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o BBAR. AR, B
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AREB¥R

o SEFAISKUIMFRREHAI —DAEK;

o SHERFISCINGEEHRS, BBHRS. I3FHHR. RIRHERS
 IBAHRRAIRIRARS ;

o SERAENIHashingSLINEHBIEIK ;
o ISHRIMRANTESAY: BREIMap;
o XAFAISLINERZTELEE Map,

b K F/ 3 =#/2026



&L Sequential Search

o WRHIEIRGSEWINRXFFE
iR 7AR, #EPython Listd, ﬂzﬂbéﬂﬁiﬂﬁﬂﬂ%?ﬁ%

"AC

, BINSMXEHENRELMENE

N[EBIRN_

N (index) |,

U T RSREROES, BT, RN RN REAEHS
BT, SXIORARMIRN “IRfPEH”

o DREIRPEETATRERNHEN, SFEMIRNELITHEBINFTIG

, BB TEKNINE, Z X EIER, RIRE—

B, AR 2B,

TERRNBREK
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IPPE: TRREREKNE

def sequentialSearch(alist, item):
pos = 0
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, @]
orint(sequentialSearch(testlist, 3))
print(sequentialSearch(testlist, 13))
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PP EL : EEDHT

o RXEHEARITON, BELRBERPHNEATESR. OME_FSA
DHTNBR, XNEATESRUINRERES, HEHESEAPRENT

o EEXEARDP, XMPEATEILRMBETHHRMBILLIT
LB ENSTERRA ST ESHOMEN, WINRERE T EESRE

o EINFPEXREZEDP, N IRIERWIEH—KIBE, BRIREIERPEIEIEN

ﬁﬁﬁ@ﬁﬂ%% ﬁm%ﬂﬂ%&ﬂ%ﬂm%Aié
ONER, BEMAIRPSRBIEBE2EEEY

o HEMBEHEIRDP, LXREBA—HH
IIRMEIAEIIRD, BRUFTELEIL R, LEITRE R
IIRBBOIAEIIRD, BHIVNRY, HERMRNER

« BOFHHR, FULARTRKE BANER, Enk o

b K F/ 3 =#/2026




P& : &EDHT

o HIEMAIIRD, CLLVH—RRIBUWM ?
EREIETHEDIR DS MIBHIMERRABEN;

BRI T, LESYBIRERn/2;
o P, IMFPEXRNSEERERON)

item is present

item is not present N N n

o XEBIINREINRPHEEIRTRE, HAWNREFENH 577, INFREXK
SRR X NA0E ?
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P&k : &EDHT

o PR L, BINEE=ENBERRSearch AP NMAIINFBEE
LHIBNFAEN, XTI ESTERERTTE1E0

AEZRMETF, WREIRBINMAGE, LLXNTLURBIGR
o W E R EKEETNS0, %FE 540, ¥4 G AT BEFES0, ¥ LIERETEHER

T KF/ X = H#/2026



P& : BREREKNE

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))
AL K 5/ %) = /2026



IRREX : S50
o INFEKBRERNSZIINBERINT

item is present

item is not present 1 n n/2

o Xbnk, MBEEREMS, DA [

o RRAHMIENASENNE, BRERNEKEDTE —LELXIRE, BHAKN
THHEL,

A TE K5/ %) = #/2026



—DNEK
. PLNTEFR, BREBBNEREE

o EINFPEHT, WRBITEEBINALESHIING, AHRDEFn-1TRFLL
XY BNEHE I

o B4, BRBHEEANBERRIF, RS/ \RFEEXIHIEIBYEEIR ?

» 3 4 °
15 19 26 27 36 38 44 46 47 48 50
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—NEHK

o BANMITRPIEFIGLLXY!
WRIFZPENILAERI, WEKLSR
QORAILES, ALMBEMRPIB)IT:
o« PIRFETULERIUA, MAERTA T GG I AT 0
« FIRFETLERIUN, WAERTAT 68 EE L
WA, BINBRLEXEES/NEIRFKH—F: n/2

o 2&&@3& FENDESE
REESRELXTEELE/)\—¥

Start
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“nEx: 8
def binarySearch(alist, item):
first = ©

last = len(alist)-1
found = False

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

==11=] 101 o 0] if alist[midpoint] == item:
found = True
else:
it 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/ 2026 print(binarySearch(testlist, 13))



—HBE: HDMme =z (Divide & Conguer)

o “NEHEAENRIR LAY SRS — TN HAIRES: Dfme<z
RO NETE/ N\ EEIE D
BYBRE—NMIERDER, FRERLEEEIRIMEIE

o TR, BIEFANMR —IPHRENDMEZRE, —OENEEREEEEK
ggiﬂ. def binarySearch(alist, item):

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

it item<alist[midpoint]:
“a/ |\ El;:?ur‘n 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
B’thﬂ*@-#ﬁ/ \—3F Items Left

RN ERIREEINA G R 1 n/2

[
-l

2 n/4

3 n/8

i n/2A7i
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DB EEDON
o KXY RHREBWRXLUT, tEXCEARMSXEIRITEIEI

o LIBXMHBEBNESLEEIXIN, LEXNRAZREEER, & NIIHIE:
B83): i=log,(n)

. BB RNEESRER0(log n) zﬂ — 1

b K F/ 3 =#/2026



:::jfiigi;jz: iL- éf%EfgiE;Vék

o BRBUMBIBLLXTEVREN, 18 _ﬁéﬂzﬂ’JE/ LfF0(log n)
o BEFRIARNGEEPRTITLXY, ME—TRERFEERTRY:

binarySearch(alist[:midpoint], item)

