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>>> print("Algorithms and Data Structures")
Algorithms and Data Structures
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i Python T~

1 print(2+3*4)
2 print((2+3)*4)
3 print(2**10)
4 print(6/3)

5 print(7/3)

6 print(7//3)

7 print(7%3)

8 print(3/6)

9 print(3//6)

10 print(3%6)

11 print(2*+100)

Python T Y
i " v u True

False”
>>> True

True

>>> False

False

>>> False or True

True

>>> not (False or True)

False

>>> True and True

True

A H @ PythonT
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bint float A %o
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G < G
G > G
G G <= G G
G G >= G G
G ==
b 1= b
and H Y Y
or H, Wy Ay
not T X xi
11 -
print(5==10)
print(10 > 5)
print((5 >= 1) and (5 <= 10))
v 1.2 i (intro_1.2)
T ~ A Python T~ Y W7 ~ b
W v Q - £ Y K A R H v
an i v A
Python T~ W W vV 2 Y Wel H® VA v
2 L3 bv Al w W @ - b Aa I
>>>theSum =0
>>> theSum
0
>>> theSum = theSum + 1
>>> theSum
1
>>> theSum = True
>>> theSum
True
v 2 theSum=0 - =uWe wtheSum f ~ fa | 0
" 1.3 AW - we® ~° v 2 4 Now v -
A oo T 1 Ty theSum il
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Y EN el A Wev® 21 T Python A
>>>[1,3,True,6.5]
[1, 3, True, 6.5]
>>> myList = [1,3,True,6.5]
>>> myList
[1, 3, True, 6.5]
[ PythonT Wa ! v T el W A Hu=x N el Y
RO vD Weil A
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len o
® [ @] ® b
1.2 K v Python |
[+~ 17c0 T ® b myist[1:3] © w t wi[lh w3 rb
3 A
i - We! A exkk"Y b Ao E
>>> myList = [0] * 6
>>> myList
[0,0,0,0,0,0]
BP Wwe ~ b H LT
A ey 7 T [«
myList =[1,2,3,4]
A = [myList]*3
print(A)
myList[2]=45
print(A)
n 1.3 (intro_ 1.3)
i A xm | w mylist ! A mylist T "H -
r VAT A
! LW L A 1.3 L 3ba R H
D T '
append alist.append(item) ! v Wa
insert alist.insert(i,item) ! @b T Wa
pop alist.pop() W
pop alist.pop(i) ! i
sort alist.sort() !
reverse alist.reverse() [
del del alist[i] - B H
index alist.index(item) I T We citem
count alist.count(item) LT vV G item
remove alist.remove(item) - 1 T Waev ¢ item
1.3 Pythony T ¢
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myList = [1024, 3, True, 6.5]

myList.append(False)
print(myList)
myList.insert(2,4.5)
print(myList)
print(myList.pop())
print(myList)
print(myList.pop(1))
print(myList)

myList.pop(2)

print(myList)
myList.sort()
print(myList)
myList.reverse()
print(myList)
print(myList.count(6.5))
print(myList.index(4.5))
myList.remove(6.5)
print(myList)

del myList[0]

print(myList)
n 1.4
ATy [0 T °  pop
! v~ pop
P - W 3 co
A myList.append(False)y b da
3 o rY @

>>> (54)._ _add__ (21)
75
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o (intro_ 1.4)
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W @ pythonT b list ~ w rangeA range” LW @ T @
Y Wae LA g list w ~7 Yy range v uWael AN i

>>> range(10)

range(0, 10)

>>> list(range(10))
[0,1,2,3,4,5,6,7,8,9]
>>> range(5,10)
range(5, 10)

>>> list(range(5,10))

5, 6,7, 8, 9]

>>> list(range(5,10,2))
[5,7,9]

>>> list(range(10,1;1))
[10,9,8,7,6,5,4, 3, 2]

>>>

rangen 1 W Q@ LA wt 0 A P a , vyt
, Ty WA Weo T range(10), @ (cC O [ 104 b~
10A wae® T~ range(5,10) ¢ 5 [ 10Mb° 10 range(510,2) bz ©
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>>> "David"

'‘David'

>>>myName= "David"
>>> myName|[3]

II
>>> myName+2
‘DavidDavid'

>>> len(myName)

5

i ! Y o ! b As y 3 Wl
T W Ne 1.4 ~ o
>>> myName
'‘David'
>>> myNameupper()
'DAVID!
>>> myName.center(10)
' David
>>> myNamefind('v')
2
>>> myName.split('v')
[ " Da', o0i do]
T split Asplit 1 Wea v Wa Ne
by ®Ne y | A o T Ll Ne A Ne ~ split w
; tab a a H v Ne
a
center astring.center(w) W @ yow y T
count astring.count(item) A y T# item
ljust astring.ljust(w) W @ Yy o w Y
lower astring.lower() W @ y'on




rjust astring.rjust(w)

find astring.find(item)

item

split astring.split(schar)
\

Y schary Ne

1.4 PythonT

b bH A

>>> myList

[1, 3, True, 6.5]

>>> myList[0]=2**10
>>> myList

[1024, 3, True, 6.5]
>>>

>>> myName

'David'

>>> myName[0]="X"
Traceback (most recent call last):
File "<pyshell#84>", line 1, in -toplevel
myName[0]="X'
TypeError: object doesn't support item assignment

>>>

"H tuple 1 list 37 3 l

"E vA™H b~ k A'H Y -

Q@

L 3 Gt 6 | Top




>>>myTuple = (2,True,4.96)
>>>myTuple

(2, True, 4.96)

>>> len(myTuple)

3

>>>myTuple[0]

2

>>>myTuple * 3

(2, True, 4.96, 2, True, 4.96, 2, Truet.96)
>>>myTuple[0:2]

(2, True)

>>>

T
€l
e

«
€
>

error Tw’

>>> myTuple[1]=False
Traceback (most recent call last):
File "<pyshell#137>", line 1, in-toplevel
myTuple[1]=False
TypeError: object doesn't support item assignment

>>>

>>> {3,6,"cat",4.5,Falsé

{False, 4.5, 3, 6, 'cat'’}

>>> mySet = {3,6,"cat",4.5Falsg
>>> mySet

{False, 4.5, 3, 6, 'cat'}
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G in o Wa H G @
H len v . T'H
” Al B W @ @ . AB
& ” A& B W @ N @ 7 AB "~
‘H T . AB
- Ai B W e T e A T ALB
H " AT A B
<= A<= B o AT H BT"
v True False
1.5 PythonT
>>> mySet
{False, 4.5, 3, 6, 'cat'}
>>> |en(mySet)
5
>>> Falsein mySet
True
>>> "dog" in mySet
False
>>>
. 3 TG W b~ 16 LeuW’ P " H
" a o A union, intersection, issubset  difference 14 w 37
nT*% 9 A
P a
. R W W D g TT
union A.union(B) _AB
intersection | A.intersection(B) LT AB h e
difference A.difference(B) H oo AC AS B- -
G . w TvY 0 TT =
issubset A.issubset(B) v True False
add A.add(item) eE e T T




remove A.remove(item)

TCCTTT

\\"3

>>> mySet

{False, 4.5, 3, 6, 'cat’}

>>> yourSet = {99,3,100}

>>> mySet.union(yourSet)
{False, 4.5, 3, 100, 6, ‘cat’, 99}
>>> mySet | yourSet

{False, 4.5, 3, 100, 6, ‘cat’, 99}
>>> mySet.intersection(yourSet)
{3}

>>> mySet & yourSet

{3}

>>> mySet.difference(yourSet)

{False, 4.5, 6, 'cat’}

>>> mySet- yourSet

{False, 4.5, 6, 'cat’}

>>> {3,100}.issubset(yourSet)
True

>>> {3,100}<=yourSet

True

>>> mySet.add("house")

>>> mySet

{False, 4.5, 3, 6, 'house', 'cat'}

>>> mySet.remove(4.5)

1.6 PythonT
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>>> mySet

{False, 3, 6, 'house’, 'cat'}
>>> mySet.pop()

False

>>> mySet

{3, 6, 'house’, 'cat’}

>>> mySet.clear()

>>> mySet
set()
>>>
W Python T° 1
Wae " key Wav”" value” A "H oy
value™ A 1 - ) v LW

>>> capitals = {'lowa’. '‘DesMoines;'Wisconsin':'Madison'}
>>> capitals

{'Wisconsin': 'Madison’, 'lowa': 'DesMoines'}

>>>
Ty H 0 v' 3Ty ws v
veL W b c T O°H b b "7 b
0A v "H 3 3 T 1T wWwe H T
yWae v A

>>> capitals = {'lowa":'DesMoines','Wisconsin":'Madison'}

>>> print(capitals['lowa'])
DesMoines
>>> capitals['Utah']='SaltLakeCity'

>>> print(capitals)
{'Wisconsin": 'Madison', 'Utah": 'SaltLakeCity', 'lowa". 'DesMoines'}

>>> capitals['California‘]='Sacramento’
>>> print(len(capitals))

4

>>> for k in capitals:

print(capitals[k]," is the capital of ", k)

L

(‘Madison’, ' is the capital of ', 'Wisconsin') (‘SaltLakeCity', ' is the capital of ', 'Utah")
(‘DesMoines', ' is the capital of ', 'lowa") (‘Sacramento', ' is the capital of ', '‘California’)



n 1.5 71 (intro_ 1.5)

® ~ 1 ¢ (key) o T T We w v

( L UtahL :L SaltLakeCity L ) v T T Webh | Hae ¥ v
(L California L :L Sacramentd ) U Web A7 G B 3t I

L W T T A s:o T 13 = length P ~ H [Fs

wo, Ty TT v A
T7y £ bA 1.7 1.8 Nez %3 T T a -

yui sw P T H W9 Fu U b Akey value item ;@ P
Noz F IT ava v ° ATy list P T Twy

A get P H b A w - key b TT v None

v T We a4 key b TT, W @ v A

1 mydict[ 6Kk key @ v’ key b Tt w

In keyin mydict key @ TT° H True b

False
del delmy di ct [ T key @ v

1.7 PythonT 1T



>>> phoneext={'david:1410brad"' :1137}
>>> phoneext

{brad"; 1137, 'david 1410}

>>> phoneext.keys()

dict_keys(['brad', 'davidT)

>>> |ist(phoneext.keys())

['brad', 'david’]

>>> phoneext.values()
dict_values([1137,1410])

>>> |ist(phoneext.values())

[1137, 1410]

>>> phoneext.items()
dict_items([(‘brad’, 1137), (‘david’, 1410)])
>>> |ist(phoneext.items())

[(brad', 1137), (‘david', 1410)]

>>> phoneext.get("kent")

>>> phoneext.get("kent","NO ENTRY" )

'NO ENTRY"
>>>
P a
keys adict.keys() Y ! adict T (key)
values adict.values() Y ! adict T v (value)
items adict.items() Y ! adict T v 7l @
"H H
get adict.get(key) key v© key b i None
get adict.get(key,alt) key v’ key b alt
1.8 PythonT P
1.72 b %
6 - o b e A
W @ buw L A Python L
i1 2 Ty _ @ A Python w1 Waef - - -

Y y Y . (
YA @ P input A

el pl e armpa your dat gl



Python T I
U} Y

E= I ]

Ty W i @ y Y (prompt),

H [ = H VI W aName @i TAa input”
1 OF ~ D~ ~ O ~“vyB W
bAo I H > T W i TR PR S
v v - F 3 A
aName = input("Please enter your name ")
print("Your name in all capitals is",aName.upper(),
"and has length", len(aName))
n 1.6 input ® ° W@ y (intro_ 1.6)
input # [ o v Wa vy Al 2 [~
- %o N B @ y . 4ws W N
A n T2 T, ~ vV ¥R T - Y W
A
sradius = input("Please enter the radius of the circle ")
radius = float(sradius)
diameter = 2 * radius
1.7.2.1 v _ ¥
B 3, 3 print # W B  Python T * Ty
0 O0a @ O [ buN AH ::" n"y sep O
k Ne A , W E3 Y (>>» ~aq enda "y 1 W A



>>> print("Hello"
Hello

>>> print("Hello"
Hello World

>>> print("Hello"
Hello***World
>>> print("Hello"

Hello World***

,"World™)

,"WOI’|d", sep:n***u)

"World", end="++*")

>>>
T © Python t W 0 F, u
vy A y t3ula T T A wG | UB g i
.HA 0 @ 5 !
print (aName,"is", age, "years old.")
i Tisk T years oldL,p T T name age w % i T Az
v, ' 2 Q
print("%s is %d years old." % (aName, age))
@ Y o» v W y A% y - W b A
@ T % v' 1 Ve TT R v
v A” T 1 @ vT \uB W i v | B
T ¢ [T w o1 a0\ B B A
N HYv A vy W@ @ i
n UB A% - Vv i H[ v @B A
@® T %s v "~ i v’ %d =3 At 7 ’
i, ufe.g.c W 1.9 LY b A
¥
d,i
u ~
f “  m.ddddd
e N m.ddddde+kx
E “ m.dddddE+xx
g -4 5 a e ta %f
c 3




S Y str() Y

% “Wae %
1.9 Y
B H 237 Y % H - k A W
a i ; A k 3"
A 110 F=x k a A
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>>> price = 24

>>> jtem = "banana"

>>> print("The %s costs%d cents"%(item,price))

The banana costs 24 cents

>>> print("The %+10s costs%5.2f cents"%(item,price))
The banana costs 24.00 cents

>>> print("The %+10s costs%10.2f cents"%(item,price))
The banana costs 24.00 cents

>>> jtemdict = {"item":"banana”, "cost":24}

>>> print("The %(item)s costs %(cost)7.1tents"%itemdict)
The banana costs 24.0 cents

>>>
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>>> counter = 1
>>> while counter <= 5:
print("Hello, world")

counter = counter + 1

Hello, world
Hello, world
Hello, world
Hello, world
Hello, world
¥ Hello world 5 A ) Wwo 0 y
ho A e L o7y Python T  while A
while 2 Wa IR B b Ta [A
'R Ve p"y L 19 Ao
while counter <= 10 and not done:
8 T 2 hyrv D W v AT counter v
G 6 10 f i dong ) False(not False True)” + = A
\ "N As Wa 19 for =2~

Y Python
a Az @ Va | “for 2Ty A "H Ao



>>> for item in [1,3,6,2,5]:

print(item)

>

itemw Ne | T ev[1,3625 A 9 hy G Ky (v a

for 2 b nv o

>>> for item in range(5):

print(item**2)

16

>>>

PR Fw 5 AP w WL 0 1(0,1,234,) ° av

)
w
<1
g

=<
>

g <

)
>

=<
e

wordlist = ['cat’,'dog', rabbit"]
letterlist = [ ]
for aword in wordlist:
for aletter in aword:
letterlist.append(aletter)

print(letterlist)
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> "H ¥ v b b A
if else if A4 e 1 H'H

a if-else =2 o

if n<0:

print("Sorry, value is negative")

else

print(mathsqrt(n))

