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e Sarina Singh et al., India travel guide 15th ed., Lonely Planet, 2013.
e Franz Kafka, Die Verwandlung, Kurt Woltf Verlag, Leipzig, 1915.
e Tirumalamba, Varadambika Parinaya Campda, c. 1540.
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The vermin only teaze and pinch

Their foes superior by an inch.

So, naturalists observe, a flea

Has smaller fleas that on him prey;

And these have smaller still to bite ‘em,
And so proceed ad infinitum.

-N Yop
Jonathan Swift, On Poetry: A Raphsody
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factorial (n):

mmn

s . - . ) ,
2 o mon rumam sy & mee v i — S T [

T'his recursive anction computes n factorial (n!).
. ° -, N — 1 = ~ + Y ( ~ \ I .

lnput: n >= 1 and type(n 1nt

A1t « A MOa y - +h o A1l o o |

output: a positive 1nt that equals n

& ~ o ~ ~ AV O 218 L slalal=

errors and exceptions: none

N T =~ vm aAaINCO Y11 Tranrooa-s. I/\l [ vy ) 1 T ~ -~ ¥y /‘; et et -Tal="

EJ\_,__V_.[LL_‘-.\JV JuUualalltctco. “/ \ 11, LLlIlle 4alld ..;E)'._\\_,l_.

n == 1: # the bottom of the recurrence
1
- # n>1
n*factorial (n-1)

Ln: 7 Col: 31
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factorial (n):

TINNTY YNy
n == 1: . # the bottom of the recurrence f — faCtOrlal(S)
| n*;aZt;rial(n-l) prln’[(f)
DT N

Ln: 7 Col: 31




n! 21w

factorial (n):

ONNT W
l: . # the bottom of the recurrence f — faCtOrIa|(5)
n*;agt;rial(n—l) F)rir]t(f)
120  7/Damnn

Ln: 7 Col: 31
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factorial(3)
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n=3

factorial(3) return n*factorial(n-1)
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n=23 n=2

factorial(3) return n*factorial(n-1) return n*factorial(n-1)
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ﬂ:3 n:2 ﬂ:1

factorial(3) return n*factorial(n-1) return n*factorial(n-1) return 1
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ﬂ:3 n:2 ﬂ:1

factorial(3) return n*factorial(n-1) return n*factorial(n-1) return 1
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ﬂ=3 n=2 ﬂ=1

factorial(3) — return n*factorial(n-1) —{ return n*factorial(n-1) —>  return 1

N NS
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ﬂ=3 n=2 ﬂ=1

factorial(3) — return n*factorial(n-1) —{ return n*factorial(n-1) —>  return 1

N AN AN L
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loop factorial(n):
res = 1
n > 1:
res *= n
n -= 1

res

Ln: 9 Col: 0

1M NN MXPITIIND NOTAND ONIN 2D NPIN Mpn
TDNPIN NPNNNA - VIXAN 79002 N2 1M wNT DAN
factorial Dw D'pMy n NNT12 D'PININ
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fibonac

Immn

1(n):

L - L I SN - = 4 - Llle Sseduellce 4., Ly <4y 2 7 < 7 o)y
- ~vmtTansncs PTrames D xN N
— Nt et e N et S S NJ S & - - , ;_.:__.-,4;
# we assume that the recursive calls return the correct wvalue

fibonacci(n-2) + fibonacci(n-1)
# the base cases n==1 or n==2

1

Ln: 9 Col: 25
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fibonacci-> myxann MNX"Mp NN NaD)

fibonacci(n) NN AN * T2 MYITIY MXMPN 19PN DX T(n)-1 11D)

(MMXPITIND NNON) T(N) = 2F- 1 D™pn Nan
(® = 1.618...) .®n/+/5 -5 12 npn odwn N0 Fr o
F1o0 = 3.54X1020 :Swnd I1in TINN 2xp2a DTaw 1apn nr

DY D'pMY n NNN N11 D'MNAa NXM2 0MDN 25W1 112 NN
a2 1XPNAnN



T1Myan nn

DOYya NN DYa 021y DMK YTNN D22AYNN 1NN
nawnn fibonacci(n-2) NXIpN ,n==10 M2y ,Own>
Fs NN NawnNnN fibonacci(n-1) NXMpn DX Fg NN
DY NM2DNMPIN MXMpn NNKA

