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8128119 Lecture T - look @ announcement

what is CS? - Parts of course:

A course of managing abstraction - watch video before lecher!

mastering abstraction - lab is most important !

programming paradigms - discussion most important !

A intro to programming
- office his most important !

full understanding of Python fundamentals - read textbook before class !
how computers interpret programming

- look @ important dates !
Different types of languages: scheme! SQL

- csbla.org

Expressions : describes a computation and evaluates a value Course Policy:
fu)→ most overall Max G

, a.s) pow ( L , too)
- discuss everything !
- completed with partner

Anatomy of call Expression - partner from discussion!

④
' build good habits now!

operator

(② i j)

operand operand

⑧ ⑧
Mut ( add (4 , mulch6 )) , add (3,5) ) Mul ( 28, 8) a 224

mu

' too I.
add tumult"6 )) add ( 315)

add

? at ¥ s

multi6)
f d l

.

-

open python? python3
Mul 4 6

Directory Tools :
8129/19 Discussion . Is : list files in current directory

lilliandu@berkeky.edu - Cd : changes to specific directory
- turn day before due date for projects - mkdir : makes new directory
-

always go to class and lecture -

MV L source path> <destination path> :

move source to new and

7%2 → remainder of division

71/2 → floor rounding division



8130119 - lecture : Names Announcements
Names

, Assignment, User - Defined functions control L → disappear - HW 1 due

>77 → python prompt * import names !
- lab on tuesday!

Max (437 = 3 import names : - lecture 3 is video only
pow (437=8 222 from math import pi (look on website)

227 from math import sin - lecture 4 : I Pimental,

assignment : 150 Wheeler

* once number is bound to value, will
>>> radius = to continue staying bound
277 area

,
Circe = pi * radius# radius , 2* pi * radius

Max (2,3) → pall function
f- = max → f (2 , 3) = 3 also

↳ get f to Max function

it place Max -_ 7
, then Max becomes int

,
not function anymore

* need to exit → exitC) & control D

def Square(x) : Square G) * from math import add
- - - return mud (x , x) Lag

def sum
- squares Gay) :

- - a return sum (square Cx) , square by))

* can make area a function to show updated number every time, remembers expression
def aka C) :

go
but would need to not the number
define radius before or

-
. . return pi* radius * radius it errors

f- = Max g = min h= Max Max -- min

Max (f ( 2 , g (h (1,5) , 3 ) )
, 4)

Max ( f ( 2 , g ( 5 , 3) ,
3 )) ,
y)

* make expression tree!

max ff ( L ,
3

,
3)

, 4)
max ( 3 , 4) -• 13T



Environment Diagrams
-

visualize interpreter's process pi Laius f-- min)

Assignment statements : global frames ↳ would try to compute the function
I 2=1 a Ll f -- min

-

I
. .

-

b
.

' ?
. . . - - -

-
- -

- - - - -

b- LI
- -

La would straight set the value
3 be a = a tb

,
b aL2

b.23

Execution rule for assignment statements :
I . evaluate all expressions to the night of = from left to right
2. bind all names to the left of = to the resulting values in the current frame

Defihingfundions
Assignment is a simple means of abstraction : binds name to value

Function definition is a more powerful means of abstraction : binds name to expression
def L name> (c formal parameters2) : signature: # of arguments taken-9

return a retumexpressiou7• return body : computational process expressed by
Fxec¥÷↳: a function

procedure for calling / applying user defined functions
I
. creates a function with signature <name> k formal parameters>)
2 . Set the body of that function to be everything indented after the first line
3

.

bind Luanne> to that function in the current frame

calliuguser-Definedfuucti.proadune for callingl applying used defined functions
I
.
Add a local frame

, forming a local environment
2. Bind the function's formal parameters to its arguments inthat frame
3. Execute the body of the function in that new environment.

* function's Sig
has all info needed
to create a local
frame



LookiugUpNamesinEnviwnment_
Every expression is evaluated in the context of an environment.
So far

, the current environment is either:
- the global fame alone, or
-

a local frame, followed by the global fame

* Important !

An environment is a sequence of frames
A name evaluates to the value bound to that name in the earliest frame of the

current environment in which that name is found.

' first looks for name in that local fame
- if not found

,
look for it in global frame



9/1/16 Lecture- Control Announcements
Print vs . None - code . csbla.org
- python has rules to automatically print what evaluated -

-

"

None
"

represents none in python
- function will return '

none
' if nothing explicitly returned

- None not displayed as value of expression
def does not

. Squaw Cx) :

. . . x * X no return
> 27 does not

- square H)
my

T.BE can't display none as expression value
777 sixteen -- does- not

-
Squaw th

sixteen = NONE

purefunctiohsi.Nou-purefunch.MX
Pure Functions

just return value
-It return value

#a

[argument
Non - pure Functions

.# Hums now! A side effect isn't a value ;have side effects [Print → none

~ just something that happens as aCoon python displays output -2 consequence of calling a function

print (print Ccl , print Cz))
w w
I 2tpTnht ( ( doesn't have a return) . (doesn't have a return))

(

2

Now None



Liklydeofallserlefinedfuuction what happens?

A new function is created !

Name bound to that function in the
current frame
-

operator 's , operands evaluated
Function (value of operator) called on

arguments (values of operands)
⑧

A new frame is created!

Parameters bound to arguments
Body is executed in that new environment

example code:

i
'

from operator import Mul global fame
4 def squared) : mud Lmao fume may.

. . )
An environment is a sequence of frames .

31 return mullx , x) square L.t. func square Cx)
-

global frame alone
41 Square (square G))

fl : square [parent : global
'

d local , then the global frame
×↳ Every expression is evaluated in the context of an environment.
"Yaman L9 A name evaluates to the value bond to that name in
fl : square [parent : global] the earliest fame of the current environment in whichXL9
retinue let that name is found

.