@e® T  n 6 ¢ A - W -
0 else 2~

>

€l

“bky L v o
X score Wi
if score>= 90:
print('A")
else
if score>=80:
print(B")
else
if score>= 70:
print('C’)
else
if score>= 60:
print(D")
else

print('F)

@
(else)” VW a
@ o A

¥ G 90 ¥ AA

U] A Ne G ¢ 80 +J 80 89H °
F BA 17 y [ Python "6 if else H
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if score>= 90:
print(A")

elif score>=80:
print(B")

elif score>= 70:
print('C

elif score>= 60:
print(D")

else

print('F’

Python T3 Wea Y Tif 2 Aif 2 T pu b A
PpuX | 2 Aol A

ve k v A v AW
if n<0:

n = abs(n)

print(mathsqrt(n))

! 3 R VY p Ak  Activecode 8 1 a Vo7

LT W 0 a 0 = 1 A uol Al
Y #& - G p | Ao ~ 1 e ¢ 10 n
LT T ya  for 2
>>> gqlist=[]

>>> forx in range(1,11):
sqlist.append(x*x)

>>> sqlist

[1, 4,9, 16, 25, 36, 49, 64, 81, 100]

>>>



a ! 1Ty

>>> sqlist=[x*x for x in range(1,11)]
>>> sqlist
[1, 4,9, 16, 25, 36, 49, 64, 81, 100]

>>>

for 7.1 x0c 1 [ 10(b° 10)
I TAL T3 " va 2 7y Bz

v
TAo
>>> sqlist[x* x for x in range(1,11) if xX%2 != 0]
>>> sqlist
[1, 9, 25, 49, 81]

>>>

>>>[ch.upper() for ch ircomprehension' if ch not in ‘aeiou’]

[C, '™, P, 'R 'H, 'N', 'S, 'N

>>>
No
A Activecode8 Al As -
# the answer is: ['c¢c', 'a'
1.7.4
Q v wF H A W TN
VW@ Ao -~ for = T Q” ‘

>>> for i in range(10)

SyntaxError: invalid syntax (<pyshell#61>, line 1)
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W (exception3d A
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won - ~ N Python # T
v vV G ¢ 0~ Hi A "W
ValueError A

>>> anumber = int(input("Please enter an integer "))
Please enter an intege3
>>> print(math.sqgrt(anumber))
Traceback (most recent cédbt):
File "<pyshell#102>", line 1, in <module>
print(math.sqgrt(anumber))

ValueError: math domain error

>>>
Ty € try T print @ A
w4 W Ao
>>>1ry:
print(math.sgrt(anumber))
except:

print("Bad Value for square root")
print("Using absolute value instead")
print(math.sqrt(abs(anumber)))

Bad Value for square root

Using absolute value instead

4.79583152331

>>>

ty =20 Y6 g - W H
v vAy G 1 W @ A
Mive 2 A

> >
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3 # W e RuntimeError
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>>> jf anumber < 0:
raise RuntimeError("You can't use a negative number")
... else

print(math.sqrt(anumber))

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
RuntimeError: You can't use a negative number

>>>

>

Ry RuntimeError , (R
¥ - Python & YA

t o Python® T ey e A W "0
WeP K v AveP H W @

Y Ve vAo " I HWae v 12 A

>>> def square(n):

... return n**2

>>> square(3)

9

>>> square(square(3))
81

>>>

>

£ H 14 square a LA yEP T n

a - square® 7 " We *47 A h, n
evA u"y Python T square ® A square P

a v st o T 1 3 a vD =P A square ®

ooy a I L 1 2 A
G v A newguess=1/2 * oldguess+ N/ oldguess™ 0 Wa v n
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def squareroot(n):
root = n/2 #initial guess will be 1/2 of n
for k in range(20):
root = (1/2)*(root + (n / root))
return root
>>>squareroot(9)
3.0
>>>squareroot(4563)
67.549981495186216
>>>
29
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H” ~ A W T Ua YT
3 ' [ W@ TA v 1 W
ooy A A
1.7.6.1. » ' FRACTION
W @ D Waa H W @ Fraction
A Python ¢ tona A R~ T s Wel 3L
fraction W " A
W @ fraction 3/ 5 H NeA': Y wNe T Ty Ky Al Ny
uNe "y kv 60O - fraction Ne ~ A 1T Y - Wa
3 Ky fraction = P 7 I Ne e ® vA
Fration a_ Fraction b EKv 1T ve T
v i @8 A 13 fraction g % I Ne L o 3/ 5A -
fraction Y - b - 1 Y
¥ A
Python T~ 1 LW a W @ " 3 6P H " HWa
Ae a@v
class Fraction:
#the methods gbere
W 1ty A ¢ W L P A P T
H - A - W e Fraction 1 L K " Ne Ne A
Python T~ P b _init_ " Hae 7% int w1l # ~° 97 18
A
class Fraction:
def __init_ (self,top,bottom):
self.num = top
self.den = bottom
0 1.8(intro_1.8)
- a L 22~ selftop,bottom ~ Aself Wa a -~ Ty
u G A W @ a il b FUa a
vA Fraction H “Ne  Ne A P self.num y
Fraction Weap W nunb A selffden = 4 Ne A
He a v A Ne T a fraction v A
W - Wa Fraction SIS st A v a D v
RO b w s’ __init_ "~ Ao

myfraction = Fraction(3,5)



- Wa *  w myfraction 5 Ne 3 5 gNew>~ A 1.5 3@

A
Methods
myfraction
1.5 Wae Ne D
A Bie H wA QO 1 N Ne )
HA

>>> myf = Fraction(3,5)
>>> print(myf)

<__main__.Fraction instance at 0x409blacc>

fraction T myf b v WA A HAw VY G
v Y © FAmyf © (A U " “A b 1
A
oH Y _ @ AW a HWa W show "H Fraction
buWe y FA 17y @ 9 19 A nH k- Fraction
Ty show R - < Ab - b
Wb Aw=g A b” Fraction v W @ v A
N w K F A

def show(self):
print(self.num,"/",self.den)

>>>myf = Fraction(3,5)

>>> myf.show()

3/5

>>> print(myf)

< __main__.Fraction instance at 0x40bce9ac>

>>>
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1.9(intro_1.9)

%0 T PbW

a self Af
yH bu

W @ Fraction Y Y

def _str_ (self):
returnstr(self.num)+"/"+str(self.den)
>>> myf = Fraction(3,5)

>>> print(myf)

3/5

>>> print("l ate”, myf, "of the pizza")
| ate 3/5 of the pizza

>>>myf. str ()

'3/5'

>>> str(myf)

'3/5'

>>>
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T Ywo Fraction
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>>> f1 = Fraction(1,4)

>>> f2 = Fraction(1,2)

>>> f1+f2

Traceback (most recent call last):

File "<pyshell#173>", line 1, irtoplevelfl+

f2

TypeError: unsupportedperand type(s) for +:

'instance' and 'instance’

>>>
AN Tav | [+ A

ooy L Fraction Q _ @ A PythonT~
add ~ Head A W self” @ TR s e Ao
fl. _add_ (f2)

Fraction f1 f2v [ | A T yQu % ° Y fl o+ f2A

H Ne Ne v A i Gr it Ne i a HNe
EO buwe" Ne “ a/ b+c/ d=ad/ bd+cb bd= ad+cb” / bd 9
1.11 A S W@ Ne Ne  Ne A 17y QWe %o
a T Ne w v S A

def _add__(self,otherfraction):

newnum = self.num*otherfraction.derself.den*otherfraction.num
newden = self.den * otherfraction.den

return Fraction(newnum,newden)

>>> fl=Fraction(1,4)

>>> f2=Fraction(1,2)

>>> f3=f1+f2

>>> print(f3)

6/8

>>>

0 1.11(intro_1.11)
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TRY Ne - G Ne Y
def gcd(m,n):
while m%n != 0:
oldm=m
34
oldn=n
m = oldn
n = oldm%oldn
return n
print gcd(20,10)
P Ne Au=zag Ne w Ne
A G 6/8 @Ne ~ E 2A 1 Ne
L™ 314 @ 6 "~ A

def _add__(self,otherfraction):

A 6/8 p b
1 Ve P #
77 Y Ne Ne Y
| 8 i AT A
n ym by n
o A FWaey 9
7 G Ne A
A
D Ne a Ne Y
s y 2 [vWal

newnum = self.num*otherfraction.den + self.den*otherfraction.num

newden = self.den * otherfraction.den

common = gcd(hewnum,newden)

return Fraction(newnum//common,newden//common)

>>>fl=Fraction(1,4)
>>> f2=Fraction(1,2)
>>> f3=f1+f2

>>> print(f3)

3/4

>>>

0 1.12(intro_1.12)
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Shallow Equality
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Deep Equality
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A _eq_ 3 W T %0 A _eq_ H @ N
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Ne T° 1 PW H @ Ne W e P T Ne ~ N
eq. - 9 113 A ¥ v it i Ty A -
le “"Yo I 6 GLA

def __eq_ (self, other):
firstnum = self.num * other.den
secondnum = other.num * self.den

return firstnum == secondnum

0 1.13(intro_1.1 3)

[ v Ne o 27 LA vl i b
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Python
Collections

Sequential MNon-Sequential
Collections Collections

| list I ‘ string ' I tuple l I dictionary |
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H @ 0O H ¥ O0A (OR gate) 3 He - ° Y o We 1 H @
I H ¥1]A7 Hae ~ 0] 0A (NOTgate)bi Hae b
We ~ ~ EFvi b v 1A S0
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- 1.117 A v LogicGate™ 9 A
W@ e F A nw # New H @ Ve ~ H @
~ AP W We w A
Logic Gate
Binary Unary
Gate Gate
1.11
U O & LogicGate ¥ Ak W W @
G # i F A a Wa A
@ s W Y Fv z A E ~
Au = F- ey W . HA W
Anq  1.14 1 VW@ A
class LogicGate:
def __init__ (self,n):
self.label = n
self.output = None
def getLabel(self):
return self.label
def getOutput(self):
self.output = self.performGateLogic()
return self.output
0  1.14 (intro_1.14)
N " bw performGatelLogic & ~ U b @ W
bA W’ e v~ | T W e
A 1 QWea = b n Ad self @ W@
Akv v~ 7 performGateLogic® ~ Bw R a
AW - Ty o Fv A Ty Fy a
LT row z P# n A
" e ¥ Ne At yiI H F tw
¥ A BinaryGate LogicGate W @ Y FWw wH ¥ A UnaryGate3
P 7 We ¥ A T 3 w I L~

LogicGate



Y T3wa W A
class BinaryGate(LogicGate):

def __init__(self,n):
LogicGate. _init_ (self,n)
self.pinA = None
self.pinB = None

def getPinA(self):
return int(input("Enter Pin A input fagate "+ self.getLabel()+->"))

def getPinB(self):

return int(input("Enter Pin B input for gate "+ self.getLabel@*"))

0 1.15(intro_ 1.15)
class UnaryGate(LogicGate):
def __init_ (self,n):
LogicGate. _init_ (self,n)
self.pin = None
def getPin(self):

return int(input("Enter Pin input for gate "+ self.getLabel*"))

0 1.16(intro_ 1.16)

n 1.15 7 1.16 v He A cWe Ga 1
_init__ A < W e BinaryGate D R 1 & A
( LogicGate A 7 A An ¥ H ~
pinA  pinB~ A Wa 1 a A
P [ M Ne 2 A
Python Wa P W super Wa Y n P A W @
W L~ 3 a = 0 W @ b Wa Ap "1'b %o @e: T
A I o T LogicGate. _init_ (selfn) "~y W
super(UnaryGate,self). _init_(n) A
BinaryGate W ov Weae L H - [ \ zA & Y
U B ) Ve - LA 30 UnaryGate
T 7 b W T W ~ A
o uWew 6 " o Ty i
W A © 6b H ~ 7 AndGate ~ Y b v BinaryGate W @ A
[ Wl " BinaryGate™ , L

LogicGate™ A 4 AndGate VH W ¥ W e Y
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class AndGate(BinaryGate):
def __init__ (self,n):
BinaryGate. _init__ (self,n)
def performGateLogic(self):
a = self.getPinA()
b = self.getPinB()

if a==1 and b==1:

return 1
else:
return O
0 1.1%intro_ 1.17)
AndGate v WK W wil H|F A n"
Y t performGatelLogic A cheb ~ @ [He " v~
Hav 1 R 1A 1.17 Ly W @ Au = F Andzate
Ty e D~ D FAY | e w gl AndGate
- gl Wep I GL A 1 getOutput - Ow
performGateLogic H AW v L F oy F A
>>> gl = AndGate("G1")
>>> g1.getOutput(
Enter Pin A input for gate G1-->1
Enter Pin B input for gate G1-->0
0
0| 1.18(intro_ 1.18)
37 vy G AOrGate 3~ y BinaryGate W@ * NotGate
"HUnaryGate A Ha Lo performGateLogic® ~ 1

u A
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>>> g2 = OrGate("G2")
>>> g2.getOutput()
Enter Pin A input for gate G2>1
Enter Pin B input for gate G21
1
>>> g2.getOutput()
Enter Pin A input for gate G20
Enter Pin B input for gate G20
0
>>> g3 = NotGa("G3")
>>> g3.getOutput()
Enter Pin input for gate G3>0
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W @ togate T b A
class Connector:
def _init_ (self, fgate, tgate):
self.fromgate = fgate
self.togate = tgate
tgate.setNextPin(self)
def getFrom(self):
return self.fromgate
def getTo(self):

return self.togate

0 1.19(intro_ 1.19)

BanryGate T~ H o 7 W A H
o pinAA pinA i v 1B pinBA
v W ~ A

def setNextPin(self,source):
if self.pinA == None:

self.pinA = source

else:
if self.pinB == None:
self.pinB = source
else:
raise RuntimeError("Error: NO EMPTY PINS")
0 1.20(intro_ 1.20)
1T YL Ha [~ W [ 0
@ FvT OA getPinA  getPinB 3 8
- Kv " Noné~ BbL/A W - ’ "
¢ fromgate Fvi3vw A B a

[ v i w vV o Fviowu T T
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def getPinA(self):
if self.pinA == None:
return input("Enter Pin A input for gate " + self.getName{*")
else:

return sé.pinA.getFrom().getOutput()

0 1.21(intro_ 1.21)
19 Ut '

>>> gl = AndGate("G1")

>>> g2 = AndGate("G2")

>>> g3 = OrGate("G3")

>>> g4 = NotGate("G4")

>>> ¢1 = Connector(gl1,g3)

>>> ¢2 = Connector(g2,g3)

>>> ¢3 €£onnector(g3,94)

0 1.22(intro_ 1.22)

Heb ~ gl g7 ¥ b g3 ) g3

A N Fv @ Fv Ap
>>> g4.getOutput()