DMYya Fn 92N 10 DM F>-1 F D2yvn

AWND 7ILX) KD DMNINND DD IYN Y NN NMIOT) ON
DMTIPN D2IVN DO NN N'DNMPI12 wINN
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loop fibonacci(n):

mmn

L 4 "
.y" _— \ e
;. . . ey
Y 1 A ‘ H )

N — N - | A P Y — y -

~ ATYaS Aanc - ~ar 1 B

S SR S W (- - g § |

T ~ m ~ o Y AT TranTroe

- e e e NS A (= Nt L ™ 4 & O .y - e S N W J

mmn

n > 2:
prev = 1
curr = 1

i range (3, n+1)
new = prev + curr

prev = curr
curr = new

curr

S Sk SE

S

F (1)
F(2)

compute
compute

1))

next entry in the

Ln: 14 Col: 0
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loop fibonacci(n):
mmn

n > 2:
prev = 1 # F (1)
curr = 1 # F(2)
1 range (3,n+1) : # compute F(3), F(4), F(5), , F(n)
new = prev + curr # compute the next entr in the sequence
prev = curr
curr = new

DMYa n-2 NYNINN NNO1ON
' D"MDPD DINYN DY V1ap 1aDN WA

Ln: 14 Col: O
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AT T NNYNOY IDpNY MY ANt N poT 64

MW NYNIN LINNN MPDPTN N2V D'PIDY NP NY NN TINIYNA 02012 DIND
a2Y5wnN Narva

nLND 1AM NITIN - 1IVIPY DXNNA NYWRIN LIAN DY MONYIN 1PN NMPD TN ,NYNNA
5ynbS ana mvpm

1NN OW 02NN 00501 A DYy M1avin MpD T
DNN-NNNX NYPDYTN DX NMAynD wr e
DONN NN RO NINX NN1Y WRIN DpDT P11 1M2Aynd 1mn -
M NIVP N'PD?T 12X DY 1N NINTY N'PD*TNIND NDNX °

AXPY DDV X12' MpD TN N1ayn D Npnwad
.DNIL™MA (Ha NOI) MIND 17V D'RYNIY DLDNTIA D1 IOX ,NTIND DY NINNX ND1A

.1883-1 DNP1Y TINITX TNAINT INPLNNND T HY INYNIN NTAND DA NN NPDTN pnvn

Y 5w (Jyotirlinga - SAIAEST) NarS 1o an wIpn 12-n TNK NN DIKINNYN WRP DIV
?(Brahma - §&1) mnnia Yw 09900 0% oowa (Shiva - o) nw Sw wpna nnb



http://en.wikipedia.org/wiki/Kashi_Vishwanath_Temple
http://en.wikipedia.org/wiki/Jyotirlinga
http://www.apple.com
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NMATMYYY TNX PN Nn==0DN

(n>0DN)NINN
201 Nyl 30> 1 vmMmn MpPoDTn-171aY)
20M> 1 01N NININKN NP TN NN "2V °
A 0mnarya 2omd 3omn mpoTn-1712V)

http://towersofhanoi.info/Animate.aspx
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min?)

- 22D NMPIN NIXPNAY D'NNP DMNMYS NN

TWKRD MYXINNY MKXMIPN 19DN DX T(N)-211D)
NPDYT N 1AV NXPNAN NN DOwan

A

+ 2T(n-1)

(MYPTINI NNOMN) T(n) = 2n+1-152p)



(Twnn)

- MNa] W DTYNX NND

NYXINY N'pPD*TN M2V 190N DX S(N)-2 1NID)
MPDT N NAY NNADNPIN NRMIPN

(MYPITI’NI NNOIN) S(N) = 27 - 1 52P)
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- ?T1010) NTANNY AWNY X ONN »

Sy MNayvn 2" - 1 mMnNabd yxad oxanny NININD 1waN e
TMY2N NN NNad » 10 NpoI

'NIT1 VXD DO DOYMNIANY MIAYNN 1aDn
264 -1 =18,4406,744,0/3,709,551,615
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(abstract data type - ADT) bwa Dan) maw -
MIYaANNY Mo1ya Napind 021N QDN NN
DN N NOTY