XTMNEIFEREER 5 IR, MUURBERNERERO (), XFSERNEENNEE R
EREIRN0N;

=R, BIVRBURRRN S EROREEE, K EgUAYIR, MRBEANEBHESR
BRSIERIT, XEMATBEURBNNETHE S,

b K F/ 3 =#/2026



:ﬁéﬁ i/_- ZLEB,S]%M_;}(

o BN, BR-_NEHRENEBERE HLTINFEXK

o BRRZERIEIVHBIRIUHITAFPEVTTE
IR—RHFEIWHTERER, MLHFPNFHRTURE
BIIRGIBREREN, SRREENRD, BLIELRERALFRNLINFERRSE
255

o PTLL, E%%ﬁ ZHE L, HENEERENMLERABY, ERBIE

2|SehRR e F%o
X A RUMIRRE S KM

FVERCEEF 7 3DFTED ?
SF 2PC?
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&%l : Hashing

o BIBEEAIMN
S1RFto

JEIEE

Al

P K

FHIEIZ BHSIXARBRIR, RREHEEHT

OREHEI < B R ZBA/NHG NS, MOYUMA—DERKBREEERE,

o MERNHE—HRIWE—TF

0(1), XFPEESFRN “ESlHashing”

o REBETEBRNRIFRIELRS, BAINVEIBIATREY

2R ANR.

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

ERAA

o EBEHEINIRY

b K F/ 3 =#/2026

ERRER

=

o,

A EIESRT

DA 2

VEMNNE S

TNHMIELSHD, EESENEENERERE

VE, WOREMIAIX—RE?

UE, MO



=18

LH
slot) ,

BT

EABE

o BAIKR (hash table, X#RIGHR)
RRRRNELENU. BIIRPHE

qJ{

PRIRGEIED, B —1T3R.

T HPEIESR,

||Il

Hop BRI EAE o

— N ERUE, IRAE (

o PIE0: — T ESIMENERIR, BHBIRDAIJI0 10

'E:

E

A2 /I, B TERY

H#&beNone, RIS

o SKIMMBURUIEIFHABEVFRIREY, FRARBIRZL (hash function)

° _FI-

5l =5-p,

0, BIEREL:

FHERES

b K F/ 3 =#/2026

52 8

BIWENZH, R

]

R

50-10, FTIZIEIN




=0 byl

o N IREBBIRGABIIRD, BINRITSES—THEOIRE

2. 54, 26, 93, 17, 77, 31

o B—PERNBIINDZER “KRE” , REFEBUFRUBIIRAK/), [EB

/ﬁ%&ﬂzjjﬁ"fo
Khr b “KRE” BHESUABERNEMAELTEERIIRME, BNFIIRIOROCIBIES DI

HERBIRX/INEEZA, FIU—RESXIFIIRAIKR
SHIESHRE—ADEEX

b K F/ 3 =#/2026



& Bl

e FOIDRIINET DY S

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

o REIIKZEh(item), NBNHEBIHELEETHANIEZG, MUK
BRI A\ B 80 p

o Bl THEIUEANG, S TBIIRILTIEPEI6T
BWAEDN S TEOLLPIIRARBIIRE “NBRS” , XENFRIN6/11

o HENEMRFIBVIRG, EHMEBSTLLESR

o BERENHIENMREHTETRD, RINRFZ2EAR—BRIRE, XNE
HIUHTITE, A MR OBESPIXY MBS Dxeaﬁéﬂﬁlﬁﬁﬂj
I 50(1) NaS ERNEKEE.

b K F/ 3 =#/2026



& Bl

o AN, IROJREWRE
ANEBE

X TORNAMME, XABFEHEIRDD, &

S S

. BUEBREA, h(10-0, TRITEHEIG— 0HEC
“yhzscollision (RHE) ” , BRIGE

0 1 2 3 4 5 6 7 8

D, XIPIBITARAN

ZWIBRNXNRBIE RS .

9 10

77 None None None 26 03 17 None

A TE K5/ %) = #/2026

None

31 54



EEDIKE . Perfect Hash Function

o BE—HELED, WR— IR LT T HENMSAAQNEP,
LIX T ERIRE RO DFRA “SerBlRE”
XTEEN—EHYE, ©EREM/INARTHBTTERBIRE

o BURBENERMNER), RET —TRAMBDERILTXIN SR
IR E
LR, PRERZBRMNER, RIISENEREN.

b K F/ 3 =#/2026



=BV KE : Perfect Hash Function

o RFEFTERIIRHEN—IDERT ABVIRNETE, KIAMBTRELIEIE
REINERETS STEA T BIE

. (BTSN O SRS B A RS E

BRURNBREFIS IHT) , TERIIRBESBKREBOIREESIZME! WTHXE
RIRGHAKI0ZAFZNFISKER, RFE S AZZEE

o IRMXERENE, BHARIRHARTRESITRIM: PR&ED Oatl5exE)
. IR (FOMTHIN) « TODREEIN (PAZIE)

b K F/ 3 =#/2026



VR HBVEZHIR

o BRTBTHERDIRPLZHHBFBNMNGHEAUE, BRIRNEREERALENR
25N

o BAFFZEEIIRMEBXNT T AN EBENAQNEINE, WRIEEIE
HERURD “184” S8 “HBR” , XIRMER ZNAESHEE—UER
Xk
BESKENMELENKEGERN “FBL” , KMBXRABE—M, XEHS FBITAMIS
, BiiTISYEN “ESTE” B0IREAEEATERMEIX —m.