Pin A input for gate G>0

Pin B input for gate Gt>1

Pin A input for gate G2>1

Pin B input for gate G2>1

0

0 1.23(intro_ 1.23)
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class LogicGate:

def __init__(self,n):
self.name = n
self.output = None

def getName(self):
return self.name

def getOutput(self):
self.output = self.performGateLogic()
return self.output

class BinaryGate(LogicGate):

def __init__ (self,n):
LogicGate.__init__ (self,n)
self.pinA = None

self.pinB = None

def getPinA(self):
if self.pinA == None:
return int(input("Enter Pin A input for gate "+self.getName()+>"))
else:

return self.pinA.getFrom().getOutput()

def getPinB(self):
if self.pinB == None:
return int(input("Enter Pin B input for gte "+self.getName()+->"))
else:

return self.pinB.getFrom().getOutput()

0  1.24
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2.1.
¥, 4y No
¥ [ Ok
¥ 3 Python| [ T b " O
¥ 3, Python (. Ne
¥ 3 v v Python
22. H Ne
A b1, An 3~ [ =
3T B AW a 3 He b
T Wa vnes Wa
TV @ T 5 - 0 # A W

T 0 [ - Ne A W _Kuv D -

W@ - * Acts W T We

A W b °° A
w oW - 7l P A _vWae 1 -
Ene Ai T a vWwaeA w0 v i A _ nae
e v wvi A
def sum_of _n(n):
the_sum =0
for i in range(1,n+1):
the_sum =the _sum +i
return the_sum
print(sum_of_n(10))
n 21 ne ~ activel ~




¥ foo® A~ W

w bHkn 21T P A b
v~ YF v Ta 3 o
[ v % ‘ W @ wnes Wa,
" H sum of nf foo ® A :
oy H W "R Q

n 22: % [ne

def foo(tom):
fred=0
for bill in range(1,tom+1):
barney = bill
fred = fred + barney
return fred

print (foo(10))

import time
def sum_of _n_2(n):
start = time.time()
the_ sum =0
for i in range(1,n+1):
the_sum =the _sum +i
end =time.time()

return the_sum, end start = the_sum + i

Ne h C 0

HaP 3t 1 VW

~ activeZ
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A %oNe A 1 ¥ A PythonT~
g bu % WaeP A time
= " K Yy wib L A H
v H oo Ty [~ " u Ne
@ 3 A sum_of nP [ "A eP
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[ 10000 ¢~ 1 "

>>>fori in range(5):

t NAyldoa{dzy A& 2R NBJ
Sum is 50005000 required 0.0018950 seconds
Sum is 50005000 required 0.0018620 seconds
Sum is 50005000 required 0.0019171 seconds
Sum is 50005000 require@0019162 seconds
Sum is 50005000 required 0.0019360 seconds

>>>

>

=

A

Was

QX

(=}

W

Y

(0p)

O
N

time

QP



>>>for i in range(5):
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t NAyGdoa{dzy A& 2R NXI dzA NB
Sum is 500000500000 required 0.1948988 seconds
Sum is 500000500000 required 0.1850290 seconds
Sum is 5000005000Q@quired 0.1809771 seconds
Sum is 500000500000 required 0.1729250 seconds

Sum is 500000500000 required 0.1646299 seconds

>>>
10 @ W v 0 0.0019 A H o |
100,000¢ Y
i v “p W wH [ 1000 W v |
1,000,000 " [ '
T P uwH | 100A
! v W _ b A @P ~ sum of n3z#
W @ B 0 — | v [ n A

def sum_of_n_3(n):

return (n * (n +1)) / 2

n 23 q



I sum_of_n_3A % ~ n 5ab v 10000,100000,1000000,10000
000 100000000 ~ 1 | n:

Sum is 50005000 required 0.00000095 seconds

Sum is 5000050000 required 0.00000191 seconds
Sum is 500000500000 required 0.00000095cs®ts

Sum is 50000005000000 required 0.00000095 seconds

Sum is 5000000050000000 required 0.00000119 seconds
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quadratic

logarithmic

Pewer ~ X |
p oy 0
a=5
b=6
c=10

for i in range(n):

for j in range(n):

X=i*i
y=j*]
Z=i*j

for k inrange(n):
w=a*k+45
v=b*b
d=33
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def anagram_solution1(s1,s2):

a_list = list(s2)

posl =0
still_ok = True

while posl <len(sl) andtill_ok:
pos2 =0
found = False
while pos2 <len(a_list) and not found:
if sl[posl] == a_list[pos2]:
found = true
else:
pos2 = pos2 + 1
If found:
a_list[pos2] = None
else:
still_ok = false

posl =posl + 1

return still_ok
LINARY GO ylFaNF Ypazt dziA2ymo W 6 ORQZQRO6 QO
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Def anagram_solution2(s1,s2):
A_listl=list(s1)
A_list2=list(s2)

A_listl.sort()
A_list2.sort()

Pos=0

Matches=True

While pos < len(s1) and matches:

If a_listl[pos] == a_list2[pos]:
Pos=pos + 1
Else:

Matches=False

Return matches
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Def anagram_solution4(s1,s2):
Cl1=1[0]*26
C2=1[0]*26

For i in range(len(sl)):
Pos = ord(s1[i}2 NRo WI Q0
Cl[pos] = cl[pos] + 1

For i in range(len(s2)):
Pos = ord(s2[i}2 NRO WI QO
C2[pos] = c2[pos] + 1

J=0
Still_ok = True
Wile j <26 and still_ok:

If c1[j] == c2[j]:
J=j+1

Else:
Still_ok=False

Return still_ok
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test = @
for i im range(n):
for j im range(n):
test = test + 1 * j

for i in range(n):
test = test + 1

for j in range(n):
test = test - 1



2.3 PYTHON
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def testil():

1=11]
for i in range(1888):
1=14+[i]

def test2():
1=11]
for i in range(le08):
1.append(i)

def test3():
1 =1[1 for 1 in range(1088)]

def testd():
1 = list(range(1e88))



wau 0 R PythonT timeit A @ timeit
W e T a b b 3 L~ Python
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Wwa timeit & - Wae Timer @ a He Python = A Wa
a A Python = He A 2 A timeit

@ 2 W A bw © timeit W
“yBY T AP T 6
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2 W YR W v Y wiB Aa37 y timeitT :: Ve

s number & A Y Al 1 W@
1000 ~ Neo# A

m time

from timeit import Timer

£l Timer ("testl ()", "from __ main_ mport testl")

prinkt ("concat ", tl.timeit (number=1000}, "I "y

2 Timer ("test2(}", "from mair import test2")

print ("append ", tZ2.timeit {number=1000}, "milliseccnds")

T 2 P [ testT "~ testZ "~ A @
2 v R [MNe = ¢ "oy Ar~ from” import 2 M Ne
P @ =2 Python A ' ° from _main__ import testl
Q@ __main__ £ testl [ v timeit T
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z Ty b~ A i
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Wedbk ‘H - ) ty O n A b Python |
A Python T ! WBE - Wae'H " i We "H
We An" b “PooAan 22 wi W
b w O 1" A Python Y A
Operation Big-(» Efficiency
indexx[] 1)
index assignment 1)
append Ch1)
pop() (1)
popii) O(n)
insertii.item) O(n)
del operator O(n)
iteration O(n)
contains (in) O(n)
get slice [x:y] O k)
del slice O(n)
sel slice Oin+ k)
reverse O(n)
concatenate O k)
sort inlogn)
multiply Oink)
Table 2.2: Big-O Efficiency of Python List Operators
W oW b - "N timeit 2 Wa A
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pop_zerc = Timer{"x.popi(l)"™,

"from _ main  import x")
pop end = Timer{"x.pop(l™,
"from _ main __ import =")

¥ = list{range (2000000} )
pop_zerc.timeit (number=1000)
4.B8213560581207275

¥ = list{range (2000000} )
pop_ end.timeit (numbsr=1000)
0.0003216143035B8B6719

G @ ~ v A W from __main__importx 2 A
H HWeP ~ P 1 T vya ! XA 1Y e
pop b S ofa 1 [ e b % A w 1000 ~
Y ¥ T L R We AP G H @
H o~ 1000 b i = 0.05% i T s M A

W @ v pop OO b pog ~ b TP b pop O
w O n  pop w O 1" Aux @ o b
A

pop_zerc = Timer("x.pcp(0)", "from ___main__ import x")
pop end = Timer("x.pop()", "from __masin _ import x"}
priont ("pop (0) popl(l™)
foer 1 in range(1000000,100000001,1000000) :

¥ = list(range(i})

pt = pop_end.timeit (number=1000)

¥ = list(range(i})

pz = pop_zerc.btimeit (number=1000)
print {("%15.5f, %15H.5f" %({pz,pt))
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3.1 3

4 = ' stack | queua i | deque | list
4 Python | " stack/queue/deque '
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Base
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s.push(4)

[4]

s.push® R 3 Q MZQR23Q
s.peek() MZQR230Q WR230
spush(True) [NZQR2B QI ¢ NHzS
s.size() [MZQR2AQZ ¢ NHzS |3
s.is_empty) [NZQR2B QX ¢ NHzS | False
s.push(8.4) MZQR23Q> ¢ NYzS =
s.pop() MZQR2B Q= ¢ NHzS |84
s.pop() MZQR23Q True
s.size() MZQR23Q 2
3.1 | b
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Stack(> W@ b a - W @ A
Push(item) v [ A a item f v A
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g.isEmpty() 1 True
g.enqueue(4) (4]
f Sy lj dzSdzS6 WR2 ] WR23QXIn8
g.enqueue(True) ®¢ NHzSZ WR23IQ>n8
q.size() ©¢ NHzSZ WR23Q>n 8|3
q.isEmpty() ¢ NHzSZ WR23Q53n 8| False
g.enqueue(8.} Wy ®n X ¢ NUzS> WR2 3
g.dequeue() Wy ®n X ¢ NHzS> WR2 3 4
g.dequeue() [8.4,True] | R23Q
g.size() [8.4,True] 2
32 | b »p
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3 Queue b

class Queue:
def __init__(self):

self.items =[]

def isEmpty(self):

return self.items ==

def enqueue(self, item):

self.items.insert(0,item)

def dequeue(self):

return self.items.pop()

def size(self):

return len(self.items)

q=Queue()

g.enqueue(4)
g.enqueue('dog')
g.enqueue(True)

print(qg.size())

17T



>>> q.size()

3

>>> (.iIsEmpty()
False

>>> (.enqueue(8.4)
>>> g.dequeue()

4

>>> g.dequeue()
‘dog’

>>> q.size()

2

a = Queue()
g.enqueue(‘hello’)
g.enqueue('dog’)
g.enqueue(3)
g.dequeue()
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from pythonds.basic.queue import Queue

def hotPotato(namelist, num):
simqueue = Queue()
for name in namelist:

simqueue.enqueue(name)
while simqueue.size() > 1:
for i in range(num):
simqueue.enqueue(simqueue.dequeue())
simqueue.dequeue()

return simgqueue.dequeue()

print(hotPotato(["Bill","David","Susan","Jane","Kent","Brad"],7))
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classPrinter:
def __init_ (self, ppm):
self.pagerate = ppm
self.currentTask = None

self.timeRemaining = 0

def tick(self):
if self.currentTask != None:
self.timeRemaining = self.timeRemainindl
if self.timeRemaining <= 0:

self.currentTask = None

def busy(self):
if self.currentTask != None:
return True
else:

return False

def startNext(self,newtask):
self.currentTask = newtask

self.timeRemaining = newtask.getPages() * 60/self.pagerate

n 2
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n 3
import random

class Task:
def __init__ (self,time):
self.timestamp = time

self.pages = random.randrange(1,21)

def getStamp(self):

return self.timestamp

def getPages(self):

return self.pages

def waitTime(self, currenttime):

return currenttime - self.timestamp

h® simulatonf 4y y 3t A printQueue 'l !
e A ns' r newPrintTask_ Nk FA NP
W random T randrangeP [We 1[ 180H (32 Y
@ Ho A P 17 Yw A y B 4 A

>>>import random

>>> random.randrange(1,21)
18

>>> random.randrange(1,21)
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from pythonds.basic.queue import Queue
import random

def simulation(numSeconds, pagesPerMinute):

labprinter = Printer(pagesPerMinute)
printQueue = Queue()

waitingtimes = []

for currentSecond in range(numSeconds):
if newPrintTask():
task = Task(currentSecond)
printQueue.enqueue(task)
if (not labprinter.busy()) and (not printQueue.isEmpty()):
nexttask = printQueue.dequeue()
waitingtimes.append(nexttask.waitTime(currentSecond))

labprinter.startNext(nexttask)

labprinter.tick()

>
>



1 Wa 60Ne (3600

p>)

>>>for i in range(10):

simulation(3600,5)

Average Wait 165.38 secs 2 tasks remaining.
Average Wait 95.07 secs 1 tasks remaining.
Average Wait
Average Wait
Average Wait
Average Wait 239.61 secs 5 tasks remaining.
Average Wait
Average Wait
Average Wait

Average Wait 376.05 secs 1 tasks remaining

10 H oy |
s 17.27 |
n VA
] y [ Ne 10 ~
W T K F A

65.05 secs 2 tasks remaining.
99.74 secs 1 tasks remaining.

17.27 secs 0 tasks remaining.

75.11 secs 1 tasks remaining.
48.33 secs 0 tasks remaining.

39.31 secs 3 tasks remaining.

) Ne 2| A FT 1
Y W b A
122155 A 1 Ty [
23961 A Ty | " Tr H
P v A =3 < oo



>>>for i in range(10):

simulation(3600,10)

Average Wait  1.29 secs 0 tasks remaining.
Average Wait  7.08ecs 0 tasks remaining.

Average Wait 28.96 secs 1 tasks remaining.
Average Wait 13.55 secs 0 tasks remaining.
Average Wait 12.67 secs 0 tasks remaining.
Average Wait  6.46 secs 0 tasks remaining.
Average Wait 22.33 secs 0 tasks remaining.
Average Wait 12.39 secs 0 tasks remaining.

Average Wait  7.27 secs 0 tasks remaining.

