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Base Numbering Systems = Base Numbering Systems :

+ Numbers can be represented by and to » Python has various mechanisms for
the computer using various base ~handling different number bases
number systems — Base 10 is recognized implicitly:

* At this point, we are particularly
interested in: =
* Binary (base 2)
« Octal (base 8) # Not in lab 4, but common
« Decimal (base 10) 2 .
* Hexadecimal (base 16) - T
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Base Numbering Systems | Base Numbering Systems

— Others are not:

— Numbers preceded by a zero are interpreted by
Python as octal numbers
—013 = (1*8')+(3*8%) =8+3 = 11
8066 Python Shell
>>> 011
9

— Numbers preceded by a zero and the character
T ; x are interpreted by Python as hexadecimal

§ s numbers

Traceback (most recent ca ast): ] =t . = =

File "<pyshell#18>", line 1, in <module> - O0x1B = (1*16")+(11*16°) = 16 + 11 27
afc5 5

NameError: name 'afc5' is not defined m 8066 Python Shell
>>> | A

>>> 013

! ; 7
Ln: 82/Col: 4] , 5> oxis

5> | L

Ln: 86/Col: 4]

T VTR

Base Numbering Systems | Base Numbering Systems

— There are built-in functions that can handle
some transitions: | S 27 26 95 24 98 2291 20
e 06 _ . Python Shell I —-dlglts 0-1 0 0 1 0 1 0 0 1
;>> eval('011") e OCtaI

 Binary

>>> eval("0x2C") eval — convert a string to
44

number (string can be hex ! —digits 0-7
33;22§X<44) or octal number) : =

2+ 8 o+
GefoeEie) i 2)41r1
>gi1| hex(<number>) — convert | Becimal 2 ;20 ro
 to hex string —digits 0-9

2)10r 0
oct(<number>) — convert

5 3 ) 5
to octal string i Hexadecimal ) 51

: = 2)2r0 :3
bin(<number>) — convert X dlgltS 0-9& A(10)-F(1 5) 2)0r1
to binary string 101001
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String as a Sequence 2 String Sequence

 String: An immutable sequence of .+ theStr = ‘index’
characters '
—immutable: cannot be changed

— sequence: a particular order in which things
follow each other
« forward index = 0 through n-1
« backward index = -1 through -n

— character: individual ascii symbols

Indexing example - from the right

H B ! Hilsezlc L[l o Blo | b

ls=ls -2 3 4 -5 b= J&ees

>>> greet = "Hello Bob" ~« In astring of n characters, the last character
>>> greet[0] ‘ is at position n-1 since we start counting with
L 0.

:|>I>opnntgreet[0]. greet[2], greet[4] » We can index from the right side using
>>>x=8 g negative indexes.

>>> print greet[x - 2] B >>> greet[-1]

B b’

>>> greet[-3]




String Data Structure

Immutability:

— individual elements (characters) can not be
changed once created

— the string can be recreated

— the variable can be re-defined

String re-creation

» Recreating or reassigning a string is fine:

S

def main():

theStr = I am a string"

# Read a character
print theStr[3]

# Attempt to write (modify) a character
theStr(3] = 't

5112/spring09/samplecode

2/spring09/samplecode.
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String Methods

Many string methods return a new

- .

O O O *string ples.py - [Users /dfleck/Doct

stings ams string (because they cannot modify
# Strings as a sequence examples e .
et raingy: (mutate) the original string).

n
theStr = "I am a string”

# Read a character
print theStr(3]

# Attempt to write (modify) a character
#thestr([3] = 't'

aStr = “hello world”
bStr = aStr.capitalize() # Does this change aStr?
aStr = aStr.capitalize() # Is this legal?

# Recreate the string is okay
aNewStr = "I at a string”; print "1:",
aNewStr = theStr.upper(); print "2:"

# Reassign a string variable to a new string is okay
theStr = aNewStr ; print "3:",theStr
theStr = theStr.lover(); print "4:",theStr

>>>
m

1: I at a string
2: I AM A STRING
3: I AM A STRING
4: i am a string
>>> |

STt
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Sequence Operators
3.6 Sequence Types —@ unicode,@ buffer, xrange

There are six sequence types: strings. Unicode strings lists. tuples, buffers, and xrange objects.

