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iF7#E2ESequential Search

 WIREBIBEIRGREFEWNFIRZIFNSESH , RiISHILEHFEIRES
ZIEskBIRFXE . fEPython ListH , XEENBIAIFHEALER
ATHE (index ) , XETIREPERFRIES , B T , Bl
ARz RRII = *lﬁ|ﬂ*|]§ﬁ§¥m1ﬁ XA IRA “IRFEER"

, EREEREECETEERNMIER , BEMNIRNS1 M EE -
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IRFFIEER « TFREFENS

def sequentialSearch(alist, item):
pos = 0
found = False

while pos < len(alist) and not found:
if alist[pos] == item:
found = True

else:
RIS pos = pos+l

return found
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testlist = [1, 2, 32, 8, 17, 19, 42, 13, 0]
orint(sequentialSearch(testlist, 3))
print(sequentialSearch(testlist, 13))
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 BWERRFZHITON  aSXEREREPFHESTRESRE,. DM
—SRESITNER , IREPITELCBRUAEEBRE , HEE
HZEPRENT

 ERREZEP , SMERTES RS TEIREIRRIELS
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s MITFHEN, BLRENFHKE; HANEN, Enk bt

31
]
4
1
5
=]
A
—
o
S

D /&\

AT A S HUER G = A R 5 5 e /BR /2015



ISR : EEDHhr

. BERIRTESIER | HRIR—RRIEAZNG ?
B A SR A P & P S AL Bk ILE R R AR 9

FrVACER R LT, BT a9k An/2;

»  FRLA | INFRRINREESRER(n)

item is present

D/ A\

item is not present n n n

 XEBEBRNEEFIRPIHBREELFR , BBAWMRAIEIRH T |
I 32 2= R ARSI EE S anfa e ?
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ISR : EEDHhr

y SERRE , BINESE=EEFERSearchH AN B IRFEE
YRR A AN, IR ELFE T LSAF
TRAZAET, W REBFEATGAL, AT ARTLE

o B PR ZRBEIEIS0, 42|54, A 5EH A A
750, F[LA{EREIE HE R

14
5
&
%
CS
S
©)

5

AT A S HUER G = A R 5 5 e /BR /2015

"WAA™ \



IR : BFRIEREN

def orderedSequentialSearch(alist, item):
pos = 0
found = False
stop = False
while pos < len(alist) and not found and not stop:
if alist[pos] == item:

5
i
é:l:
14
5
&
=
CS
S
©)

5

-
found = True
else:
v if alist[pos] > item:
else: %

pos = pos+l

return found

EESRIISE = [0 Ly 2, 8y 13 17 19, 32, 395
print(orderedSequentialSearch(testlist, 3))
print(orderedSequentialSearch(testlist, 13))
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» SEfRE , MEZEEREMS | 3%420(n)

»  RARERIRRAFENRE , BFERIVERETEH—ZELIIRE ,
(BRHANZHIENR.
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FEIRFFIEER |, MRBLANEHRINACESIKINETE | BB&ZSEEn-
INMSEEXIRIEIRELR , BBA/IRBLEETABFERISHE | iEds
IMFELXIEGRIRAYTEEINE ?

HAIMFIERREFFALLRT !
Je R 7k PR GACE AKX, NGk
o RIEEL, AR AR AAE L

o FlEFEFRLERTA, IAERITR T4 I A w3 o

o P& FETLERIUN, A AERIE 6 HHAE B ¥ o
Tde T, HRAVARS b2 TE R 453 R keg—F: n/2
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def binarySearch(alist, item):
first = 0
last = len(alist)-1

A found = False

=

S+ while first<=last and not found:

- midpoint = (first + last)//2

= ==]1=])51]5 9] if alist[midpoint] == item:

e found = True b

= else: | &
if item < alist[midpoint]: z

=\ B E] last = midpoint-1 »

else:

first

midpoint+1l

return found

eSSt & [0, 1, 2, 8, 13, 17, 19, 32, 42
print(binarySearch(testlist, 3))

J3 e e ﬁwk%j;ﬂ$Pprlnt(Pig?rySearch(testllst 13))



—oEZE . 9MuiaZ (Divide & Conquer)

) SRR A T RERITEN B — ) BBERS : STTAZ I

K B A o H & T R
i8I A — A DRI P AL, R4 RID S AT 2R P AL 69 R

R, BARERE—MHRENSaZRE  —oEBESHE
AR AFREIR
def binarySearch(alist, item):
if len(alist) == 0:

42
EAGERKF return False

else:
midpoint = len(alist)//2
if alist[midpoint]==item:
return True
else:

it item<alist[midpoint]:
da/ R return binarySearch(alist[:midpoint],item)
else:

return binarySearch(alist[midpoint+1:],item)
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ZH1ER | H—PRIEE

)

E&’sitﬁ]*ﬁ ZELXIRIREL | 1FH 51 %?EI’JE,-RF' 0(log n) , (BE
FEIFSERE TN | A AEEEEaE -
b1narySearch(a115t[ midpoint],item)

BV RER T AR, M BREGERERLO(K), XHAIEE
/\ﬁrﬁgé’aﬂ‘hﬂ B R B AR I e s
SR, ZAVRRAMA AN TAEFTEELL, FRELTUATIE, AL
ENALIEFn E RO R FIMARP YT, ZHFKI A/ B4 T .