Average Wait 18.17 secs 0 tasks remaining.



from pythonds.basic.queue import Queue
import random
class Printer:
def __init_ (self, ppm):
self.pagerate = ppm
self.currentTask = None
self.timeRemaining = 0
def tick(self):
if self.currentTask != None:
self.timeRemaining = self.timeRemainindl
if self.timeRemaining <= 0:
self.currentTask = None
def busy(self):
if self.currentTask != None:
return True
else:
return False
def startNext(self,newtask):
self.currentTask = newtask
self.timeRemaining = newtask.getPages() * 60/self.pagerate
classTask:
def __init_ (self,time):

self.timestamp = time



self.pages = random.randrange(1,21)
def getStamp(self):

return self.timestamp

def getPages(self):

return self.pages

def waitTime(self, currattime):

return currenttime - self.timestamp

def simulation(humSeconds, pagesPerMinute):

labprinter = Printer(pagesPerMinute)
printQueue = Queue()

waitingtimes =[]
for currentSecond in range(numSeconds):

if newPrintTask():
task = Task(currentSecond)

printQueue.enqueue(task)

if (not labprinter.busy()) and (not printQueue.isEmpty()):
nexttask = printQueue.dequeue()
waitingtimes.append( nexttask.waitTime(currentgond))

labprinter.startNext(nexttask)

labprinter.tick()

averageWait=sum(waitingtimes)/len(waitingtimes)

print("Average Wait %6.2f secs %3d tasks remaining d¥&rageWait,printQueue.size()))



def newPrintTask():
num = randm.randrange(1,181)
if num == 180:
return True
else:

return False

for i in range(10):
simulation(3600,5)
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3.5% l

35.1.. H i !
¥ {" deque doubleendedqueugé bt | 3 3 W | "H . AT R
w " front” “rea " H [ H K[| Bei LTAL 1 b T i
I H v - Lb HH ~ "H " Y H 3" ycH - ATy -~
i l LN w A 37 Wa Python
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H & OFé & OFé ~ a =~ - b A
smupe B BE  HomE
l\“ r | ____..-""F.

E— Moy 4 et @ T W

" il B s

AR #E RN R
3.7Wa Python i !
3.5.2.

Deque i | (Deque) Y MW’ b A | i !
W "H “H T oy “a- AW i I W bA
¥ Deque() = We | vCooa v v 4 Deque A
¥ addFront(item) "We'H T a wu ~H T v A
¥ addRear(item) "We'H T a wu B v
¥ removeFront() We'H ™~ a ° vu "H AT Ly i A
¥ removeRear() WeH ™ 4 ° vu "H AY L it A
¥ iSEmpty() o | ! w oTooa v A
¥ size() i LT @ - a0 ° VY v A
V evo AX d - Wa Y| Fau i W 1 b A

"H T v A 6f I H ot a- o 4
y- vy 47 a A
f Ib f ) v
d=Deque() 1 Deque
d.isEmpty() 0 True
d.addRear(4) [4]

Rl RRwSIFNYWYWR2I|{wWR23IQIn 8

R®I RRCNRY (6 WOl |oWR23QZnX WOI i




d.addFront(True) OWR23IQxnz WOI &
d.size() OWYR23IQZn> YOI ({4
d.isEmpty() OWYR23IQ>n> WOI (| False
d.addRear(8.4) Oy dn>XWYR23IQInz
d.removeRear() OWYR23Q>n> WOl ({84
d.removeFront() OWR23IQ>nz WOI G/ True
3.31 I b
3.5.3 PYTHONT i { DEQUE
'E v K[ T A W W @ Dequéd P
W TR PythonT LW Deque 1
Dequé 7  1)X ! oB A
class Deque:
def _init_ (self):
self.items =]
def isEmpty(self):
return self.items ==
def addFront(self, item):
self.items.append(item)
def addRear(self, item):
self.items.insert(0,item)
def removeFront(self):
return self.items.pop()
def removeRear(self):
return self.items.pop(0)
def size(self):
return len(self.items)
0 3
removeqont T 1 pop - 1 T Wa"'H A removeRearT I
pop(0) - + T Wa'H A o addRearT insert 12~
append 7 ! v "H A
q 2 b 1T Deque W 1 DbA




class Deque:
def __init__(self):
self.items = ]
def isEmpty(self):
return self.items ==
def addFront(self, item):
self.items.append(item)
def addRear(self, item):
self.items.insert(0,item)
def removeFront(self):
return self.items.pop()

defremoveRear(self):

return self.items.pop(0)
def size(self):

return len(self.items)
d=Deque()
print(d.isEmpty())
d.addRear(4)
d.addRear('dog’)
d.addFront(‘cat’)
d.addFront(True)
print(d.size())
print(d.isEmpty())
d.addRear(8.4)
print(d.removeRear())

print(d.removeFront())

n 3. Deque 0
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Add "radar” to the rear

rear front
add to rear
—
k’ r a d a r
—————————————————
items
rear front

remove from rear items remove from front
381 !
o O0FH ooy ouTy 1 v
i ! A | 0 | - v H
*  Hr YhWe - b_e y E Ab T @
W e A o P P palcheckér 3 TA

from pythonds.basic.deque import Deque
def palchecker(aString):
chardeque = Deque()
for ch in aString:
chardeque.addRear(ch)
stillEqual = True
while chardeque.size() > 1 and stillEqual:
first = chardeque.removeFront()
last = chardeque.removeRear()
if first I= last:
stillEqual = False
return stillEqual

print(palchecker("Isdkjfskf"))

print(palchecker("radar"))

o P (palchecker)
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3.6.1. | UNORDEREDLIST
- l Wae Yae'H LT @ H Web
i "H BOAW T l A
*list) « W . A b a - e | A
*add(item) 2 VAX "Hb 1« TA
*remove(item)t ¢« T- "H A Wed -~ wk 1+ A X 'H
I TA
*search(item) . T H A Waeda - W v A
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X b I TA
*index(item) "H L T B A Wea B v A
X H 4 I TA
*insert(pos,item) B vyWae 'H A Hed v A
X H 1 T b R ) a L A
*pop() € ! Wa H A b a - WaeH AX
l Wae'H A
*pop(pos) B L 'H A WebB & -

WeH AX H 1 TA



T Lo W @ A Wi G"H B A
o a P B T H Ao ~ 39T LA
v A "y @ G W H ~ 1NWe B
310 ° H @ Y Yoo [ Ve [ AW e A
17
31
20
54
Ti
93
39bi i
17
31 (End)
26
Head
o4
ir
a3
3.10 g, B
R W B FAD 1 W . H W
Y TR . HY At W W A v
W 1 N a A
3.6.2.1. NODE
A @ H H A &
"H A W r ML~ datafield A ~ @ G [hWw
An 1 3, Python A W ¢ o ¢ 31T A FoOo
Y 3.12 0 Ve A k '



class Node:

def _init_ (selfinitdata):
self.data = initdata
self.next = None

def getData(self):
return self.data

def getNext(self):
return self.next

def setData(self,newdata):
self.data = newdata

def setNext(self,newnext):

self.next = newnext

0 3
ny Y A
>>> temp = Node(93)
>>> temp.getData()
93
n 3
Python v None H TO b A None
Ve A T Ve v W A v NoneA w

I L~ grounding ~ I T a %o r L Wav 4 None
A None bua A NW e W @ h A
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3.6.2.2. ' ! UNORDERED LIST
nHE [ ! W @ T Ve
A 1 W @ B~ W H e'H "y
[ A0 e Ay @ * UnorderedList G Ve W
" A @ UnorderedList G W@ A
class UnorderedList:
def _init_ (self):
self.head = None
n 3
>>> mylist = UnorderedList()
A 1 Wa ! AT Kv 'H A 313 7y
A | H [ - T T None w P
Kv kK A 314 " x| ¥ o W @ Al
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Ty b’ Ky Al 9mH R U
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3.14 Ve
is_empty o w o7 ! NoneA i
- T “ self.head==None 7 TrueA w w o
Y bs WeG ¥ A e 4 None
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def isEmpty(self):

return self.head == None

3.
H” n" v "H ~ . 'l v~ add
1 "H W NeA w
cit'™H 1.8 b A "H Ty K v
i B A
[ 7M1 tuWe o T 4y )
v N e [ A v
A 2 - " Huwl W a -
W @ - oy A
6T l ] @ A
>>> mylist.add(31)
>>> mylist.add(77)
>>> mylist.add(17)
>>> mylist.add(93)
>>> mylist.add(26)
>>> mylist.add(54)
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def add(self,item):
temp = Node(item)
temp.setNext(self.head)

self.head = temp
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def size(self):
current = self.head
count=0
while current != None:
count = count + 1

current = current.getNext()

return count




traversal -

current currant cu

5

‘rent curreant currant curreant current

T —
filf = = ===
il - - - = = = =

: :
I I
: :
L X

head 54 26 9: 17 | 4— 77 | ‘,

Lad
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1

W@ T e v W [ AA | W@ T
Nwoeo 1 H A @® T~ 1
A el AR :T 1 b [ - 1 H
I T b A - " [ eH " H VA
0 6 ey (search W A size W O A A2
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@ A 5 T P 2 o curenty T A Y found
w  (TrueA

def search(self,item):
current = self.head
found = False
while current = None and not found:
if current.getData() == item:
found = True
else:
current = current.getNext()

return found

0| 3
Y (search) Gma g A
>>> mylist.search(17)
True
617 + T~ A 7 [ @ 17 A 1 found w w
(Truey ) Trug = A @ 3.187
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current i AL oW ol A N I previous
current |- @ A previous Av 4 Noné H |F ) 319 A
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wi (TrueA 1 [ "H - previous current " We A -
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current - A 320 = previous current ! " 17
- A

def remove(self,item):
current = self.head
previous = None
found = False
while not found:

if current.getData() == item:



<

found = True
else:
previous = current

current = current.getNext()

if previous == None:
self.head = current.getNext()
else:

previous.setNext(current.getNext())

1 3
previous —P||l
current
head 54 26 a3 17 77 | = 31 | ""Il'
3.19° H previous current Av
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Step

Pl’e‘.’iDLlS currant

1 head —#{54 | 26 | 93 17 [ 77 [ w—bh'
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2 head —{ 54 26 | 93 | 17 77 31 I
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3.6.3

]

17 26 31 54 77 93l

93

]

OrderedList()

add(item):

]

remove(item): ]

search(item)

isEmpty()
size()
index(item)
pop()

J

pop(pos)

pos 1

17
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(54 17 26 31 77 93)
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OrderedList , 1 None

] 8
class OrderedList:
def __init__(self):
self.head = None
8
' JSEmpty  size
] remove ,
1 search add 1
None |
1
, 3.24 45 17
17 ] 26
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] False
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Python list Python list
1 Python
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Stack LIFO
Stack push pop isEmpty
Queue FIFO
Queue enqueue,dequeue iSEmpty
]
Stacks l
Stacks )
Queue ]
Deque ]
Deque addFront, addRear, removeFront, removeRear iSEmpty
List ]
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3.9.

a) 17

b) 45

c) 96

2

a) (A+B)*(C+D)*(E+F)
b) A+((B+C)*(D+E))
C) A*B*C*D+E+F

3

4

]
a)23*4+
b)12+3+4+5+
c)12345*+*+

6 Queue

7 add

8 remove

9 remove



5 Queue list Queue list ]

6 Queue 1
7 enqueue dequeue o)
enqueue dequeue O 1 dequeue O n
8. ]
a
b
C J
d
]
9
]
10 ] 10
1 Queue
) ]
1 534
4 667 71
0 9 ]
] ]
11 HTML | HTML
opening tag <tag> closing tag </tag>
web ] HTML

] HTML




12.

13.

14.

15.

16.

17.

18.

19.
stop

20.

21.

22.

23.

24,

25.

26.

27.

back |

28.

Listing 2.15 ] | PREFER PI

length ]
)| length

remove ]

_str

_str Python 1

(append, index, pop, insert)

] start  stop start
stop ]
OrderedList ]
]
)|
]
]
]
Python list list ]
Python list J

singly linked list
1 doubly linked list |
next
J Python



4. RECURSION

4.1
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def list_sum(num_list):
the_ sum =0
for i in num_list:
the_sum =the_sum + i
return the_sum
print(list_sum([1,3,5,7,9]))
X 1"b g while for  © Hewv LT
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(A+(B+(5+(7+9))))

@ A
numList(1) H

[ o ST " T7+9 b K v
Y yYynhw v A
] @ 4 Pythonn .Q "1 ¢ Python!
G l LT Wa"H ~ numListfo] vi4

Ty Y '
listSum(numList)=first(numList)+listSum(rest(numList))

@ T firstn + T We'H ~ rest 9

"H A PythonT 97 42 F A

def list_sum(num_list):

if len(num_list) == 1:
return num_list[0]
else:
return num_list[O] + list_sum(num_list[1:])

print(list_sum([1,3,5,7,9]))
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| 25 |—lsum(1,3,5,7,9)|=1
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defto_str(n, base):
convert_string = "0123456789ABCDEF"
if n < base:

return convert_string[n]

2
3
4
5 else:
6 return to_str(n / base, base) + convert_string[n % base]
7
8

print(to_str(1453, 16))
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import Stack # As previously defined

r_stack = Stack()
def to_str(n, base):

convert_string = "0123456789ABCDEF"

while n > 0:
if n < base:
r_stack.push(convert_string[n])
else:
r_stack.push(convert_string[n % base])
n =n// base
res=""
while not r_stack.is_empty():
res = res + str(r_stack.pop())
return res

print(to_str(1453, 16))
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toStr(2,2)
n = 2
base = 2

toStr(2//2,2) + convertString[2%2]
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toStr(5,2)

n=>5
base = 2

toStr(5//2,2) + convertString[5%2]

toStr(10,2)
n =10
base = 2

toStr(10//2,2) + convertString[10%2]
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import turtle

myTurtle = turtle. Turtle()

myWin = turtle.Screen()

def drawSpiral(myTurtle, lineLen):

if lineLen > 0:

myTurtle.right(90)

drawSpiral(myTurtle,lineLerb)

drawSpiral(myTurtle,100)

myWin.exitonclick()
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def tree(branchLen,t):
if branchLen > 5:

t.forward(branchLen)
t.right(20)
tree(branchLenl15,t)
t.left(40)
tree(branchLen10,t)
t.right(20)

t.backward(branchLen)
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import turtle

def tree(branchLen,t):
if branchLen > 5:

t.forward(branchLen)
t.right(20)
tree(branchLenl5,t)
t.left(40)
tree(branchLenl5,t)
t.right(20)

t.backward(branchLen)

def main():
t = turtle. Turtle()
myWin = turtle.Screen()
t.left(90)
t.up()
t.backward(100)
t.down()
t.color("green")
tree(75,1)

myWin.exitonclick()

main()
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def sierpinski(points,degree,myTurtle):
colormap = ['blue','red’,'green’,'white’,'yellow'\
'violet','orange']
drawTriangle(points,colormap[degree],myTurtle)
if degree > 0:
sierpinski([points[0],\
getMid(points[0], points[1]),\
getMid(points[0], points[2])],\
degreel, myTurtle)
sierpinski([points[1],\
getMid(points[0], points[1]),\
getMid(points[1], points[2])],\
degreel, myTurtle)
sierpinski([points[2],\
getMid(points[2], points[1]),\
getMid(points[0], points[2])],\
degreel, myTurtle)
def main():
myTurtle = turtle. Turtlg)
myWin = turtle.Screen()
myPoints = [f100;50],[0,100],[100;50]]
sierpinski(myPoints,3,myTurtle)

myWin.exitonclick()

main()
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is_exit ks Fo A [ 0 aora

rowsinMaze = rowsIinMaze + 1
self.mazelist.append(rowList)
e columnsinMaze = len(rowList)
self.rowsinMaze fowsInMaze
self.columnsinMaze = columnsinMaze
self.xTranslate =columnsinMaze/2
self.yTranslate = rowsinMaze/2
self.t = Turtle(shape="turtle")
setup(width=600,height=600)
setworldcoordinates¢(columnsinMazel)/2-.5,
-(rowsIinMazel)/2-.5,
(columnsinMazel)/2+.5,

col:

forle (rowsinMazel)/2+.5)

def drawMaze(self):

for y in range(self.rowsinMaze):

col=col+1

Fo



for x in range(self.columnsinMaze):
if self.mazelist[y][x] == OBSTACLE:
self.drawCenteredBox(x+self.xTranslatg+self.yTranslate,'tan")
self.t.color('black’,'blue’)
def drawCenteredBox(self,x,y,color):
tracer(0)
self.t.up()
self.t.goto(x.5,y-.5)
self.t.color('black’,color)
self.t.setheading(90)
self.t.down()
self.t.begin_fill()
for i in range(4):
self.t.forward(1)
self.t.right(90)
self.t.end_fill()
update()



tracer(1)
def moveTurtle(self,x,y):
self.t.up()
self.t.setheading(self.t.towards(x+self.xTranslatg+self.yTranslate))
self.t.goto(x+self.xTranslatey+self.yTranslate)
def dropBreadcrumb(self,color):
self.t.dot(color)
def updatePosition(self,row,col,val=None):
if val:
self.mazdist[row][col] = val
self.moveTurtle(col,row)
if val == PART_OF_PATH:
color = 'green’
elif val == OBSTACLE:
color = 'red'
elif val == TRIED:
color = 'black’

elif val == DEAD_END:



color = 'red'
else:

color = None
if color:

self.dropBreadcrumb(color)

def isExit(self,row,col):
return (row == 0 or
row == self.rowsinMazel or
col==0or
col == self.columnsinMaz# )
def __ getitem__(self,idx):

return self.mazelist[idx]
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# Completed maze program
# Takes maze2.txt as input
import turtle
PART_OF_PATH ='O'
TRIED ="

