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F' H&RHE:

y TERBE%HashingSEIME KSR ;
y I EHMSRENRESEL: M8IMap;
SRR SCIMSREESSB! Map.,
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i=E$Sequential Search

 WMIREBIURFENTIRZFNESH, RiISFXEHEIRERZ%EkE
X%, fEPython Listfh, XELEURLAVFAEIETRA TR (index) |,
XETrEERFNES, @I TR, BIMmAILABRERIREFRIGRFE R
B, XMEARMIRA “IRFEE"

) EREFIRPESFEFEEHRIEUEIR, BMNIIRNE1 RIS,
BETRERNIAE, ZFALLXIEEEL, MRIIRE—IMEPRERINETIKE
N, BBAEHEXY.

54 26 | 93 17 77 31 44 55 20 | 65

Start
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IRFE: FTRFREHRAE

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))

R KF/ X =i/2024



IGFFER: SiXathr

 BXNEREZHITON, SXEREEPNEFITELRE. NE-S8E
PITNER, IMETTESREAZEZRE, HEERZIPRENT

 EEREZER, SHEFITRESEMEHITERIAILLYT
LARBAETERTET EERWHREA, HAORKAR T HELRE

» FElRFEXRRER, ATHRIERTIEN—REE, FSE/RETIRPAVLIEL
HEBREADIINF, MmEEINNEETIRPHSMUE
B a)iEN, RBETEIER TS HIBE R AR F 6

) HHEINEREIIRA, LEREEA—HR
e RHBEAREIN R T, &2 KBRS B4, itk sotn

e RBFERAF| R T, BTG REK, RHARRHE#
o HAWEI, FLREA KR ANEL, Enk

b K F/ 3 =#/2024




IGFFER: SiXathr

y EURIR{ESIZRAP, LEXIRI—ARIEHZaN(n?
B A KFERET R P EME A ERANF Y ;
AR RAT, textayrERn/2;

» FRLA, IRFEZNEESERERO(N)

item is present

item is not present N N n

 XBEBNEEINRPIHHIFNELFHN, BAMRSBELHETE, [WFEE%
FRARAER SN EE?

A TE K g/ %) = #/2024



IGFFER: SiXathr

 SEfRL, BES=EEFEERSearchFiEZLMANBIIRFEE
LREFERALEN, LNIEERLFEZTLME

TRZAET, mEXERAREL, W TARITER
o T E R EKEETNS0, %F 540, ¥ 40 G AT BEHFES0, ¥ LIRETEHER

R KF/ X = H#/2024



IRFE: BFRSHRNLE

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))
b K /%) = /2024



IRFER: ikt
ISR RS FER O

item is present

item is not present 1 n n/2

fr.L, MEEERENS, HAE0(n)

Ex
» AREHIEIAFENIR, AFRRNEKETE—EERE, BHAN
THHSN,

)

A TE K g/ %) = #/2024



—nEtk
, BBANTFERE, BeEEFNERER?

 ElREFER, WRBINMRIRALESKIRNE, PRSEEN-11FLL
XTRYENHRELI

BB, BiRBRLEFIRGEFERINEE, duEGEFIEIZEIRRYEEE?

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

R KF/ X =i/2024



—_pE%

y  BAIIMFIZRAEFFIRELXT!
PP HGRACEERA, NERELR

dm R RCHE, ARANE BN
o FIZRFEBULERIA, M2ERIE T 66 AT F 20
o FEFETLERIUN, A AERIUE T 8 H I AEEFH o
Kdel, KAVARSKLAFTERE B REEGG—F: n/2

 REEREA EENGEEK
HAES I LA G —F

Start

A TE K g/ %) = #/2024



—_nEk: 5

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 /2024 print(binarySearch(testlist, 13))



—_nEK: fmiaZz (Divide & Conquer)

R EREEL LI T ERIEEN SRR £
HEEH A E T R A AR K
B R AP P, 4RI RE R PR

 BIR, BARZEME—MHEENSmEZRE, —oEBESAEIPTER
£
S ARERFEN

def binarySearch(alist, item):
if len(alist) == @:
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)

b K F/ 3 =#/2024



“pEik: o

» BF =S EXRFRLEIEET—2 Comparisons | Approximate Number of
RULLXSEEgah— Items Left

y BRI RRIFRERIRIN GRS 1 n/2
2 n/4
3 n/8

i n/2Ai

A TE K g/ %) = #/2024



“pEik: o

-

. HHRREBSIE, HIEENRSRER M ER
) FSEMUERESLRENE, NBEBLER, BTIINRE:

#2: i=log,(n)

» FRLA= R ZEHRINEEERERZO(log n)

n __

9i

b K F/ 3 =#/2024



—pE: #H—LHEE

SBIARBANRBLLIARE, FH=HEHRIESREO(log n)
EEFIEFEZPRIR TN, 2E—MEEFETEE:

binarySearch(alist[:midpoint],item)
IANBEFEARAERT I RA, Mo h BENERERO(K), ZHAEEANF LR
RS H e

LR, BRMNKRAWKARATEAFTEREZL, ERELTARWELE, ARAREALERER
R GMARPT, XHERTRSA WA GBI F4T .