MDSYEREIEREN —EBF AR, FHiftEh

b K F/ 3 =#/2026



VR HBVEZHIR

o ERN—EUMERIVEIE “IEL” RHRTRIABUW MRt
EgEM (BERE) : IRKENE, SIN By’ KEREREN;

S SN : MREEITE “BX” RE5; (MBLUITEREEEATEDN) ;
PSR . XYREIBHRU\ED), WSSl “IBL” BIANE;

nPRIE: ERREIE “BN” , BHRIEEOBUNEE (08) SIFEEER; B,
R BRNONELE, FENEEHEENEN, HEIFEEXEN.

SSIVPIRNME : 5 HashingEFI—TEEEI, RAERIISZ—TEEEIN, EBEHEEN
SRHVPIRNE : 57 EHashingRE, ERIRMTEIED, SFBOIENEBRNE

b K F/ 3 =#/2026



%S{EIJ JZMD5 /SHA

o REZHVILITTEATIRLRMDSFISHARDIREL : MD5 (Message Digest)

RO KENHETRNEE K128

(163D) B “/E”

128 THBIEAR — THRNEXNHFZIE : TBIRZMWIRDRIHEE

e SHA (Secure Hash Algorithm)

S

SAEITNR L, SHA-0/SHA-1%HE3

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

1601\ —3#mIHB =T 10894875, MR EKDFHEMLITTRATRD

2560\ I &It TF 1089775, SRIFE

SRR

SRS KART2T 8TRD

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

SHA3841A 8 —RlIZERIZE R

b K F/ 3 =#/2026



BN BRI ZMD5 /SHA

o BRTERIIMD5/SHA-0/SHA-1 =FhEN TR LK
o BEBLURIFHREVBINKIS 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|

b K F/ 3 =#/2026


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

PythonBYEI I A ZIZFEhashlib

o PythonBHMDSFISHAR DIBYENBILAENZE : hashlib
B35 $md5/shal/sha224/sha256/sha384/shab12Z56F A3 ER

>>> 1mport hashlib
>>> hashlib.md5("hello world!").hexdigest()
"fc3ffo98eB8c6abd3087d515c0473F8677°

>>> hashlib.shal("hello world!").hexdigest()
'430ce34d020724ed75a196dfc2ad67c¢77772d169°

T® KF/ X =i1/2026



PythonBYEI I A ZIZFEhashlib

o FRIXUS

o EQJ ul

o XHAEZKBVEIHBAEA

b K F/ 3 =#/2026

P FRSHETIOITTEZIM,
Jupdate5AFXY

RO BOKITE,

SBEAGA 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’

>>7




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

o HIEMAF—EUEH M
NBTNHITEEBONE, XUtLEBINERT/ANREIGASEE;

TSI NEHSTRMRI (xcode RBIEAN) ;
ATXEHDERS: REPHEENXEF (TEEREFR) JULHFEFMHEZ R,

o NERIVREERS
RIRBBRNEOUE, APAANEREG, HEHRIMEFFLST;

THRREEBIENENTHMAE PSR 5 EREES.
HeTiES

b K F/ 3 =#/2026



 ROUREMDS/SHAR DI T HE—
. BIEHEE

Wi

[RIB OIS —BUEH

URIET BB GISRRP BEE I,

BhEEC, FOHEHL,

Wanna Cry K4

o MBEIHNA

B TAFHNERERAELL,

B TOTE, B RROEREOIEAT,
ROBERE, HEE, BREIJLIRE ARG

FAHIUEXVLL,

b K F/ 3 =#/2026

T RS SR

MR

HOW THE
BLOCKCHAIN
WORKS




%5@” IZRT . I7EEAFolding Method

o ITBRIRITRAIIREEVE

R0, REXIESI

o B30, XYE

h (62767255) =1

o« BNIEITBEEEERD

fR¥N (62, 67, 72, 55) ,

256%11=3) ,

516 58862767255, O DA
B0 (62+76+72+55=265)

ALRE, RYEEBIRRUBONETE,
B’NNKRR, REABIIE

BT

UMD N4E (62, 76, 72, 55) ,
, BRIRBEILIME, ALARIE265%11=1, BB

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

, XYIIRR (

o BRRARENEL LBERELVNE, BXTTRMINFTEEFE/BIK

R

b K F/ 3 =#/2026

I —MRIBFER,

DAEE

P IS RT

G _ERBI M



%5@” ¥R . S HENEMid-Square Method

T/EHRC

A, B IOREFEIYRS

PIFRBIK/KER
o BIY0, XV443HITHE, Bc44*%44=1936, MEENC

KR, 9

3%11=5

o NEREMIPEIIREBIXYLL

M EREST

RN

DHEHRE
¥IOBPATEEHKX

b K F/ 3 =#/2026

Zyisk- (-0l

FOIBR, REER

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

D E)B993,

gL, BXTEX
XVEIIZRA/)\11

3

7

9

8

4

6



AR ENR T : RN

o BRINWYLNIFHZNHEN (WFFTFH) HTHI, BFFTHPLY
RIB{EASCITR AR

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 l return sumktablesize
99

7 K/ X = /2026



- EOIRES

-é%,ﬁﬁﬁﬁﬂuyﬂﬁﬁmviﬂﬁﬂﬂﬁﬂmﬁﬂﬁ N SBHIEIX—
m, GJLURERIBERNNEBENNRERS, Fellordg

o BINATRIRITEEZHRIIREDE, BREFHN—TERHARE, &
@J AN FEY ENER N EN TR, QD%EWJI_I%Q&I‘H{(JJE
®, ZRBRENHEDRITERS, YA UERMHTINFEHNE
—NEH, KX SBBIAGHENX PosliEion

