IS SEA (Python) —05/HEBEH
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o BBAR. AR, B
o WURHFRR. I3F-HERS. RIRHF
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AREB¥R

o SEFAISKUIMPREHAI —DAEK;

o SHERFISKINGEEEHRS, BBHRS. I3FHHR. RIRHR
« IBAHRRAIRIRAERS ;

o SERAEAIHashingSLINEHBIEIK ;
o ISHRIMRANIERAY: BREIMap;
o XAFAISLINERZTELEE Map,
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&L Sequential Search

o WRHIEIREEWINRXFFIE
iR 7AR, #Python Listd, £Z¢b§&ﬂiﬂﬁﬂﬂ%?ﬁ%

"AC

, BINSMXEHENRELMENE

NEBIRN_

Nin (index) |,

UM RBEARNES, BT, RIMIURBIASRBEERS
B, SARARRAN IRFEHR”

o DREIRPEETATRERNHEN, SFEMIRNEITHEBINTFTIG

, BB TREKNINE, Z X EIEN, NRIRE—

B, AR 2B,

TERRNBREK

54 26 | 93

Start
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77

31

44

55 | 20
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IPPE: TREREKNE

def sequentialSearch(alist, item):
pos = O
found = False

while pos < len(alist) and not found:

it alist[pos] == item:
INGNUERERS

found = True
else:
~eturn found

pos = pos+l

testlist = [1, 2, 32, 8, 17, 19, 42, 13, @]
print(sequentialSearch(testlist, 3))
print(sequentialSearch(testlist, 13))

Jb® K F/ 2 =i/2025



PP EL : EEDHT

o XNEHEARITON, BELRBERPHNEATESR. OME_FSA
DHTNBR, XINEATESRUINRERES, HEHESEAPRENT

o EEXEARP, XMPEATEILRMBETHHRMBILLIT
LB ENS TR ST ESHOMEN, WINRERE T EEERE

o EINFPEXREZEP, N IRIERWIEH—KIBE, BRIREIERPEIEIEN

ﬁﬁﬁ@ﬁﬂ%% ﬁm%ﬂﬂ%&ﬂ%ﬂm%Aié
ONER, BEMAIRPSRBI X 2EEY

o HEMBEHEIRDP, LXNREBA—HH
IIRBEIAEIIRD, BRUFTELIBIL R, LEITRE R
IIRBBIAESIRD, BHIVNRY, HERMRNER

 BOFHHR, FULARKTRKE BANER, Enk o

b7 K/ =#/2025




InFpEX: &EDHT

o HIEMAIIRD, CLLVHN—RRIBUM ?
BREIETHEDIR DS MIBHIMERRABEN;

BRI T, LLSYBIRERn/2;
o FTB, IMFPEXRNSEERERON)

item is present

item is not present N N n

o XEBIIHREINRPHEEIRTRE, HAWNREFEIH 577, INFREXK
SRR XA ?
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IR : &yEDHT

o PR L, BINEE=ENBERRSearch AP NMAIINFREE
LHIBNFAEN, XTI ESTRERTTE180

AEZRMETF, WREIRBINMAGE, LLXNTLURBIGR
o T E R EKEETNS0, %F 540, ¥ 40 G AT BEHFES0, ¥ LIERETEHER

LR K S/ 3 =7#/2025



P& : BFREREKRNE

def orderedSequentialSearch(alist, item):
pos = ©
found = False
stop = False
while pos < len(alist) and not found and not stop:
it alist[pos] == item:
found = True
else:
it alist[pos] > item:
stop = True
else:
pos = pos+l

~eturn found

testlist = [0, 1, 2, 8, 13, 17, 19, 32, 42,]
print(orderedSequentialSearch(testlist, 3))

print(orderedSequentialSearch(testlist, 13))
AT K /%) = /2025



RREX : S50
o INFEKBRERNZINBERINT

item is present

item is not present 1 n n/2

o Xfnk, MEBEEREMS, DA

o RRAXMIENASENNE, BRRNEKEDTE —LELXIRE, BHAN
THHER

7w K F/ X =%/2025



—DNEK
. PLNTEFR, BREBBNEREE

o EINFPEHRT, WRSBITEEBINALESHING, AHRDEFn-1TRFL
XY BNEHE I

o B4, BRBHEEANBERREFE, BR%/)\RFEEXIHIEIBYSEEIR ?

2 3 4 O
15 19 26 27 36 38 44 46 47 48 50

Jb® K F/ 2 =i/2025



—NEHK

o BANIMIRPIEFIGLLXY!
WRINFZPENLAERI, WEKLSR
QRAILES, ALMBEMRPIB)IT:
o« FIRFETULERIUA, MAERTA T G I AT =0
« FIRFEITLERIUN, WAERTAT G E I EE L
WA, BINBRLLXEES/NEIRFKBN—F: n/2

o 2&&@3& FENDESE
REESHRELXTEELE/)\—¥

Start

7w K F/ X =%/2025



“nEx: U8
def binarySearch(alist, item):
first = ©

last = len(alist)-1
found = False

while first<=last and not found:
midpoint = (first + last)//2

==]1=])151) 5 0] if alist[midpoint] == item:
found = True
else:
if item < alist[midpoint]:
AN S OBEIES last = midpoint-1
else:

first = midpoint+l
~eturn found

testlist = [0, 1, 2, 8, 13, 17, 19, 32, 42,]
print(binarySearch(testlist, 3))
AL R /3 2 it/ 2025 print(binarySearch(testlist, 13))



—HE: DMme=z (Divide & Conguer)

o “NEHEAERKIR LAY SFERTAMA S — TN HAIRES: Dfme<z
DR NETE/\EEIE D
BYERE—NMIERDER, FRERLEEEIRIMEIE

o TR, BIEIFANMR—IPHRAENDMEZRE, —OENEEREEIEEK
ggiﬂ. def binarySearch(alist, item):

if len(alist) == @:
EZIK@E %ﬁ: return False
else: X
midpoint = len(alist)//2 'IE_UEHE%
it alist[midpoint]==item:
return True
else:

it item<alist[midpoint]:
“a/ |\ El;:?um binarySearch(alist[:midpoint],item)

return binarySearch(alist[midpoint+1l:],item)

AN
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“HEH: &EDN

e HF-—NEHRBRILXNER N —H Comparisons | Approximate Number of
H’thﬂ*@-aﬁﬁ/ \—3F Items Left

o BRLLXVGHRIFREHEIMUWE R 1 n/2
2 n/4
3 n/8

i n/2Ai

7w K F/ X =%/2025



DB EEON
o KXY RHMREWXLAT, tEXCEARMSXEIRITEIEI

o LIBXMTHBEBNERSLEEIXIN, EXNRAZREEER, & NIIHIE:
B83): i=log,(n)

. BN EBRNEESRER0(log n) zﬂ — 1

b7 K/ =#/2025



:::jfiigi;jz: iL- éf%EfgiE;Vék

o BARBUMBIBLLXTEVREN, 18 _ﬁéﬂzﬁ’JE/ LfF0(log n)
o BEFRIARNEEPRTITELXY, ME—ITRERFEERTRI:

binarySearch(alist[:midpoint], item)

XTMNEIFERER 5 IR, MUURBERNERERO (), XFSERNEENNEE R
ERFIEN;