b K F/ 3 =#/2024



—pE: #H—LHEE

» BIN, BACHKERENESRE LRTFIRFER

y (BREEERINISRINE THEFRR S
B —RHRBETURITEAER, FLAHRSOTFERT AR

ke R RBEELET TS, ERAEAANTRY, RATRIERBLEALF 20 LRFEREEF
2k

» BB, ERZEEFENEELE, XENEASRENMSEABEN, EFEZE
ZsCfRN AR IEIR.
X ZRKIPEEE KEKIPE
ARBALAE £ 7 3DATER?
EH?PC?

b K F/ 3 =#/2024



g%: Hashing

" BIEFAIFIBERSERX TR Z AHFIKRFR, REEXRFRHT

THEF.
Jo RBAB ML) R K DHIF 8918, T AR A =T RS RIE E LR

 MEBRNH—PREE—ITHPHIESHE, RESERFEENSREREST
Oo(1), XMtEFRA “gi5Hashing”

) AESESERAREIFERIEE R, FlINSIRIRFAL BB REE
ZRIFCIRANIR,

) WIRFAIS FreHliERIRAIZIRIRMZ HIMESRE PRI AME, R
BEIEZA MU B R R HIRIRESFER.

 HERINAERBEEFRVE, WTEEHEX—sE?

R KF/ X =i/2024




55 . BEFRELE

» BI5UFR (hash table, X#Ia#HR) E—MER, HPEIIIEFHELI
RERAAFERRENEKREM. SIIRPHNE—IFHEAUE, AT (

slot) , BILARRFRFENREIR, &
y a0 — P EE11MERRTIE,

 ERRAEIEINZ AT, S MEREER

) SEIMEIRINEIFEERYEEIERT,

» FEfIFR, BPRMEZHRETEASH, ROEHE0~10, TR

B—1&,

ERRR 5120~ 10
ENone, ®R=1E

R85 EFEL (hash function)

=

INfFHERIES

b K F/ 3 =#/2024



55 Gl
y A TREBEIREZIEGIERD, EihgitE—1 85 HEE

¥IER: 54, 26, 93, 17, 77, 31

» B—MEBRNEOIRER "KRE" | BEUIRIBRLIBGIRRIX ), 1S2IRY
REUEPES,
FhLE “KER” FEAOURRAHB NGB AL A BRI HE L, BAHEFLRE S GET LM
EHINZXDEAZIA, AR EII R KXDKEF
F e T8I R G — 4L L F X

b K F/ 3 =#/2024



g5 =Gl

, AGIhBIEE R S

, h(item)= item % 11 >4 10
26 4
03 5
17 6
77 0
31 9

A TE K g/ %) = #/2024



g5 =Gl

, BEESIERh(tem), HEMUEFTEHERONESE, RIS

» BIFRRY6EL:

HEIREF A ERAITE R

AUEEDN

5, G s IR MERRI6A,

HABER EFEGILPIRABIN LG “REBT” , LEZARETH6/11

 SHRIEMFRFRIRIRE,

 BREHREA IR

SR

FSFLLiAE

MESEFEETFER, BIIAFTEEAR—IMHIIE, WE

FIHETITE, i T™REBESERYNAERESBEURIREI A
FRTO(L)RE B REGERKL L,

b K F/ 3 =#/2024




5 3
y A, (RAJgetBB R XN S ENERERE, XAZEESZEDL, SELiET
AERYHE

 RINEERF44, h(44)=0, BIR77#HHBEIIR—10#1EHR, ZWIERR
A “M3&collision (flliE) “ , EAIEERITIEEXAZREMIFREE,

0 1 2 3 4 5 6 7 8 9 10

77 None None None 26 03 17 None None 31 54

b K F/ 3 =#/2024



o=l 5iFKE: Perfect Hash Function

 IRE—HEREIR, MR—PEIIRHAGEIEE

VSN Ll Ecks i WE Y o e S U
B R —mE, ERRAANER T ERTEH

:

BINIRGIZ A FIRIER, BB

 (BUIRZFBIEFEENZED), REE—NRFENFERIGITIIMAITEES

[
LR, FRERREGUGEIR, RNEH PEREIH,

R KF/ X =i/2024



o=l 5iFKE: Perfect Hash Function
B y RETERIIREN—HEEERT KEGIRNEE, KEIFRGaEEHIRAYEY
IEIREREENS G A R AE

(BRI ENT IR CEE AR ERHA LA
B EMEREFNG QEHT) , TEMFIBHFZRBARAATOAR! HFRE
ERAJELI0LRAFHFNT RN, RETRSEM

 IBMRERENE, IFRIEDRSFTER&E3IMTFE: RRD (EEI=RSE) .
ITEMEE (@rHED) . RODEEHEIR (TB2ZEE)

R KF/ X =i/2024



Seeal7 I REIRYE S g

BT BFESDIRPLZHEAIREIRINEMEMLE, BFIRAEREEESLIENR
Z Wi,
» HF R A ESI A AR EIRERARBNEIE, WRIEHTIE

SFEERY "1RS” k& "R, XMMSIER iz M AEEER — B

ol
HIEZERKEWREERKEBR LY “H” , L2KELEZE—N, IEARFLERAEHING
, 1Bk AT E” BRI AS FEE AKX — 5

MD5AE A RKEHK - F RE. &K

b K F/ 3 =#/2024



Seeal7 I REIRYE S g

y {EA—HIERESRIEHRE "8 RAEEZEHBUTRYSIE
FEEE (REKE) : £EREOKE, A2 “B” KEABRZRH;
Bt AREBHH “Be” BREH; (ABETHRBFERERTIRRE) ;
FAEBOPE: SRBABEGMDES, AR B BRAE;
FFRME: CmBREER e, 2RIMRARLAHE (Bhd) RIEFTEAEL; R,
ZREBUATRR R, ECMNEAMRANHEL, LEEFTEHEY,
BT RME: 42 Hashing{HEFe— N PBA, RERD F— N EKEARA, EAHERAGIELK
BT RPE: R Hashing®#k, HEEXRAANHKIER, LA AR HEARRE

b K F/ 3 =#/2024



BFIEHZIMDS5/SHA

 RERENRXHFTIEMEMDSHISHARIEHZ: MD5 (Message
Digest) B{HUIKERNEIRTRAEEIRI128(L (16F1) B "HFE"
12843 —#H 22 —ABMHNEROKFZH: BARBRIBORE