S, B! ERERNRSRE LNTFIRFER , (BREFEE
Y& R HITHEFR RO FFHH
o R —KRHEF G 7T Lt 4T k8 &, AR A HER 69 FF 4 sk 'TV/WE

fBde FHRIBEZEZF T, HWEREMATE Y, RATRLELALERNLF R
IR P AL R RATF RS

PR , ERZEFENEE L , XENESRENMRSEAREH , &
e 225 o2l PR R RIS 5.
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g% : Hashing

»  BVEFRAIFIREEERX FEIRIZ EHEFI X RRVHIR | FIGER
HAHT riRFH.
S BRI Z 0] 2 3 P K NHEST 8918, T AR R 5 R RIER R A

 MEBRNE—SREE—NHNSIES , GEESERRINER
EBERlo(1) , XMBESTRA “FiFlHashing”

) BEBEGIERINANPHRREAE R | BIXI LRI RIS T
WBEZRIINHIN. WMREAIBLMEHEEHRAILIEIRMZ
MELIRESERNMTAMNE , TR MIEEEHERES
FEEDA],

HEHEIRRERIBERFNVE , MTEEMEX—RE ?
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ESZ?J BAELE

» @NFUF (hash table , XTRISHER ) =—H&liEesE , HAPEUEINN
FiEP XA AHEHEAFIERRENEREL. FRPBE—MFE
(U8 , 918 (slot) , AILARGREEIEIR , EE—1 AT,

y a0 - — PMEE11MEREGIZE | BRIBTIRS R0 ~ 10
y  {EHEANEUEIRZET , SMERY(EEBENone , ‘WRTHE
y  SEIRMEGRIREITEHEIERVEEIRRY , FRIENFUEREN ( hash function)

»  FEFIFR , BYRSIEREIRTEASE , iROIELH(He ~ 10, &
TERINFERIES
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AT BRI FEIRGIRD , Bl IS B — 1 EFIER

¥AER: 54, 26, 93, 17, 77, 31

y B—MERANEGIREER “RRE” | SEIEIPRLABGIZRAK D
SENREBUEES.
FERE “RKEH FEAURRAH NG AL KIS E, BAEI &K
BT LMERII R R DREZA, IA—FR2BIE R DRE

» BHIREAIRERT R ERIRERIKFRh (item)= item% 11
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y  IgEREGIEREh (item) , ABPMHIRITREHEROMEZR | B
A LARBERIRIEANEMAYER |, flFREIeNMEURINIEANS | GiE T
AR L11/MERRI6 1,

AL HAER BRI AR A BT E0 “ABBAT , RZAHETFH6/11

. MERBEGINSIES  EERCEAILES  SEREAME ©
RESFETES , RINREERR—HOIES , HERTH

7itHE , Ui FREE S MAERE SR EUEIREN R
+%TO(1) Bt B AR B 9%k Hok

y A, ROJEEREFEHXN S EMIARAE | XABAZIEHEHZSEDD , &
BGiETARRE , RUAERTF44 , h(44)=0 , BiIR77# 2 ECEl
FE— 1 o#tEh , XTIBRIRA “M3&collision” , FEAIFEEW
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o=t FEkE] : Perfect Hash Function

) ESE—HMREIR , MR—ANEIGI HEEIE S A SRR GIZI A RIRY
1B , BBARM GBI TLAIRA “SeeaFl#Ey”
st F B R — B R, BARRERN R R E RIS H

(BIRAIRIEZ EERIZED , RERF—PNRFEERNTEFRIT IR
:EEE S L2k —
LR, PTRERNZRE MR, BRANaH HELEN,

y  IRISTEAFIRBRI—ME EET KEGIRNEE , KEIFFBTIEE
HIRAY SR INERGEDS IR A RRYEE , (BX#G A3 F ol se&IEIRE
Eid KB IERHAH
B ZMNEHREGFT (AR F) , TEBRINIRF KB EKELARF
fEANAE ! 3 TANE R GHERI00 LR F e F 5 k3L, RFTXKZ =N

 IBMKRELARNE | RIS RSFER/&EINMSIE | MRED (iE(
5ok ) . TR (F9MTHED ) . RHSEEHEIR ( BLU=RE )
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Seeal 7 REIRYE S g

» BRT BFESGIRPEZHEIREIREFEAE | BFIRAEREERLENR
EZ R

AT RS RAEEEIHEIARRRSIEERARERTIE  MRIEHSUE
SIERURERY “1as” & IR | IMSIERT Z R RESIRR—EIER
il
MAEERAOHBERKREE R K, TERALELE N, LAKFERLE
W6, BT CRTET HIH R A E AR A MEE— &,

»  AEA—EIERIERIEERE “ES” RAFEEREU TRIFFE

BRI EERAWRYE, FEG B KALBZN;
Bt EE: KRB TH B KB5S (KRBT HFRBERSNTRS) ;
PG S REIFEGHDTE, AaFIRL BT REE;

R SRBRHEFER B, ZRIMEABLOEE (hig) LIFFEELY;
RAF, BRI BATRQEIE, RCMNEAMEGIHEL, LRIFR HEW,
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5 EEIMD5 / SHA

) B =R SESERT RS EMDSFISHAZR S B4 - MD5 ( Message
D‘:E.lgﬁEé'E,) BIEKENSEZRABEIRD128(4 (16FT ) BY
{3

128152 —# 4 2 2 —ANMRAE KR FZNE: FEHAERIRIVENH S

y  SHA ( Secure Hash Algorithm) B5—HE5iRKE] , SHA-0/SHA- >
155 EF{E160 ( 2075 ) , SHA-256/SHA-224453BlltgiH 256(3.
22443 , SHA-512/SHA-3844%>BligiHE512{3i 0384411
1604% — #4148 Y F104948k 7, WK E RS FRZ/EH 247k T

2564% — st H 48 Y T100977 %, T FH A KR T KRAHALT72~87K T

) BIRIEEARIIMD5/SHA-0/SHA - 1 = a5 B EREIS LANRIS TARO B R
KiSiE aliiliE ( B85UHse ) |, (BTESCHARMNRBEFRAIRRD.

y  RFESRAIENR -

http://zh.wikipedia.org/wiki/%E6%95%BO%EO%87%8F%E7%BA%AT _(%E
6%95%B0)

31
]
4
1
5
=]
A
—
o
S

D /&\

AT AR F IR G = 8B 5 5 e/ ot/2015



PythonBIENFI R ZEhashlib

y PythonH
A
5
&
i~
s
- S
AYIE)RE,

B E

MDSFISHAZRFIBIRNZI K ELEE : hashlib

#,3% Tmd5/shal/sha224/sha256/sha384/sha512 % 64+ 3 7 & 2k

>>> import hashlib

>>> hashlib.md5("hello world!"™).hexdigest()

"fc3ff98e8c6a0d3087d515¢c0473f8677"

>>> hashlib.shal("hello world!").hexdigest()®

'430ce34d020724ed75a196dfc2ad67¢c77772d169"

» BRTHENFFREITHINAEZIM , RuILARHupdateFiERIIME

IRFITR | FEAESANAREHBASBAEARE

>>> import hashlib

>>> m= hashlib.md5()

>>> m.update("hello world!")