=R, BRIVRBURRRN S EROREEE, K EgUAYIR, MRBEANEEHESR
BRSIERIT, XEMATBEURBNNETHE S,

b7 K/ =#/2025



:ﬁéﬁ i/_- ZLEB,S]%M_;}(

o BN BR_DNEHRENEBERE HLTINFEXK

o BHRRZRIEIVEIBIUHITAFPEITTE
IR—RHFEIHTERER, MLHFRNFHITURE
BIIRGIBREREN, SRREENRD, BLIELRERALFRNLINFERRSE
255

o PTLL, E%%ﬁ ZHC L, HENEERENMLSRABE, ERBIE

2| SehRR e F%o
X AR RUMIRRE 5 KM

FVERCEEF 7 3DFTED ?
SF 2PC?

b7 K/ =#/2025



&8l : Hashing

o BIBEEAIMN
S1RFto

JEHEE

Al

P K

FHIEI 2 BHSIXARBRIR, RREHEEHT

UREHEI < B R ZBA/NHG NS, MOYUMA—DERKRBREEERE,

o MERNHE—LRWE—TF

0(1), XFPBESFRN “ESlHashing”

o REBETERNRIFRIELRS, BAINVEIBIATREY

2R ANR.

o WIRIBILAENIE BB NIZ!
WA—t=p=p: b/ bra e =]

ERAA

o EBEHEINIRY

b7 K/ =#/2025

ERiRER

=

o

P EHESRT

DA 2

VEMNNEE

TNHMIELSHD, EESENEENERERE

VE, WOREHIEIX—RE?

VE, MO



=18

B

A
A

o BBIFKR (hash table, XFRIGHR) B—FPHIESR,

LH
slot) , QI

BAFRKRRNVEKREN. BIRPHNE

||Il

PRIRGEIED, B —1T3R.

Hd

DRI EE LT

— N ERUE, IRAE (

o PIE0: — T ESIMENERIR, BHBIRDAIJN0 10

e E: Ei]\%&jﬁlﬁz_ﬁﬁ, 1

S MEEY

H#&beNone, RIS

o KIMMBURUIEIFHABEVFRIREY, FRARBIRZL (hash function)

._FI

Bl5h, BRIEKE

INEENES

b7 K/ =#/2025

ZSHEIENSH, R

O

R

B0 10, RIEIE




&8 : Pl

o N IREBBIRGABIIRD, BINRITSES—THEOIRE

IEN . 54, 26, 93, 17, 77, 31

o B—ERNBIINDZER “KRE” , REFEBUFRUBIIRAK/), [EBY

ﬂi%&ﬂ;jj*ﬁ"ﬁo
Khr b “KRE” BHESUABERNEMAETEERIIRME, BNFIIRIOROIBIES DI

HERBIRXIVEEZA, FIU—RESXIBIIRAIKR
SHIESHRGE—ADETEX
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& Bl

e FOIDRIINET DL S S EHE

e h(item)= item % 11 >4 10
26 4
93 5
17 6
717 0
31 9
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&8 : Pl

o BREIDIKZEh(item), N/ NHEBINMHELEETHANEZG, MUK
BRI A\ B 80 p

o BITPHETHEIEANG, S TBIIRILTIEPEI6T
BWAEDN S TEOLLPIIRANRIIRS “NBRS” , XENFRITN6/11

o HENEMRFIBIIRG, EHMEBSTLLESR

o BERENHIENMBREFTETRD, RINRFZ2EAR—BRIRE, XNE
HIDHTITE, A MR OBESPIXYNEE ije%ﬁ?ﬂﬁlﬁﬁﬂj
I 50(1) NaS ERNEKEE.
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& Bl

o ANY, IROJBEWRE
ANEBE

X TMORNAMME, XABFEHEIRID, &

S S

. BOEBRE, h(10)=0, TERITHAEIT— 048
“yhzscollision (RHE) ” , BRIGE

0 1 2 3 4 5 6 7 8

D, XIPBEITARAN

EWIBANXNaRBIE RS .

9 10

7 None None None 26 03 17 None

7w K F/ X =%/2025

None

31 54



DK E . Perfect Hash Function

o BE—HELED, WR—TEIIRH LT THENMSAAQNEP,
LIX T ERIRE RO DFRA “Se=rBlRE”
XTEEN—EHYE, ©EREM/INARTHLTTERBIRE

o BURBENERMNER), RET —TRAMBDERILTXIN SR
RUERE
LR, PREAZBRMNER, RIISENEREN.

b7 K/ =#/2025



=KX : Perfect Hash Function

o RFEFTERIIRHEN—IDERT ABVIRNETE, KIAMBIELIEIE
EINERETS STEA T BIE

. (BTSN O SRS B A R ST

BRURNBREFIS IIHT) , TERIIRBESBKRBOIREESIZME! WTXE
RIRGHAKI0ZAFZNFISKER, RFE S AZZEE

o RMXERENE, BHFRIRHATRESITRIM: PR&ED Oatl5txE)
. IR (FOMTHI) « TODREEIN (PAZIE)

b7 K/ =#/2025



VIR HBVE SR

o BRTBTHERDIRPLZHHBFBNNGHEUE, BRIRNEREERALENR
25N

o BFFZEEIIRMEBXNNT T AN EBENAQNEFINE, WRIEEIE
HERURD “1B4” 38 “HB{R” , XIFPMER ZNAESHEE—UER
Xk
BESKENMELENKEGERN “FBL” , KMBXRAEBE—M, XEHS FBILAMII
, BTSN “ESTE” B0IREAEEEATERMEIX —m.

MDSYEREIEFEN —EBF RE. FHiftEh

b7 K/ =#/2025



VIR HBVE SR

o ERN—EUMERIVEIE “IEH” RHRTRIABUW MaVRE
EgEM (BERE) : IRKENKE, SIN By’ KEREREN;

U SN : MREETTE “BX” RE5; (MBLUITEREEEATEN) ;
PSR . XYREIBHRU\ZEE), WSSl “IBL” BIANE;

nPRE: ERREIER “BN” , PHRIEEOBUNGE (08) SIFBEER; B,
RN BRNDNELE, BENESHEENEN, HEIFEEXEN.

SSIVPIRNME : S HashingEFRI—TEIEI, RAERIISZ—TEIEN, EBEHEEN
SRHVPIRIE : L5 EHashingRE, ERIRMTEIED, SFBOIENEBRNE

b7 K/ =#/2025



%S{EIJ JZIMD5 /SHA

o REZHVILITTEATIRLRMDSFISHARDIREL : MD5 (Message Digest)

RO KENHETRNEE K128

(165%) B “FHE”

128 T HBIEAR — THRNEXNHFZIE : TBIRMWIKDRIHEE

e SHA (Secure Hash Algorithm)

A

SAEITNE L, SHA-0/SHA-1%HEE3

B16047 (20=2%5) , SHA-256/SHA-22443RI#H2564I. 22447, SHA-
512/SHA-3844% 514 5121_Liﬁ]384u

1601\ 3 mIH8 =T 108948 R75, MR EKDFHEMLITTRATRD

2560\ I &IMENTF 1089775, SRIFE

SRR

SRS KRART2T 8TRD

IPvaRJ2%2=40{Z MBI ZRIE, IPv6HRT2!%=10%T Y ZRE)

SHA3841A 8 —RlIIZER TR
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BN BRI ZMD5 /SHA

o BRTERIIMD5/SHA-0/SHA-1 =FhEN TR %K
o BEBLURIFHREVBNKIG T aIME (BRIFR)

o BAESKADPMNKEXIREVEID-
F/h=

o XTHEBNBIANR:

http://zh. wikipedia. org/wiki/%E6%95%B0%E9%87%8F%E7%BA%A7 (%E6%95%B0)

ERWELEES|

b7 K/ =#/2025


http://zh.wikipedia.org/wiki/%E6%95%B0%E9%87%8F%E7%BA%A7_(%E6%95%B0)