» SHA (Secure Hash Algorithm) 25—He5zz, SHA-0/SHA- 15
HE5E160{ (20=F7) , SHA-256/SHA-2240 5562561, 2244
, SHA-512/SHA-384433lt5H 5124 F13844iL
1604: —# %48 Y T106948K 7, MR ERH)FRKERTRATRF
2564 —# F 40 Y FT106977%, LA FHEHMAEAL T KRHYRT2~87TRF
IPVAE A 232=401CA M3k 2 ], IPV6:7 2128=10%8/ b hk 2 ]

SHA384iL  — AN Ak 38 89 3 %

b K F/ 3 =#/2024



BFIEHZIMDS5/SHA

 BIMEFLIEMDS5/SHA-0/SHA-1=ME51H21
 BEBSLARASTARYIRRFRLE N alilkiE (R5H3E)
) (BYESEAHPRMREERRRIERD.

E =

, EFREBAAIR:

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

BB

b K F/ 3 =#/2024


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

Pythonfyg%5l 8% FEhashlib

» PythonBEsMD5SHISHAZSIBIESiEELE: hashlib
0,36 Tmd5/shal/sha224/sha256/sha384/sha512% 6+ 4 7 & %

>>> import hashlib

>>> hashlib.md5("hello world!").hexdigest()
"fc3ff98e8c6a0d3087d515¢c0473F8677

>>> hashlib.shal("hello world!").hexdigest()
'430ce34d020724ed75al96dfc2ad67¢c77772d169°

R KF/ X =i/2024



Pythonfyg%5l 8% FEhashlib
BRI BEANFEFRHITHIITREZI,

) ,EEJLJN

) XEAESKHIEL

b K F/ 3 =#/2024

HupdateF i Z RIS IAIEL
ZEASEREA BRIIRER,

>>> import hashlib

BERERDHEITH,

>>> m= hashlib.md5()

>>> m.update("hello

world!")

>>> m.update("this is part #2")
>>> m.update("this is part #3")

>>> m.hexdigest()

‘'al2edc8332947a3e02e5668c6484b93a’

>27




E5eRZIMD5/SHA RS A FEE—E RIS

y BRI F I iR
AFNIA T A BIME, KA L BIMERR TR E LA EFR ;
ATFREIHTREEERE (Xcode KRHHAN) ;
AFIHPFEA: MEFTHROIH (LERER) TURE FH S K.

» INERRFERS
A EDGHIME, AP RNEDS, FIEHRFUEH st

RERAEBAGHBPTHR A P REHMANT EH T,
& TALF

b K F/ 3 =#/2024



ENFIERZIMDS5/SHA R HFEE—EERIE
, BELESTAEEER: RIBRSIESI—Bies  How e

% WORKS
L REH B 5 FDERE KR SR A, { ¢_>}
GAK, R, REFHHOEEHRRLH, S

Wanna Cry R 5

y  JLZ i NI
WA TIER, BWAHHFHRBOGEFHIVELT,

REMAIZE, FRE, BAETLGEI AR L
A B rMEt b, BIEM g R TAEH,

R KF/ X =i/2024



BYEENZLT: #r&i%Folding Method

" IEEHTEIIRYNEBEFTTRE, BARNRRLASAETER, BB/
EREUFHEN, REMNEFIRKDIRR, SEISSE

y Hla0, XEBIESH862767255, BJLARAIR{AIDH4ER (62, 76, 72, 55)
, tHI0 (62+76+72+55=265) , BIXEFBE11I/NME, BBATE
265%11=1, BFRLAh(62767255)=1

» BERITEEESEE— M RERIENSR, il (62. 76, 72, 55) [&
HRiEHP (62, 67, 72, 55) , BRENM (62+67+72+55=256) , ¥J11
KR (256%11=3) , FrLIh'(62767255)=3

» BARBHRENEC EEREXVE, BEXNCRBEAFEELFIHIIE
IR 7T —HMRUEAFER, LMESEFRES ERR3MEFIE.