OBSTACLE ="+
DEAD_END'=

class Maze:
def __init__ (self, maze_file_name):
rows_in_maze =0
columns_in_maze =0
self.maze_list =]
maze_file = open(maze_file_name,'r")
rows_in_maze =0
for line in maze_file:
row_list =]

col=0



for chin line[:-11:
(columns_in_mazel) /2 + .5,
(rows_in_maze- 1)/ 2 + .5)
def draw_maze(self):
self.t.speed(10)
for y in range(self.rows_in_maze):
for x in range(self.columns_in_maze):
if self.maze_list[y][x] == OBSTACLE:
self.draw_centered_box(x + self.x_translate,
-y + self.y_translate, 'orange')
self.t.color('black’)
self.t.fillcolor('blue’)
def draw_centered_box(self, x, y, color):
self.t.up()
self.t.goto(x- .5, y-.5)
self.t.color(color)
self.t.fillcolor(color)
self.t.setheading(90)
self.t.down()

self.t.begin_fill()



elif val == TRIED:
color = 'black’

elif val == DEAD_END:

color = 'red'
else:

color = None
if color:

self.drop_bread_crumb(color)
def is_exit(self, row, col):
return (row == 0 or
row == self.rows_in_mazel or
col==0 or
col == self.columns_in_mazel)
def __ getitem__(self,idx):
return self.maze_list[idx]
def search_from(maze, start_row, start_column):

# try each of four directions from this point until we find a

way out. # base Case return values# 1. We have run into an obstacle, retufalse



maze.update_position(start_row, start_column) if maze[start_row][start_column] == OBSTACL
return False # 2. We have found a square that has already been explored

if maze[start_row][start_column] == TRIED \oraze[start_row][start_column] ==
DEAD_END:

return False
# 3. We have found an outside edge not occupied by an obstacle
if maze.is_exit(start_row,start_column):
maze.update_position(star row, start_column, PART_OF_PATH)
return True
maze.update_position(start_row, start_column, TRIED)
# Otherwise, use logical short circuiting to try each direction
# in turn (if needed)
found = search_from(maze, start_row, start_column)or \
search_from(maze, start_row+1, start_column) or
search_from(maze, start_row, start_columh) or\
search_from(maze, start_row, start_column+1)
if found:

maze.update_position(start_row, start_column, PART_OF_ PATH)

else:
maze.update_position(start_row, start_column, DEAD_END)
return found
my_maze = Maze('maze2.txt")
my_maze.draw_maze()
my_maze.update_position(my_maze.start_row, my_maze.start_col)

search_from(my_maze, my_maze.start_row, my_maze.stadl)c
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def recMC(coinValueList,change):
minCoins = change
if change in coinValueList:
return 1
else:
foriin [c for c in coinValueList if c <= change]:
numcCoins = 1 + recMC(coinValueList,chaiige
if numCoins < minCoins:
minCoins = numCoins
return minCoins

print(recMC([1,5,10,25],63)
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def recDC(coinValueList,change,knownResults):
minCoins = change
if change in coinValueList:
knownResults[change] =
return 1
elif knownResults[change] > O:
return knownResults[change]

else:
for iin [c for c in coinValueList if c <= change]:

numCoins = ¥ recDC(coinValuelList, change
knownResults)
if numCoins < minCoins:
minCoins = numCoins
knownResults[change] = minCoins
return minCoins
print(recDC([1,5,10,25],63,[0]*64))
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def dpMakeChange(coinValueList,change,minCoins):
for cents in range(change+1):
coinCount = cents
for jin [ c for c in coinValueList if ¢ <= cents]:
if minCoins[centg] + 1 < coinCount:
coinCount = minCoins[cent$ + 1
minCoins[cents] = coinCount

return minCoins[change]
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def dpMakeChange(coinValueList,change,minCoins,coinsUsed):
for cents in range(change+1):
coinCount = cents
newCoin =1
for j in [c for c in coinValueList & <= cents]:
if minCoins[centg] + 1 < coinCount:
coinCount = minCoins[cen$+1
newCoin = j
minCoins[cents] = coinCount
coinsUsed[cents] = newCoin

return minCoins[change]



def printCoins(coinUsed,change):
coin = change
while coin > 0:
thisCoin = coinsUsed[coin]
print(thisCoin)
coin = coin-thisCoin
def main():
amnt = 63
clist =[1,5,10,21,25]
coinsUsed = [0]*(amnt+1)
coinCount = [0]*(amnt+1)
print("Making change for",amnt,"requires")
print(dpMakeChange(clist,amnt,coinCount,coinsUsed),"coins")
print("They are:")
printCoins(coinsUsed,amnt)
print("The used list is as follows:")

print(coinsUsed)

main()
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a = H Ne A
a = aw 3 a a - A
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4 = ' MapA
a ! MapA
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>>>15in [3,5,2,4,1]
False

>>>3in [3,5,2,4,1]

True
>>>
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def sequentialSearch(alisitem):
pos =0
found = False
while pos <len(alist) and not found:
if alist{pos] == item:
found = True
else:
pos = pos + 1
return found
testlist = [1, 2, 32, 8, 17, 19, 42, 13, 0]
print(sequentialSearch(testlist, 3))
print(sequentialSearch(testlist, 13))
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def orderedS®quentialSearch(alistitem):
pos =0
found = False

stop = False

while pos<len(alist) and not foundand not stop

if alist[pos] == item:
found = True
else:
if alist[pos] > item:
stop = True
else:
pos = pos + 1
return found
testlist =00, 1, 2, 8, 13, 17, 19, 32, 32,
print(orderedRquentialSearch(testlist, 3))
print(orderedquentialSearch(testlist13))
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item is present 1 £ f
C
item is not present p 3 £
C
52
1 X & Al [1518,2,19,18,0,8, 14,19, 14] W e " [ 18 &
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a)5 b) 10 c)4

d) 2
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def binarySearch(alist, item):
first=0
last = len(alist); 1
found = False
while first <= last and not found:
midpoint = ( first + last)//2
if alistfmidpoint] == item:
found = True
else:
if item < alistimidpoint]:
last = midpoint-1
else:
first = midpoint +1
return found
testlist =0, 1, 2, 8, 13, 17, 19, 32, }2,
print(orderedR®quentialSearch(testlist, 3))
print(orderedquentialSearch(testlist13))
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def binarySearch(alist, item):
if len(alist)==0:
return False
else:
midpoint = len(alist)//2
if alistfmidpoint] == item:
return True
else:

if item < alistimidpoint]:

<

v - CoonTy \

! o Ne A Codelen 4

return binarySearch (alist[:midpmt],item)

else:

return binarySearch (alistimidpoint+1:],item)

testlist = [0, 1, 2, 8, 13, 17, 19, 32, 42,]
print(binarySearch(testlist, 3))
print(binarySearch(testlist, 13))
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a) 11,5,6,8
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a) 11,14,17
b) 18,17,15
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d) 12,17,15
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position

1 2 3
5} a t
99%] + 97%2 + 116*3 = 641
641 % 11 —» 3
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44 20
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12 _1
Q17' eWae 13a I T 27 130 v~ sae T.
a~ 1,10
b™ 13,0
c 10
d 2,3
Q-18' X & WN! 1lle LT Ve ey
H 1 ' 113,117,97,100, 114,108, 116, 105, 99
a) 100, _, 113,114, 105, 116, 117, 97, 108, 99
b) 99, 100, _ , 113, 114, 116, 117, 105, 97, 108
c) 100, 113, 117, 97, 14, 108, 116, 105, 99, _,
d) 117, 114, 108, 116, 105, 99, _ , 97, 100, 113
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B B yYWe b¥e vH 7 Cbu
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! "~ HashTable class” Wb LR
__getitem____setitem_"H a [ [JL T A
1 b - A 1wy b 3
def get (self,key)

startslot = self.hashfunction(key,len(self.slots))

data = None
stop = False
found = False

position = startslot

while self.slots[position] != None and not found and not stop:

if self.slots[position] == key:
found = True
data = self.data[position]
else:
position = self.rehash(position,len(self.slots))
if position = startslot:
stop = True

return data

def __getitem__ (self,key):

return self.get(key)
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>>> H = Hashtable()
>>>H[54] Zcaté

>>>H[26] doge
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>>>H[20]

Whicker)

>>>H[17]

WoerQ

>>>H[20] 2uckQ

>>>H[20]

WuckQ

>>>H.data
[77,44,55,20,26,93,17,None,None,31,54]
>>>H.data

[Wird Q@oatQPigQauckQdogQlionQiigerNone,NoneRowQRat]
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5.3.1w
(A Wa ! A A H o~ F A
! W A~ W @ ey B A T W @ W
I FPIlw LA
" A ! n -~ W A n-1 A W
T - Aty " T We” W LW
T A A
First pass
-
54 26 93 17 77 3 44 55 20 Exchange
26 54 93 17 i 3 44 55 20 Mo Exchange
e e———— e e e e e
26 54 93 17 i K] 44 55 20 Exchange
—————————
26 54 17 a3 77 N 44 55 20 Exchange
26 54 17 Iri 23 a 44 55 20 Exchange
26 | 54 | 17 | 77 | 31 | 93 | 44 | 55 | 20 Exchange
26 54 17 77 31 44 93 55 20 Exchange
26 54 17 77 a3 44 55 a3 20 Exchange
26 | 54 | 17 | 77 | 31 | 44 | 55 | 20 | 93 93 in place
after first pass
51 W A
N A il B A vn-le 4 n-2a
A ¢ W N wallva B~ A n-1A n-1
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temp = alist[i]

alist[i] = alist[j]
alist[j] = temp
Python ~ 7 y I vLEA I a,b=b,al > T Y Hea
A v Ty W 2 ’ b A
n 1T57 ° i o A VI T L I 3"y
A

Most programming

languages require a 3-step

process with an extra storage location.

i r—

Endﬂj

a3

44

\

f

1st
.

3rd

temp

¥y N\

a3

44

5.2 Python T L_J

In Python, exchange can be done as
two simultaneous assignments.

nm a 3 W P

def bubbleSort(alist):
for passnum in range(len(alist},0;-1):
for I in range(passnum):
if alist[i]>alist[i+1]:
temp = alist[i]
alist[i] = alist[i+1]
alist[i+1] = temp
alist = [54,26,93,17,77,31,44,55,20]
bubbleSort(alist)

print(alist)

>



n 51 (Ist_bubble)
Y 1 Ne o A [ A 1+ T l W n
nnl AA 1 = A A 1( n-1
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WAA
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1 n-1
2 n-2
3 n-3
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n-1 1
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def shortBubbleSort(alist)
exchanges = True
passnum = len(alistL
while passnum > 0 and exchanges
exchanges = False
for i in range(passnum):
if alist[i]>alist[i+1]:
exchange = True
temp = alist[i]
alist = alist[i+1]
alist[i+1] = temp

passnum =passnuml




o

{ [19,1,9,7,3,10, 13,15, 8,12] v e W
H |
a)[1,9,19,7,3,10,13,15,8,12]
b)[1,3,7,9, 10, 8, 12, 13, 15, 19]
c)I[1,7,3,9, 10, 13, 8, 12, 15, 19]
d)[1,9,19,7,3,10,13,15,8,12]
5.3.2.
VW N AW | 7 W T W A
[ - A TP ( B A woTw N T
B W Aag BA @ W n-1 A na
Ty W @ nl AH B A
3 x @ A W N~ T [ B A
W A 293 R VIT R 255 Y Aq 1 =
g A
| ¥
26 54 93 17 7 H 44 85 20 93 is largest
i
I ¥
26 54 20 17 77 31 44 55 83 77 iz largest
S il
26 54 20 17 55 31 44 77 93 55 is largest
[ L
26 54 20 17 44 31 55 7 93 54 is largest
S
¥
26 K1 20 17 44 54 55 7 93 44 is largest
stays in place
.
26 3 20 17 44 54 55 77 93 31 is largest
26 17 20 31 44 54 55 77 83 26 is largest
™
L] 5.3
20 17 26 31 44 54 55 7 93 20 is largest
e
17 20 26 31 44 54 55 7 93 17 ok
list is sorted




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

for location inrange(4fillslot+1):

if alist[location]>alist[positionOfMax]:

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

alist[positionOfMax] = temp

alist = [54,26,93,17,77,31,44,55 p0
selectionSort(alisy

print(alist)

I [11,7,12, 14,19, 1, 6, 18, 8, 20]
A H |

a)[7,11,12,1, 6,14, 8,18, 1 9, 20]
b) [7, 11, 12, 14, 19, 1, 6, 18, 8, 20]
c)[11,7,12, 14,1, 6, 8, 18, 19, 20]

d) [11, 7, 12, 14, 8, 1, 6, 18, 19, 20]
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17 26 54 77 93 5 @

31
W @

54

A
6@

“ 26 | 93

o oo B

ERd
o2 ok

17 T 3 a4 55 | 20

17 T7 3l a4 55 | 20

[ 3 44 85 | 20

3 44 55 | 20
noDLEooDaE
TELEL L[]
DODO0ND0E
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Y77 543

54 -
!
A
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A
BA [26
A

S

insertionSort

[

~

list of 1 itemn

inserted 26

inserted 93

inserted 17

inserted 77

inserted 31

inserted 44

inserted 55

inserted 20

Assume 54 is a sorted



17 | 26 | 54 | 77 | 93 | 31 | 44 | 55 | 20
17 | 26 | 54 | 77 93 | 44 | 55 | 20
17 | 26 | 54 77 | 93 | 44 | 55 | 20
17 | 26 54 | 77 | 93 | 44 | 55 | 20
17 | 26 | 31 | 54 | 77 | 93 | 44 | 55 | 20
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def insertionSort(alist):

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

currentvalue = alist[index]

position = index

while position>0 and alist[positiorAl]>currentvalue:

alist[position]=alist[position-1]

position = positiorl

alist[position]=currentvalue

alist = [54,26,93,17,77,31,44,55,20]

Meed to insert 31
back into the sored list

93=31 so shift it
1o the nght

T7=31 50 shift it
iz the right

54=31 50 shift it
iz the right

26<31 s0 insert 31
in this position
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5.3.4.