Miscpythonfeatuses dodot
division:

2013110 → 201.3 (true divide) (truediv)
fam

2013/110 - 201 (integer division) (floordiv)
2013 9 10 → 3 ( remainder div) (mod)

Importing :

python3 <whatever name> - Py
" " " comments

" " "

-m dockst - V ex .pyC.
way to check it right by using

" " " and setting what was supposed to be

* if value not given in parameter, automatically uses doctest value



Conditioualstdkmeutsastatement is executed by the interpreter to perform an action .
Compound statement :

The first header determines a statement's type.
The header of a clause "controls" the suite that

follows .
def statements are compound statements
To " execute

"

a suite means to execute its sequence of

statements
,
in order

Execution Rule for a sequence of statements
- execute the first statement
- unless directed otherwise

,
execute the rest

ex: def absolute
-

valueCH:

if

y
2
book"

""*↳

Executionmlefor
return - X -i ex .pyconditionalsbkmentselifx =

-

- O : BC fo open a python wordedit Each clause is considered in
order

return O l . Evaluate the header's expression
else : syntax 2

. If it is a true value , execute
returnn l . Always starts with

" if
"

clause the suite I skip the remaining
2
. O or more

"
e Lif " clauses clauses

3. 0/1 "else
"

clauses
, always in end

Iteration

White: execution Rule for White :

I . evaluate the header's expression
2 . if it is a true value , execute the

(whole) suite , return to step I



lab1crdshcoumNOKSDiu.sion

True Division:/ Floor Division : 11 Modulo : 06

(decimal division) (integer division) (remainder)

> 115 7 1115 7 I 95

O - 2 0 I
7 25/4 725/14 7 258 4

6.25 6 I

> 4/2 7 4112 2 4%2

2 - O 2 O

> 5/0 > 5/10 759 O

Zero DivisionError Zero Division Error ZeroDivision Error

* useful technique involving 9 operator : check if # divisible

X Ee y = = O U82 = TO

a divisive by y N divisble by 2

Functions

can make function to abstract a line of stuff

def too (x) : 7 food)
return a * 3 +2 5

E applying function is done with call expression
caller Expressions

add (2 , 3)
operator Voperdnd

Evaluate a function:

I - Evaluate the operator , and then the operands (from left to right)
2. Apply the operator to operands (the values of operands)

* if nested expression, apply to inner operand then outer operand

Return vs - Print
- if executes return statement

,
then function terminates immediately

' it reaches end of function body w/out return - returns None
- print just prints in Terminal , w/out terminating
* print displays text without quotes , return will preserve quotes



Control

Boolean Operators
- and evaluates to true only if both operands evaluate to thee
↳ atleast one is false then evaluates to false

'

or evaluates to True if atleast one operand is true
Lor all are false then evaluates to fake

- not evaluates to true if operand evaluates to false
Loo evaluates to false if operand evaluates to true

ex . True and not false or not True and false

Thu I 7mL or False and false

True or False

Order of Operations for Boolean
- not - highest priority
- and
'

or - lowest priority
Short circuiting

. -

o.mn:9/.:i:i:iinnYsiiii:Yset:niTii/aYi:mi.
or atleast one true first true value true or Yo - Ime

* if and i
,
or don't short - circuit

,
then they return last value

If - Statements :

if a > 3 :

return True

else:

when false

white Loops :
while (blah) :

do blah



9/4/l9-Lectuk:High-0rderFunch Announcements

Iteration Example
' HW I due thurs 915

The Fibonacci sequence - Hog due thurs 9/11
°

,
I i 1

,
2 i 3 , 5 checkpoint due 9/9

index : on im l 'm 3
" um sin

" 67 '

additional topics lecture :

def fits (n) : 914 5-6 wed 3106 Elene

pred , curr
-

- I, O pred , Curr
-

- O , I # OH and 1st Fib #g fib predL
K--O K'= I # UW is km Fib #

curl
• while Ken :

h L

pred, Curr = arm, pred t Curr K L

kn" * for astronaut statement
, right always done before left

Environment Diagram
also takes

⇐
into account

fibLeo fuuc fib (n) p=g fibLm fine fibln) peg
on value!

pred LK * * * * 3 pred Lol X X 2
Curr LK K K 2x * s Curr LX XX③
K LOR K K K KS K LY 2/3/4
rv LS W G

Desiguiugfunutiousi
A function's domain is the set of all inputs it might possibly take as arguments

' A function's range is the set of output values it might possibly return
-

A pure function's behavior is the relationship it creates between input and output
Defsquakbx)_ Deffib#

D : n is real number D : u is real number

R: non- neg real number R: returns tib number
RV : square of input RV : nth fib number

A- Guide to Design Function
-

' Give each function exactly one job
- Don't repeat yourself (DRU) . Implement a process just once, but execute many times
"

Define functions generally



Higher-orderfunc.li#GenerdlizePaHemswithArgument
Regular geometric shapes relate length and area

shapes : C)
Area: I . M q - r2 3¥ . r2

Finding common structure allows for shared implementation

def area - square LN :

return r*r

def and- circle cry } repeating ourselves w/ the

return rxtrxtpi
assert statement I

,

return rotr

det and-hexagon Lr) part !
return r*r*3*sgA-G) 12

assert 273
,

' Matu is Broken
'

→ allows to test for certain conditions that aren't allowed
def area (r , shape constant)

assert no
,

'
A length must be positive

'

return r* r* shape constant
def area- square Cr)

return area (r , 1)
def area

-

circle (D

return area Lr, pi)
def and- hexagon Cr)

return area (r, 3* SgtG) 12)

Genemigingovercomputdtiona.IM
The common structure among functions may be a computational process , rather than a number

5

€, K= It Lt 3 t 4-15 = 15

¥, k3 = l't 23 e 33 t 43+53 = 225

k¥ ¥%k-D = Iz '- I + It + Ez =3. oy



def sum
.

naturals (n) : def sum
-

cubes(n) :
" " "

Sums first n natural numbers total
, K
-

- O
,
I

727 Sum - naturalsG) while Ka-- h :

15 total , K .