VIN'] NIN IWAND YTI DNIN DY MNan NN e

UNIWNN DN 1MV MK XD My mhyvan
.LYAINN D192

DAN) DMYyad No510 (M2yan) pwnnn N1mn °
D] DY NaX¥ab N1'212'DY MANNNN (7NN KO
.(ADIND DX DY NX¥PNAD) Nya
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(stack) NMMonNn

DOPMIIN DY NNWI NpTNN NIDnNnN e
:TNINNN Mowan »
push(object) DPMIIN NaADIN —

object = pop() DPMIIN NINXIN —
DI2IW NININT NI RX1'Y DPMIIND
.(LIFO 1~ ,last-in-first-out)
MY NDWYaAN NP NNIDNNN DX

NOININ MDA e
flag = is_empty() NP1 NMIDNNN DX NPT —
object = peek() NINNT DPMIAIND NXNT —
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MXD 72 list DWW Nian1 wnnwno 1WaN
:NMDNN
stack =[] NNNN —
stack.append(object) ULPMIIX NDIDN —

object = stack.pop() DPMIN NINNIN —



>>2>
>>2>
>>>
>>2>
>>2>
>>2>
-

>>>
3

>>2>
>>>
>>2>
6

>>>
5

>>2>
2

>>2>
1

>>>

stack

stack.

stack

stack.

stack.
stack.
stack.

stack

stack.

stack.

stack

Traceback
File "<pyshell#14>", line 1, in <module>

>>2>

stack.
IncexError:

27

= []
append (1)

.append (2)
stack.
stack.
stack.

append (3)
append (4)
pop ()

pop ()

append (5)
append (6)

pop ()

.pop ()

pop ()

pop ()

-pop ()

(most recent call last):

pop ()
pop from empty list

ANAT
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5% ((6+3)/(7-2*2))

(initialize)

push(5)

push(6)

push(3)

push(pop() + pop())

push(7)

push(2)

push(2)

push(pop() * pop())
b=pop(), a=pop(), push(a-b)
b=pop(), a=pop(), push(a/b)
push(pop() * pop())

[1

[5]

[5, 6]

[5, 6, 3]
[5, 9]
[5,9, 7]
[5,9,7, 2]
[5,9,7,2,2]
[5,9,7, 4]
[5, 9, 3]
[5, 3]
[15]
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.pop DWXInN return NMpoa
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>>> def factorial(n):
print ("entering factorial, n =",n)
traceback.print stack()
1f n ==

recurn n

return n * factorial (n-1)

30
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>>> factorial (3)
entering factorial, n = 3

File "<string>", line 1, in <module>

File "/Library/Frameworks/Python.framework/Versions/3.

ret = method(*args, **kwargs)

File "/Library/Frameworks/Python.framework/Versions/3.

exec (code, self.locals)
File "<pyshell#92>", line 1,
File "<pyshell#91>", line 4,

in <module>
in factorial

entering factorial, n = 2

File "<string>", line 1, in <module>

File "/Library/Frameworks/Python.framework/Versions/3.

ret = method(*args, **kwargs)

File "/Library/Frameworks/Python.framework/Versions/3.

exec (code, self.locals)

File "<pyshell#92>", line 1, in <module>

File "<pyshell#91>", line 8, in factorial

File "<pyshell#91>", line 4, in factorial
entering factorial, n =1

File "<string>", line 1, in <module>

File "/Library/Frameworks/Python.framework/Versions/3.

ret = method(*args, **kwargs)
File "/Library/Frameworks/Python. framework/Versions/3
exec (code, self.locals)

File "<pyshell#92>", line 1, in <module>
File "<pyshell#91>", line 8, in factorial
File "<pyshell#91>", line 8, in factorial
File "<pyshell#91>", line 4, in factorial
6
>>>

31

3/1lib/python3.

3/1lib/python3.

3/1lib/python3.

3/1lib/python3.

3/1lib/python3.

.3/1ib/python3.