>

| [15,5,4,18,12,19,14,10,8,20]° ¥ @ ! - A
H !
a) [4,5,12,15, 14,10, 8, 18, 19, 20]
b) [15,5, 4, 10, 12, 8, 14, 18, 19, 20]
c) [4,5,15,18, 12,19, 14, 10, 8, 20]
d) [15,5,4, 18,12, 19, 14, 8, 10, 20]
is Afl 5 y -~ Y o L 7sNew W
TP Wa | - Tt ~ A7Ne |
" A 0 b A1 Ne "H LT W @ 7 Nel
il 0@i %o Y ZNe A i "H ¥ !
e Xe'H 1 A "y 3u 7N wNewz @ | 7
Y ~ A 2 - H o1 [ 7 vA @
n TP N I 1 H ~ L T e "H v
B A
54 | 26 |93 f17 | 77 | 31 f 44 | 55 | 20 | sublist1
54 126 |93 |17 77 | 31 | 44 |55 | 20 | sublist 2
54 | 26 J93 |17 | 77 |31 | 44 | 55 | 20 | sublist 3
5.6 Y 34

44

26

20 56 | 31 54

5.7

7

93

sublist 1 sorted

sublist 2 sorted

sublist 3 sorted

after sorting sublists

at increment 3
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1 P Ty A
1 shift for 20
2 shifts for 31
1 shift for 54
17 20 26 31 a4 54 55 77 93 | sorted
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def shellSort(alist):
sublistcount = len(alist)//2

while sublistcount > O:

for startposition inrange(sublistcount):
gaplnsertionSort(alist,startposition,sublistcount)

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

sublistcount = sublistcount // 2

def gaplnsertionSort(alist,start,gap):

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

currentvalue = alist[i]

position = i

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

alist[position]=alist[position-gap]

position = positiorgap

alist[position]=currentvalue

alist = [54,26,93,17,7,31,44,55,20]
shellSort(alist)

print(alist)
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1. . ' [5,16,20,12,3,8,9,17,19, 7T W
. ,
a) [5,3,8,7,16,19,9, 17, 20, 12]
b) [3,7,5,8,9,12,19, 16, 20, 17]
c) [3,57,8,9, 12,16, 17, 19, 20]
d) [5, 16, 20,3,8,12,9,17, 20, 7]
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1. v L [21,1, 26, 45, 29, 28, 2, 9,16, 49, 39, 27, 43, 34, 46, 40]
@ RV

32

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

c) [21, 1, 26, 45]

d) [21]

2. M ! [21, 1, 26, 45, 29, 28, 2, 9, 16, 49, 39, 27, 43, 34, 46, 40]
@ v OO, Ha!

a) [21, 1] [26, 45]

b [[1, 2, 9, 21, 26, 28, 29, 45] [16, 27, 34, 39, 40, 43, 46, 49]
c)[2 1] [1]
d) [9] [16]
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H @ W @ node” © children™ s We n
A d € He a €& a €7 T3 Wed € b & €T a
¢ nb Foe A 1Ty b a ¢ "N a ¢
A
@ @ " leaf b A L | N VI 4
root” W ( " il (17" MNe ™ 0 G
I ¢ ) s} i ™ Y ) i e} e} o)
[ A

@ b 3 EAR” v F0 W [K Ne A
W @ Ne ™~ P~ T 1T Ne Mz A s e il
Y n NS s A subtree” [ 3 Wh b ! -
Ne _ Ao - 7y letc C W = [ ustf A
v  httpd  /etc/httpd 1  /usr/etc/httpd” P httpd p 11 p bw
A
W @ D W @ AW Wa # ~ HTME  Q i A
63 b T A

<html xmlIns="http://www.w3.0rg/1999/xhtml" xml:lang="en" lang="en">
<head>

<meta http-equiv="ContentType" content="text/html; charset=utf8" />
<title>simple</title>

</head>

<body>

<h1>A simple web page</h1>

<ul>

<li>List item one</Ii>

<li>List item two</li>

</ul>

<h2><a href="http://www.cs.luther.edu">Luther CS </a><h2>
</body>

</html>

A
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6.4. !

. .
Q Wl L
w 1 tWe Ya'y
vl Wae'H Al
s We! Aux @
! A

myTree = ['a', root
[b', #left subtree
rd. [, 0.
[e’ 0. 071,
['c', #right subtree

(. 0, [,

6.5 H
1| Python | Q y w A
i b ~p A - Y
A oo o vb
He'H We i LT eH i ”
o - 1 Wer A 66 FWwae | yi



myTree[0]
- 'I ~ Y

onT ya %o ! A
myTree[1] ~ myTree[2R 7 6.3 Vv L e i1 AW
a’ A Il W@ b '@
i We VvV He » A ! s Wan [
1 A b Wa rl ’ |7r 3 W 7 3 Wael A
1 LW ow woag "E W a | A o lbw g Ww
@ Kl A Q w7 " 0 b %! aH 36 A
BinaryTreew T U H @ ! LA v |
oo T We T neb A - LT H
e P 7 - ~ Tbui Anq 6.5 v
Pythonn A
myTree = ['a', ['b', [d'[L.0], ['e\0.001, ['c’, [f.0,00, 0]
def insertLeft(root,newBranch):
t = root.pop(1)
if len(t) > 1:
root.insert(1,[newBranch,t,[]])
else:
root.insert(1,[newBranch, [], [1])
return root
n 6.5
T T We [ B A S ¢ | LT
ooy T by A a
[ T xv B AinsertRigh 1 3 6 insertLeft 0 66TA

def insertRight(root,newBranch):
t = root.pop(2)

if len(t) > 1:
root.insert(2,[newBranch,[],t])

else:
root.insert(2,[newBranch,[],[]])

return root



MY w a o 67" 1 Qs e
) w A
def getRootVal(root):

return root[0]

def setRootVal(root,newVal):
root[0] = newVal

def getLeftChild(root):
return root[1]

def getRightChild(root):

return root[2]

0 6.8 33 ' Q w Anr
6.8T A

n 6.7

def BinaryTree(r):
return [r, [1, [
def insertLeft(raot,newBranch):
t = root.pop(1)
if len(t) > 1:
root.insert(1,[newBranch,t,[]])
else:
root.insert(1,[newBranch, [], [11)
return root
def insertRight(root,newBranch):
t = root.pop(2)
if len(t) > 1:
root.insert(2,[newBranch,[],t])
else:
root.insert(2,[newBranch, [], [1])

return root

9



def getRootVal(root):
return root[0]
def setRootV#root,newVal):
root[0] = newVal
def getLeftChildroot):
return root[1]
def getRightChd(root):
return root[2]
r = BinaryTre€3)
insertLeft(r,4)
insertLeft(r,5)
insertRidt(r,6)
insertRight(r,7)
| = getLé&Child(r)
print(l)
setRootVd(l,9)
print(r)
insertLeft(l,11)
print(r)
print(getRightChild(getRightChild(r)))

n 6.8 G

Python

(bin_tree)



a) [a

b) [a',

c)[a

d) [a

6.5.

na - p

X = BinaryTree('a")

insertLeft(x,'b")

insertRigh(x,'c")
insertRigh{getRightChild(x),'d")
insertLeft(geRightChild(getRightChild(x)),'e")

n 6.9
Lo 0,08 e 0, Far 10, 00
[ct, 0. [d, [e 0, 01 00 [o, 0, 01
L o4 0,08 O O, Tar Ces [, 01 00
Lo I 0 et [, O 001 Ces O [0
2. QW e buildTree® ~ ! b -~ 6.10




left | right
b C
left | right left | right
d e f

left | right left | right left | right

6.8 Wa g i
1 a n  6.10 a g y A
left  right i 1 BinaryTree Ao~ 1T Wa
T~ "YM1e =3 We BnaryTree ©°~ k = selfleftChilda H
[7  6.10T" £ [® O TA "Er”
class BinaryTre:
def _init__(self,rootObj):
sdf.key = rootObj
sdf.leftChild = None
sdf.rightChild = None
9  6.10
Kv ® & - Ty Kv W N
bu vAag - 68T 1 = =KI Ee
Y W w Auz ¥ oo

AinsertLeft 1 q 611

—_
¢
o)
=p
[

def insertLef(self,newNode):
if self.leftChild == None:
self.leftChild = BinaryTree(newNode)
else:
t = BinayTree(newNode)
t.leftChild = self.leftChild
self.leftChld =t

n  6.11



1 H A W ’
T v [ T4 A w
B 1 T be A w
A
insertRight 9 W@ T A
~ ) H A " 9 0  6.12

def insertRigh{self,newNode):
if self.rightChild ==None:
self.rightChild = BinaryTree(newNode)
else:
t = Binaryiree(newNode)
t.rightChild = self.rightChild
self.rightChild =t

w3 1 Rl H 1 Qse 6

6.13

def getRightChiléself):
return self.rightChild

def getLeftChd(self):
return self.leftChild

def setRooVal(self,obj):
self.key= obj

def getRoovwal(self):

return sdf.key

n 613

6.11

> >

4

else

Qi

2



] 3 - b i - TP W A 1

e o Y au - ¥ B Cbu A 614~ = ~ Ow
v  key left rigntTA ~ ) BnaryTee b o A
1 A T Y oa 1 Wa ki K v T A

def inserRight(self,newNode):
if self.rightChild == None:
self.rightChild = BinaryTree(newNode)
else:
t = BinaryTree(newNode)
t.rightChild = self.rightChild
self.rightChild =t
def getRighChild(self):
return self.rightChild
def getLefChild(self):
return self.leftChild
def setRooWal(self,obj):
self.key =obj
def getRootV(self):
return self.key
r = BinaryTre('a")
print(r.getRootval())
print(r.getLeftChild())
r.insertLeft('b")
print(r.getLeftChild())
print(r.getLeftChild().getRootVal())
r.insertRight('c")
print(r.getRightChild())
print(r.getRightChild().getRootVal())
r.getRightChild().setRootVal(‘hello")
print(r.getRightChild().getRootVal())

0 6.13 3 3a ~ bintre€”

3. QWe buildTreeP ~ a v 6.9 T



6.6
3 (Tree) Ho 1| Wao ~ A H % (Tree)
W' A O A Ty o
5 T A
Noun Phrase
Y
Proper Noun Noun Phrase
4
@ Proper Noun
6.10
6.10 vWa V-2 A Wa-: WwiWa (Tree) ,oa
# 2 T Q@ Nol

6.11 ((7+3)*(5-2)



6.11 (7+3)*(5- 2)

6.12 ]

6.12 ((7+3)*(5M2))
]
(string) J
J
] ,
(leaf node) (children)l
]
¢, (node)
[P~
(node) ]
(parent)l
b) (parent)l
Python , 1
J [C,'3, (4%, 5]
] 6.13

(3+(4*5))






6.13

6.13



getLeftChild

)|
getRightChild,



(Stack) (BinaryTree)
Python J ]
from pythonds.basic.stack import Stack
from pythondstrees.binaryTree import BinaryTree
def buildParseTree(fpexp):
fplist = fpexp.split()
pStack = Stack()
eTree = BinaryTree(")
pStack.push(eTree)
currentTree = eTree
for i in fplist:
ifi=="("
currentTree.insertLeft(™)
pStack.push(currentTree)
currentTree = currentTree.getLeftChild()
elifi not in ['+', =", ™', '/, )']:
currentTree.setRootVal(int(i))
parent = pStack.pop()
currentTree = parent
elif i in [+, -, ™, '
currentTree.setRootVal(i)
currentTree.insertRight(")
pStack.push(currentTree)
currentTree = currentTree.getRightChild()
elifi ==")"

currentTree = pStack.pop()

else:
raise ValueError
return eTree
pt = buildParseTree("((10+5) *3)")

pt.postorder() #defined and explained in the next section

6.15



if 11,15,19,24

BinaryTree  Stack ]
else
]
J , ]
( 6.12)
]
] ]
1 evaluate
1 evaluate
] ] ]
] 6.12
30l
evaluate Listingl ]
] None,
7 J L}
]
Python (operator module) ]
J
L (

1, 2)l operator.add(2,2)

def evaluate(parseTree):

ValueError

6.11

10 3l

(dictionary)l

opers = {'+".operator.add}-:operator.sub, *":operator.mul, '/":operator.truediv}

leftC = parseTree.getLeftChild()
rightC = parseTree.getRightChild()

if leftC and rightC:
fn = opers[parseTree.getRootVal()]
return fn(evaluate(leftC),evaluate(rightC))
else:

return parseTree.getRootVal()

6.16

6.13 evaluate J
parseTree ]
] 9

evaluate



'+'] operator.addl Python ]

Python ] evaluate
] , ] evaluate
] J , ]
] 3l
operator.add 1
] ]
] ,
4 5l operator.mul(4,5) |
operator.add(3,20)
] (3+(4*5)) 23l
6.7
]
3 1 ,
| (traversal)
(preorder) (inorder) (postorder) |
]
(preorder)
J
(inorder)
]
(postorder)
]
] ]
]
, ] 6.14 ]
J
@ Section 2.2.2
6.14
] ] ()
1 preorder ,
preorder 1.1 11 , 1 1.1



1.2.1 122 | 1.2

Python ]

6.17

1 None

def preorder(tree):
if tree:
print(tree.getRootVal())
preorder(tree.getLeftChild())
preorder(tree.getRightChild())

6.17

preorder
-'I 1
1 preorder

def preorder(self):
print(self.key)
if self.leftChild:
self.leftChild.preorder()
if self.rightChild:
self.rightChild.preorder()