>>> m.update("this is part #2")
>>> m.update("this is part #3")
>>> m.hexdigest()
'a1ﬁedc8332947a3e02e5668c6484b93a'
>>>
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A5 EREIMDS / SHAR T 2R — B TS
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A BA S AT, AR b VA ER 7T 43 40 R T A A0 )
AT R 2% ST R AR I
ATF4rT4%: AETHRGIH (LLREH) TUEE A S KA.

IERZ R FERD
SR A F G HIME, AP MARDE, THHIE A st

R B AR F AL 6 B T FIE R PR BN T EA 6 F A,

B LE S : [RIBREUES I —ETEF b
BRILH P L FmMFNE REIFRKIE S, GEKX, HGRY, LEFTHEY
T EHE AR A,

Pl 17 i F
W T R, MAFHBOERBIUEA T, KWz, FidE, Wit
T VLB N 6 25 R BOART e, BRI 3 R A 0

AT A S HUER G = A R 5 5 e /BR /2015

Z



BFeRENZLT - $rE&i&Folding Method

 IERRTEOIRANEBFTRE | SRIRTERMASAETE |
BEJLEHFHEN , RENSFIRXDIRSR , SEISIE

y  flEn , XEBiESH862767255 , RILAF{UAAIS/94ER (62, 76, 72,
55) , tHOA ( 62+76+72+55=265) , BFIFSIHFEL1INME , BBATZE
265%11=1 , FflAh(62767255)=1 -

y BHEIrESZES8E—1MRERENSE | bl (62, 76, 72,
55 ) WM R¥ P (62, 67, 72, 55 ) , B E M
( 62+67+72+55=256 ) , X 113K & ( 256%11=3 ) , Fg LA
h'(62767255)=3

» BARARENMNEC LERELTVE | BN TRBTAIASES
P REHR A T —MGOEFER | LMEEF TS EiRRI3MSIE.
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EFHR;EMid-Square Method

SPHEE , EESMIERMTSES , REIES MR , I

BXEFIRIKDRT

flan , 3944138051 . BFc44*44=1936 , AIRENARIEIAY93 , X

FTARIVI1KF , 93%11=5

B

:

'F%zsﬁﬂlﬁ&ﬂ Eiﬁlﬂ’.‘lﬁlzb

h\%é;/i%lwﬁ’d&

bkt SR K 26 4
93 5
17 6
77 0
31 9
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EFIERELZIT : FEIR

y BB LANIEAFRIEHRIR (MNF/E ) #1780 |, I8F/EH
BB FFEIEASCIIRIEEEIBIA]

4wcat, ord('c')==99, ord('a')==96, ord('t')==116

) PISXEEEERM , WEPIRK KR

def hash(astring, tablesize):
sum = 0
for pos in range(len(astring)):
sum = sum + ord(astring[pos])

—
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l l return sumktablesize

97 + 116 = 312

312 % 11 ———» 4
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AFIERENET

SR, XEFREY RSB NEAAENROIHEREREGIE , BT
BLEX—s , AILMSF SRR EIFANERF |, skllord(H

 BlilEAT LT HEZ RS ESGEE  EEEFN—1MEFHR
RE , B RARERAFHEIENRERIEMTERIE , MRS
SRS AITSS , ZRRASHEEETEES , TER =
iERH{TIRFE R E = SEE | XRETEIIFBHENX
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position
1 2 3 7
|
c a t
99*]1 + 97*2 + 116*3 = 641

AT AR F IR G = 8B 5 5 e/ ot/2015 641 % 11 —» 3



SRR 5

 WMRAANHIREESFIRIFEIF—ME |, FEB—IRAUHGE
EBPIRPIREFHE AL , XNMIIERA “BRmse”

»  BUERE , MRRSFIRENETEN , BBRASHHTIAR , (B5
XGRS EERAMER , FREARRREZPNSR AN FERR
EER—ERS. —

 BEREGIR—ME R E PR SIRINE K — 1 SRR
7, HRRREEBENREMNPRIBARERERE  BEIME—49=
. (MRIVBGIRAESRERIE , WENEERIEEE )

y  XMPIRZERIRATRA “HillEltopen addressing” |, [EE&E
MESHEGENESABMEILLEARAPA “ZERll1inear probing”
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MSEFRARP I . ZHEEENLinear Probing

5
i
é:l:
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=3zl

0 I 1 2 3 4

5

y =Bl , FidiBa4. 55, 20FNMEAZIEFIRAR.
h(44)== 0, RIO#ECZ%77LET, MERIFZ N1, kG

h(55)== @, Rffe#tt &% L, miEREF— N2, ki
h(20)== 9, ANMELLEHILEET, ®mE, FAKTIERIHERSG

RAZIERNGEFRE RTINS | WEFIRNEHEETER

Jo R AL E XA RB)ERAYIE, LA EMIRFIEE, ARKRIE
KA, REAP T EEEK)

6 7 8|9410

77 .None None None 26

93

= SEE
__—|

6 7 8 9 10

0
77
AL A

' 5

17 None None 31 54

E
:



MSERERF R : LIHEFNRISUH

 HIEFRNERN—TMRRERRES (clustering ) BIEE , BIANRE
—MEPSRAIEHRINRZANE | XELIRINSEEHhERSRER |
MTERT RN B EHEIRRIEN .