PythonBYE I A ZIZFEhashlib

o PythonBHMDSFISHAR DIBYENBILAENZE : hashlib
B35 $md5/shal/sha224/sha256/sha384/shab12Z56FP A3 ER

>>> 1mport hashlib
>>> hashlib.md5("hello world!").hexdigest()
"fc3ff98e8c6abd3087d515c0473F8677°

>>> hashlib.shal("hello world!").hexdigest()
'430ce34d020724ed75a196dfc2ad67c77772d169°

Jb® K F/ 2 =i/2025



PythonBYE I A ZIZFEhashlib

o FRIXUS

o EQJ ul

Jupdate3ARXY

o XHAEZKBVHHBAEA

b7 K/ =#/2025

P FRSHTIOITTEZIM,

RO BOKITE,

=BEAGA e,

>>> import hashlib

>>> m= hashlib.md5()

>>> m.update("hello world!™)

>>> m.update("this is part #2")
>>> m.update("this is part #3")
>>> m.hexdigest()
'al2edc8332947a3e02e5668c6484b93a’

>27




RSl BRI ZIMD5 / SHA 7% D1 T-45(48 — BUMER IR

o BN —BUEH MR
NPT NHITEEBONE, XULEBINERIT/ANREIGASEE;

TSI NESTREMRI (xcode RBIEAN) ;
ATXEHDERS: REPHEENXEF (TEREREFR) JULHFFHEZ R,

o NERIMREERS
RIREBRNEOUE, APAANERGE, HERIMEFFST;

THRREEBENENTHMB P RERA 5 EREES.
HeT1iES
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RSl BRI ZIMD5 / SHA 7% D1 T-45(48 — BUMER IR

HOW THE
BLOCKCHAIN

o FHLENHREN: [RE

Wi

A —BULH)

HRIAE BB E S G SRER - &R U,
h&EN, BhitH, REFTRHBEIEAREM.
Wanna Cry KRS

o MZSIEIAN
RERE TILRT,

R 1 1S BB R IE AT,

ROBIERE, TRE, BREINEIAHNGS
FRAFIUEXTLY, WUEREHRSIER.

b7 K/ =#/2025




%5@” IZRT . I7EAFolding Method

o ITBRIRITRAIIREEVE

R0, REXIESI

o U0, XVE
AN (62+76+72+55=265)

h (62767255) =1

o BNIEIMBEEEERD

¥ (62, 67, 72, 55) ,

256%11=3) ,

ALTRE, RYEEBIRRUBONETE,
B’NNKR, REAROIE

51551562767255, QTUAMAIMAID N4 (62, 76, 72, 55) ,
, BOIRBHELIINE, HLRME265%11=1, BT

BT

— MRS ERDR, thid (62, 76, 72, 55) [BEX
BRI (62+67+72+55=256)
prlh’ (62767255)=3

, XYLIRR (

o BRRURENEL LBERELVNE, BXTTRMINTEESE/BIIR

R

b7 K/ =#/2025

I —RIBFER,

DAEE

PISRT

G _ERBI M



%5@” ¥R . S HENEMid-Square Method

T/EHRC

A, B IOREFEIYRS

PIFRBIAK/KER
o BIYN, XV443HITHE, Bc44*%44=1936, MBENC

KR, 9

3%11=5

o NEREMIPEIIREBIXYLL

M T EREST

ERDIEREN

DHEEHRE
¥IOBRATEEHEKX

b7 K/ =#/2025

Zyisk- (-0l

FOIBR, REER

54 10
26 4
93 5
17 6
77 0
31 9

D E)B993,

gL, BXTEX
XYEIZRA/)\11

3

7

9

8

4

6



AR ENR T : RN

o BINWYLNIFHZNHEN (WFFTFH) HTHI, BFTSPLY
RTB{EASCITRRERIT

Qhcat, ord(c’)==99, ord( a’)==96, ord(t’)==116

o BRXEEMRN, XIBIIRK/INKFR

def hash(astring, tablesize):

@
=
H

sum = @

for pos in range(len(astring)):
- - - sum = sum + ord(astring[pos])
l l 1 return sumktablesize
99

L= KF/ X = #/2025



- BOIRES

-é% XEERNEIIRETENEA1FERCIEENEINE, N ITHIEX—
m, GJLURERLERNNEBENNRERS, Fellordg

o BINATRURITEEZHRIIREDE, BREFH—TERHARE, &
@J AN FEIENER I ENTTEIE, QD%‘%WJI_@&I‘HKQ’E
®, ZRBERENHEDRITERS, YA UERMHTINFEHNE
—NEH, KX SBBIAGHENX posliEon

1 2 3
& a t
99*]1 + 97*2 + 116*3 = 641

LR K S/ 3 =7#/2025
641 % 1] ———p 3




PIERRTR

o WRMTEEBIMHAIRFEE—ME, FRE—TARELNDELRIIR
PRES _TEIED, X MIERN “BERPR” .

o AIERE, WRREFIIRHRTEN, BAASTRIPR, B5=ERIIK
HEBEAURE, FIUBREIIPRNNERINSAPRERN—ED.

o FRRBIIN—HPDERMENTREEIBIEH —1 BSZEI’T“’F%%@ H
RESNMEMNPRVBHIGAEEHE, BRNE—TZE. WRABI
RVEBENAKREE), NRMNEEEETH)

o XFPFHTEBIRAIRN “HIEILopen addressing” , @FEMEIHK
AN FBREIHRADH “ZMIRN]1inear probing”

b7 K/ =#/2025



7,3

SN|Linear Probing

o ZRIMI, F{1I44. 55, 20&FKXD EJ@J%&IEU%%CJ
h(44)== 0, RMHMECELWTTER S, OGHRAIE— I ELH, R

h(55)== 0, EHFHEBELHRSIE, FCIIEJ%ZEU%—/I\QEZ#, R
h(20)== 9, RUMESEMBLEE S, OB, BIKTHBHEIBHERE

o XASMERNDZERBREDTRENE, NWEDIRNEH WS BEE N
IIREBBNIBREHRATRINE, MOAAGSHIIESHE, ERHIEHRT, REWE
=8 (BHERO o

None None

7w K F/ X =%/2025




PRABRSE: SMERNBNCUH

o LMBTNEN—TMRRBERE (clustering) W2, BIWRE—TMEF
RPHMFEINR NG, XEMBEBNMESEEIIIRERR, NMEBTNE

-
H b%&ﬁlﬁﬁg & N\o

] 2 3 4 5 6 7 8 9 10

77 44 55 20 26 93 17 | None | None 31 54

o BREEN—IVOZEMBREMEDNT R, MWETRUSIBRERTVEN
TERIZ “+3” HNEA44, 55, 20

0 1 2 3 4 5 6 7 8 9 10

77 55 None 44 26 93 17 20 None 31 54

7w K F/ X =%/2025



PRERSE: BE¥lrehashing

o BFIHTENIZEITUA—ITENBEAR “BAE¥lrehashing” EHE,
Hpi 2i7newhashvalue= rehash(oldhashvalue)

FEMIRMSKE, rehash(pos)= (pos+ 1)% sizeoftable
“«+3” BVBKERTVIRMN R . rehash(pos)= (pos+ 3)% sizeoftable
IR IRNNEBRIBETNE . rehash(pos)= (pos+skip)% sizeoftable

e BKRTVERN P, FERIRNRskiptVEUE, AERBIIRAN/NELRR, BNUS

AR, BRSSO RN
—MRISR, EEBIRNANENRY, WPIFH1L

0 1 2 3 4 5 6 7 8 9 10

77 44 20 55 26 93 17 None None 31 54

b7 K/ =#/2025



. &

. X8

o XIHESMERRAINUEUS

O

JPRBIRTZR -

TEskipBY/

A&l rehashing
DURZRMIRMZE Ny “ R MIquadratic probing”

B, MaXL&skip/a, 1. 3. 5. 7. 9

CH#IENM: h, h+l, h+4, ht9, h+l6...