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

LR K S/ 2 =7#/2026
641 % 1] ———p 3




PRI

o WRMTEEBIMEAIRIEA—ME, FRE—TARELNDELERIIR
PRES _TEIEI, X MIERN “BERPR” .

o FIERE, WRRFIIRHRTEN, BMASTRIPR, B5=ERIIK
HEBEAURE, FIUBRREIIPRNNEBINSAEPRERN—ED.

o FRRBIIN—HDERME N TREEIBIEH—1 BSZEI’J*’F%{%?? H
RESNMEMNPRVBHIGAEEHE, BRNE—TZE. WRABI
RVEBENAKRIEE), NRMNEEEETH)

o XFPFHTEBIRAIRN “H I EItopen addressing” , @FEMEIHK
N ENZFREIHRADH “ZMIRN ] inear probing”

b K F/ 3 =#/2026



7,3

SN|Linear Probing

o BZRIMI, F{1I44. 55, 20&FXD EJ@J%&IEU%‘%D
h(44)== 0, RMHMECELWTTER S, OGHRAIE— I TELH, R

h(55)== 0, EHFHEBELHRSIE, Eﬂﬁﬁtﬁiﬂ%%-’PSEﬁEZ#, R=
h(20)== 9, RUMESEHBLIEE S, OB, BIKTHBHEIBHERE

o RALMENDERGREBPRENG, NESIRNE I RIEBEREIAN
UREIWERBHIIEHING, MOAOSHIIESE, RIS, HEWE
= (EHKR -

None None

A TE K5/ %) = #/2026




PRABRSE: SMERNBNCUH

o LMBTNEN—TRRBERE (clustering) W2, BIWRE—TMEF
RPHMFEINR NG, XEMBEBNMSEEBIIIRERFR, NMEBINE

]
H lﬁ.éﬂﬁlﬁﬁg B0
1 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
TR “+3” HNEA44, 55, 20

0 1 2 3 4 5 6 7 8 9 10

77 55 None 44 26 03 17 20 None 31 54

A TE K5/ %) = #/2026



PRERSE: BE¥lrehashing

o BMIHTENIZETUA—ITENEAR “BE¥lrehashing” EAEE,
Hph 2i7newhashvalue= rehash(oldhashvalue)

SFEMIRNSKE, rehash(pos)= (pos+ 1)% sizeoftable
“«+3” BNBKERTVIRMN R . rehash(pos)= (pos+ 3)% sizeoftable
IR IRNNBRIBETE . rehash(pos)= (pos+skip)% sizeoftable

o BKRTVERNDP, FEIRNRskipVEUE, AERBIIRAN/NELR, BNU=

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

b K F/ 3 =#/2026



. &

. X8

o XIHESMERRAIUEUS

O

JPRBIRTZR -

TEskipBY/

A&l rehashing
DUREZR MM Ny “ —RiFMquadratic probing”

B, MeXL&iskip/g, W1, 3. 5. 7. 9

CH#3EN0: h, h+l, h+4, ht9, h+l6...

4 5 6 7 8 9 10

77 44

A TE K5/ %) = #/2026

20 55

26 93 17 None None 31 54



PIREERDR: HIEIFEChaining

o [R5 IFHREBHADBEIRAZI, A—IERBINPRELSRBRENE
TEIEIBEY RATRYIEINRS (REXNVLEIERNSIA)
XK, BOIRDOE MERTUSHAS NED, TREERIPREE, RERESHBH
A IS SN

SERAFNNNTREKO—TMEPHNRIES, IR, BEIDPREVEN, XNHFEIY

SN BRSNS o 1 2 3 4 5 6 1 8 9 10
None None None None None
44 20

i

55

LT K F/ 3 =#/2026 -—



e PythonlRBAARNAE

= dh 8

o SOUXE

o HOXEEIkeyOIHH

o XFPE

HMREAIERTY “BR5Y” :ADT Map

HIBLRI > —F “SHiDictionary”

MO AR Gkey-dataf{E NBVEHER R

-

-EIREXEVEE

[
N

b K F/ 3 =#/2026

Bdata

BXREANDZEBREBIRN “IREImap”

SAEEAL TR




RRHHERE “BRET” :ADT Map

o ADT MapHNEARER-BEXEABNTRES
o XEBIAEBME M, BIYXBBEIDUE—HE —TEIER
o ADT MapfE N BYIRIER R :

Map () : SIR— TG, IRORRENR;

put (key, val) : Jkey—val KEXXVIOABREY P, WRkeyE&HE, NiRvalBHRRFKHNIBX
BXE ;

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

len() : JREOBREY Pkey-val KEXHVEIE ;

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

b K F/ 3 =#/2026



SCINADT Map

r
~J

BB

J

o N IKRENRIREIE

, BREXESkey, REBRIRGHIXREXEILIE

bR, ™=

— I RFFRWETKHIADTSI]

