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The result of calling repr on a value 1s what
Python displays in an interactive session

The result of calling str on a value 1is
what Python prints using the print function

datetime.date(2019, 10, 13)
()

>>> today =

>>> repr(today) # or today.__repr__
'datetime.date(2019, 10, 13)'

>>> str(today) # or today._ st
'2019-10-13"°

The result of evaluating an f-string literal
contains the str string of the value of each
sub—expression.

>>> f'pi starts with {pi}...'
'pi starts with 3.141592653589793..."
>>> print(f'pi starts with {pi}...")

_ 0

I

Short version:

A combined express
evaluation procedu
1. Add a new frame
2. Create an empty
expression

B.

List comprehensions:

[<map exp> for <name> in <iter exp> if <filter exp>]

[<map exp> for <name> in <iter exp>]

ion that evaluates to a list using this
re:

with the current frame as 1ts parent
result list that 1s the value of the

3. For each element in the 1iterable value of <iter exp>:

A. Bind <name> to that element in the new frame from step 1
ITf <filter exp> evaluates to a true value, then add
the value of <map exp> to the result list

List mutation:

>>> a = [10] >>> a = [10]
>>> b = a >>> b = [10]
>>> g == >>> g ==
True True

>>> a.append(20) >>> b.append(20)
>>> g == >>> g

True [10]

>>> g >>> D

[10, 20] [10, 20]