4 5 6 7 8 9 10

77 44

7w K F/ X =%/2025

20 55

26 93 17 None None 31 54



PIREERDR: HEINFEChaining

o [R5 IFHREBHADBEIRAZI, A—IERBINPRELSRBRENER
TEIEIBEY RATARYIEINRS (REXVLIEIERNSIA)
XEE, BOIRDEE MERTUSHAS NED, TREEDIPREE, RERESHEH
A IS SN

SERAFNNNTREKRO—TMEPHNRIES, IR, BEFDPREVEN, XNHFEIY

SN BRSNS o 1 2 3 4 5 6 1 8 9 10
None None None None None

31
20
e

_7£_
T

55

b K/ % =#/2025 —



e PythonlRBAARNAE

= dh 8

o SOUXE

o HOXEEIkeyOIHH

o XFpE

[
N

b7 K/ =#/2025

HMREAIERTY “BRSY” :ADT Map

HIBLRI 2 —F “SHiDictionary”

MO AR Gkey-dataf{EXNBVEHEREY

-

-EIBREXEVEE

Bdata

BXREANDZEBREIRN “IREImap”

SAEEAL IR




RRHHEREY “BRET” :ADT Map

o ADT MapHNEARE-BEXEABNTRES
o XEBIABMKE M, BYXBBEIDUE—HE —TEIER
o ADT MapfE N BUIRIEQ R :

Map () : SIR—TZIRE, IRORRENR;

put (key, val) : Jkey—val KEXXVIOABREY P, WRkeyE&HHE, MiRvalBHRRFKHNIBX
BXE ;

get (key) : 4E57Ekey, ROKENEIEE, WASE, NIRGCNone;
del: @iddel maplkey] BB MBRkey—valXEX;

len() : JREOBREY Pkey-val KEXHVEIE ;

in: BIkey in mapHBOF R, ROkeyBRBBFETREXDP, f/RE

b7 K/ =#/2025



SCINADT Map

ol
~J

BB

J

o N IRENRIREIE

, BREXESkey, REBRIRGHIRERILIE

bR, ™

— IR RWETKHIADTSI]

YR AR LFE SN ERKE —DEK.
=%, BANGENEEARIRNEOIRFREN, XSG RUARIRIRO0 (1) BIEERE

b7 K/ =#/2025

Bdata




SCINADT Map

e NE, BENA—1HashTableZERLIPADT Map, ZEBS T MNIIRIEN

n

Hp—"slotIIRBTRFkey, A—TFTHdatadRATREEIEIN
EEHE—TkeyT, HEdatadIFRXINABCINIE BVEIEIIRD I REAEIE
R5keyBIIRFIENBIIRFKIE, X URREKFEENkey

TRBBIRNA), BRTYURERE, BEEIIRILPREBREAETVLIE, NMIXTHE

NERH.
class HashTable:

def init (self):
self.size = 11
self.slots = [None] * self.size
self.data = [None] * self.size

Jb® K F/ 2 =i/2025



SCIRADT Map: put/5AHS

e hashfunction/5ARMA SEIRKRAOERLMABIIRE, PI=AEIRNIEK
MR “N01” BRBIR L,
def put(self,key,data):
hashvalue = self.hashfunction(key)

(b= . __ _

keyZ:ﬁE’ §E/EI:I§E if self.slots[hashvalue] == None:
self.slots[hashvalue] = key
self.data[hashvalue] = data

else:

keyaﬁE, g}ﬁval if self.slots[hashvalue] =
= dat

self.data[hashvalue]
else:

=g nextslot = self.rehash(hashvalue)
ﬁﬁ&UIEch' ﬁﬁ&ﬁ” self.slots[nextslot] != None \
Ay = ke self.slots[nextslot] != key:
= nextslot = self.rehash(nextslot)

ta #replace

det hashfunction(self, key):

~eturn key% self.size it self.slots[nextslot] == None:

self.slots[nextslot]=key
self.data[nextslot]=data

else:
self.data[nextslot] = data #replace

def rehash(self,oldhash):

g 2 return (oldhash+ 1)% self.size



SCIRADT Map: get/5iA

_ T def get(self,key):
$\g§§§§gﬁgjj startslot = self.hashfunction(key)

data = None
stop = False
found = False
n position = startslot
iEkQYJ while self.slots[position] != None and \
R EEEERE = not found and not stop:
it self.slots[position] == key:
found = True
data = self.data[position]
KikZlkey, .

position=self.rehash(position)

it position == startslot:
stop = True 2R, 5
return data

a7 4R e

LR K S/ 3 =7#/2025



SCHIADT Map: KY0FCAS
. ERHESI A

H=HashTable() def _ getitem (self,key):

EEE%:;E; return self.get(key)
H[93]="1lion"

ﬂEg%:Eif:r def _ setitem_ (self,key,data):
H[31]="cow" self.put(key,data)
H[44]="goat"”

H[55]="pig"

H[20]="chicken”
orint(H.slots)
print(H.data)

>>>
[77, 44, 55, 20, 26, 93, 17, None, None, 31, 54]
‘bird’, 'goat', 'pig', 'chicken’, ‘'dog’', 'lion', 'tiger', None,
g P1g g g

print(H[20]) None, ‘cow', ‘cat']
chicken
print(H[17]) tiger
H[20]="duck" duck
print(H[20]) None
print(H[99]) -

AT KF/ o



BRNEEDHT

o BOIEREGHVENT N, TLURHO0 (1) SHAN B8 rENEHIEARE
o BRTEIIPRNGE, SHHBRRHRMETXLE L,

o HMERBIPRNREREBMBNEBRST 1, —Ki%:
WR AR, BOPRB LX)\, BENESSREFERENSRED

WRABRK, RRESIRIETRR, PREEKED, PRERBDOS R, EMFERED
BYELRSREEIZE ; WRXABHIEHENE, RIRETRTE LNEETUIES

b7 K/ =#/2025



 ROISZED

-m%% MRV BUEIL AR RIPR (140 1218)
MINE, FIRBLXIREN: 3 (1+ 75)

REIBIEH, PILRIREN: L(1+ ()°)

o WIRXAHIFBERBRPR (1 TUKTL)
RIINEHR, FIIBBLSIRE: 1+4/2

ARIDNEK, HIILLIVREIT: 4

b7 K/ =#/2025



MD5

LR K S/ 3 =7#/2025



bERSY

AFRNA13RIFIER |, 27, 130EFHESDRIRZ D ? +

1,10 13,0 1,0 2,3
IFANATTRISFIE | ARBAI TEGED |, FRAZMER
BREGIPR , REHNHEEHA? *

100, , ,113,114,105, 116,117, 97, 108, 99
99,100, , 113,114, , 116,117,105, 97, 108
100, 113, 117, 97, 14, 108, 116, 105, 99, |

117, 114, 108, 116, 105,99, , ,97,100, 113

7w K F/ X =%/2025



15T R AN TR




Hes . BYaHERBubble Sort

- BEAFPNSEBBETINLRRBITIMURRGR, BHER 525 RMAM
B, FHREPNHIBINERAE, REXERANBENRAIIRMAL, £
n- 1@ LA IR, SKINRERHRS
FRPNEELT “S08” EXPARK I EIXKEBHEY

o FlERRR, HBn-1IXABREIBHITLLR
—BZITRAM, WHEANE—BRBFARG—I]N

o F2MLRRIBE, RATMBEMNU, TEARNEERDIn-1, HBn-2
XYABRREIEHIT LR

o EFISn-1l5EMGE, R/N\N—EEIREN, MIATERIE S,

b7 K/ =#/2025



=N=
)