3/idlelib/run

3/idlelib/run

3/idlelib/run

3/idlelib/run

3/idlelib/run

3/idlelib/run

-pY",

.PY",

.PY",

-pYy",

.PY",

.PY",

line

line

line

line

line

line

126,

353,

126,

353,

126,

353,

in

in

in

in

in

in

main

runcode

main

runcode

main

runcode
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>>> def Fibonacci(n):
PELIE (™ o e o o e e e e s e e e e e e
print ("entering Fibonacci,

n =",n)
traceback.print stack()
1fn <= 1:
recurn n
return Fibonacci(n-1l) + Fibonacci(n-2)

>>> Fibonacci (3)
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>>> Fibonacci (3)

entering Fibonacci, n 3
File "<string>", line 1, in <module>

File "/Library/Frameworks/Python. framework/Versions/3.3/lib/python3.3/idlelil in main
ret = method(*args, **kwargs)
File "/Library/Frameworks/Python.framework/Versions/3.3/lib/python3.3/idlelil in runcode

exec (code, self.locals)
File "<pyshell#101>", line 1, in <module> . .
File "<pyshell#100>", line 4, in Fibonacci Flbonacc1(3)
entering Fibonacci, n = 2
File "<string>", line 1, in <module>

File "/Library/Frameworks/Python.framework/Versions/3.3/lib/python3.3/idleli. in main
ret = method(*args, **kwargs)

File "/Library/Frameworks/Python.framework/Versions/3.3/lib/python3.3/idleli. in runcode
exec (code, self.locals)

File "<pyshell#101>", line 1, in <module> Fibonacco(Z)

File "<pyshell#100>", line 8, in Fibonacci . .

File "<pyshell#100>", line 4, in Fibonacci Flbonacc1(3)

entering Fibonacci, n = 1

File "<string>", line 1, in <module>

File "/Library/Frameworks/Python.framework/Versions/3.3/1lib/python3.3/idleli. in main
ret = method(*args, **kwargs)

File "/Library/Frameworks/Python.framework/Versions/3.3/lib/python3.3/idleli. Fibonacci(1) in runcode
exec (code, self.locals)

File "<pyshell#101>", line 1, in <module> Fibonacci(Z)

File "<pyshell#100>", line 8, in Fibonacci . .

File "<pyshell#100>", line 8, in Fibonacci F1bonacc1(3)

File "<pyshell#100>", line 4, in Fibonacci

-
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entering Fibonacci, n = 0
File "<string>", line 1, in <module>
File "/Library/Frameworks/Python.framework/Versions/3.3/1lib/python3.3/1 6, in main
ret = method(*args, **kwargs)
File "/Library/Frameworks/Python. framework/Versions/3.3/1lib/python3.3/1i 3, in runcode
exec (code, self.locals) Fibonacci(O)
File "<pyshell#101>", line 1, in <module> . .
File "<pyshell#100>", line 8, in Fibonacci Flbonacc1(2), 1
File "<pyshell#100>", line 8, in Fibonacci . .
File "<pyshell#100>", line 4, in Fibonacci F’bonaCC’(3)
entering Fibonacci, n =1
File "<string>", line 1, in <module>
File "/Library/Frameworks/Python.framework/Versions/3.3/1lib/python3.3/1i 6, in main
ret = method(*args, **kwargs)
File "/Library/Frameworks/Python. framework/Versions/3.3/1lib/python3.3/1 3, in runcode
exec (code, self.locals) . .
File "<pyshell#101>", line 1, in <module> Flbonacc1(1)
File "<pyshell#100>", line 8, in Fibonacci . .
File "<pyshell#100>", line 4, in Fibonacci F’bonaCC’(3)) 0+1
2
>>>
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>>> class Stack:

def init (self, size = 100):
self.stack = [None] * size
self.size = size

self.top = 0 # first empty entry is top of stack
def push(self, object):
1f self.top >= self.size:
raise RuntimeError('My stack is full')
self.stack[self.top] = ocbject
self.top += 1
def pop(self):
1f self.top <= 0:
raise RuntimeError('My stack is empty')
self.top -=
return self.stack([self.top]

36



>>2>
>2>>
>>>
>>>
>>>
3

>>>
2

>>>
>>>
>>>
5

>>>
>>>

stack
stack
stack
stack
stack

stack
stack
stack

stack

stack
stack

Traceback
File "<pyshell#142>", line 1, in <module>

stack.