R KF/ X =i/2024



BEIEZRT: FEHEREMid-Square Method

 FREMHE, BNEHIBEREERER, ARINELHIPEREA, BT
FIRBIK KR

 filan, F44HTEGI, H%44*44=1936, PARRENRIEIRYO3, XIEFIFRK

S o —_—
o g TRty _ftem | _Remainder | Mid-Square _

) F%%ﬁﬂﬁ&yu E%ﬂﬂgy‘jtb 54 10 3
B R T £ B )

B R AR RS 26 + ’

ST S PR T 93 5 9

17 6 8

77 0 4

31 9 6

b K F/ 3 =#/2024



G EREZIT: JEEIR

(BRI LARIIEEN S AVEN

FFEIEASCIREEEZIBIT]

l

g (W) #1780, BFFHRPNEI T

decat, ord('c')==99, ord('a')==96, ord('t')==116

PSRRI, WHFIRKIKRSFR

+ 97 <+ 116 312

def hash(astring, tablesize):
sum = @
for pos in range(len(astring)):
sum = sum + ord(astring[pos])

~eturn sumb»tablesize

312 % 11 —» 4

T KF/ X = /2024



AFIERENET

SR, XHERIED BRI FAERIZEALAERREERBIESIE, BT HLIEX—
=, JLUSFRFRAEMEIEANERF, Fllord(H

 BAIRALLGITHEZREYIEMEGE, BEEEFHN—1MEBEFLLZRRE, &
SRR AFEIENERIZNITREGE, WREASIBRHZITRAIE
x*®, ZEREFXEMTETFITRES, dEANaRERITINFEERSE
—REHK, RETEGIFBHEX position

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

b K F/ 3 =#/2024

641 ¢ 11 —» 3




SRR

AR R IRGIZIE —ME,

FRRFSE A EUELR, X NIERA

m AN RAMNEEERGIER

“BRRPZE”

 BUEIRE], WMRRBFIAHNETEN, BRASHHIINE, BREHNTIH
HRENS SRR ARG B AR IREER—ERST

HEEEAINEERY, FRLAR

 BERBFIR—MEEME N RAEIRIRB I —1M]
EREEAYME N RSRAEFIRE EHE,
RHIEEIHERIT], NWEMEEIEE

) IXMIESERIRATRA

HERE— 1 SHE,
)

TS ERGRTE, HF

(ANREVERY

FizEltopen addressing” , [,

HIAENERFMEUSARR “ZiEEFNlinear probing”

b K F/ 3 =#/2024

a2 MES
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MERARAER: &EiFELinear Probing

» ¥R, FlidiB44. 55. 20FMEAZIEGIERR.
h(44)== 0, RAHBLLERITEET, QBRI F A2, KA

h(55)== 0, Fli#fe#iEe. &M L%, QBRI FZ N4, KE
h(20)== 9, XAMHBELLEH31E®ET, M5, FAKRTHRIBHERA

y R

AL RN A RAEREL haEaiE, NEFIRNER

ElEE: bl

12

e RAEFIEERA R ERANE, LM EHMIEER, LHRIAERR, RA AT
2 (BRAK) .

2 3 1
77 26 93 17 None None 31 54
T K /3 = i/2024

0 1




MSEBRAEE: SiERNRHE

 FIEFRMWERN—PMRIEBERE (clustering) RYES, BIWRE—MEH
SRAYERTURZAIE, XEBEIRMSERMMERESER, MmEsF2R

HEHIEIRAYEEN.
0 1 2 2 4 5 6 7 8 9 10
717 G 55 20 26 93 17 None | None 31 54

y IHRERERN—MEIEMEIEEIERNIT B, MZEA RSO HEER R
THEE “+3” F{M#HEAN4L4, 55, 20

0 1 2 3 4 5 6 7 8 9 10

77 55 None 44 26 03 17 20 None 31 54

b K F/ 3 =#/2024



SRR GZE: Bil%lrehashing

y BT RSERNIEULIB— N EAEBR "BelYlrehashing” ¥iiiHE,
i Eidinewhashvalue= rehash(oldhashvalue)
T &PERA KRB, rehash(pos)= (pos+ 1)% sizeoftable

“43” A9BRIK XXM &2 : rehash(pos)= (pos+ 3)% sizeoftable
B gk XAEM 64 B4 78 X2 : rehash(pos)= (pos+skip)% sizeoftable

 HEHXIVERNR, JSETSEskiptIilE, AEEBFIRXDER, dls

R, i mﬁgeﬁﬁ TR E
—ARAR, I RGKINRAEH, opF 11

0 1 2 3 4 5 6 7 3 9 10

77 44 20 55 26 93 17 None None 31 54

b K F/ 3 =#/2024



SRR GZE: Bil%lrehashing

y A LASEIERNEER " ZiRiENquadratic probing”
y ANBEESkipiIE, MmEXEiEMskip(E, 1. 3. 5. 7. 9
y X ESTEREEGIELIERELEM: h, h+1, h+4, h+9, h+16...

0 1 2 3 B 5 6 7 8 9 10

77 44 20 55 26 93 17 None None 31 54

b K F/ 3 =#/2024



SRR E: LEINEEChaining

y R SHREEMNAMELREARZIN, S—HEZREATIPENE REBSMNE
NMURIRAIET BABSPEIRIRES (B XILUEINHERRISIH)
XA, BANERPHENERLTAEASANHER, WREAEINFRALE, REZHLIEHK
FER AP KB REALSF
EREFEATNEZERF— B FHEANES, SR, MAERINAFREEM, FHKBA
30 18] 2 A8 B 3 5 om wm m ow E®ow # @ m m

None None None None None

Iﬂ

4—.&

20

=B E

55

b K F/ 3 =#/2024



MsREIESEE “"IRgd” :ADT Map

)

)

)

)