E

HERS: S51id

LR K S/ 3 =7#/2025

First pass

>
54 a3 17 i 31 44 55 20
26 93 17 [k 31 44 25 20
26 93 17 77 N 44 55 20
26 17 93 L4 3 44 55 20
26 17 77 31 44 55 20
26 17 7 31 ’-93 44 o5 20
26 17 7 31 44 93 o5 20
26 17 i 31 44 25 23 20
26 17 77 3 44 55 20 93

Exchange

NHo Exchange

Exchange

Exchange

Exchange

Exchange

Exchange

Exchange

93 in place
after first pass




def bubbleSort(alist):
for passnum in range(len(alist)-1,0,-1):
for i in range(passnum):

it alist[i]>alist[i+1]:
temp = alist[1]
Frie, AR alist[i] = alist[i+1]
alist[i+1] = temp

alist = [54,26,93,17,77,31,44,55,20]
bubbleSort(alist)
orint(alist)

PythonSTHFETHESIR
alist[i],alist[i+1]=alist[i+1],alist[i]

b7 K/ =#/2025



SRHRR: 8EDH

. TR UAMETI IR RS RSN, SRR ESEn-18
 BEERMOVRN, HXIREGR S Ma-LR/ OB, HOIETAES L NMIER
4.

ORBEI - 1RN: 37 — in

tLXINEY a8 22E R0 (n2)

o EFZHERY, NEASREHR00?), BEERIBEEIRRIE
RENEBRRIIREHRIICEER, RIRRE N0
REHNEBRETRXNEARIHTRM, RIRREFTLLXTRE
YEn N RxEB)TE—3¥

b7 K/ =#/2025



SRHR: BADH
. BEHHERIENRENRRENS

PR, RIERE

o HYRFBEFXTMNIBIMERDE

[RAZNIE A,

[(ERABIXYLLE

o WBRAWZRLULXIFIRMGR, HPAESBIEVRIERITE.
o BE—fR, METEFOIHINIEHEZEIHE,

b7 K/ =#/2025

o



BANERE, MRBAKEL285

EHa@b i

;;“ “;: BEAANDTHRA—RAT.

OX-L0 1) @&tw .
A, B FRFAA R TR, ROBBLRRER. B2
—RRFM—RATEFHART, BRE—N—8TF .
1+1=2
G &L Qe ek Wa, RERCEBNUARNERREE T TR, RiLRITKE—

BT X AR R0, SRACIR AR 7 B 0 R s A B S b .

il !
W17

logI(N) = (.\'+%)|¢>g;\'-.\'+.4_ [ M _4=1+/ Buz)dz
- JN 4 1

x

logIl(s) = (s+ %)log‘s—s#—:l- / Bi(t)dt

t+ s

b7 K/ =#/2025




SRHAR: MRESUH

o RO, BUBUSEENREREIRE, JLURAIREHFRE5 MK, X
BRRATCSHHFEETAHEN
UREMLSVRBEREEDRIR, HANRCLHET, TURAERES

def shortBubbleSort(alist):
exchanges = True
passnum = len(alist)-1
while passnum > @[ exchanges:]
exchanges = False
for i in range(passnum):
it alist[i]>alist[i+1]:
[exchanges = TPUE]
temp = alist[1i]
alist[i] = alist[i+1]
alist[i+1l] = temp
passnum = passnum-1

alist=[20,30,40,90,50,60,70,80,100,110]
shortBubbleSort(alist)
T K5/ 2] = /2025 pr‘int(alist)



YeBEHERRSelection Sort

o WEHFPXIERAR
SRR AIRIAL

o BUEEHFRAXYR#RIH
1RA2 1%

ICXEAINAENE, KOBIRAERO IR

o GEHFPHNESER

#1750, REBSTHE

AN LLXYEES, FREME

TIUE, BHREBAFHTERR, SRIUHT

S EEAREIL

EEXYREALT, IER20(n?)

AR EIU B I90 (n)

b7 K/ =#/2025



\ \
[ J
WEEHERS . U5
| ¥ def selectionSort(alist):
26 | sa | a3 | 17 | 77 | 31 | aa | 55 | 20 | oaisiargest for fillslot in range(len(alist)-1,0,-1):
_ for location in range(l,fillslot+1):
26 | 54 | 20 | 17 | 77 | 31 | 44 | 55 | 93 77 is largest ] ] . ] Y
___ A R B B it alist[location]>alist[positionOfMax]:
I [ positionOfMax = location ]
26 54 20 17 55 ) 44 7 93 55 is largest
— R — temp = alist[fillslot]
' Y alist[fillslot] = alist[positionOfMax]
26 54 20 17 44 K} 55 7 93 54is1 . .y =
s largest alist[positionOfMax] = temp
Y
26 K| 20 17 44 54 55 7 93 44 is largest
stays in place
—
26 ]| 20 17 44 54 55 7 93 31 is largest
26 17 20 | 44 54 55 77 93 26 is largest
20 17 26 3 44 54 55 7 93 20 is largest
17 20 26 3 44 54 55 7 93 17 ok
El o list is sorted




B AHER Insertion Sort

BAHRRNEEREDRZR(0?), BEEBBSEIMTAD

BAHRERT —TEHERHIIIR, RUBBKREIRBEE, REERLD
T RXTFINRERER

B, FIRNBSBITEED, RE2TEEIUEN “FHI” BAISIIRNGENUS
P, XFSHPHSTIEMES 52T

F2 MBS E 3 T HIEDUERRIZ2 NEIRIILLYY, F Bttt ESKEVEIEN, REIEXR,
BN IIERP

Z0n-1-LENFEA, IKRY BAIER, HB5TH

[
m

L
m

A

b7 K/ =#/2025




B AHER Insertion Sort

o BAHPHILLNERARIHK “FIN” HBEAUE

e REBNMERBHASIIKRIABIUHTHXY, BHXIRKSERHEARERE
, HERNHZ0(n?)

o RIBIBN, IREEHBFHNE, SENFTLRLX, DREEO0N)

b7 K/ =#/2025



20
20
20
20
55 | 20
e —
o QR

T
=

LR K S/ 3 =7#/2025

Assume 54 is a sorted
list of 1 item

inserted 26

inserted 93

inserted 17

inserted 77

inserted 31

inserted 44

inserted 55

inserted 20

MNeed io insert 31
back into the sofed list

93>31 s shift it
1o the right

17

77 |93 | 44 | 55 | 20 77231 so shift i

o the right

54>31 so shift it
to the right

26<31 s0 insert 31

LExd, #®alrra

b “FrIN" KAYZEIN



IBAHEFR: 65

def insertionSort(alist):
for index in range(l,len(alist)):

currentvalue = alist[index]
position = index

while position>®@ and alist[position-1]>currentvalue:
alist[position]=alist[position-1]
position = position-1
m alist[position]=currentvalue