X0 NNAT

= Stack (3)

.push (1)
.push (2)
.push (3)

-pop ()
-pop ()

.push (4)
.push (5)

-pop ()

.push (6)
.push(7)

(most recent call last):

push (7)

File "<pyshell#131>", line 8, 1in push

ralse

RuntimeError ('My stack is full')

RuntimeError: My stack 1s full

>>>
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class Stackl:
def __init__ (self):
self. 1st = []

def push(self,item):
self. 1st.append(item)

def pop(self):
return self. 1st.pop()

def is_empty(self):
return len(self. 1st)==0

stack = Stackl1()
stack.push(1)
stack.pop()
stack.push(2)
print(stack.is empty())
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(queue) NN

DWPMIN DY NN PN NN ,NMPNN ND e
:MnNN mowan e
enque(object) DPMIIN NaADIN —

object = deque() DPMIIN NINXIN —
DIDIW NWNIN NI RX1'Y DPMIIND
.(FIFO X ,first-in-first-out)
MY NWan pr1 NN DN

NOININ MDA e
flag = is_empty() P NN DN N T —



NNMa2]

queue.Queue DY NPONN Y N9 SY N"apa
queue NNN w2 NN DW21 M>AdN) NN Nvnnny

(DN Y DD Ny
g = queue.Queue() INNN —
g.put(obj) NN VPPN NADIN —
obj = q.get() NNNN UPMIIN NIRNIN —



17V Narva nn pvainyni

MmM”ya 5w V1ap 19pn NnYNT nNowya D2 e
.(MNN 572 15N X2) Awnnia M'Dpa

D21 NNN o7
DDPTIIN VI WNNY) -
head-2 121D NN WK1 —

MIan Dipnn nr .tail-2 7D NN I —
LOPMIN DN XAN

.head == tail p»1 N2 -
JODIN 191N tail-1 head NN DT —
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>>> class Queue:
# no error handling
def init (self, size = 100):
self.queue = [None] * size
self.size = size

0

self.head = self.tail
def enque(self, obj):

self.queue[self.tail] = obj

self.tail = (self.tail + 1) % self.size
def deque(self):

ob] = self.queue[self.head]

self.head = (self.head + 1) % self.size

return obj
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>>2>

44

queue
queue
queue
queue
queue
queue

queue
queue

queue
queue

= Queue (5)

.enque (1)
.enque (2)
.enque (3)
.enque (4)
.deque ()

.deque ()
.enque (5)

.enque (6)
.deque ()

X0 NNAT
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mihpn mnwh

TNN DIPNIA N7 WOP NAIN2 Mprmn - e
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nieapyn nnwh

head

N )f N Iz N )( N
next next >| next next > None

- \_

data data

[ data data
" / . /) N /) N\ /)

~/ \

class Node:
def __init__ (self, data=None, next=None):
self.data = data
self.next = next



AN'N D12 N

‘TIN'WI] DD Ny e

head.data
head.next.data
head.next.next.data

OAamMpn nr ¢

head
N ;f; N Iz N )ff N
next next >|| next next > None

[ data data
N /) N /

data data




(Twnn)

DIPN NN DPMN DO 71T ,NNT DIpNA

1)
cur = head
print (cur.data)
Cur = cCcur.next
print (cur.data)
cur
head \
“ ( “ ” “ e “
& next >( next >(| next >( next > None
[ data data data data
N\ /) N\ /) N /) N\ /)




Y10 NN'wAn Yy 1avn

:INWI DTN T ,Ownd e

cur = head

while cur!=None:
print (cur.data)
Cur = cCcur.next

51



nNYAY 12N NaDIn

NN UKD e

head
N :J¢ N 7z N )f: N
next next >|| next next > None

[ data data data data
N =/ N ~/ N =/ N =/
new node = Node ("new val", head)
head = new node

PDVD

head = Node (“‘new val”, head)
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head
\ s “ ” “ ( “
\\\\\{next >(»next >l next >(»next > None

( \//-7 data data data data
_next 2 N\ 2 N 2 N 2
data

N Z

new node = Node ("new val", head)
head = new node

PDVD

head = Node (“‘new val”, head)
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7z N )( N 7z N >( N
next next >|| next next > None

- .

