# == File: climbing_stairs_backtrack.rb =

#HHE B
def backtrack(choices, state, n, res)
# EIERZE n MR, AREEM 1
res[0] += 1 if state = n
# EFFEEE
for choice in choices
# BIR: AAFFHIBEE n B
next if state + choice > n

# E5 MUEE, SinikRE
backtrack(choices, state + choice, n, res)

end
# [ER
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end

tHH CiEts: [N

def climbing_stairs_backtrack(n)
choices = [1, 2] # ELEEMLNE 1 PEEl 2 B
state = 0 # % 0 PEBILANE
res = [0] # M res[0] :HEAREE
backtrack(choices, state, n, res)
res.first

end

14.1.1 FiE—: |higs

(e T R T M AN R R A T IR, TR A SRR B (E — RINIRHP B, @l R, €=
A R RERIfR

BAM AT DLE s R 0 R FA FE AT G TR, RRTCRISE ¢ B dpli] 7%, IRE dpli] si2lERE, H
FREIERE:

dpli — 1],dpli — 2], ..., dp|2], dp[1]

MR R AE B 1 PEE 2 BE, RULEIRMUGESS @ FEMEE By, b—fw A rTREu(E28 ¢ — 1 PEEEs « — 2 FR
ko AR, FAMHREIESS ¢ — 1 BEEES ¢ — 2 PEIERIE ¢ B

PO ] 75— (B A eSS © — 1 BER 7 RBUM LIRS ¢ — 2 BEM)T REGRS R ICRE ¢ B 75
£ /NG W

dpli] = dpli — 1] + dpli — 2]
TERERE IO R, &8 7R AR R AR R, DRI AR n] PA 7 RIS e K, (8 14-2
JER T 2R HERR R

dp[5] =dp[3] +dp[4] =8

dp[4] =5

dp[3]=3

|

BEE#H = 1 2 3 4 5 6
7E# dpln] = 1 2 3 5 8 13
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b

14-2 75 REEIRHER R

AT DR E A RS 8 RSB MIE, DA dp[n] IR, BRSPS A2 A IR e
BRI, S RN TRIE dp(1] F1 dp[2] BEEE. b, SN TRIENRECHN, B dpl] = 1.
dp[2] = 2, FRMESIE 1, 2 HARIE 1. 2 FTE,

BRI RS, AR R RSB N IR e =, (EXEnfEER:

# == File: climbing_stairs_dfs.rb =
HH 188 HH
def dfs(i)

# B dp[1] # dpl[2] , REZ

return 1 if i =1 || 1 = 2
# dp[i] = dp[i-1] + dp[i-21]
dfs(i - 1) + dfs(di - 2)

end

HH [CIEF: 185 #H#

def climbing_stairs_dfs(n)
dfs(n)

end

8] 14-3 JEA T S S MISEER, BRI dpln] , EBERIRES n, FHEERES O(2") ., 1
W BRI, AR BRI BT B RS 2,

dp[9]

dp[8] dp[71]

dpl7] dp[6] dple] dp[5]

dp[6] dp[5] dp[5] dpls] dp[5] dp[4] dp[4] dp[3]

EELMNERMEFEAEER TR
HHRMERESENE o(2")

[ 14-3 TEAERSE IR i
BB 14-3 , FSBOBSIIBS BRI 2 T TR WA, Flan dp9] BsrR dp[8] A dp[7], dp[8]
W dp[7) W1 dpl6], RIEEEE TRIE dp[7] .

DA, FREPESENESRFHE, FrARESHED. R0t EE IR E S EEN T
il Lo
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14.1.2 A3E=: sefEkigs
L TIRTFHEEENCE, RN EVE R R 7RSSR, A, TRES—EREE] mem 305
(TR RO, I S A o e B - R R B

1. EEIREE dpli] K, BRIMEEDHE mem[1], LMEZZE,

2. WFEIREESE dpli] ¥, FRMERERAE mem[1] ThBEGESE, ETHEG E S % TR,
s RR:

# == File: climbing_stairs_dfs_mem.rb =

HH SCIRLIES
def dfs(i, mem)
# BH dpl1] # dpl[2] , REZ

return i ifi =1 || i = 2
# EfFEscek dpli] , AIEEREIZ
return mem[i] if mem[i] != -1

# dpl[i] = dp[i-1]1 + dp[i-2]
count = dfs(i - 1, mem) + dfs(i - 2, mem)

# scix dplil
mem[i] = count
end

HH CRENE:. SEiRLiES  HH

def climbing_stairs_dfs_mem(n)
# mem[i] ECERMECEIZE i PERUASRADEN, -1 RO
mem = Array.new(n + 1, -1)
dfs(n, mem)

end

BUsEE 14-4 , B ROERR, i S ISR ISR K, KRSERELE On), E2—M
BRI

0L: 3
.9 HEVRR,
- EZEE

t///\\\\ IR IS ANRREHERES o(n)

ERFrEES FRIBRABHAE R

)
Qo
v

14-4  GCIS L1 = B R AR A
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14.1.3 &= EHREIREI

AClRfbiE s —f “RIEENE” W77 MRS (RETRS BHs, B BT R D g i+
M, EEMOCAENFHE GEHR), 218, ZEENZEUCE 7 REAM, R R,

B M, BHRERIER M “TORE” M7TA: Wae RN, EAbREE R FHENRE, &
E1FE A ERT

HABIRE R E A EaRE, Rt AT EAERERER, MAGHIRE, UM, RMonit
—fEbH dp 2T FEERE, ERE] T R S mem AHIRIHYRCER(EA :

# == File: climbing_stairs_dp.rb =

HH CIERE: BIREFREI
def climbing_stairs_dp(n)
returnn ifn=1 1 n =2

# %R dp x, ARHEEFEENRE

dp = Array.new(n + 1, 0)

# YIAARRE: FERRE/\TRIRERVAR

dpl[1], dpl[2] =1, 2

# ARREETE: U8B\ FRBZR L KARAKFHE

(3...(n + 1)).each { |i| dp[i] = dp[i - 1] + dp[i - 2] }

dpln]

end

14-5 FE 1 DA BRI B T I AR,

i N e N, “at e N, s
7 o~ 7~

SRR
dpf1] = 1, dp[2] = 2

KAREIS 512
dp[n] = dp[n-1] + dp[n-2]

WANIAIRRERYR, EITIRAEETS, BEERRERARLLE

145 TemBsmmmessae:
S AETIE —B, DVRERIEIAER] RAE MERAF MR E R, A ERAE A — (A TR
DR AP SR A, 100, TRASL TR R B 38 2 0 TR
FRIRLA LPUZ, FRIPTT LA D AE BRSP4,

- WEHEF dp W2 dp %, dp[i] FRIRAE § BT R
- RN RIBCE EOIRAE (35 1 BEHIEE 2 FEHBRE) FE A aT0auRRE,
- WREIEAR dpli] = dpli — 1] + dpli — 2] BaREEBERE,
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14.1.4 ZHREL

ALDRIEE PTRERBL T, W dpli] RELdpli — 1] M dpli — 2] A8, PRIEERIMMEZEAEH —MRE% dp H6H
R FRIERIME, TSR EEBIRBANERT AT, B R:

# == File: climbing_stairs_dp.rb =

HH CIER . TRIRENERNENERE] HH
def climbing_stairs_dp_comp(n)
return n if n =1 || n = 2

a, b=1, 2
(3...(n + 1)).each { a, b =b, a + b}

b
end

Bl DA LAEAHS, B EE TS dp (SRR, PRI O(n) BEE O(1) .

FEBRERIEIRE T, ERTIRREEEERATI A RERE G, SRR U R L ZAIRRE, ZE R
ARETE LIRS SRS MR B 2y “TREhSERE R I ERE

14.2 shREMREIRIERE

£ E—irh, FMEE T ENRERERUNAEE 1 R 0 R AOR R R, ERR b, 7R R R
AT SRR, 201G, BOREAEE. [l A HIEE R

M TRTE SRR AR K [ R 70 2% 2 (B BN B R, B8, AR RS O R
W, ERAS 2R AR

- BRERIE B EE TIRE AR, (HEONEEBIAN EERAIE, BRERIE AT R AN B RY,
FE 7 g A & B 2 BB AT

- [ RAAE B S DR R S ER A A A RERAR, MBS SRR A DR 03, SRR —
RIYNRADFREK, TR DURF B SR BR 2 BT 7 5B 1 — {7l

B E, BIREREE AR EENIE, EMMEESESTRE, BEEBINNAR: &ETEH.
BN
14.2.1 REBFEE
P TCAE AR R A VR O, 2 EANE S R B TS,
ek MUE
BE—EER, VREPEIRAE 1 BEEE 2 B, &M LERANE —EAE a8, FRIREZENE
FIRZA AR, 4AE —EIEE BT cost , H cost[i] FoRIEE i HZRETEA T HIRUE,
cost[0] ZHhmE GRLGED . sEstERDFHEN HZ /D RUEA RERETES?

GnlE 14-6 FoR, &% 10 20 3 BEIRMERBI% 1. 10, 1, RIFEtmIes|ss 3 R/ MUER 2,
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EIFMES n = 0 1 2 3
18 cost[n]

]
)
)
=
(]
)

Tets 3 fEBEHE 3 BAE:
0515253 , 05253 , 05133
Her 04123 BIRKESD, RMIES 2

& 14-6 MEZIZE 3 R &/ IMUE

%t dpli] 2TESIE | BB HAORE, A | BEIIATAEIE  — 1 BESR i — 2 Bhkde, I dpli] HUTRES
R dpli — 1] + cost[i] 5 dpli — 2] + cost[i] . % T HATAER I, FRIPIMEZOEIERE e MR — (i

dpli] = min(dp[i — 1], dp[i — 2]) + cost]i]

EFERT AT IR B T AR S 38 Il AN B B 108 7 T B A AP RS 1 2R

ARREREIREA BT FRAMIETE T R R AR dpi — 1] F1 dpli — 2] P @A —ME, 1A
ERER RS dpld] BRER.

R, E—HipTeEsnE AR A RE TEMEE? e EER R B8 E, B —EErEEE, HE
R SRR EHE", RIMEIM0EEEE, MR8 BSGER S, (R raiT7BiR
T BnERRKTEEEEFNE N — 1 FEME n — 2 BEKRKITEHE M, TR, RE TSR
bbwsdEls, EAFRMEPEE REN SR,

IRIBR B /1R, DARWIIEHREE dp[l] = cost[1] F1 dp[2] = cost[2], FAMERAT A5 2B fe k6 #1120
fig

# == File: min_cost_climbing_stairs_dp.rb

HH B ERIMUE: SIS #

def min_cost_climbing_stairs_dp(cost)
n = cost.length - 1
return cost[n] if n =1 || n = 2
# MR dp +r/, ARNEETFHEENE
dp = Array.new(n + 1, 0)
# IMEIRRE: FER &R/ FRIERAR
dpl[1], dpl[2] = cost[1], cost[2]
# ARREETE: U8B\ TFRIBZR S KRR AKTFHE
(3...(n + 1)).each { |i| dp[i] = [dp[i - 211, dp[i - 2]]1.min + cost[i] }
dpln]

end

[l 14-7 o 1 LA - AR KIS AT Eh RE R i AL
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cost[1] cost[3] cost[5] cost[7] cost[9]
min + min + min + min +
dp[8]
min + min + min +

cost[2] cost[4] cost[6] cost[8]
IYEHRAR :
dp[1] = cost[1] , dp[2] = cost[2]
ARAEER SR

dp[i] = min(dp[i-1], dp[i-2]) + cost[i]

14-7 Tergti MUER BB EE R

R AT DT, SRR T, (AR O(n) 1% O(1) :

# == File: min_cost_climbing_stairs_dp.rb =

HH [CERs/ MUE: BIRERE #

def min_cost_climbing_stairs_dp(cost)
n = cost.length - 1
return cost[n] if n = 1 || n
# At dp xR, ARREETFEENR
dp = Array.new(n + 1, 0)
# FMAIRRE: TERR &/ FREIENME
dp[1], dp[2] = cost[1], cost[2]
# IRREERS: UB/NFRERD RFRAFEE
(3...(n + 1)).each { [i| dp[i] = [dp[i - 1], dp[i - 2]].min + cost[i] }
dpln]

end

= 2

# [CiEe/)RE: THEREMRINEIRERS
def min_cost_climbing_stairs_dp_comp(cost)
n = cost.length - 1
return cost[n] if n =1 || n = 2
a, b = cost[1], cost[2]
(3...(n + 1)).each { |il a, b = b, [a, bl.min + cost[i] }
b
end

14.2.2 EEXKYE
IR BRI B e G SRR R BB BRI —, HERS: S —MHeniReE, ek R
SLERIRAEA B, Sl R AR A IR RE B

DATEHEREERE 251, ARG ¢, EEImRiE + 1 ARG 7 + 2, 2 hIBHERE 1 Mk 2 25, 1R/
ISR, MRS EIRGE ¢ ZATHIARRE, EFEHIRE i FIRARARE.

SR, AN SRFAFIAA TEAR AR — AR, TED A —hE T,
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AR TEHE
ME—EEE n PEROERS, IREDATDLE 1 FEeEE 2 B, (HAREMISTmRRE 1 B, S5MA 2 8%
A ATEZIARTH?