TieaRFNE 2 TRRE, S3XHRFRI1/3
FTLUBEANHEF ERE SR —E

7w K F/ X =%/2025



B/ REEFBShell Sort

o BIERIBAHPHILLITIRE, RSN FR0 M),

DIRE_BFHBEN N, Xbrt, JlFRi

/1)

o MXMBEMATF, E/RARBLUBAHRIENS

DIINR, BTTIREBATBAAR

AR,

XfERREE

B A HEFR BN Y X R S0,

fitt, XYTTRRRMT “8R” X

fEESIRBDHMERNKE), TRENBINURKEEIER, MMmEDBIEHRBEILLXYRE

o BRI IIR, %@Ji@ﬁ%ﬁea]\ﬂﬁ?i‘ﬁ’ﬂ%ﬂiﬂ)ﬁﬁ

93 | 44

31 | 54

54 26 | 93 17 | 77 31 44 | 55 20 sublist 1

ey b b e—————————

26

93 1

55

31 am | 77

54 26 | 93 17 § 77 31 44 | 55 | 20 sublist 2

-—!—T— -

54 26 | 93 17 | 77 Bl 44 | 55 | 20 sublist 3 |~

——u———_—b
A K/ R =y




BRHAERS : RS

o RE—HRINENBARR, EHTRIBE/ IBEERIRNIBERISR,
X—@ X T D& LR TNRI T 55k

o FIIRBER—AMn/2FTI8, BEMSIB: n/4, n/8EAL

b\

17 | 26 | 20 | 44 | 55 | 31 | 54 | 77 | 93 | 1 shift for 20 1 Y i
17 | 20 | 26 | 44 | 55 | 31 | 54 | 77 | 93 | 2 shifts for 31 54 26 03 17 77 44 55 20 sublist 2

54 | 26 | 93 17 | 77 | 31 p 44 | 55 | 20 sublist 3

|1T|2EI |26|31|44 |55|54|?T|‘33 '15hiftfm54
|1?|2D|25|31|N|54|55|??|93 'scrrted

LR K S/ 3 =7#/2025

54 | 26 | 93 77 | 31 | 44 55 | 20 sublist 4




EREE . 65

g det shellSort(alist):
|E__|Bﬁiﬁfﬁ sublistcount = len(alist)//2
while sublistcount > ©:

for startposition in range(sublistcount):
gapInsertionSort(alist,startposition,sublistcount)

print("After increments of size",sublistcount,
"The list is",alist)

I‘El}%ﬁﬁd\ sublistcount = sublistcount // 2

det gapInsertionSort(alist,start,gap):
for i in range(start+gap,len(alist),gap):

currentvalue = alist[i]
position = 1

while position>=gap and alist[position-gap]>currentvalue:
alist[position]=alist[position-gap]
position = position-gap

L K 5/ %) 7 1% /2025 - 1
FRF/ A=/ alist[position]=currentvalue



BREERR . &AM

o EHBLE, WRHFBLUEBAHRAENM, TEAANSHBARRE

o EHTEBEEERIRENRLIEF, XTIESHMRIRITERIB «
TR Eoxy

o XVEURHFPEIFROMLRE R, AERE/TT00) 00 28

o WRKIAMRBIRIGE2-1(, 3, 5. 7, 15, 315%%) , H/REENNEOERE
2’\]790 (n3/2)

~)

3

O(nz)

b7 K/ =#/2025



I33H-HEFEMerge Sort

o NABRINKBBDMAEZIRBEARPARINAE

o PHARPRBRHEE, BBBRBBRIEDHRNMAE, IMI¥EDAHTIE

HEF?
BONEAERRER . BERNELITEER, SRREFBHN;

%)\ WIS . REFERDRNBSHMAY, MERNRFEN Dz —;
BHEBS: BMR+¥DalERESHR, %FH%%UHFRS‘F?EYJW#HHE# ﬁﬁl HFZE‘F??E'J%Q

54 |26 |93 |17 31 |44 | 55 20| 54 17 44 §I1 55 p 20
—— s [ T—_—
A \ 4 A \ 4

26 | 93 31 55 | 20

A4 Y
17 | 26 | 54 | 93 20 | 44 | 55
A= 1
A4

20 31 44 55 77
U Ll I_l U U 4 1 ~] l
. “ N 5 T 20 26 31 44 54 55 77 93
b7 K 2/ =/2025




I3FHERS: U85

3F, IZEEER, JEEER, KE

s AL RIC A ER
INBIKFFHEIZEERFIZRH

|3 ERRIRIN

|3FH = ERRIRIN

LR K S/ 3 =7#/2025

def mergeSort(alist):
## print("Splitting ",alist)
if len(alist)>1:
mid = len(alist)//2
lefthalf = alist[:mid]
righthalf = alist[mid:]

mergeSort(lefthalf)
mergeSort(righthalf)

i= j= k=0
while i<len(lefthalf) and j<len(righthalf):
if lefthalf[i]<righthalf[j]:
alist[k]=lefthalf[i]
i=i+
else:
alist[k]=righthalf[j]
J=j+1
k=k+1

while i<len(lefthalf):
alist[k]=1lefthalf[i]
i=i+1
k=k+1

while j<len(righthalf):
alist[k]=righthalf[j]
j=j+1
k=k+1

H# print("Merging ",alist)



IIHHR: EEDW

o RIEBFHHRPDNRNIERDNT: DERANI
NROURE, B2 _DERPRONTER, BENHERE, HNBESEREN0(log n)

ISHBEE, BXNTORNE D, KEEHENESRLLRINE—R, IURE&MSE
RE, RNESERER0M)

REZR, BROXBTOEHIT IR0 () WHEIEH, SBNEERER0(log n)

o RO, RINERIRIIMTMIRRE, N TNEEREDTEREN, T
BYEUBUARE, SREM T ORBOVELRIVRLR, HERIAHA
B, RREATMEHERUEYE — o

o BINERIAPDHAREERER STIMNCHNEEZREAARTIEFH, XTRMEE
XUR AR RTHRPRNIERRZRER

b7 K/ =#/2025



T3

b7 K F/ X =i/2025

A

/

gdef

FRERRACES (L)

merge_sort(1lst):
if len(1lst) <= 1:
return 1st
middle = int(len(1lst) / 2)
left = merge_sort(1lst[:middle])
right = merge_sort(lst[middle:])
merged = []
while left and right:
merged.append(left.pop(0) if left[0]
merged.extend(right if right else left)
return merged




Bﬁ &

o LEHROIE [21, 1, 26, 45, 29, 28, 2, 9, 16, 49, 39, 27, 43, 34,
46, 40], £P3FHFRRISEIRBEITBAAN, HFRHNR2ME N3 2

a) [16, 49, 39, 27, 43, 34, 46, 40]
b) [21,1]

c) [21, 1, 26, 45]

d) [21]

. HFF?%&B%HJ: I3FHHRRP, R TSTRERTIHFHE ?

, 1] and [26, 45]

b) 21, 2, 9, 21, 26, 28, 29, 45] and [16, 27, 34, 39, 40, 43, 46, 49]
c) [21] and [1]

d) [9] and [16]

b7 K/ =#/2025



'|‘3%i$}5||EF?—,Quick Sort

o A—TXADMEZRIENHAPELEZRRAR, RILBRATRIINITE

’rb'ﬁwlé.l X—m I3 F HERSR
BR! REHFPANCDREEHIEREGONERKERNMY, XHEME EMSITs

o ’I‘J%EFFF?EI’S,L,\ERMRJE — I “p{E” HIFEVSRBHIERDNAMFE: \TPE
B—¥FMATPEN—¥, RETWBOORIHTIRRARS
QD%%EJXﬁﬁiﬁiﬁﬁ*Q%éﬂgEﬂéﬂﬁlﬁ, NIRIZBNEIEREY “ P
BHRPUHFTRIUTENH! BRKRETH, REBERX—TEKRTS “dE”

b % /\%& 54 will be the
I:QD, ]. o 54 [ 26 |93 [ 17 |77 [ 31 a4 |55 f 20 [T e

o RRAFPHEIPEA “EI3=2FR" WH:
ERERRM: BERNELIMGER, SRBHGHN;
/)W : IRIE “PlE” , REBRONFE, REBERRIESHRNFRYE
BESS: BPA¥IBRESHTHS (HFRENRMEEIRIED)