= pow (K, 3) , Kt l
U ll ll

return total

total , Kao , I

while Ken def identify Lk) :
total = total t k velum K

K-- Kt I def cube (K) :
return total return pow CK, 3)

def summation (n , km) :
def pi-term(KI: total

, K
-

- O , I

return 81 multi
.

* K-3, 4*k
-l) while KC= h:

total, K = total t term(K) , Kel
def make

-
adder (n) : return total

"

Return a function that. take k def sum - naturalsGr) :

and returns Ken
"

return summation (n, identity)!:nI÷÷÷"n: ) detseimimasunsmm: on in
,
um,

1.
Function as a make

-

adder4) Ca)( Iwm:L!Yaaruooo,as, a.my#nFuraQaio !
adder (2)Lpm make-adder 4000) fume make

-
addercu) !

adder (B)
The purpose of High- Order functionOrf= make adder (2000) -
Functions are first class : Functions can be manipulated as

flu) = 2013
values in our programming language

Higher- order functions: A function that takes a function as an

argument value or returns a function as a return value
Higher- order functions:

- Express general methods of computation
' Remove repititioh from programs
- Separate concerns among functions



tmd2Expressio#
square = lambda x : × * ×

A function
Square H) = 16

"umami.

×
.
.,
f. *'

Imm'T.'m'T.TT?. .
( lambda x : x *
- .
-

Lambda cannot use def statements

Lambda vs . Def statements

Square lambda x : x & X def squareCx) :

return x o X
' Both create a function with the same domain

, range , and behavior
- Both functions have as their parent the function in which they were defined
- Both bind that function to the name square
'

only the def statement gives the function an intrinsic name
* makes weird environment diagrams

at GI
p--g

square Loot tune ④x) pay squareI. func squared
ft. X (peg) ft : square Lp--g)
XU untilambda , not xG
While actual name

wLk



Control Structure Practice problems Hogtlwus
Problem 1 :

.

- Pig Out → any are 1- score for him is 2

a. = even ; odd ;③ Free Bacon -r if chooses 0 rolls
,
then you do to -

since
it only

get the
variables ,

D= one ; three ;④ min between ten's I ones
'

digit

only
prints

the
print

( = two ; four ;⑧
' Feral hogs → if dice you roll is exactly 2 away

ffstevhlllts
,
not

the

" ÷: ""⑤ } ram swine 's:p:' .::: ::
'

:*'s::*:""""
C- two; four ;⑧ swapped = opponent's left I right -*

Only four ;④ Scores are swapped

problem 2 :

temp 1=0 2→ 4

while h
'

.
I → 6 2-12+3+2

K-- h 810 Q, unlocked case 4×6→ remembers where it last stopped
it ( tempt > K) :
return Fuse announce highest (who , previous high, previous score)

h = n Il lo fo = duoune le)

tempt = K ft -- fo ( 12 ,
return The

Problem 3 :

count = 0

White n :

K-- hole 10

if (K-- l) :

Count .tl

h= Who

return count

Problem 4 :

Count -- O

while @! -- e)
count : count - count

-
one(u)

h -- n- I

return count



.US/l9DiscussionNukS-
- Expressions vs . Value ( Q vs . A)
- Everything has T IF value

- Thu : True ,
I
, lo ,

- lo ,
"hello "

-

False : false, O ,

" "

,
None

,
print (

"hello " )
or

- And: evaluates left to night, return first False
,
return last

True
- Or : return first True, or return last fuse evaluated

warm-Up

(True or 40 ) dud
'

hello
'

and I-9 and 5-5)
① True ⑦ " hello

" ①
0

True and " hello" and 0

Fareham, O
, not False !

Print vs . Return Statement
def ft) : * call function an heed FG

return
" hello " if just f, will show where function is

def ga :

print (" hello") x-- FC) → returns nothing X- "print
"

y -- gu → prints hello y - shows nothing

control
- repeat chunks of code

' infinite loop→ won't ever tell you if emo
red

Environmentalism
⇐ always start with the global frame
⇐ if function never included return, you don't need to add them either
* operand should always be a value
• parent of function is when it's defined, hot called

; don't leave any brackets blank

don't open new frame for built-in functions



9l6H9-kduk:Enviwumu

Higher-order function: a function that takes a function as an argument value or returns a function as
a return value global

def apply - twice (fin) / apply - twiceL-r fun apply - twice fix) pig
return f- (ful) squareL-tune squarely) p=g

def Squawk) : result 46

/
.

return nan

result apply- twice (square , 2) flapplytwiulsquan.li/p--g-
f) square

global / by ! are.tt?YeYsfmmfim/repeatL-sfuuerepeat(g.5)
"Y ' bind formal parameters

gL- fuucgcy) Eg f f2S9uaNHF9_ Gin) to arguments
xJ2 -

execute the body :
NJ 4 return flflxl)I-3squs.nu#...f::::Y'" "' lnif

rule f- Ugly) Pag

( Y ↳ - nested functions are in parent of their bigger function

1294) pig
we

yL5 def make- adderly: global frame

wtf dtfadderlk) : make
-

adder L-amfuncmake-addl.hn) p=g
return Kth / adduced '

f-3y9
F- 8 return adder result,rule fl : make

-
adder (n) peg

.\ htt
f. fume adder Lk) P ' "adder↳

( "
adaernifp.FI
KLY
the



-

Every user - defined function has a parent frame (often global)
- the parent of a function is the frame in which it was defined
-

every local frame has a parent frame (often global)
- the parent of a frame is the parent of the function called

How to Draw an Environment Diagram
when function is defined?

create a function value: fun <name> (aformal parameters>) [parent. Cpa rent)
Its parent is the current frame.