4niE 14-8 A7, ME_E5 3 FEER 2 MEnl{T75 5, HAEg =k 1 FERY7T =AM R RIECE, RItpdEE,

HRTeEEEMm &S 1 R,
FENAE 051523 HBE —

BHREE n = 0 1 2 3 4 5 6

TeLs 3 EEHEEE 2 85
=:

95253, 05153

14-8 HARICEIE 3 FER 7T RER

ERIE T, R R L B AR, AREE WAL 2 B SRR, TSR TR
fE CRERIFTAEMRBIEBO BiScvoe, TRAIRT—MHARGE (L —WR/eHEBEREB0 A,
REEESH, R R R I, MRAE MRS AR dpli] = dpli — 1] + dpli — 2] AT, HB
dpli — 1] FRFAREE 1B, EEPESTHS L HRB LB LA TE, Mk TEGH, R
HEHS dpli — 1) EoRERE A dp[i]
B, RIEERIRRAETER: IRAE [1, ] ForBLER | BEEL LBk T jRE, Hob e {1,2). ke
TR T LBk T 1 BERIE 2 B, FRIPIAT AR 2 R AR A i A,

O EWRBET 1 BERE, b LSRR 2 1, B dpli, 1] RAER dpli — 1, 2) SR,

C b WRBRT 2 B, b bRk 1 RSBk 2 B, B dpli, 2] 7T AR dpli — 2, 1] 8 dpli — 2, 2]

A,

WA 14-9 FiR, EREHRT, dpli, j) FoRIEE [i, j] SUERITTEM, BRI AERIRS 7R 2y

dpli, 1] = dp[i — 1, 2]
dpli, 2] = dp[i — 2,1] + dp[i — 2, 2]



14 % BhRERIE www.hello-algo.com 289

TREEEMIRDE 1 B
ERTRES
dp[i-1,1] ]

dpli,1] dpli,2]

dp[i-1,2]
dp[i-2,1]

dp[i-2,2]

@ 14-9 % FEAYH AR IR R

B4, B dpln, 1] + dp[n, 2 BIFT, Rid 2 AIRFIEEIE n BT RM80
# == File: climbing_stairs_constraint_dp.rb =

HH THAURICIEN . ENREREI
def climbing_stairs_constraint_dp(n)
return 1 if n =1 || n = 2

# %R dp xR, ARHEEFEENRRE

dp = Array.new(n + 1) { Array.new(3, 0) }
# FUEHRRE: TERRE/)\VFREIERVAR

dp[11(1], dp[1]1[2] = 1, ©

dpl2]1[2], dp[2][2] =0, 1

# ARREETE: U8B\ TFRIBZR L KFRAKTFHE

for 1 in 3...(n + 1)

dp[il[1] = dpl[i - 21[2]
dp[il[2] = dp[i - 2][1] + dp[i - 2][2]
end

dp[nl[1] + dp[nl[2]
end

£ EHRIRBIF, R EFRZ S EATE —EIRRE, RIEBMIART OB BRI RE T 38, (1 TR S e
R, A, FEREARAIRREEERN AR,

JT€ Pt B RRi e~ R

M A n BEROMERS, (REPRILIE 1 BEEE 2 B, BLEBICEIE AN, REATTES 2
B b bR, BRSO RTRREIE 24 B b BIan, AR IR T 2, 3L, AlZ
RLARERREIZE 4. 6 FE Lo sRfA /D75 58 n] DUREIRETH?

TEISERRER, TRBRBRAKHIE LT E ARRE, K2 E— Bk & 15 3 S IR R LT g, IR B
Bk, BHRISRARE, BHRREIEI: M AR,

HFE b, @AM S REMME (GINRITRIFE) AR, BNEHEME, | e
(ERHEARTTI, BlanpE g, BEEETR, _IBEE, RMEA R HNSE] R AR iR B
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14.3 BHREFRBIFEERIR

AR T BN RERRE RN B, 1 AR R R {1 B P P RE

L. Gnnfa ] — (R A R B RE R
2. RIRENEMHBIFEZ RN T, TRV E?

14.3.1 RIEFIER

AR, AR (R S R T R, B T A, MRS, R I A BN AR R AR
SR, FRAMREEAE R RN T B R B IS S, R FRAIE s S R O, Bl &l & A A )
W (58 MR

S R B EE RN DRI SRR T DARE R A AR,  Horb g — (A TR SR
—fEPRR, B EEEARR RS,

WA, WS S IR RS, I HARER — RYIRRELR, AR ERLN e R, @
AT DAGE A [ 3 A A R
TEMENE b, BhREAEIAEE A — LB “norIE”,

- MEEERK (N B&2 (D) FaEriR,
- FERGIRERES ] — M H 51, AR MU AR AR, il B — R RE B A R AR RE A7 AE IR B (R

MRS, thiFfE—2 “JorIH",

- RN EAEZ R T AT RERUARIR T 2., AR e
- FERA A HBEHP SRR, 2R A AR 2677 %,

Q0 SR8 R R R AR, i B BRARY “InoyIE”, FIMREAT CARR 2 — (EEh I R, e
RfpEREEE T,

14.3.2 FREKRBS R
B RE R 1 R AR & K TR MR B AN T A PR E], (HIE R EIE AT B MR, e FiRRE, &7
dp 3R, HEEIRREER TR, T8RS,
£ T BB B REED B, B — SR “ e NS SRR,
Question
HE—ME n x m MM grid , @R8PS REETHREES—EIEaREE, FRZETHIRE,

Was N DAZE LM BT ittindl, IRARER NeREMERE—8, BEEENEL METH, iR
e EA RGN IER,

[ 14-10 RoR 7 — M@l 7, SAE RS RIS MSTEM R 13
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RS

5
a
\
0

B/BRTEAZ 13

HEREAES 1925253325152

14-10 /S TERURGIE R

B BHERRAYOR, CRINE, EmiEE dp %

AR G — i DR AUR I E A T R E— 8, RERETFIITIIRS % [4, 5], BlA FemGE

ik, EAIEA [+ 1, R[5+ 1] i, REEESTRIIRFIRE WEE, 5[,
RAE [0, ] BRI TR (RS [0, 0] £3 [4, 5] KR NSRRI, TS dpli, ] -

i, MRS E THE 14-11 Foni — 4 dp FERE, HRST B A8 grid M.

j j+1
1 3 1 5 dple,0] dp[e,1] dp[0,2] dplo,3]
i 2 2 5 2 dpl1,0] dpl[1,1] dpl[1,2] dpl[1,3]
i+1 5 3I_: 1 dpl2,0] dpl[2,1] dpl[2,2] dpl2,3]
4 3 5 2 dp[3,0] dpl[3,1] dpl[3,2] dpl3,3]
grid dp &
SHRE. BaAATE—HHE FRIE: HAEERAEILL, §] MsNEREM
HREER: 1751%51[4, j] dp &: RTH grid HHREMER

14-11 #RRE&EFRH dp &
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Note

B RE R B B IE AR 7] AR IR 2 — BRSSP 2, TiikRE A DR B AL, CIEE S A MR
ERRTASE, HESTEMNEM, fEfAHRMEEH N —EikE,

BEREACH E—E &, FMETE M dp RARGEFENE TRIENE, AREER & 728
& dp B —ELEE, EARE LE, dp RSRER TR S,

B PG AN, M R B RES R

EHRUREE [7, 5], TIRER BT [ — 1, 5] BT [1, ) — 1) WA, EIRETasHs: 5
[i, ] BB NES SRR [0, § — 1) BB N RCRIER [3 — 1, j] A9 INER ERI R e MR — IR,

MRARCA B oA, AIHEE 14-12 FroRpiREER 77142

dpli, j] = min(dpli — 1, ], dp[i, 5 — 1]) + grid]i, j]

1 3 1 5 dple,0] dpl[o,1] dp[o,2] dple,3]
2 2 4 I 2 dp[1,0] dpl[1,1] dpl[1,2] dp[1,3]
5 3 2 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] dpl3,3]
grid dp &
HRAERIS 12

dp[i, j] =min(dp[i-1, j1, dp[i, j-11) + grid[i, j]

[ 14-12 ff ALk REE R T2

Note

RIBERGH dp =, BFREEMNFREN R, $OHEIE TR A B A 15 5 5 RE Y i i
H771%, BIEE T4,

— BHIRMERE T BB T4, whal DAEH AR E AR R

B2 weTiE SHRIERNIR R RS IR

A, R EITHRE L REIEH /B AIRRETS AR, R B YIRIRE N REME R _ BB AIRREIS 2, I E AT
i = 0 % j = 0 2Bkt

QniE 14-13 AR, HREHEN 72 HHZTTS TR BT RS AR, DR (6 8 A e v FE R, SME
EERST, WIEREEH,
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dple,0] dpl[e,1] dp[e,2] dp[e,3] dp[e,e] dp[e,1] dpl[e,2] dple,3]
dp[1,0] dp[1,1] dp[1,2] dpl[1,3] dp[1,0] dp[1,1] dp[1,2] dp[1,3]
AT T
dp[2,0] dpl[2,1] dpl[2,2]1  dpl[2,3] dpl2,0] dp[2,1] dpl[2,2] dp[2,3]
AT T
dp[3,0] dpl[3,1] dp[3,2]1 dpl3,3] dp[3,0] dp[3,1] dpl[3,2] dpl3,3]
— — —
BRES: MBLEITTEY REERIFF: EFEHERE

14-13 1B 5kt BiR B RS IE

Note

BFURAEBNRERR S R WIMGME dp &, EE=F R,

ARRERRL I 7 1 O BAR S AE 5 B E RO RTE RV ARIRE, P E EAKEA I B /N[5 RE A AR S A8 4 L i
R,

RIBLA_EorAr, BIMCAER] DIERES BB RS, R 7 A e — I TH R RS, R
‘BEE - R ES — BIREEE” NIEFEBENS S EMEEE,

1. FiF—: 8hHiES

FEURAE [1, /] PRGOS, BT E/NGIRE [ — 1, 7] A1 [1, — 1], IBERREE FEE,

- IRESW: REE 4, 5] .

- JREUA: [0, 0] 2 [, 5] FIER/NEESAT dpli, 7]

© BIEEE: E i =0 H j = 0K, JREIRE grid[0, 0] .

COBIEE B < OWFEC < O RPRSIESR, HREREIRME +oo, REAAIT,

BN
# == File: min_path_sum.rb =

i B/NRISHN: BHIES  #HH

def min_path_sum_dfs(grid, i, j)
# EAEEABT, REES
return grid[i][j] if i = 0 & j = 0O
# H1THIERSIEA, BRE +o {E
return Float::INFINITY if i <0 || j < ©
# SHEMELAR (i-1, §) A (1, j-1) HshERRE
up = min_path_sum_dfs(grid, i - 1, j)
left = min_path_sum_dfs(grid, i, j - 1)
# REIRAE LA (1, j) BIsDEREAE
[left, upl.min + grid[i][]j]

end
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[ 14-14 #2017 P dp[2, 1] Z2RETBSANRER, Hrbh @S @i rilE, HBEgEEsmn grid RS
BERTSBINE 2

WA LF, ERERTHRENEEZ: RS RSRE PAE A LM BNEE—ROTH.

dp[2,1]
=71

dple,1] dpl1,0] dpl1,0]

0/ 9. 9.
o LN e

dp[e,1] dp[e,2] dple,3

doko.ol : : B0 TR

dp % dp[1,0] dp[1,1] dp[1,2] dpl1,3] dpli+1, 31 A1 dpli, j+1] #B&k# dpli, j]
dp[2,0] dp[2,1] dpl2,2] dpl2,3]
dp[3,0] dp[3,1] dp[3,2] dp[3,3]

14-14 RS RE R

BHEREE A A NRIAG SR, 4 EAERE TARETRE m +n — 28, FTRERHEHES
O2m*™), Hrfrn il m 3B 88RATERIFI R, sEER, SRRy UK EENL AR IR R, &
BRI U N MR, I EPRAR B E S DL,

2. Bk ioiEkiEs

M5 I —EFAEAE grid tHERSTRIECIEEBES] mem , R GLESE 1 FE R AR, N5 58 1S
5

# == File: min_path_sum.rb =

HH B/NERISHN: SRIBIES
def min_path_sum_dfs_mem(grid, mem, i, j)
# BAKLAEBERT, BRLEES
return grid[0][0] if i = 0 && j = O
# H1TYIERSIMAR, AIRE +o {E
return Float::INFINITY if i <0 || j < ©
# GEfckk, MEZRE
return mem[i]l[j] if mem[i][j] !'= -1
# B LB ETRIR/NEEAE
up = min_path_sum_dfs_mem(grid, mem, i - 1, J)
left = min_path_sum_dfs_mem(grid, mem, i, j - 1)
# sefRlREA EARE (1, j) HRDNEERE
mem[il[§] = [left, upl.min + grid[il[j]

end

f

53“?‘
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QniE 14-15 PR, FESIAGRDIRLE, PrEFRIEMNBHEFEG R, IR R R BRI R 488, B4
RS O(nm) .

Bk BARH

Bk REIRA

dp[2,0]
Prd ‘\\ Q

s olf 2.