PythonszB ISR B2—=2 "FHDictionary”
FHE—HaA{RTFkey-datafR{EXIAIEHRIEER
HrpXg#i8keyr] BF i XK AL HE(Hdata
XFMBEXIANG ZEETRA “HEgImap”
iGiiEfE. SHEEAHLEILIA

b K F/ 3 =#/2024



MsREIESEE “"IRgd” :ADT Map

> ADT MapRYSEERE-EXINTFERES
» RS RAHE—IE, @IXEBULIE—iRE—EEE
y ADT MapTEXRHFEUT:
Map(): &l—ANZEmest, BEFBRHHF;
put(key, val): Hfkey-valXE* A ANB4ty, doeRkeyl 24 £, MNHFvalHBR K
I8 X BRAE ;
get(key): &% key, BB XIKKPEE, AL, UL ENone;
del: i@itdel map[key]#yi& & 7 XMk key-val L% ;
len(): R E B4 Fkey-val XFKE93 B ;
in: d@idkey in map#yiEa B X, B EBkeyREHFAETXEF, A RIE

b K F/ 3 =#/2024



SCIMADT Map

 ERFHIABET, fEXEBkey, BEISRIRGIIKEXAIE:

 ATREMREERRBIR, TSN ERRIADTELIN
T AR A5 R BB LN IORF ERIF =5 B R,

LR, RALENREAANEGBINRARKIA, TIHFZRTIAAB RBRO(1) MR

A{Edata

=

b K F/ 3 =#/2024



SLIRADT Map

y H, FEiiJA— 1HashTableZRLIMADT Map, iZEBF7TWATIFRIE
y3]5 A=
H b —Aslot?| & F FHhFkey, F—/Firbidatar| i B TR AEKER
E BRI —Akeyl B, Adataist i F4e E 69 HIE TP H 4B MIE
R Akey R Fl £ A A BF| £ R IE, M TR E SR E KT key

EEBINRGRD, BARATUAREERK, BF B EARMATERAXIN, RiZEkE

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

R KF/ X =i/2024



SCIQADT Map: putFHizfiis

» hashfunctionFiERA T WERKRRFERZIMSFIRAE, HEEHERNIEK

HEE “I01" BEGIERE.
def put(self,key,data):
hashvalue = self.hashfunction(key)

keyZ:ﬁE §E;EIJ§§ if self.slots[hashvalue] == None:
4 self.slots[hashvalue] = key
self.data[hashvalue] = data
else:
ke E + X val if self.slots[hashvalue] ==
y ﬁr' E}ﬁ self.data[hashvalue] = data #replace
else:
=g nextslot = self.rehash(hashvalue)
ﬁﬁﬁUIEch' ﬁﬁ&ﬁu self.slots[nextslot] != None \
\EIJ/'_‘Q Ay = ke self.slots[nextslot] != key:

nextslot = self.rehash(nextslot)

A%

det hashfunction(self, key):
return key% self.size

def rehash(self,oldhash):

- return (oldhash+ 1)% self.size
NE, e

T KF /)

it self.slots[nextslot] None:

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

else:

self.data[nextslot] = data #replace



SCIRADT Map: geth5ik
FRCEAIMET 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, .

position=self.rehash(position)

E%&?Uélﬁ?@ﬂé it position ==

startslot:
stop = True IEI%UE,I"I_"—I\’ 1'%_'
return data

R KF/ X = H#/2024



SCIRADT Map: BinMCes

» IENTARASER (1518

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”
print(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]) -

LT KR F/ 2]



BGIRES

 BPIERFRIERT, TLURHO()FHARRSERERNTHKIEEE
 (BRTFEGIRRIEFE, SHILBREMISEXARE,

 THERGIRNSRNREREEMEAHEFA, —RFRHR:
T RABD, BAIA KGR, HARTEE S RAE LI O HIVEF

WRAR K, EREBINRBARE, TREABRLS, TRBILALR, LAFTERS
MWL A RIZH; mRXRKARELENE, TRAEFFELOBEANRS

b K F/ 3 =#/2024



BGIRES

» SNSERALIEHRMNRFELERERIPSE (ME0~12ZI7)
AAHER, FAFEZLFAEA: 11+ 5)

FRAMER, FHESEEN: 1(14 ()?)

y WNSRRAZIENERAF RS (ARJLAKF1)
R ER, FHEEMREN: 1+40/2

TR ER, FHFREHR: A

b K F/ 3 =#/2024



MD5

A TE K g/ %) = #/2024



fEEES

STFANR13BEFIZE |, 27, 13009551 ERSBIRSD ?

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

b K F/ 3 =#/2024



HEE: 5iaHEEBubble Sort

» BEHIFNREERRBETHEFRRHITSEILRZR, SEEHE 72X
R, FISPFENEREINERAE, REEEFHENEXINMA, £id
n-1EELEACIR, SEIMEERHFF
FARGIAERMT “R” EXPRY LFHKRGHBE

» SBTHEELERASHR, HAn-1HBEURHEITILE
—22dRAA, WRXAL—BXRINARE —T

) SB2HEHLLERAZIRAY, RAIMEEMAL, FTEAIFNEERLDAn-1, HHn-2
XItHSPEEHATELER

» BEIEn-1iEkkE, RMNI—EEIIREN, RETFTBLET .,

b K F/ 3 =#/2024



BaHF: 551t

R KF/ X = H#/2024

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




Bi8HF: X3

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)

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

b K F/ 3 =#/2024



BitHiF: SiEoth

) TRFRRBSEIBNASIINRT S8 RSB, EAdiEE2REn-1iE
. BEESHEEIAIENN, LEINREGZEMN-TRIADE, HEIETEREREIRIR
mo

. 1
y  EEXIREIET ~ n-1RIZD0: 5?’12 — 5N
P 3T &Y B 18] 4 B & 0(n?)