0 1 2 3 K 5 6 7 8 9 10

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

5
i
é:l:
14
5
&
=
q;
S
O

5

y IEAEBRERN—MEIEMEISEERNT B, MENRUXNIoHEEETU
B
THEAZ “+3” KM AN44, 55, 20

Z

77 55 None 44 26 93 17 20 None 31 54
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SRR E - BElFlrehashing
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A

SSHEEENIETLIRA— 1 EABEHEN “Ba%rehashing”
FHEHE , tBFiRdinewhashvalue= rehash(oldhashvalue)

T & MARN K3, rehash(pos)= (pos+ 1)% sizeoftable

“+37 a9k IK KARM N 2 . rehash(pos)= (pos+ 3)% sizeoftable

B K K AR M 69 B4 338 X2 : rehash(pos)= (pos+skip)% sizeoftable

HEERTVIR NP , BEEESAIZRskipAYENE , FEERAGIRKNEER |
Bls~ERH , ERSSEKITTERNE
—AHEITA, BRI RO K DRA T, e Ta911

W R LU RN “ZiRIRMquadratic probing” , ABE
EskipfIfE , MEXLIBMskiplE , M1, 3, 5, 7. 9, XIFES
MEEFEBFIELIELZUEM : h, h+1, h+4, h+9, h+i6...

0 1 2 3 B 5 6 7 8 9 10

77 44 20 55 26 93 17 None None 31 54
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MSERERFE - 2ELEEChaining

y R SESENAMELRARZIN . —HRET PG RE
EEMEPNHIEIRET BASPHEIRIRES (BN EIBIRGER
RISIF )

XA, BINEFTOENMERT AR S NHER, R ABINFTRAE, A
TRREHNIFRIERAS B KIERELS P,

T REABEAENE B E R — AT RS, SR, HERIF R
A, AR 89 B AR A A8 & 3 e, »
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HMREESSE “BRET” :ADT Map
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Python i BRIRIAEHIERE 2—& “FHiDictionary” , FH
E—MaLIRFkey -dataB{EXIRIEERE , XEBRAIRFERX
BAROEMIR(E | XHSEEXEANGZERTRA “Mbdmap”

ADT MapRIGEIEERE -[BEXIANITFES | XEBEBIE—E , &g
K LAE—RE—MEHEE . ADT MapiEXAYIREUT -
Map(): Gl —ANZ B4, BB Z AT £,

put (key, val): Fkey-val XEEtAm N4t P, 4o Fkey 2 4 £, NFF
val# 4 )& k69 18 X FR 14 ;

get(key): % Tkey, RE XIKaYHIEAE, oG, ViAENone;
del: i#itdel map[key]#yi%& & 5 XA Mk key-val X Ik;

len(): EE B4 F key-val XEKa93 B ;

in: i@ilkey in map#yiE e F X, LBkeyR & HETREKEY, A RIKE
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SCIRADT Map

y (ERFHPNBET | L[EXED | e RREEIKERRIZIREE |
ATEFIREEHRPEER . FE—ISHFEEZEAIADTEIR
AR AP R E AR MR IR BRE 58T BKR, ZHLSEGRMER
AT BB R R SF I, XA IR T LAA B R BR0(1) 89 P A%

. FE . BiF—{HashTableJREMADT Map , ZEXEETHS ©
SIFAEHRR
A —Aslot?| & A THhAkey, 5 —A-FiT8datas & A TR G430
HEFZXE|—/ key G, fdata?| &3t M 48 Fl4z & 498 IE M BP A K IR %
R Brkey 93| & EAE AT & R AL, AT AR R IE & 2|45 2 Bkey
EEBINEG K, BARATUREER, BFED £y REEE XA XK
TAE, RIZEFAFI class HashTable:
def __init_ (self):
self.size = 11
self.slots = [None] * self.size

i * .
J 3k 2 M TR A R 2 2 T/ R 2015 self.data = [None] * self.size

1
=
=
7S
—
=
©)

>

D /&\




SCIRADT Map : putZiE{hS

» hashfunctionFFiZEH T RBEKRRGEREEINENFIERET , MR
MSRALIERN “N1” BEFISREY.

def put(self,key,data):
hashvalue = self.hashfunction(key)

keyZ:ﬁ?EE, N if self.slots[hashvalue] == None:
self.slots[hashvalue] = key

self.data[hashvalue] = data
else:

kGYEEF?EE, EHaval if self.slots[hashvalue] == key:
self.data[hashvalue] = data #replace

else:
nextslot = self.rehash(hashvalue)

(UOWAD) PRI

%&§UEF§§J‘E§§¥§J, while self.slots[nextslot] != None and \
EEU&%U@I%EJZ%key self.slots[nextslot] != key:

nextslot = self.rehash(nextslot)

def hashfunction(self, key):

return key% self.size if self.slots[nextslot] == None:
self.slots[nextslot]=key
def rehash(self,oldhash): self.data[nextslot]=data

return (oldhash+ 1)% self.size ©15€:
AV B A S IR 5 oS 5] R 2 2 R /2015 self.data[nextslot] = data #replace



SCIRADT Map : getFHik

def get(self,key): |

TRCEGIHES startslot = self.hashfunction(key)
B A
data = None
stop = False
found = False |
position = startslot
while self.slots[position] != None and \ }
not found and not stop:
it self.slots[position] == key:
found = True
data = self.data[position]
else:

| Xkey
_BRIEEsERER

%Ejﬂjzzgjiklfgﬂjz position=self.rehash(position)
B ZIRZS,

if position == startslot: -
stop = True FRER , 5
return data

AT A S HUER G = A R 5 5 e /BR /2015



SCIRADT Map : FEINICES

y  BIYSTRTESCIR 1361 def _ getitem_  (self,key):
return self.get(key)

H=HashTable()

1 H[54]="cat" def _ setitem__ (self,key,data):
ég H[26]="dog" self.put(key,data)
78 H[93]="lion"
a8 H[17]="tiger"
=3 H[77]=:b1r€"
°B H[31]="cow y
 H[44]="goat" r
H[55]="pig" z
H[20]="chicken"
print(H.slots) r
print(H.data) o
[77, 44, 55, 20, 26, 93, 17, None, None, 31, 54]
print(H[20]) ['bird', 'goat', 'pig', 'chicken', 'dog', 'lion', 'tiger', None,
None, 'cow', ‘cat']
print(H[17]) chicken
H[20]="duck’ tiger
: duck
print(H[20]) R
print(H[99]) -