Sequence Operations

Suing erasare witen in singl ordouble quoes: *xyz2y . £robozz". Se chapter 2 of the Python Reerence Mayua for more sbout sing
el Unicode snngs ae much ke sing, bt e specifizd i the syntax u: " tu "

] Wih scuare brackets, separaing iems wilh commas: [a, b, €] Tuples are consucted by the comma opersor (nol within square brackets). with or
without enclosing parentheses. but an empty tuple must vt i enclosing parentheses. suchasa, b, c or (). A single item tuple must have a

 trailing comma, such as (d, )

806

>>>
Buffer objects are not directly supported by Python syntax, but can be created by calling the builtin function buf fer ( ). They don't support i -
o >>> a_string =

concatenation or epetiir
>>>
| Xrange obiects ae similar o buffers i that there i no specifi syntax 1o create them, but they are created using the xrange () function. They don' | .
Support Slicing, concatenation or repetiton. and using L, o€ L. min () ormax() on ihem i ielficient. >>> len(a_string) 6066 Python Shell
10 >>> a_string = "1234567890"
S>> >>> "234" in a_string
o0 . True
“This table liss the sequence operations sorted in ascending priority (operations in the same box have the same priority). In the table, s and rare >>> "5" in a_string >>> | 4
Sequences of the same type: - £and 7 are iniegers: True

Python Shell

"1234567890"

Mossequence types suppot h olowing aperations. The *4 #d "ot L1 peralon have the saeprirles s e compaton persions. The
* and "+ operations have the same priority as the corresponding numeric operations 1

v in s [Trueifaniiemofsisequaltox che False |

Notes
]

T not in v |False ifanitemofsisequalto v clse True

>>>
>>> "A"
True

not

v
[Ln: 75]Col: 4] ,

in a_string

, s+ the concatenation of s and 1 ]
You've T 5 ['n shallow copies of s Concarenated H | >>> | A
already seen 1 71l tem of s, origin 0 3 : §
slice of s Trom 710/ N }
these i o o 10 W e Ln: 95/Col: 4))5,
Tength of

min(s) smallest ftem of s
max (s) Targest tem of s

What about a substring?
Slicing a string

« Slicing:
<string>[<start>:<end>]
« start and end must both be ints
Hel'

* The slice contains the substring >>> greet[5:9]
beginning at position start and runs up .

>>> greet[:5]

to but doesn’t include the position S
end. 5 ' Bob'
y | >>> greet[:]

: *Hello Bob"

H

0

>>> greet[0:3]

Hint: When slicing it helps
to think of the slice indexes|
between the characters,
then 0:3 is very clear
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String Declaration & Initialization |} MIN & MAX Functions

* Declaring an Empty String

. : * min(sequence): returns the element in
—a_string = empty single or double quotes

the sequence that has the minimum

3 al e"
* Note: nothing inherently special about .

name (just another identifier) so self- e max(sequence): returns the element in
documenting code helps... the sequence that has the maximum
-x=5 x=* first_name = *’ { §  “value’

¢ Based on ASCII code value for string
sequences

Dec Hx Oct Himi_Chr |Dec Hx Oct Himl Chr| Dec Hy Oct Himil Chr
mull) 20 040 ¢#32: Space| 64 40 100 c#64; § | 96 60 140 c#96:
! 6

ORD & CHR Functions ASCII Table

start of heading) 101 #65; & | 97 61 141

ord(char): converts single character to | iimmietiedl | (Enmow
corresponding ASCII integer value (it : : 243 e
chr(int): converts integer value to i e o £ 215 N
corresponding character symbol i ot S | o i it

(shift in) 2F 057 &#47; ;0 (111 6F 157

Erwormamoaase -

A (data link escape) 30 060 6#48; ;P (112 70 160
Based on ASCII| code value {device control 1) ; ¢ 0|13 116
{device control 2) B : 114 72 162
device control 3) 3 3 115 73 163
aevice control 4) 5 : ;T (116 74 16

— American Standard Code for Information ] e R E : i 7 i
Interchange : S o M ; i 7 2%
| end of medium) & ; 121 79 171

— 7 binary bits = 128 unique symbols | ] <ccape) A

file separator] 0 [124 7¢ 172

<Eaurawo

il

(group separator) 93 ;1 [125 0 175

Python also supports Unicode (16 bits) B v Eoas |mEmas fmEian.

Source: win.LookupTablos.com
American Standard Code for Information Interchang
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ORD & CHR Functions

806 Python Shell

>>>

>>> ord("A")
65

>>>

>>> chr(65)
3¢

>>>

>>> ord("AA")

Traceback (most recent call last):
File "<pyshell#9>", line 1, in <module>
ord("AA"

)
TypeError: ord() expected a character, but string of length 2 found
>>> |

String Methods

Ln: 31/Col: 4|

8606 Python Shell

>>>

>>> a_string = "this is a sentence."
>>>

>>> new_string = a_string.capitalize()
>>>

>>> new_string

'This is a sentence.’