Q

14-15 FefRfL i sl i

3. HFiE=: BRERE

BRRCEBE e E T, R R:
# == File: min_path_sum.rb =

HH BR/NBRISHD: ENREIREI
def min_path_sum_dp(grid)
n, m = grid.length, grid.first.length
# %At dp *
dp = Array.new(n) { Array.new(m, 0) }
dp[0]1[0] = grid[e][0]
# IRREERE: 81T
(1...m).each { [j| dpl[e][]]
# e 575
(1...n).each { [il| dp[il[@]
# IRREEEFE . HAR{THIT
for i in 1...n
for j in 1...m
dplil[3] = [dp[il[j - 11, dp[i - 1]1[31]1.min + grid[il[3]
end
end
dpln -11[m -1]
end

dp[0]1[j - 1] + grid[0]1[j] }

dp[i - 11[0] + grid[i][0] }

14-16 JE7R T i MATCRIRIR ARSI, EUED TR, FIIRIBERIES O(nm) .
W51 dp K/ n o om, BEZSEIBERIE S O(nm) .
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Step 7

1 5 1 5 0 o o 0
2 2 4 2 o o o )
5 3 2 1 o o o [
4 3 5 2 ) ) 0 )
grid dp ®
e dp &

grid

AR
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j]

grid

RREETS
dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j1

grid dp &

IR
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j]

grid

RS
dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j]

5] 1 5 &l 4 5 10

2 4 2 3 0 o o

3 2 i 8 o o o

3 5 2 2 o ) ]
grid dp R

e ETT dplo, j1=dplo, j-11 + grid[i, j]
iaES dpli, 0] =dpli-1, 0] + grid[i, j]

6] 1 i

2 4 2

& 2 1

] 5 2
grid

RREE
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]

3 1 5 10

2 4 2 11

3 2 1 o

5 5 2 o
grid

KRGS
dpli, j1 =min(dpli-1, j1, dpli, j-11) +grid[i, j]

3 1 5
2 4 2
3| 2 1
3 5 2
grid

RAEETS
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]

5 1 i

2 4 2

B} 2 1

3 5 2
grid

RREE
dpli, j1=min(dpli-1, j1, dp[i, j-11) +grid[i, j1
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1 3 1 5 1 4 L 10 1 3 1 5 1 4 Ll 10
2 2 4 2 3 5 9 11 2 2 4 2 l 5 9 11
L “ 2 1 8 8 10 11 5 3 2 1 8 8 10 11
4 3 5 2 12 11 15e->13 4 3 5 2 12 11 15 13
grid dp & grid dp ®
ARAGETS
dpli, 31 =min(dpli-1, j1, dpli, j-11) + grid[i, j1 EER/ TR 13
Step 11 Step 12

14-16 B/ NS A BN B AL E AR

4. TRmEWR

AR B RE 7 R E A2 i BigAors T A0, R Al AR — (B TR AR B dp 3R
FRTERL, PRIZks dp RAERR—1THUIRRE, R DAFMEETAIERTRIAAIL EIIRRE, TR EER TR e :

# == File: min_path_sum.rb =

HH B/NERTSHN: THEIREMRBNEIRERE] HH
def min_path_sum_dp_comp(grid)
n, m = grid.length, grid.first.length
# ¥R dp =&
dp = Array.new(m, 0)
# REEEE: 817
dp[0] = grid[0][0]
(1...m).each { [3| dp[j] = dp[j - 11 + grid[B][]] }
# ARREETE: HERTT
for 1 in 1...n
# KRB BY
dp[0] = dp[0] + grid[i][0]
# ARREEEFS . HERD
(1...m).each { [3] dp[3] = [dp[j - 11, dp[31]l.min + grid[il[j] }
end
dplm - 1]
end

14.4 0-1 5 EIf5%8

HHEHER A FEF B REAFTER, 2RISR RIREER, HEGRZEE, i 0-1
HHMEE TeEtiE ZEEURESE,

TEAHET, FRAMSeAR i aH R 0-1 15 BT,
Question

FAE n AV, 58O EYEEIER 2 wet[i — 1) BEZ valli — 1], FI—EAER cap 5.
fEY L REREE — X, FERREHEAE NRERAYI SRR EE,
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BUk(E 14-17 , HUAYIARSE ¢ 18 1 BRGAETE, BRI O BRAASTE, R s « BIEE R wot[i — 1] f1
B valli — 1] o

Wk BB fEfE

i wgt[i-1] val[i-1] HagE
1 10 50 ¢ cap = 30
2 20 120 ¥ |~
3 30 150 " “
4 40 210 b
5 50 240 &

=AEE: 270

BESE B 0 B BTG
HiEE 50 HEAE

14-17 0-1 HHEARGIE R

BRI LUK 0-1 15 BB E— Ml n WTRSRALARAIBRE, B EHEVREA NIRRT, Fit
A [ R T e TR AR,

Az B KR “FERRE H BA R TR MR KEE”, IR Z —(EEh e R .,
BB BMERRIOPOR, CIINGE, R dp #

HWRNEEYRRR, TRAER, SEARTE; MASHE, TEARRBN, HrSREEsR: St
AT M RAE e, 5[, cl.

AREE [0, c] BIER TR 2 B ¢ IPIRER R 2 c RS R EOREE, 524 dpli, c] .
fERENIZ dp[n, cap], RKFEE—ERN % (n+1) X (cap + 1) B4 dp &,
B RN AR, RS R R T

ERMRHY5 @ R, RIBRIVRAT ¢ — 1 Y SIR T8, w52 L R miES .

© ABAL G EEARANE, RS [0 —1,¢].
BN BEAERD wet[i — 1), EEEMN valli — 1], REEER [i — 1, c —wgt[i —1]] .

IR AT IR T A R B T A KM dp[i, c] FIRATBNDE | RURNPIS @ wikirT e
{E SRR — Ml Fh it TS R RE RS T
dpli, c] = max(dpli — 1,¢|,dpli — 1, ¢ — wgt[i — 1]] + valli — 1])

TERRNE, EENYRER wgtli — 1] BHEGEEAR ¢, AIRARIERIAL A,
WU FRIB TP RR ARSI
%ﬁ%%ﬁ%@ﬁé%Oﬁ%kEﬁ%O,%éﬂdﬂ@ﬂﬂéﬁdﬂ&d%%ﬁoo
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BRIRAE [7, ] 7 A7 HIHREE [i — 1, ¢] A L TEOMRAE [i — 1, ¢ — wgt[i — 1]) SRR, BB EMEE
A5 dp AT,

RIBUA B, BIHE TARIGIEFERZ S, SRils, SEREmx.

1. Fit—: 2hiEs

HaEABEE N ER,

BB RE (i ] .

- ORI TRIERNE dpli, c] .

AR BRI = 0 SRR RIRAR % 0 B, A HBEIGREE O .
LR MR R ARG AR, AR,

# == File: knapsack.rb =

HH 0-1 B8 BHiEs mw

def knapsack_dfs(wgt, val, i, c)
#%Eﬁ%ﬁﬁ%%ﬁ%@ﬁﬂﬁﬁé,%ﬁﬁﬁﬁe
return 0 if 1 = 0 || ¢ = 0
# EHREEEARE, MREEEFABAGTE
return knapsack_dfs(wgt, val, i - 1, c¢) if wgt[i - 1] > ¢
# ABEABANNBAY@E 1 WRAEE
no = knapsack_dfs(wgt, val, i - 1, c)
yes = knapsack_dfs(wgt, val, i - 1, ¢ - wgt[i - 1]) + vall[i - 1]
# REMmES RAEEEANIB—E
[no, yes].max

end

qniE 14-18 Fw,  F DY) Al & 2 AR DR M RIS S5, BRI RTREIERE 2 O(27) 6
BleRims, ASBBHNFERRTHE, Gl dp(l,10] %, mEDMEZ, SEAREKR, JTHZMERA
HENYME R, BB THENEESERIEEZ,

YRR HaZE
dp[3,30]

BEHRANYS® 3

dpi2,20] M T

?o,\%‘ EEHAME 2

dp[1,-10]

BEHRANS® 1

YImimsR i 1 2 3 HEEE cap = 30
YEESE wgt[i] 10 20 20
YaEE vallil 60 110 120

14-18 T R R R 2 48 R
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2. FiEZ: miEniEs

7 7R AR T R R GG R R, BRAIMEE BRI RS mem R EC Bk RIEAVME, Horb mem[i][c] HIE

dpli,c] .

SINGEIRLZ 1%, WERBEREIRDUR FRPEER, it O(n X cap) . EBIREXIWT:

# == File: knapsack.rb =

#HH 0-1 B RIRWIES
def knapsack_dfs_mem(wgt, val, mem, i, c)
# EEETEYRNE GEFGEE, MIREEE 0

return 0 if i = 0 || ¢ = 0
# HO8EIHR, IEERG
return mem[i][c] if mem[i][c] != -1

# BEREERE, MREEETIHAE

return knapsack_dfs_mem(wgt, val, mem, i - 1, c¢) if wgt[i - 1] > ¢

# FEABANBAYG 1 NEXEE

no = knapsack_dfs_mem(wgt, val, mem, i - 1, c)

yes = knapsack_dfs_mem(wgt, val, mem, i - 1, ¢ - wgt[i - 1]) + vall[i - 1]

# sERilR[EIMAES RPEEEANA—E
mem[i][c] = [no, yes].max
end

14-19 R 7 fErC IR S rp 8T i 5 0 5

MRk SEEE
dp[3,30]

Bik:: $EIDR

dp[2,30]

il

dp[1,30] dp[1,10]

S =
o = *

YImimeR i 1 2 3 Hags

mES wgt[i]l 10 20 20
YsaEE valli] 60 110 120

14-19 0-1 H R ERRC R SR e

3. &= BRERE

BIRE S HE bR REE R HIEE dp RIERE, X NTR:

REENIG 3

Hi: YRER > HEEE

7 o REHRAYS 2

REENIR 1
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# == File: knapsack.rb

HH 0-1 58 BIERE s
def knapsack_dp(wgt, val, cap)
n = wgt.length
# ¥R dp X
dp = Array.new(n + 1) { Array.new(cap + 1, 0) }
# JIRREEETRS
for 1 in 1...(n + 1)
for ¢ in 1...(cap + 1)
if wgt[i - 1] > ¢
# EHEEEERE, IfEYS 1
dpl[illc] = dp[i - 11[c]
else
# PEMEYIG 1 EMESRINRKE

dp[illc] = [dp[i - 21[c], dp[i - 21][c - wgt[i - 1]] + vall[i - 1]].max

end
end
end
dp[n][cap]
end

QU 14-20 PR, IREREIAEMERE R 22 FIMEREFE B B8] dp K/NRE, B O(n X cap) o

- - [ ] n - = ] n
EE wgt (H{E val el oo 1 2 3 4 EE wgt (H{E val el o 1 2 3 4
wgtli-1] valli-1] [} [} [} [ [} [} wgt[i-1] val[i-1] [ [} [} 0 [
+55
1 5 [} 1 [} 5 () 1 5
2 1 ¥ 2 [} 11 ¥ 2 [
3 15 - 3 ] 15 (2 3 )
HRREE
YEBE n=3 EEEE cap = 4 %:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
MEURTS (n+1) x (cap+1) B9 dp 4B
| Step 1 Step 2
- [} ] ﬂ - ] ] “
EE wgt {H{E val el o 1 2 3 4 EE wgt {H{H val el i 2 3 4
wgtli-1]  valli-1] [} [} e ] [} wgt[i-1] val[i-1] [ [ [} o [} ]
+550 +55
1 5 [} 1 ) 5 5 ] 1 [} 5 5 5
2 11 * 2 [} 11 * 2 ]
3 15 (3 3 [] 15 @ 3 [)
KRG ARAEE
B %

dpli, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + vall[i-1] )

ER wgt (H{H val

dpli, ] = max( dp[i - 1, c] ,

dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

wgt[i-1]

valli-1]

sssss
wen o = |F
o o~ |B
w olul|B
w o= B

w N ke

Step 3 Step 4
- a &= U
EE wgt (HfE val e e 1 2 3 4
wgt[i-1] val[i-1] 0 [} [} [ 0 0
+550 1
1 5 (] 1 ) 5 5 5 5
2 11 * 2 [}
3 15 (% 3 0
RS KRG
B %

dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

Step 5 Step 6

dp[i, c] = max( dp[i - 1, c]

, dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
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- ] [ ] “
EE wgt {H{E val \i\g 0 1 2 3 4
wgt[i-1] valli-1] ] [} [} ] ] )
1 5 (] 1 05 5 5 5
™ +11
2 11 2 [} 5 m
3 15 - 3 0

KRGS
B:
dpli, c] =

Step 7

max( dp[i - 1, c]

, dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

a a B @B
~
BEE wgt (HE val el e 1 2 3 4
wgt[i-1] wvalli-1] 0 0 0 0 0 0
1 5 o ) 5 55 5
* 11

2 11 2 ) 5 1 16 16

3 15 (S 3 0

R
®:
dpli, c] =

Step 9

max( dp[i - 1, c]

, dpli - 1, ¢ - wgt[i-1]]1 + vall[i-1] )

- - [ ] n
EE wgt {HE val el oo 1 2 3 4
wgt[i-1] val[i-1] 0 0 0 0 [ 0
1 5 () 1 ) 5 5 5 5
2 1 * 2 ) 5 1!1 16 16
3 15 (O 3 [] 5 11
REE
#:
dpli, c] = max( dp[i - 1, ], dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 11
- ] ] “
Bl wgt {H{E val oo 1 2 3 4
wgt[i-1] val[i-1] [} ) 0 [} [} )
1 5 (] 1 ) 5 5 5 5
2 1 * 2 ) 511 16 16
15 T
3 15 @ 3 ) 5 11 16 20

KRGS
®B:
dpli, c] =

Step 13

4. ZRImEWR

F R B R RE AR L B | —

R =2

O(n) »

max( dp[i - 1, c]

, dpli - 1, ¢ - wgt[i-1]] + val[i-1] )

[l 14-20 0-1 5 G RE A B REAH B i

- ] ] U
EE wgt (HE val \1\\c 0 1 2 3 4
wgt[i-1] valli-1] ] ] ) ) 0 ]
1 5 ] 1 [} 5-_5 5 5
2 1 * 2 ] s e
3 15 o 3 )

valli-1] )

al[i-1] )

HRREE
#:
dp[i, ¢] = max( dp[i - 1, c¢] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 8
a a & &
EE wgt (H{H val el o ; 5 3 A
wgt[i-1] val[i-1] (] 0 0 0 0 [
1 5 o ] 5 5 5 5
2 11 ¥ 2 [ 5 1 16 16
v
3 15 (3 3 ) 5
FRRERY
#:
dpli, c] = max( dpli - 1, ], dpli - 1, c - wgt[i-1]] +
Step 10
- = ] “
EE wgt {H{E val ™ <] o 1 5 3 4
wgt[i-1] val[i-1] 0 0 0 0 0 [
1 5 () 1 0 5 5 5 5
2 11 * 2 0-—_5 1 16 16
415 T
3 15 @ 3 [) 5 11 16
R
#:
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + v
Step 12
- [ ] ] U
ERE wgt (H{H val \i\c\ 0 1 2 3 4
wgt[i-1] valli-1] ] [} 0 ) ] [}
1 5 (] 1 [} 5 5 5 5
2 11 * 2 0 5 1 16 16
3 15 - 3 0 5 1 16 20
REIFIAMEBAESNRAMEE 20
Step 14

&

TTIIRAEAT R, DRk P T LAGE A b 5 e B e, 25 R AR IE 7 O(n?)

