a0k COENIE S ERT T1T O N

problem solving
withg|gorithms

anddata structures
using python

Bradley N. Miller
? David L. Ranum

MKLIM, BEEDLE & ASSQCIATES INCORPORA
[INDEPE NOENT PUBLISHER S SIMNCE 1985]

F D ;- R gischen@pku.edu.cn
RFEME © http://gis4g.pku.edu.cn/course/pythonds




Python v
e
ettt ettt et en et e e e s A e ettt e et nen ettt en e, 10
USSP 10
1.2. USSP 10
1.3. L ettt 10
L. H ettt e ettt 11
15 4y < 7 PP PRSPPI 12
16.4y 2P 13
O V12T TP PSP PP PP UOPPPP 13
A% OO 13
A S TR 27
1.7.3 L ettt eeeas 31
L7 4 ettt 35
AT T — PO 37
1.7.6 Python S OO 38
............................................................................................................................................ 54
et et e ettt e ettt e et e ettt et et et et et e e nteateeeeateareareas 54
.................................................................................................................................... 54
PPN 55
N oottt ettt n ettt et n et en et et enne et 56
22, H NG oottt et en s 56
7225 W (N © XU 60
2. 2. 2T B et 63
2. Py NON e e e e e e s e nnneaeeaeaaae e 69
720 T R I 1= OO OO 69
725 37 OO 73
X< OO OO 76



........................................................................................................ 78

0 RPN 78
32. H ettt ettt ettt en et 78
G 70 PSSP 78
TP PP PR SPPPPTTTRRY 80
34 PSPPI 80
341 . H ettt e e e e e e e e e e ————eeee e e e ————eeaeeaaana——ereaeeeeaanrrrrreaeeeaanned 80
3.4.2. Queué b et 81
3.4.3. PythonT QUEBUE ... 82
3.4.4. e e e e e e — e e e e e e e anraraeeaed 84
3.4.5. ' N K s 86
L T o YOO 88
347 PYINON e ——————————————————— 38
- OO RRUOPUPPPPPPRIN 96
3.5§ b ettt ettt ettt teb e et ete e etebetatebe et ete et eae et bere et ebese et e et eae et etete e etese e etere e etennetene 97
351.. H T T 97
B D. 2. e a e e a i aaaaas 97
3.5.3 PythonT i T 7T [V T RN 98
35410 L 00 e e e e e e e e e e e e e e e raaaeaeaeaanees 99
36! ] PP 101
3.6.1. l 0 aTo] o (=T = To | ) A 101
3.6.2. b e e e e e e e aa e e e e e e aanes 102
3.6.3 ' b e e e e e e e — e e e e e e et raraaaaean 111
3.6.4. b e e e eeteee e e eareaeeea et e et eee e rareaaaraaes 112
3.6.5. N PPN 114
7 USRI 115
3.87 Sty A T L et 115
G 78 116

(ST o1 1 | ] o o 119
5 O 119
B2 H ettt ettt 119
4.2.1 L e e — e e e e e e — e e e e e e a——aaaaas 119



B3 e 125
B e e et 127
4.4.1 S 132
BB, oot 135
D51, P ettt 135
BB, et 137
4.7 FZ O 148
BB ettt 154
e TP 154
0t 1 PP 154
AL et en e 155
B et et 156

B ettt ettt 158

3K TSSOSO 158
LS 70 158
B2, d. ettt 158
B.2.2HUNE oottt 161
D23, L ettt ettt 164
LS TR T 175
B.3.100  eeeeeeeeee ettt ettt ettt 175
B.3.2. ettt 178
B.3.3. T ettt ettt 179
B34, e 182
3t -7 OO 185
B.3.6.  eeeeeeeeeeeeee et e oot 186
LS T PPt 187
B D T et e et e e e ettt 188
BB, e et 188
5.7. B e ettt 189
..................................................................................................................... 191