>>> D >>> g ==
[10, 20] False

You can copy a list by calling the list
constructor or slicing the list from the

pl1 starts with 3.141592653589793... - _ S _ beginning to the end.
Dictionaries: Dictionary comprehensions:
Lists: | | >>> a = [10, 20, 30]
>>> digits = [1, 8, 2, 8] words ‘..{més..: moret {key: value for <name> in <iter exp>} ﬁ; légt(g%]
>>> len(digits) <t "otro": "other", >>> {x: xxx for x in range(3,6)} >>>'a[.j
4 . "agua'": "water" {3: 9, 4: 16, 5: 25} :
o> digits[3] |919its|— 01 18 22 38 y . [10, 20, 30]
8 :
o >>> len(words) >>> [word for word in words] Tuples:
>>> [2, 7] + digits x 2 3 ['més', 'otro', 'agua'l >>> empty = ()
[2, 7, 1, 8, 2, 8, 1, 8, 2, 8] >>> "agua" in words >>> [words[word] for word in words] >>> len(empty)
_ True ['more', 'other', 'water'] y
>>> pairs = [[10, 201, [30, 401]] >>> words ["otro"] >>> words["oruguita"] = 'caterpillar' 0 o | |
>>> pairs[1] ist list 'o’cher'd . . T>>tworqi{"0fuguita"] >>> cong}’;}ons[;]('raln', 'shine")
: 0 1 0 1 === WOrdsil pavo caterpitctiar >>> Conalitions
[30, 4Q] . pairs| —> o 10 | 20 KeyError >>> words ["oruguita"] += '%' 'rain’
=== pPalrs >>> words.get("pavo", "@") >>> words ["oruguita"] ~>> conditions[@] = 'fogq"
30 '®’ 'caterpillar%’ Error J
Executing a for statement: 'Et 1 _ ,
for <name> in <expressions: Functions that aggregate 1iterable arguments
<suite> 30 | 40 -sum(iterable[, start]) -> value sum of all values ;ZTSZH([False' Truel) ;?:eany([False’ Truel)
1. Evaluate the header <expression>, ‘max(iterable[, key=func]) —> value largest value >>> all([]) >>> any([])
which must yield an iterable value max(a, b, c, . [, key=func]) —-> value True False
(a list, tuple, iterator, etc.) min(iterable[, key=func]) —-> value smallest value >>> sum([1, 2]) >>> max(1, 2)
2. For each element in that sequence, min(a, b, c, . [, key=func]) —> value z>>:nmﬂ[1 51, 3) 3>>.m»a[1 21)
in order: | -all(iterable) —> bool whether all are true 6 C 2 '
A. Bind <name> to that element 1in any(iterable) —> bool whether any is true >>> sum([1) >>> max([1, -21, key=abs)
the current frame 0 -2
B. Execute the <suite> Many built-in map(func, iterable): >>> sum([[1], [2]], [I])
Unpacking in a A sequence of Python sequence Iterate over func(x) for x in iterable [1, 2]
for Statement: fixed_length SequenCeS Operatlons filter(funC, iterabIE):
_____________________________________________________________________________ rit“rg hat Iterate over x in iterable if func(x)
oo pairs=ii1, 21, 12, 21, 13, 21, 4, 411 | Compute resutts Zip(first_iter, second_iter): List methods:
>>> same_ chﬁf"E"ﬁ '''''''''''''''''''''''''''''''''''''''''''''' lazily Iterate over co-indexed (x, y) pairs " | | . 0
: >>> sults = ['coin', 'string', 'myria
A name for each element 1n a revigssgéseque:ce);n " T . d >>> suits.pop() 4’;kmowfandre¥;m1the
fixed-length sequence © QVer X Inh a sequente inh Teverse order vnyriad: Qi\\\l‘ last element
V . . . . - | . I
o> fOr: X, y'ln Dairs: To ¥1e¥ th? llst(lterable?_ o | | >>> sults.remove( string ) Removes first
EE v contents 0O Create a list containing all x in iterable | | | matching value
same count = same count + 1 a?aégegﬁzor, tuple(iterable): ~ su;is.apgengg[fup )d' Lub'1)
>>> Ssame_count P - Create a tuple containing all x 1in 1iterable -~ Stlts.ex enl sw?r r_Clu
) resulting ted(iterable): >>> suits[2] spade Add aYLvahkﬁij
elements into SOrtediiterabler. | o S >>> suits
> D, ; 4 3 container Create a sorted list containing x 1n iterable |['coipn’, ‘cup', 'spade', 'club'll Replace O
’ ’ ’ Ty >>> cascade(123) 0, 1,2 3 45 6 7, 8 |>>> sults[0:2] ['diamond’] == slice with
L det ??Scaieig? ' 123 virfib(n): @, 1, 1, 2, 3, 5, 8, 13, 21, |>>> SULtS  Vatuest
\ i 1rlprint;n) L2 def virfib(n): [Idiamond" 'spac(je', IClUblg Add an element
B . L ifne==20: >>> suits.insert(@, 'heart’ N T
range(-2, 2) else.rint - 123 return 0 >>> sUlts
Length: ending value — starting value Eascaéein//lO) stitn = ['heart', 'diamond', 'spade', 'club'l]
Element selection: starting value + index print(n) else:
return virfib(n-2) + virfib(n-1)| False values: >>> bool(0)
>>> list(range(-2, 2))< List constructor °Zero False
[-2, -1, 0, 1] Exponential growth. E.g., recursive fib O(™) O™ | <False >>> bool (1)
. Incrementing n multiplies time by a constant *None I:geb (')
>>> list(range(4)) Range with a @ *An empty string o0
i drati h. E L 2 2 . . ’  False
[0, 1, 2, 3] starting value Quadratic growth. »g., OVertap O(n°) O(n) list, dict, tuple ... pool('0")
, T Incrementing n increases time by n times a constant
Membership: Slicing: . X ’ ALL other values  >ws bool([])
>>> digits = [1, 8, 2, 8] >>> digits[0:2] Linear growth. E.g., slow exp O(n) O(n) Jre true values Folse
>>> 2 in digits [1, 8] Incrementing n increases time by a constant >>> bool([[1])
True >>> digits[1:] . . True
~>> 1828 not in digits (8, 2, 8] /\ Logarithmic growth. E.g., exp fast O(logn) O(logn) ~>> bool({})
True (Slicing creates a new object) Doubling n only increments time by a constant EzlS&mu())
Tdentity: Constant growth. Increasing n doesn't affect time ©O(1)  O(1) False
<exp0> is <expl> >>> pool(lambda x: 0)
True

evaluates to True 1f both <exp0®> and

Eexp%?tevaluate to the same object Global frame func make_withdraw_list(balance) [parent=Global]
quality:
<exp0> == <expl> make_withdraw_list AT e N
evaluates to True if both <exp0®> and withdraw - ] It changes the contents
<expl> evaluate to equal values *\\\\\ |75 of the b list
Identical objects are always equal values | | ] N o
: : 3 | r q T . 2} fl: make withdraw list [parent=Global] \\\ -------------

iter(iterable): >>> § = 4, 5] >>> = {'one': 1, '"two’: jrmmmmmm e . : -

Return an iterator >>> t = iter(s) >>> k = iter(d) f | S balance :(100 func withdraw(amount) (parent=tl]

over the elements >>> pext(t) >>> next(k) >>> v = iter(d.values()) wilithdraw iwithdrawi def make withdraw list(balance):

of an iterable value 3 ‘one" >>> next(v) doesn't E § - Name bound = b = [balance]
next(iterator): >>> next(t) >>> next(k) 1 reassign any | i _?_= outside of def withdraw(amount):