YR AR GFE SN ERIE —DEK.
=, BANGENEEARIRHEOIRKEN, XSG RUARIRIRO (1) BEERE

b K F/ 3 =#/2026

Bdata




SCINADT Map

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

Al

Hp—"slotIIRBTRFkey, A—TFiTHdatadRATREEIEIN
EEHE—TkeyT, HEdatadIFRXINABCINIE BVEIEIIRD I REAEIE
R5keyBIIRFIENBIIRRKIE, XETURREK T HEENkey

TRBBIRNA), BRYURERE, BESEIIRILPREBREAETVLIE, NMIXHE

NERH.
class HashTable:

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

T® KF/ X =i1/2026



SCIRADT Map: put/5ALHS

o hashfunction/57AXM 5 BRKRRIDERSKIBIIRE, PI=AERNXK]
MR “n01” BEBIREL,
det 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:

keyEZ’?E, g}ﬁval if self.slots[hashvalue] == key:
= da

self.data[hashvalue] ta #replace

else:
=9 nextslot = self.rehash(hashvalue)
%&5”;?;&'—; ﬁ%&&”, [ self.slots[nextslot] != None \ }
Eé”?ﬁé”ﬁ*ﬁﬁ%ke self.slots[nextslot] != key:

nextslot = self.rehash(nextslot)

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~ return (oldhash+ 1)% self.size



SCIRADT Map: get/35%
FRo S BIES def get(self,key):

X startslot = self.hashfunction(key)
EfKC
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, s

position=self.rehash(position)

it position == startslot:
stop = True BRER, 5
return data

a7 4R e

T KF/ X = H#/2026



SCHIADT Map: KY0FCHS
. ERHESI A

H=HashTable() def __getitem__(self,key):

ﬂEi‘HZjié return self.get(key)
H[93]="1lion"

:E%;%:Eif? 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 BOIEREGHVEN N, TLURHO0 (1) SHAN B8 ~ENEHIEARE
o BRTEIIPRNGE, SHHRRERMETXLEEL,

o HMERBIPRNREREBMBNEBRST 1, —Ki%:
WR AR, BOPRBLER/)\, BENESSREFERENSRIED

WRARK, RRESIRIETRR, PREEKED, PRERBDOS R, EMFERED
BYELRSKRE IS ; WRXABHIEHENGE, RIRETRTE LNEETIES

b K F/ 3 =#/2026



 ROISZED

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

REUIBIEH, PILRIREN: L(1+ ()°)

o WIRXAHIFBERBRPR (1 TUKTL)
RIINEH, FIIBBLUSIREY: 1+4/2

ARIDNEK, HIILLIVREIT: 4

b K F/ 3 =#/2026



MD5

T KF/ X = H#/2026



bERSY

IFRNA13RIFIER |, 27, 130MEFHESDRIRZD ? +

1,10 13, 0 1,0 2,3
NFANATTRESIER |, RBAWTEGET , FRAZIERN
EREGPR , REINMERHA? *

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

A TE K5/ %) = #/2026



15T R AN T R




HF: §33HRBubble Sort

- BEAFPNSEBBETINLRRBITIMUORRGR, BHER 55 RMAM
AR, FHREPNEITBINERAE, REXERANBENRAIIFMAL, £
n- 1@ EERAIR, SKINRERHRS
FRPNREELT “S08” EXPARK I EIXKBHEY

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

o F2MELRRIBE, RAMBEMNU, TEARNEERDIn-1, HEn-2
XYABRREIEHIT LR

o EFISn-1l5EE, R/N\N—EEIREN, MIATERIE S,

b K F/ 3 =#/2026



=N=
)

E

HERS . S51id

T KF/ X = H#/2026

First pass

>
54 a3 17 i 31 44 o5 20
26 93 17 [k 3 44 25 20
26 93 17 77 3 44 55 20
26 17 93 L4 <] 44 55 20
26 17 7 31 44 55 20
26 17 7 ) F-QS 44 o5 20
26 17 7 31 44 93 o5 20
26 17 i 31 44 55 a3 20
26 17 77 31 L) 55 20 93

Exchange

Mo Exchange

Exchange

Exchange

Exchange

Exchange

Exchange

Exchange

93 in place
after first pass




E: [ \
Eajﬁﬂﬁﬁﬂﬁg. 1q5ﬁ55
def bubbleSort(alist):
for passnum in range(len(alist)-1,0,-1):
for 1 in range(passnum):
it alist[i]>alist[1i+1]:
s temp = alist[1]
Frie, AR alist[i] = alist[i+1]
alist = [54,26,93,17,77,31,44,55,20]

alist[i+1] = temp
bubbleSort(alist)
print(alist)

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

b K F/ 3 =#/2026



SRHRR: 8EDH

. TR AMETHIR RS RSN, SRR ESEn-1
 BEERMOVRN, HXIREGR S Ma-LR/O B, HEIETAES L MIET
4.

XORBEI - 1R: 37 — in

tLXINEY a8 Z2E R0 (n2)

o EFZHERY, NEASREHR00?), BEEERIBEEIRRIE
RENEBRRIIREHRIICEER, RIRRE N0
REHNEBRETRXNEABRIHTRM, RIRREFTLLXTRE
YEn N RxEBITE—3¥

b K F/ 3 =#/2026



SRHR: BAEDHT
. BEHFERIENRENRRENH

FPR%, RIERE

o HYRFBEFXT/MIBIERDE

[RAZNIE A,

[(ERABIXYLLE

o WBAWZRLULXIFIRMGR, HPRESBIEVRIERIE.
o BE—fR, METEFOIZHINIEHEZEIHHE,

b K F/ 3 =#/2026

38



BAERE, MRBAKEL285

,E, *i @ _% BRI — H R T %if)\fﬁl

: ;;%& BRETANDTHRA—RAT.