35 OSSOSOy 191

6.2. PP PPRRPRR 191



6.3. oottt ettt ettt 193

6.4. L et e et ettt ettt et et et e aeeeeneeaeaaens 195
B, ettt ettt ettt er s 199
B .5 et e ettt ettt e et e s 203
B.7 ettt ettt e ettt ettt et e, 210
6.8 BINARY HE AP e, 213
6.8.111 B ettt ettt ettt et e e aaaes 213
(o3 22 U LRSS 214
S 1 LSRR 222
6.9.1 D e 222
B.9.2 e 223
6.9.3 N et et e e e e e e —————————— 243
B.00 e ettt 244
B. 00, L AV L e ————e e e e e ———————aaeeraar——————.aaaa 245
B.00.2 AV L e ———————————— 247
B.11  ADT MAP oottt ettt 254
8.0 ettt ettt ettt ettt 255
57001 TSSOSO 255
8.1 ettt ettt ettt 255
B.05 ettt 257

................................................................................................................... 259
T L. ettt e, 259
7.2. [ OO 259
T3 s 260
T ettt 261
T D ettt ettt 261
40 TSSOSO SRR 262
A R AV (o] o I =T [0 [ TSRO 264
7.7.1. VLY o] (o I - To [0 =] (TR 265
7.7.2. ne [(Z1255) TSRS 267
7.7.3. ne DB S N e 270

75T PSPPI 271



7.8 L. s 271

28 757 PSPPSR 274
7.8.3" O i 278
7.8.4. TG eeeeeeeeeee ettt ettt ettt et e ettt ettt 280
700 ettt ettt ettt 285
7.10 N ettt a ettt ettt s ettt 286
TAL bbb 289
00 5 It O 5 ]| 1 > U 291
7.11.2. Dijkstra N e 296
TA2PHM bbb 296
703, et 302
7047 T e ettt a e bttt et s et enes 302
2% LT TSR TRROT 303

7.16 T PP PP 303



nne " nn
Q AGV*

TXKzesMe QQJ _ y

~ —

2015w 3 2016w | a e

N7

0% Qn a &

2asviQ §xX

http://interactivepython.org/runestone/static/pythonds/index.html




20555 M QV Y n 4
y n n4a-°
Cch1 r €1l 1 1 AN Y
1
Ch2 3.3 r €1 1 1
1 1 1 [
34 4.4 r €1 a | 1
1N 1 1 LN T
45 Cho r €11 1 1 VY
1 1 W/l m K T
Ché r €17 1 1
1 1 7 1 [
Ch7 n r €] 1 1
6 | 1 1




2016s M QV Y Q A n 4
y N n4a-
Chi 6 I ELN VY 17 11
1 1 ) 1N 1
ch2 3.3 r €1 1 TR I o I
1 oF] 1 1 1 1
3.4 4.4 r €] 1 VY 1b
1 1 1 €
45 Cchs | Qafl €4 1 A 1 HH1T 4
1 1N 1 1
che |1 r € Ul [ WY
1 1 1 1 1 1
chy |M F €11 1 0 | 1 Rl
1 1 1 1




1.1.
£V a
H | Lyt
| L Vi
3 Python A
1.2. i
L W |
T A
W A a Y
. . _
z _ A
R U 3
Fo_ Z HA#
- T
A
¥ h H @
} # 3 TP 1
3 python A L
AF A
1.3. . H
Y %o
. b
3 i A
v ’ Y DA
v b
_ A @ F
A H
_ ri -
[ T
~ || ~
" - A
Y _ G
M Ne

>

<

- T b~
bT w ’
i D D) BY 0 =
Lo, i Y Bt v N
o i} 3 ey e A
1 AD TOA JEEE! kbi A
z~ 13 Ha
[ Q D i A
_ b H v _ T 1
A W Yi b
YT ' p v ' 1 _ A w
- ?l' r o .‘l'(p T W 'T [
y A W L @ Ar3
A PP
_ayil T % _ A W
W @ * algorithm ~ ~ QF W _ T F
_ A _ A
AT [ W
- _ P H
Ny H "
L~ computable @ A _ @
3 W y
N s w [T L @ n F A
A
w3 " abstraction ~ A a 1 yw