6.18

6.19 , print
]
def postorder(tree):
if tree != None:
postorder(tree.getLeftChild())
postorder(tree.getRightChild())
print(tree.getRootVal())

6.19

6.17

tree

6.18
self |

]



] 6.15

] 6.18
6.20 ]
def postordereval(tree):
opers = {'+".operator.add,-:operator.sub, *':operator.mul, '/:operator.truediv}
resl = None
res2 = None
if tree:
resl = postordereval(tree.getLeftChild())
res2 = postordereval(tree.getRightChild())
if res1 and res2:

return opersftree.getRootVal()](res1,res2)

else:
return tree.getRootVal()
6.20
6.20 6.19 6.19
6.20 ] 6 7 ]
9 ]
)
] 6.21 ]
print ]

definorder(tree):
if tree != None:
inorder(tree.getLeftChild())
print(tree.getRootVal())
inorder(tree.getRightChild())

6.21



def printexp(tree):

sVal =

if tree:

sVal = '(' + printexp(tree.getLeftChild())

sVal = sVal + str(tree.getRootVa(

sVal = sVal + printexp(tree.getRightChild())+"'

return sVal
6.22
printexp
printexp
6.8 BINARY HEAP
(Priority Queue) |
J 7
1 .J
-'I 1
O(n)
]
O(logn)J
] : key
(max heap) |
J
6.8.1H1 b
BinaryHeap()
insert(k)
findMin(): ,
delMin(): ,
isEmpty()
size()

buildHeap(list} key

(FIFO) (Queue)l
(Dequeue)

(Enqueue)

O(nlogn)l
(Binary Heap) ]

(min heap)
J

key



6.23

from pythonds.trees.binheap import BinHeap

bh = BinHeap()
bh.insert(5)
bh.insert(7)
bh.insert(3)
bh.insert(11)
print(bh.delMin())
print(bh.delMin())
print(bh.delMin())
print(bh.delMin())

6.23
6.8.2H1
6.8.2.1K11
VY b oE R b W W b A
I b G o G i r LA H
i ) A 1 T I prl L
3 I LA nwi @p H @ - T o We o A 6.5
e nri A
6.15
n 3 Wa 1 V@ I a N
. A w 6 n ° LT B wp Yi Bow2p 3 i
) B w 2p+lA 1 K - #  python A
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1 a ) Awe n A 3 T A
6.8.2.2
1 U w6 A v Tk We X
pT key @ 6 xT keyA 6.163 FauWafl n A

21

18 | 19

lllld

0 1 2 3 4 5 6 7 8 9 10 11

6.16
6.8.2.3 o1 b
¥ 1 £ £ i A w’y Wal G - £
A el W @ currentSize 3 An  6.24 R
pythonq Ai T M woO [P u= a "y [ A &
G A
N 6.24
class BinHeap:
def __init__ (self):
Y 1 insert key” AL T w 13
v [ A A G 3 1 TP G Ab ~ v~
Y v~ A v "
-7 b e B A 617 WL b a v~ (ER |
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heapListT
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6.17 1 " Y QF insert key
percUpP ~ 626 A
s A

¥

def percUp(self,i):
whilei// 2 > 0:
if self.neapList[i] < self.heapList[i // 2]:
tmp = self.heapList[i // 2]
self.heapList[i // 2] = self.heapList]i]
self.heapList[i] = tmp
i=ill2

6.25

def insert(self,k):
self.heapList.append(k)

self.currentSize = self.currentSize + 1

self.percUpéelf.currentSize)

6.26

y 2 insert key” “ 1

A 7 Y New A o W @

n  Ainsert key
" Ty

delMiri ~

percUp
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U Y] N7
b ’ i [
percDown minChild q A

6.27

def percDown(self,i):
while (i * 2) <= self.currentSize:
mc = self.minChild(i)
if self.heapList[i] > self.heapList[mc]:
tmp = self.heapList][i]
self.heapList[i] = self.heapList[mc]
self.heapList[mc] = tmp

i=mc

def minChild(self,i):
if i *2 + 1 > self.currentSize:
return i * 2
else:
if self.heapList[i*2] < self.heapList[i*2+1]:
return i * 2
else:

returni *2 + 1

def delMin(self):
retval = self.heapList[1]
self.heapList.pop()

self.percDown(1)

self.heapList[1] = self.heapList[self.currentSize]

self.currentSize = self.currentSizé

6.28

~

0 6.28 deMii = b 9§ A"y | Ne
percDowr
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HOT W NeB [ C Waed €A ' insert

"~ key - T e " [ TA cWwe Lo onT Y HNe
[ B “"NWe key b O(logn). " We [+ T l
i Ty FE b o(n). insert key” 0E

O(nlognAi ~ 1 @ ! - ne L O nm A 6.29

b A
6.29

def buildHeap(self,alist):
i = len(alist) // 2
self.currentSize = len(alist)
self.heapList = [0] + alist[:]
while (i > 0):

self.percDown(i)

i=i-1
Initial Heap i=2 i=1
6.19 [9.6,5,2,3
6.19 buildHeap list” A [9,6,5, 23] O B A
b A e T v [ * p percDown G =
4 A w n " Ky T h - U
N 7/ ’ bAT y [ 6.19 H AT
Bosit T [ RWw H ~ percDown W G W [b
W ow ~ A4 | B A v W "9 3 ° A 69 [ =
"B w0 A Wi 6.19 WL !
A

i=2 [0,9,5,6,2, 3]
i=1 [0,9,26,5,3]
i=0 [0,2,3,6,5,09]



def insert(self,k):

class BinHeap:
def __init__(self):
self.heapList = [0]
self.currentSize = 0
def percUp(self,i):
whilei// 2 > 0:
if self.heapList[i] < self.heapList[i // 2]:
tmp = self.heapList[i // 2]
self.heapList[i // 2] = self.heapList]i]
self.heapList[i] = tmp
i=ill2

ifi *2 + 1 > self.currentSéz
returni* 2
else:
if self.heapList[i*2] < self.heapList[i*2+1]:
returni* 2
else:
returni*2 +1
def delMin(self):
retval = self.heapList[1]
self.heapList[1] = selfieapList[self.currentSize]
self.currentSize = self.currentSizd
self.heapList.pop()
self.percDown(1)

return retval



def buildHeap(self,alist):
i = len(alist) // 2
self.currentSize = len(alist)
self.heapList = [0] + alist[:]
while (i > 0):
self.percDown(i)
i=i-1
bh = BinHeap()
bh.buildHeap([9,5,6,2,3])

print(bh.delMin())
print(bh.delMin())
print(bh.delMin())
print(bh.delMin())

print(bh.delMin())
6.30
© oM el wi
Ap -~ O(n) nE
T b - logn A
| 4 O(n)
6.9H1
I [ Wa T [ v
MAP A W ADT MAP
3 i but v s W
T R L
6.9.1 b
L H '

completeheap

F Fu W

5 logn G A G buildHeap
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4 O(nlogn) A
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, put(key,val) map T ¢ 3Wa v A @ @ map T =~
H 9 A i
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TreeNode b = " # ~ a BinarySearchTree A A TreeNode
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def replaceNodeData(self,key,value,lc,rc)

self.key = key

self.payload = value

self.leftChild = Ic

self.rightChild = rc

if self.hasLeftChild()
self.leftChild.parent = self
if self.hasRightChild{()

self.rightChild.parent = self

def isLeftChild(self)

return self.parent and self.parent.leftChild == self
def isRightChild(self)

return self.parent and self.parent.rightChild == self
def isRoot(self)

return not self.parent
def isLeaf(self)

return not (self.rightChild orself.leftChild)
def hasAnyChildren(self)

return self.rightChild or self.leftChild
def hasBothChildren(self)

return self.rightChild and self.leftChild
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def put(self,key,vaf)
if self.root
self._put(key,val,self.root)
elsé
self.root = TreeNode(key,val)
self.size = self.size + 1
def put(self,key,val,currentNodg)
if key < currentNode.key
if currentNode.hasLeftChild{()
self._put(key,val,currentNode.leftChild)

elsé
currentNode.leftChild = TreeNode(key,val,parent=currentNode)

elsé
if currentNode.hasRightChild()

6.33
def __ setitem__(self,k,V)
self.put(k,v)
6.34
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def get(self,key)
if self.root
res = self._get(key,self.root)
if res
return res.payload
elsé
return None
elsé

return None

def _get(self,key,currentNodé)
if not currentNode
return None
elif currentNode.key == kéy
return currentNode

elif key <currentNode.key

v A get
A Vel

return self._get(key,currentNode.leftChild)

elsé

return self._get(key,currentNode.rightChild)

def _ getitem__ (self,key)

return self.get(key)
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_get __ getitem_A _get
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W @ TreeNode gef

# TreeNodd =

0 6.35 v get
A “ g _get
Yu i1

BinarySearchTree
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A
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__getitem___ getA
gett  ~ " Yy u BinarySearchTré® _contains__ ¢ a b inA
__contains_ v get get v R Trué get None Falsé\
__contains__ 9 6 '
6.36
def _ contains__ (self,key)
if self._get(key,self.roof)
if ‘Northfield' in myZipTreé
print("oom ya ya")
_contains = b i "H v 1Q 2
6.37
oo T Rl T 1 - We~a I+ T A
[ - A Wae y:': © na _get [ -
TreeNode 7 W e N 1 TP "n Y
Ayt H W 0 v del b w A
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def delete(self,key)

if self.size >'1
nodeToRemove = self._get(key,self.root)



if nodeToRemove
self.remove(nodeToRemove)
self.size = self.sizel
elsé
raise KeyError('Error, key not itnee')
elif self.size == 1 and self.root.key == key
self.root = None
self.size = self.sizel
elsé

raise KeyError('Error, key not in tree’)

def _ delitem__ (self,key)

self.delete(key)
n  6.38
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2. - - ”
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if currentNode.isLeaf{()
if currentNode == currentNode.parent.leftChild
currentNode.parent.leftChild = None
elsé

currentNode.parent.rightChild = None

6.39
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il v replaceNodeData A

elsé # this node has one child
if currentNode.hasLeftChild()
if currentNode.isLeftChild{)
currentNode.leftChild.parent = currentNode.parent
currentNode.paent.leftChild = currentNode.leftChild
elif currentNode.isRightChild()

currentNode.leftChild.parent = currentNode.parent



currentNode.parent.rightChild =urrentNode.leftChild

elsé
currentNode.replaceNodeData(currentNode.leftChild.key,

currentNode.leftChild.payload,
currentNode.leftChild.leftChild,
currentNode.leftChildrightChild)

elsé
if currentNode.isLeftChild{)
currentNode.rightChild.parent = currentNode.parent

currentNode.parent.leftChild = currentNode.rightChild

elif currentNode.isRightChild()
currentNode.rightChild.parent = currentNode.parent

currentNode.parent.rightChild = currentNode.rightChild

else

currentNode.replaceNodeData(currentNode.rightChild.key,
currentNode.rightChild.payload,

currentNode.rightChild.leftChild,

currentNode.rightChild.rightChild)
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elif currentNode.hasBothChildreri()  #interior
succ = currentNode.findSuccessor()
succ.spliceOut()
currentNode.key = succ.key

currentNode.payload = succ.payload
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def findSuccessdself)
succ = None
if self.hasRightChilf}
succ = self.rightChild.findMif)
elsé
if self.parent
if self.isLeftChild)y

succ = self.parent
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W
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' va T
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elsé
self.parent.rightChild = None
succ = self.parent.findSuccesgpr
self.parent.rightChild = self

return succ

def findMin(self)
current = self
while current.hasLeftChil¢)
current = current.leftChild

return current

def spliceOu(self)
if self.isLeaf)
if self.isLeftChild)
self.parent.leftChild = None
elsé
self.parent.rightChild = None
elif self.hasAnyChildref)
if self.hasLeftChil¢)
if self.isLeftChild)
self.parent.leftChild = self.leftChild
elsé
self.parent.rightChild = self.leftChild
self.leftChild.parent = self.parent
elsé
if self.isLeftChild()
self.parent.leftChild = self.rightChild



elsé
self.parent.rightChild = self.rightChild
self.rightChild.parent = self.parent
def __iter__(self)
if self
if self.hasLeftChild()
for elem in self.leftChiLd
yield elem
yield self.key
if self.hasRightChild()
for elem in self.rightChild

yield elem

6.42

1w~ // BinarySearchTree TreeNode o

class TreeNode
def __init__ (self,key,val,left=None,right=None,parent=Nohe)
self.key = key
self.payload= val
self.leftChild = left
self.rightChild = right

self.parent = parent

def hasLeftChild(self)
return self.leftChild

def hasRightChild(self)
return self.rightChild



def hasRightChild(self)
return self.rightChild

def isLeftChild(self)

return self.parent and self.parent.leftChild == self

def isRightChild(self)

return self.parent and self.parent.rightChild == self

def isRoot(self)

return not self.parent

def isLeaf(self)
return not (self.rightChild or self.leftChild)

def hasAnyChildren(self)
return self.rightChild or self.leftChild

def hasBothChildren(self)
return self.rightChild and self.leftChild

def replaceNodeData(self,key,value,lc,rc)
self.key = key
self.payload = value
self.leftChild = Ic
self.rightChild = rc
if self.hasLeftChild{)
self.leftChild.parent = self
if self.hasRightChild{()
self.rightChild.parent = self



class BinarySearchTree
def __init__ (self)
self.root = None

self.size =0

def length(self)

return self.size

def __len__ (self)

return self.size

def put(self,key,val)
if self.root
self._put(key,val,self.root)
elsé
self.root = TreeNode(key,val)
self.size = self.size + 1
def put(self,key,val,currentNodé&)
if key < currentNode.kéey
if currentNode.hasLeftChild()
self._put(key,val,currentNode.leftChild)
elsé
currentNode.leftChild = TreeNode(key,val,parent=currentNode)
elsé
if currentNode.hasRightChild()
self._put(key,val,currentNode.rightChild)
elsé

currentNode.rightChild TreeNode(key,val,parent=currentNode)



def _ setitem__ (self,k,V)

self.put(k,v)

def get(self,key)
if self.root
res = self._get(key,self.root)
if res
return res.payload
elsé
return None
elsé

return None

def _get(self,key,currentNodg)
if not currentNodé
return None
elif currentNode.key == kéy
return currentNode
elif key < currentNode.kéy
return self._get(key,currentNode.leftChild)
elsé
return self._get(key,currentNode.rightChild)
def _ getitem__ (self,key)
return self.get(key)

def __contains__(self,key)
if self._ge{key,self.root}
return True
elsé

return False



def delete(self,key)
if self.size >'1
nodeToRemove = self. _get(key,self.root)
if nodeToRemove
self.remove(nodeToRemove)
self.size = siésize-1
elsé
raise KeyError('Error, key not in tree")
elif self.size == 1 and self.root.key == key
self.root = None
self.size = self.sizel
elsé
raise KeyError('Error, key not in tree’)
def _delitem__ (self,key)
self.delete(key)