) KFTRRE, HRASHEBRO(n?), BESRTILEIEXIRE
RAF R ARFIEERFNCEAEF, TRAKAO
R £ QI LRER R RAT TR, TRAKEF Tt ks
FH M R R E WA —F

b K F/ 3 =#/2024



BitHiF: SiEoth

» BiRHIFEEFANENRRENHIFERZR, RMEARECEEINMILLEE,
HYETEL TS M UEIRER I HREMEZh,

WIRBEI ZIRELXIFN3LHR, HARKERSRISIER TR,
(BE—R i, ELHEATMIMITFEZTEFE.

N

N

N

b K F/ 3 =#/2024



FAIANRIE, IR
EHE@5

b K F/ 3 =#/2024

QD %@

0O arT®® @&rLw
EL@ O@L%K

REALE

=

9
SBRRAE — RRT. "'E

]
BEAANBTHRA—RAT.

BAE, B—FHRITAARRTHEE, M@ RERR. 2R
—RRFM—RAETEFHRARTF, URE—N—%FF=.
1+1=2

Mo, REGCEMNUARGERAFERAT - TR, RiLRITKE—
B TSR0, SRACIRAT IR B 0 R s A B S b

il !
W17

I%HMW=(X+%P%N—N+A—/‘E#l&_A=1+/ Bu(z)dz
- JN 4 1

2

logIl(s) = (s+ %)logs—s%—:l- / Bi(t)dt

t+ s




BigHiE: |

B, BT ENEELIE

tEEHCSAHIFRRETEMEIR
do R R AT A R AAAT IR,

R KF/ X =i/2024

akEgRR, JLURmREHIFE Sk, X

HAF| R CLHSTF, TARMNERT &
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)
print(alist)



1%3EHEESelection Sort

 IEIFHEFEN B RHEFRT Totd, RETHEFNSHEEYBEE, Sk

S RIERKINE L,
 (BiEFEHEERIASIET 7 HIR, tHECEERREFRHEITSIRAHR, ST
IR3ZHR

WRRAANHALE, REARAMRE —AX K
 IEEFHIFRRNESRELLE 8HIFEHE

AT R EARE, L£A£0(n?)

RABRE N Y A0(n)

b K F/ 3 =#/2024



‘;I& 3 . e
EFEEHAERR . 1NES
| ¥ 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 ] ] . ] L
___ A R B B it alist[location]>alist[positionOfMax]:
I [ positionOfMax = location ]
26 54 20 17 55 3 44 7 93 55 is largest
— R — temp = alist[fillslot]
' ! alist[fillslot] = alist[positionOfMax]
26 54 20 17 44 31 55 7 83 S54isl . . .
s largest alist[positionOfMax] = temp
Y
26 K] 20 17 44 54 55 7 83 44 is largest
stays in place
I

26 K] 20 17 44 54 55 T7 93 31 is largest

I

26 17 20 3 44 54 55 7 93 26 is largest

20 17 26 a 44 54 55 7 83 20 is largest

17 20 26 a3 44 54 55 T7 93 17 ok
El o list is sorted




{HEANHEREInsertion Sort

 FAAIFERESERENARO0(n?), (EREEBRESHAINAE

» BAHEFER—1 CHEFFRNFIIR, HUBREZEIIRNEEE, ARES
I AN FIRER 2R

P18, TRRROSHINKER, FFRNABBRAEA “HR” BB FIx9EELE
v, IHCHFNTINERRLS T 2MRER;

FoORMBE B EW EINKIBERARIT2NKIETA LY, H B FKOKER, THEE R,
Vg N\ B F 5] £ &

Zdn-1MiLxT BN, THERYRI LK, HF TR

b K F/ 3 =#/2024




{HEANHEREInsertion Sort

» HRANAEFRILLNEZARIH “FHIR" AEAE

. BEBREOHRSFHENREIHTIN, SHIRSS SaHEFERE
. BEBBHEO(n?)

 RIFIRR, FIRCEHHNFFRIRNR, SEXFE XL, SiRERZEO(n)

b K F/ 3 =#/2024



FRAHEE: Big

Sl ) [ [ [+ [«

“om

93 17

S ann
STl

— ' ‘ -
T )-

nmﬁﬁgﬁm»
L),

L

55 | 20

77 | 31 | 44 | 55 | 20
W77 | 31 | 44 | 55 | 20
44 | 55 | 20

55 | 20

55 | 20

20 |

GG DB @D

R KF/ X = H#/2024

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

26 | 54 | 77 | 93

55

17

83

55

17

83

55

MNeed io insert 31
back into the sofed list

93>31 s shift it
1o the right

77=31 so shift it
o the right

54>31 so shift it
to the right

26<31 s0 insert 31

EExd, #arra

b “FrIN" KAYZEIN




JAAHER: U6

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, S32HRRFR1/3
FTLUBEANH R ERE SR —E

A TE K g/ %) = #/2024



iit/RHEEShell Sort

 BANESRIRAHFFRILEITIRE, EREFNBRTEO(n), XMIERAERE
SIRECEBFMERT, EfFL, JREEAERE, #HAHFRILLITIR &5
L

» MENMBRAF, BRHEFELUGEANHEFEAZRG, WEFRET "FR" ¥
BFINR, BILFIIREBPITHNAER
A THRNOBELRRS, RFRGERBRBELRTF, KD FAREEF TR

 [ERABFIIR, FIRDBIBANHEF 4=E’J¥12IS>U<:R§EL7ET"