Return the next 4 'two"’ >>> next(v) name within Return withdraw def if amount > b[0O]:

element of an iterator 2 the parent value 9 y return 'Insufficient funds'
A generator function is a function that yields values instead of returning. ~ / g Element N——Db[0] = b[0] - amount

>>> def plus_minus(x): >>> t = plus_minus(3) def a_then_b(a, b): f2: withdraw [parent=f1] assignment return biol

yield x >>> next(t) yield from a n 1 HEEBED Wil i
yield -x 3 yield from b amount 25 \c anges a Llist
>>> next(t) >>> list(a_then_b([3, 4], [5, 6]1)) Return | 5¢ m:thdraw = Bake pisudaan BiSE(£00)
-3 [3, 4, 5, 6] value withdraw(25)
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Python object system:

Idea: ALl bank accounts have a balance and an account holder:

A tree has a root label . . .
the Account class should add those attributes to each of 1ts i1nstances

and a list of branches
eEach branch 1s a tree

4 A new instance lS >>>> ada = ACCOUnt(IJimI)
A tree with zero branches created by calling a >>> a.holder e e
1s called a leaf _ class y 'Jim’
Relative description: g>> a.balance An account instance
eEach location 1s a node wWhen a class is called:
. , ' | balance: 0 holder: 'Jim' :
Each node has a label 1.A new instance of that class is created: 1 ERRRRREE -

One node can be the

t/child of th 2.The init method of the class 1s called with the new object as 1its first
parent/child of another

argument (named self), along with any additional arguments provided in the

def tree(label, branches=[]): N call expression. i
TOF branch 1in branches: ~\<( Ver1f1e§ th class Account: O P T T xf
" Q§§§[ﬁm}§mﬁfﬁgigﬁéﬂgﬁ2 _________ ?ree deflnltlon,» o | ~—def __init__(self, account_holder): j
return ['Labe'l_] + llst(branches) ——lnlt— 15 Ca-l'-l'ed d Self-balance =0 R e et ’

def label(tree): AT s constructor ) self.holder = account_holder

' Creates a list from a def deposit(self, amount):
return treel0] sequence of branches P \///;,self balance = self.balance + amount

def branches(tree): ——— — 3 self should always be | . retﬁg? s?lflgalagcent).

return tree[1:] Verifies that tree 15 bound to an 1nstance of < Wl awisetr, amou '
bound to a list th 1f amount > self.balance:
. y e Account class or a , .. ,

def 1is Pf@@ﬁjfﬁ@) ____________________ cubclass of Account return 'Insufficient funds
1T type(tree) | = 'l_ls't’or len(tree) < 1-° 1 ) \_ ) self.balance = self.balance - amount

“"Fé{u;ﬁmﬁaigé """"""" 4 . return self.balance
for branch in branches(tree): 1 1 p . >>> type(Account.deposit)
if not is_tree(branch): >>> tree(3, [tree(l), Function call: all| <class "function >
return False - tree(2, [tree(1), arguments within >>> type(a.deposit)
o tree(1)])1]) parentheses <class 'method'>
return True 3, [11, [2, [1], [1]1]) > \§

def is_leaf(tree): ' o ' é | ) |
return not branches(tree) |gef fib tree(n): ﬂﬁi?iﬂ)i;¥fii:;g:; ?;>M6SE?ETE1§?P2?fE§?i-5)

def leaves(t): if n==0 or n == 1: the d % T >>>5 g"agbagi{(z) E ,

"""The leaf values in t. return tree(n) a;;uégnéz]wflhfia 19 i e E Call expression

>>> leaves(fib_tree(5)) else: barentheses i 4

[1, o0, 1, @0, 1, 1, 0, 1] left = fib_tree(n-2), . ) [ Dot expression j

R right = fib_tree(p-1) | —— F ¢ 9+ ‘. S"/r/qmmmmmm——————

if is_leaf(t): fib_n = label(left) + label(right) .
return [label(t)] return tree(fib_n, [left, right]) . SEXpress1on=-. <nhame=

else: The <expression> can be any valid Python expression.
return sum([leaves(b) for b in branches(t)], [1) The <name> must be a simple name. | |

class Tree: P N Evaluates to the value of the attribute looked up by <name> 1in the object

def __init__ (self, label, branches=[]): Built-1in 1sinstance that 1s the value of the fexpre551on>.
self.label = label function: returns True if To evaluate a dot expression:
for branch in_branches: branch has a class that 1. Evaluate the <expression> to the left of the dot, which yields

assertiisinstance(branch, Tree)< is or inherits from Tree the object of the dot expression

self. branché§m£”II§fTbF5hEﬁé§) """"""" \_ Y, 2. <name> 1s matched against the instance attributes of that object;
| _ 1f an attribute with that name exists, 1i1ts value 1s returned

def is_leaf(self): def fib_tree(n): 3. If not, <name> is looked up in the class, which yields a class
return not self.branches ifn==0orn==1: attribute value