B EE, BMRESEM —EES B R A e? BIEnIAl, SHEREES R B IE b7y s BT RIS T
MBI RRR SR © — 1 ATRYIREE,

HREEARN, RFEA

U — il 41,

ERIAERTE @ 1TH,

zzn%wﬁmrﬁs TS dpli, 7] B, 2 175 dpli — 1,1~ dpli — 1,7 — 1] fEATREE:
AR S T RE AR AR 5 R,

7L

n\_‘[l

woE
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GUSRERERI LT, HIA & st LR, IR AT DAEMEEST,
14-21 RoR TAE RS S « = 1ATHHREEE | = 2 {THIBM, 5 IR EFAE R E 7Rl

) - a @ “
EER wgt {H{H val e e 1 2 3 4
wgt[i-1] val[i-1] 0 0 [} ] [ 0
T e
2 11 ¥ 2 0
3 15 - 3 ]

aen—ansa o - ((DEDEDEDED

i 1= 2 6, B dp PEENR 1 = 1 WA

[ step 1 ]
o a a A @
EE wgt {H{E val el oo 1 2 3 4
wgt[i-1] valli-1] [ [) [} ] ] [)
1 5 ("] 1 0 5-_5 5 5
2 1 * 2 0 +11 BT
3 15 (O 3 []
aen-mnen o - (D EDEDEIED
BFEHE 1 = 2 17, ETRESE
[ Step 3 J
o - a @& “
EE wgt (HE val el e 1 2 3 4
wgt[i-1] valli-1] ] [} [} ] ] [}
1 5 [} 1 0 5 5 5 5
2 11 * 2 [} 5 11 16 16
3 15 - 3 0
aen—aniren o - ((DEDEDEIED
BFESRE 1 = 2 17, ETREES
[ Step 5 ‘

Step 2

Step 4

Step 6

- a B n
EE wgt (AfH val N oe 1 2 3 4
wgt[i-1] val[i-1] [} ] [} [} [} ]
1 5 o = ) 5 55 5
2 1 ¥ 2 ] u [
3 15 (3 3

EE wgt {H{E val ~.C

) - [} - ﬂ
B ] 1 2 3 4
wgt[i-1] valli-1] [} ] ) [} [} o
T s ] 1 05 5 5 5
2 1 ¥ 2 o *11 RETENEETIENET
3 15 (3 3 [)

R 0 [ s [ [as ] s ]

BIFESRSE 1 = 2 17, BITRESESE

- ] ] u
ER wgt (H{H val el o 1 2 3 4
wgt[i-1] valli-1] ] ] ) ) ° ]
. s ] 1 [} 5 5 5 5
2 11 * 2 5 11 16 16
3 15 - 3 0

eer—murrres) oo - (N OEND (S0 EED D)

STRERE, B dp HENRE 1 - 2 WFRER

14-21 0-1 B MR RIS ERE @

RS EI N, TR dp B8 —AE ¢ EREMIER, A HA s ] 58 e 8 e w R Al

# == File: knapsack.rb =

#HH 0-1 HE: THRENMERNERERE]
def knapsack_dp_comp(wgt, val, cap)
n = wgt.length
# ¥R dp X
dp = Array.new(cap + 1, 0)
# JIRREEETS
for i in1...(n + 1)
# EIFES
for ¢ in cap.downto(1)
if wgt[i - 1] > ¢
# aEEEERE, IFEYmE 1
dplc] = dplc]
else

# TEMNEYM 1 EMESENERAE
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dplc] = [dplc], dplc - wgt[i - 1]] + vall[i - 1]1].max
end
end
end
dplcap]
end

14.5 &5 aME

TEAH, BAMGERES —EE REEME: 2eTE, HRRer—mRe: TRk,

14.5.1 25 ERHE

Question
B n @IS, B EYSNERS wet[i — 1], EER valli — 1], M—EEES cap W&, &
fElPysin] AR, RI7ERE S A E PR AR AR EE, ~EanE 14-22 Fir,

iR BE H{E SesE
i wgtl[i-1] val[i-1] cap = 50
1 10 50 o 1 —
2 20 120 : x2 “
3 30 150 B
4 40 210 *
5 50 240 (>

=RAEE: 290

BEAR: §—E @ AmE = BAEE
HEFH S0 EOEE

@ 14-22 seeE WHERREE R

1. BREREITBER

e BN 0-1 AR AL,  WAHE LA PRI S SR R

- fE0-1 HEMET, YR RE M, ERES cRNERR, HEERRET i — 1 A7) i,
- fEEEEUEET, SEY) SRR ERE, FIEYE AT R, il BARERT ¢ I riaEE.

fESE T WRERIRE T, IRRE [i, c] BIBAL5> 2 BT L.
© BN G BO-1 S RBEEMER, BRE[I-1,c.
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MY 8101 SRR, R (i c — wgtli —1]].
HETRAEIRS 7T 2

dpli, c] = max(dp[i — 1, c|,dp[i, c — wgt[i — 1]] + val]i — 1])

2. EXRER

BELmE—E H RGeS, IREER A — Rt e — 1 8% ¢, Hifsee—3C
# == File: unbounded_knapsack.rb =

HH ST E: BIRERE M
def unbounded_knapsack_dp(wgt, val, cap)
n = wgt.length
# At dp *
dp = Array.new(n + 1) { Array.new(cap + 1, 0) }
# AKEER
for i in1...(n + 1)
for ¢ in 1...(cap + 1)
if wgt[i - 1] > ¢
# aEEEERE, IfEYmE 1
dp[illc] = dp[i - 1][c]
else
# TEMEYS 1 EMEHRNRKE
dplillc] = [dp[i - 11[c], dpl[illc - wgt[i - 1]] + vall[i - 1]].max
end
end
end
dplnllcap]
end

3. TRmENR

H A B AT AR RE R LA AN RIB ROIRRE A I AR AN, DRl b2 Pl iR AL IR MR B dp R —1TIBATIE AL

Wi
EMEEFNEF L 0-1 WRIEA A, HFEBNIE 14-23 ACERfRME HIE 5],

) - - [ ] n - - ] “
EE wgt {H{E val | oo 1 2 3 4 BE wgt {H{E val }{ 0 1 3 4
wgt[i-1] val[i-1] 0 0 0 [ [ 0 wgt[i-1] val[i-1] ) [ 0 0 [
1 5 ('] 1 1 5 ] 1 0 5 10 15 20
2 11 * 2 [) 2 11 * 2 [} 5
3 15 (O 3 [] 3 15 (3 3 )

uwr—muams < - ([T IEDEDEDED

Ewh 1= 2§, BY dp PEFNE 1 = 1 KRG8 EFEHRS 1 = 2 17, ETRESEE
Step 1 Step 2

uwes—mwres o - (([[EEDEDEDED



14 % BhRERIE] www.hello-algo.com 306

o - a @& “ - a B u
EE wgt (H{E val el oo 1 2 3 4 EE wgt (HE val el o 1 2 3 4
wgt[i-11  valli-1] ] ) [} ] ] ) wgtl[i-11 valli-1] [} ] ) ) ° ]
1 5 [} 1 0 5 10 [REEHEEPY) 1 5 ] 1 ) 5 10 15 [ED)
2 1 * 2 ° 5 11 2 1 * 2 5 11 16
3 15 - 3 o 1% 3 15 - 3 11
- | )] —— [ ]
) EFESRE 1 = 2 17, EITRESES ERFEDSE 1 = 2 17, ETRESEE
| Step 3 Step &
G a & & B a @& @ n
EER wgt {H{E val el oo 1 2 3 A EE wgt (A val el o 1 2 3 4
wgt[i-1] valli-1] 0 0 ) 0 0 0 wgt[i-1] val[i-1] o 0 0 [) 0
1 5 ¢ 5 18 15 20 1 5 o 5
2 11 * 2 o 2 * 2
3 15 ®» 3 0 11 3 @ 3
sen—avrn « - N EREIEDED wen-ucn « - (N EREDERED
) EFEHS 1 = 2 17, BITRESES SERED®R, B dp MENHME 1 = 2 MATENER
| Step 5 ‘ Step 6

i 14-23 e UHEET MR EMRIEIESEIRRE

RS EB LB, (EFRRES dp RS —HEMIPR:

# == File: unbounded_knapsack.rb =

#HH ST 8 BIRERE s
def unbounded_knapsack_dp(wgt, val, cap)
n = wgt.length
# ¥R dp R
dp = Array.new(n + 1) { Array.new(cap + 1, 0) }
# JIRREEETS
for i in1...(n + 1)
for ¢ in 1...(cap + 1)
if wgt[i - 1] > ¢
# EEEEERE, IfEYS 1
dplillc] = dp[i - 1]1[c]
else
# FENEYSE 1 EMESRINERKE
dplillc] = [dp[i - 11[c], dp[illc - wgt[i - 21]] + val[i - 1]1].max
end
end
end
dp[n]lcap]
end

#HHt TEEE: TRHRENENEIRERE] #3
def unbounded_knapsack_dp_comp(wgt, val, cap)
n = wgt.length
# At dp *
dp = Array.new(cap + 1, 0)
# RREER
for i in 1...(n + 1)
# 1IEFFRESH
for ¢ in 1...(cap + 1)
if wgt[i -1] > ¢
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# EREEERE, IfEYmE 1
dplc] = dplc]
else
# PEMEYE 1 EMESRINRKE
dplc] = [dplc], dplc - wgt[i - 1]] + vall[i - 1]].max
end
end
end
dplcap]
end

14.5.2 FHERIGBRIE
HHEEER - AR EIR TR, HAIR2 8, flunZisaifiiE,

Question
K57E n RERENE, S8 0 FEREETNTEE S coinsli — 1], BESEEA amdt , FREREH ] DAEBEE, [
REfE T B IR R/ DR R, REREDEESHE, ANRE —1, REIWIE 14-24 iR,

iReR HfE
i coins[i-1] BiESA
1 1 1 amt = 11
\ -
2 2 $
3 5 @ x2 /

BOERME: 3
pEmsEs: ©+©+©

& 14-24 FEE SR EERI RO R

1. EHRERBIBER

TR B 2T MR —RERREDL, W& B DT B B A 8

- PIERERT DA, YT EE CRETET, YA R BIE HERmEET, “HHART HIE "HES
B

- RIECEENR, 2T EMREREEAMY)MEE, TEICHMER SR/ MU,
- RETUMERR TEE" FEAR TR, TERORER R ZE HESRER

- B ERIIISR, ERRE, Rt dp %
YRAE [i, a] SHRERSTRIEDS : Wi @ RERENARESIVEIN R o MY DRESROR, 325 dpli, ] .
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T dp RS (n+ 1) x (amt +1)
B PR ATRE, SR RS TR
A B e 2 T E R RE IR RS T R EAE DU R 2 2,

- REESREME, EHAEHES T max() Ek min() .
R RS ORISR EEEST 41 BT,

dpli,a] = min(dp[i — 1,al, dpli,a — coins[i — 1]] + 1)

B WS SMEIERGIR R RS
HEHESEA 0K, BHENRDEEEER 0, RMESIFE dpli, 0] #EFR 0.