R oK 5 2 175 5 /R /2015



AGIRES

»  BPITERIFAIERT . AILURH0 (1) BEREIRIS R ERYEEZRTEEE |
(BERTFERFIHRSERIZFTE | REBIRHAMSEXAREE,

ARG RERERMEAHEFA , —IKIR
S RN B, P REGILER D, RIFNBT 2 KRAELELITE GBI T
R AEK, EREHIIRALEH, TEAARMS, PRBALRLE,
BT R R ZOEBRRIZAE; W RRAREENE, TREFFHLY
RIFENE %

»  WNRRAZHEHRNAFMEILERFRDZE (AMEo~122]H )
RAGEE, FHE BRI RIY: (14 L)

TN T, FH T REA

1-A

y  UNSESRAERERAFRMSE (ALIKTF1)
RN &, FHEERIFT AL 1+N /2

TR &, FHsFTREH: A

1
5
=
7S
—
=
©)

>

D /&\

AT A S HUER G = A R 5 5 e /BR /2015



HE= : B;@HE=Bubble Sort

y BiSHIFENEZEZRREFHNEFERHTSHEILERZR , SiHaET
ZIXFATREHSBELE: | F R FRIZIRIREIRAIE , REFISEEEAY
ERAIRFALL , £1dn-1iELERALHE , SEINEERHER
HA I EMT 07 ARFRE LiFEKEeyeid

| SRS | SN~ 1XIESRAEE T L -

— B 23R KA, MWRKAX—RXIE LRGN

) SB2iEELIRAIRRT , RAIMEEML , FEHIFRIEERL An-1 ,
80 - 23 EBEURHITELER

» BEIEn-1iE5RkE , RIMNI—EETIREN  REFBLET.

S
E
=
i
5
&
%
/_a
S
@)

D)

D /&\

AT A S HUER G = A R 5 5 e /BR /2015



B iaHERF - S8t

14
5
&
=
q;
S
©)

5

A3 kMR 2 S

First pass
>
54 93 17 77 31 44 55 20
26 93 17 77 31 44 55 20
26 Bl - ol
g g ﬂ
26 7 93 77 31 44 55 20
| =
26 17 1 77 | 31 | 93 | 44 | 55 | 20
—,T
26 17 77 31 44 93 55 20
26 17 77 31 44 55 93 20
26 17 1 77 | 31 | a4 | 55 | 20 | a3

Exchange

No Exchange

Exchange

Exchange

Exchange

Exchange

Exchange

Exchange

93 in place
after first pass

\

D /A \



=13 it
=88 : X5
def bubbleSort(alist):
m for passnum in range(len(alist)-1,0,-1):
for i in range(passnum):
if alist[i]>alist[i+l1]:
Frig , IR

temp = alist[i]
alist[i] = alist[i+1]
alist = [54,26,93,1

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

14
5
&
=
CS
S
©)

5

77,31,44,55,20]

:

Python>ZFE 1ALk
alist[i],alist[i+1]=alist[i+1],alist[1i]

AT A S HUER G = A R 5 5 e /BR /2015



BiSHEF : SiEoth

TR EIEIRH IR R T aHIFERE R , RiAdiEEEEn-1i ,
BEE RSN , LLINREGZEE Mn-1E LR , HEIFTRERERIEIBIR

R,
) HEMIRER1~n-1098:  L1p2 L,
Fo At 49 B 8] B2 & A 0(nA2) - 2 >

y  RTFTHRRE , BASEEBRR(n"2) , BESXTIEEEIRGE
RAFHHARIREHFHCEH R, TRRHAO

R E AR A BRI AR BB AT R, IR F Ttk &
3O R R E L) —F

1
5
=
7S
—
=
©)

>

D /&\

»  BiEHIRESEFANRERRENHIFEERFAHCKZNIILRE.
LR 8L EANRBTERI K RAGEEZN, LAEEE5REF K, &
K3 8 HRAF R A o

B — e Y, 2L FALFT I 09 F 48 = 18] T 44

AT A S HUER G = A R 5 5 e /BR /2015



BiSHER - TEaesiud

B, BT ENEELENEERELIRE , JLURRREHIFES
Rk , XBEHCZHHIFERATAMEIRY

19 Jo R AL A R AT, HAFRCEHITF, TURMERE &

g def shortBubbleSort(alist):

i~ exchanges = True "

= passnum = len(alist)-1

= while passnum > O[and exchanges:]

E exchanges = False

- for 1 in range(passnum): .
if alist[i]>alist[i+1]: :

kxchanges = True] .

temp = alist[i]

alist[i] = alist[i+1]

alist[i+l] = temp
passnum = passnum-1

alist=[20,30,40,90,50,60,70,80,100,110]
shortBubbleSort(alist)

103k 2 Bk 5 7 ] B S TR/ BR /2015 print(alist)



1%:EHEESelection Sort

y Y EIEHEFE#RT T iE | RE TEHEPFRISHELLII B |
FilER RS BIER KIRFI (L,

y  (BiEiFHEREXIRR T 7 ElRE  tHILR B iaHEFE#RITZ IR , 8
R T 1IR3 IR
WERRAKAGITAZE, REARAERE A%

y  IEEFEHIFERRNESE S ELL S iaHEFTHI
FEAT R BT, LA20(nM2)
IR N B A0(n)

31
]
4
1
5
=]
A
—
o
S

:

AT A S HUER G = A R 5 5 e /BR /2015



EiFEHER - (U85

26 54 93 17 77 31 44 55 20
[ L

26 54 20 17 77 K} 44 55 93
I

26 54 20 17 55 3 44 77 93

e e e e —— e e e e
| \ J
26 54 20 17 44 31 55 77 93

def selectionSort(alist):
for fillslot in range(len(alist)-1,0,-1):

93 is largest

77 is largest

55 is largest

54 is largest

44 is largest

stays in place

31 s largest

26 is largest

20 is largest

17 ok
list is sorted

positionOfMax=0
for location in range(l,fillslot+1):
if alist[location]>alist[positionOfMax]:

[positionOfMax = location]
temp = alist[fillslot]
alist[fillslot] = alist[positionOfMax]

alist[positionOfMax] = temp

D /&\



HHAHEFEInsertion Sort

A HEFEREBSRENARZ(n2) , (BEREERIESHRAARE

y ARSI — 1 CHEFFRFTIE | HUSIREETIERNBIEE ,
REZET KN FHRETILE
H14, FIERMROEFINKIER, FE22NHIFEREAH “FHA” HEANI T
IS At RS S PSS PYNTE .S P =
240 B Ak 220 B 3NN BB IR AT 2 /N A AR A L3t , AR A A & KA H BT,
STHAEE R, V@A D TR E P
Zitn-1MkstAeiE N, FR AT ER 4K, HF TR

y  HNHEFBILCX EERRIE “FhIR” AYEA S
REFNAFAME G T2 &P ARS 4T, Skt x5 eHF R,
K2 RZAZ0(nN2)

BAFHE I, PR LEHET R, BAMRE LRI, ExEZ0(n)

14
5
&
i
CS
S
©)

)

D /&\

AT A S HUER G = A R 5 5 e /BR /2015



IEANHERE - Big

A RIS R

FF

55 | 20
55 | 20
55 | 20
55 | 20

55

20

P/ BRi/2015

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

93>31 so shift it
to the right

77>31 so shift it
to the right

54>31 0 shift it
to the right

in this position

EExd |, ¥z
. "I KAVEHEI

Need to insert 31
back into the sorted list

26<31 so insert 31

7‘



HENHER : X85

def insertionSort(alist): ‘

for index in range(1l,len(alist)):

FIn/HEANIR currentvalue = alist[index]
position = index

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

Eb3S. 5 alist[position]=alist[position-1]
position = position-1

(UOWIAG) BRI Mtk 3

HEAFIN alist[position]=currentvalue

i

TR ENE S VRE , S3cHR(Fr1/3
RN AFFERE S BRI —E,

m

AT A S HUER G = A R 5 5 e /BR /2015



5 /RHEFEShell Sort

 BALESEHRANHEFRILLITIRE] , ERIFHIERTR0(n) , XHE
REEEFIRCERAFMERT , LiEL | FJIREBEHAEE , A

o ALK

D AEAMERAE , HRHEIUEA S ENER , WEBEEHG

= " RISFIE  SAFIERITENES »
§ AT RBEAARAY, LR EARBRBZERR F, RNy IR

= HE B 04 pb 3t ok

N /Q\

» FIRAsHIFSIR . FIRGABAHIFRHEIS KR ERERE

17 26 93 44 7 31 54 55 20 sublist 1 sorted
54 | 26 | 93 J17 | 77 | 31 |44 | 55 | 20 | sublist 1 ol o3 | & e 3 P 20 B unics 2 sorted
54 éﬁ 93 17 77 31 44 55 20 sublist 2 2&1 93 | sublist 3 sorted
—“———_—-—h—
54 26 93 17 77 Eil | 44 55 20 sublist 3 |

————L———b—u—-—a

AR AR F HIER T =B 1 5 F P/ B /2015




BIRHER : B

17 | 26 | 20 | 44 | 55 | 31 54 | 77 | 93 |1 shift for 20

17 | 20 | 26 | 44 | 55 | 31 54 | 77 | 93 | 2 shifts for 31

17 | 20 | 26 31 44 | 55 | 54 | 77 | 93 | 1 shift for 54

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

AT A S HUER G = A R 5 5 e /BR /2015

» RIE—IEERENEAEE  (BEHFIE/@ECEBIRLE
BB, X—iB(XFELERTBEIEN A 52 Rk

»  FIUIRAYEIFR—RZMn/ 255 , BHEEAEE : n/4, n/8

HEl1

i
\

Y
54 | 26 | 93 17 § 77 | 31 44 | 55 | 20
54 26 | 93 17 77 31 44 55 20
s, A : .|
54 | 26 | 93 17 | 77 | 31 44 | 55 | 20
54 | 26 | 93 17 § 77 | 31 44 | 55 | 20

>

sublist 1 E

sublist 2
sublist 3

sublist 4




H/REER : U5

def shellSort(alist):

) EfRIRE sublistcount = len(alist)//2
E% while sublistcount > ©:

Vs
ﬂg for startposition in range(sublistcount):

é 5| Z=HEF gapInsertionSort(alist,startposition,sublistcount)

i
==

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

/N

-
—
>
©)
D)
—

I EEEUN sublistcount = sublistcount // 2

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

currentvalue = alist[i]
position = i

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

4 20k 2 iy 5 1 alist[position]=currentvalue

R A e N R B BN AN A P L e e '



BYRHES : IR O

» HELEE , WRHIFLUGNAEFAEGL | e ASIUEAHIFEL I

, EEFSEBEEIRENSEAY  RMCEL A REREE
SR “TH" LS

JHRHIFRFER DITLERESR , KERENFo(n)Fflo(n"2)2ZIH] =

WIRSEMRERISE2 k-1(1, 3. 5, 7, 15, 31%FF) , HRHEFRY
BIEISHREL/I0 (n3/2) 3

O(nz).

ke

S
E
=
i
5
&
%
CS
S
@)

D)

D /A\

AT A S HUER G = A R 5 5 e /BR /2015



I33HEFEMerge Sort

 TERNKREEDMaZAIRIEEFHUR A

» BHHIFEREAEE | RRERSERISESRAME | ¥
AlBATIIHHERE
B AR R B HIER T INHIETR, O RRHATF
G AL KRR D EAARFUFE, ABBARRG ZHZ—,

AR H: FAFDFEAM A FH, KGR0 AHAT 695 F 2477 5,
15 21 HEHT A 09 BB R o

54 26 93 17 77 31 44 55 20 |
54 | 26 | 93 17 77 31 44 55 20
| : 3 Y 4 l
26 | 54 17 | 93 55

14
5
&
=
CS
S
©)