>>> b = Tree(2, [Tree(3)]) return Tree(n) 4., That value 1s returned unless it is a function, in which case a

>>> t = Tree(1l, [b, Tree(4)]) else: | bound method is returned instead

>>> 1 lgft = flp_Tree(n—Z)

Tree(1, [Tree(2, [Tree(3)]), Tree(4)])| Fight = fib_Tree(n-1) Assignment statements with a dot expression on their left-hand side affect

aes A fib_n = left. label+right. label attributes for the object of that dot expression
print(t) turn Tree(fib_n, [left, right]) ot ] - - - -

1 ///1\\ return freetrib_n, Ltett, Tig e If the object is an instance, then assignment sets an instance attribute

. 2 4 e If the object i1s a class, then assignment sets a class attribute

3 \ )
4 3 Account cla55}>> interest: 0%@2 004 0.05

| attributes (withdraw, deposit, _ init )
class Link: . Some zero p p
empty = ~Sl, length sequence Link instance Link instance Instance <¥>> balance: 0 Instance ‘¥>> balance: 0
def _init (self, first, rest=empty): e . — - attributes of holder: Jim’ attributes of holder: ‘Tom’
celf.first = first HhSt Lrsts . jim_account ) interest: 0.08 tom account
] \f Y,
self.rest = rest rest: rest: / >SS jim_account = Account('Jim") >>> jim_aCCOunt.intereSt = 0.08
— ! ! >>> j1m_account.interest
def __repr__(self): . , >>> tom_account = Account('Tom") _
T szl?Trest: e Link(4, Link(5)) >>> tom_account.interest 0.08 |
rest = ', ' + repr(self.rest) Link(4, Link(5)) 0.0l | o7 rom-account. interest
else: cos & Firet >>> jim_account.interest 0.04 |
rest = ' f ' 0.02 >>> Account.1lnterest = 0.05
return 'Link('+repr(self.first)+rest+'>>> s.rest >>> Account.interest = 0.04 >>> tom_account.1nterest
Link(5) >>> tom_account.interest 0.05 |
def str (self): >>> print(s) 0.04 >>> jim_account.1interest
string = ' (" (4 5) >>> jim_account.interest 0.08
>>> print(s.rest) 0.04

while self.rest 1s not Link.empty: (5)

string += str(self.first) + >>> s.rest.rest is Link.empty| class CheckingAccount (Account):
self = self.rest

-----------------

eturn string + str(self.first) + ') True "UUA bank account that charges for withdrawals.''"
J ' withdraw_fee = 1
Anatomy of a recursive func.tlon.: | def sum digits(n): 1nte relst = 0.01
* The def statement header is like any function "Sum the digits of positive integer n." def withdraw(self, amount):
* tonditlonal statements check Tor INHSENSSSSS if n < 10: "return Account.withdraw(self, amount + self.withdraw_fee)

- Base cases are evaluated without recursive calls
- Recursive cases are evaluated with recursive calls

return n
else: T / or

all but last, last = n // 10, n % 10 | | L meereeoeeeael

roturn sum digits(all but last) + last \return super():withdraw( amount + self.withdraw_fee)/
- Recursive decomposition: flndlng def count partitions(n, m): To look up a name in a class:
simpler instances of a problem. if n == 0z 1. If it names an attribute 1in the class, return the attribute value.
E.g., count_partitions(6, 4) return 1 2. Otherwise, look up the name 1in the base class, 1f there 1s one.
. ihilities: 1if n < 0Oz - e
Fﬁgéogi {ggsgogzébilltles. =t thurn 0 >>> ch = CheckingAccount('Tom') # Calls Account. init
.Don't use any 4 clif m == >>> ch.interest # Found 1in CheckingAccount
Solve two simpler problems: return 0 0.01 _ |
- count_partitions(2, 4) elses >>> ch.deposit(20) # Found in Account
- count_partitions(6, 3) with m = count partitions(n-m, m) 20 | | .
*Tree recursion often involves without m = count partitions(n, m-1) >>> ch.withdraw(5) # Found in CheckingAccount

exploring different choices. return with m + without m 14