BN, MEARIMTE > 0 MEESHE, FU2MN0R, ZMEREER 7R min() EXAEHERTE
IR, MBI +oo REREM, MLETHE dpl0, a] #ER +00,

2. ERBER

REREGE S MARIR AL +oo B8, HABMEAER int MR AKMERMNE, e X GESCOREIS : iReH
TR +1 R E A RESE A AL,

ik, BB amt + 1 REORERR, HAEL amt WEEEERERZD amt . REIRIEIE, HE

dp[n, amt] BEFR amt + 1, FHRABRE —1, REMEEE B, BRI R
# == File: coin_change.rb =

HH SRR BIREIRE
def coin_change_dp(coins, amt)
n = coins.length
_MAX = amt + 1
# MR dp &
dp = Array.new(n + 1) { Array.new(amt + 1, 0) }
# REERE: 517875
(1...Camt + 1)).each { |al dp[0][a] = _MAX }
# ARREEETE: HARTTAY!
for 1 in 1...(n + 1)
for a in 1...(amt + 1)
if coins[i - 1] > a
# HEEEIEERE, R i
dp[illa] = dp[i - 1][al
else
# EFEEE 1 EMESRINEBIME
dp[illa] = [dp[i - 1][al, dpl[illa - coins[i - 1]] + 1].min
end
end
end
dpln]l[amt] != _MAX ? dp[nl[amt] : -1
end

[ 14-25 ffon 7 FESERAVBIREHIENERE, e d UREAEFHE,
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[ Step 1

=

Step 5

[ Step 7 |

{ Step 9

5 & & 6
=R EfE h 0 1 2 3 4
i coins[i-1] 0
1 1 @ !
2 2 @ -
3 5 @ -
WHESE n -3 EfESE amt = 4
MERTA (n+1) x (amt+1) B dp %R
Step 2
s & & 6 6
MR EfE h ) 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ : ] 1
2 2 @ 0t
3 5 @ 3 0
HRREE
#:
dpli, al] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1)
( Step 4
i & & 8
=R mfE h 0 1 2 4
i coins[i-1] 0 0 MAX  MAX M?X MAX
1 1 ® 1|0 1 2 3
2 2 @® 2| o -
3 5 @ | o
FRAEEY
#:
dp[i, a] = min( dp[i - 1, al] , dp[i, a - coins[i-1]] + 1 )
Step 6 |
s & & ¢
R EfE 3 ) 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! ) % 2 3 4
2 2 @ - 0 1
3 5 @ 3 0
TREE
#:
dpli, a] = min( dpli - 1, al , dpli, a - coins[i-1]] + 1)
Step 8

5 & & 6
R EfE h ) 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX MAX
1 1 @ 0 1 2 3 4
2 2 @ 2|0 1 1 2
3 5 @ :| o "
HRAEE
%

dpli, al = min( dpli - 1, al ,

dp[i, a - coins[i-1]] + 1 )

Step 10

s & & 8
() EE el 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ©® 1| o0
2 2 ® 2| ¢
3 5 @ | o
WHEE n-=3 EiESE amt = 4
MAKETA mAX = amt + 1 | B 0
s & & &
R EiE Nale 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ 1|0 1
2 2 @ > ] 1
3 5 @ 3 [
#;&Eﬁ
db[i, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1 )
s & &8 &
R EfE Nl 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 3 1 2 3 4
2 2 ® 2| o "
3 5 @ | o
KRR
#:
dp[i, al] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
s & & &
KRR EfE Nale 1 2 3 4
i coins[i-1] ] 0 MAX  MAX  MAX  MAX
1 1 @ 1 [} 1 zL 3 4
2 2 @ - ° 1 1
3 5 ® | o™
REE
#:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
- 5 & & &8
R EE SNl 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® ! 3 12 sk
2 2 ® 2|e¢ 1 1 2 2
3 5 ® 3| o "
KR
#:
dp[i, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1 )
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s & 8 8 s & & 8
=R EfE el e 1 2 3 4 & EfE h [ 1 2 3 4
i coins[i-1] [ 0 MAX  MAX  MAX  MAX i coins[i-1] ) 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 1 2 3 4 1 1 @ ! 0 1 2 3 4
2 2 @ 2| o ¢ B 2 2 ® 2| e¢ 1 ¢ N
3 5 @ - o | 1 3 5 @ - 0 1 1
i KRGS
#: ®:
dp[i, a] = min( dpli - 1, a] , dp[i, a - coins[i-1]] + 1) dpli, a] = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1)
Step 11 | Step 12
i 5 &8 8 s & & 6
MR HfE el e 1 2 3 4 4 HE Nale 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX i coins[i-1] ) [) MAX  MAX  MAX  MAX
1 1 @ : [} 1 2 3 4 1 1 e : [ 1 2 3 4
2 2 @ [} 1 1 } 2 2 2 e - [ 1 1 2 7
3 5 GD 3 0 1 1 2 3 5 GD 3 [ 1 1 2 2
ARREE RS
#: #:
dpli, a] = min( dpli - 1, al , dpl[i, a - coins[i-1]] + 1) dpli, a] = min( dpli - 1, al , dpl[i, a - coins[i-1]1] + 1)
m Step 14
s & & &
E ] EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX MAX MAX MAX
1 1 @ ! 3 12 3 4
2 2 @ 2]e¢ 1 1 2 2
3 5 @ - 3 1 1 2 2

3. FHRER

TR S MR AR AR e e iE -2
# == File: coin_change.rb

HH SRR TRRECENSERE
coin_change_dp_comp(coins, amt)

def
n = coins.length
_MAX = amt + 1
# WA dp &
dp =
dp[e] =0
# KRB
for 1 in 1...(n + 1)

# I[EFFER

Array.new(amt + 1,

EEEHEESENROEEHE 2

Step 15

14-25 ZEE4rfil AR B RE R B AR

HHHE

_MAX)

for a in 1...(amt + 1)
if coins[i - 1] > a
# ERIBEIEESE, BEEE 1

dplal = dplal
else
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# PEFEEE 1 EmESRNEIVE
dpla]l = [dp[al, dp[a - coins[i - 1]] + 1].min
end
end
end
dplamt] !'= _MAX ? dpl[amt] : -1
end

14.5.3 ZERIBRTE

Question

FATE n FEREYS, 55 MEREWERYTE(E A coins[i — 1], BIESEA amt , SR AT DAEGER, M

HIHHE SRR S8R, RBIANE 14-26 FR,

b EfE
i coins[i-1] BifEER
amt = 5
1 1
2 2 g
3 5 (5)
ESEAHE: 4
ERHEE L= + + + +
+ + +
+ +
(s)

14-26 FEESTHEIE 1T FR BB R

1. EhREREBIBER

MR b —, AEEERREEHE, Rtk rREES: 6 EMERREATRILEE o MESEER. mdp

FRRERS (n+ 1) x (amt + 1) 4R,

B AR RE A & B S RN AR B B AT NS IR DURAVA S B 2, ARREERS T R 2

dpli,a] = dpli — 1, a] + dpli, a — coins[i — 1]]

HEESRER 0K, MEEREMEERRN ERS, HEREIE dpli, 0] M 1,
RN, MRABRLER > 0 WHEESEE, FHEITrE dplo, a] #%R 0.

Bk

Eilie
Piisy
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2. EERRER

# == File: coin_change_ii.rb =

#HH TREM 11 BRERE H
def coin_change_ii_dp(coins, amt)
n = coins.length
# ¥MRE dp X
dp = Array.new(n + 1) { Array.new(amt + 1, 0) }
# Mt Es
@...(n + 1)).each { |il dp[il[B] =1 }
# IRREER
for 1 in 1...(n + 1)
for a in 1...(amt + 1)
if coins[i - 1] > a
# GRIBEESE, AEEE 1
dpl[il[a] = dp[i - 1][al
else
# TEFEFE 1 Em@ssxzil
dp[il[a] = dp[i - 1]1[a] + dp[il[a - coins[i - 1]]
end
end
end
dp[n][amt]
end

3. FHRER

2 E AR IR 7T T ], R P e 2 R T
# == File: coin_change_ii.rb =

HH FHEER 11 TEREVENSIERE w
def coin_change_ii_dp_comp(coins, amt)
n = coins.length
# ¥Rk dp X
dp = Array.new(amt + 1, 0)
dp[0] =1
# AKREER
for 1 in 1...(n + 1)
# IEFFRESH
for a in 1...(amt + 1)
if coins[i - 1] > a
# GRIBEESE, BEEE 1
dplal = dplal
else
# TEFEFE 1 EmEsxzil
dplal = dplal + dp[a - coins[i - 1]1]
end
end
end
dpl[amt]
end
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14.6 mERPEEHRSIRE

AmEREEEE, A% Levenshtein EERE, HEmifE— 5 i DAHERI R/ MBSOREL, @HEFAREETRRMEAR
AE 5 i B e 37 AR

Question
AT s fl ¢, IREF s B2 ¢ Frds i/ 4ndE 0 8
VRAT DATE— {7 Ef A T = AR . A —EFon. MBR—EFT. HFoBisttE—MEFE T,

QniE 14-27 FioR, i kitten By sitting FREMEH 3 0, GG 2 U HRIEE 1 OHTHEI%(E; i hello
L7 algo FHE 3, B4R 2 DO BURIERT 1 IRIMBRIR(E,

s- 80800 s- 380080
lgm lsmlﬁm m%]lsmlgm
LT[ e] onaoo

- 38080800 - (3E80

14-27  %dH PE AR R B ER

At AR AT DR AR DR RRE, 5 iR IER ARG, —BaDUR (— IR BRI —
g,

anE 14-28 FiR, EARRGIRENER T, SEGEER DURAE HFF 258, SEEE—ERE, BRIk
Z0E hello #HF| algo A FF 2] REAYRSEE,

TR R, AR E 2R ARG hello METE: algo Z MIHYEIEIETE,

14-28  FLJRIRHR I R o i P A ] R
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1. BHREREIBER

B BERRORE, ERINGE, Rmesl dp &
BRI T s T XA,

TR AL IHREIERER, PSRBT, A AR TR, 3250 s M £ ORISR n
film, % A R IE sln — 1) F1 t{m — 1] .

- i s[n — 1A t[m — 1) HER, TR ABOBE, EEEE sin — 2] F1 Hm — 2] .
C #s[n— 1 A t[m — 1] R, RIEES s 8T REE GEA. MR, iR, FERTE RS
FIEAIR, FETTAT ABOB M, % R N R,

s, FFMETH s PIETHEmRR (GRiERE), MEHERE s ¢ PRIERRIRFILAC T3 R L,
Ktt, ARREZERITE s F1 ¢ HhB AV ¢ FI58 j 57T, &% [1,7].

YRAE [i, j] SRERO TRERE: 9§ s O ¢ MR EREs £ IR § MERimi D
S, BE RS (1) x (+ 1) 4 dp %,
o PR TR, TR RS R

208 TR dpli, j], HEBEITET RS s[i — 1) A ¢[j — 1], AORSR R AR SR 5 2
14-29 FiRHY = REIRH.

1. 16 s[i — 1] 24%H t[j — 1], BRI TFRIE dpli, j — 1],
2. WBR s[i — 1], HIRISKTRIE dpli — 1, 4]
3. W s[i — 1) Bt i — 1), BUEIBR FRIEE dpli — 1,5 — 1],

EREPHLE e

00000
(c[o]d]e] (c[o]d
dpli, j-1]
fE% k
s - BB0OC 080
‘- (T ]
dpli, jl dp[i-1, j]
1 k #in8 e
(b]o]o]e]
(cJold]e] (c]o]d
dpli-1, j-1]

[ 14-29  HiiE AR RETE S

FROEDA L5V, ISR TA5HE: dpli, j] BRGSO dpli, 5 — 1] dpli— 1, 4] dpli—1,5—1]
SHPIR RIS, FI AR 1, SRR R
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7

dp[lhj] = mll’l(dp[l,j - 1]7dp[2 - 17]]7dp[2 - 17] - 1]) +1

SERE, B s[i— 1) R t[j — 1] RIRING, SCRGMRERITIT, SR Rk s

=8 R SRR E R RS IE

N FERE AR, MELSEA 0, B dp[0,0] =0, & s &=H t RAZR, R/DMREDBER t WRE,
BT dpl0, j] = jo & s TAZME t =K, BOMEBAEER s WRE, BIEF dpli,0] =i,

BISRREERE /7 H2, R dpli, j] HEATT. 177, 72 LM, TR IZs 3 e A 1 2 (8 dp REANFT
2. EXRER

# == File: edit_distance.rb =

tHH YREEEERE: BIREIREI
def edit_distance_dp(s, t)
n, m = s.length, t.length
dp = Array.new(n + 1) { Array.new(m + 1, 0) }
# REERE: 517875
(1...(n + 1)).each { |i| dp[i][0]
(1...(m + 1)).each { [l dpl[B][]]
# ARREETE . HARTHGY
for i in 1...(n + 1)
for j in 1...(m +1)
if s[i - 1] = t[j - 1]
# EmFoiESE, REEBBLILmTIT
dp[il[j] = dp[i - 1][j - 1]
else

[SRS

Eeie]

RVRETE = . bR, BRE=ERENRIRELE + 1
dp[l][J] [dp[il[] - 1] dpli - 11(31, dp[i - 11[j - 111.min + 1
end
end
end
dpln][m]
end

Rl 14-30 P, i PR Al REL )R RE RS I R B (L R R B, T PT DA PRI — (8 — AR A
.
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ooon

h J
0
0 :
8 :
[ I
s = “bag”
n=3

t = “pack”
m

=4

MEHRTH (n+1) x (m+1) 89 dp &R

o880

FRAEEY

4pli, 31 = min( dpl3,

s |

1R
dpli, 31 = min( dpli,

e
dpli, 31 = min( dpli,

Step 7

e

4pli, 31 = min( dpl3,

[ Step 9 l

o 1 2 3 4

e 1 2 3 &4

j-11 , dpli-1, 31 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, jI , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dp[i-1, j-1]1 ) + 1

ooan

MeateETT dple, j1=3 « &F dpli, 01=1

Step 2 |
o
0
l' 1
[ 2 [
[ < S
#:ﬁﬂ
dpli, 31 = min( dpli,
[ Step & ]