A

> T



RZE b & i Abude” ~ Ve
[ "R H € An R 0
{1 “ v - A Ty e W
L AL Wab [+ WabB w A T w 3
~ interface © A
s W k b At b v TF
w AT kY v b v P B 1
A " ) i A
N a R3 W A Q - b s
U] Y “ePr o6 i r v W At ntc
A a a Vi i W G
A
T b (. v b~ 3\ v Yr vaovx nq
“w At L W p A
Ha?o W o ) - 3s A b
p T v b Ty A " b
’ AP W e _ o [ [ yPython math wo Az
@ oo Ty W ‘

>>>import math

>>>math.sqrt(16)

4.0
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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

(intro_ 1.1)

R

i
H @

Ng

w and, or, notA

Hah

A

’{J'T

Al

(SN

G

b3

P

NoA



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 -
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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
Wl Ty o137y K v Python T l A 1.2
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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

>>>

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

>>>
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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]

>>>
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>>> 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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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

D



W newguessi W n  oldguess ~ A a Av
i

n2An 1T Wef Wev n A 20 H v A -
[ 14 Hp~ b | v ew A
q 1 3 b a A K v A
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
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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)
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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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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

1.7

<l



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
A
No
"R Python T R Q - Qu’ ¥
=yl > < A
1.7.6.2 ' b
W | 2 Wa A W@ s We z"
E b. H € , "n A Python "
v s 1 A’ W A 1.8 v p  python
Y1l H e’ 1 W @ T An Ty . Ve
- L " - W - ! a ~ A "
"~ the list IS-A sequential coll ection~ A Lot
17 b a a ~ A

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 @
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We ~ ~ EFvi b v 1A S0
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- 1.117 A v LogicGate™ 9 A
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~ 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 223 % [Fne

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
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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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P - a b w7 v [ b A v
sum_of n_ 3 A
" A %o " Y b N
u 1 L e A u «a w oG a a a
A T Waebuw a A he
00 noe~ §f Y [ A
22.1. I O:
1 by 61« W @ -
@ b A W W 18° H
W Ty W _We AL Ve i B
W TF WG [ A
1 Moz - Vo2 - W @ i
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s We? X @ v T(n) =5a+27n+1008 n -

1 2 - 1005 M, P [h b Apr n “na t [ h b
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oo Ty Te ~ 77 S5na § T(n) 3v=3uvA 5 b 3w
© 37y A v w P TN f(n)=rm~ vO(r)A

A r 6_ci
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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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P A

2

1. QH @ PythonP Wal T vAP ® 1 T @ bi b
- o(m)P K O(nA
2.2.21 B

T yi®B 1 Wel ©» A W @ v
s Wa Y I .7 H Ha veuwi B A * ¢heartth éearthée w i B
* épythonéb étyphoré3 e w i B Aw = | o T v
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v None 7 ~ by A " 6 yvb™ i ® H @ v o W e

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

VIR VRN Yib v W |
W 7 6 PythonT ! T b o) A 1 W by
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" b b Ar b b AW b b ‘
b A
Ne [Wa B H @ b ! b A
e b E bu 6| " H @ b O(1A
3 Wa b~ Hie: A H . W @ 1 AR" Yy
I append: b v A @l append: b O@A ~ y oK) k
! A= ) Ty b i"yan
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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
A

(el}]

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
© A Timeit A Yu T T v A~
z Ty b~ A i

>

s T "y [~ v 0.30 append b G
4 6.54 Y b A :: T N Ve Wel T olistt H

range I = | A o ! for T @
append b H OA
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