5

31|77 20

" S —

54 126 | 93 | 17
' ' v A
V ‘ =] u]®]
54 | 26 93 | 17 77
' \ 4
' 54 | | 26 l I 93 I | 17 | I 77 | I 31 | | 44 | <55 20 ' 2 | a1 | R | 7 '

v

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




def mergeSort(alist):

JAFEHERR : (88 it

BAGERFEM
mid = len(alist)//2

lefthalf = alist[:mid]
righthalf = alist[mid:]

mergeSort(lefthalf)
N mergeSort(righthalf)
,_5 7 . N
& W 37, IEEER AT K i= j= k=0
= while i<len(lefthalf) and j<len(righthalf):
—~ if lefthalf[i]<righthalf[j]:
:f alist[k]=1lefthalf[i]
3 — ™~ i=i+
= AHETATEIE A A SEB else:
- MNRIKITFHRZEERYFE G alist[k]=righthalf[j]
j=j+1
k=k+1

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

3 SERRIRIT i=i+l
k=k+1
while j<len(righthalf):
IE#EEEE‘B%U%IJﬁ alist[k]=righthalf[j]
j=j+1
k=k+1

K FHER G = (B B F e/ PRos/2015 ## print("Merging ",alist)



IJAFHHER - Kot

»  RBEAFHIES AR MIIERDH « SEMIFH
(iﬁéﬁz\)ﬁ EZ SRS ER, RABRIHA, AHREREA
O(log n

2y idAE, MR TR agE 0, HITAH SAERAR R BB AR E — K,
PRUAR SV B A2, RS REZ0(n)

LEAEE, BRNEGRSAET KON HREREH, LeEtE L
FAZ0(nlog n)

» Eha , BIJEEEEEIRMIAERE , A7THESREDEHE
W, AILLBERGET RRE | eLAEERA 2 2RER S iR In L
.IJ:,‘ﬁu ' mz%fﬁﬁlﬂﬁﬂfl ’ ,V-E%:ﬁjﬁ'ﬁ*ﬁfﬁﬂﬁﬂ—"mmo

» BlLEEREFHHERE %ﬁﬁﬁﬂ?ﬁﬁ?l\ﬂ”‘ﬂgrﬁﬁelﬁlﬁﬁ?'}ﬂ#
FFIEE ﬁ#vjcﬁil EEHITHIFRAHEES B’ X

31
]
4
1
5
=]
A
—
o
S

D /&\

AT A S HUER G = A R 5 5 e /BR /2015



fEE{EAl5-2

y SEHEESZ%E [21, 1, 26, 45, 29, 28, 2, 9, 16, 49, 39, 27, 43,
34, 46, 40] , EAFHEFERSEIXETEBAT , HEIFBE2MNFER ?

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

] .

= ) [21,1]

S+ c) [21, 1, 26, 45]
= d) [21]

»  HEFREHEREL , V3HHEES |, IR FRERTFIFH ?

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]

:

AT A S HUER G = A R 5 5 e /BR /2015



14
5
&
i
CS
S
©)

)

I

A

1®HEFEQuick Sort

S— 1 RASMIaZREBNHIFEZZSREHF , HEBEATE
IraITEfg=SE |, X—=EbAHHEEE

2% BRRHF T ERRIe B & E4F 0 AR R K E a9 ¥, XAFAMRE st
AT F=2 T

RiIEHIFRBIREXIE— “RE" FURIKIEARRS ¥ .
IJ\EI==I=1EE|'J—¥5Fujc-tF=I=IEHﬂ—¥ , PREEER D 73 alE T IREHE R
RPHPEAREMAAEREZORIER, VR zRIKIELG “PEKY

ﬁ&*him%ﬁﬁ%% FREAFH, RREER—NRERALY “F147
e, F10N4 54 | 26 |93 |17 | 77 | 31 | a4 | 55 | 20 | >4 Will be the

REHEFRNE)TIHE “EHA=EX" WITF -

AARER LM RIFERRFINKER, aARALHITH;
G5 NHAE . ARIE PR, BFHRIBEE S AIFF, RIFH IR ARE AL T F
BHRAF: ¥mForaARa FaHERF (HEREARELESEIAZF)

AT A S HUER G = A R 5 5 e /BR /2015

:



14
5
&
=
CS
S
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5

REHERE - Bl

)

)

PRYERAIBIR
RE| AR BALEAE B

P HEUERAFER
% E A A (left/rightmark)

FaRAEAE, B A
AN —HMAE, A
« LHR—HEERET, A
.
X B A A 4 AT P AL
K
YRR A AT, BB A AR
B LA AN, 12 k455

B AP AR R P AT B
Rtz B, Fr P AEA A B Sk

DR TR, EFIELFE], &
FIRAR L P AR K

AT A S HUER G = A R 5 5 e /BR /2015

54 |26 |93 |17 | 77 | 31 | 44 | 55 | 20 | leftmark and rightmark

leftmark ————»

will converge on split point

<+—— rightmark

54 |26 |93 | 17 | 77 | 31 | 44 | 55 | 20 | 26<54 move to right

leftmark

93>54 stop

rightmark

54 |26 |93 | 17 | 77 | 31 | 4a | 55 | 20 | MOW rightmark

leftmark

20<54 stop

rightmark

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

leftmark

rightmark

now continue moving leftmark and rightmark

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

R
leftmark  rightmark

77>54 stop
44<54 stop

exchange 77 and 44
-

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

e
oI
until they cross

<54

31

26 | 20 | 17

auicksort left half

54 | 77 | 55 | 93 |54 is in place

>54

O

auicksort right half

AR 1



tREHER - X5

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

def quickSortHelper(alist,first,last):
HARGERFM if first<last:

splitpoint

partition(alist,first,last)]=’

14
5
&
=
CS
S
©)

5

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

:

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

AT A S HUER G = A R 5 5 e /BR /2015



def partition(alist,first,last):
pivotvalue = alist[first]

o

| |
ZEZEE%%UﬂE leftmark = first+l
rightmark = last —

JEE PE

done = False
while not done:

tg while leftmark <= rightmark and \
= alist[leftmark] <= pivotvalue:
S+ leftmark = leftmark + 1
= -
B while alist[rightmark] >= pivotvalue and \
5 rightmark >= leftmark:
e rightmark = rightmark -1
- s — if rightmark < leftmark: -
GRSt - y
else: .

temp = alist[leftmark]
alist[leftmark] = alist[rightmark]
alist[rightmark] = temp

EEATMERRNER R , 4455

temp = alist[first]
{ER alist[first] = alist[rightmark]
alist[rightmark] = temp

. PAN
4038 k22 Mo 3R 5 2 (] B 2 1B 3 /2015 return rightmark HER , BESESA



RiEHEF - HiEpth

y  PRiEHERR EZISEIQL*Eﬂ_’,ﬁﬁﬁ*Kﬁ ya ELIEEST)
e Ry HERERIFELR D> AMFRIS, R A#HKA0(log n)dg E ZRE;

A5 5 & B RAR G FAEAT AT, L£20(n);
Lz oA R AZ0(nlog n);

31
]
4
1
5
=]
A
—
o
S

., FREATEAEYRE B A S, —
y (B2, MIRABBAE=EEE , AEMMENS RS F REPSE | &
REARER R HEARFE

W a«ft H B LR AR, XAFR A B A E A B EO(nN2), T
Zm L )2 K 69 T4 (bb g I HE AR 4E)

» ALAESHSGHE TRERIEESE |, iILREEEEARNME
Hode “Z SR, KBRS K. B, PEH A

2B T, IR RREHER LR 1 0L

D /&\

AT A S HUER G = A R 5 5 e /BR /2015



fE={ENkS5 -2

y taEHERSI®E[14, 17, 13, 15, 19, 10, 3, 16, 9,
12] , BEHERRTE EIRPBE , FIEHEE -

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]

S
E
=
i
5
&
%
/_a
S
@)

D)

y ‘[EHEFEME [1, 20, 11, 5, 2, 9, 16, 14, 13,
19] , RiEHEFRUIREEXA “= =" %, SANSE11
“thiF” 2
a) 1 b) 9 ¢) 16 d) 19

) -F(Eimg%% , MEERRERT . ERERIFIER
O(nlog n
a)#Ht RHEF b)BRRHEF c)FHHEA d)iEANHER

AT A S HUER G = A R 5 5 e /BR /2015
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HiERiERE | —HRZFEERE

1
5
=
A
—~
U
—

passnhum -= 1
return alist

10

TR AR 5 2 A R

 BNER BHIERERIRE— PN EBSGEAIEEShortBubbleSort
AJLAFIA “GNR—iEtbXIR=EE DL , WEFREITHE , SHE
W B9 “IEERT fS1E , RiHFRFTTALLXT , IERER !

» (EEHCHRZEESHFM TS | ERAKFM :
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def BubbleSort(alist):

passnum = len(alist) - 1

while passnum > ©:

for i in range(passnum):
if alast[a] > a¥istla # 1]:
alist[i],alist[i + 1] = alist[i + 1],alist[i]

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

D /&\

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

passnum -= 1
return alist
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alist = [i for i in range(10) for j in range(10)] (F A shuffledr#l)

{'Sort': 0.0, 'shuffle': 0.0, 'SelectionSort': 0.0, 'InsertionSort': 0.0,
'BubbleSort': 0.0, 'ShortBubbleSort': ©0.0016000032424926757, 'ShellSort':

9.0}

SBTIRENE
alist = [i for i in range(100) for j in range(100)] (& Mshufflei7#l)
{'Sort": 0.0, 'shuffle': 0.0, 'SelectionSort': 2.8600001335144043,

'InsertionSort': 3.8279998302459717, 'BubbleSort': 7.0, 'ShortBubbleSort':

7.921999931335449, 'ShellSort': 0.04700016975402832}

=R -
alist = [i for i in range(1000) for j in range(100)] (& Ashuffledr#l)
{'Sort": 0.031000137329101562, 'shuffle': 0.031000137329101562,
'SelectionSort': 297.72199988365173, "InsertionSort': 397.25999999046326,
'BubbleSort': 765.3139998912811, 'ShortBubbleSort': 847.1009998321533,
'ShellSort': 0.6410000324249268}
(BT T —X)
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» ShortBubbleSortfY “FEiIR” RPBSEMKRIFEIRAVIGTHRE
e R B EI IR, ERFALTA S K E KRG IE,
ShortBubbleSort#t % & &% A %K %, &L ZH It — Nexchanges T = =
A8 AR B 6 (9N, BRI R4S 69 B A HEF 212,

. AEMNRABEERE  IEEFHENS  HMERS
random. shuffle3kELFEHY
Ak, alistZ HArange#k B4 m, A ROGEIEKIE] KHED], JE5 5

ﬁ%l\_/\shuffle ReleE47EL 2] m il a9 42 2, Lﬁk*i;fﬁ;j'ﬁ/%&ﬂ 1494
rﬁj

iIX 4, ShortBubbleSort#y4af&4F Mt T & Kk 3k, &L &4+ Hexchanges®
T oGP, RABARH, SR RIS CHEREERZR Y,

:
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y I, RTHESRE  EEREESRERESTEETENXEE
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J3 - HE P BT 52 EO(nlog n), 12 %35 —f& 8 7 ik 75
BesR He P 0 1) B 22 F R AFE9HF L A0(nlog n), @ ERNE B G,
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» EXFRFEEFRLNIAFEE , HRESZREA0(n)
» ERARFRRLHITZHEER , ERESRE/O0(log n)
 BIRAILASEIR E SR ARl AR 2R

) BiRHiE, EEHIFEFIRAAEFER(n 2) EX

 IBREEFERRAREFREGL Ei#1T 7 ed |, RAMEIEFRAFFR
L& , ERESRERLfE0(n)Flo(n 2)2Z[8)
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 REHIFRIFAIIREISRERO(nlog n) , EAFEMIMNIFEE
B , (BIRSELRESFIRPORIE | RIXER TRIEAZRI0(n2)
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