Bind cnames to the function value in the current frame
when a function is called:
I . Add a local frame, titled with the <name> of the function being called
2 . Copy the parent of the function to the local frame: (parent. Clabel)
3. Bind the < formal parameters > to the arguments in the local frame
4- Execute the body of the function in the environment that starts with the

local frame

'

An environment is a sequence of
-frames

' The environment created by calling a top-level function (no def within def) consists
of one local frame

,
followed by the global frame



global

| ,sn?ffY!Y{I.• tune soiuaulx) pegfume triple Cx) peg

compose (fig)Trfuk composeICGg) pig
5942kt)↳-

.

triple 157 ILS

quipu

ft : Square tx) peg fl: triple G) peg f3: compose I ft, g) p--g
x Ls His f ↳quae
rr WIS g Linpu

h L-o.fmhad p=f3

fu: hlx) p=f3 rv L
XE fs : square (x ) pig foe : triple peg
WL xlglx) x Les

WL wk

Lamda Expressions
Square = lamda ④: allows you to evaluate expressions

b.parameters actual evaluation part
A function with formal parameter x that returns the value of "

x *x
"

'

Wo
" return

"

keyword
Environment Diagram

Global frame

Square L-• fine (pig)
I-4Wh t-Ha

f I :X (p--g) f
doesn't get a name , just a sign

4

µ t Y
4446 : 12

%



9l9/l9ledun-lkrdh Announcements

Return statements : - midterm 1 on Monday
- complete evaluation of call expression and provides value -Project Party today
f-Cx) : switch to new enviro

,
execute f's body - no recursion on midterm

return statement : switch back to previous enviro - not much new content, mostly
only I return ever executed examples

def end (Uid) :
white H2O:

last, n -- n 810 , hllco

print Gast)
if d== last :

return None

Gf :

def print-auth: print all lit fume print-aulic) peg
print Ck) ft : print - all Cpas]

-

return print- all k LlCiosaftor running, tells it to www.fuuepniht-aklx) p
-
-g

print4)GIG) print again ftp.niut-aUG-5
KL

def print- sums Ck) :

print Ck) print
.

sums GKDBKD
def next

-
sum Cn)

return print- sums Cutty
return. next

-sum

print sum as .pt#sH*s1lD
A next - sum (3) print - sums ( It3=4)
4 next sumG) print -sums Hts -- 9)
9 next

-sum G) print -sums (9+7=16)
16 I

www.sum£ since no next

number , then nothing here



.cl/ll/l9Lectun:Desig Announcements

Functionalttbshsctindefsquare Cx): def sum
.
squares (Ky) :

return mu Cx, x) return square t squarely)

what does squib need to know about square?

' square- one argument yes
-

square - intrinsic name no

- computes square of number yes
-

computes square w/ meet no

def squareCx): def squareCx):

return powlx, I return mud (x, x-D + a

choosingwa.me#
- Names don't matter for correctness but matter for composition
- should convey meaning or purpose
- type of value bound best documented in function's doesking
-

typically convey their effect, their behavior, value returned

whichvaluesbesewea.name
- Repeated compound statements
- Meaningful parts of complex expressions:

MokNammgT#
- Names can be long if they help document your code
- Names can be short if they represent generic quantities



9/l2ll9DiscussionN
Reminders Lookup Rule

'

go slowly l. Look for var in current frame
- don't copy objects on right side
-

assign parents
- label frames correctly
- it most likely will not error
' if you have time, check work



9113119Lectun-midkrmexa.tn#FuncIionc&g-take multi argument into Hof
, passing one @ a time

def make-adderCh) :

return lambda K: ntk def curry21h) :

def f-Cx): curry2- lambda h :

defgly): lambda n:

return hlxoy) lambday:

rehung hlxcy)
return f

Decorator Function
def trace Cf) :

↳ @ thou M
allows you to follow HOF

WITH't returns none , displays its arguments fast§
±÷÷: Ahouse L- fume horse Cmask) p=g

maskLTNhon) p=g
⇐homies Jacob -

mu:L.tn#.mz.skChom)p--H ↳W
WE # always look to test for names!tffYm)P=9-#masklhose)p=f

hosek

VVLZ Maskin WLZ



9118119-hectanithecunionkec.ws
ire : A function is called recursive if the body of that function calls itself, either directly
or indirectly

implication: Executing the body of a recursive function may require applying that function

Digit sums
2t Ot It 9=12

- If a number is divisible by 9 , then sum-digits Ca) is also din'sble by 9
- last # of cred card is sum of cred # digits

sum big wlout while:

def splitCn) :

return h1110 , Me 10
def sum

- digits Cn) :
if he 10 :

return n

else:

all
-
but
-
last

, last = split Cn)
return sum- digits(all - but- last) t last

Anatomy of Recursive function
- def statement header similar to other functionsI conditional statements check for base case

def splitCn) :
return n 1110 , use 10

def sum-digitsCn) :
if uClo :

return n

else :

all
-but

-

last
,
last = splitCh)

return sum- digits tall- but- laSH t last



Environment Diagrams and Recursive
Globalism
fact- tune factor) pig

Ft-fu#
deffactln) : we

wld
if n=2O: F2:futlp=#M
return I nk

wht
else: F3:futG-

return h # fetch-1) nk

wht

facto) H:futG
htt

Wu

- lactis called multiple times
- different frame opened for same function

lkrdtionvsaleausion
4!

deffdotilercn) deflator) :
total , Kalil if h==0:

while Kosh : return I
total,k=tohd*k, key else:

return total return h# Kohn -y

math:
h! -- TIK h! { In .µ⇒,

it ""

K't
otherwise

names : hitohdik, fact- ihr n, fact

Verifyiugtheuusiontnuuions
TheRecursive heap of faith :

deflator): lsfdct implemented correctly?
ifn==o: 1. Verify the base case
remml 2. Treat fsotds functional abstraction

else: 5. Assume that factor-disconnect
retumnxfaotcut) 4. Verify that futon) is correct