( ) / data data data data
_next \S % \ 2 \S 2 \S %
data
N Z
new node = Node ("new val", head)
head = new node

PDVD

head = Node (“‘new val”, head)
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head cur

N )( N 7z N >f N
next next >|| next next > None

.

[ data data data data
N /) N\ /) N Z N Z
cur.next = Node (“some val”,cur.next)
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head cur

N )( N 7z N >f N
next next >|| next next > None

.

[ data data data data
N /) N /) N /) N /)
==
next
data
N /)
cur.next = Node (“some val”,cur.next)
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CUr Mpyna navin

head cur\
\ % ) (7 ) % \
next >( next next >( next > None
[ data data data data
N\ /) N\ /) N\ /) N\ /)
—
p
next
data
N\ /)
cur.next = Node (“some val”,cur.next)
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head
N
next

head

AN 121X NN

[ data
N /)

head.next
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s next |
next

.

data

>| next

A\

data

\

=/

Sf(

.

A\

next

data

\J

)

> None
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head
next next >|| next next > None

.

data data data

data
N / /) N /) N /)

\ / \

head = head.next
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CUr NN NYKXIN 12X N

head cur\
\ % ) (7 ) % \
\( next >( next >(| next >( next > None
[ data data data data
N /) N /) N /) N /)
cur.next = cur.next.next
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CUr NN NYKXIN 12X N

head cur\
N >( 7 )\ )(\\ N
next next next next > None
[ data data J data data
N /) N /) N /) N /)
Cur.next = cur.next.next

JCUrMIN MDY NNV DN YVI NN »



IWNN 1IN MNP MN'wA DYy MSvann pon
:list-2

cur M)A 12°ND DWAN PN e

MNwI1 -k-N 12RO DYV PN e

AN 17D NN'WIN X 0'DaTN N °

OW V12D 18DNAN 1N MXPND 12DV 1DN) ON NN —
‘DaD1) N2 NN



MNYpP-117 NMN'WA

MY DWANND DY NMN'W 11N 1WaN
:DNDN

. T . ) T

. next | . next | | hext | . next >None
None <« _prev JI€ _prev i€ _prev J|€ _prev

) B\

data

data
N /) N /

data
/) N /

data
/) N /

~/

NNNN TNNX TYX YNAD 1M Dp

MODN DMAN DY NNXIT NDIDN Mya
1111 byn

N7 DN 1N NYNT AN



NIYpPN NN YT DY MIDNN vinm

class Node:

def __init__ (self, data=None, next=None):
self.data = data
self.next = next

class Stack:
def __init__ (self):
self. head = None

def push(self,item):
self. head = Node(item,self. head)

def pop(self):
result = self. head.data
self. head = self. head.next
return result

def is_empty(self):
return self. head==None
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def __str__ (self):
cur = self. head
result = "
while cur!=None:
result = result+str(cur.data)
if cur.next!=None:
result = result+”, "
cur = cur.next
return “/ "+ result +"]"
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def get_size(self):
def recursive _size(list head):
if list head==None:
return ©
else:
return recursive size(list head.next)+1

return recursive size(self. head)
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def find verl(self,item):
self. head

while cur:

cur

if cur.data==item
return True
cur=cur.next

return False

def find ver2(self,item):
return find helper (s

~
t—-

1f.

head, 1tem)
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def find ver2(self,item):
return find helper(self. head,item)

def find helper (node, 1item):
if not node:

return False

if node.data == item:
return True
else:

return find helper (node.next, 1item)
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>>> BinaryNode:
__init (self, data, left child = , right child =
self.data = data
self.left = left child

self.right = right child

>2>2>
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>>> class BinaryNode:
def init (self, data, left child = None, right child = None):
self.data = data
self.left = left child
self.right = right child
def postorder(self):
1f self.left != None:
self.left.postorder ()
if self.right != None:
self.right.postorder ()
print (self.data)
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>>> class BinaryNode:
def 1init (self, data, left = None, right = None):
self.data = data
self.left = left
self.right = right
lef postorder(self):
- self.left != None:
‘or data 1n self.left.postorder():
yield data
self.right != None:
- data 1in self.right.postorder():
yield data
d self.data
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>2>2>
>2>2>
>2>2>

= BinaryNode("a")