T KF/ X = /202

A




leftmark and rightmark
will converge on split point

PRIRHER : B ) —

54 | 26 | 93 | 17 | 77 | 31 | 44 | 55 | 20

31 | 26 | 20 | 17 | 44 | 54 | 77 | 55 | 93 |54 isin place 26<54 move to right
U _ ‘ sp 54 | 26 | 93 | 17 | 77 | 31 | 44 | 55 | 20 93554 stop
o NRHIIBRNBER
/-'R <54 >54
S - leftmark rightmark
KA “pE” MRMNE <
31 |26 |20 |17 | 44 77 | 55 | 93 now rightmark
‘ 54 | 26 | 93 ‘ 17 | 77 | 31 | 44 | 55 | 20 20<54 stop
. PEMBEENTEH o
leftmark rightmark

RELZBOWR (left/rightmark

ZINOGBE), GinOZi25)

» AN HMEBEE, AR E AR T L e G
. %‘ 7’331\‘——‘_'& @E%iﬁ » E_{h&_ EIJ [;b E]j/fﬁ /J\ E}/\]E)ﬁﬁ?}i now continue moving leftmark and rightmark
o R AENT IR AR TR % s [26 [20 |17 |77 | o |aa|ss [oa ] GEZSI0C00

KESABRNBIIIRE, ERCTERGITRNGEN, BB L———.T‘—T«———
XENEHRATEMIERME “DE” RReUIE s

54 | 26 | 20 | 17 | 44 | 31 | 77 | 55 | 93 _hi31<rt';4dstgp »

rightmark<leftma

) |%' l:l:l E*ﬂ iX/Nﬂ%Q_@ split point found
exchange 54 and 31

rightmark leftmark

NRTH, THFWELLPE/], GFBELLPEKX T

54 | 26 | 20 | 17 | 77 | 31 | 44 | 55 | 93 | exchange 20 and 93

LR K S/ 3 =7#/2025



RIRAERS : S
X def quickSort(alist):
quickSortHelper(alist,9,len(alist)-1)

def quickSortHelper(alist,first,last):

EZ’K?S;E,—%#F it first<last:

ﬁ%ﬂgﬁgﬂﬁj\ [splitpoint = partition(alist,first,last)

quickSortHelper(alist,first,splitpoint-1)
quickSortHelper(alist,splitpoint+1,last)

128)/31E A

alist = [54,26,93,17,77,31,44,55,20]
quickSort(alist)
orint(alist)

7w K F/ X =%/2025



- REAE: AR

MBS S R A5
EArMERRERR, REHED)]

PERLL

LR K S/ 3 =7#/2025

def partition(alist,first,last):

WEE "

pivotvalue = alist[first]

leftmark = first+l
rightmark = last

done = False
while not done:

while leftmark <= rightmark and \
alist[leftmark] <= pivotvalue:
leftmark = leftmark + 1

while alist[rightmark] >= pivotvalue and \
rightmark >= leftmark:
rightmark = rightmark -1

it rightmark < leftmark:
done = True

else:
temp = alist[leftmark]
alist[leftmark] = alist[rightmark]
alist[rightmark] = temp

temp = alist[first]
alist[first] = alist[rightmark]
alist[rightmark] = temp

=1

AN

PER, BED%E

return rightmark




RRHERR . EEDHT

o RIRHFPEANIEEDINMAED : DRIBEN
MRDHDECHBRI NSNS, MALMRE0(log n) NERE;
MREE R SIIE S PEHTEN, TR0 ;

SREEREIME0(nlog n) ;

me, ERaTIEPARRIIMIFHEZIE.

o B2, WRABLEE
ﬁﬁﬁﬁﬂg/ﬁl &7

B

-

BEFffEN DR

TR

HimiEht, B—OWBRKRBAE, XFENEEREMRIEIO0MN 2),

e (LB RHRIRRER)

b7 K/ =#/2025

DER, BB

AR N33 VER Y



- REH: BEDN

o QRUESBKUH FPENGREVDE, ILPEERFARM
bl “=mEUE” , NERREK. B, PEEHPE
SEEFOMTEFH, DARNEHRKIRIE)R

o B ARFEREBARNK?

b7 K/ =#/2025



Bﬁ%/&'\

o BSTEHRRAIZEKILI4, 17, 13, 15, 19, 10, 3, 16, 9, 121, RFHFBEH2
/Rﬁ%): DZRABSZE:

9, 3, 10, 13, 12]
b) 9, 3, 10, 13, 12, 14]
c) [9, 3, 10, 13, 12, 14, 17, 16, 15, 19]
d [9, 3, 10, 13, 12, 14, 19, 16, 15, 17]

o BREHRIIZR L1, 11, 5, 2, 9, 16, 14, 13, 19], HIXHFFUNRR
“—mBUF” %, 15@]9’9%1/\ “hig” 2.
a)lb) 9¢) 16 d) 19

o NEWYEEE, BIEESINMET N, SEXEIRAMFRIERO0 (nlog n)
a) 41/ RHEF? b)'?&ﬁﬁFr c) IIFHHER? d)}a“'sf\HFr

b7 K/ =#/2025



SRR —NASKRE

o RINESRBHREEDPRE—IXHEIUEE AShortBubbleSort, TR
] “PR—MELXIR=EEQRR, WEREEUTE, SHBR” B “5818
”ﬁ% SORRRICBELXY, BN SRR !

o BEAINNBAZFESHFN T HE, SRAKFIN:
Bl T — FABEZ, AP shortBubbleSort[tBubbleSort|E1RZNT (AT TI0NREY
21 , EZXMEREIINTA_ LG, NfFA4IE ?

def BubbleSort(alist):
passnum = len(alist) - 1
while passnum > ©:
for i in range(passnum):
if alist[i] > alist[i + 1]:
alist[i],alist[i + 1] = alist[i + 1],alist[i]
passnum -= 1
return alist

def ShortBubbleSort(alist):
exchanges = True
passnum = len(alist) - 1
while passnum > @ and exchanges:-

‘ exchanges = False

for i in range(passnum):
if alist[i] > alist[i + 1]:
‘ exchanges = True
alist[i],alist[i + 1] = alist[i + 1],alist[1i]
passnum -= 1
return alist

b7 K/ =#/2025



BE0ER . —HESkRE

o FBRHIE:
alist = [i for i in range(10) for j in range(10)] (FBfshuffle3T&l)
{’Sort’ : 0.0, ’shuffle’: 0.0, ’SelectionSort’ : 0.0, ’InsertionSort’ : 0.0, ’BubbleSort’ : 0.0,

> ShortBubbleSort’ : 0.0016000032424926757, ’ShellSort’ : 0.0}

o BIRHIE:
alist = [i for i in range(100) for j in range(100)] (BBFshuffle}TH)
{’Sort’: 0.0, ’shuffle’: 0.0, ’SelectionSort’ : 2.8600001335144043, ’ InsertionSort’ :

3.8279998302459717, 'BubbleSort’ : 7.0, ’ShortBubbleSort’ : 7.921999931335449, ’ShellSort’ :
0. 04700016975402832}

o B=REIE:

alist = [i for i in range(1000) for j in range(100)] (EHshuffle¥TEL)

{’Sort’ : 0.031000137329101562, ’shuffle’ : 0.031000137329101562, ’SelectionSort’ :
297.72199988365173, ’ InsertionSort’ : 397.25999999046326, ’BubbleSort’ : 765.3139998912811,
’ ShortBubbleSort” : 847.1009998321533, ’ShellSort’ : 0.6410000324249268}