Theluhnttlgonthmdefluhn
- sum-double Int :

all -but
.last , last

-

- splitter)
Whn

-digit-- sum-digits

Couveninglkrdtiontotheausion
More formulaic : iKhalion is special case of recursion
idea: the state of an iteration can be passed as arguments



9118119-Discussionikec.am#
I . Base case( Don't always have to do this first)
2- Break down the problem into smaller recursive calls
3. Use the results of the recursive call to solve problem

Recursive heap of Faith!
Double checkthat you're hit the base case



9/20/19 - Lecture: Tree Recursion Announcements
- -regrades due Monday
Iovine -HW3 druthers 9126 (v. important)
def CascadeGr) : ' Each cascade is from a PRACTICE RECURSION !
if naw : different cascade call

print n .
- until return appears, call not

else: completed
plinth •

any statement can happen
cascade(hello) before or after all

print tu)

• when learning , always put basecase first
I

12 def inverse
-
cascadeon):

123 growth) grow - lambda n : f-then-g Grow , print, Who }1234 print (n) shrinke- lambdan : f-then_g(print , shrink, Who
123 shrinkLu)
I 2

I def f-then-g (fig , n) :
if u :
far)

gun)

Tweten '

- calls itself more than once in the body
- creates a free shaped process

def fiblh) :

if h==o :

return 0

if h=zl:

return 1

else :

return fibln-D t fib In-2)



fits (s)
- ↳

bigfits (3)

11 - \
fiba) fiber) Ably

. .

fists)
l l ) I ' abt '
I fooled fiba) fiblo)

Bbb fiber)
l l l l l a
0

I O l
l

fibro) fiba)

I 1
Example: counting Partitions o l
# of partitions of t int n, using parts to sizem, number of ways n can be expressed

as sum of positive int parts up to min inc order

count -partitions Chu) * negative or zero
' Recursive decamp: finding similar instances def countpartitions Chim):
• Explore 2 possibilities: if n==O:

- use atleast one 4 return I
• don't use any 4 elifuco:

. Solve two simpler problems: return 0

. count-partitions (nu) elif m==o :

• count
- partitions (6,3) return 0

• Tree Recursion often involves exploring else:

different choices within-- count
-partitions Grimm)

without
-
m
-

- count- partitions Lu, m -I
return with-me without-in



9/23/l9-Lecmn:Contdimb
Lists
(41,4314749]

Odds -_ [41143,4-1,49] leufnodds] -- 4
Odds10741 odds - odds =L

odds --43 oddsfoddsfi - odds'kD=47
Odds 47

Odds'LD=49

Woncingwithhimib
digits -- 4,81218]
# of elements :

lenldigits) -

- 4

element selected by its indene
digits =8 getikmldigits ,3)=8

concatenation 's. repetition
kit]edigits*z addthis.mulldigits.se))
[4%48,218,118,48] 12,748,441,812,8]

nested lists

pairs -_ [Claw) ,[30140]]
pain't]= Going
pains 'll] =D

Containers
digits -11,81218]
1in digits Chs] ihdigib
True False foods] in digits'

I' in digits G. Gig] , 2) = digits True

False



Forstdkmenb
Count # times that value is in sequences For statement Execution Procedure
count ( s , value) : l. Evaluate header <expression> , which must
total , inden= 0 , 0 yield an itemble value (a sequence)
while indeed events) : 2

. For each element in that sequence , in order:

element-- s Cinder] A . Bind shame> to that element in
if element = -- value: the current fame

B. Execute the <suite>

for Lname> in <expressions > :

<suite>

for element in s :
element--1

Range
range th2)

-2
.
- I , O , I * not 2!

length: ending value- starting value
element selection: starting value tinder

list lunge thD) list!Ying
,

* implicitly stub

(
* Eh -Iioil] @ o

moves
w't otmge!
for
-
in rangeG) :

print (" Go Bears!
")

listlompreheusion
Odds = Gi 3 , 5,7 , 9] [X for a in odds if 258E-I
[xtl for re in odds] G ,5)
[44,618/10] [Xel for a in odds if 258a= =D

Swings
exec ( ' curry - - -

') → does whatever's in string
In nor backslash escapes following character
llnccity) → length of string

' here' in
' where's Waldo?

"
nooTrue



Dictionaries
num

-

- { ' I' : I , '

V
'

:S
,

'

X
'
: to}

777 { ' X' : 10 ,

'

v
'

:S
,

' I
' :B→ free to shuffle

,
since they aren't tied down

Num C ' x'I = 10
numh#
NUM. Keys ()
777 dict- keys (C'll ' , ' v :

'
I

']) Limits on Dictionaries
-
-

num. items C) " Dictionaries are Inured collections of key- value pairs
>>s dict

-
items [ t

. Dictionary keys do have two restrictions :
items= [ ( ' x' , lol , (' V' is) , (

'

l
'

, 111 • A key of a dictionary cannot list or a
diet (items) (' x'] dictionary (or any mutable hype)
77710 Two keys cannot: There can be at most one value
' x' in numerals for a given key
>77 True . The first restriction is tied to Python's underlying implementation
numerals . get l'll:o) of dictionaries
77710 ' If you want to associate multiple values with a key, store
{a ton* a for a in rangedo)} them all in a sequence value
72740 :O , l : I , 2 : 4 . . . }
* can't put lists as keys



9126119-fedun.DatattbslnctiobatdAbstn.ch#
.