>>>

>>> a_string

'this is a sentence.’

>>>

4

Ln: 33[Col: 4]
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MIN & MAX Functions

Python Shell

"123abc")
"123abc")
"321cba")
"321cba")

"1"); ord("2"); ord("3"); ord("a"); ord("b"); ord("c")

Y
v
i

Is it alphabetical ordering? Be careful: min(‘abcWXY’) ? |

Ln: 50 Col: 4]

Sequence Operators vs. Object Methods

® sequence operators:
» may be built-in functions
 operate on various data types
» example: len len(a_string)
© methods: operate on a single data type
« string object methods (e.g., capitalize)

 a_string.capitalize()

TR
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Comparison Operations ' ‘ Comparison Operations

806 Python Shell
>>> string_3 = "ABC"
string_4 = "BCD"

606 Python Shell
>>>
>>> string_1 "A"

string_2 "B"

string_3 > string_4
1se

>>> string_5 = "ABCDEF"
. . >>>
string 1 < string 2 >>> string 3 > string 5
ue False
>>> string_3 == string_5
1se

Fa

>>> string_3 < string_5
e True
: >>>
>>> string_ 5 =
>>> string_6 =
>>>
>>> string_5 < string_6
True
>>> .

Ln: 43]Col: 4] HléggDEF

Ln: 64/Col: 4

Sequence Comparison Operations ‘ Dissecting Data Streams
e 6 e‘ ) un(itled.py'—,/Users/rheishmal112;untitled.py N = o :

def main(): —"FAC50000BC4A01015CC01010"

» Is there a pattern?

string_1 = "abc"; string_2 = "def"; string_3 = "ghi"

print string_l > string_2 or string_l != string_3
print string_2 == string_3 and string_1l <= string_2

"FAC500008C4A01015CC01010"

|main()

Ln: 8|Col: 6] ,

Python Shell
RESTART

5
v
Ln: 23|Col Y
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Dissecting Data

ARSI 7

Streams || . Terminology / Concepts

def main(): Binary Number System
test_str = "FAC50000BC4A01015CC01010” -,
print "Address Data" . Octal Number System
print " " + test_str[0:4] + \ : Hexadcimal Number System
" "+ test str4:8] | ASCII
print" " + test_str[8:12] +\ N 5
"4 test_str[12:16] Address PEes ‘ Slicing/Substring
print" " + test_str[16:20] +\
" "+ test str[20:24]

main()

Tuple and Lists Data Structures | Tuple Declaration & Initialization

» Tuple: Animmutable sequence of valid 3 aninaltwple = () - |Empytple |

>>> type(a?i.malftuple)
] <type 'tuple'>
Python data types : 22 aninal counts = (1, 7, 3, -19)
animal counts = ol 3= i
>>> type(animal counts) Juple with data
<type 'tuple'>
: = | >>> -
» List: A mutable sequence of valid ‘ 22 Beetaniat age) |Oops... what happened? |

Python data types <type 'int'>

>>>

>>> animal_age = (34,) # Gotta have the comma
>>> type(animal age)

<type 'tuple'>

>>> |

» Tuples, Lists and Strings are all Python

sequence data types. ! i + Note: nothing inherently special about name (just another
identifier) so self-documenting code helps...
- x=5 x=() employee_tuple = ()




Tuples are Sequences

def tupleSequence():
aTuple = (34, 45, 87, 99)
print "\n\nl:", aTuple

bTuple = (1, 1, 1)
cTuple = aTuple + bTuple # Concatentation

rint "Tuple has 342", 34 in aTuple
print "Tuple value 3: ", aTuple[3]
print "Tuple value -2: ", aTuple[-2]
print "Tuple slice: ", aTuple[l:]

>>> aTuple = (1, 2, 3)
>>> aTuple

(1, 2, 3)

>>> aTuple[2] = 12

Traceback (most recent call last):
File "<pyshell#57>", line 1, in <module>
aTuple(2] = 12
TypeFrzcr: "tuple’ object does not support item assignment
>>>

Tuples as Lookup Tables

» Tuples are frequently used to created
lookup tables.

» Requirement: Ask the user for a
number and convert that to an
appropriate month

e Lets try it!

2/17/09

Tuples can contain multiple data types

>>> bTuple = ("Something”, 35, aTuple)
>>>

>>> print aTupl

>>> aTuple = ("Dan", "was", 25, 300.0, "seconds")
>>>
ple
('Dan', 'was', 25, 300.0, 'seconds')
>>>

Tuples can even contain
other tuples!
>>> print bTuple

('Something', 35, ('Dan', 'was', 25, 300.0, 'seconds'))
>>> |

Lists are also sequences

>>> aList = []

>>> type(aList)
<type 'list'>

>>>

>>> gradeList = [89, 98, 101, 23]
>>> type(gradeList)
<type 'list'>

>>>

>>> gradeList = [89]
>>> type(gradeList)
<type 'list'>

>>>

>>> |

* Lists are exactly like tuples, EXCEPT
they are mutable!