(&7 5 —X)
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o NTZAEBICHXIMEERR
B NS 7f<“‘é'|'“’|9%tli%ﬁ}9*—/\93§%’? ?

o ShortBubbleSortH “;g#s” {LAREMKPTEIBNAGMNE
WREHIEHENEINERS, SHBELLXVERSRERIRIE, ShortBubbleSortFiSTEIR

BILR, EBHIMIE—exchangesTEFNENIHE BN, REILRBHNERAR
218,

e @ZHMARNBRBOM, TRAETHRYZR, HEERAL Y
random. shuffleg|,FBEY
B, alist@MrangefRELRN, LERBIETBMWNEIRHED, IFEERTT;
MX M shufflegRELHBITILIIRBILNEE, SHHBEHEEIERS;

X#F, ShortBubbleSortBFESFIERITTERM, IER(THexchangesZZEEHIFKT. EIETH
’ \/ﬂ.lkb]?g g/@ﬂFFﬁ%i%’r@T”\
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SRR —HESRE
. FUHPERERBHAEANNNE, THRNGSREETNEEN]

o RANENNANSIERSAFFPMENE, EREENHEBASHTOMN,
TR IESOG RN HERR A

e B, BRINBEXRE, BNETIEXENRREZENXEBAEAR
I3 HERR N IEIE 240 (nlog n), {BEBLHIN—IESNEHRE

RRAFPNEERERKREBHIBRRE0(nlog n), MEARRIFIMZERE, B “PE” 8T
BEXERNMERERNRE, GEAGHIIE, RinBtEERRTERHR

o BERERAR—TENNTE, FRESISEIDEHNER
BETITIMNEER. REBHERIVHE
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Z{@gﬁbﬂ*ﬂilm = B':] nﬂ'ﬂiﬁjﬁ%

o PHHAPRE. &=E.
¥RHERE

o RRAFBRE.

P8 xE, #EO0(nlogn)

E0(nlogn), BRERO(n?)

o NIEABESHNEHRPEL, ERUERIRAHR ?
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HEFE D ARG
F13.7.1 S FEENERE
B (8] & 2 g TEle | B
=1 ’Jkﬁha— =F e
ERR FHEET B 47 Ty Bt EREo | faES
BEE R 0(n) & 0(n?) & 0(n?) & 0(1)e o
=%
AT Shell HEF 0(n) < 0(n"~*) < 0(n®) < 0(1)< i
B EFEHERR 0(n®) « 0(n®) 0(n?) < n(1)e o
J__k__ 5]
R HEHE R 0(nlog(n))< 0(nlog(n) )< 0(nlog(n) )< 0(1)< e
g T 0(n) ¢ 0(n®) < 0(n®) < 0(1)e Ba
J__ B
R PR HE T 0(nlog(n))+ 0(nlog(n))+ 0(n) < 0(log(n))<| &He
R 0 (n+m) < 0 (n+m) < 0 (n+m) < 0 (n+m) < B
oEHEF i EHET 0 (ntm) < 0 (n+m) € 0 (ntm) < 0 (n+m) & B
EHARFo | odx(ntm)< | 0ldx (nm))« | 0(dx (n+m)) < 0 (n+m) < B
I3HHEF O(nlog(n))«< | 0fnlog(n))«< | 0(nlog(n))< 0(n)< pra
ZHMHET . R . EEHET T, mfsmmEH (R M), de T IIETEH




fr 4= HR
o ERBPHTOHS, WURHRS, BREST

o SREATEEMTO0(nloghn))

o XPIMF (tER) LEVEUEHLHAR, WUSMNERS
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o NEERE
e RE
SINERERE
SBERERE

o« TEASKRE
w22/ DEINEEIRIE
« BBORIE:
FAFEXNNTR, FERERIHERERESTERFAE
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o WRFHPITRRBnfPAGEY

IR R HEE
o IRIIMTHR, 2 AIXYNzmFPEN

5, BoiE/)\ (LW A RF0-100), g

—

BHIR/\e IBITTRERIBAE

B. WA/, BEXI\MER

TREPINERRK, BISTANHER?
e B2E0(tn), BRTE. nBFHRITR TH

o ZMINZE|E: O(n+m)
o B : RW2iIXDEDHI0-10
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- RER

def bucketSort(s,m,key=lambda x:x):
buckets = [[] for i in range(m)]

for x in s:

buckets[key (x) ] . append (x)

i=0

for bkt in buckets:
for e in bkt:
s[i] = e
i+=1

1st = [2, 3, 4,
bucketSort(lst,

8, 9, 12, 3, 2, 4, 12]
13)

print (1st) #>>[2, 2, 3, 3, 4, 4, 8, 9,
st = [(-2, "Jack"), (8, "Mike"), (2,

bucketSort(lst,

12, lambda x: x[0]+2)

12, 12]
"Jane"), (2, "John")]
# BB CESA—LthITih

print(lst) #>>[(-2, 'Jack'), (2, 'Jane'), (2, 'John'), (8,

1st = ["Jack",
bucketSort(lst,

7w K F/ X =%/2025

'l'lMike " ¢ 1A) Lany" ) llAdall ]

26, lambda x: ord(x[0])-ord("A"))
print(lst) #>>['Ada', 'Jack',6 'Lany',

'"Mike']

'‘Mike') ]
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RIIPRDIURD. BnfbRS, RIRIIn T

FTRenRPIBITROEI S TRE, REMNIVBRIXRBNEETR, IR, KRR
Hl1iZen-1DECRIS TMREBINSEAIIRBI2. . . .. B[R0 NI AIEBTRINESE IR,
FRlngfl B R AP SR

FZUHERS)

b7 K/ =#/2025



- ZRDEH

FIHERR)

73, 22, 93, 43, 55, 14, 28, 65, 39, 81

Xy % 3
HER?

RI|BMIE, RBETHOERRIISH
ERSH/ARNNSEXEY, BEIFRL:
81, 22, 73, 93, 43, 14, 55, 65, 28, 39

BINFPREIIPNET T, RETLUH, S
I BCEI0F|ISHE

ERSHNIRNEXLE, BAIFRI2:
14, 22, 28, 39, 43, 55, 65, 73, 81, 93
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ZHDHRR (BEHHR)

o EHHFPNERER 0(d*(ntradix))
n ;. BHRRTROMSRRETNTREETMRTEAR)

radix: ABETY, BIBRTRBIRTEIFPEE
d:  JTTRRZBZ/DNRITAHR

o XYRRAI 73,22,93,43, 55,14, 28, 65,39,81 HEFR:
n=10, d =2, radix = 10(g(9)
—HRBIW d BHEIOWE
B8, PDENERE 0(n), WENSHREO(radix)
(— T RENTRIUAHREH, BTFIREER)
REZE 0(d * ( n + radix))
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def radixSort(s, m, d, key):
#key (x, k) AJLABNTTE<RISEK (LR F
for k in range(d):
buckets = [[] for j in range (m)]
for x in s:
buckets[key(x, k)] .append(x)
i=0
for bkt in buckets: HXHFINESZEO (1len(s))
for e in bkt:
s[i] = e
i+=1

7w K F/ X =%/2025
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def getKey(x, 1):
#EVEQR BB EI=<AISE i, PMIRFEOf
tmp = None
for k in range(i + 1):

tmp = x $ 10
x //= 10
return tmp

1st = [123,21,48,745,143,62,269,87,300,6]
radixSort(lst, 10, 3, getKey)
print(1lst) #>>[6, 21, 48, 62, 87, 123, 143, 269, 300, 745]
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