" compound objects combine objects together
A date: a year , a month, and a day

' An abstract data type lets us manipulate compound objects as units
' Isolate two parts of any program that uses data:

' How data are represented (as parts)
' How data are manipulated bas units)

- Data Abstraction : A methodology by which functions enforce an abstraction barrier
between representation and use

Ratioualhlumbas
numerator - Exact representation of integers
denominator - pair of integers

- As soon as division occurs
, exact rep lost! aunt * of = Manyrational fu, d) → returns a national number n da* dy

numeral)→ returns numerator of a
denombet- returns denominator of a dh×I + uyq=nA*dytuy*ddef mud

-
national (x , y) dx * dy

return national (namer41 * numeral) ,
denomth * denom def equal- notional Cx ,y) :

Khem numeral) * denomly) = =

def add-national Gay) : numerus) * denomGe)
UX, DX = numeral , denom Ge)
Wy, dy -- mimer ly) , denom ly)
return national (na* dy t my*dy , du * dy)

pain
Representingpaibusinghisb
pair = G ,2] A list literal: coma - separated expressions in bracket

.

X ,y = Pair
"

unpacking
"

a list

X i

>72 I 7772



pair'Lo] Element selection using selection operator
2721

pair'll]
7772

getikmlpaino) Element selection function
7721

from fractious import- god
g-- gcdluid)
return [nllg , dug]

Abstractionism

-

Pavbotpwgnmtuzt.n-treatrdtionalas.n.mil#
use rational numbers to whole date add

-
national

,
Mut

-

rational ,
perform computation values nationals

-

are - equal, print-nationalersi.Y.in:345/tnum.:nm:a:#nlimaehionmumen
implement selectors and two-element list literals and
Constructors for nationals lists element selection

implementation of lists

>
no
constructor!

Violatingttbstkctioubamer shouldntnotional (
42) ,

add
-
ish'on#④ primal'

'M

def di#hna,y) : wrong !
retumcxco7.us#*yD
rational denounces) denom numerus))



Datdthepresentdtion
Whitish
• we need to guarantee that constructor and selector functions work together
to specify the right behavior

* Behavior condition: If we construct national number n from numerator n and
denominator d

, then humeral/ denom Al must equal uld
• Data abstraction uses selectors 2nd Constructors to define behavior
. If behavior conditions are met, then the representation is valid

You can recognize data abstraction by its behavior!



9125119-Leetun.TL

BoxahdpointerNolatio-heclosukpwpebyof-Daktypes.tt
method for combining data values satisfies the closure property if :
The result of combination can itself be combined using the same method

• Closure is powerful because it permits us to create hierarchical structures
' Hierarchical structures are made up of pans , which themselves are made up
of parts , and so on

lists can contain lists as elements (in addition)
Box-aud-PoinkrNohetionihfhviwnment-Diag.me#

Lists are represented as a row of index- labeled adjacent boxes, one per element
Each box either contains a primitive value or points to a compound value

Global theme
list

pair L- ¥
nested
,

list\
.

as
•
list

pair
- E , i [¢ we

nested
-
list = (ChD 'El ' ↳

empty list[a. earn. now . C. "
Ti(Y lambda:S]))

I
g.

funXDhe
slices

odds = [3,5 , 7 , 9 , l l]
list (range Ch 3D
[42]
[odds[i] for i in rangeG ,3D

odds 'Ll :3] odds (:3] odds [I :]
[5,7] G.5,77 Gili 91111

* no first value : beginning
* a host '' : end



slioingcredhsnewva.LI
every time you still , it creates a copy of the list,

not changing the actual value

Pwussingcoutidnervaluessequenleaggregafion
Several built-in functions take itenoble arguments and aggregate them into a value

sum ( itenable [ , shut]) → value

Return the sum of an ilerdbk of numbers (NOT strings) plus the value of parameter
'
start

'

(which defaults to o) . When the itenable is empty, return short
swim ( [43,43) = 9 Sum (C43, 43

,
5) = (9-15)=19

[2,37+4] = 1434]
Max (iknobhe [, key = fund) -a value
Max (ab, c - - a [

, key = func])- value
with a single itemble argument, return its largest item * also thin & Telly
with two or more arguments , return the largest argument

Max ( range40) , key = lambda n : 7- (x-y) * Cx-H)
-

Max of those values that are outputs of this function
all tithable)→ booI

Return True if bool (n) is True for all values n in the ikrdble.

If the Herdble is empty, return True
bool (Thu) bool (Hello)
True True

211 (Excs for u in rangeGD)
True

all ( range(s)) o l 23 4

False * o is false



Trees
Root orRoot Node Nodes
Root lake

l l l l
① ①① ①

Recursive description . ...me,

do
Relative description (familytrees) :

A tree has a root label and a list of branches Each location in a tree is called a node

Each branch is a tree Each node has a label that can be any value
A tree with zero branches is called a leaf. One node can be the parent-child of another

* People often refer to labels by their locations :
" each parent is the sun of its children

"

lmpumenlihgthetrattbshsctiohtrce(3 , [mall) ,
tree (2 , freed) , ' A bee has a root label

HeedDD) and a hist of branches
( 3 , a] , [2, ED ,CBD - Eachbranch is a tree

def the(label , branches -- C)) : def is -hee three):

for branch in branches: if typedree) ! = list or bulked4 : * returns

assert is
- treelbrdnch) return False

return Gabel] t list (branches) for branch in branchesG-see) :

/
if not is

-
tree ranch) :

def label (tree): * returns top value -return false

return freely] ofme return True

def branches (tree) : *returns list def is
-
leaf (tree): *returns True if branch is a

velum hee El :] discarding 1st khum not branches that leaf
value



-

Tnethoussingllseskecunion
processing a leaf is often the base case of a tree processing function
The recursive case typically makes a recursive call on each branch , then aggregates

def count-leaves Lt):
if is- leaf Ct):

return1

else:

branch
-
counts= [count- leaves (b) for b in branchesCt)]

return sum (branch- counts)

Discussionouestion
Implement leaves , which returns a list of the leaf labels of a tree
Hint: If you sum a list of lists , you get a list containing the elements of those lists
sumC CD , [2,37 , fit] , [T) def leaves (free) :
[443,4] it is- leaf (free) :

return [label ( IneB
else :