1R
dpli, 31 = min( dpli,

HRAEES
B

e slin1]=tli-1] = ‘a’

‘ Step 8

R

pli, 31 = min( dpli,

[Step 10]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

« dpli, j] = dpli-1, j-1]

j-11 , dpli-1, jl , dpli-1, j-1] ) + 1
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N 3 j
SNle 12 3 4 SNle 12 3 4
0 o 1 2 3 4 o [0 1 2 3 4
t’ 101 1 2 3 4 l’ 101 1 2 3 4
l' 2 |2 2 1 2 3 t’ 2 |2 2 1 2 3
13 +1
!’ 3 |3 3 l’ 3 (3 3 2
KRG R
#: #:
dp[i, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-1] ) + 1 dpli, j] = min( dpli, j-11 , dp[i-1, j] , dpli-1, j-1] ) + 1
lStep 11 Step 12
ooan ooga
Ne 12 s i\{ 0 1 2 3 4
o o 1 2 3 4 o o 1 2 3 4
t' 101 1 2 3 4 l’ 11 1 2 3 4
" 2 |2 2 1 2 3 " 2 |2 2 1 2 3
+1 +1
t’ 303 3 2 2 " 3 (3 3 2 2 3
R giﬁﬂ
dpli, j] = min( dp[i, j-1] , dpli-1, 3] , dpli-1, j-1]1 ) + 1 dpli, j1 = minC dp[i, j-11 , dpli-1, jl , dpli-1, j-1]1 ) + 1
Step 13 Step 14

ooan

Ple 12 3 4

o e 1 2 3 4

[ 5 I U G T
a 2 2 2 1 2 3
B s 3 2 2 3

EBERREESH 3

Step 15

14-30 #wiEERAERBRE SIEERE

3. FHRER

f dpli, §] e 57 dpli — 1, 7). 75 dpli, j — 1]. 7 E77 dpli — 1, — 1] SESTSRHY, T )
FFEN LT dpli — 1,5 — 1], BIFESREEIRATRE dpli,j — 1], EILAREIERER T,

itk TR DAGEF —E % Leftup R FA LTI dpli — 1,7 — 1], MR TE AT LT H#
Rt e 21 WREA R, AlER L ER . U NTR:

# = File: edit_distance.rb =

HH dmEETERE . TRIRENENBIERE wa
def edit_distance_dp_comp(s, t)
n, m = s.length, t.length
dp = Array.new(m + 1, 0)
# KRB 817
(1...(m + 1)).each { [jl dp[j] = 3 }
# ARREEFS . HERTT

for i in 1...(n + 1)
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# KRR 575
leftup = dp.first # B7F dpl[i-1, j-1]
dp[0] += 1
# ARREERE . HAERD
for j in 1...(m + 1)
temp = dp[j]
if s[i - 1] = t[j - 1]
# EmMFoiEE, EZEBBLLMFT
dp[j] = Lleftup
else
# mVIREEDEL = . bR, SHME=ERENRVEEDE + 1
dp[jl = [dp[j - 11, dp[jl, leftupl.min + 1
end
leftup = temp # EFA T8 dpli-1, j-1]
end

end
dpl[m]

end

14.7 &t

1. ERSEIEE

- BIREIE B T M, ADEIBFF T REER AR AR, R RERR,
- AEEREAATIE T, FraBiRESEIFEEA R AR (B TR, ERERHAERER

BT, BRI, ZRTINGIRILERS, ] DA 7 FTE ar S A T AR, 1Em Or s g 1
A ABEH R K,

- RefEfe R MR TH S RANEE AU, B 2 SRR B RE 2 — MR B THAE SRR, A

iR “HEEARMT —h HREATIR R AR LR B VIR AE, AR AT DATHER dp R — (B HERE,
T R AR R R

- THED R EEHEERER, F£o070, SiREEE. B BN R,

- BRI KR BRI, R TR, SRR

- USRI T RE Y B PR A T DA 7 R ) B B AR 2, e B e 1A

- EIRSERG RN —(ERRE, HORAHE R Uz IR A B, T B A AP AR R . RF A SRR

TR B SRR, TR G A Eh AR s R

GRELEE

HEMEERIVINEIEHEINE —, A6 0154, 225 E. SHEEHSEME,

- 0-1 BHAGREE R AT ¢ AV RERES c NEEPREAEE, RENRAE B E SRR

R, WRRIRE TS, WEEIKEER R, EEMRELS, BRSERERMEE LA By
HURRE, TR ZEFER A, R bR E s =,

- e TR AR S S R IR, RIS AR RS B 0-1 B EMEANE, Bk

ARREMGRALE b T RIIEZE 7T BOARRE,  RIMAE =S Rl B AL P I L7 7E 3

- BECHEER 2T WA A, IRk “RORT EEERAK RN EEEE, FItiREE

Bo7ifEr i max () %A min() . fEER “NEE” HEARINER “BiF” B EESE, KIE
M amt + 1 3R “HEFREH HERET AR,
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- BEROTHE TR R DRI R MR “REWAH AR, ARREERS T AR EHAE min() K%
RIMER T

A 2 A )

- A (Levenshtein BERE) UGS RiME 7 Hh 2 FIRIRIUE, HERBIE—ET7HE 5 — 55
MR/ DR DB, AREEIRIEEIEETE. MBR, B,

< I D R R REE R R s BT @ BT A ¢ BRI R B R D AR B B
s[i] # t[j] W, BAZREIRE: Brig. MBR, B, erEAHEERRIER R, SR a] DUk 5
FHEMEREIREER TR, TE s[i] = t[j] Ik, MEREETTTIC

- AEAWEREERECD, RREMHILIE 77, IE/E75. 72 BITHOARRE, RIS s AR (AR 1 B o AE T AT A 12
IEMEREITHRREERS, Zuitt, FRAAIA — RSB0 17 /2 BT iRAE, femE ks B oe e MR ER T
P, AT DAME S MR R T IERPAE 7o
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Abstract
Al H 25 KI5, ReZIER B & R EE,
BAE RIS AE — i Y f BB, BPEMREE R,
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15.1 S¥ERZE

BEEEL (greedy algorithm) 22— RARD R AL RERTIRE,  HAEA AR AE P ) £ 8 DR SRR
B, WOREATE AR EREE, Rt Bt R ERRER, DHER et R, S8mEk
R E R, TERF 2 HIRME G ERZRIER .
B IR EN B R R R, B A MR, iR B AR,
B AR AR,
- BYRERE SRR RIS BRI A DR B RTTRER, {38 2 7 R A e A s i PR A i
- BMEERAGEREENDGR, M2 —RAaTHE T B2, TR, BB,
FMCE BB TR A EIAR TAERM, EEECRE el iiE” =ZHih 4, A
BUREFE AR,

Question
47E n REEEYE, S8 ¢ REREWSTNTEES coinsli — 1), BRESEA amt , SRERE ] DIEEER, [
RSB BIESEN R DB R, REREL RS, ARE —1,

AR S AE RIS AN 15-1 e a7 AR, SRR KR Hidin enins, Bz
LER, HERBESEA L,

[ 15-1 FEEITHLA) ETAE RN

B R R:
# == File: coin_change_greedy.rb =

HH SRR B H#

def coin_change_greedy(coins, amt)
# fR5% coins HRIIEF
i = coins.length - 1
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count = 0
# EEETEEEE, BIERREEE
while amt > 0
# HEIR BRI RERSRERVRETE
while i > 0 && coins[i] > amt

i-=1
end
# ZEE coins[i]
amt -= coins[i]
count += 1
end
# BEXRIFEAITASR, BRE -1
amt = 0 ? count : -1
end

YRATRE & 3% H/EE . So clean | BAAHEITAEMAHTRENHERUMIR T Z 8 (o il

15.1.1 BREREZNEMRERYE

B IRA R B, BB, L@ R PR AR, 12 DA LR, SORE RN E{E A min(coins)
, RIBAEEISE 2 WM amt/ min(coins) R, RHEHER O(amt/ min(coins)) . & HLEIRERIBIfEE
RERIEREE O(n X amt) /NT —(EBELR,

SR, BRSNS EEA S, SRR RERBR . (8 15-2 &t T mEs .

- BB coins = [1,5,10,20,50,100]: fEZBSAHET, SEMEE amt, EEHEEILEA] ARER
{378

- Ml coins = [1,20,50]: &% amt = 60, EEFDEHAERE 50 + 1 x 10 WEHES, Hat
11 #hsitss, (HBHRERIEIAT ARSI SLHHR 20 4 20 + 20, {87 3 B,

- B coins = [1,49,50]: &% amt = 98, EBEEIEAAEIKE 50 + 1 x 48 il s, Hat
49 WrEs, (HBYREAREI AT DARFIR MR 49 + 49, (47 2 B,

13 Bifst ARRNARESR BRRREIRESE
(IR RRR) (SIRIERBAR)

(1) 60 +@x10 x3
@ 98 +©x48 xz

15-2 B AR RIRIE R i R AR B

WtEH, BRTECREE, SAHEREAREIE 2R ER, 3 HA A REREAER R, ©E
18 5 B RE R AR

—RRILS, EARERIRRIE AL DA R,
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L. nfCAPRGER B B B RIR RS I MEE R R R, R T AL, BhREREE &5,
2. nIDMRENEUR R SAEEIATEIERE AN MR AT IR, BIRNR 2 AR AR, SHesitRE
AR IREE, BE DA SRR ER BN AR A A EERY,

15.1.2 BEERERNE
ARERIEA T, A BRI & S A SRR R e ? siE s, S BIAEM BTN il ARE RS R
Ei?
METRENREME], B RTARI MR EINET I, HE E R R M
- AANRIEENE . A ERREEEAA A ISR e R e AR, SAEEIR RERES 2 R AR
- ERETAR: RN RERE S TR R SR
REFHEMOEE “BIRNE" P NAE, SEAEER, BESEENE, —ERENERE TR
HAEE, (EA52R AT B AR TR IR

B T ER T AR E A7, R ERRE R, HERE BRI, Saik
IRV REAE S 3

BIanF eI, WMEEARES A BRI B, BB EDE T, HREAERER WIRM:
TR PR PF A B AR 5 vl DAfSE P SR R OR MR TR RIS B R sl R B - Ak At — (AR R P P Y
B, M DAE R R B,

Quote

H—RasSGE T8 O(n®) WA OB,  FARAIBT—(E R AL & fl 75 58 P B A T SRR
HE R SRR R

Pearson, D. A polynomial-time algorithm for the change-making problem[]J]. Operations
Research Letters, 2005, 33(3): 231-234.

15.1.3 S¥ERIRETE

BHARER R A 22 AR =2,

L. S0 e SRR R, AR IR. R BAEMAHRRAF S, 18— P AE A1 Zh e Sl
FHEET M

2. W ARG FEE AR Dt AR, IS RIS RESIE o — DB NEERT R, M AR
DR (A,

3. IEREVERN: B R EERE A BRI E RS T, SRR RETRE MBI, B
QRERANIR B SR TR

HEE SRR 2 SRR OV B, (BB AR AR A 5, TEAUREE,

© AIRIETER BRI 2 BB, BT 2 AR, BN LR R, BB — LA S B
ERUAEIS o TSR — LM, SRR AT REAR RS RS, SRR DU TR =5 Bl A\ e Ae B b
HRIRREN 7o
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SR ARG AT ORI R B RS O R at i SRR, 5 AR G R ST, RAT
REFEBLAR > HIBARPIETR R, ER N DRGNS 2 "M EME” 1), BRI i
o (1 HSE SR

7 T REEIERENE, FRIMERZE SR TRGER BUR R, W T B S sk ol R B i

R, IEREMEREPI AR ATREAN R — MBS, AnAs I saRE, BAMIEE & s m i E B TR S PR,
— B SR E AR R

15.1.4 BRERZADFIE

BEASEELIRE AR B AR R M E AR AR I s AL R, DURAIER 7 — S SR S AT RTA
ﬁ:ﬁ% o

- BT A ST, ASERIRGUE A DS B R .

- ImPEHPRRE: (REURE — TS, BEERE BN EPEST, IRAYE SR SEE Al REZ RIIEFS. W
REFRESE R RN R e FAUERS, R S AR RTR L A] DS 2 B B

© rBE B AT AETE R ERER, REEEREE Y, ARRERTEARER, H
ABEERR, WRSEEREN RS (FBE/ EHE) Y8, IR ERIRE—EEI T A S
Elll g 3N

- REEHERRE: A AR R ERER, (KA DUETTZREE, EARIREAER AR, AREEE H
ZHINRERE, BRI AR,

- ERBHNE: ERSMIE NN R R B AR, BEMEEREN, BUOERHBUR
KRR AR S 0F, RESZINERSMIVFERERE WGBRE) &,

- Dijkstra 3RE: B2 —FEARRAE T IR TERG S AR-2 TERG A B R s 1S P R BT AT TR

15.2 HEEaME

Question

B n @IS, B EYSNERS wet[i — 1], EER valli — 1], M—EEES cap W&, &
E i R BERE — R, (HA] DUEEWIN— s, BFARIEEENE R LIS, MERES AR
NHEAUPYEARREE, REIE 15-3 FR.
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W EE fHfE

i wgt[i-1] val[i-1]

1 10 50 ] BAER HazEE
2 20 120 20 cap = 50
3 30 150 B ™~ m
4 40 210 bd 30—

5 50 240 (>

BAEE: 120 + (30/40)x210 = 277.5

BESE: BRE A 30 58 ¥ pAEe
H{EM 50 HEAE

15-3 P BUE SRR G R

SRS CLRIREA O-1 75 CLPAEACRE FAERAE0L, KBRS AT | AR o, EEERIE S RAR T
N
RFBHER, ABAT RGN 5y, W6 154 Fis, BPio SUEHms e eiTYI5y, kit
B st S .