10
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Lists: Mutable! Whoa there cowboy...

deList = [89, 98, 101, ' V , i
e G » Shouldn’t there be some special

>>> print gradeList

| 189, 22, 101, 23] o i operators that work with mutable data
= structures like lists?

| Operation Result
*xins True if an item of sis equal to x, else
1se

x not in s ralse if an item of sis equal to x, else s Yep = Walt tl" neXt Week'
- the concatenalion of s and * http://docs.python.org/library/

n sr.lallow copiefs.ol s concatenated These all work with
th tem of s, origin 0 Strings, Tuples and Lists | | stdtypes.html#mutable-sequence-types
s[i:3] slice of sfromito j 3 |
s[ii3:k) slice of s from ito j with step k
len(s) length of s
min(s) smallest item of s
max(s) largestitem of s

R

A

String vs. Tuple vs. List Note on Tuple Initialization

' © 06O *tuplespy - /Users/rhelshma/112/tuples.py*

3 Stl’ing def main():
— sequence of characters only It

print a_tuple

2 i _ This works, but is
— immutable data structure e uple g confusing... use parens!

. Tup|e | tuple y = (12,23,34,45)

print tuple_y

— sequence of valid Python data types main() i
— immutable data structure Lo 0]cot: 17

000 Python Shell

List ¥ =
: g & (12, 23, 34, 45)
— sequence of valid Python data types (12, 23, 34, 45)

— mutable data structure

11
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Accessing Tuple Elements |  , Repetition & Concatenation

e 6 (&) *tuples.py - /Users/rheishma/python/tuples.py* i 866
def main():

tuples.py - /Users/rheishma/python/tuples.py

def main():

a_tuple = (23, 45, "box", 12.5, (1,2,3)); | a_tuple = (23,"box", 12.5, (1,2,3)); print a_tuple

tuple *= 2; print a_tupl i
* a tuple[l], "+, a tuple[2], "+, a tuple[d] a_tuple pri a tuple Must be careful with
L a_tuple += (5,6); p a_tuple syntax...
print a_tuple[2][0], "*", a tuple[4][2] ) * attention to detail *
a_tuple += (5,6),; t a_tuple -

a
main()

main()

29
v
Ln: 12]Col: 0]

v
[Ln: 14‘Cul: 0‘ 4
[SXSXS) Python Shell

Python Shell
>>> RESTART ¥ RESTART
>>>

45 * box * (1, 2, 3)
b*3

3

4
>>> | i

(5, 6)) 4

v
|Ln: 27/Col: 4], Ln: S6/Col: 4] /i

Modifying Tuple Elements | Practice with slicing/indexing

- e06 *tuples.py - /Users/rheishma/112/tuples.py*

T e Slicing and indexing is critical to know
a_list = [1,2,3] ¥
a_tuple = ("box", 12.5, a_list)
print a_tuple
a_list[1] =5 - = s
print a_tuple While a tuple may be immutable, tuple | aStrIng abC123

elements may contain imbedded

[main() references to mutable data types ; aStrIng [2]
[Ln: 9[Col: 7] , | aString [0:4]
000 Python Shell | aString ['2]
>>> RESTART ¥

T?;ox', 12.5, [1, 2, 3]) i aString [3]
('box', 12.5, [1, 5, 3])

>>>

12



Practice with slicing/indexing

Slicing and indexing is critical to know

a= [‘abc’, 123, ‘ddd’, 999]
al2]

af0:4]

al-2]

a[1:]

String Justification

* Justification
— aligns text within a text field in a particular
fashion:
* left justified - “text
* center justified - text
« right justified - “ text”
— print “text”.ljust(20)
— print “text”.center(20)
— print “text”.rjust(20)

Formatted Printing

untitled.py - /Users/rheishma/112/untitled.py

print "$x" % 108
print "$#x" % 108

x = "%$.2f" % 1234.56789
print x

print "$e" % 1234.56789

v
[tn: 6]Col: 0]
Python Shell
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57
1.234568e+03
>>>
>>>
SyntaxError: invalid syntax
c

Terminology / Concepts

Indefinite Loop
Definite Loop
Mutable / Immutable
Sequence

String Data Type
Tuple Data Type
Justification

13