= BinaryNode ("b")

= BinaryNode("c")

= BinaryNode ("d")

>>> = BinaryNcde("e")

>>> = BinaryNcde ("f")

>>> bplusc = BinaryNede("+", b, c)

>>> eminusf = BinaryNode("-", e, f)

>>> adivsum = BinaryNode("/", a, bplusc)

>>> dtimesdiff = BinaryNode ("*", d, eminusf)
>>> expression = BinaryNode ("+", adivsum, dtimesdiff)
>>> expression.postorder ()
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>>> class BinarySearchTree:

def 1init (self):
self.value == None
self.left == None
self.right == None
def insert(value) :
1f self.value == None:
self.value = value
else
node = BinarySearchTree()
node.value = value
self. insert (node)
def  insert (self, node):
1L self.value > node.value:

1f self.left == None:
self.left = node

else:
self.left. insert(node)

e.1f self.value < node.value:

if self.right == None:
self.right = node

else:

self.right. insert (node)
def search(self, value):

1L self.value == value:
return True

e.1f self.value > value anc self.left != None:
return self.left.search(value)

elif self.value < value and self.right != None:

return self.right.search(value)
return False
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[ N N Python 3.4.1: Hash.py - /Users/yrabani/Documents/12 M Iy'w/Ayen/[IM"o - awnnn 'vn? Xian/nxin/Code/Hash.py

def python hash(key, size):

:param key - hashable value

:param size - hash table size

:return Python's hash value for key, modulo size
L A |

return hash (key) $size

class HashEntry:
LI A |
An object of this class is a hash table entry storing
a hashable key and some data.
LI A |
def init (self, key, data):
self.key = key
self.data = data

class HashTable:

An object of this class is a hash table.

def  init (self, size=41, hash func = python hash):
rtr
:param size - the size of the table

:param hash func - the hash function. usage: hash_ func(key, size).
LR A |

self. table = [None] * size
self. size = size
self. hash func = hash func

Ln: 59|Col: 11|



Python 3.4.1: Hash.py - /Users/yrabani/Documents/12 VM Iy*'w/AYUN/[IM*9 - 2wUnNnn 'vTN? xian/Axin/Code/Hash.py

class HashTable:

def
def

def

def

__init_(self, size=41, hash func = python hash):

insert (self, key, data):

L B |

Insert an item into the hash table. If there is already an item
with the same key, the new item overrides the old item.

:param key - the item's key

:param data - the item's data

L )

self.table[self. hash func(key, self. size)] = HashEntry(key, data)

delete (self, key):
L B |
Delete an item from the hash table.
:param key - the key of the item to be deleted.
:return True 1f delete successful, False is no such item in table.
L B |
index = self. hash func(key, self. size)
1f self. table[index] and self. table[index].key == key:
self. table[index] = None
return True
else:
return False

search(self, key):
T
Return an item's data.
:param key - the key of the item whose data should be returned.
:return the item's data or None if no such item in table.
T
entry = self. table[self. hash func(key, self. size)]
1f entry and entry.key == key:
return entry.data
else:
return None

Ln: 59 Col: 11|



ZAPAN

Python 3.4.1 (v3.4.1:c0e311e010fc, May 18 2014, 00:54:21)

[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin

Type "copyright", "credits" or "license()" for more information.

>>> =====s=s==s=s=s=ss=s=s=sss=s=s=s=s========== RESTART =s=s=s=ss=s=ss=s=ssss=sssssss=ss=======

>>2>

>>> table HashTable ()

>>> table.insert('shakshuka', ['tomatos', 'eggs', 'garlic', 'green chilli', 'paprika’,
'white pepper', 'salt’', 'vegetable 0il'])

>>> table.insert('satay lembu',['sirloin', 'cucumber', 'onion','lemongrass','garlic
', 'shallot’', 'turmeric', 'galangal', 'cumin', 'tamarind paste', 'peanuts', 'salt', 'pean
ut oil'])

>>> table.insert('til ke aloo',['potatos', 'cumin seeds','black mustard seeds', 'se
same seeds', 'Cayenne pepper', 'lemon’', 'salt'])

>>> table.search('satay lembu')