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

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

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

HTEKF/ =,




BRHEE: B

 EE—ESIERNEARE, (BERFIE/EESEBIIRLIEZIAER,
X—HE XTIV REENEI R SRk

 FHIREPE—IRMn/2FHR, SBiEfSE: n/4, n/8--HEI1

17 | 26 |20 |44 |55 | 31 |54 | 77 | 93 |1shiftfor20 . . ,
17 | 20 | 26 |44 |55 | 31 | 54 | 77 | 93 |2 shifts for 3 B
— el 54 26 | 93 |17 | 77 |31 | 44 | 55 | 20 | sublist 2

5¢ | 26 | 93 17 | 77 | 31 44 1 55 | 20 sublist 3

|1T|2EI|26|31|44|55l54|??|93|15hiﬂ;lﬂr5d
|1?|2D|25|31|4d|5d|55|??|93 Is:::rrted

R KF/ X = H#/2024

54 26 | 93 17 1 77 | 31 4 | 55 | 20 sublist 4




15‘15T<HFF' (KT

det shellSort(alist):
|E__|Bni§f§ 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 1f/2024 - 1
FRF/ A=/ alist[position]=currentvalue



BRHEF: EEDth

 HELE, BRHIFELMSAAHIFARGY, ARHASIHRARIFLT

 (BERFHEFESIIRENREERF, IMIESRVRESFETTEZM -
v 'y il A A

 WRRHEFRIFERSIFLERER, ABIRENTFO(n)FH10(n?)ZIE

y WIRISEERISE2-1(1, 3. 5. 7. 15, 31FF) , HRHIFRRNBESES
EB£3/30 (n3/2)

3

O(nz)

b K F/ 3 =#/2024



I3HHEFEMerge Sort

 FEFNEREEDMIaZARIEEREFRRRN A

» BHAIFRERIERE, REEBHERISEDRAMFE, NI o517
HHEF
BENERBRERR: HBERRAINEA, ORRHITAN;

AR : FREXDRAMFHRF, ABERBRA RN =5 Z—;
AR AR: FAXFHRAR A FHT, RERFSAHNHTFFORFRITEF, FEHFFOK

%io 54 026 Bo3 b 17 ] 77 | 31 | aa |55 | 20 ol Kl Bad B M S Gadl e G
N TR N—— - s it ] s e
Y \ \ A4
26 54
A\ \ 4
17 26 54 93 20 44 55
A4
20 31 44 55 77
)
T 44 | 54 7|9
b7 K5/ X =7#/2024 55 20
—




JAFHEE: K3

33, IZEEEER, JEEER, KE

s AL RIC A ER
INBIKFFHEIZEERFIZRH

|3 ERRIRIN

|3FH = ERRIRIN

R KF/ X = H#/2024

def mergeSort(alist):
print("Splitting ",alist) .4
if len(alist)>1: L=

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

print("Merging ",alist)



IJHHER: Bkt

 BAHHIED ABNEERD T SRMAEAH
PROLE, BEZDERFOPITER, AABARE, AHFELKEH0(log n)

a4, N THOROGENTY, R ARBEARSBILBEAKE—K, FIAREERE
B, FEEEREAO0(N)

BETE, HFRYRQIFFHAIT—ROMN)WRFER)AH, S EHRER0(nlog n)

&, BlIEERIEERMIAERE, ATHESRESTREEER, Ik
BEZEGHIIARE, SARERITDREBDIEINSHEZIL S, BERRE
B, ARRETEEHMTE—RR,

 BALERRAHHIFEREER 7 @/M EHEE=REATFIEH, XMSEE
FAMESRHITHEFNRRES EHE

il

b K F/ 3 =#/2024



F—MIAHHFEE (FEN)

7 KF/ X =4/2024

gdef

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




fEEES

y REHERSIZR [21, 1, 26, 45, 29, 28, 2, 9, 16, 49, 39, 27, 43, 34, 46, 40]
, ERAHHIERSE3XEITEBN, HIFRNEBAFR?

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

c) [21, 1, 26, 45]

d) [21]

) HEFFEER L, AFHHEIFD, WA FRERTAFEY?

a) [21, 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 =#/2024



RiEHEFQuick Sort

» BAKARMEZREBIHHIFEREEZZEREHR, ENBEAFTEZMINIE

fE=sE, X—tbaHHFR
122 ) BRHARERIEKBREFSBARRENAE, ZIHARE LTI 4T

 BRIEHFFR BRI

—A "RE" SIEIRIEESIER S ARE: MFHE

H—3FMKXFREN—F, ARBEHDDEITREHFF
I RABXRERA NG R EFOHABA, W B E RSB g
ERFEREZHHFH RARAFH, REMER—ABRAY P17

todm, F1NK
y BRIEHEFEANEAEE -

|54 | 26 |93 | 17 I?? |3| |44 |55 |20 F”‘"'.”"““":
irst pivot value

EBP=EE" WT:

BALZREMN,: RBXRAINHER, aRLHITFFY;

'J AL ARE CPMA,

FHRJEH AR, RITHILRAANFIAL B F

Rad: ¥ARFHRARNB FRTHSF (EFEARELE)RIALT)