O ernrte® @&tw N
BAE, W FRFA 0 R TEI, MBI R . RS
R TFM—RE TS FRRART. HRE—N—BT—.
1+1=2
G &rw @Dsren B4, RERCEMURNEAREL T TR, Ri-RITEE—

T X AR B, SRACIR AT IR 2 B 0 R s A B S B e

il !
iR 1.7

logII(N) = (.\' - l)) logN =N +A- / M A=1 +/ M
2 IN r 1

r

= B, (t)dt

Jo t+ s

logIl(s) = (s + l)) logs—s+ A-

b K F/ 3 =#/2026




SRHAR: MRESUH

o RO, BUBUSELNREREIRE, JLURAIREHFRE5 MK, X
BRATCSHHFEETAHEN
WMREHLSVREREEDRIR, HANRCLHET, TURAMEREE

def shortBubbleSort(alist):
exchanges = True
passnum = len(alist)-1
while passnum > @[ exchanges:]
exchanges = False
for i in range(passnum):
it alist[i]>alist[i+l]:
[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)
AL K 5/ %) = /2026 orint(alist)



YeBEEHERESelection Sort
o HERERHIFEXERHRHIT SOUHE, RB SHEEANZZHELLXY B, TidEE

MBI AR,
o EERHPBXIRMFIT SHIG, HBESBARHTIRRMR, B ORT
1R

ICXREAINAENE, KOBIRAERO IR

o HRHFHNNAERELSBHRRIL
ESTREAE, &R0 M)
SHRRBOUBD S0 (0)

b K F/ 3 =#/2026



\ N
[
WCEERFRS . fUhS
| ! def selectionSort(alist):
26 |54 |03 [ 17 | 77 | 31 [aa |55 | 20 | o3isiargest for fillslot in range(len(alist)-1,0,-1):
— — —— positionOfMax=0
_ for location in range(l,fillslot+1):
26 | 54 | 20 | 17 | 77 | 31 | 44 | 55 | 93 77 is largest ] ] . ] L
|| || || it alist[location]>alist[positionOfMax]:
v [ positionOfMax = location ]
26 54 20 17 55 H 44 77 93 55 is largest
— — — temp = alist[fillslot]
' Y alist[fillslot] = alist[positionOfMax]
26 54 20 17 44 3 55 77 93 54isl . .y .
s largest alist[positionOfMax] = temp
1
26 ]| 20 17 44 54 55 77 93 44 is largest
stays in place
I
26 | 20 17 44 54 85 77 83 31 is largest
26 17 20 a1 44 54 55 77 93 26 is largest
20 17 26 R 44 54 55 77 93 20 is largest
17 20 26 3 44 54 85 77 83 17 ok
Elo:: list is sorted




B AHER Insertion Sort

BAHRRNEEREDRZ0?), BEEBBSEIMTAD

BAHRERT —TEHERHIIIR, RUBBKREIRBEE, REELD
T RXTFAINRERER

B, FIRNBSBITEEED, RE2TERIUERN “FHI” BAISIIRNGENUS
P, XFCHPHSTIEMES 5 2T ;

SF2 MBS E 3 T HIEDUERRIZ NEIRIILLYY, F Bttt ESKEVEIEIN, REIEXR,
BN SIIERP

Z0n- 1B, FIKRY BAIER, HB5TH

[
m

L
m

A

b K F/ 3 =#/2026




B AHER Insertion Sort

o BAHPHILLNERARIHK “FHIN” HBAUE

e REBMERBHASSTIKRIABIUHTHXY, BHXIRKSERHARERT
, HERNHZ0(n?)

o RIBIBN, IRELEHGFHNE, SENFTLRLX, DREE00)

b K F/ 3 =#/2026



T KF/ X = H#/2026

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

17

TP 193 | 44 | 55

MNeed io insert 31
back into the sofed list

93>31 50 shift it
1o the right

T7=31 so shift it
o the right

54=31 s0 shift it
to the right

26=31 s0 insert 31

LExd, #alrra

b “FrIN" KAYZEIN



BAHER: U85

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 TRIRE, S3XHRFRI1/3
FTLUEANH R ERE SR —E

A TE K5/ %) = #/2026



B/ REEFBShell Sort

o BADERA
NRESEBEFRHRBER N, Kbrt, JlIZRiN

/1)

o MXTIRBIRATF,
NIIRK,
FEES IRV B,

o [BfRJI3IFTIIR, %@Ji@ﬁ%ﬁeaAHFF?FEI’Q%@WEEEJ‘%EEF?