['sirloin', 'cucumber', 'onion', 'lemongrass', 'garlic', 'shallot', 'turmeric',
galangal', 'cumin', 'tamarind paste', 'peanuts', 'salt', 'peanut oil']

>>> python hash('shakshuka',41)

14

>>> python hash(14,41)

14

>>> table.search(14)

>>>
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(string NPSNNNN yup) NNAT

string:
~_hash (self):
self:
0 #empty
value = ord(self[0]) << 7
char self:
value = ¢ mul (1000003, wvalue)
value = value * len(self)
value == -1:
value = -2
value

A

ord (char)
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bucketing.py - /Users/yrabani/Documents/12 M Y'w/AMYUN/IM"9 - awnNnn 'vTn? xian/Axin/Code/bucketing.py

class HashTable:

An object of this class is a hash table. The worst case time complexity
for insert is O(l). The worst case time complexity of delete and search
depands on the load on the table. For a table of size linear in the number
of items stored this 1is likely to be o(locg n), where n is the number of
items.

def  init (self, size=41, hash func = python hash):

def

L B |

The table is implemented using bucketing.

:param size - the size of the table

:param hash func - the hash function. usage: hash func(key, size).
T

self. table = [[]] * size

self. size = size

self. hash func = hash_ func

insert (self, key, data):

T

Insert an item into the hash table. Always succeeds.
:param key - the item's key

:param data - the item's data

L B |

index = self. hash func(key, self. size)

self. table[index] += HashEntry(key, data)

Ln: 1/Col: 0|



bucketing.py - /Users/yrabani/Documents/12 M Y'w/AMYUN/IM"9 - awnNnn 'vTn? xian/Axin/Code/bucketing.py

class HashTable:
def insert (self, key, data):

def delete(self, key):
T
Delete an item from the hash table.
:param key - the key of the item to be deleted.
:return True if delete successful, False is no such item in table.
rr
index = self. hash func(key, self. size)
for 1 in range(len(self. table[index])):
1f self. table[index][i].key == key:
self. table[index].pop (i)
return True
return False

def search(self, key):
rr
Return an item's data.
:param key - the key of the item whose data should be returned.
:return the item's data or None if no such item in table.
T
index = self. hash func(key, self. size)
for entry in self. table[index]:
1f entry.key == key:
return entry.data
return None

Ln: 3/Col: 28,
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Python 3.4.1: open_addressing.py - /Users/yrabani/Documents/12 1 1y'/Ayen/|im* o - awnnn 'vn? xian/nxin/Code/open_addressin...

class HashTable:
L B |
An object of this class is a hash table. The worst case time complexity
for insert, delete, and search is Omega(self. size), but it is often much
better. (For delete and search the worst case always happens if key 1is
not in the table.)

def init (self, size=41, hash func = python hash):

The table is implemeted using linear probing with step size 1.

:param size - the size of the table

:param hash func - the hash function. usage: hash func(key, size).
L B |

self. table = [None] * size

self. size = size
self. hash func = hash func

def insert(self, key, data):
T
Insert an item into the hash table.
If the table is full, the new item i1s not added.
:param key - the item's key
:param data - the item's data
:return True is the i1tem was added, False otherwise.
T
index = self. hash func(key, self. size)
for 1 in range (self. size):
place = (index+i) % self. size
if not self. table[place]:
self. table = HashEntry(key, data)
return True
return False

Ln: 32 Col: 20,



Python 3.4.1: open_addressing.py - /Users/yrabani/Documents/12 M Iy'W/NYUN/[IN*9 - awnnn 'vTN? Xxian/nxin/Code/open_addressin...

class HashTable:
def insert(self, key, data):

def delete(self, key):
rr
Delete an item from the hash table.
:param key - the key of the item to be deleted.
:return True if delete successful, False is no such item in table.
rr
index = self. hash func(key, self. size)
for 1 in range(self. size)
place = (index+1) % size
if self. table([place].key == key:
self. table[place] = None
return True
return False

def search(self, key):

rr
Return an item's data.
:param key - the key of the item whose data should be returned.
:return the item's data or None if no such item in table.
rr
index = self. hash func(key, self. size)
for 1 in range(table. size):

place = (index+i) % size

if self. table[place].key == key:

return self. table[place].data

return None

Ln: 60 Col: 8|