El o kﬂ‘/ﬂﬂ #£/2024



HRiEHERE: Bl
. SEBIERMER 2 TToTT

RE P pAMAEE
: N |31|26|20|17|44|
> ﬁ%g&: E§M$E§ quicksort left half quicksort right half

&k E A (left/rightmark

EfreESE), BirE LA

« EM—HEAEMD, A FEANIEL
« B EHME AR, AE WP ENRIEL
o RIEIEEA AT BT IR B BRI TR e
BEMAENBIHIAE, BB AFBAERNEMN, FEEF)

KR EARTHEERR “PA” RAWEE
P A XA B X B
RETR, EFIFREWLPAN, HFIFMLFAR

R KF/ X = H#/2024

leftmark and rightmark

RAl 26 | 9 |17 | 77 | 31 |44 | 85 | 20 will converge on split point

leftmark ——» <«4——— rightmark

26<54 move to right
54 | 26 | 93 | 17 | 77 | 31 | 44 | 55 | 20 93554 stop
leftmark rightmark
now rightmark
j 54 | 26 93‘ 17 | 77 | 31 | 44 | 55 | 20 20<54 stop
leftmark rightmark

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

leftmark rightmark

now continue moving leftmark and rightmark

77>54 stop
54 | 26 | 20 | 17 | 77 | 31 | 44 | 55 | 93 44<54 stop

exchange 77 and 44

leftmark  rightmark

77>54 stop

54 | 26 | 20 | 17 | 44 | 31 | 77 | 55 | 93 ~ 31<54 stop
rightmark<leftmark
split point found
exchange 54 and 31

rightmark leftmark
—

-
until they cross




REHER: U6

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

def quickSortHelper(alist,first,last):

Ejiéﬁgﬁ%ﬁi it first<last:

53\%%733@%553\ [splitpoint = partition(alist,first,last)

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

1638 A

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

A TE K g/ %) = #/2024



HIEHE: 88 =

MBS S R A5
EArMERRERR, REHED)]

PERLL

R KF/ X = H#/2024

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




RiEHER: EiEDth

y RIFHIFERRIEIER 2 AMmERS : 2 REE)
W EPUERRKIEE S NRFHRFS, IRLAHA0(log n)by E 5 ;
w3 E B RFRARL FAZLTRIT, LRO(N);
4244k A0(nlog n);
mE, HEBAIEFRE ZHI0 542,

y (B2, MRABLAEIZRIE, PERENSREI T REPEE, ERRERMR
BB ENE A1
WAL, A—3 R A HIE, AN L R R ABREIO(n 2), &AL idiaiA A
BT (b B M A THA)

b K F/ 3 =#/2024



RiEHER: BiEsHh

 AILAESeE THREREESE, iILREEREFARIE
tde “ 2 SBUE” , AKBRIK. B AL E A
S BT, DR AR M 1 O

BB ARERBARERE?

b K F/ 3 =#/2024



fEEES

. ATEREESIZ14, 17, 13, 15, 19, 10, 3, 16, 9, 12], HRIEHIFIES2RS
e, IIERAEE:

a) [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]

» [EHERSIZE 1, 20, 11, 5, 2, 9, 16, 14, 13, 19], REHFUMRER “
=EE" &, SRS "HRE" 2
a) 1 b) 9 c) 16 d) 19

 THIRESE, BEERFERTF, SREZEFIEZO(nlog n)
)il RHEF b)BRHEF ) EHHA d)EAHA

b K F/ 3 =#/2024



%%El’.‘l %F: —HRFERE

FAE R BHIFERERIRE— 1" N EHFREShortBubbleSort, TJILAFI
A “MR—EtbIR=EEMRLR, WEFRETE, SHEFE" 1Y "EiE
" 451E, KiHFRFTALERS, EREIR!

y (BEHCHRFEESHFM TS, ERAKNTFM:
KA T —FHELE £ HshortBubbleSort ttBubbleSort [ER £ (#2484 FE:5 #7104
RFL]) , HEFEBE LIS _EFH), 2914 %2

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

R KF/ X =i/2024



RERNERE: —HRZEFRE

)

FE—IREE:

alist = [i for i in range(10) for j in range(10)] (& FlshufflesT#l)

{'Sort': 0.0, 'shuffle': 0.0, 'SelectionSort': 0.0, 'InsertionSort': 0.0, ‘'BubbleSort': 0.0,

'ShortBubbleSort': 0.0016000032424926757, 'ShellSort': 0.0}

—IREE:
alist = [i for i in range(100) for j in range(100)] (& Fshuffleir#l)
{'Sort': 0.0, 'shuffle': 0.9, 'SelectionSort': 2.8600001335144043, 'InsertionSort’:
3.8279998302459717, 'BubbleSort': 7.0, 'ShortBubbleSort': 7.921999931335449, 'ShellSort’:
0.04700016975402832}

=IREE -
alist = [i for i in range(1000) for j in range(100)] (& FAshuffledr#l)

{'Sort': 0.031000137329101562, 'shuffle': 0.031000137329101562, 'SelectionSort’:
297.72199988365173, 'InsertionSort’': 397.25999999046326, ‘'BubbleSort': 765.3139998912811,

'ShortBubbleSort': 847.1009998321533, 'ShellSort': 0.6410000324249268}

(877 —%)

b K F/ 3 =#/2024



RERNERE: —FRZERE
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