def spliceOut(self)
if self.isLeaf()
if self.isLeftChild()
self.parent.leftChild = None
elsé
self.parent.rightChild = None
elif self.hasAnyChildren{)
if self.hasLeftChild()
if self.isLeftChild()
self.parent.leftChild = self.leftChild
elsé
self.parent.rightChild = self.leftChild
self.leftChild.parent = self.parent



elsé
self.parent.rightChild = self.leftChild
self.leftChild.parent = self.parent
elsé
if self.isLeftChild()
self.parent.leftChild = self.rightChild
elsé
self.parent.rightChild = self.rightChild
self.rightChild.parent = self.parent

def findSuccessor(self)
succ = None
if self.hasRightChild{)
succ = self.rightChild.findMin()
elsé
if self.parent
if self.isLeftChild()
succ = self.parent
elsé
self.parent.rightChild = None
succ = self.parent.findSuccessor()
self.parent.rightChild = self

return succ

def findMin(self)
current = self
while current.hasLeftChild()
current = current.leftChild

return current



def remove(self,currentNodé)
if currentNode.isLeaf() #leaf
if currentNode == currentNode.parent.leftChild
currentNode.parent.leftChild = None
elsé
currentNode.parent.rightChild = None
elif currentNode.hasBothChildreri()  #interior
succ = currentNode.findSuccessor()
succ.spliceOut()
currentNode.key = succ.key
currentNode.payload = succ.payload
elsé  # this node has one child
if currentNode.hasLeftChild{()
if currentNode.isLeftChild{)
currentNode.leftChild.parent = currentNode.parent
currentNode.parent.leftChild = currentNode.leftChild
elif currentNodeisRightChild()
currentNode.leftChild.parent = currentNode.parent
currentNode.parent.rightChild = currentNode.leftChild
elsé
currentNode.replaceNodeData(currentNode.leftChild.key,
currentNode.leftChild.payload,
currentNode.leftChild.leftChild,
currentNode.leftChild.rightChild)
elsé
if currentNode.isLeftChild{)
currentNode.righChild.parent = currentNode.parent
currentNode.parent.leftChild = currentNode.rightChild
elif currentNode.isRightChild\()

currentNode.rightChild.parent = currentNode.parent



currentNode.parent.rightChild = currentNode.rightChild
elsé
currentNode.replaceNodeData(currentNode.rightChild.key,
currentNode.rightChild.payload,
currentNode.rightChild.leftChild,
currentNode.rightChild.rightChild)

mytree = BinarySearchTree()
mytree[3]="red"
mytree[4]="blue"
mytree[6]="yellow"

mytree[2]="at"

print(mytree[6])
print(mytree[2])
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log N, +1=(H + 2)log® — %log.ﬁ
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B —
log ¢
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AVL BinarySearchTree ] _put
updateBalance ] 6.44 J 7 13 updateBalance
_put 1

def _put(self,key,val,currentNode):
if key < currentNode.key:
if currentNode.hasLeftChild():
self._put(key,val,currentNode.leftChild)
else:
currentNode.leftChild =TreeNode(key,val,parent=currentNode)
self.updateBalance(currentNode.leftChild)
else:
if currentNode.hasRightChild():
self. _put(key,val,currentNode.rightChild)
else:
currentNode.rightChild =TreeNode(key,val,parent=currentNode)
self.updateBalance(currentNode.rightChild)
def updateBalance(self,node):
if node.balanceFactor > 1 or node.balanceFactoflx

self.rebalance(node)

return
6.44

_put updateBalance J

J 16 ]
] ]

updateBalance J
AVL
1 AVL
rotation) 1
] 6.28 ]

- 2] A ]
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] newroot

10-13 |

rotateLeft rotateRight )|

6.45

def rotateLeft(self,rotRoot):
newRoot = rotRoot.rightChild
rotRoot.rightChild = newRoot.leftChild
if newRoot.leftChild != None:
newRoot.leftChild.parent = rotRoot
newRoot.parent = rotRoot.parent
if rotRoot.isRoot():
self.root = newRoot
else:
if rotRoot.isLeftChild():
rotRoot.parent.leftChild = newRoot
else:
rotRoot.parent.rightChild = newRoot
newRoot.leftChild = rotRoot
rotRoot.parent = newRoot
rotRoot.balanceFactor = rotRoot.balanceFactor + -1
min(newRoot.balanceFactor, 0)
newRoot.balanceFactor = newRoot.balanceFactor + 1 +

max(rotRoot.balanceFactor, 0)

16-17 J

6.45

]
6.28l rotateRight
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6.30 1B D A C E ] hx X

newBal(B) = hs — h¢
oldBal(B) =hs — hp

D 1+max(hc,he) D
1 he he ]

oldBal(B) = h4 — (1 + maz(hc, hg))

J newBal(B)I

newBal(B) — oldBal(B) = hy — he — (hg — (1 + maz(hc, hg)))
newBal(B) — oldBal(B) = hy — h¢ — hy + (1 + maz(hg, hg))
newBal(B) — oldBal(B) = hy — hg + 1 + max(h¢, hg) — he
newBal(B) — oldBal(B) = 1 + maz(h¢, hg) — he

oldBal(B) max(a,b)- c=max(a- ¢,b-c)
newBal(B) = oldBal(B) + 1 + maz(hc — h¢,hg — h¢)

hehc  fyoldBal(D) 1 max(fn a,if b)=M
min(a,b) newBal(B)



newBal(B) = oldBal(B) + 1 + maxz(0, —oldBal(D))
newBal(B) = oldBal(B) + 1 — min(0, old Bal(D))

] B rotRoot D

newRoot 16

rotRoot.balanceFactor = rotRoot.balanceFactor + -1 min(0,newRoot.balanceFactor)

D ]
]
]
6.31 A -2 ]
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rebalance

n

def rebalance(self,node):
if node.balanceFactor < 0:
if node.rightChild.balanceFactor > 0:
self.rotateRight(node.rightChild)
self.rotateLeft(node)
else:

self.rotateLeft(node)

6.46
8 elif

6.46
]
6.32
get O(log2(n)) | put
put put J
log2n ]
] o(1)
put O(log(n)) 1
AVL ]
]
6.11 ADT MAP
Map J
1 Map
key 6.1 |
b l H T AVL
put o(n) o(1) o(n) O(logn)
get O(logn) 0(1) o(n) O(logn)
in O(logn) o(1) o(n) O(logn)
del o(n) 0o(1) o(n) O(logn)
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6.12

ADT map

AVL ADT map

2.

>>> qatRnnt\/allr 9)
>>> 1 = BinaryTree(3)
>>> insertLeft(r,4)

(3, [4. 0. [0, 0]

>>> insertLeft(r,5)

(3, [5, [4, 0. {01, 07, 0
>>> insertRight(r,6)

(3. [5. [4. [, 01, 0. [6, 0. [
>>> insertRight(r,7)

(3, (5. [4, 00, 01, 0, [7. 0. [6, 0, 011

(4*8)/6G 3
[1,2,3,4,5,6,7,8,9,10]

[10,9,8,7,6,5,8,2,1]




6. buildHeap

]

7. key 68,88,61,89,94,50,4,76,66 82
]

8. ]

]
9. [1,2,3,4,5,6,7,8,9,10]
]
10. [10,9,8,7,6,5,4,3,2,1]
]

11. ]
method preorder function

12.

13. ]



14.

(2)
ANNO:

C
6.15
1. buildParseTree
2. buildParseTree
or not 1

3. findSuccessor

evaluate

[\

(2) /&)
/e\

and




] parent

key value

7. printexp ]

8. buildHeap O(nlogn)

10. |

11. BinaryHeap PriorityQueuel PriorityQueue
enqueuel dequeue ]




7.1.
¥ ia
¥
¥ 3 v G _b
W o3 1 W 3 TH R Y u W
ATy 5 o : :
v ) B k A W [ l 2
@ T ya %o _w’ A
- oy T:) H k4 |_bv
z Ap 137y bvae A 1 A R™ "y W MAW
' H A # TR Y [Ve [+ Wa a
i A
bu 3 R’ k B 3 A W @
Okw 7 A 71 " B [ A
7.2. 71 B(;)l’(ul v f U
¥ W
R HWa A 1 oo VW’ '
Vertex
~ 3 4 y2RS¢ NeA a1l deé 37y v H
ariet Al Ré
Edge
3 4 I ND¢E s De NoA W H @ Tt Hoo
A Ty o 37y i A e T i T @ a
RANBOGSR 3INF LIKKk RAGRN LK ¢ W @ R ok
301 A

Weight



Y [ Wa [: Wa Meé "y Ao W @ H @

T He H “Ybu A
S R R Y ywae A "y G=(V,E) A & G Vv
T E - A @ W @ "H (V,W).' W, vr VA 1 ~ Y "H Tw e
A W @ s e v .~ eOE § vOVA
7.2 V3 Wa | A @ ~ Y 6@ t

v={VOV1, V2,V3,V4,V5}
19 w

E={(vO,v1,5),(v1,v2,4),(v2,v3,9),(v3,v4,7),(v4,v0,1),(v0,v5,2),(v5,v4,8),(v3 5¥3)1(¥

72 i o
727 i T He
Path
T - W VA HYy t T OogmMIwnp i IX 5
1<=i<=nl, (wi,wi+1) r EA W © 6 nlA W
H A 2Tt V3[ V1 W L (v3,vANOVI) T w
{(v3,v4,7),(v4,v0,1),(vO,v1,8)}
Cycle
Ao~ 2 (V5V2,V3V5) Wae A
W d FOa Ot AO 3ANI LIKE wa directed acyclic graph 5! Bé I
e Ty DAG = 1~y _Ww A

7.3.
"~ ADT W g
Graph() = We

addVertex(vert) W e Vertex v~ T



addEdge(fromVert, toVetrt)

addEdge(fromVert, toVert, weight) « W

LAY

getVertex(vertKey) T W vertKey
getVertices() T !
in vertin graph 2 - TA t Trué ¢
False
Y  Python ~ ADT ~ b Tvy A
H @ N adjacency matrix adjacency lidk H
b bwuw Python A
7.4.
H W H A T Lo T
A v WH, MRV U v "wWlA Hea
oo l A 73 = 72T W v =t v |
w A
Vo i vz | va va Vs
vo 5 2
Vi 4
v2 9
v3 7 3
v4 1
Vs 1 8
73
n 1 6 Ao ¥ H A -3
[ Ne Ne - S a ¢ A b We O
AR 3: Python & bAdi L 3 A
' W@ Ar | [
. H u T @ W Wl V| 2A
WaeH @ biT Ky A Ty A
1| A
7.5.
W@ a adjacency ligh @ T
@’ hi masterlist = h i T @ TP Weaeb
1 A T g b 17 TT "~ key
" valug 17y G A 7.4 v 72T A



Graph
' id = "Vo" E
" adj = { V155, V5:2}
i s
id ="V1"
WY adj={V24}
| id = "v2"
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1 v T H A Wae Vertexa Wa T b "
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class Vertex :
def __init__  (self key):
self .id = key
self . connectedTo = {}
def addNeighbor (self ,nbrweight =0):
self . connectedTo[nbr] = weight
def _ str  (self ):
return  str (self .id) + 'connectedTo:' + str (x .id for x in self .connec

tedTo])
def getConnections (self ):
return  self . connectedTo . keys()
def getld (self ):
return self .id
def getWeight (self ,nbr):
return  self . connectedTo[nbr]

n 7.1



7t Graph ~ VW @ [
n ~ Graph3 t = T w W @
getVertices Y T As IY
ANA H H =
Listing2:
class Graph:
def __init__ (self ):
self . vertList = {}
self . numVertices =0
def addVertex (self ,key):

def

def

def

def

def

A ® 1= Ea it o [ 5 l
Wa key -« uWae Vertex » A 1 ~
W @ O = An
oLy ¥ L 72W A

Listing3:

self . numVertices = self . numVertices + 1
newVertex = Vertex(key)
self . vertList[key] = newVertex
return  newVertex
getVertex (self ,n):
if nin self .vertList:
return  self . vertList[n]
else :
return  None
__contains__ (self ,n):
return  n in self . vertList
addEdge ( self ft,cost =0):
if f not in self .vertlList:
nv = self .addVertex(f)
if t not in self .vertList:
nv = self .addVertex(t)
self . vertList[f]
getVertices  (self ):
return  self . vertList . keys()
__iter__ (self ):

return iter (self .vertList . values())
n 7.2

tt Graph  Vertex

>>> g = Graph()

>>> for

i in range (6):
g. addVertex(i)

>>> (. vertList

1 Y Phython=

. addNeighbor( self . vertList[t], cost)

Ty
Vertex
¥

Q@

A

H

7.2
[t O] 5



{0: <adjGraph.Vertex instance at 0x41e18>
1: <adjGraph.Vertex instance at Ox7f2b0>,

2: <adjGraph.Vertexinstance at 0x7f288>,

3: <adjGraph.Vertexinstance at 0x7f350>,

4: <adjGraph.Vertex instance at 0x7f

5: <adjGraph.Vertex instance at 0x7f300>}

>>> g. addEdge( 0, 1, 5)

>>> g. addEdge( 0, 5, 2)

>>> g. addEdge( 1, 2, 4)

328>,

>>> g. addEdge( 2, 3, 9)
>>> ¢. addEdge( 3, 4, 7)
>>> ¢. addEdge( 3, 5, 3)
>>> g. addEdge( 4, 0, 1)
>>> g. addEdge( 5, 4, 8)

>>> g. addEdge( 5, 2, 1)
>>> for v in Q:

for win v. getConnections():

print ("( %s, %s)" %(v . getld(),w
(0,5)(0,1)(1,2)(2,3)(3,4)(3,5)(4,0)(5,

4)(5,2)
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" y#£ § 76T PythonP Wa n*n A knightGraph
P A A (] st knightGraph £ genLegalMoves ' & = Wa
F o i 1 A . Wt As we 'P
posToNodeld B I H Ve T 36 7.10
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v 34 a = Stack ~ ' LA I ¢ knightTour False
linell~ > v w while nbrList T Ve A

from pythonds.graphs import Graph, Vertex
def knightTour(n,path,u,limit):
u.setColor('gray')
path.append(u)
if n < limit:
nbrList = Ist(u.getConnections())
i=0
done = False
while i < len(nbrList) and not done:
if nbrList[i].getColor() == ‘white":
done = knightTour(n+1, path, nbrList[i], limit)
i=i+1
if not done: # prepare to backtrack
path.pop()
u.setColor('white’)
else:
done =True

return done

n 78
1 W@ iy AR yvya 1 A @?®
T 1 X  getConnections ~ line6 ~ ! A vt knightTour
(0,path,A,6) A
knightTour ¢  7.12 A Ab A B D B i: DI
dfs B nw -~ 713" A B knightTour At
C D Y knightTour & C A~ En 7.14 -
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knightTour False A C [ 7 v BA
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