LT K /31

=M/

E/RHFRB L
T INRENT

E

S NAHFBHLLXTRY, ERESHER FRO W),

B A\HEBAE RS
AR

XFPIB I RS
B A HEFRR BN EV X R #RA

AR, -

fith, XYTTRRRMT “8R” X

ToRP RN RO B, MBI BN H R L XTIRE

54

93

17

77

31

44

55

54

93

17

77

31

44

55

54

93

17

77

31

44

55

sublist

sublist

sublist :




BRHAERS : RS

o RE—HRINENBARR, EHTAIBE/ IBEE£RIRVIBERIISR,
X— @ X T D& LR TR 55k

o FIIXRBER—AMn/2FTI8, BEMSIB: n/4, n/8EHAL

b\

17 | 26 | 20 | 44 | 55 | 31 | 54 | 77 | 93 | 1 shift for 20 ' ! i
17 | 20 | 26 |44 |55 | 31 | 54 | 77 | 93 |2 shifts for 3 LB
shifts for 3t 54 26 | 93 | 17 | 77 44 | 55 | 20 | sublist 2

| 17 |2El |za |31 |44 | 55 l54 |?T |93 |15hift for 54 54 26 17 77 31 m 55 20 sublist 3

|1?|2D|25|31|M|54|55|??|93 'snrted

T KF/ X = H#/2026

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




EREE : 65

S det shellSort(alist):
|E_|_||3ﬁiﬁfé 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

def 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 1f/2026 - 1
FRF/ A=/ alist[position]=currentvalue



BIREERR . &AM

o EHBLE, WRHFBLUEBAHRAENM, TEAASHBARRE

o EHTEBEEERIRENROEF, XTIESRMRIRITERIB «
TR EOxy

o XVEURHFPEIFROMLRE R, AERE/TT00) 00 28

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

~)

3

O(n?)

b K F/ 3 =#/2026



I33H-HEFEMerge Sort

[ _FI:

e 3

JEI

RESTEHFRBC

IR

\\/

HIPREIER A, BBRREBRITEDRAMYE, NMEDAHITS

F?'

: HEENELITEIED, BRCHBRE;

Mﬁ REBRDHNESHMRE, WERRNRKN_DZ—;

54 | 26 | 93 | 17 31 | 44

55 | 20

31

55 | 20

@ww

e B ) i)

A TE K5/ %) = #/2026

-

: RA¥EDANERBE SR, RERDDAEREMEIHRTIIFH, ﬁﬁl

54

HFZE‘F??E@%Q

'T-—T_T‘T—T

26 | 54




I3FHERS : U85

3F, IEEEER, JEEER, KE

s AL RIC A ER
INBIKFFHEIZEERFIZRH

|3 ERRIRIN

|3FH = ERRIRIN

T KF/ X = H#/2026

def mergeSort(alist):
H# print("Splitting ",alist)
it 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 RIEFHHRPDNRNIERDINT: DERMI
NROURE, B2 _DEXPRONTER, BENHERE, HNBESERENN0(log n)

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

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

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

o BINERIAPDHAAPREERER STIMNCHEEZREAARTIEFH, XTRMEE
XU AR IRTHRPRNIERRZRE R

b K F/ 3 =#/2026



T3

b7 K/ =1/2026

A

/

gdef

FRERRACES (L)

merge_sort(1lst):
if len(1lst) <= 1:
return 1st
middle = int(len(1lst) / 2)
left = merge_sort(lst[:middlel])
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], £P3FHFRRISEIREITBAAN, HFRHNR2ME N3 2

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

c) [21, 1, 26, 45]

d) [21]

. HFF?%H%HJ: I3 HRRP, R STRERTIHFHE ?

, 1] and [26, 45]

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

d) [9] and [16]

b K F/ 3 =#/2026



'|‘3%i$}5||EF?—,Quick Sort

o A—TXADMEZRENHAPELEZRRAR, RILBRATRIINITE

’r%“lél X— LA FHERSR
BR! REHFPACDREEHIEREGOMNERKENMY, XEEME EMSITS

o ’I‘J%EFFF?EI’S,L,\EQM&JE — “p{E” HIEUSRBHERDNAMFE: \TPE
B—¥FMATPEN—¥, RETBOOBIHTIRRARS
QD%%EJXﬁﬁiﬁiﬁﬁ*Q%éﬂgEﬂéﬂﬁlﬁ, NIRIZBNEIEREY “ P
BHRPUHTRIUTENH! BRKRETH, REERX—TEKTS “dE”

b % /\%& 54 will be the
I:QD, ]. o 54 {26 |93 |17 |77 [ 31 |44 |55 f20 [0 e

o RRAFPNEIPEA “EII=2FR" WH:
ERERRM: BERNELI BN, SRBHEHN;
%))W : IRIE “PlE” , REBRONFE, REBERRIESHRNFRF
BESS: BPA¥IBEESSHTHS (FRENMEEIRIED)

T KF/ X = /202

A




leftmark and rightmark
will converge on split point

PR : 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 _ ‘ Bap |54 | 26 | 93 | 17 | 77 | 31 | 44 | 55 | 20 93554 stop
o DRHIEXRIEH
/-‘R <54 >54
N - leftmark rightmark
HE “pE” MRMNE <
31 |26 |20 |17 | 44 77 | 55 | 93 now rightmark
I | | | | I [ 54|26 |93 |17 |77 |31 |44 |55 |20 "o5 iop
o DUBBRNFH oo
leftmark rightmark

BWEZL G (left/rightmark)

ZINOGBE), GinaZi25)

» AT 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 RGN IE AR TR & s [26 [20 |17 |77 | o |aa|ss [oa ] GEZSI0C00

SRS, ERTERGITRNGEN, BB L———.T‘—‘r«———
XENEHRATEMIERME “DE” RROUIE s

54 | 26 | 20 | 17 | 44 | 31 | 77 | 55 | 93 -mski"j’ﬁ" »

rightmark<ieftma

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

rightmark leftmark

NRTH, THFWELLPE/], GFBELLPEKX i

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

T KF/ X = H#/2026



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

def quickSortHelper(alist,first,last):