1 SOAYIR TSGR R RIS valli — 1)/wgt]i — 1], BRSALEIE,

2. [ER A i, ER w, B EMIIEES w x valli — 1] /wgt[i — 1] .

RN EE HE BEE
val[i-1]
i wgt[i-1] val[i-1]
wgt[i-1]
1 10 50 5 ) B BRI Hanm
ENER BIEE MnEE
2 20 120 6 _ e
va -
3 30 150 5 & Yo gtlicll u
4 40 210 5.5 %
5 50 240 4.8 7

15-4 PyinfE A R B NYEE

1. ERIREE
RAMHE RN RREE, AH BREACEA R FRYSMELL, I r] R E 15-5 FroRi s
[

L ¥t SR BN EE T s EHROETHER
2. FEFAATEY)SL, e AR B A AR S P
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3. AR EUARAE, AIERE AT — R M .

R EE HE BEiEE

vall[i-1] IRIPEGEEE
wgt [i-l] ﬁ%ﬂ]ﬁﬁiﬁ

i wgt[i-1] val[i-1]

2 20 120 6 2
¥
4 40 210 5.25 -
1 10 50 5 ] B EEEEEEENYR
3 30 150 5 B
5 50 240 4.8 2

15-5 2 8E W R S AR R

2. EXBER

BN T — YR Ttem , DMEKY) G BEA EEETHY . EREMETEZESE BN ECmREL
H SR [E] -
# == File: fractional_knapsack.rb =
HH Y
class Item
attr_accessor :w # ¥)@mEE

attr_accessor :v # ¥)@EE

def initialize(w, v)

Gw = w
v = v
end

end

HH DEEE: B HH
def fractional_knapsack(wgt, val, cap)
# BimBy, aamEBY: 28, EE
items = wgt.each_with_index.map { |w, i| Item.new(w, val[il) }
# RIBEAEE item.v / item.w HSEUERETHF
items.sort! { |a, b| (b.v.to_f / b.w) <= (a.v.to_f / a.w) }
# CEEZEE
res = 0
for item in items
if item.w <= cap
# BRRAERE, MHEMYREEEESS
res += item.v
cap -= item.w
else
# BRGRERE, REFYRN—EoEESE
res += (item.v.to_f / item.w) * cap
# BERGRAE, FEIBLEE
break
end
end
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R HE 7 LR IR AR B 2 O(logn) , SHEMEER % O(logn) 8 O(n) , BURRERGES
MR A E L

BribF2Oh, TERERIY, REEHRESHS, FUREEERES O(n) , Hhn Z¥amEk,
HIRRIGGEIL T — 18 Ttem ¥fFeRsl, KLBRBREES O(n) .

3. IEH#E14:EHEA

R B v REAEER &Y, ERXEEERGRAMEES res , HBH IS
To

BERE U EHEAERREEY N, WERASBEMEENYN v . HRYM © B EERS, RIS
BIBHIMREE—TE RN res . 1EH res REBEWEPE, SARERPBHEEETMN © .

B RAEAY &, M the] DR BIAP )G, MME 2, BAEEERIPMEE E g, S0
HH B AR TR 2 A R

QniE 15-6 FfrR, Q0ESRGRE) Gt EE AP B A 70 BB 1 — 9k AR SR A R A A, S0 o B0 R T
%y “SRAEA RIS R T R R TR, 38 IR b AT DA B BRAFRE T 1 FEE P B AR RS O A R

YR BEE
5.25 5 5
% ¢ & -
YREE
40 10 30
50
B “azE

15-6 7 EEHREER R RR
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15.3 RAB=RIE

Question

g AN— ] bt , HHESETERR—EEERRNEE, HIHREERERR, AR EMz
B =3 i ] DAAE R — 525

A A BEFREEMRERNFME (HfE), HiSEHBENRERIE, M E R EE RS |
ZE,

FHTERA RN ERENR, FEREARNASRNARERRK, RERAKAE, REIGE 15-7 i,

bl

e B N W B U N ®

S
[y
[
w
&~
(L]
[=)]
~

[ 15-7 BRRA BRI R

AR AR AL, RIAERGIRE 2 MR AR ARG ], L% [4, ]
HURER, ARENEERUEE, HrhmEdERIE, SERMRIRNESIR 22, AR5 capli, j]

. TS Et AR
capli, j} = min(ht[i], ht[7]) x (j —1)

SEMEI R %, FERIRAAL A ROR GIREEAER0 2 C2 = 2 mersisty, SRVl BASSSRR AR
RE, HEMiRIHRAAR, RIS O(n2) .

1. BERBEE

SR AR, W 15-8 R, BUBE—EIRAE [1, /] , HUNERS1i < j B ht[i] < htlj]
B i 2R, § B ERIR

)
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S B N W PN
pe—— < e
—— <\

i Bl ] B/ER

ERIAE cap = min(3, 4) x (7-0) = 21

15-8 WIURARRE

aniE 15-9 FvR, SRR j R ¢ SRk, WA R—a 8.

ERRNDHEBERN § 18, BE j—1 §E8/); MeElERRE, FHitsER g erg G hakEm) 5L
N (BRI § AR o

8

7

6

5. .
| ;
3

2
1EEEEER
: |

e 1 2 3 4 5 6 7

HRBERERER, BE—E
ZRIAE cap = min(3, 3) x (6-0) = 18
15-9 MNBEIRRZIIKGE

i, BMAmRNBEERR o, AATREEA RS, HAMARTE T/, HEElReEEAn
BRAVEN ¢ FIREEEER) . BIUNTER 15-10 H, BEERRHEEEER,
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—— <\

i

A
8
7
6
5
4
3
2
1
0

(7] 1

2 3 4 5

FPBENER, BEFHEEX

EHEE cap = min(8, 4) x(7-1) = 24

15-10 NS EIREAR IR AR RE

P I AT A R B A SRS . RIAGIL IR ER, B S as i, R A PR RAR B R TR RS, B

EELELEDEN

15-11 foR 7 BRI A T I AL

B

| Step 1 |

KR

Step 3

S kR N W s O O N ®

S kN WS O O N ®

MEIER 1, § , EROTIRSIRG, FEBAME res =

] 1 2 3 4 5 6
EHEE cap = min(ht[i], ht[j]) x (j-i) = 24
RABE res = max(cap, res) = 24

WFHAARRETS, 4845 4 F1 5 251 BE5 it
AHEEATRREI AR capli, j], WMEHRAR R,
Eeget « FOMR j RO, RS A RS B —4%
EESITE 2. FE 3.8, BE 0 M J HIBRETR,

KR

S Rk N W F O O N ®

Step 2

it

S Lk N W H O O N o®

Step 4

j
’ v
i
] 1 2 3 4 5 6 7
EiEE cap = min(ht[i], ht[j1) x (j-i) = 21
BABE res = max(cap, res) = 21
i
v
| 3
v
o 1 2 3 4 5 6 7
ERIBE cap = min(ht[il, ht[j]) x (j-i) = 15
BABE res = max(cap, res) = 24
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< h
< He

8 7 8 7
w7 HR 7
6 6
5 5
4 4
3 3
2 2
1 1
o 0
[ 1 2 3 4 5 6 7 [} 1 2 3 4 5 6 7
HHBE cap = min(ht[il, ht[j1) x (j-i) = 28 EHB® cap = min(ht[i], ht[j1) x (j-i) = 21
l Step 5 BABE res = max(cap, res) = 28 Step 6 BABE res = max(cap, res) = 28
i i
v v
8 8
7 7 .
‘ | : :
5 ER s
4 . 4
3 J 3
a2 2
1 | 1
o o
o 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
HHAE cap = min(ht[il, ht[j]) x (j-i) = & EHAR cap = min(ht[i], ht[j]) x (j-i) = 5
l Step 7 BABE res = max(cap, res) = 28 Step 8 BABE res = max(cap, res) = 28
ij
v
8
7
6
5
4
3
2
1
]
0 1 2 3 4 5 6 7

v HER 1R j AEE,

Step 9 . BRHAREE, EERASE 28

15-11 mAHFRMEN B

2. IERRER

BATEERZ n i, FILREEEEEZ O(n) .
SAELG. j. res (ERIRBOUNORESMER, L HEEEEES O(1) .

# == File: max_capacity.rb =

HH BRARE. B #HH
def max_capacity(ht)
# Atk i, j, BESYIEYIME
i, j = 0, ht.length - 1
# IERAKAES 0
res = 0

# DEEERE, EEMIREE

while i < j
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# ERARE
cap = [ht[i], ht[j]1].min * (§ - 1)
res = [res, cap].max
# ENBENREIR
if ht[i] < ht[j]
i+=1
else
j-=1
end
end

res
end

3. IEFEtEsEEA

ZFrL B AL E s R bR, BN A A SRR S PhR” —&iRE,

FEANTERRRE capli, j] F, @ BRIR. J 2Rk, & EZHURIGIR ¢ mNBEI—i%, @5%0E 15-12 FURREE
W UBRE”, ERWRE 2 RIEREE IR A R,

capli,i + 1], capli,i + 2], ..., capli, j — 2], capli, j — 1]

capl[e, 7] capl[1, 7]

cap[o, 6] cap[0, 5] caplo, 4]

caple, 3] cap[o, 2] caple, 1]

15-12 B EEHCERAR R AR RE

B, EEuptiB iy BB LR R j mNBERpaINE, mimRMEEERNERR—E &
HERaEs/N, WlEH, wehanRES e RER, Pl eMAeE3En RN,

DAL e, MEEMRARIER “Zae” B, BERIEE A,
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15.4 mAYIS FiRRE

Question
HE—E RS n, KHY)D 2O WEERENMN, RKUDBREEERNRERAZZ/D, WIE
15-13 Fii7Ro

ENEEB n , R max{ngxny xngx..xng_o%n,_q%xny)

15-13 &K1 FerEnI e &

et n V15> m ABEIR 7, HAs ¢ MR 7R n, ,

m

=1

AER) HAR RIS A BN TR AR, H

PMTEEHZNR: VIDEE m EZ2R, 8 n, BxEz/0?

1. BEHERETE

MRARASER, WIEREEEOFRAE L E MM E R, B n ol —MEEF 2, AIEMEsRES 2(n — 2)
o BIMHFRZIRAEE n (FLLEL:

2(n—2)>n
2n—nm—4>0
n >4
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GniE 15-14 R, En > 48, J1rH— 2 BREEER, EHRIIRRFR 4 K BHEREZSD)IT

BARRIE—: WIRVIDTIRPEE > 4 MET, R EEZEAERY)y. BEHYID TR AEEE 1, 2,
3 E=HER ¥,

N
=
=
1
N

(=]
==}

n: 4 8, 58 2(n-2) 2 n
AERETDHRIAEEFE 1, 2, 3 BF

15-14 Y EBERIEER
B TIASRERE R T 2R BN, /£ 1. 2, 3E=MEFH, R 1RREN, HA 1 X (n—1) < n K
Sz, BIPIOr 1 S & S EORAER N
GniE 15-15 FR, En =061, A3 x 3> 2 x 2 x 2, EEKEVIZN 3 U5 2 HisE,

BANRI . U RT, RS EREGEME 2, FRH = 2 82 R ZME 3, MRS E KRR
FHo

BEEEDME 2 &, EEEmhEramE 3

15-15 &EYI7 AT

ok BRTIE, FIHERLH DUN B AEERI,
L WARE N, RHEAEMYIDHET 3, EEMREE 0. 1. 2,
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2. EERE 0K, R n 2 3 IEE, KRR,
BRI 2 Wy, AREEEY, RE
4. BB LR, HR2Xx2>1x3, HILERRE—E3 EHhA2,

w

2. EERRER

4niE 15-16 FivR, FlMEZRE BRI 2B, mnl DA MERERG 2] 3 NEE o , FHRBEIERR
FIEREL D, WA

n=3a+b

TR, B n < 3HBFRIENR, LERFRSE-EL, #BEAL1 X (n—1),
# == File: max_product_cutting.rb =

HH RAUIDFEE: EF #HH
def max_product_cutting(n)
# 8B n <=3 K, HAETDSEH—E 1
return 1 * (n - 1) if n <= 3
# EEMTISM 3, a B 3 BEE, b AEREX
a, b=n/3,n%3
# ERREA 1K, % 1«3 HBKE 2 x 2
return (3.pow(a - 1) * 2 *x 2).to_i if b = 1
# BIREA 2 B, TMYRE
return (3.pow(a) * 2).to_i if b = 2
# BREA 0 B, TMUURE
3.pow(a).to_i
end

RBL b afi3

n=3xa+h

15-16  HARY)FAAMIE 77T

NPT B D R st B IR R BB TR, DA Python 2561, # AIRORESH SR 206 =1

- JERF wx MK pow () IIRFRIEFEERS % O(log a) o
- B math.pow() WHEBRFIY C 35S AT pow() B, HBUTIHRIGE, RHEEMES O(1),

S a 70 b A FEBOVNORSNERE, SRS O(1)
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3. IEREMH:EEA

AR, Rt n > 4 RIS

L AR < 3 BRE&EEYIS T RPEE > A WET o, IE—E DU HES# 2 2(x — 2),
TEMAES R (B RIS, SRR E.