Klum sum ( list of leaves for each branch
, C ] ))

creating
A function that creates a tree from another tree is typically also recursive

def increment
-

leaves H:
if is

-
leaf(t) :

return heellabelLH ti)
else:

bs -- [increment- leaves (b) for b in branches htt]
return free (labelCH , b s)

def inclement Ct :

return tree (labelLH H
,
[inclement-Cb) for b in branches LH])



9130119-Lecma.MU/ableVal#
object

. 08.3.. 8MMtoday . strf time( ' 2A, 913 9d ' ) *↳
day of week

'

Monday , September 30
'

today- year DeNew

2019

today
datetime . date(2019, 9 , 30)

← objects rep info
• consist of data I behavior , bundled to create abstraction
-

can rep things , also properties, interactions, processes
• type of object : class, classes are first - class in Python
• Object - oriented Programming

• metaphor for organizing large programs
• special syntax to improve code

• In Python, every value is object
• all objects have attributes
• data manipulation happens through object methods
• functions do one thing , objects do many related things

Exampusistrings
' Hello' . < some function > C) # object was being changed,
Asal code chart ! Shing←> integers therefore both Vals will

show the same
suits = [' coin'

,

' string
'

,

'

myriad]

pigs:*
: Tim.is?:o;iY" f. Yuichi

n:
'

cap : sword : aus!
put 'myriad' C' coin: ' Cup' ,

'

spade! ' club)
K" vis suits . remove (' swing') suits
of

suits . append (
'

Cup
' ) [ heart '

,

' diamond: ' spade
'

,

'clubs']
suits . extend ([sword ' , ' club 'D originH



Someobjechcauchangern
object changing state

same object can change through functions
* only dictionaries and lists can be mutated
all

numerals.poptV
' )

5 * dictionary pop
: pops off

numerals key entered

{ ' I' it ,
' X' '- to}

MUtdtioucauttappenwithinfunetiohl.de#
A function can change the value of any object in its scope

four -_Gih3M]
leulfour) Atf mysteryCs ) def mystery
Y s- pop SG: 7- I ]

mystery (four) 5.popular(four)
Z

Tuple
[431%5] (21314,5) 43,45 C)
list tuple tuple empty tuple

f- (43,45) tuple) (2 . ) * can switch between

TED -2 () Leifewmeuttoupu list ! tuple
tf:3] = (4314)

fpamulk.PH'hg
makes

a new copy
of tuple,

not changing original
list

Inputted) GM) -16,6) (3M)#2 f- Gizmos) * cannot change contents
(3145,6) (3143,4) t =p

of a tuple

lupus can be keys indict



Tupusa.se/mmutdblefequen#
- Immutable values are protected from mutation
- Value of expression can change be changes in names or objects
-

may still change if it contains a mutable value as an element

s = ( Cle27.3) s-- Chi27 , 3)
SEEN s [o][03=4 at

Sdineuessaudchauge
• as long as we never modify objects , a compound object is just the totality of its pieces
-

a national number is just its numerator and denominator
° this view is no longer valid in the presence of change
•

a compound data object has an "

identity
"

in addition to the pieces of which it is composed
e a list is still

" the same
"

list even if we changed its contents
- converseby , we could have two lists that happen to have the same contents , but are different

ldentityopustob
Identity

<exp07 is Lexp17

evaluates to True if both evaluate to same object
Equality

(expo > e = (exp17

evaluates to True if both cexpo> and sexpot> evaluate to equal values
Identical objects are always equal values



10102119-hedun.MU/abkFuhdions
* change values of variable in the parent frame in a smaller function

WI non local variables

Imust have ateready been used above
can't use hound var after already in local frame

* local & nonlocal lookup of balance produces error!
* doesn't do that to list since list is mutable
. mutable function- variable in function always changing
a john and Steven not equal , since calls different
functions w/ different funds

•

even if same john . and Steven amount, still not equal

' referentially transparent # mutable Functions

Making it WebGl different bG) tbh)
since u isn't changed

AFunctionwithtkhaviorthatvanesovertime.NOdel a Bank Account w/ balance of $100

Withdraw 125) a- argument -

returning amount to

run:
-• 75 withdrew * use higher-end.tn:

remy;YIk withdraw 125).- 2ndwithdraw of

50
"me announce

q
withdraw = make-withdraw

(100)

T within parent frame of function
different withdraw (60 I function has body ! parentretinue! insufficient funds How is balance stored? environment

Reminderilocalassignmeut
def percent- difference Cx , y):

difhreuu-abslx-Q.ua Assignment binds name to valueCss in the

return 100 * differenceIx first frame of current environment
diff: percent- difference (40,50)



Execution Rule for Assignment statements :
l. Evaluate all expressions right of = , from left to night
2. Bind the names on the left to the resulting values in the current frame

Non-localttssignmentlpeni-kntcatdk.def make-withdraw (balance) :

def withdraw(amount) :

nonlocal balance→ declare the name " balance" nonlocal at the top of the
if amount > balance : body of the function in which it is re-assigned
return

' Insufficient funds
'

balance = balance- amounta rebind balance in 1st non-local
return balance frame in which it was bound previously.

return withdraw

withdraw = make-withdraw 400)

withdraw (25) make
-

withdrawLT fuk make
- withdraw (pig)

withdraw (25) withdraw LMB fune withdrew (amountGag)

f. "÷:
.