%2]:%%%14: it first<last:

ﬁj\%%ﬁuﬂ_ﬁBﬁj\ [splitpoint = partition(alist,first,last)

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

128)/31E A

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

A TE K5/ %) = #/2026



- REAE: AR e

MBS S R D))
EArMERRERR, REHED)]

PERL

T KF/ X = H#/2026

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%

return rightmark




RRHERR . EEDHT

o RIRHAFPEANIEHEDINMAED : DRIBE]
UMRDHDECHBERI NSNS, MALMRE0(log n) NERE;
MBEE R SIIE S PEHITEN, TR0 ;

REEEIME0(nlog n) ;

me, ERniTIEPARRIIMIFHEZIE.

o B2, WRABLEE
ﬁﬁﬁﬁﬁlg/ﬁl &7

B

-

EFffEN DR

TR

HinlEht, B—OWBRKRBAE, XFENEEREMRIEIO0MN 2),

e (LB RHRIRRER)

b K F/ 3 =#/2026

DER, BTG

AR N0 _E3EI3VER Y



- REEE: BEDN

o QRUESKUH FPPENEEYDE, LPEERFARM
bl “=mEUE” , NEFRREK. B, PEEHPE
SEEFOMTEH, DARNEHRKRIRE)R

o B ARFEREBARNK?

b K F/ 3 =#/2026



Bﬁ%/&'\

o BSTEHFRAIZFKI14, 17, 13, 15, 19, 10, 3, 16, 9, 121, RFHFBEH2
/Rﬁ%): DZRASE:

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 BEHMRIIR L1, 11, 5, 2, 9, 16, 14, 13, 19], HIXHFFUNRR
“—mBUF” %, ﬁ@JEI’ﬂ%lA “hig” 2.
a)lb) 9¢) 16 d) 19

o NEWLEE, BIEESINMET N, SEXEIRMFIERO0 (nlog n)
a) 41/ RHEFS b)'?&ﬁﬁFr c) IIHHERR d)}a“'sf\HFr

b K F/ 3 =#/2026



SRR —NASKE

o RINESRBHREERDPRE—IXHEIUEBE AShortBubbleSort, TR
] “PR—MELXIR=EEQRR, NWEREEUTE, SHBR” B “5818
”ﬁ% SORRRICBELXY, BN SRR !

o BEAINNBAZFESHFN T HE, SRAKFIN:
Bl 5T — FAEBEZ, AP shortBubbleSort [t BubbleSort|E1RZNT (A% HEID!TI0NREY
¥ , EZXMEREIINTA_ LR, fFA4IE ?

def BubbleSort(alist):
passnum = len(alist) - 1
while passhum > ©:
for 1 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

b K F/ 3 =#/2026
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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 FBIRHIE:
alist = [i for i in range(100) for j in range(100)] (EBBFshuffle}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)] (E§Mshuffle¥TEL)

{’Sort’ : 0.031000137329101562, ’shuffle’ : 0.031000137329101562, ’SelectionSort’ :
297.72199988365173, ’ InsertionSort’ : 397.25999999046326, ’BubbleSort’ : 765.3139998912811,
’ ShortBubbleSort’ : 847.1009998321533, ’ShellSort’ : 0.6410000324249268}
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def bucketSort(s,m,key=lambda x:x):
buckets = [[] for i1 in range(m)]
for x in s:
buckets[key (x) ] . append (x)
i=20
for bkt in buckets:
for e in bkt:
s[i] = e
i+=1
1st = [2, 3, 4, 8, 9, 12, 3, 2, 4, 12]
bucketSort(lst, 13)
print (1st) #>>[2, 2, 3, 3, 4, 4, 8, 9, 12, 12]
1st = [(-2, "Jack"), (8, "Mike"), (2, "Jane"), (2, "John")]
bucketSort(lst, 12, lambda x: x[0]+2) # BUEEESA—Y%tBTIH
print (1st) #>>[ (-2, 'Jack'), (2, 'Jane'), (2, 'John'), (8, 'Mike')]
1st = ["Jack", "Mike", "Lany", "Ada"]
bucketSort(lst, 26, lambda x: ord(x[0])-ord("A"))
print (1st) #>>['Ada', 'Jack', 'Lany', 'Mike']
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73, 22, 93, 43, 55, 14, 28, 65, 39, 81

Xy % 3
HER?

RI|BMIE, RBETHOER0RIISH
ERSH/ARNNSEXEY, BEIFRL:
81, 22, 73, 93, 43, 14, 55, 65, 28, 39

BINFPREIPHNET T, RETLUH, S
I BCEI0F|ISHE

ERSHNIRNEXLE, BAIFRI2:
14, 22, 28, 39, 43, 55, 65, 73, 81, 93
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o EHHFPNERER 0(d*(ntradix))
n ;. BHRRTROMS RSN TREETMRTEAR)

radix: FBETH, BIBRUTREIRTEIFPEE
d:  JTTRRZBZ/DNRITAHRL

o XYRRAI 73,22,93,43, 55,14, 28, 65,39,81 HEFR:
n=10, d =2, radix = 10(g(9)
—HRBIW d BHEHIOWE
T8, DENERE 0(n), WENSHREO(radix)
(— T RENTRIUAHREH, BTFIREER)
BREZE 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: HXHFINESZIEO (1len(s))
for e in bkt:
s[i] = e
i+=1
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def getKey(x, 1):
HEVEQ BB EI=<A9SE ifii, PMIRSEO
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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