2. VInTiFAuE 1 BEREEYIDTTRTPEEERF 1, BEE—EA LEHASD IR FH, DA
RS ERARE, ERBERTE,

3. ViR mBWE it 2 « (Rt BY) T RS =8 2, ARE—E Al DR mifE 3, SRAEE R,
BT JE

15.5 Ih&E

1. ERSEIEE

EUAR TR B PR NI B L R, EUER R A (P SR R D I M I R DA, DO
(B4 R,

R L (O — (T TR SR, S TR L — (R STRLE N TRE,
PR BRI,

- AL R RS, R AR RENR, MBS, S RS O
15,

BB, B RAL S, ASHOIAT AR SR A R 5 S A & H R
R, EUE R SRR,

A AR R R R T AT SRR AR TN, SR T (R A
W T R

- BRSO RN, MIEAR, BAEMNA S, GBS,

CORMRERIE RS A PEAN, W ARG, IEREMEE, Eh B AN L,
B TP S

-V ERIEETE 0-1 TR b, AR, AT SRR, EEIGHY
AT A T A,

- R RN SRR, BERIRERES O(n2) . BB NS, SHRABEIEN,
SRR L% O(n) .

- ERKYIS TR, B A T R > 4 RIS, REVISRE T
%3, RO AR, W R RS BB TIE, B2 O(1) 5t O(logn) .
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16.1 X HIRIERE

16.1.1 #FE IDE

HEEEGE BT, R VS Code ERAMILSFIFEEE (IDE), #iftl VS Code B, MIRIEERFIEEM
JERRAE) VS Code AT FHEUFIZEE,

Q% OO0 F :

Visual Studio Code Do ¥ Download

Code editing.
Redefined.

Download Mac Universal
Stable Build

Stable Insiders

mac0s Universal
‘Windows x64 User Installer

nnnnn

e K Ie

.rpm

0417 ©OAO K1 © Gatsby Develon (gasby-oraph-apo)

8 .
mecan 2 ks 1
T# VS Code
Run and Debllg BUNT-IN Git Extensions

16-1 fEE# TH VS Code

Other downloads or open on web

IntelliSense

VS Code A BARBREARBRG, XFRZHRNGESWPITHERSE, LA Python 26, % “Python
Extension Pack” g 21%, BIAIEST Python #ENNERREE, 24P ERANE 16-2 R,


https://code.visualstudio.com/

16 E sk www.hello-algo.com

339

[ Extension: Python

Python Extension Pack .70
Don Jayamanne | <> 7,005,466 %k % % ¥ (16)
Popular Visual Studio Code extensions for Python
Disable [v Uninstall [v O

This extension is enabled globa

n Pack DETAILS
udio Code extensions fo...

Du;\ J;ya & Extension Pack (7)
RERTTINRE

Python Environment Manager wnn  autoDocstring - Python Docstring (

_r.

Extension

Python

;ﬁxmgﬁmﬁ I

m Python 84K * 5
P

@  shirc Install

Jinja

Python Extension Pack

Install.  /\

p I Python Extended

16-2 %% VS Code /R

16.1.2 REEFESIZIE
1. Pythonigif

1. F#fiZ4E Miniconda3, % Python 3.10 BEEHHRA,
2. 1£ VS Code M7 DIRETT G HIEE python , %% Python Extension Pack .
3. (A[) 7Em2HEi A pip install black, ZERFEHRAIMLTH,

2. C/C++IRIR

1. Windows R&#asELEE MinGW (HLEZGE); MacOS B# Clang, fZHZEE,

2. £ VS Code MEFAINRET HHIER c+ , Z#E C/C++ Extension Pack .
3. (A1) BARK Settings E i, %5 Clang_format_fallback Style F&2zUHEH% =X (k% I1H,

{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach }.
3. JavalzRig

1. F#Ei%%4E Open] DK (AR W2 > JDK 9),
2. 1£ VS Code WIHEFTIHET G 18R java, %4 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#HIRIR
1. F&EZ2EE Net 8.0,

2. 1£ VS Code HHEFEIHRET GRS R C# Dev Kit, 2% C# Dev Kit (AlE#H),
3. tA[{# A Visual Studio (245041,

5. GoIRiR

1. TGl %24 go .
2. 1£ VS Code HRFEHRER TR go, %% Go,

3. ZIREERE Ctrl + Shift + P BHEMSMW, WA go, #i%¥ 6o: Install/Update Tools, &HBZE

A2z & RIAT

6. Swift IRiS

1. F#EfZe8E Swift
2. £ VS Code HIIEAINHET TR swift , 2% Swift for Visual Studio Code

7. JavaScript IRI%

1. F#fR4E Node.js o
2. (AJ#&) 1E£ VS Code MHEFRINRET SR Prettier , ZHEMAMKAMTA,

8. TypeScript IgiE
1. [A] JavaScript BRIR 2244 B8,

2. &4 TypeScript Execute (tsx) o
3. £ VS Code MHEFIIRETIHHHEER typescript, %% Pretty TypeScript Errors .

9. Dartigig

1. N#AE2ZE Dart o
2. £ VS Code HIHEFEIIREM IR dart , & Dart,

10. Rust i

1. T#HOEZ%E Rust o
2. 1£ VS Code RYHEFEIIREMIHHER 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 —iCZ2EBIE

HNEFHRENAIR, HPERFE SR MIERR, e, TUREHEE 7R, MR WAL, X
FEER, MREATEWEI TGS GEERE, MR METEBIE, DUasrE R E R 2R I,

i 566 AR GitHub ID #S7EAZ A E, A EMAN PDF M3 H FIEITRR, DURGEHIAM S B Tt B i
FAZR R

BHIEERE ))
AR [ 3 1 R O BTV B P R RS AR TR, N ST AR RN 75 (.
TEABHIRE Y, A SR A IRp 45 A0 R 22 B H 2R 2R MR

1. NEMA

GniE 16-3 Fow, SHEHEMEA EAEA “AWEEDRT, An] DI LS P BRE Oy Bl 2,

1. BhE “4RiREIR7, WFIBEH “F2E Fork A" IR, sERIEZERIE,

2. 8% Markdown JFRERNE, WENBRERME, MRS % —.

3. EEHMARTIES BRI, AEREE “Propose file change” #%8H, HmptiEiZ, B5% “Create pull
request” %5 RTAT S ECHIEGE K,

“x D 0@

Pudli _etomst % % Qmn O e
Hello 3 31 4t A BR
B ®O™ Mk 1 SREE %R 300 BN HES TR

B 1% MRk
B ®2® BRESH
o BIW MRS

31 BBGEHH%R

< v ovov

312 WIS EREHR
BROMIBENEIENA. BRI BAR B . B, TNERAEEE R n
ATHREDETHN.

32 WABBAE 311 BIELEN: M S5IEEMN

=
33 e - s T A . HilEmfmiEiaiE
s s IR T MBI OMEMA R, MR, WERRERRIT], LT HE2
e BN TR, MBMRRIM TREANG), MIHRASERZEMRERR; MUEBSR
38 M AR, RAT ERDRERR,

B MaR BASER

s Wsm HSUI ,  HMESIEE, 2 SRR AR, SRR, BESNRAE LR

o [ ; EEER, 2 X

@ mom mAE L DL SHSIAR, SR

A 7R B > © BMIRAN: WA, B, 1. DI REE

omew > « ARSI B M B, AR

& wowm @ >

= BI0E BE > armsan et

tlmnm > L

-3 W2W A > e T2 # ;‘/ \

19 W13 % @H > are S LA

g%mﬁ wamy > - -0-0-0- '
BI5H Hd > ke t O—0O

.
@ WICE KR > £ o _\/_‘/'
B 2 [2fafzls )] —€
T e

16-3 [ i 2

[ SR BB, REIEBFTE [ssue BT B S AR, B & S PR B A RO E Fr o


https://github.com/krahets/hello-algo/graphs/contributors
https://github.com/krahets/hello-algo/issues
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2. NEEIE

REH B2 I FIRE R, R EXBSRRERHMERGE S, BRCENEE, REFREERLAT

Pull Request TAEifRfL,

g LN

3. Docker ZfE

B GitHub , ARSI 055 # Fork 2IMEAMRSE R,
HEASER Fork GREAE, #FH git clone 2 iHE i mibE 2 A M,
TEAHETNABINE, WEFTEERE, Bt Aas ErEE,
A AT E L Commit , A% Push Zja & #,

BT RMEE, 5% “Create pull request” %81 EIATZEE RIBGE K,

1£ hello-algo iRH® T, #ITLATN Docker #5215, HIRJYE http://localhost:8000 #ifIAHRE:

docker-compose up -d

{5t FH AR i <> R AT HIBR AR -

docker-compose down

16.3 #5:E

® 16-1 P 7 EPHBIRE MR, ([ESTERDUT %8,

- EERELEA TR HSCUTR,  DARER s SOk,
- Bl e AR P SO B P S N RYIMTA AN,

% 16-1 E RS TE E AR B A

English

algorithm

data structure

code

file

function

method

variable

asymptotic complexity analysis

time complexity

fii
Bk
Blmaity
(N
&G
BRIEX
Tiik

=X
L

AL = AL T
I R &2 2

ZHh

USES

EFa

Ttk
LR AT
I i R


https://github.com/krahets/hello-algo
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English

space complexity
loop

iteration

recursion

tail recursion
recursion tree

big-O notation
asymptotic upper bound
sign-magnitude

1’ s complement

2’ s complement
array

index

linked list

linked list node, list node
head node

tail node

list

dynamic array

hard disk
random-access memory (RAM)
cache memory
cache miss

cache hit rate

stack

top of the stack
bottom of the stack
queue
double-ended queue
front of the queue
rear of the queue
hash table

hash set

bucket

hash function

fafg ¢

23[R AR
TEER

AR

19

J2 i)

e RUSE
KOs
i SR
JiihG

ST

EART

el

EGl|

R
R
SR

JE T AN
HllZ
ASEA
%

el

17
ZAFARA
RAranhR
(53

AL

3]

BAZ|
WEIRAF

EHP

R
ol

ES M

U]

JEIEE

KO iR
Pl st
J5HES

—HiE
L

feiz7]

K5l
SRS
ST RS ET R
SR
JEER

2l
BREES
T

LR

PREX

PRECAR A
PREX AR R
HE
HEAR TH
HEB
741
Eafrs
THE
151
MR
MRRS
i
E5i3C BN

I
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English

hash collision

load factor

separate chaining
open addressing
linear probing

lazy deletion

binary tree

tree node

left-child node
right-child node
parent node

left subtree

right subtree

root node

leaf node

edge

level

degree

height

depth

perfect binary tree
complete binary tree
full binary tree
balanced binary tree
binary search tree
AVL tree

red-black tree
level-order traversal
breadth-first traversal
depth-first traversal
binary search tree
balanced binary search tree
balance factor

heap

max heap

fafg ¢

IS
AT
Bl CHiE
FSHE
LRI
LGS
XM
TR R
FEF R
LA
AR
e
LSRR
R R
9 AR

i

=

i

i

IR

SEFE X
RN
SEI X
-1 — X
X AR
AVL f#f
A2y i)
=30
IR S T
IR ARS8 3
XIS R
A A ER
A T
He

PNt

EHP

MR E R
A#EA T
A AL
FHCE L
BRIERE
HEIER

— ek

HRETR
TR
s

JE

B

R

SE3E Tk
SE4 Tk
SEi ek
S s
IS
AVL #f
AL

& e s

JEE i B S AE ¥
IREE B SeE
it
S e
FE T
HERH

K TEHERA
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English g i
min heap /T /INTEHERE
priority queue N sl
heapify Hefl HEREIL
top-k problem Top-k [Al& Top-k [l
graph &

vertex ToUA THRS
undirected graph TmE 3 1 ]
directed graph Al A I [E
connected graph e E JeEL A [
disconnected graph ez E 3 ey [
weighted graph AE A P
adjacency LB skE

path JEgEs PRTE
in-degree NE NE
out-degree HE i
adjacency matrix RAFEHERE AR
adjacency list LBfER HhER
breadth-first search ISR R
depth-first search RENEHER RER S
binary search TER “ofds
searching algorithm HRAR A RS
sorting algorithm Her ik HEFp IR
selection sort e BEHE
bubble sort B HERZRE FB
insertion sort AT AT
quick sort PRIEHE Y StSEEag
merge sort HHHEF At
heap sort HEHER HEREHE?
bucket sort HER? WY
counting sort T g /€ 352
radix sort R GE 35 2 23 GE g
divide and conquer GaR(=| PaR(E]
hanota problem IS ] TR N EE R
backtracking algorithm IR RES [ e 5 1%

constraint IR IR
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English

solution

state

pruning

permutations problem
subset-sum problem
n-queens problem
dynamic programming
initial state
state-transition equation
knapsack problem

edit distance problem

greedy algorithm

fafg ¢

fiRt

TN

L1157

2 HE 7]
FHEAN A

n BJEFM
BHZSHK
IR
RSB
A
YL S )
TLE

EHP

figt
N
L1153
EHIRE
THRAEME

n 2JEHE
BRERH
HIhARAE

AR REHER 7R
TS

H9rt 8 I A T R
B

55y
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