F-2: withdraw (p--fi) *value of balance constantly changing
amount Ks since

WBL
FT: withdraw (pz ft)

2MountLH

W LEO

Thetffedsoflvonlocdstdkmentsh
Onlocal charm 7

Effect : Future assignments to that name change its pre- existing binding in the first-
non local frame of the current environment in which that name is bound

' non-local variable must be referenced to before function
• cannot have same variable in existing frame



TheM2nyMeaningsofAssignmurtSfdHmu#
statuses

•no nonlocal statement • create new binding from name " x " to 2 in first
"
X
"

not locally bound frame of current environment
.. no nonlocal statement . rebound " x " to 2 in first frame of÷÷÷÷÷÷:::::i÷I÷÷÷÷:i:÷m.mu
•

nonlocal se • SyntaxError : no binding for nonlocal
'x' found

k is not bound in a

non-local frame
• nonlocal n • Syntax Error: name 'X ' is parameter and nonlocal
X is bound innonlocal frame

X also bound locally

Pythonpaiticulab
Python pre- computes which frame contains each name before executing the

body of a function
Within thebody of a function , all instances of a name must refer to the same frame.
Ipobalance created in separateframe

→ local assignment but

MUtdbUVdI - mutable values canbe changed without nonlocal shalemeat

I-anamebound outside
of withdrew def

element assignment①-
changes a

list



Multiputhutdbkfundiohsjohn= make
-

withdraw Goo) * even if both have same amount in bank,
Steven = make- withdraw 400000) still won't be equal , only

john is not Steven John = = Steven johnlol = = Steven lol
True False will be equal

Refereutialtrdnsparencyhosti
Expressions are referentially transparent if substituting an expression with its value
does not change the meaning of a program

Mul ( add (2 , mu l (4,6) )
,
add G. s ))

Mut (26 , add (as))
• Mutation operations violate the condition of referential transparency because they do
more than just return a rake; they changed the environment

' referentially transparent # mutable Functions

Making it we bus different bG) tbh)
since K isn't changed



F-nviwnmenthiagh.ms

GEOSkiL-tune oski (bear) peg

O 2*3 2¥ oskilbear) F-g
- -

we bear La#-• Alley) p=f2
call-in tune Cdl (berk) p - ft
w L

F2:callbeNe)
n

.

I
:÷x

.F3:c2l(buk)p=
berk L2

wLI

FU:N6y)p=f2leyL2
who

I



10103H9ifabs-Datdttbstrxtion.IT#DakAbshschon-
a allows you to treat any code as an object
' constructor : functions that build the abstract data type
-

. selectors : functions that retrieve information from the data type
trees

. tree- data structure that represents hierarchy of information
• Constructor : free ( label , branches a CI) :
' selectors : label ltree)→ return value in root node of the

branch (tree) v. return list of branches in given tree
is-leafCheetos returns True if tree's hist of branches is empty, and

False otherwise

roots

^
branch I:# ""in a

dcom

iterators

iterators

lecture



10105119mi
Iterators
A container can provide an iterator that provides access to its elements in some order
iler Linnane) : return an iterator over the elements of an itenable value
next literator : return the next element in an iterator

S = [314,5]
t -- iler(s) u-- ileus)

nextCt) → 3 nextG) to 3 nextfu)→ 4

nexthtt 4 nextUt→ 5

* iler creates the iterator, next calls the next value to iterate on
* new iterators over same value doesn't mess with old one

S = [Ci , 27 , 3 , 4 , 5]
f- = HerCs)

nextus → i id

next Lt) → 3

list G) me [45] * displays what's left
next CH - stopIteration * error showingend of iteration

Dictionary
Viewsof aDictionary

" Anitais anything that can be passed to iter to produce an iterator
'

An iterator is returned from Her and can be passed to#; all iterators aremutable
. A dictionary, its keys , its values, and its items are all iKnoble values

• The order of items in a dictionary is the order in which they were added
• Historically , items appeared in an arbitrary order

d = {' one' : I
,

' two
'
: 2

,

' three
"
: 3}

d[' zero' I = O
K-- iter. (d-keys C)) (or ilerCd)) v= Her Cd. Values 4) i -- ihr (di items C))
next LK)→ '

one
'

nextCV)- l next Ci )- (' one! )
nextLK) → ' two

'

nextLv) →2 nextCi) → (' two' ,
L)

nextLk)→
'
three' nextLV)→ 3 nextCi) → ('three ' , 3)

nextLk) →
'

zero
'

nextLV)→ 0 nextCi) -• (' zero ' , O)
(d.keys G)→ just key (d. valuesG) → just value (diitems4)→ Nippleofboth



D= { 'one' : I , ' two' : 2} D= { ' one' : I , ' two' : 2
,

'

zero
'
: I}

k= HerCd) KeiterCd) > wouldn't error
d.[' zero'] = O D= [ ' zero ']=O
nextLk) -a produces an error since sizeof dictionary changed
* can modify already created keys within dictionary, but cannot add

new ones

For statements
r-- range G , s) hi= Iler(r)

list(r) → nextCri) → 3 } for loop can work[1%5] for i in ni WI iterative function,

printLi) → 4,5 immediately goes through

all ileus to end

Built-in Functions for Iteration

many built -in Python sequence operations that return iterators that compute results lazily
map (tune, iKnoble) : Henk over func (a) for x in itenable

filler (func , ilerdble) : Henk over u in itusbk if fumeCk)
zip (first- iter, second- iter) : Iterate over co- indexed (x , y) pains
reversed (sequence) : Iterate over x in a sequence in reverse order

To view the contents of an iterator, place the resulting elements into a container
list likesble) : create a list containing all u in ikrdbk
tuple likable): create a tuple containing all X in ikrdbk
sorted tithable) : create a soiled list containing se in ikrdble

bed = [' b ' , '
c
'

,

'
d
']

[x.upperC) for u in bed] → [' B ' , ' C '
,

'

D
']

m-- map L .
-lambda u: X- upper) , bed) A if just map(blah , blah) then it

nextcm) → '
B
'

would just return a function
next cm)→ ' C

'

next (m)→o CD '

mxtlmj-stoplten.fi#m--
map (double, range (3,7)) next Lt)

→µ0
list(filler (t , map (double , rangeGRID

f- = lambda y: y > = to 3=76* * Lio , h]
1- = filler (f , m) 4=78 **

5--710#*


